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Preface

The aim of Martindale is to provide healthcare professionals with unbiased
evaluated information on drugs and medicines used throughout the world. It
therefore has to develop as the body of knowledge on existing drugs grows, new
drugs emerge, new preparations are launched, and old preparations are
abandoned, reformulated, or redefined. It also has to reflect the changing needs
of those practising pharmacy and medicine. We try to ensure that each new
edition continues to meet all these needs.

In order to provide more up-to-date information the interval between the
publication of the printed versions of Martindale has been reduced over
successive editions and the book is now produced about every 2 years. For those
who require even more up-to-date information from Martindale there are various
electronic versions, sections of which are updated more frequently.

The year 2008 saw the publication of the third Spanish edition of Martindale,
the translation having again been undertaken by our colleagues at Grupo Ars
XXI, and also saw the appearance of the first edition of a Chinese language
version of Martindale.

Martindale has been continuously expanded since it was first published in
1883, and to present all the extra information this edition of Martindale
maintains the recent return to a two-volume publication. The first volume
contains this preface and the drug monographs, and the second holds the
proprietary preparations and the index, as well as manufacturers’ contact
information.

As always the contents have been extensively revised, with all the text scanned
and revalidated where necessary by a team of experienced pharmacists. Over
260 monographs have been added, and 89 removed from the book (abbreviated
information on the latter remains available in the electronic versions). In our
continuing attempts to improve the clinical relevance of the book, the chapters
on Prostaglandins and Hypothalamic and Pituitary Hormones have been split up
and most of their contents added to new chapters on Obstetric Drugs and Growth
Hormone and its Modulators. The chapter on Sex Hormones has been
reorganised and renamed Sex Hormones and their Modulators.

The disease treatment reviews, 668 in all and generally located in the chapter
introductions, have also been revised in order to reflect current trends and
provide key references. Cross-references to these reviews appear in the
monographs of the drugs cited; the reviews can also be accessed via the general
index. It is hoped that these reviews will be of use to readers who want an
overview of a particular disease and its drug treatment and will provide a useful
starting point for those who want to pursue particular aspects further.

Martindale contains much nomenclature information intended to assist the
reader in identifying a particular drug or compound, and for this edition we have
again greatly expanded our coverage of synonyms, with the addition of names
from Poland and Turkey, and increased coverage of Russian synonyms and
‘street names’ for substances of abuse. Coverage of ATC codes has been
expanded to include codes assigned to veterinary medicines

This edition of Martindale also sees the number of graphical representations
of the chemical structures increased.

The information on proprietary preparations, an important feature of
Martindale, has been updated and more countries have been covered for this
edition.

Martindale is based on published information and more than 47 700 selected
references are included. The amount of drug information now published
electronically has increased significantly since the last printed edition of
Martindale and this edition now includes nearly 2700 citations to material
available on the Internet as web pages. Because of the nature of the Internet,
there is no way to guarantee that the material referred to by a URL will remain
at that location, as many sites are subject to periodic reorganisation; additionally,
the content of Internet documents may change without warning. All URLS in
Martindale are rechecked shortly before publication to ensure that a document is
present. The accession date given in the citation represents the last date on which
the content of the document referred to was revalidated.

Our objective is to evaluate the literature, covering important studies,
guidelines, and useful reviews and placing them in context. Multicentre studies,
meta-analyses, and systematic reviews play an important role in the study of
drug treatment, and their findings and conclusions are considered in many of our
chapters. However, there is also a place for the anecdotal report and the small
study, and information from such sources is included where appropriate. In

compiling the text of a Martindale monograph extensive use is made of the
drug's licensed product information as published in various countries and
approved by the relevant regulatory health bodies. Acknowledgement is also
given to information referenced from a number of authoritative sources
including the British National Formulary, the British National Formulary for
Children, the British Pharmacopoeia, the European Pharmacopoeia, the United
States National Formulary, and the United States Pharmacopeia.

Martindale is not a book of standards. Inclusion of a substance or a preparation
is not to be considered as a recommendation for use, nor does it confer any status
on the substance or preparation. While considerable efforts have been made to
check the material in Martindale, the publisher cannot accept any responsibility
for errors and omissions. Also the reader is assumed to possess the necessary
knowledge to interpret the information that Martindale provides.

Philosophy and methodology
Martindale’s uses are as varied as its users. However, our primary aims are:

o to summarise clinically useful information on all drugs and medicines
around the world

o to provide accurate, unbiased, reasonably comprehensive, and regularly re-
evaluated information in a concise format

o to provide a lead-in to the published evidence base from which we derive our
information

In order to achieve the aims specified above, our working practices have to
optimise internal knowledge management.

MARTINDALE STAFF. Martindale is currently produced by a team of 21 people,
18 of whom are pharmacists or pharmacy technicians with relevant expertise.
The team is divided into 5 revising groups each of 2 staff editors, as well as 5
assistant editors, 1 editor-in-chief, a co-ordinator for the processing of
information on proprietary medicines, and 4 clerical and support staff. A number
of pharmacists work as external evaluators to maintain coverage of non-UK
preparations.

Staff editors receive formal training in literature evaluation and searching
techniques, as well as specific, ‘on-the-job’ training in internal procedures. Each
revision team has responsibility for the re-evaluation and update of a particular
group of chapters. Senior editorial staff edit and approve the output of the teams.
Staff are responsible for ongoing data collection as well as the revision process.

DATA COLLECTION. In order to reduce the amount of formal data collection
required at revision, a prospective data-collection roster is in operation. This
involves all staff members in hand-searching selected major medical journals, as
well as regular searches of the internet sites of regulatory authorities (EMEA,
FDA, and MHRA), and sources of high-quality systematic reviews and
guidelines (such as Bandolier, Clinical Evidence, Cochrane, and NICE), for
drug information. In addition, pharmacopoeial, governmental and WHO
publications are hand-searched for information relating to drugs and drug
therapy.

The list of sources used has been iteratively developed over many years by
analysis of previous citations, and is reviewed and updated regularly.

PROPRIETARY PREPARATIONS. The Martindale proprietary preparations team
evaluate licensed product information for 40 countries and regions, in order
to maintain the widest possible coverage of drugs in use internationally.
Preparation names, manufacturers, ingredients, and licensed uses are included in
the internal Martindale database for review during the revision process, and any
significant additional information is forwarded to the relevant revision team.

REVISION. In order to maintain the quality and currency of our content, it is
constantly revised and updated. Our revision processes cover both scheduled, in-
depth revision of the content of every chapter in the book on a chapter-by-
chapter basis, and updates in reaction to new information as it arrives. The
revision procedure involves the formalised re-evaluation of all standing
information, the assessment of new collected references for quality and
relevance, and the selective use of search techniques on bibliographic databases
and the Internet to identify further candidate information.

CHECKING. Once the material for a given chapter has been re-evaluated and
updated it undergoes a rigorous check, designed to ensure not only that all
changes are valid and appropriate, but also that important points have not been
missed.
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Vi Preface

EDITING. The chapter is then passed to a member of the senior editorial staff,
who performs a second check and preliminary editing of the data. This process
is designed to ensure consistency of approach and style, as well as offering an
opportunity to pick up any errors missed at the first check. Changes and
questions are fed back to the revision team in an iterative process that may
involve more than one cycle. Once past its preliminary edit the chapter is sent to
the Editor for a final check and approval, which again may require changes to be
made and checked, before passing it to the next stage.

KEYING, PROOF-READING, AND DOSE-CHECKING. Once approved by the Editor,
amendments can be incorporated into the database, which remains untouched
until this stage as a security measure. These changes are then proofread for
errors, corrected if necessary, and any corrections checked. Extensive electronic
testing for spelling, style, and format is also carried out at all stages. The
amended chapter then undergoes an independent check of the dose information
against its recorded sources. This check is performed by a member of staff
outside the original revising and editing team, and is an additional safeguard
against the inadvertent introduction of potentially dangerous dose errors. Once
past these stages the data are cleared for release, and can be published in the next
update of the Martindale electronic products, and, at appropriate points in the
publishing cycle, in the book.

ADDITIONAL CHECKS FOR PUBLICATION. Some additional checks are made
before publishing a print edition of Martindale. An second independent dose
check of all chapters is made by an external expert, all cross-references are
revalidated, and tests of the typesetting and page structure are made. In addition
our extensive index is generated and carefully checked for accuracy, order, and
consistency.

FEEDBACK. We are always grateful to get feedback from our users and,
whenever possible, we try to incorporate information or suggestions that
help us to improve Martindale. Anyone wishing to comment on the editorial
content of Martindale can contact us at the following e-mail address:
martindale@rpsgh.org

Arrangement

VOLUME 1: * MONOGRAPHS ON DUGS AND ANCILLARY SUBSTANCES (pages 1—-
2418). This section contains 5827 monographs arranged in 54 chapters. These
chapters generally bring together monographs on drugs and groups of drugs that
have similar uses or actions. The introductions of those chapters that describe
drugs used in the management of disease may contain disease treatment
reviews—descriptions of those diseases together with reviews of the choice of
treatments.The last chapter in this section consists of a series of monographs
arranged in the alphabetical order of their main titles. It includes monographs on
drugs not easily classified, on herbals, and on drugs no longer used clinically but
still of interest. There are also monographs on toxic substances, the effects of
which may require drug therapy.

VOLUME 2: * PREPARATIONS (pages 2191-2880). This section contains over
146 000 proprietary preparations from a range of countries and regions. For this
edition we have covered Argentina, Australia, Austria, Belgium, Brazil, Canada,
Chile, Czech Republic, Denmark, Finland, France, Germany, Greece, Hong
Kong, Hungary, India, Indonesia, Ireland, Israel, Italy, Malaysia, Mexico, the
Netherlands, New Zealand, Norway, Philippines, Poland, Portugal, Russia,
Singapore, South Africa, Spain, Sweden, Switzerland, Thailand, Turkey, the
United Arab Emirates, UK, USA, and Venezuela. We have also included some
proprietary preparations from Japan. The information provided includes the
proprietary name, the manufacturer or distributor, the active ingredients with
cross-references to the drug monographs, and a summary of the indications as
given by the manufacturer.

¢ DIRECTORY OF MANUFACTURERS (pages 3205-3274). In Martindale the
names of manufacturers and distributors are abbreviated. Their full names are
given in this directory together with the full address and website if it is available.
This directory contains nearly 13 000 entries.

» GENERAL INDEX (pages 3275-3694). To make fullest use of the contents of
Martindale the general index should always be consulted. The exhaustive index,
prepared from 153 000 entries, includes entries for drugs (approved names,
synonyms, and chemical names), preparations, pharmacological and therapeutic
groups, and clinical uses (disease treatment reviews). As in previous editions, the
index is arranged alphabetically ‘word-by-word’ rather than ‘letter-by-letter’.
The index indicates the column in which the relevant entry appears as well as the
page. To improve clarity and the ease of location of index entries long chemical
names have been omitted from the index.

This edition includes both nonproprietary and proprietary names in Russian,
and these names may be found in Russian alphabetical order in the Cyrillic
section of the index immediately following the entries in the Latin alphabet.

Nomenclature

TITLES AND SYNONYMS. The title of each monograph is in English, with
preference usually being given to International Nonproprietary Names (INN),
British Approved Names (BAN), and United States Adopted Names (USAN).
These 3 authorities are shown where appropriate. A European Directive
(92/27/EEC) requires the use of Recommended International Nonproprietary
Names (rINNs) in the labelling of medicinal products throughout member states
of the European Community and where the BAN and INN differed in the past
the BAN has been changed to accord with the rINN. The major exception to this
convention is the retention of the names adrenaline and noradrenaline, these
being the terms used as the titles of the monographs in the European
Pharmacopoeia and therefore the official names in the member states. In some
approved names it is now general policy to use ‘f” for ‘ph” in sulpha, ‘t” for ‘th’,
and ‘i’ for ‘y’; for this reason entries in alphabetical lists and indexes should be
sought in alternative spellings if the expected spellings are not found. Inevitably
there may be some inconsistencies of style with older approved names but
wherever possible the names used for drugs or radicals in Martindale have been
altered in accordance with the guidelines on the use of INNs for pharmaceutical
substances. A table of contracted names for ions and groups used in approved
names and titles is given on page xi. INNs in the four other main official
languages (French, Latin, Russian, and Spanish) have also been included in the
list of synonyms where these differ from the English INN. BAN names for
substance combinations and United States Pharmacy Equivalent Names (PEN)
for dosage forms containing two or more active ingredients are given in the text
of the relevant monographs; these names start with the prefix ‘Co-’.

This section also includes names given as synonyms such as commonly used
abbreviated names; Latin versions of the titles in the European Pharmacopoeia;
English, American, and Latin synonyms; names used in other languages when
these may not be readily identifiable; manufacturers’ code numbers; and chem-
ical names. Official titles and synonyms used in the British, European, and US
Pharmacopoeias are given in the section on pharmacopoeias where the relevant
pharmacopoeial substance is described.

STREET NAMES. This edition of Martindale once again includes greatly
expanded coverage of 'street names' for substances of abuse. Street terms and
other slang names for drugs of abuse are included for guidance only and should
be used with caution. Because of the very nature of their origin they cannot be
relied upon for definitive identification of a substance. The use of such terms
changes rapidly, and can vary between different geographical locations, and any
given name may potentially be applied to more than one substance or even to a
mixture of substances. Furthermore, established or well recognised generic drug
names or herbal names have sometimes been misused as street terms for
completely unrelated substances. In order to enable the reader to distinguish
them from better validated synonyms, in the index, such names are included in
italics and in quotation marks.

CAS ReGISTRY NUMBERS. Chemical Abstracts Service (CAS) registry numbers
are provided, where available, for each monograph substance to help readers
refer to other information systems. Numbers for various forms of the monograph
substance are listed with the variation in form given in parentheses.

ATC CoDEs. Codes from the Anatomical Therapeutic Chemical (ATC)
classification system (see http://www.whocc.no) have been provided, where
available, for each monograph substance to help readers refer to other
information systems. The codes assigned in the equivalent classification system
for veterinary medicines (ATC Vet—see http://mww.whocc.no/atcvet) have
been included where possible.

Atomic and Molecular Weights

Atomic weights are based on the table of Atomic Weights as revised in 2007 by
the Commission on Atomic Weights and Isotopic Abundance, International
Union of Pure and Applied Chemistry (IUPAC) and based on the 12C scale (see
page xiii). Molecular weights are given corrected to one place of decimals or to
four significant figures for relative weights of less than 100.

Pharmacopoeias

The selected pharmacopoeias in which each substance appears are listed. A
description of the substance and a summary of the pharmaceutical information
(see below) that appears in the British, European, or US Pharmacopoeias is also
included. Current copies of the pharmacopoeias and their addenda should be
consulted for confirmation and for details of standards.

The pharmacopoeias covered include: British, British Veterinary, Chinese,
European, French, German, International, Italian, Japanese, Polish, Spanish,
Swiss, United States (including the National Formulary), and Vietnamese. The
abbreviations for these pharmacopoeias are included in the list of abbreviations
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used in Martindale, see page viii, which also includes details of the edition and/or
supplement(s) consulted.

Several countries are parties to the Convention on the Elaboration of a
European Pharmacopoeia. This means that they must adopt the standards of the
European Pharmacopoeia. These countries are currently Austria, Belgium,
Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Montenegro, the
Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovak Republic,
Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the
Former Yugoslav Republic of Macedonia. Hence the European Pharmacopoeia
is cited in the drug monograph lists of pharmacopoeias rather than these
individual national pharmacopoeias.

Official preparations, mainly from the current British, European, and US
Pharmacopoeias, are listed at the end of drug monographs.

Pharmaceutical Information

Information on the chemical and physical properties of each substance is given
when it is likely to be of use or interest, but only when it is certain that it applies
to the form of substance being described in the monograph.

PERCENTAGE STRENGTHS. Unless otherwise stated, solutions of solids in liquids
are expressed as percentage w/v, of liquids in liquids as percentage v/v, and of
gases in liquids as percentage wi/w.

SoLuBILITY. The figures given for solubility in each monograph have generally
been obtained from the major pharmacopoeias in which the substance is
described, but should not be considered absolute. Unless otherwise indicated in
the text, the figures are for solubility at temperatures between 15° and 25°. The
information usually relates to w/v solubilities but in some cases is v/v if the
monograph substance itself is a liquid. Where solubilities are given in words, the
following terms describe the indicated solubility ranges:

solubility

linless than 1

linltolin10

1in10to1in 30

1in30to 1in 100

1in 100 to 1 in 1000

1in 1000 to 1 in 10 000

1 in more than 10 000

very soluble

freely soluble
soluble

sparingly soluble
slightly soluble
very slightly soluble

practically insoluble

STORAGE. Substances and preparations should be stored under conditions which
prevent contamination and diminish deterioration, and the conditions of storage
given in the text indicate the precautions recommended in specific cases. The
term “a cool place’ is generally used to describe a place in which the temperature
is between 8° and 15°. In general, the storage conditions apply to the monograph
substance and not its solutions or preparations.

TEMPERATURE. Temperatures are expressed in degrees Celsius (centigrade)
unless otherwise indicated.

Drugs in Sport

Wherever possible we have attempted to indicate those drugs and substances
that may be subject to restriction in some or all sports, either in their own right,
or because they are a derivative of a restricted substance or a member of a
prohibited group. Proprietary preparations containing such compounds are also
marked in the preparation section in Volume 2. The definitive guide used for
identifying restricted drugs for this edition is the 2008 Prohibited List issued by
the World Anti-Doping Agency (WADA—see www.wada-ama.org). However,
these regulations, which are issued annually, are subject to interpretation and
therapeutic exemption, and may vary from sport to sport; particular sporting
authorities may also issue additional restrictions, and competitors should always
check with the appropriate body. The rules are constantly evolving and the
absence of any indication of restriction in Martindale should not be taken as
absolute confirmation that the substance may legitimately be taken by a
competitor.

Preface vii
Pharmacological and Therapeutic Information

Information on adverse effects, treatment of adverse effects, precautions
(including contra-indications), interactions, pharmacokinetics, and uses and
administration of each substance is provided by concise statements and these
may be elaborated and expanded by referenced reviews and abstracts from
papers and other publications. This edition contains about 15 000 such abstracts
or reviews based on information in an ever widening range of publications.

Much information has been found in sources such as World Health
Organization publications, government reports and legislation, and other official
and standard publications. Licensed product information and manufacturers'
literature has been considered in the light of other available information.

The risks of giving drugs in pregnancy are well known and the general
principle is to give a drug only when the benefit to the individual mother
outweighs the risk to the fetus. Where there is a clear risk it is noted under the
Precautions or Adverse Effects heading but safety should not be inferred from
the absence of a statement for any drug.

Some drugs given to the mother are distributed into breast milk and therefore
may pose a risk to a breast-fed infant. Whenever possible, information has been
included to help determine the safety of continuing to breast feed while the
mother is receiving a particular drug. Safety during breast feeding should not be
inferred from the absence of a statement for any drug.

Doses

Doses are described under the Uses and Administration heading with as much
detail as is necessary and available. Unless otherwise stated the doses represent
the average range of quantities which are generally regarded as suitable for
adults when given by mouth. More information on doses and drug
administration may be given in the abstracts or reviews. Unless otherwise
specified, glucose injection is 5% wi/v and sodium chloride injection is 0.9% wiv.

When doses for children are expressed as a range of quantities within specified
age limits, the lower dose applies at the lower age and the higher dose at the
higher age.
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Abbreviations

For abbreviations of the names of manufacturers or their distributors, see
Directory of Manufacturers, page 3205.

ACE—angiotensin-converting enzyme.
ADHD—attention deficit hyperactivity disorder.

agg.—aggregate (in botanical names), including 2 or more species which
resemble each other closely.

AIDS—acquired immunodeficiency syndrome.
a.m.—ante meridiem, ‘before noon’.
ARC—AIDS-related complex.

Arg.—Argentina.

ATC—Anatomical Therapeutic Chemical classification.
AUC—area under the concentration-time curve.
Austral.—Australia.

AV—atrioventricular.

BAN—British Approved Name.

BANM—British Approved Name Modified.
Belg.—Belgium.

BMA—British Medical Association.

BMI—body mass index.

BNF—British National Formulary.

BNFC—British National Formulary for Children.
b.p.—boiling point.

BP—British Pharmacopoeia. Unless otherwise specified, BP references are
to the 2008 edition.

BP(Vet)—British Pharmacopoeia (Veterinary) 2008.
BPC—British Pharmaceutical Codex.

Br.—British.

Braz.—Brazil.

Bulg.—Bulgaria.

BUN-—BIood-urea-nitrogen.

°C—degrees Celsius (centigrade). Unless otherwise indicated in the text,
temperatures are expressed in this thermometric scale.

Canad.—Canada.

CAPD—continuous ambulatory peritoneal dialysis.
CAS—Chemical Abstracts Service.
CCPD—-continuous cycle peritoneal dialysis.

CDC—Centers for Disease Control and Prevention (USA) (formerly
Centers for Disease Control).

Chin. P—Chinese Pharmacopoeia 2005.

CHM—Commission on Human Medicines (UK).

Cl—Colour Index.

CMV—cytomegalovirus.

CNS—central nervous system.

cP—centipoise(s).

CPMP—Committee on Proprietary Medicinal Products of the European
Union.

CSF—cerebrospinal fluid.

CSM—Committee on Safety of Medicines (UK) (now subsumed within the
Commission on Human Medicines).

cSt—centistokes.

Cz.—Czech Republic.

D & C—designation applied in USA to dyes permitted for use in drugs and
cosmetics.

d.c.—direct current.

DEFRA—Department for Environment, Food, and Rural Affairs (UK).
Denm.—Denmark.

DHSS—the former Department of Health and Social Security (UK).
dL—decilitre(s).

DNA—deoxyribonucleic acid.

DoH—Department of Health (UK).

DTF—Drug Tariff Formulary.

ECG—electrocardiogram.

ECT—electroconvulsive therapy.

Ecuad.—Ecuador.

ed.—editor(s) or edited by or edition.

EEC—European Economic Community, now the European Union.
EEG—electro-encephalogram.

e.g.—exempli gratia ‘for example’.

EMEA—European Medicines Agency.

ENL—erythema nodosum leprosum.

ESRD—end-stage renal disease.

et al.—et alii, ‘and others’: for three or more co-authors or co-workers.
et seq.—and what follows.

EU—European Union.

Eur. P—see Ph. Eur.

Ext. D & C—designation applied in USA to dyes permitted for use in
external drug and cosmetic preparations.

°F—degrees Fahrenheit.

FAC—Food Additives and Contaminants Committee of the former
Ministry of Agriculture, Fisheries and Food (UK).

FAO—Food and Agriculture Organization of the United Nations.
FAO/WHO—Food and Agriculture Organization of the United Nations
and the World Health Organization.

FDA—Food and Drug Administration of USA.

FdAC—Food Advisory Committee of the former Ministry of Agriculture,
Fisheries and Food (UK).

FD & C—designation applied in USA to dyes permitted for use in foods,
drugs, and cosmetics.

FEV,—forced expiratory volume in 1 second.

Fin.—Finland.

FIP—Fédération Internationale Pharmaceutique.

f.p.—freezing point.

FPA—Family Planning Association (UK).

Fr.—France.

Fr. P—French Pharmacopoeia 1982 (Pharmacopée Francaise, X® Edition)
and updates up to 2003.

g—qgram(s).

Ger.—Germany.

Ger. P— German Pharmacopoeia (Deutsches Arzneibuch, 2007).
GFR—glomerular filtration rate.

G6PD—glucose-6-phosphate dehydrogenase.

Gr.—Greece.

HAART—highly active antiretroviral therapy.

Hb— haemoglobin.

Hib—Haemophilus influenzae type b.

HIV—human immunodeficiency virus.

HLA—human lymphocyte antigens.
HLB—hydrophilic-lipophilic balance.
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HRT—hormone replacement therapy.

HSE—Health and Safety Executive (UK).
Hung.—Hungary.

IARC—International Agency for Research on Cancer.
ibid.—ibidem, ‘in the same place (journal or book)’.
idem—‘the same’: used for the same authors and titles.
i.e.—id est, ‘that is’.

Ig—immunoglobulin.

Indon.—Indonesia.

INN—International Nonproprietary Name.
INNM-—International Nonproprietary Name Modified.
Int. P—International Pharmacopoeia 4th ed., 2006.
IPCS—International Programme on Chemical Safety.
1Q—intelligence quotient.

Irl.—Ireland.

ISH—International Society of Hypertension.

It. P—Italian Pharmacopoeia 11th ed., 2002 (Farmacopea Ufficiale della
Repubblica Italiana, X1 Edizione, 2002).

Ital.—Italy.

IUD—intra-uterine device.

IUPAC—International Union of Pure and Applied Chemistry.
IVF—in-vitro fertilisation.

J—joule(s).

Jpn—Japan.

Jpn P—The Pharmacopoeia of Japan, 15th ed., 2006.
K—xkelvin.

kcal—Xkilocalorie(s).

kg—kilogram(s).

kJ—kilojoule(s).

Ib—pound(s) avoirdupois.

LD50—a dose lethal to 50% of the specified animals or micro-organisms.
m—metre(s).

mZ2—square metre(s).

m3—cubic metre(s).

M—molar.

MAFF—the former Ministry of Agriculture, Fisheries and Food (UK), now
Department of Environment, Food, and Rural Affairs (DEFRA).
MAOI—monoamine oxidase inhibitor.

max.—maximum.

MBC—minimum bactericidal concentration.
MCA—Medicines Control Agency, now MHRA (UK).
mEq—milliequivalent(s).

Mex.—Mexico.

mg—milligram(s).

MHRA—Medicines and Healthcare products Regulatory Agency (UK).
MIC—minimum inhibitory concentration.

min—minute.

min.—minimum.

MJ—megajoule(s).

mL—millilitre(s).

mm—millimetre(s).

mmz—square millimetre(s).

mm3—cubic millimetre(s).

mmMHg—millimetre(s) of mercury.

mmol—millimole.

mol—mole.

mol. wt—molecular weight.

Mon.—Monaco.

Preface ix

mosmol—milliosmole.

m.p.—melting point.

MRC—Medical Research Council (UK).
MRSA—meticillin-resistant Staphylococcus aureus.
pg—microgram(s).

pm—micrometre(s).

Neth.—The Netherlands.

NICE—National Institute for Health and Clinical Excellence (formerly the
National Institute for Clinical Excellence) (UK).

NIH—National Institutes of Health (USA).

nm—nanometre(s).

NMDA—N-methyl-D-aspartate.

NNRTI—non-nucleoside reverse transcriptase inhibitor.
Norw.—Norway.

NRTI—nucleoside reverse transcriptase inhibitor.
NSAID—nonsteroidal anti-inflammatory drug.

NYHA—New York Heart Association.

NZ—New Zealand.

OP—over proof.

o/w—oil-in-water.

P—probability.

Pa—pascal(s).

pCO,—plasma partial pressure (concentration) of carbon dioxide.
p.CO,—arterial plasma partial pressure (concentration) of carbon dioxide.
PEN—Pharmacy Equivalent Name, see page vi.
pg—picogram(s).

pH—the negative logarithm of the hydrogen ion concentration.

Ph. Eur.—European Pharmacopoeia, 6th ed., 2008 and Supplements 6.1
and 6.2.

Pharm. Soc. Lab. Rep.—Royal Pharmaceutical Society’s Laboratory
Report.

Philipp.—Philippines.

PHLS—Public Health Laboratory Service (UK).
pINN—Proposed International Nonproprietary Name.
pINNM—Proposed International Nonproprietary Name Modified.
pK,—the negative logarithm of the dissociation constant.
p-m.—post meridiem, *afternoon’.

pO,—plasma partial pressure (concentration) of oxygen.
p.O,—arterial plasma partial pressure (concentration) of oxygen.
Pol.—Poland.

Pol. P—Polish Pharmacopoeia 6th ed., 2002 (Farmakopea Polska V1, 2002)
and Supplement 2005.

Port.—Portugal.
ppm—yparts per million.

PSGB—The Pharmaceutical Society of Great Britain. Now the Royal
Pharmaceutical Society of Great Britain.

PUVA—psoralen with UVA light irradiation.

PV C—polyvinyl chloride.

RCGP—Royal College of General Practitioners (UK).
RIMA—reversible inhibitor of monoamine oxidase type A.
rINN—Recommended International Nonproprietary Name.
rINNM—Recommended International Nonproprietary Name Modified.
RNA—ribonucleic acid.

RPSGB—The Royal Pharmaceutical Society of Great Britain.
RSV—respiratory syncytial virus.

S. Afr.—South Africa.

SGOT—serum glutamic oxaloacetic transaminase (serum aspartate amino-
transferase now preferred).
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SGPT—serum glutamic pyruvic transaminase (serum alanine amino-
transferase now preferred).

SI—Statutory Instrument or Systeme International d’Unités (International
System of Units).

sic—written exactly as it appears in the original.

SLE—systemic lupus erythematosus.

sp.—species (plural spp.).

sp. gr.—specific gravity.

Span.—Spanish.

Span. P—Spanish Pharmacopoeia 2nd ed., 2002 (Real Farmacopoea
Espafiola, Segunda Edicion, 2002) and Supplement 2.1.

SSRI—selective serotonin reuptake inhibitor.

St—stokes.

subsp.—subspecies.

suppl—supplement(s).

Swed.—Sweden.

Swiss P—Swiss Pharmacopoeia 2006 (Pharmacopoea Helvetica, 10
Ausgabe, Deutsche Ausgabe).

Switz.—Switzerland.

Thai.—Thailand.

TNF—tumour necrosis factor.

TPN—total parenteral nutrition.

Turk.—Turkey.

UAE—United Arab Emirates.

UK—United Kingdom.

UNICEF—United Nations Children’s Fund.
UP—under proof.

Urug.—Uruguay.

US and USA—United States of America.
USAN—United States Adopted Name.
USNF—The United States ‘National
Supplements 1 and 2.

USP—The United States Pharmacopeia 31, 2008, and Supplements 1 and 2.
UV—ultraviolet.

var.—variety.

Venez.—Venezuela.

Viet.—Vietnamese.

Viet. P—Vietnamese Pharmacopoeia 2002 (Pharmacopoeia Vietnamica,
Editio I11).

vol.—volume(s).

viv—volume in volume.

viw—volume in weight.

WHO—World Health Organization.

w/o—water-in-oil.

wt—weight.

wt per mL—weight per millilitre.

wlv—weight in volume.

wlw—weight in weight.
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Contracted Names for lons and Groups

Contracted Name

Chemical Name

Contracted Name

Chemical Name

acefurate acetate (ester) and furan-2-carboxylate (ester) crosfumaril (2E)-but-2-enedioyl
aceglumate rac-hydrogen N-acetylglutmate cyclamate cyclohexylsulfamate
aceponate acetate (ester) and propionate (ester) daloxate L-alaninate (ester) and (5-methyl-2-oxo-1,3-di-
acetonide isopropylidenedioxy or propane-2,2-diylbis(oxy) oxol-4-yl)methyl
aceturate N-acetylglycinate daropate (dapropate) N,I\A;ﬁ]i(r)gféhyl—ﬁ—alaninate or 3-(dimethylamino)pro-
acibutate acetate (ester) and 2-methylpropanoate (ester) I 2-(dimethylamino)ethyl
acistrate acetate (ester) and stearate (salt) .
decil decyl
acoxil acetoxymethyl or (acetyloxy)methyl
x 4 4 (acetyloxy) t4 defalan des-lB-L-phenyIalanine-insulin
alfoscerate (2R)-2,3-dihydroxypropyl hydrogen phosphate
detemir tetradecanoyl
alideximer poly([oxy(2-hydroxyethane-1,1-diyl)]{oxy[1- . .
(hydroxymethyl)ethane-1,2-diyl]}) partly O-  dibudinate 2,6-di-tert-butylnaphthalene-1,5-disulfonate
etherified with carboxymethyl groups with
some carboxy groups amide linked to the  dibunate 2,6-di-tert-butylnaphthalene-1-sulfonate
tetrapeptide residue (glyglyglycyl-L-phenyla-
lanylglycyl) dicibate dicyclohexylmethyl carbonate
amsonate 4,4'-diaminostilbene-2,2'-disulfonate or 2,2~ diftitox N-L-methionyl-387-L-histidine-388-L-alanine-1-
ethene-1,2-diylbis(5-aminobenzene-1-sul- 388-toxin (Corynebacterium diphtheriae
fonate) strain C7) (388—2)-protein
anisatil 2—(4—meth0|xyphenyl)—2—oxoethy| or p-methoxy-  digolil 2-(2-hydroxyethoxy)ethy!
phenacy!
. . . diolami 2,2'- diyldiethanol or diethanolami
arbamel 2-(dimethylamino)-2-oxoethyl or ester with tolamine azanediyldietiiano’ or diethanolamine
N,N-dimethylglycolamide docosil docosyl
. B ; B ;
argine 30”a--argine-307p-L-argine dofosfate octadecyl hydrogen phosphate
aritox ricin A chain-MAB immunotoxine ecamate N-gthylcarbamate
B _ i acide
aspart 287-L-aspartic acid edamine ethane-1,2-diamine or ethylenediamine
il RS)-1- hyl -1- I hyl -
axeti (RS)-L-acetoxyethyl or rac-1-(acetyloxy)ethy! edetate ethylenediamine-NNN N “tetra-acetate
beloxil benzylox .
eloxd yoxy edisilate (edisylate) ethane-1,2-disulfonate
benetonide N-benzoyl-2-methyl-B-alanine (ester) and ace-

tonide

besilate (besylate)

benzenesulfonate

betadex B-cyclodextrin
bezomil (benzoyloxy)methyl
buciclate trans-4-butylcyclohexanecarboxylate

bunapsilate

3,7-di-tert-butylnaphthalene-1,5-disulfonate

buteprate

butyrate (ester) and propionate (ester)

camsilate (camsylate)

caproate
carbesilate

ciclotate (cyclotate)

camphor-10-sulfonate or (7,7-dimethyl-2-oxo-
bicyclo[2.2.1]heptan-1-yl)methanesulfonate

hexanoate
4-sulfobenzoate

4-methylbicyclo[2.2.2]oct-2-ene-1-carboxylate

cilexetil

(RS)-1-{[(cyclohexyloxy)carbonyl]oxy}ethyl or
rac-1-{[(cyclohexyloxy)carbonyl]oxy}ethyl

cipionate (cypionate)

cyclopentanepropionate or  3-cyclopentylpro-
panoate

cituxetan

clofibrol

rac-N-(4-{2-[bis(carboxymethyl)amino]-3-({2-
[bis(carboxymethyl)amino]ethyl}(car-
boxymethyl)amino)propyl}phenyl)thiocar-
bamoyl

2-(4-chlorophenoxy)-2-methylpropyl

closilate (closylate)

4-chlorobenzene-1-sulfonate

crobefate

rac-{3-[(3E)-4-methoxybenzylidene]-2-(4-meth-
oxyphenyl)chroman-6-yl phosphate(2-)}

embonate

4,4'-methylenebis(3-hydroxynaphthalene-2-car-
boxylate) or 4,4’-methylenebis(3-hydroxy-2-
naphthoate) (=pamoate)

enantate (enanthate)

heptanoate

enbutate acetate (ester) and butanoate (ester)

epolamine 1-pyrrolidineethanol or 2-(pyrrolidin-1-yl)etha-
nol

erbumine tert-butylamine or 2-methylpropan-2-amine

esilate (esylate)

ethanesulfonate

estolate propanoate (ester) and dodecyl sulfate (salt) or
propionate dodecyl sulfate
etabonate (ethoxycarbonyl)oxy (=ethyl carbonate)

etilsulfate

ethyl sulfate

cromacate

2-[(6-hydroxy-4-methyl-2-oxo0-2H-chromen-7-
yl)oxy]acetate

cromesilate

6,7-dihydroxycoumarin-4-methanesulfonate  or
(6,7-dihydroxy-2-ox0-2H-chromen-4-
yl)methanesulfonate

farnesil (2E,I6E)—3,7,11—trimethy|dodeca-2,6,10—trien—1—
y

fendizoate 2-(6-hydroxybiphenyl-3-carbonyl)benzoate

fostedate tetradecyl hydrogen phosphate

furetonide 1-benzofurane-2-carboxylate (ester) and pro-
pane-2,2-diylbis(oxy)

gamolenate (62,92,12Z)-octadeca-6,9,12-trienoate

glargine 21A-glycine-30Ba-L-arginine-30BB-L-arginine

gluceptate p-glycero-p-gulo-heptanoate or  p-glycero-o-
gulo-heptonate

glulisi [38-L-lysine,29B-L-glutamic acid]

glutamer glutaraldehyde polymer

guacil 2-methoxyphenyl

hemisuccinate

hydrogen butanedioate

Xi
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xii  Contracted Names for lons and Groups

Contracted Name

hexacetonide

Chemical Name

3,3-dimethylbutanoate (ester) and propan-2,2-
diylbis(oxy) or 3,3-dimethylbutyrate (ester)
and acetonide

Contracted Name

pivoxil

Chemical Name

(2,2-dimethyl-1-oxopropoxy)methyl or [(2,2-
dimethylpropanoyl)oxy]methyl or (pivaloyl-
oxy)methyl

hibenzate (hybenzate)

2-(4-hydroxybenzoyl)benzoate

poliglumex

[poly(L-glutamic  acid),—(L-glutamate-y-ester)
—poly(L-glutamic acid)y],

hyclate monohydrochloride hemi-ethanolate hemihy-
drate probutate 17-(1-oxobutoxy) (ester) and 21-(1-oxopro-
oxy) (ester) or propionate (ester) and bu-
hydroxynaphtoate 3-hydroxynapthalene-2-carboxylate ?yra%,e? ((ester)) prop ( )
isetionate (isethionate) 2-hydroxyethane-1-sulfonate proxetil 1-[(isopropoxycarbonyl)oxyJethyl or  rac-1-
laurate dodecanoate {[(propan-2-yloxy)carbonyl]oxy}ethyl
. raffimer (25,4R,6R,8S,115,13S)-2,4,8,13-tetrakis(hy-
lauril dodecy! droxymethyl)-4,6,11-tris(ylomethyl)-
laurilsulfate (lauryl sulphate) dodecyl sulfate 3,5.7,10,12-pentaoxatetradecane-1,14-diyl
lisetil L-lysinate (ester) and diethyl (ester) salicylate 2-hydroxybenzoate
lisicol {N-[(5S)-5-carboxy-5-(3a, 71, 12a-trihydroxy- sesquioleate (92)-octadec-9-enoate(1.5)
5B-cholan-24-amido)pentyl]carbamothio-
yl}amino soproxil {[(propan-2-yloxy)carbonyl]Joxy}methyl
lispro 28B-L-lysine-298-L-proline steaglate 2-(octadecanoyloxy)acetate (ester)
mafenatox enterotoxin A (227-alanine) (Staphylococcus  stearate octadecanoate
aureus)
medoxomil (5-methyl-2-0x0-1,3-dioxol-4-ylymethyl stinoprate N-acetylcysteinate (salt) and propanoate (ester)
megallate 3,4,5-trimethoxybenzoate succinil 3-carboxypropanoy!
sudotox 248-L-histidine-249-L-methionine-250-L-

meglumine

N-methylglucamine

merpentan 4,5-bis(2-mercaptoacetamido) valeric acid or
{N,N’-[1-(3-oxopropyl)ethane-1,2-diyl]bis(2-
sulfanylacetamidato) }(4-)

mertansine

tetrakis{(4RS)-4[(3-{[(1S)-2-
{[(1S,2R,38,55,6S,16E,18E,20R,215)-11-
chloro-21-hydroxy-12,20-dimethoxy-
2,5,9,16-tetramethyl-8,23-dioxo-4,24-dioxa-
9,22-diazatetracyclo[19.3.1.11%14 035]hexaco-
sa-10,12,14(26),16,18-pentaen-6-ylJoxy}-1-
methyl-oxoethyllmethylamino}-3-oxopro-
pyl)disulfanyl]pentanoyl}

mesilate (mesylate)

methanesulfonate

metembonate 4,4'-methylenebis(3-methoxynaphthalene-2-car-
boxylate)
methonitrate N-methyl, nitrate (salt)

metilsulfate

methyl sulfate

metiodide
methylbromide
mofetil

napadisilate

N-methyl, iodide (salt)
N-methyl, bromide (salt)
2-(morpholino)ethyl or 2-(morpholin-4-yl)ethyl

naphthalene-1,5-disulfonate

napsilate (napsylate)

naphthalene-2-sulfonate

nicotinate pyridine-3-carboxylate

octil octyl

olamine 2-aminoethanol or ethanolamine

oleate (92)-octadec-9-enoate

oxoglurate hydrogen 2-oxopentanedioate

palmitate hexadecanoate

pamoate 4,4'-methylenebis(3-hydroxy-2-naphthoate)
(=embonate)

pegol a-(2-carboxyethyl)-m-methoxypoly(oxyethane-
1,2-diyl)

pendetide NS-{N-[2-({2-[bis(carboxymethyl)amino]-
ethyI}(carboxymethylgamino)ethyl]—N—(car—
boxymethyl)glycyl}-N2-(N-glycyl-L-tyrosyl)-
L-lysine

pentexil (RS)-1-[(2,2-dimethylpropanoyl)oxy]ethyl

phenpropionate

3-phenylpropionate

pivalate 2,2-dimethylpropanoate (ester) or trimethylace-
tate
pivoxetil rac-1-[(2-methoxy-2-methylpropanoyl)oxy]ethyl

or 1-(2-methoxy-2-methylpropionyloxy)ethyl

alanine-251-L-glutamic acid-248-613-endo-
toxin A (Pseudomonas aeruginosa reduced)

suleptanate

monosodium  8-[methyl(2-sulfoethyl)amino]-8-
oxooctanoate or monosodium 7-[methyl(2-
sulfonatomethyl)carbamoyl]heptanoy!

sulfoxylate sulfinomethyl, monosodium salt

tafenatox enterotoxin A (Staphylococcus aureus)

tartrate (2R,3R)-2,3-dihydroxybutanedioate

tebutate tert-butylacetate or 3,3-dimethylbutyrate

tenoate thiophene-2-carboxylate

teoclate 8-chloro-1,3-dimethyl-2,6-dioxo-3,6-dihydro-
1H-purin-7-(2H)-ide or 8-chlorotheophyllin-
ate

teprosilate 3-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-
7H-purin-7-yl)propane-1-sulfonate

tidoxil rac-2-(decyloxy)-3-(dodecylsulfanyl)propyl

tiuxetan N-(4-{(2S)-2-[bis(carboxymethyl)amino]-3-
[(2RS)-{2-[bis(carboxymethyl)amino]pro-
pyl}(carboxymethyl)amino]propyl}phenyl)
thiocarbamoy!

tocoferil rac-(2R)-2,5,7,8-tetramethyl-2-[(4R,8R)-4,8,12-
trimethyltridecyl]chroman-6-yl

tofesilate 3-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-

TH-purin-7-yl)ethane-1-sulfonate

tosilate (tosylate)

4-methylbenzene-1-sulfonate or toluene-4-sul-
fonate

triclofenate

2,4,5-trichlorophenolate

triflutate

trifluoroacetate

trioleate

(92)-octadec-9-enoate(3) or tris[(9Z)-octadec-9-
enoate]

tristearate

octadecanoate(3) or tris(octadecanoate)

trolamine 2,2’ 2"-nitrilotriethanol or triethanolamine

troxundate [2-(2-ethoxyethoxy)ethoxy]acetate or 3,6,9-tri-
oxaundecanoate

undecylate undecanoate

undecylenate

undec-10-enoate

valerate

pentanoate

xinafoate

1-hydroxynaphthalene-2-carboxylate or 1-hy-
droxy-2-naphthoate
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Atomic Weights of the Elements— 2C=12

Atomic
Number

Name

Actinium
Aluminium
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Bohrium
Boron
Bromine
Cadmium
Caesium
Calcium
Californium
Carbon
Cerium
Chlorine
Chromium
Cobalt
Copper
Curium
Darmstadtium
Dubnium
Dysprosium
Einsteinium
Erbium
Europium
Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Hassium
Helium
Holmium
Hydrogen
Indium
lodine
Iridium

Iron
Krypton
Lanthanum
Lawrencium
Lead
tLithium
Lutetium
Magnesium
Manganese
Meitnerium
Mendelevium
Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Niobium
Nitrogen

Symbol

Ac
Al
Am
Sh
Ar
As
At
Ba
Bk
Be
Bi
Bh
B
Br
Cd
Cs
Ca
Cf
C
Ce
Cl
Cr
Co
Cu
Cm
Ds
Db
Dy
Es
Er
Eu
Fm
F
Fr
Gd
Ga
Ge
Au
Hf
Hs
He
Ho
H
In

|

Ir
Fe
Kr
La
Lr
Pb
Li
Lu
Mg
Mn
Mt
Md
Hg
Mo
Nd
Ne
Np
Ni
Nb
N

Atomic Weight

*

26.9815386
*

121.760
39.948
74.92160

*

137.327
*
9.012182
208.98040
*

10.811
79.904
112.411
132.9054519
40.078
*

12.0107
140.116
35.453
51.9961
58.933195
63.546
*

*

*

162.500
*

167.259
151.964

*

18.9984032
*

157.25
69.723
72.64

196.966569

178.49

*

4.002602
164.93032
1.00794
114.818
126.90447
192.217
55.845
83.798
138.90547
*

207.2
6.941
174.9668
24.3050
54.938045
*

*

200.59
95.96
144.242
20.1797
*

58.6934
92.90638
14.0067

xiii

Atomic Name Symbol Atomic Weight
Number
102 Nobelium No *
76 Osmium Os 190.23
8 Oxygen 0 15.9994
46 Palladium Pd 106.42
15 Phosphorus P 30.973762
78 Platinum Pt 195.084
94 Plutonium Pu *
84 Polonium Po *
19 Potassium K 39.0983
59 Praseodymium Pr 140.90765
61 Promethium Pm *
91 TProtactinium Pa 231.03588
88 Radium Ra *
86 Radon Rn *
75 Rhenium Re 186.207
45 Rhodium Rh 102.90550
111 Roentgenium Rg *
37 Rubidium Rb 85.4678
44 Ruthenium Ru 101.07
104 Rutherfordium Rf *
62 Samarium Sm 150.36
21 Scandium Sc 44955912
106 Seaborgium Sg *
34 Selenium Se 78.96
14 Silicon Si 28.0855
47 Silver Ag 107.8682
1 Sodium Na 22.98976928
38 Strontium Sr 87.62
16 Sulfur S 32.065
73 Tantalum Ta 180.94788
43 Technetium Tc *
52 Tellurium Te 127.60
65 Terbium Th 158.92535
81 Thallium TI 204.3833
9 TThorium Th 232.03806
69 Thulium Tm 168.93421
50 Tin Sn 118.710
22 Titanium Ti 47.867
74 Tungsten w 183.84
112 Ununbium Uub *
116 Ununhexium Uuh *
118 Ununoctium Uuo *
115 Ununpentium Uup *
114 Ununquadium Uug *
113 Ununtrium Uut *
92 TUranium U 238.02891
23 Vanadium \Y 50.9415
54 Xenon Xe 131.293
70 Ytterbium Yb 173.054
39 Yttrium Y 88.90585
30 zZinc Zn 65.38
40 Zirconium Zr 91.224

Elements marked (*) have no stable nuclides and IUPAC states “there is no general
agreement on which of the isotopes of the radioactive elements is, or is likely to be
judged ‘important” and various criteria such as ‘longest half-life’, “production in quan-
tity’, ‘used commercially’, etc., have been applied in the Commission’s choice.” How-
ever, atomic weights are given for radioactive elements marked (1) as they do have a
characteristic terrestrial isotopic composition. Commercially available lithium (f) mate-
rials have atomic weights ranging from 6.939 to 6.996; if a more accurate value is re-
quired, it must be determined for the specific material.

IUPAC Commission on Atomic Weights and Isotopic Abundances. Atomic Weights of
the Elements 2007. Available at http://www.chem.gmul.ac.uk/iupac/AtWt/
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The drugs described in this chapter are used mainly in
the relief of pain, inflammation and, in some cases, fe-
ver. They can be grouped broadly into one of the cate-
gories briefly described below.

Aspirin and other salicylates

Aspirin and other salicylates have analgesic, anti-inflam-
matory, and antipyretic properties. Like other NSAIDs
(see below) they are inhibitors of the enzyme cyclo-oxyge-
nase; however, aspirin (though not the non-acetylated sal-
icylates) irreversibly acetylates the enzyme whereas other
NSAIDs compete with arachidonic acid for the active site.
Salicylates are used for the relief of mild to moderate pain,
minor febrile conditions, and for acute and chronic inflam-
matory disorders such as osteoarthritis, rheumatoid arthri-
tis, juvenile idiopathic arthritis, and ankylosing spondyli-
tis. Some salicylates are applied topically in rubefacient
preparations for the relief of muscular and rheumatic pain.
Aspirin also inhibits platelet aggregation and is used in
cardiovascular disorders. Non-acetylated salicylates do
not have antiplatelet activity.

For further discussion of the actions and uses of sali-
cylates, see Aspirin, p.20.

Described in this chapter are

Aloxiprin, p.18 Lithium Salicylate, p.77

Aluminium Aspirin, p.19
Ammonium Salicylate,

p.

Amyl Salicylate, p.19

Aspirin, p.20

Bornyl Salicylate, p.28

Carbasalate Calcium,
p.33

Choline Magnesium
Trisalicylate, p.36

Choline Salicylate, p.36

Diethylamine Salicylate,

47

Diflunisal, p.47
Ethenzamide, p.51
Ethyl Salicylate, p.52
Fosfosal, p.62

Glycol Salicylate, p.62

Lysine Aspirin, p.79
Magnesium Salicylate,

p.
Methyl Butetisalicylate,

p.
Methyl Salicylate, p.85
Morpholine Salicylate,

Salamidacetic Acid, p.121

Salicylamide, p.121

Salix, p.121

Salol, p.122

Salsalate, p.122

Sodium Salicylate, p.124

Sodium Thiosalicylate,
p.124

Thurfyl Salicylate, p.129

Trolamine Salicylate,

Imidazole Salicylate, p.132
p.66

Disease-modifying antirheumatic drugs

Disease-modifying antirheumatic drugs (DMARDSs) have
anti-inflammatory properties thought to be mediated, in
some cases, by the inhibition of the release or activity of
cytokines. They are used in the treatment of rheumatoid
arthritis and juvenile idiopathic arthritis; some are also of
benefit in ankylosing spondylitis and psoriatic arthritis.
Many DMARDs also possess other therapeutic properties
and are used in non-rheumatic conditions. The DMARD
gold is referred to below; other DMARDs include sul-
fasalazine (p.1773), penicillamine (p.1456), the antimalar-
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Specific pain states, p.5
Biliary and renal colic, p.5
Cancer pain, p.5
Central post-stroke pain, p.6
Complex regional pain syndrome, p.6
Diabetic neuropathy, p.6
Dysmenorrhoea, p.6
Headache, p.7
Labour pain, p.7
Low back pain, p.7
Myocardial infarction pain, p.8
Neuropathic pain syndromes, p.8
Orofacial pain, p.8

ials chloroquine (p.599) and hydroxychloroquine (p.604),
rituximab (p.767), and the immunosuppressants azathio-
prine (p.1818), ciclosporin (p.1822), cyclophosphamide
(p.702), and methotrexate (p.745).

Described in this chapter are
Abatacept, p.14
Actarit, p.15
Adalimumab, p.15
Anakinra, p.19

Etanercept, p.50
Golimumab, p.62
Infliximab, p.69
Leflunomide, p.75

Gold compounds

Gold compounds are used mainly for their anti-inflamma-
tory effect in active progressive rheumatoid arthritis and
progressive juvenile idiopathic arthritis; they may also be
beneficial in psoriatic arthritis. The mechanism of action
of gold compounds in rheumatic disorders is as yet
unknown.

For further discussion of the actions and uses of gold com-
pounds, see Sodium Aurothiomalate, p.122.

Described in this chapter are
Auranofin, p.25 Sodium Aurothiomalate,
Aurothioglucose, p.26 p.122
Aurotioprol, p.26 Sodium Aurotiosulfate,
Gold Keratinate, p.62 p.124

Nonsteroidal anti-inflammatory drugs
Nonsteroidal anti-inflammatory drugs (NSAIDs) are a
group of structurally unrelated organic acids that have
analgesic, anti-inflammatory, and antipyretic properties
(see p.96). NSAIDs are inhibitors of the enzyme cyclo-ox-
ygenase, and so directly inhibit the biosynthesis of pros-
taglandins and thromboxanes from arachidonic acid (see
p.2374). There are 2 forms of cyclo-oxygenase (COX),
COX-1, which is the constitutive form of the enzyme, and
COX-2, which is the form induced in the presence of in-
flammation. Inhibition of COX-2 is therefore thought to be
responsible for at least some of the analgesic, anti-inflam-
matory, and antipyretic properties of NSAIDs whereas in-
hibition of COX-1 is thought to produce some of their tox-
ic effects, particularly those on the gastrointestinal tract.
Most of the NSAIDs currently available for clinical use
inhibit both COX-1 and COX-2, although selective COX-
2 inhibitors such as celecoxib are now available.

NSAIDs are used for the relief of mild to moderate pain,
minor febrile conditions, and for acute and chronic inflam-
matory disorders such as osteoarthritis, rheumatoid arthri-
tis, juvenile idiopathic arthritis, and ankylosing spondyli-
tis. Indometacin and some other NSAIDs are used to close
patent ductus arteriosus in premature neonates. Some
NSAIDs are applied topically for the relief of muscular
and rheumatic pain, and some are used in ophthalmic prep-
arations for ocular inflammatory disorders. Aspirin (see
above) is considered to be an NSAID, although it also has
other properties.

1

Pancreatic pain, p.9
Phantom limb pain, p.9
Postherpetic neuralgia, p.9
Sickle-cell crisis, p.9
Trigeminal neuralgia, p.9
Increased Body Temperature, p.10
Fever and hyperthermia, p.10
Musculoskeletal and Joint Disorders, p.10
Juvenile idiopathic arthritis, p.10
Osteoarthritis, p.1 |
Rheumatoid arthritis, p.| |
Soft-tissue rheumatism, p.13
Spondyloarthropathies, p.|3
Still's disease, p.13

Described in this chapter are

Aceclofenac, p.14
Acemetacin, p.15
Alminoprofen, p.18
Aminophenazone, p.19
Aminopropylone, p.19
Ampiroxicam, p.19

Amtolmetin Guacil, p.19

Azapropazone, p.26
Bendazac, p.27

Benoxaprofen, p.27
Benzydamine, p.27

Beta-aminopropionitrile,

Bromfenac, p.28
Bufexamac, p.28
Bumadizone, p.28
Butibufen Sodium, p.31
Carprofen, p.34
Celecoxib, p.34
Clofexamide, p.37
Clofezone, p.37
Clonixin, p.37
Dexibuprofen, p.39
Diclofenac, p.44
Dipyrone, p.49
Eltenac, p.50
Epirizole, p.50
Etodolac, p.52
Etofenamate, p.53
Etoricoxib, p.53
Felbinac, p.54
Fenbufen, p.54
Fenoprofen, p.55
Fentiazac, p.60
Fepradinol, p.60
Feprazone, p.60
Firocoxib, p.60
Floctafenine, p.60
Flufenamic Acid, p.60
Flunixin, p.61
Flurbiprofen, p.61
Furprofen, p.62
Glafenine, p.62
Glucametacin, p.62
Ibuprofen, p.64
Ibuproxam, p.66

Opioid analgesics

Indometacin, p.66
Isonixin, p.72
Kebuzone, p.72
Ketoprofen, p.73
Ketorolac, p.74
Lonazolac, p.77
Lornoxicam, p.77
Loxoprofen, p.78
Lumiracoxib, p.78
Meclofenamic acid, p.79
Mefenamic Acid, p.80
Meloxicam, p.80
Mofebutazone, p.86
Mofezolac, p.86
Morniflumate, p.86
Nabumetone, p.91
Naproxen, p.92
Nepafenac, p.95
Niflumic Acid, p.95
Nimesulide, p.95
Oxaprozin, p.105
Oxyphenbutazone, p.107
Parecoxib, p.111
Phenazone, p.116
Phenylbutazone, p.117
Piketoprofen, p.117
Piroxicam, p.117
Pranoprofen, p.119
Proglumetacin, p.119
Propyphenazone, p.119
Proquazone, p.119
Ramifenazone, p.120
Rofecoxib, p.121
Sulindac, p.126
Suprofen, p.128
Suxibuzone, p.128
Tenoxicam, p.128
Tepoxalin, p.129
Tetridamine, p.129
Tiaprofenic Acid, p.129
Tiaramide, p.129
Tolfenamic Acid, p.130
Tolmetin, p.130
Valdecoxib, p.132
Vedaprofen, p.133
Zaltoprofen, p.133

Opioid analgesics include the opium alkaloids morphine
and codeine and their derivatives as well as synthetic sub-
stances with agonist, partial agonist, or mixed agonist and
antagonist activity at opioid receptors (see p.101). The
term opiate analgesics refers only to those opioids derived
from opium, or their semisynthetic congeners. The term
narcotic analgesics has legal connotations and is no longer
used pharmacologically or clinically.

Most opioids are used as analgesics, and morphine is the
standard against which all other opioid analgesics are com-
pared. Opioids such as codeine or dextropropoxyphene are
used in the treatment of less severe pain, and are often
combined with non-opioid analgesics such as aspirin, oth-
er NSAIDs, or paracetamol. More potent opioids such as
morphine are used in severe acute and chronic pain, in-
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cluding cancer pain. Some opioids such as codeine, mor-
phine, and diamorphine are also used as antitussives, al-
though the latter two are usually reserved for use in
terminal lung disease. Some opioid analgesics such as fen-
tanyl and its congeners are used mainly as adjuncts to
anaesthesia; some of these may also be used in higher dos-
es as the sole anaesthetic drug.

Some opioids are rarely if ever used as analgesics and are
described elsewhere; they include the antitussives dex-
tromethorphan (p.1555) and pholcodine (p.1570), and the
antidiarrhoeals diphenoxylate (p.1724) and loperamide
(p.1741).

Opioids can produce physical dependence and withdrawal
symptoms if suddenly stopped. They are also subject to
abuse.

Described in this chapter are
Alfentanil, p.16
Anileridine, p.20
Buprenorphine, p.29
Butorphanol, p.32
Carfentanil, p.34
Codeine, p.37
Dextromoramide, p.39
Dextropropoxyphene, p.40
Diamorphine, p.42
Dihydrocodeine, p.48
Dipipanone, p.49
Embutramide, p.50
Ethoheptazine, p.52
Ethylmorphine, p.52
Etorphine, p.54
Fentanyl, p.55
Hydrochlorides of Mixed

Opium Alkaloids, p.105
Hydrocodone, p.63
Hydromorphone, p.63
Ketobemidone, p.73

Levacetylmethadol, p.77
Levomethadone, p.77
Levorphanol, p.77
Meptazinol, p.81
Methadone, p.82
Morphine, p.86
Nalbuphine, p.91
Nicomorphine, p.95
Opium, p.105
Oxycodone, p.106
Oxymorphone, p.107
Papaveretum, p.105
Pentazocine, p.112
Pethidine, p.113
Piritramide, p.117
Remifentanil, p.120
Sufentanil, p.124
Tilidine, p.129
Tramadol, p.130
Trimeperidine, p.132

Paracetamol and other para-aminophenols
Paracetamol is the principal para-aminophenol derivative
in use. Acetanilide and phenacetin have generally been re-
placed by safer analgesics. Propacetamol is hydrolysed to
paracetamol in the plasma.

Paracetamol has analgesic and antipyretic properties and
weak anti-inflammatory activity. The mechanism of
analgesic action remains to be fully elucidated, but may be
due to inhibition of prostaglandin synthesis both centrally
and peripherally. Paracetamol is used for the relief of mild
to moderate pain and minor febrile conditions.

Described in this chapter are
Acetanilide, p.15
Paracetamol, p.108

Phenacetin, p.115
Propacetamol, p.119

Analgesia and Pain

Pain is defined by the International Association for the
Study of Pain as ‘an unpleasant sensory and emotional
experience associated with actual or potential tissue
damage, or described in terms of such damage.’

Under normal circumstances pain is the result of stimulation of
peripheral receptors that transmit impulses through pain path-
ways to the brain. Pain receptors or nociceptors are of two ba-
sic types:

» mechanoheat receptors have a high stimulation threshold
and respond to intense or potentially damaging noxious
stimuli. These receptors are associated with rapidly con-
ducting, thinly myelinated As fibres, and their stimulation
produces rapid sharp localised pain that serves to activate
withdrawal reflexes

polymodal nociceptors respond to mechanical, thermal, or
chemical insults. These receptors are also activated by cell-
ular components that are released after tissue damage. Their
impulses are transmitted slowly along unmyelinated C type
fibres and produce dull, aching, and poorly localised pain
with a slower onset

Nerve fibres from nociceptors terminate in the dorsal root of
the spinal cord before transmission by ascending pathways to
the brain. There have been many theories on the processing of
pain signals at the spinal level but the ‘gate theory” proposed
by Melzack and Wall is one of the best known. This theory
postulates that the transmission of impulses to the brain is
modulated by a gate mechanism in the substantia gelatinosa.
Stimulation of small fibres opens the gate and facilitates trans-
mission whereas stimulation of large fibres, which normally
carry non-painful sensory input, can close the gate and inhibit
transmission. Transmission also appears to be modulated by
several other mechanisms which can influence the sensitivity
of the gate.

TYV\-FFIAALNY

Inflammatory mediators such as bradykinin, histamine, serot-
onin, and prostaglandins produced in response to tissue dam-
age can produce peripheral sensitisation so that receptors re-
spond to low intensity or innocuous stimuli; central
sensitisation also occurs. Pain associated with tissue damage
hence results in increased sensitivity of the sensory system so
that the pain can occur in the absence of a clear stimulus. There
may be a reduction in the pain threshold (allodynia) resulting
in an exaggerated response (hyperalgesia) or a prolonged ef-
fect (hyperpathia).

Pain is often classified as being acute or chronic in
nature.

« Acute pain is associated with trauma or disease and
usually has a well-defined location, character, and
timing. It is accompanied by symptoms of autonom-
ic hyperactivity such as tachycardia, hypertension,
sweating, and mydriasis.

 Chronic pain is usually regarded as pain lasting
more than a few months. It may not be clearly asso-
ciated with trauma or disease or may persist after the
initial injury has healed; its localisation, character,
and timing are more vague than with acute pain. Fur-
thermore, as the autonomic nervous system adapts,
the signs of autonomic hyperactivity associated with
acute pain disappear. Some forms of pain regarded
as being chronic may consist of intermittent attacks
of pain followed by relatively long pain-free periods.
Patients with chronic pain experience physical, psy-
chological, social, and functional deterioration
which contributes towards exacerbation of the pain.

Physiologically, pain may be divided into nociceptive
pain and neuropathic pain.

* Nociceptive pain follows activation of nociceptors
by noxious stimuli as described above but is not as-
sociated with injury to peripheral nerves or the CNS.
It may be somatic or visceral, depending on which
receptors or nerves are involved. Somatic pain is
usually well localised and may be described as deep-
ly located, sharp or dull, nagging, stabbing, throb-
bing, or pressure-like. Visceral pain is generally less
localised and more diffuse than somatic pain and
may be referred to remote areas of the body. De-
pending on the structure involved it is variously de-
scribed as deeply located, aching, nagging, cramp-
ing, or pressing and may be accompanied by nausea
and vomiting. Nociceptive pain usually responds to
treatment with conventional analgesics.

Pain resulting from damage or dysfunction of pe-
ripheral nerves/receptors or of the CNS is known as
neuropathic pain (or neurogenic pain). The term
covers sympathetically maintained pain including
causalgia and reflex sympathetic dystrophy, and
painful conditions such as postherpetic and trigemi-
nal neuralgia, and diabetic neuropathy. Neuropathic
pain associated with central nervous tissue, such as
in central post-stroke pain (the thalamic syndrome)
is referred to as central pain. The clinical signs of
neuropathic pain can vary greatly. Some of the more
common features include heightened pain sensitivity
and sensations of superficial burning or stabbing
(lancinating) pain. The pain may be associated with
areas of sensory deficit or some form of autonomic
instability. Neuropathic pain responds poorly to con-
ventional analgesics and can be difficult to treat.

Early treatment of pain is important as unrelieved
pain can have profound psychological effects on the
patient, and acute pain that is poorly managed initially
can degenerate into chronic pain, which may prove to
be much more difficult to treat. It is important to assess
and treat the mental and emotional aspects of the pain
as well as its physical aspects. Although drug therapy
is a mainstay of pain treatment (see below), physical
methods such as physiotherapy (including massage
and the application of heat and cold), surgery, and nerv-
ous system stimulation techniques such as acupuncture

and transcutaneous electrical nerve stimulation
(TENS) are also used.
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Choice of analgesic

Paracetamol and NSAIDs are the first choice analgesics
for treating mild to moderate pain and are also used in
moderate to severe pain to potentiate the effects of opioids.
They are suitable for use in acute or chronic pain. Effective
relief of acute pain can be achieved with oral NSAIDs and
with paracetamol (particularly in combination with an opi-
oid—see below). Dependence and tolerance are not a
problem with non-opioid analgesics but they have a rather
flat dose-response curve: as the dose is increased, the in-
crease in pain relief may be quite small. Aspirin and other
non-selective NSAIDs inhibit blood platelet function, ad-
versely affect the gastrointestinal tract, and can precipitate
hypersensitivity reactions including asthma. The risk of
severe upper gastrointestinal adverse effects may be less
with selective inhibitors of cyclo-oxygenase-2 (COX-2)
such as the coxibs, but their use has been greatly restricted
by concerns about serious cardiovascular effects. Para-
cetamol does not have the haematological or gastrointesti-
nal adverse effects of aspirin but large doses can produce
severe or sometimes fatal hepatotoxicity. Giving paraceta-
mol with an NSAID improves analgesia.

For the treatment of moderate or moderate to severe opio-
id-sensitive pain codeine is the traditional choice; alterna-
tives include dihydrocodeine and tramadol. They are of-
ten given with non-opioid analgesics. Combinations of
codeine with paracetamol at full doses produce a small but
significant increase in analgesia compared with paraceta-
mol alone and are one of the most effective options for
acute pain, but the incidence of adverse effects increases
with repeated use. Combinations of dextropropoxyphene
with paracetamol or aspirin are no more effective in acute
pain than the non-opioid alone; efficacy in chronic pain is
unclear and adverse effects may become troublesome. The
combination preparation co-proxamol (dextropropoxy-
phene with paracetamol) has been gradually withdrawn
from the UK market because of poorly established effica-
cy and the risk of toxicity in overdose.

More potent opioids such as morphine are mainly used in
the treatment of severe acute non-malignant pain and
cancer pain (see below). Their use in chronic non-malig-
nant pain is somewhat controversial because of fears of
psychological dependence and respiratory depression.
However, in practice such problems rarely occur and those
fears should not prevent patients being given effective an-
algesic therapy. Opioids may also be of value in neuro-
pathic pain in some patients.
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Morphine is the opioid of choice in severe pain. It is ab-
sorbed when given orally and has a short half-life so that
the use of immediate-release oral preparations offers a
flexible means of dosage titration in, for example, pallia-
tive care. Once initial pain relief has been achieved, ad-
ministration of a modified-release preparation every 12 or
24 hours is more convenient for maintenance of analgesia
in severe chronic pain. It may also be given parenterally
(e.g. for control of acute severe pain in emergency depart-
ments or in patient-controlled analgesia—see also below),
or rectally or transdermally, where there would be prob-
lems with the oral route.

Occasionally other opioids may be useful. Switching to
an alternative opioid may be effective in patients who have
inadequate pain control or intolerable adverse effects with
morphine. Methadone (which also acts as an NMDA
antagonist) or oxycodone have a longer duration of action
than morphine, but it should be noted that methadone,
which has a long half-life, should not be given more than
twice daily when used long term because of the risk of pro-
gressive CNS depression and overdosage. A rapid onset of
action is provided by alfentanil and fentanyl but use of
pethidine is no longer recommended. Diamorphine or hy-
dromorphone may be preferred to morphine when the
parenteral route has to be used because they are more sol-
uble and can be given in a smaller volume. Tramadol,
which may impair respiratory and gastrointestinal function
less than other opioids at equianalgesic doses, is also of
benefit in neuropathic pain.

Adverse effects of opioids include sedation, nausea, vom-
iting, constipation, and, most seriously, respiratory depres-
sion. Tolerance generally develops to all of these effects
except constipation, which may be prevented by regular
use of laxatives.

A number of other groups of drugs have significant roles
in pain management either alone or as analgesic adju-
vants.

Subantidepressant doses of tricyclic antidepressants
(usually amitriptyline) are considered to be useful in re-
fractory chronic pain, including neuropathic pain of the
burning, dysaesthetic type such as postherpetic neuralgia
and diabetic neuropathy; shooting pain has also been re-
ported to respond. They may be used in addition to con-
ventional analgesics, notably in the treatment of cancer
pain of mixed aetiology. There is little evidence for benefit
in acute pain although musculoskeletal pain has some-
times responded. Amitriptyline has also been found to be
useful for tension-type headache and for the prophylaxis of
migraine. The role of other antidepressants in the treat-
ment of neuropathic pain is less clear although venlafaxine
may be useful.

Antiepileptics (often carbamazepine and, more recently,
gabapentin and pregabalin) have been found useful in the
relief of neuropathic pain, especially when there is a stab-
bing (lancinating) element, as in trigeminal neuralgia;
there have also been reports of efficacy in the treatment of
diabetic neuropathy and for migraine prophylaxis.

Benzodiazepines and other muscle relaxants such as ba-
clofen or dantrolene are useful for relieving painful muscle
spasm in acute or chronic conditions.

Bone modulating drugs such as calcitonin and bisphos-
phonates may be useful in cancer pain arising from bone
metastases (see below) but have a slow onset of action and
are second choice to NSAIDs. Bisphosphonates may
cause an initial transient increase in bone pain.

Caffeine has been used with the aim of enhancing the ef-
fects of non-opioid and opioid analgesics but is of debata-
ble benefit. There are similar doubts about whether caf-
feine enhances the effect of ergotamine in the treatment of
migraine (see Pharmacokinetics, p.621); it may also add to
gastrointestinal adverse effects and in large doses can itself
cause headache.

Corticosteroids have produced improvement, often sub-
stantial, in neuropathic pain. They can also relieve head-
ache caused by raised intracranial pressure and refractory
pain caused by bone metastases, and have the added bene-
fits of increasing well-being and appetite.

Some inhalational anaesthetics are used in subanaesthet-
ic doses as inhalation analgesics for acute pain. In particu-
lar, nitrous oxide is given with oxygen for pain relief in
obstetrics and during dental and other procedures, and in
emergency management. Isoflurane, enflurane, and in
some countries methoxyflurane or trichloroethylene have
been used similarly.
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Miscellaneous drugs. Following the discovery that epi-
dural or intrathecal injection of opioids can produce effec-
tive analgesia many other drugs have been tried by these
routes, either alone or with opioids or local anaesthetics,
but their role, if any, in the management of pain remains to
be determined. Some of these drugs, such as clonidine and
ketamine, also appear to have analgesic properties when
given by other routes, and ketamine may be useful in re-
ducing opioid requirements. Some antiarrhythmics (in-
cluding systemic lidocaine) may be effective in chronic
neuropathic pain, but must be used with extreme caution.
The use of antipsychotics, such as the phenothiazines, as
adjuvant analgesics is controversial; levomepromazine is
sometimes used as an adjunct in palliative care.

See below for discussions of the use of patient-controlled
analgesia, and rubefacients and topical analgesics. Nerve
blocks are discussed under Pain, on p.1852.
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Choice of analgesics in children

Pain has often been undertreated in infants and children
because of fears of respiratory depression, cardiovascular
collapse, depressed levels of consciousness, and addiction
with potent opioid analgesics. Assessment of pain isalso a
problem in children of all ages'® and it is not that long
since it was widely believed that neonates were incapable
of feeling pain.

Non-opioid analgesics are used in infants and children,
either alone for minor pain or as an adjunct to opioid
analgesics in severe pain,*® (they can reduce opioid re-
quirements, - perhaps by up to 40%?°). Paracetamol is fre-
quently used but it lacks any anti-inflammatory effect.
NSAIDs such as ibuprofen are useful for minor pain,*57
especially when associated with inflammation or trauma.
The use of aspirin is greatly restricted by its association
with Reye’s syndrome.

The opioids are still the mainstay of analgesia for moder-
ate to severe pain in paediatric patients, and morphine is
the standard against which the others are compared. It is
given intravenously for rapid relief of severe pain (for ex-
ample after burns, fractures or other injuries), and is titrat-
ed to achieve a suitable analgesic dose.*>"® Where intra-
venous access is not readily achievable, oral morphine
may be given but its onset is slower and less predictable;
some favour intranasal diamorphine as an alternative to in-
travenous morphine.* Continuous intravenous morphine
infusion with or without initial Ioadin% doses has become
popular for postoperative pain relief,%® but titration of the
infusion rate is necessary to achieve a balance between
analgesia and respiratory depression (particular care is
needed in neonates, see below). Subcutaneous infusions of
morphine have also been used,> mostly for the relief of ter-
minal cancer pain in children. Intramuscular injections are
painful”% and therefore probably only suitable for short-
term use. Fentanyl has also been widely used for short-
term analgesia in surgical procedures,®8111 and other
opioids such as buprenorphine, hydromorphone, oxyco-
done, and tramadol have been given.> Patient-controlled
analgesia using morphine has been tried in children (see
below).

Morphine has also been given to children by the epidural
route;® experience with the intrathecal route is more limit-
ed. Other methods of opioid drug delivery of possible val-
ue in paediatric analgesia include transmucosal,5!* na-
sal,*” and transdermal®® dosage.

Cancer pain in children may be treated using the analgesic
ladder scheme described under Cancer Pain (see below).

Inhaled nitrous oxide and oxygen mixtures may be useful
for preliminary pain relief and short, painful proce-
dures 47810

Local anaesthetics are especially suitable for the manage-
ment of acute pain in day-care situations. Single injections
given by the epidural route are often used to provide
analgesia during and after surgery. Continuous epidural in-
fusions of local anaesthetics have also been used. Howev-
er, simpler techniques such as wound infiltration or periph-
eral nerve blocks can also provide effective analgesia for
some procedures and are free of the problems of lower
limb weakness or urinary retention associated with caudal
blocks.57810 Application of eutectic creams (see Surface
Anaesthesia, p.1866) containing lidocaine with prilocaine
to intact skin, to produce surface anaesthesia, may be suf-
ficient for some minor painful procedures in children.®-9

Ketamine is used in outpatients for brief, painful proce-
dures such as fracture reduction and to provide immobility
for repair of facial lacerations in young children.!*12 The
emergence reactions that limit its use in adults are less
common in children,!* and can be ameliorated by benzodi-
azepines.”10

Most neonates requiring analgesia and receiving respira-
tory support can be managed with an infusion of morphine
but in neonates who are breathing spontaneously there is a
substantial risk of respiratory depression. Morphine has
been used in such neonates® but should be limited to those
under intensive care, as for example after major surgery
(see also Intensive Care, p.957). Fentanyl citrate! and co-
deine phosphate have also been used in neonates. Sucrose
and other sweet tasting solutions have been shown to re-
duce physiologic and behavioural indicators of stress and
pain in neonates undergoing painful procedures® although
there had been some doubt expressed over whether this in-
dicates effective analgesia.!® The American Academy of
Pediatrics has suggested that oral sucrose together with
other non-pharmacological methods such as swaddling
should be used for minor routine procedures; topical local
anaesthetics may be used for more painful procedures such
as venepuncture if time permits. Opioids should be the ba-
sis of postoperative analgesia after major surgery in the ab-
sence of regional anaesthesia; a rapidly acting opioid such
as fentanyl is advocated, together with infiltration of the
site with a local anaesthetic where time permits, for inser-
tion of a chest drain.# Similar recommendations for pain-
ful procedures in neonates have been made by an interna-
tional consensus group.*®

The use of analgesic adjuncts (see Choice of Analgesic,
above) has also been advocated in some children.16
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Nerve blocks
For a discussion of the use of nerve blocks in the manage-
ment of pain, see under Pain, p.1852.

Patient-controlled analgesia

Patient-controlled analgesia (PCA) involves the use of au-
tomated delivery systems that enable patients to receive
doses of an analgesic on demand. The technique is now
widely favoured in the management of acute pain,:- and
appears to produce slightly better analgesia, and greater
patient acceptance, than conventional analgesic meth-
ods.*® It has been used successfully in children as young
as 4 years, and in elderly patients.® Most experience relates
to systems using intravenous opioids.

Initial analgesia must be established by giving the patient
bolus doses of the analgesic, to achieve effective blood
concentrations.?® In the simplest type of PCA the patient
is then able to self-administer a small fixed dose on de-
mand; further doses are not permitted until a pre-pro-
grammed lockout interval has expired. The demand dose
should be large enough to produce an appreciable analge-
sic effect, but not large enough to lead readily to toxic con-
centrations; the lockout period should also be long enough
for the maximum analgesic effect to be felt before another
dose is permitted, and should therefore relate to the speed
of onset of action of the drug.? Some devices allow the
dose to be given as a short infusion? to reduce adverse ef-
fects associated with high peak concentrations of opioids.
In another commonly used method, sometimes described
as patient-augmented analgesia, the patient is given a con-
tinuous background infusion which is supplemented by
self-administered bolus doses.>®8 However, with this
method patients may receive more opioids without any
improvement in analgesia;®” There is also a greater risk of
adverse effects, including respiratory depression.?37 It re-
mains to be seen if there is any advantage with the more
sophisticated devices that can be programmed to adjust the
background infusion according to the frequency of the bo-
lus demands.®”

Most of the common opioids have been used successfully
for PCA.2 Morphine remains the gold standard, and fenta-
nyl, %/dromorphone or tramadol are widely used alterna-
tives.>3 Use of pethidine is no longer advised because of
the risk of accumulation of its toxic metabolite, norpethi-
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dine.? Drugs with very short (remifentanil) or very long
(methadone) half-lives may be less suitable for use.
Although generally perceived as safer than conventional
opioid analgesia, occasional serious adverse effects and
fatalities have resulted from errors in programming, or
incorrect or inappropriate use (including operation by per-
sons other than the patient). These risks can be minimised
by safety features built into the PCA device itself, and by
the develo, Ement of standard protocols for the use of the
technique.

Most experience relates to the use of the intravenous route.
However, epidural PCA is also used. It appears to be as
effective, or more effective, than intravenous PCA,® al-
though it may not be suitable in all cases, and carries addi-
tional risks to do with the placement of the epidural cathe-
ter.3 Epidural PCA generally produces analgesia with a
combination of a lipid-soluble opioid such as fentanyl or
sufentanil plus a long-acting local anaesthetic such as
bupivacaine or ropivacaine; the optimum combination has
yet to be defined.?® In addition, unlike intravenous PCA,
the use of a background infusion is recommended.

Other routes have been investlgated including intranasal’
and, in particular, transdermal“ 8 PCA. An iontophoretic
patient-controlled dellverg/ system for transdermal fenta-
nyl has been developed,® and allows PCA to be given in
a non-invasive manner.

Although it is not always considered in terms of PCA, in-
haled nitrous oxide in oxygen also has a long history of
effective use as a patient-controlled analgesic during child-
birth; opioid PCA may not be suitable for such pain al-
though local anaesthetics have been used with satisfactory
results.*°
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Postoperative analgesia
Pain relief after surgery has often been inadequate and it is
now recognised that pain control should be adjusted for
each patient and each situation.>® Multimodal regimens,
using several classes of analgesic, and ideally more than
one route, are now generally favoured.®> Pre-operative
evaluation of the patient,>* and frequent assessment of
pain intensity after surgery (both to allow apgropriate
analgesia, and to detect possible complications)® are fun-
damental. Evidence-based procedure-specific guidelines
are under development.® Giving pain control on a prevent-
ative basis (pre-emptive analgesia) has been recommend-
ed, and may be more effective than conventional manage-
ment, at least for some regimens, although results have
varied.”8
Patients undergoing minor surgery can be adequately man-
aged with oral analgesics, such as paracetamol, NSAIDs,
tramadol, and oxycodone. Those undergoing more exten-
sive surgery usually require parenteral opioids or local
analgesic techniques such as regional block, sometimes in
combination.?

« Opioid analgesics, in particular morphine, are the
mainstay of treatment for moderate to severe postoper-
ative pain.® Opioid dose should be individually titrated;
they may be given by numerous routes, but intravenous
doses give more predictable results than intramuscular
or subcutaneous doses and are widely favoured.?39 In-
travenous patient-controlled analgesia (see above) is
now a standard method of management for postopera-
tive pain.3* Where it is unavailable, intramuscular or
subcutaneous dosage every 2 hours as needed for 24 to
72 hours, followed by conversion to an oral analgesic
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regimen, may be an alternative.® Careful monitoring for
potential adverse effects, in particular respiratory de-
pression, is needed.?

Opioids injected centrally via the epidural and intrathe-
cal routes provide effective regional analgesia®*° Sand
may be more effective than intravenous opioids,'° al-
though whether this improves the ultimate outcome is
unclear®). Morphine is the opioid most commonly given
centrally, but others such as fentanyl, which is more lip-
id soluble, may be preferable in the case of epidural in-
jection. The epidural and intrathecal routes have also
been used for patient-controlled analgesia.

Oral opioids may not be suitable in the immediate post-
operative period, but oral regimens are generally pre-
ferred if the patient can swallow and gastrointestinal
function has recovered.>® Tramadol is useful in patients
undergoing minor or intermediate surgery.
Management of postoperative pain in patients who have
been receiving long-term opioids before surgery may be
particularly difficult.31! Baseline requirements should
be calculated for each patient, but may go up or down
after surgery; typically, at least 50% of the baseline dose
will be needed postoperatively, with additional opioids
titrated according to pain requirements. Such patients
may thus require larger than normal doses of opioids to
be given, and a balanced multimodal approach to anal-
gesia is particularly important.2t

NSAIDs and paracetamol are useful analgesic ad-
juncts that can improve pain relief,® but are not suitable
alone after major surgery.? After minor or intermediate
surgery an oral regimen of paracetamol plus an NSAID
such as naproxen may be adequate, with oxycodone or
tramadol being given for breakthrough pain.3 NSAIDs
can be used effectively with other drugs, and use of an
NSAID with an opioid after major surgery enables the
dose of the opioid to be reduced without loss of analge-
sic effect.>? However, the risk of gastric ulceration,
impaired coagulation, and reduced renal function may
limit the use of NSAIDs in some patients,3° and the po-
tential cardiovascular effects of the selective inhibitors
of cyclo-oxygenase-2 (COX-2) have also been a cause
of great concern.?

Diclofenac, flurbiprofen, ketoprofen, ketorolac, lornox-
icam, and naproxen are among the NSAIDs used for
postoperative pain; the COX-2 inhibitors including
parecoxib have also been used. Diclofenac, ketoprofen,
ketorolac, and parecoxib may be given by injection, and
a parenteral formulation of paracetamol is available in
some countries.

Infiltration of local anaesthetics at the site of operation
is a simple method of preventing postoperative wound
pain.>* Central nerve blocks obtained with epidural or
intrathecal local anaesthetics produce excellent analge-
sia,1?4 although again, whether this improves outcome
is unclear.?® Insertion of a catheter during the operation
allows subsequent infusion or bolus injection.? Howev-
er, there may be complications related to both the proce-
dure and the drugs used (see also Adverse Effects of
Central Block, p.1850). Local anaesthetics are rarely
used alone, as a mixture of an opioid and a local anaes-
thetic produces effective analgesia using relatively
smaller doses of each drug.? Such combinations are also
used in patient-controlled epidural analgesia (see
above).

There is growing interest in the use of analgesic adju-
vants, including antiepileptics such as gabapentin or
pregabalin,? or the NMDA antagonist ketamine, 1314 to
modulate opioid dosage and efficacy for postoperative
pain. (For further discussion of analgesic adjuvants see
Choice of Analgesic, above.)
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Rubefacients and topical analgesia

Substances applied topically can relieve local pain through
anumber of different mechanisms.* Rubefacients or coun-
ter-irritants can relieve superficial or deep-seated local
pain probably by producing counter stimulation, which ac-
cording to the ‘gate theory’ of pain (see Analgesia and
Pain, above) helps to inhibit the transmission of pain sig-
nals. Their topical application produces hyperaemia or
irritation of the skin and they are used alone or as an ad-
junct to massage in the management of a variety of painful
musculoskeletal conditions.? Some are also traditionally
used in preparations for the symptomatic relief of minor
peripheral vascular disorders such as chilblains. Substanc-
es commonly used in rubefacient preparations include
nicotinate and salicylate compounds, essential oils,
capsicum, solutions of ammonia, camphor, and noni-
vamide. They may be of benefit in acute pain, but seem to
be less effective in chronic arthritic and rheumatic pain.?
Capsaicin, which is one of the active ingredients of capsi-
cum, is used alone as a topical analgesic in a range of pain-
ful conditions, including neuropathic pain and rheumatic
disorders; its benefits are modest though it may be useful
in some patients.# It does not rely on vasodilatation in the
skin and it is therefore not considered to be a traditional
counter-irritant.

Some NSAIDs have been used topically in the treatment
of soft-tissue injuries and inflammatory musculoskeletal
conditions, although this route does not necessarily avoid
the adverse effects of systemic treatment. There is some
evidence® to suggest that topical NSAIDs might be more
effective than placebo.

Other agents used as topical analgesics include com-
pounds such as ethyl chloride and the halogenated hydro-
carbon propellants; their evaporation produces an intense
cold that numbs the tissues. Transdermal clonidine has been
used in the treatment of chronic pain. Ketamine also appears
to have some local analgesic effect when applied topically.
Local anaesthetics are sometimes included in topical
preparations used for the relief of painful skin and muscu-
loskeletal disorders.

Application of heat to the skin can also help to relieve pain
and melted hard paraffin has been used in wax baths as an
adjunct to physiotherapy for painful joints and sprains.
Warm kaolin poultices have also been used as a means of
applylng heat for pain relief.

1. Argoff CE. Topical agents for the treatment of chronic pain. Curr
Pain Headache Rep 2006; 10: 11-19.

2. Sawynok J. Topical and peripherally acting analgesics. Pharma-
col Rev 2003; 55: 1-20.

3. Mason L, et al. Systematic review of topical rubefacients con-
taining salicylates for the treatment of acute and chronic pain.
BMJ 2004; 328: 995-7.

4. Mason L, et al. Systematic review of topical capsaicin for the
treatment of chronic pain. BMJ 2004; 328: 991-4.

5. Mason L, et al. Topical NSAIDs for chronic musculoskeletal
pain: systematic review and meta-analysis. BMC Musculoskelet
Disord 2004; 5: 28. Available at: http://www.biomedcentral.com/
1471-2474/5/28 (accessed 23/06/08)

Specific pain states

Biliary and renal colic. Gallstones (see Ursodeoxy-
cholic Acid, p.2409) or other biliary disorders that result in
obstruction of the bile ducts may produce biliary colic.
Morphine may relieve the accompanying pain, but as it
can also produce spasm of the sphincter of Oddi it can raise
intrabiliary pressure and exacerbate the pain. It is therefore
usually recommended that morphine and its derivatives
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should either be avoided in patients with biliary disorders
or that they should be given with an antispasmodic. Histor-
ically, pethidine has been regarded as a more suitable
choice because it was thought to have less smooth muscle
activity than morphine; however, this has been questioned.
Prostaglandins have also been implicated in the aetiology
of biliary colic and NSAIDs such as diclofenac or ketoro-
lac have been successfully used to relieve the pain.l3
Antimuscarinic antispasmodics have been tried for their
action on biliary smooth muscle and the sphincter of Oddi.
Ureteral obstruction, such as in the formation and passage
of renal calculi (see p.2181), produces painful renal or
ureteral colic.* The acute pain of renal or ureteral colic
has been traditionally relieved using opioid analgesics
such as pethidine that have a minimal effect on smooth
muscle, although morphine has also been used.*® Howev-
er, opioids, and especially pethidine, are particularly asso-
ciated with nausea and vomiting,>” and NSAIDs are in-
creasingly used in their place; they appear to be at least
comparable with the opioids in terms of efficacy.*” They
can be given intramuscularly, intravenously, orally, and
rectally, although the best route is unclear.>® Diclofenac
sodium given intramuscularly is recommended as first-
line treatment by some authors.® Parenteral ketorolac also
seems to be effective.5 The use of intranasal desmopressin
is also being studied.*®
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Cancer pain. The pain cancer patients experience may
be acute, chronic, or intermittent. It may result from tu-
mour involvement of the viscera and extension into soft
tissues, tumour-induced nerve compression and injury,
raised intracranial pressure, or bone metastases. Pain may
also arise as a result of adverse effects of treatment, or from
a concurrent disease, and may be exacerbated by emotion-
al or mental changes. Many patients will have more than
one type of pain. There may also be exacerbations due to
movement (incident pain) or worsening of cancer: pain oc-
curs in about a quarter of patients with newly diagnosed
malignancies, but in up to three-quarters of those with ad-
vanced disease.

Pain relief involves the treatment of the cause of the pain
as well as treatment of the pain itself, together with expla-
nation, reassurance, and supportive care to improve any
mental and social complicating factors. The mainstay of
cancer pain management is drug treatment with non-opio-
id or opioid analgesics, or both together, plus adjuvant
analgesics if necessary. A small proportion of patients
(about 10 to 20%) may experience pain that responds
poorly or not at all to opioid analgesics given at tolerable
doses, e.g. neuropathic pain resulting from nerve destruc-
tion or compression, incident bone pain, pancreatic pain,
and muscle spasm.

In the management of cancer pain the aim is to achieve
adequate continuous pain relief with the minimum of ad-
verse effects and this calls for appropriate assessment of
the intensity and quality of pain, and regular monitoring of
the treatment. Guidelines for the relief of cancer pain, pub-
lished by WHO in 1986 and revised in 1996, are widely
endorsed by specialists in pain relief and the care of the
terminally ill>7 despite some questions about the robust-
ness of supporting studies.” Subsequent guidelines® issued
by the Scottish Intercollegiate Guidelines Network in 2000
and the annually updated guidelines of the US National
Comprehensive Cancer Network (NCCN)® are also wide-
ly referred to. Specific guidelines for the relief of cancer
pain in children have also been published 1%

Treatment should be given regularly, by mouth if possible,
and should follow the accepted three-step ‘analgesic lad-
der’.12 This approach is often described as treatment ‘by
mouth, by the clock, and by the ladder’. Regular dosage

rather than treatment as required aims to prevent pain re-
emerging and to minimise the expectation of pain. The
analgesic ladder consists of 3 stages, treatment beginning
at step 1 and progressing to step 3 if pain is uncontrolled or
increases. The stages are as follows:

1. a non-opioid analgesic such as aspirin, other
NSAIDs, or paracetamol; an adjuvant (see below) may
also be given if necessary to tackle specific pain or asso-
ciated symptoms

2. an opioid analgesic such as codeine, dihydrocodeine,
or tramadol plus a non-opioid analgesic; an adjuvant
may also be given

3. a potent opioid analgesic such as oral morphine; a
non-opioid analgesic may also be given, as may an ad-
juvant.

Combining analgesics with different pharmacological
actions can produce additive or synergistic increases in
analgesia but only one analgesic from each of the 3 groups
(non-opioid, less potent opioid, potent opioid) should be
used at the same time.

Evidence to support the choice of analgesic is often
scanty. A systematic review!? found some evidence of
benefit from the use of NSAIDs to treat cancer pain, and
supported their use in mild pain (WHO step 1), but there
was little to support the choice of one NSAID over anoth-
er, and little evidence for the addition of an opioid to an
NSAID in moderate pain (WHO step 2).

In moderate to severe pain (WHO step 3), morphine is
generally held to be the opioid of choice;® alternatives in-
clude fentanyl, hydrocodone, and oxycodone.>? Partial
agonists or opioids with long half-lives (such as methadone
or levorphanol) are less suitable for treatment than pure
opioid agonists with less prolonged actions.® In patients
who do not achieve effective analgesia at an acceptable
level of adverse effects with one opioid, opioid rotation,
switching to an alternative opioid at an equivalent dose,
may enable pain control.%13

The optimal route for use is by mouth. For best effect,
both conventional (for dose titration) and modified-release
(for maintenance) dosage forms are required. The Europe-
an Association for Palliative Care (EAPC) suggests® that
the simplest method of dose titration is with conventional
morphine dosage every 4 hours, and the same dose for
breakthrough pain. This ‘rescue’ dose may be given as of-
ten as required, up to hourly. The total daily dose of mor-
phine should be reviewed each day and the regular dose
adjusted to take account of the amount needed for break-
through pain. If pain returns consistently before the next
dose is due the regular dose should be increased. Conven-
tional formulations do not generally need to be given more
often than every 4 hours, and modified-release products
should be given according to the intended duration of the
preparation (usually every 12 or 24 hours). Patients stabi-
lised on regular oral morphine require continued access to
a rescue dose for breakthrough pain. For patients taking
conventional morphine preparations every 4 hours, a dou-
ble dose at bedtime is effective to prevent pain disturbing
sleep.

Similar recommendations are given by the NCCN.® They
advise that the oral rescue dose for breakthrough pain
should be calculated as 10 to 20% of the total 24-hour re-
quirement; this may then be increased by 50 to 100% in
patients who still have increased pain, with hourly reas-
sessment of efficacy and adverse effects. If inadequate re-
sponse is still seen after 2 or 3 cycles, a change of route
(e.g. intravenous titration) may be considered.

If patients are unable to take morphine orally the EAPC
considers the preferred alternative route to be subcutane-
ous,’ and the NCCN suggests either continuous garenteral
infusion, intravenous, or subcutaneous dosage.’ There is
no indication for intramuscular morphine for cancer pain
since subcutaneous dosage is simpler and less painful. In
the UK diamorphine hydrochloride is often preferred to
morphine sulfate for parenteral use because it is more sol-
uble and allows a smaller dose volume; hydromorphone
hydrochloride is an alternative to diamorphine.

Epidural or intrathecal opioids, either by injection or infu-
sion, have been used when conventional routes have
failed.®!* Some advocate the use of these routes because
smaller doses may produce analgesia equivalent to that of
larger doses given orally or parenterally, although there
has been little conclusive evidence for a lower incidence of
adverse effects or a better quality of analgesia.
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The buccal, sublingual, and nebulised routes have been in-
vestigated, but these are not recommended for morphine
because there is no current evidence of clinical advantage
over conventional routes.> However, buprenorphine is giv-
en sublingually and may be a useful alternative in patients
with dysphagia, although experience of long-term use in
cancer pain is limited. Buprenorphine or fentanyl can be
given via a transdermal system that provides continuous
and controlled delivery for up to 72 hours. Calculating an
appropriate conversion regimen for transfer of patients
from oral or parenteral therapy to transdermal can be diffi-
cult,® but the NCCN suggests that the total daily require-
ment of oral morphine is equivalent to about 2000 times
the hourly dose of transdermal fentanyl.® An oral transmu-
cosal dosage form of fentanyl is also available for the man-
agement of breakthrough cancer pain.®

Automated delivery systems for self-administration of
parenteral analgesics (patient-controlled analgesia) have
been used to administer opioid analgesics (see above).

Adjuvant drugs that may be necessary at any stage in-
clude antidepressants, antiepileptics, and class |
antiarrhythmics for neuropathic pain, corticosteroids for
nerve compression and headache resulting from raised in-
tracranial pressure, and muscle relaxants for muscle
spasm. Radiotherapy and radioisotopes such as strontium-
89 may be of use when the bone pain of metastases is
unresponsive to NSAIDs alone. Bone modulating drugs
such as calcitonin and bisphosphonates may be of addi-
tional benefit but have a slow onset of action and bisphos-
phonates may cause an initial transient increase in pain.
Corticosteroids have been used as an alternative to
NSAIDs in refractory bone pain but long-term use should
be avoided. Nerve blocks with local anaesthetics or neuro-
Iytic solutions may benefit a few patients, in particular
those with sympathetically maintained pain or specific lo-
calised pain (see under Pain, p.1852). Topical local anaes-
thetics or capsaicin may also be of use in some patients.®
Physiotherapy and relaxation techniques may be useful for
painful muscle spasm. The addition of an NMDA antago-
nist such as dextromethorphan or ketamine to convention-
al analgesic regimens has been tried with some success in
patients with refractory pain.'® Adjuvant therapy should be
fully explored before moving on to the next ‘rung’ of the
treatment ladder or increasing the dosage of an opioid
analgesic.'® For further details of analgesic adjuvants, see
Choice of Analgesic, above.

Management of cancer pain also requires monitoring to
prevent and reduce adverse effects of therapy, particularly
of opioids. Appropriate bowel regimes to manage consti-
pation should be started at the same time as opioid therapy,
as should antiemetic therapy; sedation and nausea usually
become less marked as treatment progresses,® and warrant
reassessment if they persist for longer than a week.® Con-
cerns about respiratory depression and dependence should
not be allowed to interfere with appropriate treatment: pa-
tients whose pain ameliorates can generally reduce and
stop opioid treatment without difficulty.?
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Central post-stroke pain. Central pain is a neuropath-
ic pain arising from lesions of the CNS .1 Pain following
a cerebrovascular accident has been referred to as thalamic
syndrome but is now commonly known as central post-
stroke pain and may arise not only from classical stroke
but also from surgery or trauma to the head. The pain,
which has been described as burning, stabbing, and ach-
ing, may be mild to intolerable and occurs spontaneously
or in response to a mild stimulus.

As in other types of neuropathic pain, whether opioid
analgesics can be of benefit is controversial: it has been
suggested that the value of conventional opioids such as
high-dose morphine is modest, but that NMDA receptor
antagonists such as methadone may be of more benefit.?
Ketamine, another NMDA antagonist, may also be of val-
ue. Conventional management of central post-stroke pain
involves the use of antidepressants such as amitriptyline
and antiepileptics including lamotrigine or gabapentin.
Early peripheral sympathetic blockade may produce tem-
porary relief in some cases. Mexiletine may be of use in
patients with refractory pain; it has often been given with
amitriptyline. Oral or intrathecal baclofen may be tried.
Transcutaneous electrical nerve stimulation (TENS) may
occasionally be of help but some advocate brain or spinal
cord stimulation. Surgical treatment generally gives disap-
pointing results.
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Complex regional pain syndrome. Complex re-
gional pain syndrome (CRPS) is a regional, post-traumatic
neuropathic pain that generally affects the limbs. CRPS
has also been referred to as reflex sympathetic dystrophy,
post-traumatic dystrophy, causalgia, Sudeck’s atrophy,
and shoulder-hand syndrome. Causalgia has also been
used to describe the burning pain that follows a penetrating
injury. Historically, it was considered that the pain was
maintained by the sympathetic nervous system and the
term ‘reflex sympathetic dystrophy” was commonly used
to describe the syndrome (although recent studies have
shown that the sympathetic nervous system is not always
involved). However, the terms given above are now con-
sidered to be inappropriate and CRPS is now broadly clas-
sified as:

* Type (previously reflex sympathetic dystrophy)
which develops after tissue trauma, such as that accom-
panying myocardial infarction, stroke, burns, frostbite,
fractures, and shoulder or limb injury, but where there is
no identifiable nerve lesion

* Type IlI: (previously causalgia) which develops after
trauma to a major peripheral nerve

Clinically the two subsets are identical and typical symp-
toms include pain, allodynia, and hyperalgesia; as the syn-
drome becomes chronic, trophic changes to the bone, mus-
cles, and skin may occur. Sympathetic dysfunction may
also be present. If the pain is relieved by a sympathetic
block (see below), this pain is regarded as ‘sympathetical-
ly-maintained’, if not it is known as ‘sympathetically-inde-
pendent’ pain.

The treatment of CRPS is difficult especially in chronic

disorders and is usually aimed at pain control and restoring

limb function. The cornerstone of treatment is physiother-
apy, with pain relief provided in order to allow physical
exercise. Patients with mild disease may not require pain
management; those with moderate pain should be tried
with a tricyclic antidepressant, an antiepileptic such as
gabapentin, or a less potent opioid. Oral or intravenous bis-
phosphonates have also produced some promising results.

A sympathetic nerve block with bretylium or perhaps a lo-

cal anaesthetic may be useful in carefully selected patients

with sympathetically-maintained pain; those who do not

respond to a sympathetic nerve block may be given an epi-
dural block. Other methods that have been tried in refrac-
tory pain include spinal cord stimulation and intrathecal
baclofen or opioids. There are small studies or anecdotal
reports of the use of a variety of other drugs and interven-
tions.
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Diabetic neuropathy. Sensory polyneuropathy, a com-
plication of diabetes mellitus, is the commonest of the neu-
ropathies producing neuropathic pain. The pain is mainly
experienced as a burning sensation, sometimes accompa-
nied by shooting, or aching pain. Painful neuropathy may
benefit from optimal diabetic control (see under Diabetic
Complications, p.433). Non-opioid analgesics such as as-
pirin or other NSAIDs, or paracetamol may be tried, al-
though neuropathic pain is often resistant to conventional
analgesics, and the treatment of painful diabetic neuropa-
thy is generally as for postherpetic neuralgia (see below).
Relief may be obtained using tricyclic antidepressants and
the BNF considers them to be the drugs of choice. SSRIs
have been tried but studies suggest that they are ineffective
or less effective than tricyclic antidepressants. Duloxetine,
a serotonin and noradrenaline reuptake inhibitor, is li-
censed for use in diabetic neuropathy. Antiepileptics such
as carbamazepine, gabapentin, phenytoin, and pregabalin
can be used to control any shooting or stabbing compo-
nents of the pain; lamotrigine and topiramate are also un-
der investigation. Antiarrhythmics such as lidocaine given
intravenously or mexiletine given orally have been shown
to be effective against some components of the pain. Top-
ical application of capsaicin or lidocaine may have some
effect. Neuropathic pain may respond partially to some
opioid analgesics and they may be of use when other treat-
ments are ineffective.
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Dysmenorrhoea. Dysmenorrhoea is painful menstrua-
tion. The primary form arises from uterine contractions
produced by release of prostaglandins from the endometri-
um in the luteal phase of the menstrual cycle. For this rea-
son, drugs that inhibit ovulation or prostaglandin produc-
tion are often effective treatments. NSAIDs inhibit cyclo-
oxygenase (prostaglandin synthetase) and are usually the
drugs of first choice.® They are taken at the onset of dis-
comfort and continued for a few days while symptoms
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persist. Those most commonly used have included aspirin,
diflunisal, flurbiprofen, ibuprofen, indometacin, ketopro-
fen, mefenamic acid, naproxen, and piroxicam. Theoreti-
cally, mefenamic acid has the advantage of inhibiting both
the synthesis and the peripheral action of prostaglandins,
but clinical studies have not consistently shown fenamates
to be more effective than other cyclo-oxygenase inhibitors.
Paracetamol has also been given for pain relief. A syste-
matic review? comparing several of these drugs concluded
that ibuprofen appeared to have the best risk-benefit ratio
in dysmenorrhoea and was the preferred analgesic;
naproxen, mefenamic acid, and aspirin were also effective,
but the limited data on paracetamol did not show such
clear benefits. Another such review considered that there
was insufficient evidence to determine which NSAID
should be preferred.

Patients who fail to respond to analgesics may benefit
from the use of progestogens either alone for part of the
cycle or more usually together with oestrogens in the form
of oral contraceptive preparations.

Antispasmodic drugs such as hyoscine butylbromide are
included in some preparations promoted for the relief of
spasm associated with dysmenorrhoea but the BNF con-
siders that they do not generally provide significant relief.
There is limited evidence® that vitamin B, may be effective
and some consider that it may be worth trying; evidence
of benefit from other therapies such as magnesium or vita-
min E is considered to be weaker.24®

Secondary dysmenorrhoea is associated with various other
disorders such as endometriosis, and treatment is primarily
aimed at the underlying cause.

. Lefebvre G, et al. Society of Obstetricians and Gynaecologists of
Canada. SOGC clinical practice guidelines no. 169, December
2005: Primary dysmenorrhea consensus guideline. J Obstet Gy-
naecol Can 2005; 27: 1117-30. Also available at: http://
www.sogc.org/guidelines/public/169E-CPG-December2005.pdf
(accessed 23/06/08)
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1998; 105: 780-9.
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primary dysmenorrhoea. Available in The Cochrane Database of
Systematic Reviews; Issue 4. Chichester: John Wiley; 2003 (ac-
cessed 23/06/08).

Proctor ML, Murphy PA. Herbal and dietary therapies for prima-
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Database of Systematic Reviews; Issue 2. Chichester: John Wi-
ley; 2001 (accessed 23/06/08).
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Headache. Aspirin and other NSAIDs, or paracetamol
are often tried first for the symptomatic treatment of vari-
ous types of headache including migraine (p.616) and
tension-type headache (p.617). NSAIDs may also be
effective for the prophylaxis of migraine, although they are
not considered first-line options.

Opioid analgesics such as codeine are sometimes included
in oral compound analgesic preparations used in the initial
treatment of migraine or tension-type headache, but are
best avoided, especially in patients who have frequent at-
tacks.

-

g

o

>

@

Labour pain. Itis important to assess the adverse effects,
on both the mother and the fetus, when selecting any meth-
od for the management of labour pain. Non-pharmacolog-
ical methods of pain relief may include relaxation tech-
niques, transcutaneous electrical nerve stimulation (which
is popular with Patients, although there is no robust evi-
dence of benefit'), and various other complementary ther-
apies: of the latter, there is some evidence of benefit with
the use of acupuncture and hypnosis.? Water immersion
(use of a birthing pool) during the first stage of labour has
been shown to reduce reported maternal pain.? Subcutane-
ous or intradermal injection of sterile water into the back
has also been used for the relief of low back pain during
labour.*®

However, at some point during labour many women will
request some sort of pharmacological analgesia.

The inhalational anaesthetic nitrous oxide, given with oxy-
gen, is suitable for self-administration and is commonly
used to relieve labour pain. It is relatively safe and can pro-
duce substantial analgesia in most patients.® Other inhala-
tional analgesics such as isoflurane or sevoflurane are also
sometimes used’ (see Choice of Analgesic, above).
Opioid analgesics have been given systemically in the
management of labour pain for many years, although they
do not appear to provide adequate analgesia in most pa-
tients at a tolerable dosage.®® There is no clear evidence to
favour one opioid over another.® Morphine is considered
unsuitable,” and the widest experience has been with pethi-
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dine.”!® However, its effectiveness has been queried,”1
and its use has declined in many countries.” Fentanyl and
its derivatives sufentanil and alfentanil have been used,
particularly when given as intravenous patient-controlled
analgesia,” but it is not clear that they have any great ad-
vantages, and as with other opioids they may cross the pla-
centa and produce respiratory depression and other ad-
verse effects in the newborn. The use of the very short-
acting opioid remifentanil for patient-controlled analgesia
during labour has been investigated, with some benefit, 1
but although it is less likely to produce effects on neonatal
respiration it is not clear that the degree of supervision re-
quired to guard against unacceptable respiratory depres-
sion in the mother can be widely achieved on busy labour
wards.” Nalbuphine has been used in some countries be-
cause of its mixed agonist/antagonist action,” although
there does not seem to be clear evidence that it conveys
any substantial benefit.

Epidural analgesia with a local anaesthetic is now con-
sidered the gold standard for treatment and provides the
most effective pain relief during labour.®*24 Medical in-
dications may include a history of malignant hyperther-
mia, certain cardiovascular or respiratory disorders, or pre-
eclampsia, but the primary indication is the patient’s desire
for pain relief.>'3 Bupivacaine is one of the local anaes-
thetics most often used in epidural analgesia; others in-
clude ropivacaine and lidocaine.!

Epidural block has few contra-indications and serious ad-
verse events are rare. Nonetheless, it has been associated
with an increased risk of prolonged second-stage labour,
forceps delivery, and caesarean section®314 (although
meta-analysis® and a systematic review* refute the latter),
and it may not improve maternal experience of childbirth.
Many centres stop epidural analgesia for the second stage
of labour to reduce the incidence of forceps delivery but
substantive evidence for this is lacking.!> Central blocks
may also produce adverse effects including shivering,
post-puncture headache, and hypotension (for further de-
tails of the adverse effects of and precautions for epidural
block see p.1850 and p.1851, respectively). Occasionally
epidural local anaesthetic does not produce adequate
analgesia due to patchy or incomplete block.

Some of the adverse effects associated with epidural
analgesia are associated with the motor block and pro-
found analgesia resulting from traditional techniques us-
ing relatively high concentrations of local anaesthetic.
There has therefore been an increasing trend to the use of
lower-dose techniques. Although opioid analgesics are not
particularly effective for labour analgesia when given sys-
temically (see above), addition of a small amount of an
opioid to epidural solutions enables effective analgesia to
be achieved with lower concentrations of local anaesthetic,
and with less motor block;**21617 however, the incidence
of pruritus (a known effect of opioids) is greater than with
a local anaesthetic alone.*® There is no standard combina-
tion of local anaesthetic and opioid, although one large
study used bupivacaine 0.1% with fentanyl
2 micrograms/mL.%¢ Sufentanil is also widely used with
either bupivacaine'® or ropivacaine. The epidural use of
other adjuvants such as clonidine and neostigmine is also
being studied.'® Low-dose techniques are the basis of so-
called ‘ambulatory’ or ‘walking’ epidural management,
although it is unclear to what extent this mobility improves
outcomes or patient satisfaction.

Once an initial block is established, additional analgesia
can be provided through a catheter by intermittent “top-up’
doses or by a continuous epidural infusion; a combination
of the two methods forms the basis of some types of pa-
tient-controlled epidural analgesia.

Another method of reducing the adverse effects of tradi-
tional epidural techniques is to combine a spinal block,
which is quick acting but not long lasting enough to be
used alone for analgesia in labour, with epidural delivery.
Although studies have reported superior pain relief'” with
such combined spinal-epidural analgesia, a systematic
review?8 considered that there was no overall benefit with
the technique when compared with low-dose epidural
techniques, although onset of analgesia was faster.

The use of spinal blocks in obstetrics has been more com-
monly associated with anaesthesia and management of
postoperative pain in caesarean section.'? Spinal blocks
with local anaesthetics have a greater tendency to produce
hypotension and headache than epidural blocks (for fur-
ther details of the adverse effects of and precautions for
spinal block see p.1850 and p.1851, respectively).

Pudendal nerve blocks with lidocaine followed by a local
anaesthetic given into the perineum provide pain relief
during labour.? However, the technique of paracervical
local anaesthetic block is now largely of historic interest in
labour analgesia?* because of reports of fetal arrhythmias,
acidosis, and asphyxia and isolated reports of fetal death.

Local anaesthetics have been applied topically for

perineal pain caused by tearing or episiotomy in women

who have given birth. However, a systematic review??
considered that the evidence of effectiveness was not com-
pelling.
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Low back pain. Low back pain (sometimes referred to
as lumbago), is a common complaint but only a small per-
centage of patients suffer from a recognised organic dis-
ease, most frequently disc disease. In patients with a lum-
bar disc prolapse or herniation, the rupture of one of the
fibrocartilagenous intervertebral discs can exert pressure
on spinal nerve roots and produce a condition character-
ised by severe and often acute pain radiating from the back
along the distribution of the nerves affected (radiculopa-
thy). The sciatic nerve may be involved and patients expe-
rience pain (sciatica), usually in one leg along the typical
distribution of the nerve. Non-specific back pain (back
pain of unknown origin) is usually self-limiting with a
good prognosis, although recurrence is common.13 Back
pain is considered to be acute if it lasts for less than 6
weeks, sub-acute if it lasts for 6 to 12 weeks, or chronic if
it persists for more than 12 weeks.*

Treatment for acute back pain should be given early to
prevent the condition becoming chronic. For simple back
pain (in the absence of nerve root symptoms or signs of
serious spinal pathology) paracetamol should be tried first.
NSAIDs are probably more effective,-® but are associated
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with a higher frequency of adverse effects and should be
reserved for those in whom paracetamol is ineffective.1+”
If these treatments fail, muscle relaxants, including ba-
clofen or tizanidine, may be added to therapy, although ad-
verse effects may limit their usefulness;®8° benzodi-
azepines such as diazepam (which should only be given
for a short period because of the risk of dependence)* are
among the most effective muscle relaxants, but there is lit-
tle comparative evidence, and some suggest that they act
primarily as sedatives.® Opioids have moderate benefits in
severe or disabling pain not relieved by paracetamol or
NSAIDs, 56 but again should only be used in the short
term.® There is strong evidence that remaining active
speeds recovery and reduces the risk of chronicity, even if
pain or discomfort is caused; bed rest delays recovery and
is not recommended.2481011 Other non-pharmacological
approaches that have evidence of a benefit include topical
heat wraps and spinal manipulation.>241213 There is little
or no clinical evidence that acupuncture, transcutaneous
electrical nerve stimulation (TENS), massage, traction,
specific back exercises, or lumbar support are benefi-
cial.1?410.12 However, patient expectations of benefit from
different therapies may influence outcomes, and this
should be taken into consideration.t

Sciatica usually resolves with conservative management
including analgesics and continued activity; however, if
sciatic pain persists for longer than 6 to 8 weeks, surgery
may be indicated.* Dissolution of the disc by injection of
enzymes (chemonucleolysis) such as chymopapain or col-
lagenase has been used as an effective alternative to sur-
gery, but concerns about its safety have led to a decline in
use, and discectomy is often preferred.t®

Epidural injections of corticosteroids, using either the cau-
dal or lumbar route, have been given to patients with sciat-
ica; any relief is temporary only, the evidence of a benefit
is conflicting, and their use is no longer recommended.*416
There is no evidence of benefit in _Patients with non-specif-
ic acute or chronic back pain.24*

About 2 to 7% of patients with acute lower back pain go
on to develop chronic pain,* and in the majority of cases,
the source of the pain cannot be identified. Chronic pain is
not necessarily the same as prolonged acute back pain and
treatment is difficult. Conservative treatment is as for
acute pain (see above?;1~2v5v17~18 tricyclic antidepressants
may also be tried!251718 although a systematic review
found the evidence of benefit to be lacking.'® Topical ap-
plication of capsaicin may be considered for short-term re-
lief.1” Surgery may be indicated for disc disease (see
above) or spondylosis,?° although it is not recommended
for non-specific chronic back pain until conservative treat-
ments have been tried for at least 2 years.!” Epidural corti-
costeroids, intra-articular corticosteroid injections, local
facet nerve blocks, trigger point injections, and spinal cord
stimulation also lack evidence of efficacy.” Other meth-
ods that may be tried for intractable chronic back pain in-
clude multidisciplinary physical and psychological ap-
proaches; 1217 evidence for TENS, massage,

acupuncture, laser therapy, and traction is scant, howev-
er_2,17,18,21
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Myocardial infarction pain. The severe pain of acute
myocardial infarction is located in the retrosternal area
with radiation to the arms, neck, jaw, and epigastrium. Pain
relief is of benefit not only in its own right but also because
pain may cause adverse haemodynamic effects such as in-
creases in blood pressure, heart rate, and stroke volume.
Although early treatment of the myocardial infarction
(p.1175) may relieve pain dramatically, opioid analgesics
are the first-line treatment for pain and should be given in-
travenously as soon as possible, that is before hospital ad-
mission, to patients with suspected infarction.** Opioids
can also help to reduce anxiety. An inhaled mixture of ni-
trous oxide and oxygen has sometimes been used to pro-
vide pain relief before arrival in hospital; sublingual glyc-
eryl trinitrate or an alternative fast-acting nitrate may also
be given.

Diamorphine or morphine given by slow intravenous in-
jection have generally been the opioids of choice, partly
because of a better haemodynamic profile, but pethidine
has also been used. An intravenous antiemetic such as
metoclopramide or, if left ventricular function is not com-
promised, cyclizine, should also be given. The intramus-
cular route should only be used if venous access is unob-
tainable since it is relatively ineffective in shocked
patients, complicates the enzymatic assessment of the inf-
arction, and may result in large haematomas when patients
are given thrombolytics. Alternative analgesics include
nalbuphine or buprenorphine, although the latter may not
produce pain relief as quickly as diamorphine. The cardio-
vascular effects of pentazocine make it unsuitable for use
during or after myocardial infarction. Selective cyclo-oxy-
genase-2 (COX-2) inhibitors and non-selective NSAIDs
(other than aspirin) should not be used in patients with
acute myocardial infarction because of their known cardi-
ovascular risks® (see Thrombotic Events under Adverse
Effects of NSAIDs, p.97).
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Neuropathic pain syndromes. The definition and
characteristics of neuropathic pain are described under
Analgesia and Pain, above. Treatment can be difficult and
is best undertaken in specialist pain clinics, since neuro-
pathic pain often responds poorly to conventional analge-
sics.: The painful disorders characterised by neuropathic
pain (either as the predominant form of pain or as one
component of the overall pain) discussed in this section
are:

« Central Post-stroke Pain

» Complex Regional Pain Syndromes
« Diabetic Neuropathy

* Phantom Limb Pain

« Postherpetic Neuralgia

« Trigeminal Neuralgia
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Orofacial pain. Orofacial pain may arise from a wide
range of disorders so its effective management depends
very much on the correct identification and treatment of
any underlying cause, which may include:

* dental disease

* cluster headache (p.616)

* migraine (p.616)

« trigeminal neuralgia (see below)

* sinusitis (p.193)

« ear disease such as otitis media (p.182)

« giant cell arteritis (p.1503)

* aneurysms

 neoplasms

In the treatment of dental pain, analgesics are used judi-
ciously as a temporary measure until the underlying cause
has been effectively managed. Paracetamol or aspirin or
other NSAIDs are adequate for most purposes. Opioid
analgesics are relatively ineffective and are rarely needed.
Burning mouth syndrome (stomatodynia; glossodynia) is
characterised by a burning sensation or other dysaesthesias
of the oral mucosa in the absence of specific oral lesions.
It is often accompanied by xerostomia and altered taste.
Those treatments for which there is the best evidence of
efficacy include topical therapy with clonazepam, system-
ic treatment with thioctic acid, SSRIs, or amisulpride, and
cognitive therapy. Other treatments that may produce
some benefit include capsaicin used topically or systemi-
cally, topical lidocaine, or systemic therapy with other
antidepressants.

In addition, a large number of patients have a type of facial
pain of unknown cause which is typically exacerbated by
stress and can develop into a chronic debilitating disorder.
Many patients with such idiopathic facial pain respond to
non-opioid analgesics, explanation, and reassurance. Anti-
depressants such as the tricyclics are often of value. Anti-
epileptics, including carbamazepine and sodium val-
proate, and the oral lidocaine analogue mexiletine have
been used as adjuncts to the tricyclics. Topical treatment
with capsaicin has also been tried. Treatment needs to be
continued for several months to avoid pain recurrence on
withdrawal. Psychological treatments can also be helpful.
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Botulinum A toxin has been tried for the relief of facial
pain associated with some disorders of the orofacial mus-
cles.
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Pancreatic pain. Pain in pancreatitis (p.2361) can be se-
vere and may require opioid analgesics. Concerns over the
long-term use of opioids in non-malignant pain should not
prevent the patient being given effective analgesia which
may be achieved by following the general principles rec-
ommended by the WHO for treatment of cancer pain (see
above); this involves giving non-opioid analgesics such as
NSAIDs for mild attacks, with or without antispasmodics
such as antimuscarinics, and progressing to ‘weak’ opioids
such as codeine, and ‘strong’ opioids including morphine
according to the severity of pain.

There has been some controversy about the appropriate
choice of opioid: traditionally, morphine and its deriva-
tives have been avoided in favour of pethidine, in the belief
that they are more likely to cause spasm of the sphincter of
Oddi. However, the evidence supporting this has been
questioned. Some suggest that «-receptor agonists such as
oxycodone may be of value. In addition, there is some ev-
idence that pancreatic pain may have a neuropathic ele-
ment, and the use of an antiepileptic such as gabapentin, or
an SSRI such as paroxetine, may be considered for pain
syndromes associated with chronic pancreatitis.

Analgesics are given before meals to help to alleviate the
postprandial exacerbation of pain. They should be given
on a regular basis and doses titrated for each patient. Pan-
creatic extracts may ease the pain but are otherwise re-
served for those with symptomatic malabsorption. Coeliac
plexus block has been used for the relief of severe intrac-
table pain in some patients with chronic pancreatitis; it has
also been used similarly in patients with cancer of the pan-
creas. However, the benefits of such a block are unclear.
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Phantom limb pain. Phantom limb pain is associated
with an amputated limb and is more common when there
has been severe pre-amputation pain. It is frequently a
mixture of neuropathic and other types of pain. Manage-
ment may be difficult” but in a survey of war veteran
amputees, for those who took any form of treatment for
phantom limb pain, conventional analgesics such as
NSAIDs or paracetamol with or without opioid analgesics
were reported as being satisfactory.! The use of the WHO
analgesic ladder, as in cancer pain (see p.5) may guide the
choice of analgesic;” although the use of opioids has been
questioned in what is essentially a neuropathic pain syn-
drome, many consider them of potential value in phantom
limb pain.5’ Transcutaneous electrical nerve stimulation
(TENS) was another method used by some and considered
to be at least as effective as other therapies.! Tricyclic anti-
depressants and antiepileptics may be of help for the neu-
ropathic components of the pain®3® and some relief may
be obtained with sympathetic blocks. Intravenous keta-
mine may also be of use.24® From a review® of studies in-
vestigating the effect of regional anaesthesia in preventing
phantom limb pain in patients undergoing lower-limb
amputation it appeared that epidural blockade started be-
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fore and continuing for the duration of surgery or for sev-

eral days after amputation conferred more protection from

long-term pain than blockade begun late intra-operatively

or postoperatively. However, a randomised, double-blind,

controlled study?® failed to show any benefit of pre-emptive

analgesia using epidural blockade in such patients. A sub-

sequent review” that included this study concluded that the

pre-emptive use of epidural block was of limited success.

1. Wartan SW, et al. Phantom pain and sensation among British vet-
eran amputees. Br J Anaesth 1997; 78: 652-9.

. Nikolajsen L, Jensen TS. Phantom limb pain. Br J Anaesth 2001;

87:107-16.

Flor H. Phantom-limb pain: characteristics, causes, and treat-

ment. Lancet Neurol 2002; 1: 182-9.

Halbert J, et al. Evidence for the optimal management of acute

and chronic phantom pain: a systematic review. Clin J Pain

2002; 18: 84-92.

Flor H. Phantom-limb pain: characteristics, causes, and treat-

ment. Lancet Neurol 2002; 1: 182-9.

Manchikanti L, Singh V. Managing phantom pain. Pain Physi-

cian 2004; 7: 365-75.

7. Wiffen P, et al. Diagnostic and treatment issues in postamputa-

tion pain after landmine injury. Pain Med 2006; 7 (suppl 2):

S209-S212.

Katz J. Prevention of phantom limb pain by regional anaesthesia.

Lancet 1997; 349: 519-20.

Nikolajsen L, et al. Randomised trial of epidural bupivacaine

and morphine in prevention of stump and phantom pain in lower-

limb amputation. Lancet 1997; 350: 1353-7.

N

o o

© =™

Postherpetic neuralgia. About 10% of patients who
have had acute herpes zoster still experience neuropathic
pain resulting from peripheral nerve injury one month or
more after the rash has healed. The elderly are the most
susceptible. The affected area (commonly head, neck, and
limbs) is extremely sensitive to any stimuli; even the pres-
sure of clothing can produce unbearable pain. Spontane-
ous remission occurs in many patients within a few
months. However, in a small percentage of patients the
pain can last for several years.

Attempts have been made to prevent the development of
postherpetic neuralgia. A meta-analysis' concluded that, if
started within 72 hours of the onset of rash, aciclovir might
reduce the incidence of residual pain at 6 months in some
patients. A subsequent analysis? considered that there was
only marginal evidence of a decreased incidence of post-
herpetic neuralgia with aciclovir treatment and that there
was no reduction in incidence with either famciclovir or
valaciclovir treatments. It is, however, generally agreed
that antiviral treatment does reduce the duration of post-
herpetic neuralgia.2* Epidural injection of methylpred-
nisolone with bupivacaine has been shown to reduce short-
term pain from herpes zoster, but was ineffective in pre-
venting postherpetic neuralgia in the longer term,> and
evidence of the preventive value of corticosteroids is gen-
erally lacking.®

Various treatments have been tried once neuralgia devel-
0ps.24™12 The value of conventional analgesics is limited
because of the neuropathic character of the pain although
opioid analgesics have been used in refractory cases (see
below). Low-dose tricyclics such as amitriptyline, or in
particular nortriptyline, have been widely used for treat-
ment, and appear to be of benefit in about half of all cases;*
however, the antiepileptics gabapentin and pregabalin may
now be preferred, and gabapentin is licensed for this indi-
cation in a number of countries. A comparative study has
suggested that gabapentin is as effective as nortriptyline
and better tolerated.*® Topical lidocaine has also been li-
censed for treatment of postherpetic neuralgia, but the ev-
idence for such use has been questioned.** However, it is
likely to be better tolerated than the other main topical al-
ternative, capsaicin.* Opioids, including methadone, mor-
phine, and oxycodone, are usually reserved for patients
who fail to respond to tricyclics or gabapentin.” Nerve
blocks and surgical techniques may provide temporary
pain relief, but results have generally been disappointing.
Transcutaneous electrical nerve stimulation (TENS) has
also been tried. Topical preparations of aspirin or indomet-
acin, have shown some promise.
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Sickle-cell crisis. The management of pain of sickle-cell
crisis (p.1044) is similar to that of other forms of acute
pain. The pain of mild crises may be controlled using oral
analgesics such as paracetamol, an NSAID, codeine, or di-
hydrocodeine. Partial agonist and antagonist opioids such
as buprenorphine are not recommended to treat acute pain
before transfer to hospital.> Crises severe enough to need
hospital admission usually require the use of more potent
parenteral opioid analgesics but NSAIDs may be useful as
an adjunct for bone pain. In most centres, morphine is the
opioid of choice for moderate to severe pain. Some pa-
tients appear to prefer pethidine but many clinicians®”’
avoid its use if possible as control of pain may be inade-
quate and doses of pethidine needed to manage crises can
lead to accumulation of its neuroexcitatory metabolite nor-
pethidine and precipitate seizures (see also Effects on the
Nervous System, p.114). UK guidelines® recommend that
pethidine should only be used in exceptional circumstanc-
es such as in patients hypersensitive to other opioids.
Diamorphine, fentanyl, hydromorphone, and methadone
have been used as alternatives to morphine. Nalbuphine
may also be suitable.® As the dose of opioid required to
control the pain can vary considerably, not only during
each episode but also from one episode to another and be-
tween individual patients, patient-controlled analgesia (see
above) may be of help to manage the pain once initial pain
relief has been obtained with loading doses of parenteral
opioids;*1%! opioids used have included morphine and
fentanyl. The use of continuous epidural analgesia with
local anaesthetics alone or with opioids has been tried.
However, a randomised study*? of morphine for the man-
agement of severe painful sickle-cell crises in children
showed that oral modified-release morphine was a safe
and effective alternative to continuous intravenous mor-
phine. Inhalation of a mixture of nitrous oxide and oxygen
may be a useful analgesic during transfer to hospital.>®
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Trigeminal neuralgia. Trigeminal neuralgia (tic dou-
loureux) is a neuropathic pain characterised by sudden,
brief, sharp, agonising, episodic pain in the distribution of
one or more branches of the fifth cranial nerve. There may
be several episodes (lasting several seconds or minutes) a
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day over a number of weeks, followed by a pain-free inter-
val which may last for weeks or years. Trigeminal neural-
giagenerally has a ‘trigger zone’ in which even a very light
stimulus such as a draught of air produces pain. In some
cases firm pressure applied around but not to the zone it-
self may help to relieve pain. Trigeminal neuralgia may be
idiopathic or may be secondary to nerve compression
(such as that caused by a tumour), facial injury, or multiple
sclerosis.

Carbamazepine is the drug of choice for the management
of trigeminal neuralgia and initially may produce satisfac-
tory pain relief in 70% or more of patients, although in-
creasingly large doses may be required.>” If pain relief is
inadequate phenytoin or baclofen may be added to car-
bamazepine therapy; these drugs may also be used alone in
patients intolerant of carbamazepine.* Other antiepileptics
such as gabapentin, lamotrigine, oxcarbazepine, valproate,
and clonazepam have also been used in patients intolerant
of, or resistant to, carbamazepine.'® Evidence for the val-
ue of non-antiepileptic drugs in trigeminal neuralgia is
mostly poor.?

In some patients drug therapy eventually fails to control
the pain or produces unacceptable adverse effects and in-
vasive procedures become necessary. These may include
the selective destruction of pain bearing nerve fibres with
radiofrequency thermocoagulation, instillation of glycerol
(although the efficacy and safety of the procedure is debat-
able), gamma knife radiation, and microvascular decom-
pression of the trigeminal nerve root.2367
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Increased Body Temperature

The hypothalamus is the centre of the thermoregulato-
ry system and is responsible for maintaining the body
temperature at a set point (known as the set-point
temperature) which is normally 37°. Mechanisms that
produce or conserve body heat include passive heat
absorption from the environment, peripheral vasocon-
striction, and thermogenic processes such as metabolic
reactions and shivering. Heat loss is achieved mainly
through sweating and peripheral vasodilatation. Vari-
ous states may lead to an abnormal increase in body
temperature.

Fever and hyperthermia

As mentioned above, body temperature is normally regu-
lated by the hypothalamus. Fever (pyrexia) is a controlled
increase in body temperature due to an elevated hypotha-
lamic set-point temperature. Common reasons for this
include infections, inflammatory disorders, neoplastic
disease, and some drug treatment. Hyperthermia (hyper-
pyrexia) implies a disturbance of thermoregulatory con-
trol. It is caused by external factors such as injury to the
hypothalamus, heat stroke following defective heat loss
(as occurs in dehydration or excessive heat production fol-
lowing strenuous activities), excessive dosage of some
drugs, or a reaction to certain drugs such as anaesthetics
(malignant hyperthermia, p.1896) or antipsychotics (neu-
roleptic malignant syndrome, p.972). Underlying ther-
moregulatory defects may be a particular problem in sed-
entary elderly subjects.

Whenever possible the underlying cause of fever should
be identified and treated.* Body temperatures up to 41° are
relatively harmless? and it is not clear if there is any value
in treating fever at lower temperatures,® but some groups
may be more vulnerable, such as young children, pregnant
women, or patients who are already dehydrated or mal-
nourished or those with cardiac, respiratory, or neurologi-
cal diseases.
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Both physical means and antipyretics may be used to re-
duce body temperature in fever. Maintaining an adequate
fluid intake is important. Fanning, removal of clothing,
and tepid sponging are often used,* but they do not re-
duce the set-point of the hypothalamus, and lead to shiver-
ing (rigor) or other adverse effects as the body tries to meet
the raised set-point, and their value is therefore questiona-
ble;* similarly, cold baths should not be used as they may
actually increase body temperature by inducing vasocon-
striction, and the risks of a cold-induced pressor response
should be borne in mind. Antipyretics appear mostly to
help return the set-point temperature to normal by inhibit-
ing central synthesis and release of prostaglandin E,,
which mediates the effect of endogenous pyrogens in the
hypothalamus.* This mechanism cannot lower the body
temperature below normal, and antipyretics are ineffective
against raised body temperature not associated with fever.

Choice of antipyretic in children has been widely debated.
The drugs most commonly used are paracetamol and ibu-
profen,; salicylates (including aspirin) are generally contra-
indicated because of the possible link between their use
and the development of Reye’s syndrome. A systematic
review® found inconsistent evidence to support the use of
paracetamol to reduce fever in children, since the number
of reliable studies was too low to be sure that it was effec-
tive. Although studies have found that ibuprofen was supe-
rior to paracetamol in terms of both efficacy and duration
of action, some of the doses of paracetamol were below
those recommended in the UK and NICE did not consider
that either drug had a significant advantage over the other.
Alternation of the two may be more effective than either
alone® but again this is controversial .78

Antipyretics should not be given to all children with fever,
but only to those in obvious discomfort or distress.> It has
been suggested that the use of antipyretics might prolong
infection,® and that in severe infection the use of antipyret-
ics might increase mortality:*® WHO has'® recommended
that in developing countries antipyretics should not be giv-
en routinely to children with fever but should be reserved
for those with severe discomfort or high fever. In the UK,
the Joint Committee on Vaccination and Immunisation
recommends antipyretic therapy to treat post-immunisa-
tion fever developing after some vaccines. However, if the
fever persists after the second dose of antipyretic medical
advice should be sought.

Antipyretics have also been given as prophylaxis against
febrile convulsions, especially in those with a history of
such seizures or in those with epilepsy. However, antipy-
retic therapy does not appear to prevent recurrence of
febrile convulsions (p.470).21+12 There is also little to sup-
port the use of antipyretics for prophylaxis of post-immu-
nisation fever although some suggest offering it to infants
at higher risk of seizures receiving diphtheria-tetanus-per-
tussis or polio immunisation.'?

Recommendations for management of fever in adults are
similar to those for children,>* although aspirin may also
be used.

Hyperthermia may produce body temperatures greater
than 41°. These high temperatures are life-threatening and
need to be lowered immediately. Antipyretics are ineffec-
tive since the high temperatures are a result of thermoreg-
ulatory failure. One of the most rapid and effective means
of cooling is to immerse the patient in very cold water but
core temperature should be monitored to avoid inducing
hypothermia.'* Evaporative cooling methods may be
more efficient.® Intravenous or intraperitoneal adminis-
tration of cool fluids, gastric lavage or enemas with ice wa-
ter have also been used.'416

When hyperthermia is associated with muscle rigidity and
fulminant hypermetabolism of skeletal muscle, as in the
neuroleptic malignant syndrome and malignant hyperther-
mia, temperature reductions may be obtained using the
muscle relaxant dantrolene. There is also anecdotal evi-
dence that dantrolene may produce beneficial effects for
the treatment of similar symptoms resulting from poison-
ing with various agents. However, dantrolene is not an ef-
fective treatment for all types of hyperthermia and rigidity
accompanying poisoning. Although dantrolene has been
tried in patients with heat stroke, there is no evidence that
it affects outcome.” In severe cases of hyperthermia when
neuromuscular hyperactivity may also impair ventilation,
a neuromuscular blocker has been used, although suxame-

thonium is best avoided as it can itself precipitate malig-
nant hyperthermia.
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Musculoskeletal and Joint Disorders

The rheumatic disorders are painful disorders affect-
ing primarily the joints and related structures of the
musculoskeletal system, but there may also be wide-
spread involvement of other systems. The term arthritis
is used when the disease is largely confined to the
joints. Some of the most common forms of arthritis are
discussed in this section and these include rheumatoid
arthritis, osteoarthritis, juvenile idiopathic arthritis, and
the spondyloarthropathies such as ankylosing spond-
ylitis. Other conditions that are associated with arthritis
and which are discussed elsewhere include gout
(p.552) and SLE (p.1513).

The names soft-tissue rheumatism (see below) and
non-articular rheumatism have been used to de-
scribe a number of painful conditions associated with
disease of the structures that surround a joint. For a dis-
cussion of the management of low back pain, see
above.

Juvenile idiopathic arthritis

Juvenile idiopathic arthritis (juvenile chronic arthritis) is a
term used to describe a clinically heterogeneous group of
idiopathic arthritides occurring in children under 16 years
of age; subtypes include systemic arthritis, oligoarthritis
(particularly of leg joints), and poI%/arthritis, either positive
or negative for rheumatoid factor.>2

Treatment involves many of the same drugs used for rheu-
matoid arthritis in adults (see below), although there may
be limited evidence for their use in children.!® Appropri-
ate management will depend on the subtype of disease, but
there is no definitive consensus on the drugs of choice.

« The NSAIDs have been a mainstay of treatment for
many years, and continue to be important.>2 Most chil-
dren begin therapy with an NSAID,! and they may be
particularly useful in oligoarthritis.? Naproxen, ibupro-
fen, or indometacin are among the most often used.! As-
pirin is now rarely prescribed,® although in many coun-
tries juvenile idiopathic arthritis remains one of its few
licensed indications in children.

Intra-articular injections of a corticosteroid (often tri-
amcinolone hexacetonide) are rapidly effective, and
well tolerated, and are often used in oligoarthritis with,
or instead of, NSAIDs;%25 they may reduce the devel-
opment of deformity secondary to contracture.> They
also have a role in the management of disease flare in
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patients already taking second-line drugs, although it is
unclear whether multiple intra-articular injections
would be preferable to systemic corticosteroids in pa-
tients with polyarthritis.®

Moderate or high-dose systemic corticosteroids are
more generally reserved for patients with systemic ar-
thritis whose disease is not controlled by NSAIDs. In
other subtypes, the adverse effects of systemic therapy
are likely to outweigh the benefits. A course of low-dose
prednisone might be considered for reduction of pain
and stiffness in patients with severe polyarthritis who
are unresponsive to other drugs, or awaiting response to
slow-acting second-line treatments.

The second-line treatment of choice in children with
persistent active arthritis is methotrexate.>2%8 Like
several other second-line drugs it is of less benefit in
systemic arthritis than in polyarthritis or refractory oli-
goarthritis.® Improvement may take up to 12 weeks to
be seen.

The so-called biological therapies have become in-
creasingly important in managing more severe or refrac-
tory forms of juvenile idiopathic arthritis.%48 The tu-
mour necrosis factor inhibitor etanercept, which is
licensed for paediatric use in many countries, produces
excellent responses in many patients with polyarthritis,
particularly those who are rheumatoid-factor positive.®
Like methotrexate, it may be less effective in those with
systemic juvenile idiopathic arthritis.? Infliximab, al-
though unlicensed, also seems to be of benefit,%%8 and
may be more effective than etanercept in the treatment
of associated uveitis.> Other drugs that have been tried
with some evidence of benefit include abatacept, adali-
mumab, tocilizumab, and anakinra;28 there is some evi-
dence that the latter, an interleukin-1 receptor antago-
nist, may be more effective than the tumour necrosis
facgor inhibitors in treating patients with systemic arthri-
tis.

Many other drugs have been tried in juvenile idiopath-
ic arthritis, often on the basis of effectiveness in adults.
Sulfasalazine may be of benefit in late-onset
oligoarthritis® but adverse effects are often trouble-
some.® Concern about adverse effects may also have
limited the use of cytotoxic and immunosuppressant
drugs other than methotrexate, and there are few con-
trolled studies,® although benefit has been reported with
leflunomide in polyarticular disease.-® Thalidomide has
been suggested for treatment-resistant systemic arthri-
tis. In very severe unremitting disease, autologous bone
marrow transplantation has been tried."8

Drug treatment aimed at the complications of disease,
rather than the disease process itself, may be needed. There
is some evidence that bisphosphonates may be useful in
controlling low bone mineral density and fragility frac-
tures associated with juvenile idiopathic arthritis.>®
Growth hormone has also been widely used to moderate
the severe growth retardation that is often seen.! Topical
treatment with glucocorticoids and mydriatics may be
needed for eye disease.!

Physiotherapy and occupational therapy are also important
components of disease management, and surgery may be
needed in selected cases.*
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Osteoarthritis

Osteoarthritis is the clinical and pathological outcome of a
range of disorders that cause structural and functional fail-
ure of synovial joints. It is characterised by involvement of
the entire joint, with loss and erosion of articular cartilage,
subchondral bone changes, meniscal degeneration, mild to
moderate synovial inflammation, and outgrowth of bone
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and cartilage at the joint margins (osteophytes).}* These
changes result in pain, stiffness (especially after inactivity)
and reduced mobility,>® although patients with changes
characteristic of osteoarthritis are often asymptomatic.*®
Increased loading of the joint, and mechanical factors such
as misalignment and muscle weakness, contribute to joint
damage and loss of function.%?* The joints most often af-
fected are hands, hips, and knees.*®

Current treatment for osteoarthritis is not curative, and
management is largely concerned with relief of pain and
maintenance of joint function.>

Physical methods of treatment may be preferred initially,
and include physiotherapy, heat and cold therapy, exercis-
es, splinting, correction of misalignment, and weight re-
duction in the obese.® Acupuncture may also be tried, and
appears to be of benefit in improving pain and functional-
ity in knee osteoarthritis.® Transcutaneous electrical nerve
stimulation (TENS) may also be of benefit.810

For the management of pain, garacetamol is recommended
as the drug of first choice.l58 Despite its benefits it has
been shown to be less effective than an NSAID in patients
with osteoarthritis,™* and the latter may therefore be con-
sidered as an alternative first-line treatment.* However,
because of the risk of potentially serious toxicity in a pre-
dominantly elderly group of patients, it is generally con-
sidered that a low-dose NSAID should only be added or
substituted in patients with an inadequate response to pa-
racetamol alone,?*® and the long-term use needed for os-
teoarthritis management may be problematic.'? Like other
treatments NSAIDs do not slow the disease process, and
there has even been a concern that some NSAIDs such as
indometacin might accelerate it.5

In order to reduce the risk of gastrointestinal toxicity with
NSAIDs, use of a gastroprotective drug such as a proton
pump inhibitor or misoprostol has been recommended.->8
The use of topical NSAIDs has also been advocated,*68
although a meta-analysis'® in 2004 found little evidence of
long-term benefit. In the light of concerns about cardiovas-
cular safety, treatment with NSAIDs such as celecoxib that
are selective inhibitors of cyclo-oxygenase-2 (COX-2) is
limited'* to those patients considered to be at high risk of
developing serious gastrointestinal problems if given a
non-selective NSAID and who do not have pre-existing
cardiovascular risk factors (see p.97).

In patients in whom paracetamol and/or NSAIDs are inef-
fective or not tolerated, addition of an opioid analgesic
may be appropriate;?>3>815 codeine or dihydrocodeine are
often used as combinations with paracetamol, and there is
evidence of benefit with tramadol, but more potent opioids
such as hydrocodone, oxycodone, transdermal fentanyl, or
morphine, may have a role in a selected subgroup of pa-
tients.*

The anthraquinone derivative diacerein has been widely
used in some countries, and appears to produce a small but
consistent benefit in the treatment of osteoarthritis.*® Top-
ical capsaicin also produces some relief of pain.»*>8 There
are some interesting data’’ to suggest that doxycycline
may have a favourable effect on the progression of oste-
oarthritis, which might open the way for the development
of disease-modifying drugs. Experimental therapies in-
clude anakinra® and the combined cyclo-oxygen-
ase/lipoxygenase inhibitor licofelone.1®

Systemic corticosteroids have no place in the management
of osteoarthritis. Intra-articular injection of a corticosteroid
produces short-term relief of pain and inflamma-
tion,>4820.21 and may be useful for acute exacerbations.
Triamcinolone hexacetonide appears to be more effective
than betamethasone.?! There may also be some benefit
from intra-articular injection of hyaluronic acid, to im-
prove the viscosity and elasticity of the synovial fluid;?>?
improvement may be longer lasting than with intra-articu-
lar corticosteroids.?

Alternative and complementary therapies have been wide-
ly used in osteoarthritis.2 Powdered rose hip has been re-
ported to be of benefit,2* as has a mixture of unsaponifiable
fractions from avocado and soya oils (avocado-soybean
unsaponifiables; ASU).? Particular attention has focused
on the use of oral glucosamine and chondroitin. Results,
however, have been ambiguous:22° overall it is not clear
to what extent these therapies have a benefit over placebo,
but there is some evidence that combined treatment may
be useful in the subset of patients with moderate to severe
knee pain.?® Evidence for chondroitin seems particularly
weak.?®

Surgery, including joint replacement, is of great benefit to
patients with severe osteoarthritis that cannot be effective-
ly managed by physical or medical therapy.268
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Rheumatoid arthritis

Rheumatoid arthritis is a common chronic systemic in-
flammatory disease that results in progressive disability
and increased mortality. Early disease is characterised pri-
marily by inflammation of the synovium (the inner mem-
brane of the capsule of synovial joints); as the disease
progresses the patient suffers destruction of cartilage and
bone. Extra-articular features commonly include general
malaise, fatigue, weight loss, fever, and anaemia. More se-
vere disease may be associated with vasculitis, pericardi-
tis, pleurisy, pleural effusion, pulmonary interstitial fibro-
sis, peripheral neuropathies, subcutaneous and pulmonary
nodules, scleritis, and Sjégren’s syndrome. Palindromic
rheumatism is characterised by repeated episodes of arthri-
tis and periarthritis without fever; the joints appear normal
between attacks.
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The severity and course of rheumatoid arthritis varies
greatly between patients. Some have brief attacks with lit-
tle or no disease progression, but the majority will have
slowly progressive joint destruction and deformity despite
intermittent relapses and remissions; a few patients may
have very severe and rapidly progressive disease. Because
irreversible joint damage occurs early in the course of dis-
ease, rapid diagnosis and institution of treatment aimed at
preventing progression is crucial.® Although there is no
cure, remission or substantial slowing of the disease proc-
ess is increasingly seen as an achievable goal in the major-
ity of patients.*>

The choice of drugs for relief of pain depends upon the
severity of symptoms. In mild cases an analgesic such as
paracetamol (with codeine if needed) may be all that is re-
quired but most patients prefer an NSAID; although these
are thought to have an advantage because of their anti-in-
flammatory effects, the clinical evidence for this has been
questioned.® There is little apparent difference between the
various NSAIDs in terms of anti-inflammatory activity,
but patient responses vary widely. When starting an
NSAID the dose is gradually increased to the recommend-
ed maximum over 1 to 2 weeks; if the response is inade-
quate after a total of about 4 weeks, or if adverse effects are
intolerable, other NSAIDs are tried. In the light of con-
cerns about cardiovascular safety, treatment with NSAIDs
such as celecoxib that are selective inhibitors of cyclo-oxy-
genase-2 (COX-2) is limited to those patients considered
to be at high risk of developing serious gastrointestinal
problems if given a non-selective NSAID and who do not
have pre-existing cardiovascular risk factors’ (see p.97).
Topical analgesics such as NSAIDs or capsaicin, or rube-
facients may provide slight relief of pain but their role, if
any, is unclear.

Once the diagnosis is confirmed and severity and progres-
sion of the disease have been assessed, introduction of a
disease-modifying antirheumatic drug (DMARD)
should take place as early as possible.’*8 Although opin-
ions vary, there is an increasing trend to aggressive man-
agement in early disease, with tight control of the disease
process.*5?

Available DMARD:s include antimalarials (hydroxychlo-
roquine), sulfasalazine, gold compounds (auranofin, sodi-
um aurothiomalate), penicillamine, conventional immu-
nosuppressants (methotrexate, azathioprine, ciclosporin,
cyclophosphamide, and leflunomide), and so-called bio-
logical therapies, including the tumour necrosis factor-o
(TNF-a) inhibitors (adalimumab, etanercept, and inflixi-
mab), co-stimulation blockers (abatacept), interleukin-1
receptor antagonists (anakinra), and B-cell-targeted anti-
bodies (rituximab). It is thought that most DMARD:s in-
hibit the release or activity of cytokines involved in main-
taining the inflammatory process, although other actions
may also contribute. Since any therapeutic effect may not
be apparent for 4 to 6 months, treatment should continue
for at least 6 months before considered ineffective.

There is evidence of disease modifying effect for meth-
otrexate, sulfasalazine, leflunomide, and intramuscular
gold, with less compelling data for hydroxychloroguine,
penicillamine, oral gold, ciclosporin, and azathioprine.®>
Concerns about toxicity or effectiveness mean that gold
compounds and penicillamine seem now to be less widely
used. There is good evidence of the effectiveness of the
TNF-o inhibitors,*591517 and some in favour of anakin-
ra,'® but good evidence of an effect of other biological
therapies on disease progression is currently scanty, al-
though clinical benefit has been found with, for example,
abatacept and rituximab.>16.18

The choice of DMARD to begin treatment is based on the
risk/benefit ratio, with the antimalarial hydroxychloro-
quine an option in mild disease, and sulfasalazine or meth-
otrexate preferred in those with moderate to severe dis-
ease, or judged likely to progress.® Methotrexate has
become the DMARD of first choice in the majority of pa-
tients.»289 Subcutaneous or intramuscular methotrexate
may be an option in patients who cannot be satisfactorily
managed with weekly oral dosage.® Addition of sul-
fasalazine, hydroxychloroquine, or both may be a suitable
option in patients refractory to optimal methotrexate ther-
apy,® and addition of corticosteroids or leflunomide are
also options, although evidence for combining methotrex-
ate with ciclosporin is not entirely convincing.® At what
stage biological therapies are to be recommended remains
a matter of debate. In the UK, official recommendations
are still that TNF-a inhibitors should be reserved for pa-
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tients who have failed treatment with two conventional
DMARDs,"19 but others permit earlier introduction, for
example after failure of the first conventional
DMARD.81620 QOther classes of biological therapy are
likely to be reserved for patients in whom TNF-a. inhibi-
tors are ineffective or contra-indicated, as is currently the
case with rituximab.18:2t

There is also some evidence in favour of beginning thera-
py with a combination of DMARDs, and subsequently
‘stepping down’ once control is achieved.1#5892223 The
large, multicentre BeSt study found that although initial
combination therapy (methotrexate and infliximab, or
methotrexate, sulfasalazine, and tapered high-dose pred-
nisone) produced earlier clinical improvement and less
progression of joint damage, the ultimate clinical improve-
ment was similar in patients assigned to sequential mono-
therapy or ‘step-up’ therapy.?* There is a concern that
combination therapy may expose patients to an increased
risk of toxicity,? although the BeSt study did not find this
to be the case.?* Combinations of TNF-a. inhibitors with
other biological response modifiers such as anakinra or
abatacept are not advisable, because of an increased risk of
serious infection.5>16

Since rheumatoid arthritis is a chronic disease, treatment
may need to be very prolonged, but evidence of the long-
term tolerability and efficacy of DMARDs is patchy. Stud-
ies have suggested that many DMARDs are stopped after
a few years, usually because of a decline in efficacy rather
than adverse events.?>

Addition of corticosteroids to DMARD therapy may be
useful in early disease to control synovitis, or as bridging
therapy when starting or increasing DMARDS, since they
produce rapid symptomatic control.® Although they pro-
duce bone loss, this may be outweighed (at least short-
term) by their beneficial effects on the disease process:
there is good evidence that adding a corticosteroid to treat-
ment reduces the progression of joint erosion.8 Short-term
and moderate-term intermittent use of relatively low doses
has therefore been suggested (not exceeding the equivalent
of 15 mg of prednisolone daily).?”?® However, prolonged
therapy is associated with significant adverse effects, and
long-term use is not considered justified.® Intra-articular
injection is recommended for acute flares, and may be par-
ticularly effective when combined with aggressive
DMARD therapy.®

There is little good evidence to support most other drugs
tried in rheumatoid arthritis.® Meta-analysis?® has con-
firmed that tetracyclines, and in particular minocycline,
can produce some reduction in disease activity; effects on
serological markers appear to be more marked than clini-
cal improvements in tender and swollen joints. The effects
may be greater in patients with early disease. Much re-
search has been conducted into immunomodulators and
immunotherapy. Although alternative immunosuppres-
sants such as mycophenolate mofetil and tacrolimus have
been tried, most interest in recent years has surrounded
new biological therapies. Matrix metalloproteinase inhibi-
tors have proved disappointing, but new TNF-a inhibitors
such as certolizumab pegol and golimumab, the inter-
leukin-6 receptor antagonist tocilizumab, and modulators
of B-cell function such as atacicept, belimumab, and
epratuzumab are under investigation. In addition, deno-
sumab is of interest for its potential to control joint destruc-
tion.> Other methods of treatment that are being or have
been investigated include gene therapy and autologous
bone marrow transplantation. A rheumatoid arthritis vac-
cine is also in clinical trials. Induction of tolerance with
collagen and other antigens given orally has also been
tried, but results are reported to be variable.3

Some studies suggest that addition of fish oils®* and/or
evening primrose oil to standard antirheumatic therapy
might help to reduce pain and joint swelling. Many alter-
native and herbal therapies have been tried, although good
evidence of benefit is scanty.

There has been considerable interest in the possibility that
statins such as atorvastatin may produce clinical improve-
ments, albeit modest, in symptoms of rheumatoid arthri-
tis, 2 as well as in any accompanying cardiovascular risk
factors.

The importance of managing co-morbidity in patients with
rheumatoid arthritis has been emphasised;* in particular
infection (especially pulmonary infection), cardiovascular
disease, and osteoporosis require appropriate management
and action to reduce risk factors.

The treatment of rheumatoid arthritis during pregnancy
presents its own problems; some of the most effective
DMARD:s such as methotrexate and leflunomide have ter-
atogenic properties, and for others, including the biologi-
cal therapies, there is little evidence.333* Hydroxychloro-
quine, and perhaps azathioprine and sulfasalazine, may be
relatively safe to use, but it is important to weigh benefit
against risk for each individual case.%®
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Soft-tissue rheumatism
Soft-tissue rheumatism includes conditions such as:
* bursitis (e.g. housemaid’s knee)
» fasciitis
« fibromyalgia (fibrositis, muscular rheumatism, myofas-
cial pain)
» frozen shoulder
* humeral epicondylitis (e.g. tennis or golfer’s elbow)
* sprains and strains
« tendinitis
« tenosynovitis
* Tietze’s syndrome
Inflamed or displaced tissue may also impinge on nearby
nerves and produce compression neuropathies such as car-
pal tunnel syndrome.
Some forms of soft-tissue rheumatism respond to selective
rest of the affected region, massage, splinting, or applica-
tion of heat, cold, or rubefacients.- Exercise is of value in
neck pain,3* fibromyalgia,>® and frozen shoulder,” but its
benefit in epicondylitis is unclear.*
For patients with epicondylitis oral or topical NSAIDs
may offer short-term pain relief, but it is unclear if they are
effective in producing longer term benefit.* They are of
unknown benefit in frozen shoulder,” and are not thought
to be helpful in fibromyalgia, although some benefit has
been reported with paracetamol and tramadol.®
Corticosteroid injections produce dose-dependent benefit
for up to 9 months in shoulder pain such as that associated
with rotator cuff tendinitis or frozen shoulder,? and oral
corticosteroids may be of benefit for up to 6 weeks al-
though it is not clear that benefit is subsequently
maintained® (a study™ in patients with epicondylitis sug-
gested that benefits of corticosteroid injection in this group
were paradoxically reversed after 6 weeks). Corticosteroid
injections are often combined with a local anaesthetic; in-
jection of a local anaesthetic alone has been shown to be of
benefit in chronic neck pain.*
Botulinum toxin has been tried in epicondylitis'2 and myo-
fascial pain.!® There is evidence that nitric oxide plays a
role in healing in patients with tendinitis, and topical appli-
cation of a patch containing glyceryl trinitrate has proved
of benefit in patients with epicondylitis or tendinitis.*
Fibromyalgia appears to be associated with abnormal pain
responses, and some consider it a central pain syndrome
rather than a rheumatic syndrome. There is strong evi-
dence that low-dose tricyclic antidepressants are of benefit
in many patients, as is the tricyclic compound cyclobenz-
aprine. Combination of amitriptyline with the SSRI fluox-
etine also appears beneficial, although SSRIs alone have
produced equivocal results; serotonin and noradrenaline
reuptake inhibitors (SNRIs) such as duloxetine, milnacip-
ran, or venlafaxine have also been reported to be of value.
Pregabalin and gabapentin have been shown to be of ben-
efit in controlled studies.>68
Surgery may be of benefit in some conditions such as epi-
condylitis and possibly shoulder pain.* Surgical decom-
pression is also the definitive treatment for carpal tunnel
syndrome,® although there is also evidence of benefit
from splinting®® and local corticosteroid injection'’ (al-
though benefit m P/ not be long term, and the procedure
carries some risks®®). Oral corticosteroids and ultrasound
have also demonstrated benefit in patients with carpal tun-
nel syndrome. 6
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Spondyloarthropathies

The spondyloarthropathies are a group of seronegative ar-
thritides which include ankylosing spondylitis, psoriatic
arthritis, arthritis associated with inflammatory bowel dis-
orders (enteropathic arthritis), and arthritis associated with
infection as in reactive arthritis (aseptic arthritis).

Ankylosing spondylitis is characterised by arthritis of the
spine and sacroiliac joints and sometimes there is also
asymmetrical peripheral involvement. Males under 40
years of age are mainly affected. The aim of management
of the disease is to reduce pain and stiffness and to prevent
spine and joint deformity, which is accomplished using a
combination of active physical therapy and drug therapy.
Exercises are used to strengthen muscles and to maintain a
good posture and range of movement in joints. NSAIDs
are used to relieve pain and inflammation, thus allowing
the exercises to be performed; they do not influence the
progression of the disease. Some patients may need to add
other non-opioid analgesics such as paracetamol for addi-
tional pain control. Systemic corticosteroids are rarely in-
dicated but intra-articular injections of corticosteroids may
be beneficial when one or two peripheral joints are severe-
ly affected. The disease-modifying antirheumatic drug
(DMARD) sulfasalazine is of benefit for peripheral arthri-
tis, but not for spinal symptoms. The efficacy of most other
DMARDs used in rheumatoid arthritis (see above) re-
mains to be demonstrated. However, the tumour necrosis
factor-a. (TNF-o) inhibitors adalimumab, etanercept, and
infliximab improve spinal pain, function, and peripheral
joint disease. They produce rapid benefit (usually within
12 weeks) although most patients relapse once they are
withdrawn. Treatment with a TNF-a. inhibitor should be
considered in patients with active disease despite conven-
tional treatments. There is some evidence that early inter-
vention may produce better remission rates, but it is yet
unknown if this results in longer-lasting remission on
withdrawal. Evidence is mostly lacking for other biologi-
cal therapies, but no marked benefit has been seen in con-
flicting studies with the interleukin-1 receptor antagonist
anakinra.

Psoriatic arthritis (or psoriatic arthropathy) is an inflam-
matory seronegative arthritis occurring in patients with
psoriasis. In some patients the spine may be involved
when the condition may be indistinguishable from anky-
losing spondylitis. Less frequently some patients have a
form of symmetrical arthritis resembling rheumatoid ar-
thritis. The psoriasis (p.1583) and the arthritis usually re-
quire separate treatment. Treatment of the arthritis is ini-
tially as for ankylosing spondylitis with NSAIDs and
physical therapy. If these methods fail treatment with a
DMARD may be instituted, although chloroquine and hy-
droxychloroquine should be avoided since they may pre-
cipitate skin reactions (see Psoriatic Arthritis, p.601).
There is most evidence to support the use of sulfasalazine
or methotrexate. Leflunomide may be effective but is like-
ly to be restricted by its toxicity and prolonged half-life.
Ciclosporin is also restricted by its toxicity. As in ankylos-
ing spondylitis, however, significant benefit has now been
found with the TNF-o inhibitors, and treatment with these
is recommended in patients with active disease despite
treatment with NSAIDs and/or DMARDs. In the UK,

etanercept or adalimumab are preferred to infliximab, but
treatment should be individualised; amonoclonal antibody
such as adalimumab or infliximab is advocated by others
in patients who also have inflammatory bowel disease.
There is some suggestion that alefacept may also be of
benefit in psoriatic arthritis. Systemic corticosteroids have
little or no place in the management of psoriatic arthritis.
Reactive arthritis is characterised by sterile synovitis fol-
lowing 1 to 4 weeks after an infection, most commonly of
the gastrointestinal or genito-urinary tract. Extra-articular
features involving the skin, eyes, or genito-urinary tract
may or may not be present. Reactive arthritis is also a fea-
ture of Reiter’s syndrome. Reactive arthritis is treated with
physical therapy and NSAIDs and, if indicated, intra-artic-
ular injections of corticosteroids; the role of antibacterials
is less certain (see Bone and Joint Infections, p.164).
References.

1. Jones G, et al. Interventions for treating psoriatic arthritis.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 3. Chichester: John Wiley; 2000 (accessed 23/06/08).

Khan MA. Update on spondyloarthropathies. Ann Intern Med

2002; 136: 896-907.

Lee RZ, Veale DJ. Management of spondyloarthropathy: new

pharmacological treatment options. Drugs 2002; 62: 2349-59.

Sieper J, et al. Ankylosing spondylitis: an overview. Ann Rheum

Dis 2002; 61 (suppl I11): iii8—iii18.

van der Horst-Bruinsma IE, et al. Treatment of ankylosing

spondylitis with disease modifying antirheumatic drugs. Clin

Exp Rheumatol 2002; 20 (suppl 28): S67-S70.

Brockbank J, Gladman D. Diagnosis and management of psori-

atic arthritis. Drugs 2002; 62: 2447-57.

Kingsley G, Pugh N. Spondyloarthropathies. In: Snaith ML, ed.

ABC of rheumatology. 3rd ed. London: BMJ Publishing Group,

2004: 61-7.

Kyle S, et al. British Society for Rheumatology Standards

Guidelines Audit Working Group. Guideline for anti-TNF-a

therapy in psoriatic arthritis. Rheumatology (Oxford) 2005; 44:

390-7. Corrections. ibid.; 569 and 701. Also available at:

http://rheumatology.oxfordjournals.org/cgi/reprint/44/3/390.pdf

(accessed 23/06/08)

. Keat A, et al. British Society for Rheumatology Standards,
Guidelines and Audit Working Group. BSR guidelines for pre-
scribing TNF-a blockers in adults with ankylosing spondylitis.
Rheumatology (Oxford) 2005; 44: 939-47. Also available at:
http://www.rheumatology.org.uk/guidelines/guidelines_as/
tnfguideline_as (accessed 23/06/08)

10. Gladman DD. Traditional and newer therapeutic options for
psoriatic arthritis: an evidence-based review. Drugs 2005; 65:
1223-38.

11. Boulos P, et al. Pharmacological treatment of ankylosing spond-
ylitis: a systematic review. Drugs 2005; 65: 2111-27.

12. Reveille JD, Arnett FC. Spondyloarthritis: update on pathogen-

esis and management. Am J Med 2005; 118: 592-603.

. Petersel DL, Sigal LH. Reactive arthritis. Infect Dis Clin North

Am 2005; 19: 863-83.

Leirisalo-Repo M. Reactive arthritis. Scand J Rheumatol 2005;

34:251-9.

15. Gordon KB, Ruderman EM. The treatment of psoriasis and pso-
riatic arthritis: an interdisciplinary approach. J Am Acad Der-
matol 2006; 54 (suppl 2): S85-S91.

. McVeigh CM, Cairns AP. Diagnosis and management of anky-
losing spondylltls BMJ 2006; 333: 581-5.

. Zochling J, et al. *ASsessment in AS’ International Working
Group. European League Against Rheumatism. ASAS/EULAR
recommendations for the management of ankylosing spondyli-
tis. Ann Rheum Dis 2006; 65: 442-52. Also available at:
http://ard.bmj.com/cgi/reprint/65/4/442.pdf (accessed 23/06/08)

18. Anonymous. New drugs for peripheral joint psoriatic arthritis.
Drug Ther Bull 2006; 44: 1-5.

19. NICE. Etanercept and infliximab for the treatment of adults

with psoriatic arthritis (Technology Appraisal 104, issued July

2006). Available at: http://www.nice.org.uk/nicemedia/pdf/

TA104guidance.pdf (accessed 23/06/08)

NICE. Adalimumab for the treatment of psoriatic arthritis

(Technology Appraisal 125, issued August 2007). Available at:

http://www.nice.org.uk/nicemedia/pdf/TA125guidance.pdf (ac-

cessed 23/06/08)

21. Furst DE, et al. Updated consensus statement on biological
agents for the treatment of rheumatic diseases, 2007. Ann
Rheum Dis 2007; 66 (suppl 3): iii2—iii22. Correction. ibid. 2008;
67: 280.

. Braun J, Sieper J. Ankylosing spondylitis. Lancet 2007; 369:
1379-90.

23.Pham T, et al. Club Rhumatismes et Inflammation (CRI/SFR).
Recommendations of the French Society for Rheumatology re-
garding TNFa antagonist therapy in patients with ankylosing
spondylitis or psoriatic arthritis: 2007 update. Joint Bone Spine
2007; 74: 638-46.

24. NICE. Adalimumab, etanercept and infliximab for ankylosing
spondylitis: Technology Appraisal 143 (issued May 2008).
Available at: http://www.nice.org.uk/nicemedia/pdf/
TA143Guidance.pdf (accessed 22/07/08)

o > wDN

N o

©

©

1

w

1

&

1

o

1

]

2

=

2

N

Still’s disease

Adult-onset Still’s disease is a syndrome characterised by
high fever, with body temperature classically spiking daily
or twice daily, an evanescent pink maculopapular rash, and
arthritis (usually oligoarthritis initially). It is most common
in patients aged 16 to 35 years.

Treatment has traditionally relied on NSAIDs, corticoster-
oids, and immunosuppressants or other DMARDs similar
to those used in rheumatoid arthritis (above).>% A trial of
NSAIDs is worthwhile in patients with mild disease, but
most patients cannot be managed with NSAIDs alone.??
Corticosteroids may be needed for initial therapy if mani-
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festations are severe, but will eventually be needed in
about 80% of cases.?2 DMARDs (generally methotrexate)
are introduced when corticosteroid therapy fails to control
the disease or when their adverse effects become problem-
atic. Most patients will respond to methotrexate although
liver function must be closely monitored. The value of oth-
er DMARD:s is uncertain. Intravenous immunoglobulin is
alsozf3requently tried, although supporting evidence is lack-
ing.=
The TNF-o. inhibitors have also been tried,>® but results
have been variable.? There is, however, some evidence
that interleukin-1 and interleukin-6 play a role in patho-
genesis of the condition, and there have been a few reports
of dramatic improvement with anakinra (an interleukin-1
receptor antagonist) in resistant disease, while tocilizumab
(an interleukin-6 receptor antagonistg has also been sug-
gested as an investigational therapy.?
The name Still’s disease has also been used rather incon-
sistently to describe some types of juvenile idiopathic ar-
thritis (above).
1. Efthimiou P, Georgy S. Pathogenesis and management of adult-
onset Still’s disease. Semin Arthritis Rheum 2006; 36: 144-52.
. Pouchot J. How can we improve the management of adult-onset
Still’s disease? Joint Bone Spine 2007; 74: 117-19.
. Kontzias A, Efthimiou P. Adult-onset Still’s disease : pathogen-

esis, clinical manifestations and therapeutic advances. Drugs
2008; 68: 319-337.
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Abatacept AN, Usan, NN

Abataceptum; BMS-188667; CTLAA4-Ig. |-25-oncostatin M (hu-
man precursor) fusion protein with CTLA-4 (antigen) (human)
fusion protein with immunoglobulin G| (human heavy chain frag-
ment), bimolecular (146— [46")-disulfide.

AbaTauenT

CAS — 332348-12-6.

ATC — LO4AA24.

ATC Vet — QLO4AA24.

Adverse Effects and Precautions

Acute infusion reactions occurring within 1 hour of
starting an infusion are common with abatacept use.
The most frequently reported infusion events are dizzi-
ness, headache, and hypertension; hypotension and
dyspnoea occur less commonly. Other acute events in-
clude nausea, flushing, pruritus, rash, and wheezing.
Most events are usually mild to moderate although
stopping treatment may be necessary in a few patients.
Other common adverse effects include headache, na-
sopharyngitis, nausea, dyspepsia, diarrhoea, dizziness,
back pain, fatigue, cough, and abnormal liver function
values. Antibodies to abatacept may develop and ana-
phylaxis or anaphylactic reactions have been reported
rarely. Uncommon adverse reactions include paraes-
thesia, thrombocytopenia, and leucopenia.

Infections are frequent in patients treated with abata-
cept and most often affect the respiratory and urinary
tracts. More serious infections such as pneumonia, sep-
sis, cellulitis, bronchitis, diverticulitis, and acute
pyelonephritis have also been rarely associated with
abatacept treatment. Treatment should be stopped in
patients who develop a serious infection. Abatacept
should not be given to patients with severe and uncon-
trolled infections such as sepsis and opportunistic in-
fections. It should be used with caution in patients with
a history of recurrent infections, with underlying con-
ditions that may predispose to infections, or with
chronic, latent, or localised infections. Patients should
be screened for latent tuberculosis before starting treat-
ment; those testing positive should be treated with
standard chemoprophylaxis before beginning abata-
cept.

Some disease-modifying antirheumatic drugs have
been associated with hepatitis B reactivation; licensed
product information for abatacept recommends screen-
ing for viral hepatitis before starting treatment.
Adverse effects of abatacept are more frequent in pa-
tients with chronic obstructive pulmonary disease and
may include a worsening of their respiratory symp-
toms.

Carcinogenicity. The role of abatacept in the onset of malig-
nancies such as lymphoma in humans is not known.
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In placebo-controlled studies the overall frequency of malignan-
cies in patients treated with abatacept compared to those that re-
ceived placebo was similar (1.4% and 1.1%, respectively). How-
ever, there were more cases of lung cancer and lymphomas in
those given abatacept. In animal studies in mice, increases in
lymphomas and mammary tumours have been noted, although
these increases have not been seen in some studies with other
mammals.

Interactions

Live vaccines should not be given with abatacept, or
within 3 months of stopping it, as its effect on vaccine
efficacy or the risk of infection transmission is
unknown. The use of TNF inhibitors with abatacept
may increase the risk of serious infections (see p.71);
such combinations are not recommended. Use with
anakinra or rituximab is also not recommended be-
cause of insufficient evidence to assess safety.

Pharmacokinetics

Abatacept is reported to have linear pharmacokinetics
at usual dosages. After repeated intravenous doses, its
mean terminal half-life is about 13 days.

Studies in animals suggest that abatacept is distributed
into breast milk.

Uses and Administration

Abatacept, a fusion protein, is a co-stimulation blocker.
It prevents the activation of T-cells; activated T-cells
have been found in the synovium of patients with rheu-
matoid arthritis. It is used in the treatment of moderate
to severe active rheumatoid arthritis to delay structural
damage and improve physical function. In the UK it is
licensed for use in patients who have had an inadequate
response to standard disease-modifying antirheumatic
drugs (DMARDs), including at least one TNF inhibi-
tor; in the USA, it may be used to reduce the signs and
symptoms of early disease.

Abatacept is given by intravenous infusion over a peri-
od of 30 minutes in the following doses, based on
body-weight:

* 500 mg for patients weighing less than 60 kg

« 750 mg for those weighing 60 to 100 kg

« 1 g for those over 100 kg.

The dose is repeated at 2 and 4 weeks, then every 4
weeks thereafter. If a response to treatment is not seen
within 6 months, the benefits of continuing abatacept
may need to be considered. In the UK, abatacept is li-
censed for use with methotrexate; however, in the USA
it may be given alone or with other DMARDs (but see
Interactions, above).

For the use of abatacept in children, and recommended
doses, see below.

Abatacept is also being studied for other auto-immune
diseases such as inflammatory bowel disease, psoriatic
arthritis, and SLE.

Administration in children. In the USA, abatacept is li-
censed in the treatment of moderate to severe, active juvenile id-
iopathic arthritis in children aged 6 years and above; it may be
used alone or with methotrexate. The dose is calculated accord-
ing to body-weight and is given as an intravenous infusion over
30 minutes; those weighing less than 75 kg should be given
10 mg/kg initially, while heavier children may receive the appro-
priate adult dose (see above). Doses should be repeated at 2 and
4 weeks, and then every 4 weeks thereafter.

Rheumatoid arthritis. References to the use of abatacept in

rheumatoid arthritis (p.11).

1. Kremer JM, et al. Treatment of rheumatoid arthritis by selective
inhibition of T-cell activation with fusion protein CTLA4Ig. N
Engl J Med 2003; 349: 1907-15.

. Genovese MC, et al. Abatacept for rheumatoid arthritis refracto-
ry to tumor necrosis factor o inhibition. N Engl J Med 2005; 353:
1114-23. Correction. ibid.; 2311.

. Kremer JM, et al. Effects of abatacept in patients with meth-
otrexate-resistant active rheumatoid arthritis: a randomized trial.
Ann Intern Med 2006; 144: 865-76.

. Weinblatt M, et al. Safety of the selective costimulation modula-
tor abatacept in rheumatoid arthritis patients receiving back-
ground biologic and nonbiologic disease-modifying antirheu-
matic drugs: a one-year randomized, placebo-controlled study.
Arthritis Rheum 2006; 54: 2807-16.

. Nogid A, Pham DQ. Role of abatacept in the management of
rheumatoid arthritis. Clin Ther 2006; 28: 1764-78.

. Pollard LC. Inhibiting costimulatory activation of T cells: a via-
ble treatment option for rheumatoid arthritis? Drugs 2007; 67:
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7. Lundquist L. Abatacept: a novel therapy approved for the treat-
ment of patients with rheumatoid arthritis. Adv Therapy 2007;
24: 333-45.

. Russell AS, et al. Abatacept improves both the physical and
mental health of patients with rheumatoid arthritis who have in-
adequate response to methotrexate treatment. Ann Rheum Dis
2007; 66: 189-94.

9. Bruce SP, Boyce EG. Update on abatacept: a selective costimu-

lation modulator for rheumatoid arthritis. Ann Pharmacother
2007; 41: 1153-62.

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: Orencia; Cz.: Orencia; Fr.: Orencia; Port.: Orencia; UK: Orencia;
USA: Orencia.
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Aceclofenac (BN, riNN)

Acéclofénac; Aceclofenaco; Aceclofenacum; Aceklofendk; Acek-
lofenak; Aceklofenakas; Aseklofenaakki; Aseklofenak. [o-(2,6-
Dichloroanilino)phenylJacetate glycolic acid ester; 2-(2,6-Dichlo-
roanalino)phenylacetoxyacetic acid.

AuexrodeHak

C¢H5CLNO, = 354.2.

CAS — 89796-99-6.

ATC — MOITAB6; MO2AA2S5.

ATC Vet — QMOIABI16; QMO2AA25.

0._COOH
o
NH
! !

Cl C

Pharmacopoeias. In Eur. (see p.vii).

Ph. Eur. 6.2 (Aceclofenac). A white or almost white, crystalline
powder. Practically insoluble in water; soluble in alcohol; freely
soluble in acetone. Store in airtight containers. Protect from light.

Adverse Effects and Treatment
As for NSAIDs in general, p.96.

Hypersensitivity. Leukocytoclastic vasculitis, a type 11 hyper-
sensitivity reaction, has been reported after therapy with aceclo-
fenac.> Anaphylaxis has also occurred.?

1. Epelde F, Boada L. Leukocytoclastic vasculitis and hemoptysis
after treatment with aceclofenac. Ann Pharmacother 1995; 29:
1168.

2. Morros R, et al. Hypersensitivity vasculitis related to ace-
clofenac. Br J Rheumatol 1997; 36: 503-4.

3. Rojas-Hijazo B, et al. Anaphylactic reaction after aceclofenac
intake. Allergy 2006; 61: 511.

Precautions

As for NSAIDs in general, p.98.

Aceclofenac should be avoided in patients with moderate to se-

vere renal impairment.

Interactions
For interactions associated with NSAIDs, see p.99.

Pharmacokinetics

Aceclofenac is well absorbed from the gastrointestinal tract;
peak plasma concentrations are reached 1 to 3 hours after an oral
dose. Aceclofenac is more than 99% bound to plasma proteins.
The plasma-elimination half-life is about 4 hours. About two-
thirds of a dose is excreted in the urine, mainly as hydroxymetab-
olites. A small amount is converted to diclofenac.

¢ It has been suggested" that low concentrations of diclofenac, a

minor metabolite, may account for some of the actions of ace-

clofenac.

1. Hinz B, etal. Aceclofenac spares cyclooxygenase 1 as a result of
limited but sustained biotransformation to diclofenac. Clin Phar-
macol Ther 2003; 74: 222-35.

Uses and Administration

Aceclofenac, a phenylacetic acid derivative, is an NSAID (see
p.99) related to diclofenac (p.44). It is used in the management of
osteoarthritis, rheumatoid arthritis, and ankylosing spondylitis,
in usual oral doses of 100 mg twice daily. Reduced doses should
be used in patients with hepatic impairment, see below.

¢ Reviews.

1. Dooley M, et al. Aceclofenac: a reappraisal of its use in the man-
agement of pain and rheumatic disease. Drugs 2001; 61:
1351-78.

. Reginster JY, et al. Comment positionner I’acéclofénac au sein
de I’arsenal thérapeutique des pathologies ostéo-articulaires
chroniques? Rev Med Liege 2001; 56: 484-8.

. Legrand E. Aceclofenac in the management of inflammatory
pain. Expert Opin Pharmacother 2004; 5: 1347-57.

. LeeJ, et al. Formulation of microemulsion systems for transder-
mal delivery of aceclofenac. Arch Pharm Res 2005; 28:
1097-1102.

Administration in hepatic impairment. The initial oral
dose of aceclofenac should be reduced to 100 mg daily in pa-
tients with hepatic impairment.
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Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Berlofen; Bristaflamt; Austria: Beofenact; Belg.: Air-Tal; Biofenac;
Braz.: Aceflant; Cecoflant; Proflam; Chile: Airtalt; Bristaflamt; Denm.:
Barcan; Fin.: Barcan; Fr.: Cartrex; Ger.: Beofenac; Gr.: Aceclonac; Arlina;
Biofenac; Sovipan; Hung.: Aflamin; India: Aceclo; Arrestin; Movon; Zero-
dol; Ital.: Airtal; Gladio; Kafenac; Mex.: Bristaflam; Neth.: Biofenac; Norw.:
Barcan; Philipp.: Clanza; Port.: Airtal; Biofenac; Rus.: Airtal (AspTan);
Spain: Airtal; Airtal Difucrem; Falcol; Gerbin; Sanein; Swed.: Barcan;
Switz.: Locomint; UAE: Aceclofar; UK: Preservex; Venez.: Airtalt; Brista-
flam.

Multi-ingredient: India: Kinectine; Kinectine P; Kinectine-MR; Movon-
MR; Movon-Pt; Zerodol-MR; Zerodol-P

Acemetacin (BAN, INN)

Acemetacina; Acémétacine; Acemetacinum; Asemetasin; Bay-f-
4975; Indometasinin Glikolik Asit Esteri; TVX-1322. O-[(I-p-
Chlorobenzoyl-5-methoxy-2-methylindol-3-yl)acetyl]glycolic ac-
id.

AuemeTaumH

C,HsCINO, = 415.8.

CAS — 53164-05-9.

ATC — MOIABI I.

ATC Vet — QMOIABI I.

H3CO (@)

Pharmacopoeias. In Eur. (see p.vii).

Ph. Eur. 6.2 (Acemetacin). A yellow or greenish-yellow, crys-
talline powder. It exhibits polymorphism. Practically insoluble in
water; slightly soluble in anhydrous alcohol; soluble in acetone.
Protect from light.

Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96.

Interactions
For interactions associated with NSAIDs, see p.99.

Pharmacokinetics

Acemetacin is well absorbed after oral dosage. Its major metab-
olite is indometacin (p.66) which, after repeated doses, is present
at higher concentrations than those of acemetacin. Acemetacin is
bound to plasma proteins to a slightly lesser extent than indomet-
acin. It is eliminated via both the liver and the kidneys.

Uses and Administration

Acemetacin, a glycolic acid ester of indometacin, is an NSAID
(p.99). Its pharmacological activity is due to both acemetacin and
its major metabolite, indometacin (p.66). Acemetacin is used in
rheumatoid arthritis, osteoarthritis, and low back pain, and for
postoperative pain and inflammation. Usual oral doses are 120 to
180 mg daily in divided doses. Acemetacin is eliminated by both
hepatic and renal routes, although pharmacokinetics are not af-
fected by moderate renal or hepatic impairment and appear to be
unchanged in the elderly.

O References.

=

Jones RW, et al. Comparative pharmacokinetics of acemetacin in
young subjects and elderly patients. Br J Clin Pharmacol 1991;
31: 543-5.

Hazleman B, Bernstein RM. Acemetacin in the long-term thera-
py of rheumatoid arthritis. Curr Med Res Opin 1993; 13:
119-26.

Chou CT, Tsai YY. A double-blind, randomized, controlled par-
allel group study evaluating the efficacy and safety of acemet-
acin for the management of osteoarthritis. Int J Clin Pharmacol
Res 2002; 22: 1-6.

Leeb BF, et al. Behandlung der Gonarthrose: Wirksamkeit und
Vertraglichkeit von retardiertem Acemetacin im Vergleich zu
Celecoxib. Orthopade 2004; 33: 1032-41.
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Preparations

Proprietary Preparations (details are given in Part 3)

Austria: Rheutrop; Cz.: Rantudil; Ger.: Acemetadoc; Acephlogontt; Ran-
tudil; Gr.: Gamespirt; Rantutal; Hung.: Rantudil; Ital.: Acemix; Solartf;
Jpn: Rantudil, Mex.: Rantudil; Philipp.: Rantudil; Pol.: Rantudil; Port.:
Rantudil; Spain: Espledol; Oldan; Switz.: Tilur; Turk.: Rantudil, UK: Em-
flex; Venez.: Mostanol; Pranex.

Multi-ingredient: Arg.: Rucaten Forte; Rucaten Prednisolona.

Acetanilide
Acetanilida; Antifebrin. N-Phenylacetamide.

AHTUEOPUH; ALeTaHNAMA
CgHgNO = 135.2.
CAS — 103-84-4.

CH3

Iz

Pharmacopoeias. In Fr.

Profile

Acetanilide, a para-aminophenol derivative related to paraceta-
mol (p.108), has analgesic and antipyretic properties. It was re-
placed by safer analgesics.

Actarit (iNN)
Actaritum; MS-932. (p-Acetamidophenyl)acetic acid.

AKTapuT
CioH | INO3 = 193.2.
CAS — 18699-02-0.

H
HaC._ _N
g i
o]
OH

Profile

Actarit is reported to be a disease-modifying antirheumatic drug.
It has been given in the treatment of rheumatoid arthritis in a usu-
al oral dose of 100 mg three times daily.

Adverse effects. A photosensitivity reaction developed in a
52-year-old woman one month after starting actarit and doxycy-
cline.* Photopatch tests for both drugs were only positive for the
patches containing actarit.

1. Kawada A, et al. Photosensitivity due to actarit. Contact Derma-
titis 1997; 36: 175-6.

Use. References.

1. Nakamura H, et al. Clinical effects of actarit in rheumatoid ar-
thritis: improvement of early disease activity mediated by reduc-
tion of serum concentrations of nitric oxide. Clin Exp Rheumatol
2000; 18: 445-50.

Preparations

Proprietary Preparations (details are given in Part 3)
Jpn: Movert; Orcl.

Adalimumab @an, usan, inN)

Adalimumabum; D2E7; LU-200134. Immunoglobulin G (hu-
man monoclonal D2E7 heavy chain anti-human tumor necrosis
factor), disulfide with human monoclonal D2E7«-chain, dimer:
Ananmymab

CAS — 331731-18-1.

ATC — LO4AB04.

ATC Vet — QLO4AB04.

Adverse Effects and Precautions

As for Infliximab, p.69.

Injection site reactions including erythema, itching,
pain, and swelling are the most common adverse reac-
tions with adalimumab; however, most reactions are
mild and do not result in drug withdrawal. Other com-
mon reactions include headache, rashes, back pain, hy-
pertension, paraesthesias, increased alkaline phosphate
levels, and cough.

Autoantibodies to adalimumab have been detected.

Interactions

As for Infliximab, p.71.

Methotrexate is reported to reduce the clearance of
adalimumab by up to 44% but licensed product infor-
mation for the latter states that dosage adjustment for
either drug does not appear to be necessary.

Pharmacokinetics
Adalimumab is reported to have linear pharmacokinet-
ics at usual dosages. After subcutaneous injection peak

The symbol T denotes a preparation no longer actively marketed

Abatacept/Adalimumab 15

concentrations are reached in about 3 to 8 days and bio-
availability is estimated to be 64%. The mean terminal
half-life is about 2 weeks.

O References.

1. Nestorov I. Clinical pharmacokinetics of tumor necrosis factor
antagonists. J Rheumatol 2005; 74 (suppl): 13-18.

Uses and Administration

Adalimumab is a recombinant human monoclonal
tumour necrosis factor (TNF) antibody that binds
specifically to TNF-a and blocks its interaction with
endogenous cell-surface TNF receptors. It also modu-
lates biological responses that are induced or regulated
by TNF. Elevated levels of TNF have been found in the
affected tissues and fluids of patients with rheumatoid
arthritis, ankylosing spondylitis, psoriatic arthritis,
plaque psoriasis, and Crohn’s disease.

Adalimumab is used in the treatment of moderate to
severe, active rheumatoid arthritis and active and
progressive psoriatic arthritis to delay structural
damage and improve physical function. In the UK it is
licensed for use in patients who have had an inadequate
response to standard disease-modifying antirheumatic
drugs (DMARDs), although in severe progressive
rheumatoid arthritis it may be used in patients not pre-
viously treated with methotrexate; in the USA, it may
be used to reduce the signs and symptoms of early dis-
ease. Adalimumab is also used in the treatment of
active ankylosing spondylitis: UK licensed product
information recommends that it should only be used in
patients with severe disease who have had an inade-
quate response to conventional treatment; however, in
the USA it may be used to reduce signs and symptoms
in early disease. For all the above indications, it is giv-
en by subcutaneous injection in a dose of 40 mg every
other week. In the treatment of rheumatoid arthritis,
UK licensed product information recommends that
adalimumab should be given with methotrexate, al-
though monotherapy may be used where treatment
with methotrexate would be inappropriate. When used
as monotherapy in rheumatoid arthritis, some patients
may benefit from increasing the dose to 40 mg every
week. Clinical response is usually achieved within 12
weeks of treatment.

Adalimumab is also used in the treatment of moderate
to severe, active Crohn’s disease unresponsive to con-
ventional treatment; it may also be used in patients who
have relapsed while taking infliximab. Patients may be
given an initial dose of 160 mg on day 1 (given as four
40-mg injections in one day or two 40-mg injections
daily for 2 consecutive days), followed by 80 mg two
weeks later (day 15). After a further two weeks (day
29), a maintenance dose of 40 mg every other week
may be started. Alternatively, UK licensed product in-
formation advises that patients at risk of adverse effects
may be given 80 mg initially, followed by 40 mg 2
weeks later; thereafter, usual maintenance doses may
be given. A clinical response is usually seen within 12
weeks of starting treatment; those patients who relapse
while on adalimumab may benefit from increasing the
maintenance dose to 40 mg every week.

In the treatment of moderate to severe chronic plaque
psoriasis in patients unresponsive to, or intolerant of,
conventional systemic therapy including phototherapy,
the recommended initial dose of adalimumab is 80 mg
subcutaneously; this may be followed by a mainte-
nance dose of 40 mg subcutaneously on alternate
weeks, starting 1 week after the initial dose. A clinical
response is usually seen within 16 weeks of starting
treatment.

For the uses of adalimumab in children, and recom-
mended doses, see below.

Administration in children. In the USA, adalimumab is li-
censed in the treatment of moderate to severe, active juvenile id-
iopathic arthritis in children aged 4 years and above: it may be
used alone or with methotrexate. The dose is calculated accord-
ing to weight and is given subcutaneously: those weighing 15 kg
to less than 30 kg should be given 20 mg every other week, while
heavier children may receive 40 mg every other week.
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16 Analgesics Anti-inflammatory Drugs and Antipyretics

Inflammatory bowel disease. Adalimumab is used in the
management of Crohn’s disease' (p.1697), including in patients
who are intolerant of, or relapse on, infliximab treatment.>® It
has also been tried in the treatment of ulcerative colitis (p.1697).°

. Hanauer SB, et al. Human anti-tumor necrosis factor monoclonal
antibody (adalimumab) in Crohn’s disease: the CLASSIC-I trial.
Gastroenterology 2006; 130: 323-33.

. Sandborn WY, et al. Adalimumab for maintenance treatment of
Crohn’s disease: results of the CLASSIC I trial. Gut 2007; 56:
1232-9.

. Colombel JF, et al. Adalimumab for maintenance of clinical re-

sponse and remission in patients with Crohn’s disease: the

CHARM trial. Gastroenterology 2007; 132: 52-65.

Plosker GL, Lyseng-Williamson KA. Adalimumab: in Crohn’s

disease. BioDrugs 2007; 21: 125-32.

. Sandborn WY, et al. An open-label study of the human anti-TNF
monoclonal antibody adalimumab in subjects with prior loss of
response or intolerance to infliximab for Crohn’s disease. Am J
Gastroenterol 2004; 99: 1984-9.

. Papadakis KA, et al. Safety and efficacy of adalimumab (D2E7)
in Crohn’s disease patients with an attenuated response to inflix-
imab. Am J Gastroenterol 2005; 100: 75-9.

. Peyrin-Biroulet L, et al. Adalimumab maintenance therapy for
Crohn’s disease with intolerance or lost response to infliximab:
an open-label study. Aliment Pharmacol Ther 2007; 25: 675-80.

. Sandborn WJ, et al. Adalimumab induction therapy for Crohn
disease previously treated with infliximab: a randomized trial.
Ann Intern Med 2007; 146: 829-38.

. Peyrin-Biroulet L, et al. Adalimumab induction therapy for ul-
cerative colitis with intolerance or lost response to infliximab: an
open-label study. World J Gastroenterol 2007; 13: 2328-32.

Psoriasis. Adalimumab is used in the treatment of plaque pso-
riasis (p.1583).
References.

1. Gordon KB, et al. Clinical response to adalimumab treatment in
patients with moderate to severe psoriasis: double-blind, rand-
omized controlled trial and open-label extension study. J Am
Acad Dermatol 2006; 55: 598-606.

. Papoutsaki M, et al. Adalimumab for severe psoriasis and psori-
atic arthritis: an open-label study in 30 patients previously treat-
ed with other biologics. J Am Acad Dermatol 2007; 57: 269-75.

. Menter A, et al. Adalimumab therapy for moderate to severe

psoriasis: a randomized, controlled phase Il trial. J Am Acad

Dermatol 2008; 58: 106-15.

Revicki D, et al. Impact of adalimumab treatment on health-re-

lated quality of life and other patient-reported outcomes: results

from a 16-week randomized controlled trial in patients with

moderate to severe plaque psoriasis. Br J Dermatol 2008; 158:

549-57.

. Saurat J-H, et al. CHAMPION Study Investigators. Efficacy and
safety results from the randomized controlled comparative study
of adalimumab vs. methotrexate vs. placebo in patients with pso-
riasis. Br J Dermatol 2008; 158: 558-66.

. NICE. Adalimumab for the treatment of adults with psoriasis:
Technology Appraisal Guidance 146 (issued June 2008). Avail-
able at: http://www.nice.org.uk/nicemedia/pdf/
TA146Guidance.pdf (accessed 25/07/08)

Rheumatoid arthritis. References to the use of adalimumab
in rheumatoid arthritis (p.11).

1. den Broeder AA, et al. Long-term anti-tumour necrosis factor
alpha monotherapy in rheumatoid arthritis: effect on radiologi-
cal course and prognostic value of markers of cartilage turnover
and endothelial activation. Ann Rheum Dis 2002; 61: 311-18.
Rau R. Adalimumab (a fully human anti-tumour necrosis factor
alpha monoclonal antibody) in the treatment of active rheuma-
toid arthritis: the initial results of five trials. Ann Rheum Dis
2002; 61 (suppl 2): 70-3.

Weinblatt ME, et al. Adalimumab, a fully human anti-tumor

necrosis factor alpha monoclonal antibody, for the treatment of

rheumatoid arthritis in patients taking concomitant methotrex-

ate: the ARMADA trial. Arthritis Rheum 2003; 48: 35-45.

Furst DE, et al. Adalimumab, a fully human anti tumor necrosis

factor-alpha monoclonal antibody, and concomitant standard

antirheumatic therapy for the treatment of rheumatoid arthritis:
results of STAR (Safety Trial of Adalimumab in Rheumatoid

Arthritis). J Rheumatol 2003; 30: 2563-71.

van de Putte LB, et al. Efficacy and safety of adalimumab as

monotherapy in patients with rheumatoid arthritis for whom

previous disease modifying antirheumatic drug treatment has

failed. Ann Rheum Dis 2004; 63: 508-16.

Keystone EC, et al. Radiographic, clinical, and functional out-

comes of treatment with adalimumab (a human anti-tumor

necrosis factor monoclonal antibody) in patients with active
rheumatoid arthritis receiving concomitant methotrexate thera-
py: a randomized, placebo-controlled, 52-week trial. Arthritis

Rheum 2004; 50: 1400-11.

Wick MC, et al. Adalimumab (Humira) restores clinical re-

sponse in patients with secondary loss of efficacy from inflixi-

mab (Remicade) or etanercept (Enbrel): results from the

STURE registry at Karolinska University Hospital. Scand J

Rheumatol 2005; 34: 353-8.

Navarro-Sarabia F, et al. Adalimumab for treating rheumatoid

arthritis. Available in The Cochrane Database of Systematic Re-

views; Issue 3. Chichester: John Wiley; 2005 (accessed

13/06/08).

Weinblatt ME, et al. Long term efficacy and safety of adalimu-

mab plus methotrexate in patients with rheumatoid arthritis:

ARMADA 4 year extended study. Ann Rheum Dis 2006; 65:

753-9.

Breedveld FC, et al. The PREMIER study: a multicenter, rand-

omized, double-blind clinical trial of combination therapy with

adalimumab plus methotrexate versus methotrexate alone or
adalimumab alone in patients with early, aggressive rheumatoid
arthritis who had not had previous methotrexate treatment. Ar-

thritis Rheum 2006; 54: 26-37.

. Heiberg MS, et al. Adalimumab and methotrexate is more effec-
tive than adalimumab alone in patients with established rheuma-
toid arthritis: results from a 6-month longitudinal, observation-
al, multicentre study. Ann Rheum Dis 2006; 65: 1379-83.
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12. Cvetkovi¢ RS, Scott LJ. Adalimumab: a review of its use in
adult patients with rheumatoid arthritis. BioDrugs 2006; 20:
293-311.

13. Burmester GR, et al. Adalimumab alone and in combination
with disease-modifying antirheumatic drugs for the treatment of
rheumatoid arthritis in clinical practice: the Research in Active
Rheumatoid Arthritis (ReAct) trial. Ann Rheum Dis 2007; 66:

14. Bombardieri S, et al. Research in Active Rheumatoid Arthritis
(ReAct) Study Group. Effectiveness of adalimumab for rheuma-
toid arthritis in patients with a history of TNF-antagonist thera-
py in clinical practice. Rheumatology (Oxford) 2007; 46:
11

15. NICE. Adalimumab, etanercept and infliximab for the treatment
of rheumatoid arthritis: Technology Appraisal Guidance 130
(issued October 2007). Available at: http://www.nice.org.uk/
nicemedia/pdf/TA130guidance.pdf (accessed 13/06/08)

Spondyloarthropathies. References to the use of adalimum-
ab in ankylosing spondylitis and psoriatic arthritis (see Spondy-
loarthropathies, p.13).

1. Chew A-L, et al. Successful treatment of severe psoriasis and
psoriatic arthritis with adalimumab. Br J Dermatol 2004; 151:
49

N

Mease PJ, et al. Adalimumab for the treatment of patients with
moderately to severely active psoriatic arthritis: results of a dou-
ble-blind, randomized, placebo-controlled trial. Arthritis
Rheum 2005; 52: 3279-89.

van der Heijde D, et al. Efficacy and safety of adalimumab in
patients with ankylosing spondylitis: results of a multicenter,
randomized, double-blind, placebo-controlled trial. Arthritis
Rheum 2006; 54: 2136-46.

4. van der Heijde D, et al. ATLAS Study Group. Efficacy and safe-
ty of adalimumab in patients with ankylosing spondylitis: re-
sults of a multicenter, randomized, double-blind, placebo-con-
trolled trial. Arthritis Rheum 2006; 54: 2136-46.

Simpson D, Scott LJ. Adalimumab: in psoriatic arthritis. Drugs
2006; 66: 1487-96.

Gladman DD, et al. Adalimumab improves joint-related and
skin-related functional impairment in patients with psoriatic ar-
thritis: patient-reported outcomes of the Adalimumab Effective-
ness in Psoriatic Arthritis Trial. Ann Rheum Dis 2007; 66:
163-8.

Gladman DD, et al. Adalimumab for long-term treatment of
psoriatic arthritis: forty-eight week data from the adalimumab
effectiveness in psoriatic arthritis trial. Arthritis Rheum 2007;
56: 476-88.

Genovese MC, et al. M02-570 Study Group. Safety and efficacy
of adalimumab in treatment of patients with psoriatic arthritis
who had failed disease modifying antirheumatic drug therapy. J
Rheumatol 2007; 34: 1040-50. Correction. ibid.; 1439.

Davis JC, et al. Health-related quality of life outcomes in pa-
tients with active ankylosing spondylitis treated with adalimu-
mab: results from a randomized controlled study. Arthritis
Rheum 2007; 57: 1050-7.

10. NICE. Adalimumab for the treatment of psoriatic arthritis:
Technology Appraisal Guidance 125 (issued August 2007).
Available at: http://www.nice.org.uk/nicemedia/pdf/
TA125guidance.pdf (accessed 13/06/08)
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Uveitis. Adalimumab has been tried with some success in the
treatment of idiopathic uveitis (p.1515). Uveitis can also develop
as a complication of other inflammatory disorders such as rheu-
matoid arthritis; treatment with adalimumab may improve ocular
symptoms in addition to its effect on the primary disorder.

References.

1. Vazquez-Cobian LB, et al. Adalimumab therapy for childhood
uveitis. J Pediatr 2006; 149: 572-5.

2. Biester S, et al. Adalimumab in the therapy of uveitis in child-
hood. Br J Ophthalmol 2007; 91: 319-24.

Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Humira; Austral.: Humira; Belg.: Humira; Braz.: Humira; Canad.:
Humira; Chile: Humira; Cz.: Humira; Denm.: Humira; Fin.: Humira; Fr.:
Humira; Ger.: Humira; Gr.: Humira; Hong Kong: Humira; Hung.: Humira;
Irl.: Humira; Israel: Humira; Ital.: Humira; Malaysia: Humira; Mex.: Hu-
mira; Neth.: Humira; Trudexa; Norw.: Humira; NZ: Humira; Pol.: Humira;
Port.: Humira; Singapore: Humira; Spain: Humira; Swed.: Humira;
Switz.: Humira; UK: Humira; USA: Humira; Venez.: Humira.

Alfentanil Hydrochloride
(BANM, USAN, rINNM) &)

Alfentaniilihydrokloridi; Alfentanil, chlorhydrate d'; Alfentanil Hid-
roklorlir; Alfentanil-hidroklorid; Alfentanil-hydrochlorid; Alfen-
tanilhydroklorid; Alfentanili hydrochloridum; Alfentanilio hidro-
chloridas; Hidrocloruro de alfentanilo; R-39209. N-{I-[2-(4-
Ethyl-5-oxo-2-tetrazolin- | -yl)ethyl]-4-(methoxymethyl)-4-piper-
idyl}propionanilide hydrochloride.

AnbpeHTaHMAa MapoxAopHA,

Cy1H3NgO5,HCI = 453.0.

CAS — 71195-58-9 (alfentanil); 69049-06-5 (anhydrous
alfentanil hydrochloride); 70879-28-6 (alfentanil hydro-
chloride monohydrate).

ATC — NOITAHO02.

ATC Vet — QNOTAHO2.

o
Y\CHS
N
I Oﬂ \©
N
Hae” N J\ NN OCH;
\ /
N=N
(alfentanil)

Pharmacopoeias. In Eur. (see p.vii) and US.

Ph. Eur. 6.2 (Alfentanil Hydrochloride). A white or almost white
powder. Freely soluble in water, in alcohol, and in methyl alco-
hol. Protect from light.

USP 31 (Alfentanil Hydrochloride). A white to almost white
powder. Soluble in water; freely soluble in alcohol, in chloro-
form, and in methyl alcohol; sparingly soluble in acetone. Store
in airtight containers.

Dependence and Withdrawal
As for Opioid Analgesics, p.101.

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102, and for
Fentanyl, p.56.

Effects on the cardiovascular system. Sinus arrest had
occurred! during intubation in 2 patients given alfentanil
30 micrograms/kg.

1. Maryniak JK, Bishop VA. Sinus arrest after alfentanil. Br J
Anaesth 1987; 59: 390-1.

Effects on mental function. Like fentanyl, alfentanil 7.5 or

15 micrograms/kg intravenously had no effect on memory in

healthy subjects.® In another study impairment of memory for

new facts did occur 2 hours after operation in patients anaesthe-

tised with alfentanil 7.5 micrograms/kg, but not in those given

fentanyl;? methohexital might have contributed to the impair-

ment.

1. Scamman FL, et al. Ventilatory and mental effects of alfentanil
and fentanyl. Acta Anaesthesiol Scand 1984; 28: 63-7.

2. Kennedy DJ, Ogg TW. Alfentanil and memory function: a com-
parison with fentanyl for day case termination of pregnancy. An-
aesthesia 1985; 40: 537-40.

Effects on the respiratory system. Alfentanil, like other
opioid agonists, causes dose-related respiratory depression; it is
significant with doses of more than 1 mg. Recovery has been re-
ported to be faster after alfentanil than after fentanyl (see p.56),%-2
possibly reflecting the shorter elimination half-life of alfentanil.
Even so, accumulation of alfentanil is possible with large doses
over a prolonged period. Profound analgesia is accompanied by
marked respiratory depression which may persist or recur post-
operatively.
Sudden respiratory arrest usually within an hour after the end of
alfentanil infusion has been reported in patients who initially ap-
peared to have made a rapid recovery from anaesthesia; > all re-
sponded to treatment with naloxone. Close monitoring of respi-
ration in the initial postoperative period was recommended and
this was reinforced by the manufacturers;® factors such as hyper-
ventilation and the use of opioid premedication might enhance or
prolong the respiratory depressant effects of alfentanil.

1. Andrews CJH, et al. Ventilatory effects during and after contin-
uous infusion of fentanyl or alfentanil. Br J Anaesth 1983; 55:
211S-16S.

. Scamman FL, et al. Ventilatory and mental effects of alfentanil
and fentanyl. Acta Anaesthesiol Scand 1984; 28: 63-7.

3. Sebel PS, et al. Respiratory depression after alfentanil infusion.

BMJ 1984; 289: 1581-2.
4. Krane BD, et al. Alfentanil and delayed respiratory depression:
cases studies and review. Anesth Analg 1990; 70: 557-61.

N

5. Sternlo JEG, Sandin RH. Recurrent respiratory depression after
total intravenous anaesthesia with propofol and alfentanil. An-
aesthesia 1998; 53: 378-81.

6. Waldron HA, Cookson RF. Respiratory depression after alfen-
tanil infusion. BMJ 1985; 290: 319.

Precautions

As for Opioid Analgesics in general, p.103.

Children. Alfentanil given to preterm infants undergoing paral-
ysis and mechanical ventilation for respiratory distress syndrome
resulted in a rapid and significant fall in heart rate and blood pres-
sure, emphasising that proper evaluation of the pharmacological
and clinical effects was necessary.
The BNFC states that the half-life of alfentanil is prolonged in
neonates and accumulation is likely with prolonged use; muscle
rigidity may occur and the use of muscle relaxants may be re-
quired.
1. Marlow N, et al. Hazards of analgesia for newborn infants. Arch
Dis Child 1988; 63: 1293.
The elderly. EEG changes suggested that elderly patients had
increased brain sensitivity to alfentanil,* and that lower doses
might be indicated in older patients for pharmacodynamic rather
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than pharmacokinetic reasons. See also under Pharmacokinetics,

below.

1. Scott JC, Stanski DR. Decreased fentanyl and alfentanil dose re-
quirements with age: a simultaneous pharmacokinetic and phar-
macodynamic evaluation. J Pharmacol Exp Ther 1987; 240:
159-66.

Handling. Avoid contact with the skin and the inhalation of par-

ticles of alfentanil hydrochloride.

Inflammatory bowel disease. Patients with Crohn’s disease
required higher doses of alfentanil than control patients! al-
though there were no differences in alfentanil pharmacokinetics
between the 2 groups of patients.

1. Gesink-van der Veer BJ, et al. Influence of Crohn’s disease on
the pharmacokinetics and pharmacodynamics of alfentanil. Br J
Anaesth 1993; 71: 827-34.

Pregnancy. UK licensed product information contra-indicates

the use of alfentanil in labour, or before clamping of the cord

during caesarean section, because placental transfer means there
is a risk of neonatal respiratory depression.

Interactions

For interactions associated with opioid analgesics, see
p.103.

Drugs that depress the heart or increase vagal tone,
such as beta blockers and anaesthetic drugs, may pre-
dispose patients given alfentanil to develop bradycar-
dia and hypotension. Use of alfentanil with non-vago-
lytic neuromuscular blockers may produce
bradycardia and possibly asystole.

The metabolism of alfentanil via the cytochrome P450
isoenzyme CYP3A4 may be reduced by potent inhibi-
tors of this isoenzyme, resulting in a risk of prolonged
or delayed respiratory depression. Reduced doses of al-
fentanil may be required if given with a CYP3A4 in-
hibitor such as cimetidine, diltiazem, erythromycin,
fluconazole, itraconazole, ketoconazole, or ritonavir.

Antibacterials. The elimination half-life of alfentanil was in-
creased and clearance decreased when given after a 7-day course
of oral erythromycin in healthy subjects.! Prolonged respiratory
depression has also occurred in a 32-year-old man given alfen-
tanil during anaesthesia after three 1-g doses of erythromycin in
the 24 hours before surgery.? In another study of healthy subjects,
the clearance (three-compartment model) of alfentanil was re-
duced by 70% in those given oral troleandomycin.®

Other hepatic enzyme inhibitors and drugs interfering with he-

patic blood flow might also affect the clearance of alfentanil.

1. Bartkowski RR, et al. Inhibition of alfentanil metabolism by

erythromycin. Clin Pharmacol Ther 1989; 46: 99-102.

2. Bartkowski RR, McDonnell TE. Prolonged alfentanil effect fol-
lowing erythromycin administration. Anesthesiology 1990; 73:
566-8.

. Kharasch ED, et al. The role of cytochrome P450 3A4 in alfen-
tanil clearance: implications for interindividual variability in dis-
position and perioperative drug interactions. Anesthesiology
1997; 87: 36-50.

Antifungals. Azole antifungals such as fluconazole, ketocona-

zole, or voriconazole can inhibit the metabolism of alfentanil. In

a study, giving alfentanil 1 hour after intravenous or oral fluco-

nazole decreased the clearance of alfentanil by 60 and 55%, re-

spectively and increased the mean half-life of alfentanil from 1.5

hours to 2.7 and 2.5 hours, respectively. Similarly, another study?

found that giving alfentanil 1 hour after oral voriconazole de-
creased the clearance of alfentanil by 85% and increased the
mean half-life of alfentanil to 6.6 hours.

1. Palkama VJ, et al. The effect of intravenous and oral fluconazole
on the pharmacokinetics and pharmacodynamics of intravenous
alfentanil. Anesth Analg 1998; 87: 190-4.

2. Saari TI, et al. Voriconazole, but not terbinafine, markedly re-
duces alfentanil clearance and prolongs its half-life. Clin Phar-
macol Ther 2006; 80: 502-8.
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Pharmacokinetics

After parenteral doses alfentanil hydrochloride has a
rapid onset and short duration of action. Alfentanil is
about 90% protein bound and has a small volume of
distribution. Its terminal elimination half-life is about 1
to 2 hours. It is metabolised in the liver; oxidative N-
and O-dealkylation by the cytochrome P450 isoen-
zyme CYP3A4 leads to inactive metabolites, which are
excreted in the urine. Alfentanil crosses the blood-
brain barrier and the placenta and has been detected in
colostrum.

¢ Alfentanil is less lipid-soluble than fentanyl, but more so than
morphine. It is highly bound to plasma proteins, mainly to o;-
acid glycoprotein. Decreased lipid solubility can be expected to
limit penetration of the blood-brain barrier when compared with
fentanyl, but the majority of unbound alfentanil is unionised and
can rapidly gain access to the CNS. Alfentanil has a smaller vol-
ume of distribution than fentanyl and its elimination half-life is

The symbol T denotes a preparation no longer actively marketed
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shorter. The manufacturers have given values for a three-com-
partment pharmacokinetic model with a distribution half-life of
0.4 to 3.1 minutes, a redistribution half-life of 4.6 to 21.6 min-
utes, and a terminal elimination half-life of 64.1 to 129.3 minutes
after single bolus injections of 50 or 125 micrograms/kg. Accu-
mulation is less likely than with fentanyl, but can occur after re-
peated or continuous dosage especially in patients with reduced
clearance. The mean elimination half-life reported is usually
about 90 minutes, but this is reduced in children and increased in
the elderly and neonates, in hepatic impairment, in the obese, and
during cardiopulmonary bypass (see below).

O Reviews.

Hull CJ. The pharmacokinetics of alfentanil in man. Br J Anaesth
1983; 55 (suppl 2): 157S-164S.

. Mather LE. Clinical pharmacokinetics of fentanyl and its newer
derivatives. Clin Pharmacokinet 1983; 8: 422-46.

Davis PJ, Cook DR. Clinical pharmacokinetics of the newer in-
travenous anaesthetic agents. Clin Pharmacokinet 1986; 11:
18-35.

Bodenham A, Park GR. Alfentanil infusions in patients requiring
intensive care. Clin Pharmacokinet 1988; 15: 216-26.

Scholz J, et al. Clinical pharmacokinetics of alfentanil, fentanyl
and sufentanil. Clin Pharmacokinet 1996; 31: 275-92.

Administration. CONTINUOUS INTRAVENOUS INFUSION.
Small studies of alfentanil by continuous intravenous
infusion’-3 have found pharmacokinetic parameters to be sim-
ilar to those after a single bolus injection, but with some con-
flicting results. In 29 patients undergoing orthopaedic surgery
an initial bolus intravenous injection of alfentanil

50 micrograms/kg was followed by intravenous infusion of

1 microgram/kg per minute, continued for 44 to 445 minutes;

a second bolus injection of 50 micrograms/kg was given im-

mediately before incision and an additional bolus injection of

1 mg given if necessary.* The time course of the plasma-al-

fentanil concentration fitted a two-compartmental model in

26 patients. Terminal half-lives varied widely from 56 to 226

minutes (mean 106 minutes), the highest values being mainly

in patients over 60 years. There was no significant correlation
between pharmacokinetic parameters and the duration of the
infusion or the total dose. Plasma clearance and volumes of
distribution did not correlate significantly with body-weight
although steady-state volume of distribution was enlarged
with increasing age. The mean estimated steady-state con-
centration was 293 nanograms/mL (range 147 to

636 nanograms/mL.).

1. Fragen RJ, et al. Pharmacokinetics of the infusion of alfentanil
in man. Br J Anaesth 1983; 55: 1077-81.

. Shafer A, et al. Pharmacokinetics and pharmacodynamics of al-
fentanil infusions during general anesthesia. Anesth Analg 1986;
65: 1021-8.

. Reitz JA, et al. The pharmacokinetics of alfentanil in gynecolog-
ic surgical patients. J Clin Pharmacol 1986; 26: 60-4.

4. van Beem H, et al. Pharmacokinetics of alfentanil during and

after a fixed rate infusion. Br J Anaesth 1989; 62: 610-15.
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INTRAMUSCULAR. See The Elderly, below.

Burns. The volume of distribution and total clearance of alfen-
tanil were reduced and its elimination half-life prolonged in pa-
tients with burns.* This was due, in part, to raised concentrations
of a-acid glycoprotein leading to increased protein binding.
1. Macfie AG, et al. Disposition of alfentanil in burns patients. Br

J Anaesth 1992; 69: 447-50.

Cardiopulmonary bypass. The elimination half-life of alfen-
tanil increased from 72 minutes before cardiopulmonary bypass
to 195 minutes afterwards in 5 patients.! This was attributed to an
increase in volume of distribution, based in part on a dilution-
induced decrease in plasma protein binding. Others?3 found that
on starting cardiopulmonary bypass total serum concentrations
of alfentanil were halved, mainly because of dilution of o,-acid
glycoprotein and an increase in unbound alfentanil.
1. Hug CC, et al. Alfentanil pharmacokinetics in patients before
and after cardiopulmonary bypass. Anesth Analg 1983; 62: 266.
. Kumar K, et al. The effect of cardiopulmonary bypass on plasma
protein binding of alfentanil. Eur J Clin Pharmacol 1988; 35:
47-52.
Hynynen M, et al. Plasma concentration and protein binding of
alfentanil during high-dose infusion for cardiac surgery. Br J
Anaesth 1994; 72: 571-6.

Children. Alfentanil has been shown to have a shorter elimina-
tion half-life (about 40 minutes) and a smaller volume of distri-
bution in children than in adults.* However, the half-life of alfen-
tanil is prolonged in neonates. See also Hepatic Impairment,
below.

1. Meistelman C, et al. A comparison of alfentanil pharmacokinet-

ics in children and adults. Anesthesiology 1987; 66: 13-16.

The elderly. Plasma clearance of alfentanil after a single intra-
venous dose of 50 micrograms/kg was reduced in patients more
than 65 years old when compared with that in healthy young
adults.* Mean elimination half-life was 137 minutes in the elder-
ly and 83 minutes in the young adults. Volumes of distribution
were similar and it was considered that reduced clearance might
be due to decreased hepatic metabolism in the elderly. In a study
in male patients the terminal elimination half-life of alfentanil
increased with age, although clearance was not significantly af-
fected.? In patients given alfentanil 1 microgram/kg per minute
by continuous intravenous infusion during orthopaedic surgery,®
terminal half-life increased linearly with age in those older than

N
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40 years and steady-state volume of distribution was enlarged
with increasing age; clearance did not correlate significantly with
age and was thought to be more variable during a continuous in-
fusion in long-term surgery than after a single bolus injection.
Others have reported* that the effects of age on alfentanil phar-
macokinetics are dependent on gender. In this study total plasma
clearance decreased and terminal half-life increased with in-
creasing age in women, but not in men. It has been suggested that
this effect in women may be more dependent on menopausal sta-
tus than on age.®

Inastudy® in elderly patients plasma concentrations of alfentanil
were greater and the maximum concentration occurred earlier
when alfentanil was injected into the deltoid muscle compared
with injection into the gluteal muscle.

1. Helmers H, et al. Alfentanil kinetics in the elderly. Clin Pharma-

col Ther 1984; 36: 239-43.

2. Scott JC, Stanski DR. Decreased fentanyl and alfentanil dose re-
quirements with age: a simultaneous pharmacokinetic and phar-
macodynamic evaluation. J Pharmacol Exp Ther 1987; 240:
159-66.

. van Beem H, et al. Pharmacokinetics of alfentanil during and
after a fixed rate infusion. Br J Anaesth 1989; 62: 610-15.

. Lemmens HIM, et al. Influence of age on the pharmacokinetics
of alfentanil: gender dependence. Clin Pharmacokinet 1990; 19:
416-22.

5. Rubio A, Cox C. Sex, age and alfentanil pharmacokinetics. Clin
Pharmacokinet 1991; 21: 81.

. Virkkila M, et al. Pharmacokinetics and effects of i.m. alfentanil
as premedication for day-case ophthalmic surgery in elderly pa-
tients. Br J Anaesth 1993; 71: 507-11.
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Hepatic impairment. Total plasma clearance and protein
binding of alfentanil were decreased in patients with alcoholic
cirrhosis when compared with control subjects. Elimination half-
life was prolonged from 90 to 219 minutes in the cirrhotic pa-
tients following a single intravenous dose of 50 micrograms/kg
and was attributed in part to alterations in binding sites of o,-acid
glycoprotein.! There might be different effects on alfentanil dis-
position in patients with non-alcoholic cirrhosis or other liver
disorders.? The pharmacokinetics of alfentanil were apparently
not affected in children with cholestatic hepatic disease whereas
clearance was reduced postoperatively in 3 patients who had un-
dergone liver transplantation.®

1. Ferrier C, et al. Alfentanil pharmacokinetics in patients with cir-

rhosis. Anesthesiology 1985; 62: 480-4.

2. Bower S, et al. Effects of different hepatic pathologies on dispo-
sition of alfentanil in anaesthetized patients. Br J Anaesth 1992;
68: 462-5.

. Davis PJ, et al. Effects of cholestatic hepatic disease and chronic
renal failure on alfentanil pharmacokinetics in children. Anesth
Analg 1989; 68: 579-83.

Obesity. The pharmacokinetics of alfentanil are reportedly al-

tered in obesity.! Elimination half-life was 172 minutes in 6

obese patients compared with 92 minutes in 7 who were not

obese. Plasma clearance of alfentanil was also decreased, al-

though others? found that obesity had no effect on clearance, but

it did have a direct relationship with the volume of the central

compartment.

. Bentley JB, et al. Obesity and alfentanil pharmacokinetics. An-
esth Analg 1983; 62: 251.

. Maitre PO, et al. Population pharmacokinetics of alfentanil: the
average dose-plasma concentration relationship and interindi-
vidual variability in patients. Anesthesiology 1987; 66: 3-12.
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Renal impairment. The pharmacokinetics of alfentanil were
not affected significantly in adults' or children? with chronic re-
nal failure. In another study?® increased volume of distribution of
alfentanil at steady state was associated with decreased plasma
protein binding in patients with chronic renal failure.

1. Van Peer A, et al. Alfentanil kinetics in renal insufficiency. Eur

J Clin Pharmacol 1986; 30: 245-7.

2. Davis PJ, et al. Effects of cholestatic hepatic disease and chronic
renal failure on alfentanil pharmacokinetics in children. Anesth
Analg 1989; 68: 579-83.

. Chauvin M, et al. Pharmacokinetics of alfentanil in chronic renal
failure. Anesth Analg 1987; 66: 53-6.
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Uses and Administration
Alfentanil is a short-acting opioid analgesic (p.104) re-
lated to fentanyl (p.58).

Alfentanil is used in surgical procedures as an analge-
sic and adjunct to general anaesthetics or as a primary
anaesthetic. It is also used as an analgesic and respira-
tory depressant in the management of mechanically
ventilated patients under intensive care.

Alfentanil is given intravenously as the hydrochloride
although doses are expressed in terms of the base. Al-
fentanil hydrochloride 108.8 micrograms is equivalent
to about 100 micrograms of alfentanil. A peak effect
may be seen within 1.5 to 2 minutes of an injection and
analgesia can be expected to last for up to 10 minutes;
dose supplements are therefore required if it is to be
used for more prolonged surgical procedures. It may be
given by continuous intravenous infusion in ventilated
patients.

The symbol ® denotes a substance whose use may be restricted in certain sports (see p.vii)
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18 Analgesics Anti-inflammatory Drugs and Antipyretics

The dosage of alfentanil used depends on whether the
patient has spontaneous respiration or assisted ventila-
tion and on the expected duration of anaesthesia. Doses
are adjusted according to the needs of the patient. Chil-
dren may require higher or more frequent doses than
adults, whereas the elderly or debilitated patients may
require lower or less frequent doses. Obese patients
may require doses based on their ideal (lean) body-
weight.

When used as an adjunct in the maintenance of gen-
eral anaesthesia the initial licensed dose in the UK is
as follows:

« in patients with spontaneous respiration, up to
500 micrograms may be given slowly over about
30 seconds with supplementary doses of
250 micrograms

* ventilated patients may be given 30 to
50 micrograms/kg with supplements of
15 micrograms/kg. When given by infusion to venti-
lated patients there is an initial loading dose of 50 to
100 micrograms/kg given as a bolus or by infusion
over 10 minutes, followed by infusion at a rate of 0.5
to 1 microgram/kg per minute

Typical doses that have been used in the USA are as
follows:

« for short surgical procedures of less than 1 hour in
patients with spontaneous respiration or assisted
ventilation, the dose is 8 to 20 micrograms/kg; this
may be followed by supplementary doses of 3 to
5 micrograms/kg every 5 to 20 minutes or an infu-
sion of 0.5 to 1 microgram/kg per minute. Alterna-
tively patients with assisted or controlled vent-
ilation may be given an initial dose of 20 to
50 micrograms/kg, followed by supplementary dos-
es of 5 to 15 micrograms/kg every 5 to 20 minutes

in general surgical procedures in patients with as-
sisted or controlled ventilation, an initial dose of 50
to 75 micrograms/kg may be followed by an infu-
sion of 0.5 to 3 micrograms/kg per minute. If alfen-
tanil has been given in anaesthetic doses (see below)
for the induction of anaesthesia, infusion rates may
need to be reduced by 30 to 50% during the first hour
of maintenance

Maintenance infusions of alfentanil should be stopped
10 to 30 minutes before the anticipated end of surgery.

For details of doses in children, see below.

The dose for the induction of anaesthesia in patients
with assisted ventilation undergoing procedures of at
least 45 minutes is 130 to 245 micrograms/kg, fol-
lowed by an inhalation anaesthetic or maintenance
doses of alfentanil of 0.5 to 1.5 micrograms/kg per
minute.

In the UK, ventilated patients in intensive care may be
given alfentanil initially at an infusion rate of
2 mg/hour or a loading dose of 5 mg may be given in
divided doses over 10 minutes or more slowly if hypo-
tension or bradycardia occur. Thereafter a suitable rate
of infusion should be determined for each patient (rates
of 0.5 to 10 mg/hour have been used); patients should
be carefully monitored and the duration of treatment
should not generally exceed 4 days. During continuous
infusion additional bolus injections of 0.5 to 1 mg may
be given if required to provide analgesia for short pain-
ful procedures that may be carried out in intensive care.

Alfentanil is also used as an analgesic in patients with
spontaneous respiration receiving monitored anaes-
thesia care; in the USA, an initial dose of 3 to
8 micrograms/kg may be followed by supplementary
doses of 3to 5 micrograms/kg every 5 to 20 minutes or
an infusion of 0.25 to 1 microgram/kg per minute.

Administration. Alfentanil is usually given by intravenous in-
jection or infusion, but has also been given intramuscularly,?
intrathecally, or epidurally (see Pain, below).

1. Arendt-Nielsen L, et al. Analgesic efficacy of im alfentanil. Br J
Anaesth 1990; 65: 164-8.
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2. Virkkila M, et al. Pharmacokinetics and effects of i.m. alfentanil
as premedication for day-case ophthalmic surgery in elderly pa-
tients. Br J Anaesth 1993; 71: 507-11.

3. Hughes DA, Hill DA. Intrathecal alfentanil with and without
bupivacaine for analgesia in labour. Anaesthesia 2000; 55:
1116-21.

Administration in children. Alfentanil is licensed in the UK
for use in ventilated children during surgical procedures as an
analgesic and adjunct to general anaesthetics or as a primary an-
aesthetic. When used as an adjunct in the maintenance of gen-
eral anaesthesia licensed product information states that venti-
lated children may be given the usual intravenous injection doses
as for ventilated adults (see above). However, the BNFC sug-
gests that neonates may be given 5 to 20 micrograms/kg initially
and children aged from 1 month to 18 years, 10 to
20 micrograms/kg initially; supplementary doses of up to
10 micrograms/kg may be given. When given by infusion the
BNF states that ventilated children may be given the usual doses
as for ventilated adults (see above); the BNFC suggests that usual
adult doses may be given to those aged as young as 1 month. The
BNFC also suggests that neonates may be given an initial loading
dose of 10 to 50 micrograms/kg over 10 minutes followed by in-
fusion at a rate of 0.5 to 1 microgram/kg per minute.

Anaesthesia. Alfentanil, like fentanyl (p.59), appears to pro-
duce fewer circulatory changes than morphine and may be pre-
ferred for anaesthetic use, especially in cardiovascular surgery. It
is generally considered to have a shorter duration of action than
fentanyl. It has been used with propofol to facilitate intubation,
and for total intravenous anaesthesia.

For a discussion of the drugs used to facilitate intubation and of
opioids such as alfentanil used to control the pressor response
and the rise of intra-ocular pressure associated with intubation,
see Anaesthesia, p.1900. For reference to a study indicating that
pretreatment with alfentanil can reduce the pain associated with
injection of propofol, see p.1791.

cAESAREAN secTioN. UK licensed product information contra-
indicates the use of alfentanil before clamping the cord during
caesarean section because of the risk of respiratory depression
in the neonate. A study of alfentanil 30 micrograms/kg in
women undergoing caesarean section was abandoned after
massive respiratory depression had occurred in 4 of 5 neo-
nates.* Another study? in patients undergoing elective caesar-
ean section found that although maternal haemodynamic re-
sponses to intubation were minimised when alfentanil
10 micrograms/kg was given intravenously immediately be-
fore induction, neonates in the alfentanil group had lower Ap-
gar scores compared with those in the placebo group.

However, alfentanil has been used successfully to minimise
haemodynamic responses to intubation and surgery in patients
with severe cardiovascular disorders undergoing caesarean sec-
tion.3* A baby delivered after the successful use of alfentanil
35 micrograms/kg in a mother with severe aortic stenosis® was
apnoeic and unresponsive with poor muscle tone; the baby re-
sponded rapidly to naloxone. Alfentanil 10 micrograms/kg im-
mediately before induction attenuated the cardiovascular re-
sponse to intubation in patients with severe pregnancy-induced
hypertension* and was considered a suitable alternative to fenta-
nyl 2.5 micrograms/kg; no effect on neonatal mortality could be
attributed to anaesthetic technique. However, it has been sug-
gested that the use of smaller doses of alfentanil of
7.5 micrograms/kg with magnesium sulfate 30 mg/kg may pro-
vide better cardiovascular control.?

1. Leuwer M, et al. Pharmacokinetics and pharmacodynamics of an
equipotent fentanyl and alfentanil dose in mother and infant dur-
ing caesarean section. Br J Anaesth 1990; 64: 398P-9P.

2. Gin T, et al. Alfentanil given immediately before the induction
of anesthesia for elective cesarean delivery. Anesth Analg 2000;
90: 1167-72.

. Redfern N, et al. Alfentanil for caesarean section complicated by
severe aortic stenosis: a case report. Br J Anaesth 1987; 59:
1309-12.

4. Rout CC, Rocke DA. Effects of alfentanil and fentanyl on induc-
tion of anaesthesia in patients with severe pregnancy-induced
hypertension. Br J Anaesth 1990; 65: 468-74.

. Ashton WB, et al. Attenuation of the pressor response to tracheal
intubation by magnesium sulphate with and without alfentanil in
hypertensive proteinuric patients undergoing caesarean section.
Br J Anaesth 1991; 67: 741-7.

PHAEOCHROMOCYTOMA. Alfentanil does not release histamine
and was of value in the anaesthetic management of patients
with phaeochromocytoma.® It has a very rapid onset of action,
good vasodilating properties, and a relatively short elimina-
tion half-life. These patients are often very somnolent for the
first 48 hours after surgery and postoperative opioid dosage
requirements may be less than expected. Alfentanil infusion
continued into the postoperative period allows careful titra-
tion of dosage.

1. Hull CJ. Phaeochromocytoma: diagnosis, preoperative prepara-

tion and anaesthetic management. Br J Anaesth 1986; 58:
1453-68.
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Pain. POSTOPERATIVE ANALGESIA. Continuous on-demand epi-
dural infusions of alfentanil 200 micrograms/hour or fentanyl
20 micrograms/hour provided comparable analgesia to mor-
phine 200 micrograms/hour in the early postoperative peri-
od;* alfentanil (16 minutes) and fentanyl (13 minutes) had the
advantage of more rapid onset of analgesia than morphine (44

minutes). However, some considered that there was no over-
all advantage of epidural over intravenous alfentanil either as
patient-controlled analgesia? or by continuous infusion.®

1. Chrubasik J, et al. Relative analgesic potency of epidural fenta-
nyl, alfentanil, and morphine in treatment of postoperative pain.
Anesthesiology 1988; 68: 929-33.

2. Chauvin M, et al. Equivalence of postoperative analgesia with
patient-controlled intravenous or epidural alfentanil. Anesth An-
alg 1993; 76: 1251-8.

3. van den Nieuwenhuyzen MCO, et al. Epidural vs intravenous
infusion of alfentanil in the management of postoperative pain
following laparotomies. Acta Anaesthesiol Scand 1996; 40:
1112-18.

Preparations
USP 31: Alfentanil Injection.

Proprietary Preparations (details are given in Part 3)

Arg.: Brevafen; Austral.: Rapifen; Austria: Rapifen; Belg.: Rapifen; Braz.:
Alfast; Rapifen; Canad.: Alfenta; Chile: Rapifen; Cz.: Rapifen; Denm.:
Rapifen; Fin.: Rapifen; Fr.: Rapifen; Ger.: Rapifen; Gr.: Rapifen; Hong Kong:
Rapifen; Hung.: Rapifen; Irl.: Rapifen; Israel: Rapifen; Ital.: Fentalim; Ma-
laysia: Rapifent; Mex.: Rapifen; Neth.: Rapifen; Norw.: Rapifen; NZ:
Rapifen; S.Afr.: Rapifen; Spain: Fanaxal; Limifen; Swed.: Rapifen; Switz.:
Rapifen; Turk.: Rapifen; UK: Rapifen; USA: Alfenta; Venez.: Rapifen.

Alminoprofen (inN)
Alminoproféne; Alminoprofeno; Alminoprofenum. 4-[(2-Methy-
lallyl)amino]hydratropic acid.

AnrbMuHONpodeH
Ci3H;;NO, = 219.3.
CAS — 39718-89-3.
ATC — MOIAEI6.

ATC Vet — QMOTAE| 6.

HO

HiC  HN
CH3
H2C

Profile

Alminoprofen, a propionic acid derivative related to ibuprofen
(p.64), isan NSAID (p.96). It has been used in inflammatory and
rheumatic disorders in oral doses of up to 900 mg daily.

Preparations

Proprietary Preparations (details are given in Part 3)
Fr.: Minalfene.

Aloxiprin (BAN, riNN)

Acetilsalicilato de  polioxoaluminio; ~ Aloksipriini;  Aloxiprina;
Aloxiprine; Aloxiprinum.

AnoKCUNpUH

CAS — 9014-67-9.

ATC — BOIACI5; NO2BAO2.

ATC Vet — QBOIACIS5; QNO2BAO2.

COOH
Al,O,
o

A

07 “CH,

Pharmacopoeias. In Br.

BP 2008 (Aloxiprin). A polymeric condensation product of alu-
minium oxide and aspirin. A fine, white or slightly pink powder,
odourless or almost odourless. It contains not less than 7.5% and
not more than 8.5% of aluminium and not less than 79.0% and
not more than 87.4% of total salicylates, calculated as aspirin,
CgHgO,, both calculated with reference to the dried substance.
Practically insoluble in water, in alcohol, and in ether; slightly
soluble in chloroform.

Profile

Aloxiprin, a polymeric condensation product of aluminium ox-
ide and aspirin, has actions similar to those of aspirin (p.20);
aloxiprin 600 mg is equivalent to about 500 mg of aspirin.
Aloxiprin has been used as an analgesic and anti-inflammatory
in musculoskeletal and joint disorders. It has also been used in
the treatment and prevention of thromboembolic disorders.

Preparations
BP 2008: Aloxiprin Tablets.

Proprietary Preparations (details are given in Part 3)
Cz.: Superpyrin.
Multi-ingredient: UK: Askit.
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Aluminium Aspirin

Acetilsalicilato de aluminio; Aluminum Acetylsalicylate; Alumi-
num Aspirin; Aluminum Bis(acetylsalicylate); Aspirin Aluminium.
Bis(2-acetoxybenzoato-0")hydroxyaluminium.

ANOMUHMIA ACNpUHa; ACIMPUH ANIOMUHII

CgH sAIOg = 402.3.

CAS — 23413-80-1.

HC_ _O OH O._ _CHs

0] 0]

Pharmacopoeias. In Jpn.

Profile

Aluminium aspirin is a salicylic acid derivative (see Aspirin,
p.20) that has been given orally in the management of fever, pain,
and musculoskeletal and joint disorders.

Preparations

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Indon.: Remasal; S.Affr.: Analgen-SAt.

Aminophenazone (iNN)

Amidazofen; Amidopyrine; Amidopyrine-Pyramidon; Amino-
fenatsoni; Aminofenazon; Aminofenazona; Aminophénazone;
Aminophenazonum; Aminopyrine;  Dimethylaminoantipyrine;
Dimethylaminophenazone.  4-Dimethylamino- | 5-dimethyl-2-
phenyl-4-pyrazolin-3-one.

AmnHopeHasoH

C3H ;N3O = 231.3.

CAS — 58-15-1.

ATC — NO2BBO3.

ATC Vet — QNO2BBO3.

N CH
Sy
H3C —
\T CH3

CHs

Pharmacopoeias. In It.

Profile

Aminophenazone, a pyrazolone derivative, is an NSAID (p.96),
but the risk of agranulocytosis is sufficiently great to render it
unsuitable for systemic use. Onset of agranulocytosis may be
sudden and unpredictable. Aminophenazone has been used as
salts or complexes, including topically as the salicylate.

Precautions. cARCINOGENICITY. Some! consider that amino-

phenazone should be regarded as a potential carcinogen be-

cause it reacted readily with nitrous acid to form dimethyIni-

trosamine. The reaction was catalysed by thiocyanate present

in the saliva particularly in smokers.

1. Boyland E, Walker SA. Catalysis of the reaction of aminopyrine
and nitrite by thiocyanate. Arzneimittelforschung 1974; 24:
1181-4.

PORPHYRIA. Aminophenazone has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.

Preparations

Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Braz.: Gineburnot; Cz.: Dinylt; Eunalgit{; Hung.: An-
tineuralgica; Demalgon; Demalgonil; Dolor; Germicid-C; Germicidt; Kefal-
gin; Meristin; Ital.: Virdex; Mex.: Flumil; Switz.: Thermocutant; Venez.:
Flexidonet.

Aminopropylone

Aminopropilona; Aminopropylon. N-(2,3-Dihydro-1 5-dimethyl-
3-ox0-2-phenyl- | H-pyrazol-4-yl)-2-(dimethylamino)propana-
mide.

AMUHOMNPOMMAOH

CigH2»N4O, = 302.4.

CAS — 3690-04-8.

oHC CHa
HaC ) N
N
N
Hac— N
CH3 O

Profile

Aminopropylone is an NSAID (p.96) that has been used in topi-
cal preparations, for the local treatment of pain and inflammatory
conditions. The hydrochloride has been used similarly.
Preparations

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ital.: Vessiflext.

Ammonium Salicylate
Salicilato de amonio.

Ammonnit CaamupaaTt
C;HgNO;5 = 155.2.
CAS — 528-94-9.

HO
NH,* O

Profile

Ammonium salicylate is a salicylic acid derivative used topically
in rubefacient preparations similarly to methyl salicylate (p.85)
for the relief of pain in musculoskeletal and joint disorders.
Preparations

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Austral.: Radian-Bt; Irl.: Radian-Bt; UK: Radian-B.

Ampiroxicam (BAN, riNN)

Ampiroxicamum; CP-65703. 4-[ | -(Ethoxycarbonyloxy)ethoxy]-
2-methyl-N%-pyridyl-2H- | 2-benzothiazine-3-carboxamide  1,1-
dioxide.

AMIMPOKCHKaM

CyoH, N3OS = 447.5.

CAS — 99464-64-9.

HzC o ¢} o}
3\/\([)]/\(

CH3

Profile

Ampiroxicam is an NSAID (p.96) that is reported to be metabo-
lised to piroxicam (p.117). It has been given orally for the relief
of pain and inflammation particularly in musculoskeletal disor-
ders such as rheumatoid arthritis and osteoarthritis.

Adverse effects. Photosensitivity reactions have occurred dur-

ing ampiroxicam treatment.13

1. Kurumaji Y. Ampiroxicam-induced photosensitivity. Contact
Dermatitis 1996; 34: 298-9.

2. Toyohara A, et al. Ampiroxicam-induced photosensitivity. Con-
tact Dermatitis 1996; 35: 101-2.

3. Chishiki M, et al. Photosensitivity due to ampiroxicam. Derma-
tology 1997; 195: 409-10.

Preparations

Proprietary Preparations (details are given in Part 3)
Jpn: Flucamt.

Amtolmetin Guacil (inN)

Amtolmetina guacilo; Amtolmétine Guacil, Amtolmetinum
Guacilum; MED-15; ST-679. N-[(1-Methyl-5-p-toluoylpyrrol-2-
ylacetyl]glycine o-methoxypheny! ester.

AmTOAMETUH [yauma

CyaHuN,O5 = 420.5.

CAS — 87344-06-7.

The symbol T denotes a preparation no longer actively marketed

+TY-FFYAALNYF
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H3C
H3C o
) N N \)J\
N N
I o
o \ o) OCHs
Profile

Amtolmetin guacil is an NSAID (p.96) that is an ester prodrug of
tolmetin (p.130). It is used in painful and inflammatory disorders
in oral doses of 600 to 1200 mg daily.

O References.

. Biasi G, Marcolongo R. Efficacia e tollerabilita dell’amtolmetina
guacil nel trattamento dell’artrosi in fase di riacutizzazione. Min-
erva Med 2001; 92: 315-24.

2. Jajic Z, et al. Gastrointestinal safety of amtolmetin guacyl in

comparison with celecoxib in patients with rheumatoid arthritis.
Clin Exp Rheumatol 2005; 23: 809-18.

Preparations

Proprietary Preparations (details are given in Part 3)
Ital.: Artricol; Artromed; Eufans.

5N

Amyl Salicylate

Isoamyl Salicylate; Isopenty! Salicylate; Salicilato de isoamilo; Sali-
cilato de isopentilo. 3-Methylbutyl 2-hydroxybenzoate.
AMUACAAMLIMAAT

C,H (O3 = 208.3.

CAS — 87-20-7.

OH O

Pharmacopoeias. In Fr.

Profile

Amyl salicylate is a salicylic acid derivative used topically in ru-
befacient preparations similarly to methyl salicylate (p.85) for its
analgesic and anti-inflammatory actions. It has also been used in
perfumery.

Preparations
Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Arg.: Atomo Desinflamante; Atomo Desinflamante C;
Atomo Desinflamante Familiar; Rati Salil Crema; Fr.: Sedartrylt; Spain: Lin-
imento Klarit.

Anakinra (BAN, USAN, INN)
Anakinrum; rhiL- I ra; rmetHull- I ra. NZ-L—methionylinterleukin |
receptor antagonist (human isoform x reduced).

AHaKkuHpa

CAS — 143090-92-0.
ATC — LO4ACO3.

ATC Vet — QLO4ACO3.

M
RPSGRKSSKM QAFRI WDVNQ KTFYLRNNQL  VAGYLQGPNV  NLEEKI DVWP
| EPHALFLG  HGGKMCLSCV KSGDETRLQL EAVNI TDLSE  NRKQDKRFAF
| RSDSGPTTS FESAACPGAF LCTAMEADQP VSLTNMPDEG VWTKFYFQE
DE

Adverse Effects and Precautions

Mild to moderate injection site reactions with symptoms of ery-
thema, bruising, swelling, and pain are common with anakinra
particularly in the first month of treatment. Other common reac-
tions include headache, nausea, diarrhoea, and abdominal pain.
Antibodies to anakinra may develop. Allergic reactions such as
rashes have been reported rarely; if a severe allergic reaction oc-
curs, anakinra should be stopped and appropriate treatment giv-
en.

Serious infections have been reported with anakinra, particularly
in patients with asthma. These infections are mainly bacterial,
such as cellulitis, pneumonia, and bone and joint infections.
More rarely, opportunistic infections involving fungal, mycobac-
terial, and viral pathogens have also been seen. Anakinra should
be stopped in those who develop a serious infection. In addition,
therapy should not be started in patients with active infections,
including chronic or localised infections; caution is recommend-
ed in those with a history of recurrent infections or with underly-
ing conditions that may predispose to infections.

A small decrease in absolute neutrophil count (ANC) is com-
monly seen with anakinra treatment; however, true neutropenia
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(ANC <1500 cells/mm?3) is rare. Licensed product information
recommends that neutrophil counts should be taken before start-
ing anakinra and periodically throughout treatment. UK licensed
information recommends monthly monitoring during the first 6
months and then quarterly thereafter; US licensed information
requires monthly monitoring for the first 3 months and then quar-
terly monitoring for a period of up to 1 year. Anakinra should not
be started in patients with neutropenia. Small reductions in the
total white blood cell and platelets counts and a small increase in
eosinophils have also been noted. Anakinra is also associated
with an increased incidence of lymphoma in patients with rheu-
matoid arthritis.

For caution in patients with renal impairment see under Uses and
Administration, below.

Effects on the cardiovascular system. A 29-year-old wom-
an with refractory adult-onset Still’s disease developed shortness
of breath, which progressed to cardiorespiratory failure, 3
months after being started on anakinra;* although resuscitation
was tried, the patient died. The authors considered that the role of
anakinra in this event was unclear, particularly as the patient had
shown some evidence of myocardial or pulmonary dysfunction
before starting the drug.

1. Ruiz PJ, et al. Cardiac death in a patient with adult-onset Still’s

disease treated with the interleukin 1 receptor inhibitor anakinra.
Ann Rheum Dis 2007; 66: 422-3.

Effects on the skin. Inflammatory lesions at injection sites
were reported in 5 patients after anakinra use.! The lesions were
erythematous, oedematous, painful, and itchy plaques, and were
seen within 16 days of starting treatment. Treatment with anak-
inra was completely stopped in 1 patient and interrupted in 2 oth-
er patients; when reintroduced, one patient developed abdominal
pain, dyspnoea, and facial and abdominal erythema with pruri-
tus.
1. Vila AT, et al. Adverse cutaneous reactions to anakinra in pa-
tients with rheumatoid arthritis: clinicopathological study of five
patients. Br J Dermatol 2005; 153: 417-23.

Interactions
Live vaccines should not be given with anakinra as its effect on
vaccine efficacy or the risk of infection transmission is unknown.

The risk of serious infection and neutropenia is increased when
anakinra and etanercept are used together (see under Infliximab,
p.71); a similar effect may occur with other TNF antagonists.
The use of anakinra with etanercept or other TNF inhibitors is
not recommended.

Pharmacokinetics

After subcutaneous doses, peak plasma concentrations of anak-
inra are reached in 3 to 7 hours. Its terminal half-life is about 4 to
6 hours. Anakinra is excreted mainly in the urine.

Uses and Administration

Anakinra is a recombinant receptor antagonist of interleukin-1
(p.2325), an inflammatory mediator found in the plasma and
synovial fluid of patients with rheumatoid arthritis.

Anakinra is used for the treatment of the signs and symptoms of
moderate to severely active rheumatoid arthritis in patients who
have had an inadequate response to methotrexate or another dis-
ease-modifying antirheumatic drug (DMARD) alone (but see
below). In the UK, it is only licensed for use with methotrexate;
however, in the USA, it may be given either alone or with anoth-
er DMARD, although not one that inhibits TNF (see Interac-
tions, above). The usual dose in adults is 100 mg once daily by
subcutaneous injection. The dose should be given at about the
same time each day.

Anakinra has been tried in septic shock and graft-versus-host dis-
ease in transplant recipients, but results were disappointing.

Administration in renal impairment. Caution may be ad-
visable if anakinra is used in patients with renal impairment. A
study? in patients with varying degrees of renal function indicat-
ed that no dosage adjustment was needed for anakinra in patients
with mild or moderate renal impairment but dosage on alternate
days appeared advisable in those with severe renal impairment.
US licensed product information also recommends alternate-day
dosing in patients with severe impairment or end-stage disease
(creatinine clearance less than 30 mL/minute). However, in the
UK, licensed product information contra-indicates use in those
with this degree of impairment.
Dialysis does not affect anakinra concentrations to any signifi-
cant degree.
1. Yang B-B, et al. Pharmacokinetics of anakinra in subjects with
different levels of renal function. Clin Pharmacol Ther 2003; 74:
85-94.

Familial Mediterranean fever. For mention of anakinra hav-
ing been tried in familial Mediterranean fever, see p.557.

Rheumatoid arthritis. In the UK, anakinra is licensed for the
treatment of rheumatoid arthritis (p.11) in patients with an inad-
equate response to methotrexate alone; however, NICE does not
recommend its use except in the context of a controlled, long-
term clinical study.

References.

1. Bresnihan B, et al. Treatment of rheumatoid arthritis with re-
combinant human interleukin-1 receptor antagonist. Arthritis
Rheum 1998; 41: 2196-2204.
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ticenter, randomized, double-blind, placebo-controlled trial. Ar-
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man interleukin-1 receptor antagonist) in patients with rheuma-
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Guidance 72 (issued November 2003). Available at:
http://www.nice.org.uk/nicemedia/pdf/TA072guidance.pdf (ac-
cessed 22/06/07)
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Preparations

Proprietary Preparations (details are given in Part 3)

Austral.: Kineret; Canad.: Kineret; Cz.: Kineret; Denm.: Kineret; Fin.: Ki-
neret; Fr.: Kineret; Ger.: Kineret; Gr.: Kineret; Irl.: Kineret; Ital.: Kineret;
Neth.: Kineret; Norw.: Kineret; Pol.: Kineret; Port.: Kineret; Spain: Kiner-
et; Swed.: Kineret; UK: Kineret; USA: Kineret.
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Anileridine (BAN, iNN)

Anileridiini; Anileridin; Anileridina; Aniléridine; Anileridinum. Ethyl
|-(4-aminophenethyl)-4-phenylpiperidine-4-carboxylate.
AHUAEPUANH

CyHeN,O, = 352.5.

CAS — 144-14-9.

ATC — NOIAHOS.

ATC Vet — QNOIAHOS.

H,N

Pharmacopoeias. In US.

USP 31 (Anileridine). A white to yellowish-white, odourless or
practically odourless, crystalline powder. When exposed to light
and air it oxidises and darkens in colour. It exhibits polymor-
phism, and of two crystalline forms observed, one melts at about
80° and the other at about 89°. Very slightly soluble in water; sol-
uble 1 in 2 of alcohol and 1 in 1 of chloroform; soluble in ether
but solutions may be turbid. Store in airtight containers. Protect
from light.

Anileridine Hydrochloride BANM, iNNM)

Aniléridine, Chlorhydrate d'; Anileridini Hydrochloridum; Hidro-
cloruro de anileridina.

AHnaepuanHa MapoxAopuA,

CyoH2gN,0,,2HCI = 425.4,

CAS — 126-12-5.

Pharmacopoeias. In US.

USP 31 (Anileridine Hydrochloride). A white or nearly white
odourless crystalline powder. Soluble 1 in 5 of water and 1 in 80
of alcohol; practically insoluble in chloroform and in ether. pH of
a 5% solution in water is 2.5 to 3.0. Store in airtight containers.
Protect from light.

Anileridine Phosphate AN, iNNM)

Aniléridine, Phosphate d'; Anileridini Phosphas; Fosfato de anile-
ridina.

AHnrepranHa Qocdat

CyH2N, O, H3PO, = 450.5.

CAS — 4268-37-5.

Profile

Anileridine, a phenylpiperidine derivative, is an opioid analgesic
(p.101) chemically related to pethidine (p.113) and with similar
actions. It has been used as the hydrochloride in the management
of moderate to severe pain. Anileridine has also been given by
injection as the phosphate.

Preparations

USP 31: Anileridine Hydrochloride Tablets; Anileridine Injection.

Aspirin gy

Acetilsalicllico, dcido; Acetilsalicilo rugstis; Acetilszalicilsav; Ace-
tylsal. Acid; Acetylsalicylic Acid; Acetylsalicylsyra; Acide acétylsal-
icylique; Acidum acetylsalicylicum; Asetilsalisilik Asit; Asetyylisal-
isyylihappo; Kwas acetylosalicylowy; Kyselina acetylsalicylovd; Pol-
opiryna; Salicylic Acid Acetate. O-Acetylsalicylic acid; 2-Acetoxy-
benzoic acid.

AcnnpuH
CoHgO4 = 180.2.
CAS — 50-78-2.

ATC — AOIADOS5; BOIACO6; NO2BAO|.
ATC Vet — QAOIADOS5; QBOTACO6; QNO2BAO .

COOH

©/O\([)]/CH3

NoTE. The use of the name Aspirin is limited; in some countries

it is a trade-mark.

Compounded preparations of aspirin may be represented by the

following names:

« Co-codaprin (BAN)—aspirin 50 parts and codeine phosphate
1 part (w/w)

 Co-codaprin (PEN)—aspirin and codeine phosphate.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and

Viet.

Ph. Eur. 6.2 (Acetylsalicylic Acid; Aspirin BP 2008). White or al-

most white, crystalline powder or colourless crystals. Slightly

soluble in water; freely soluble in alcohol. Store in airtight con-

tainers.

USP 31 (Aspirin). White crystals, commonly tubular or needle-

like, or white crystalline powder; odourless or has a faint odour.

Is stable in dry air; in moist air it gradually hydrolyses to salicylic

and acetic acids. Soluble 1 in 300 of water, 1 in 5 of alcohol, 1 in

17 of chloroform, and 1 in 10 to 15 of ether; sparingly soluble in

absolute ether. Store in airtight containers.

Adverse Effects and Treatment

Aspirin has many properties in common with the non-
aspirin NSAIDs, the adverse effects of which are de-
scribed on p.96.

The most common adverse effects of therapeutic doses
of aspirin are gastrointestinal disturbances such as nau-
sea, dyspepsia, and vomiting. Gastrointestinal symp-
toms may be minimised by giving aspirin with food.
Irritation of the gastric mucosa with erosion, ulcera-
tion, haematemesis, and melaena may occur. Hista-
mine H,-antagonists, proton pump inhibitors, and
prostaglandin analogues such as misoprostol may be
used in the management of NSAID-induced ulceration
(see Peptic Ulcer Disease, p.1702), including that
caused by aspirin. Slight blood loss, which is often
asymptomatic, may occur in about 70% of patients; it
is not usually of clinical significance but may, in a few
patients, cause iron-deficiency anaemia during long-
term therapy. Such occult blood loss is not affected by
giving aspirin with food but may be reduced by use of
enteric-coated or other modified-release tablets, H,-
antagonists, or high doses of antacids. Major upper
gastrointestinal bleeding occurs rarely.

Some persons, especially those with asthma, chronic
urticaria, or chronic rhinitis, exhibit notable hypersen-
sitivity to aspirin (see also below), which may provoke
reactions including urticaria and other skin eruptions,
angioedema, rhinitis, and severe, even fatal, paroxys-
mal bronchospasm and dyspnoea. Persons sensitive to
aspirin often exhibit cross-sensitivity to other NSAIDs.

Aspirin increases bleeding time, decreases platelet ad-
hesiveness, and, in large doses, can cause hypopro-
thrombinaemia. It may cause other blood disorders, in-
cluding thrombocytopenia.

Aspirin and other salicylates may cause hepatotoxicity,
particularly in patients with juvenile idiopathic arthritis
or other connective tissue disorders. In children the use
of aspirin has been implicated in some cases of Reye’s
syndrome, leading to severe restrictions on the indica-
tions for aspirin therapy in children. For further details
see under Reye’s Syndrome, below.
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Aspirin given rectally may cause local irritation;
anorectal stenosis has been reported.

Mild chronic salicylate intoxication, or salicylism, usu-
ally occurs only after repeated use of large doses. Sali-
cylism can also occur following excessive topical ap-
plication of salicylates. Symptoms include dizziness,
tinnitus, deafness, sweating, nausea and vomiting,
headache, and confusion, and may be controlled by re-
ducing the dosage. Tinnitus can occur at the plasma
concentrations of 150 to 300 micrograms/mL required
for optimal anti-inflammatory activity; more serious
adverse effects occur at concentrations above
300 micrograms/mL. Symptoms of more severe intox-
ication or of acute poisoning following overdosage in-
clude hyperventilation, fever, restlessness, ketosis, and
respiratory alkalosis and metabolic acidosis. Depres-
sion of the CNS may lead to coma; cardiovascular col-
lapse and respiratory failure may also occur. In chil-
dren drowsiness and metabolic acidosis commonly
occur; hypoglycaemia may be severe.

In acute oral salicylate overdosage the UK National
Poisons Information Service recommends that repeat-
ed oral doses of activated charcoal be given if the pa-
tient is suspected of ingesting more than 125 mg/kg of
salicylate within 1 hour of presentation. Activated
charcoal not only prevents the absorption of any sali-
cylate remaining in the stomach but also aids the elim-
ination of any that has been absorbed.

Measurement of plasma-salicylate concentration
should be carried out in patients who have ingested
more than 125 mg/kg of salicylate, although the sever-
ity of poisoning cannot be estimated from plasma con-
centrations alone. Absorption of aspirin can be delayed
by reduced gastric emptying, formation of concretions
in the stomach, or as a result of ingestion of enteric-
coated preparations. In consequence, plasma concen-
trations should be measured at least 2 hours (sympto-
matic patients) or 4 hours (asymptomatic patients) after
ingestion and repeated 2 hours later. Patients who over-
dose with enteric preparations require continual moni-
toring of plasma concentrations.

Fluid and electrolyte management is essential to cor-
rect acidosis, hyperpyrexia, hypokalaemia, and dehy-
dration. Intravenous sodium bicarbonate is given to
enhance urinary salicylate excretion if plasma salicy-
late concentrations exceed 500 micrograms/mL
(350 micrograms/mL in children under 5 years).
Haemodialysis or haemoperfusion are also effective
methods of removing salicylate from the plasma. The
BNF considers haemodialysis the method of choice in
severe poisoning; it should be seriously considered
when the plasma salicylate concentration is more than
700 micrograms/mL or if there is severe metabolic
acidosis. Vulnerable patients such as children or the
elderly may require dialysis at an earlier stage.

¢ References to salicylate toxicity and its management.

1. Notarianni L. A reassessment of the treatment of salicylate poi-
soning. Drug Safety 1992; 7: 292-303.

Woods D, et al. Acute toxicity of drugs: salicylates. Pharm J
1993; 250: 576-8.

Collee GG, Hanson GC. The management of acute poisoning. Br
J Anaesth 1993; 70: 562-73.

Watson JE, Tagupa ET. Suicide attempt by means of aspirin en-
ema. Ann Pharmacother 1994; 28: 467-9.

Dargan PI, et al. An evidence based flowchart to guide the man-
agement of acute salicylate (aspirin) overdose. Emerg Med J
2002; 19: 206-9.

Rivera W, et al. Delayed salicylate toxicity at 35 hours without
early manifestations following a single salicylate ingestion. Ann
Pharmacother 2004; 38: 1186-8. Correction. ibid. 2006; 40:
999.

Effects on the blood. Although it has beneficial effects on
platelets, aspirin can cause adverse blood effects. An indication
of this toxicity is given by an early reference! to reports submit-
ted to the UK CSM. There were 787 reports of adverse reactions
to aspirin reported to the CSM between June 1964 and January
1973. These included 95 reports of blood disorders (17 fatal) in-
cluding thrombocytopenia (26; 2 fatal), aplastic anaemia (13; 7
fatal), and agranulocytosis or pancytopenia (10; 2 fatal). Aspirin
has also been associated with haemolytic anaemia in patients
with G6PD deficiency.?
1. Cuthbert MF. Adverse reactions to non-steroidal antirheumatic
drugs. Curr Med Res Opin 1974; 2: 600-9.
2. Magee P, Beeley L. Drug-induced blood dyscrasias. Pharm J
1991; 246: 396-7.
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Effects on the cardiovascular system. Salicylate poisoning
may result in cardiovascular collapse but details of such cases
have not been widely reported. In 2 patients with salicylate intox-
ication asystole developed after intravenous diazepam.! It was
suggested that diazepam-induced respiratory depression affected
the acid-base balance so that the concentration of non-ionised
membrane-penetrating fraction of salicylate was increased. Fatal
aspirin intoxication in a 5-year-old child was marked by hypo-
tension and rapidly progressive cardiac symptoms including
ventricular tachycardia and AV block.? Extensive myocardial
necrosis was found at autopsy.

For reference to the effects of aspirin on blood pressure com-

pared with other NSAIDs, see p.96.

1. Berk WA, Andersen JC. Salicylate-associated asystole: report of
two cases. Am J Med 1989; 86: 505-6.

2. Pefia-Alonso YR, et al. Aspirin intoxication in a child associated
with myocardial necrosis: is this a drug-related lesion? Pediatr
Dev Pathol 2003; 6: 342-7.

Effects on the gastrointestinal tract. Clinical and epidemi-
ological evidence suggests that aspirin produces dose-related
gastrointestinal toxicity*? that is sometimes, but rarely, fatal.?
Meta-analysis® suggests that the risk of gastrointestinal bleeding
is not significantly lowered with the use of oral low-dose aspirin
(less than 300 mg daily). A systematic review” of observational
epidemiologic studies also concurred with this finding. More re-
cently, a systematic review® of randomised, controlled studies
found that although low-dose aspirin (up to 325 mg daily) in-
creased the risk of major bleeding including gastrointestinal
bleeding by twofold when compared to placebo, the actual risk
of bleeding was modest; for every 833 patients taking low-dose
aspirin for cardiovascular prophylaxis only 1 additional major
bleeding episode will occur annually. In another, population-
based study,® the annual excess risk of upper gastrointestinal
complications was about an extra 5 cases per 1000 patients; how-
ever, the excess risk varied with underlying gastrointestinal risk
factors such as old age and might exceed an extra 10 cases per
1000 patients in a higher risk group comprising over 10% of as-
pirin users. It has been suggested that very small doses of aspirin
can produce prophylactic benefits in cardiovascular disease
without the risk of gastrointestinal toxicity,” although others have
reported gastric injury even with doses of 10 mg daily.
There appears to be no convincing evidence that the risk of major
gastrointestinal bleeding associated with a 75-mg dose is re-
duced by using enteric-coated or modified-release formulations
rather than soluble aspirin,3* although individual studies have
reported a reduction in acute mucosal injury with enteric coat-
ing.X® All known NSAIDs have the potential for causing acute
damage to the gastric mucosa (see p.97), and comparative stud-
ies of acute gastric mucosal damage caused by such drugs con-
sistently associate aspirin with the most severe lesions.! Gastric
mucosal injury can occur even with cutaneous application.™*

1. Graham DY, Smith JL. Aspirin and the stomach. Ann Intern

Med 1986; 104: 390-8.

Roderick PJ, et al. The gastrointestinal toxicity of aspirin: an

overview of randomised controlled trials. Br J Clin Pharmacol

1993; 35: 219-26.

Derry S, Loke YK. Risk of gastrointestinal haemorrhage with

long term use of aspirin: meta-analysis. BMJ 2000; 321:

1183-7.

. Garcia Rodriguez LA, et al. Association between aspirin and
upper gastrointestinal complications: systematic review of epi-
demiologic studies. Br J Clin Pharmacol 2001; 52: 563-71.
McQuaid KR, Laine L. Systematic review and meta-analysis of
adverse events of low-dose aspirin and clopidogrel in rand-
omized controlled trials. Am J Med 2006; 119: 624-38.
Hernandez-Diaz S, Garcia Rodriguez LA. Cardioprotective as-
pirin users and their excess risk of upper gastrointestinal com-
plications. BMC Med 2006; 4: 22. Available at:
http://www.biomedcentral.com/content/pdf/1741-7015-4-22.pdf
(accessed 11/12/06)

Lee M, et al. Dose effects of aspirin on gastric prostaglandins
and stomach mucosal injury. Ann Intern Med 1994; 120: 184-9.
Cryer B, Feldman M. Effects of very low dose daily, long-term
aspirin therapy on gastric, duodenal, and rectal prostaglandin
levels and on mucosal injury in healthy humans. Gastroenterol-
ogy 1999; 117: 17-25.

Anonymous. Which prophylactic aspirin? Drug Ther Bull 1997;
35: 7-8.

. Cole AT, et al. Protection of human gastric mucosa against as-
pirin—enteric coating or dose reduction? Aliment Pharmacol
Ther 1999; 13: 187-93.

. Cryer B, et al. Effects of cutaneous aspirin on the human stom-
ach and duodenum. Proc Assoc Am Physicians 1999; 111:
448-56.

Effects on hearing. Studies have shown that tinnitus develops
at serum-salicylate concentrations above 200 micrograms/mL.
However, there appears to be considerable intersubject variation
in the response of the ear to salicylate;? tinnitus may occur at
lower concentrations, whereas patients with pre-existing hearing
loss may not experience tinnitus despite serum-salicylate con-
centrations of 311 to 677 micrograms/mL.* A graded increase in
intensity of ototoxicity with increasing salicylate dose and
plasma concentration has been demonstrated.? For example, at
an average total plasma-salicylate concentration of
110 micrograms/mL, the hearing loss at any given frequency
was about 12 decibels; such a deficit might be relevant to patients
with pre-existing hearing impairment.2

Mongan E, et al. Tinnitus as an indication of therapeutic serum
salicylate levels. JAMA 1973; 226: 142-5.

2. Day RO, et al. Concentration-response relationships for sali-

cylate-induced ototoxicity in normal volunteers. Br J Clin Phar-
macol 1989; 28: 695-702.
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Effects on the kidneys. Although abuse of combined analge-

sic preparations containing aspirin has been implicated in the de-

velopment of analgesic nephropathy, kidney damage associated

with the therapeutic use of aspirin alone appears to be compara-

tively rare. Many studies have failed to find an increased risk of

renal damage in patients taking aspirin.>®

. New Zealand Rheumatism Association Study. Aspirin and the
kidney. BMJ 1974; 1: 593-6.

. Walker BR, et al. Aspirin and renal function. N Engl J Med 1977;
297: 1405.

. Akyol SM, et al. Renal function after prolonged consumption of
aspirin. BMJ 1982; 284: 631-2.

. Bonney SL, et al. Renal safety of two analgesics used over the
counter: ibuprofen and aspirin. Clin Pharmacol Ther 1986; 40:

. Sandler DP, et al. Analgesic use and chronic renal disease. N
Engl J Med 1989; 320: 1238-43.

. Pommer W, et al. Regular analgesic intake and the risk of end-
stage renal failure. Am J Nephrol 1989; 9: 403-12.

. Dubach UC, et al. An epidemiologic study of abuse of analgesic
drugs: effects of phenacetin and salicylate on mortality and car-
diovascular morbidity (1968 to 1987). N Engl J Med 1991; 324:
155-60.

. Perneger TV, et al. Risk of kidney failure associated with the use
of acetaminophen, aspirin, and nonsteroidal antiinflammatory
drugs. N Engl J Med 1994; 331: 1675-9.

9. Rexrode K, et al. Analgesic use and renal function in men. JAMA

2001, 286: 315-21.

Effects on the liver. Aspirin-induced hepatic injury is general-
ly mild and manifests as a mild to moderate elevation in ami-
notransferase values; however, there is a risk of severe liver inju-
ry.! One review? reported an increase in aminotransferase values
in 59 of 439 patients given aspirin; the increase was considered
to be probably related to aspirin in 23. Hepatotoxicity appears to
be correlated with serum-salicylate concentrations greater than
150 micrograms/mL and with active rheumatoid disease. Aspi-
rin-induced liver injury is usually reversible on stopping the
drug.?
See also under Reye’s Syndrome, below.
1. Lewis JH. Hepatic toxicity of nonsteroidal anti-inflammatory
drugs. Clin Pharm 1984; 3: 128-38.
2. Freeland GR, et al. Hepatic safety of two analgesics used over
the counter: ibuprofen and aspirin. Clin Pharmacol Ther 1988;
43: 473-9.

Effects on the mouth. Aspirin burn (ulceration of the mucosal

layer of the lips) developed in a 26-year-old woman after taking

an aspirin-containing powder for a migraine.* The woman had

swallowed the powder undissolved rather than adding to water.

1. Dellinger TM, Livingston HM. Aspirin burn of the oral cavity.
Ann Pharmacother 1998; 32: 1107.

Hypersensitivity. The main clinical features of patients who
have aspirin hypersensitivity include middle-age, female sex, di-
agnoses of asthma or rhinitis, a personal or family history of ato-
py, and a history of nasal polyps.? Aspirin sensitivity occurring
with asthma and nasal polyps has been referred to in some re-
ports as the “aspirin triad’. Other sensitivities often found con-
comitantly include allergy to food dyes such as tartrazine and to
drugs such as other NSAIDs.
The prevalence of aspirin-induced asthma can vary according to
the method used to measure it. A systematic review® calculated
the prevalence of aspirin-induced asthma to be 21% in the gen-
eral adult asthma population and 5% in children when deter-
mined by oral provocation testing. However, when based on
medical history alone it was only 2.7% in adults and 2% in chil-
dren. In another study* using data from patient questionnaires the
prevalence of aspirin-induced asthma was 10 to 11% in patients
with asthma and 2.5% in non-asthmatics.
There is considerable cross-reactivity between aspirin and other
NSAIDs and it is generally recommended that patients who have
had a hypersensitivity reaction to aspirin or any other NSAID
should avoid all NSAIDs. In a systematic review® cross-sensitiv-
ity to other NSAIDs (ibuprofen, diclofenac, and naproxen) oc-
curred in over 90% of those patients with aspirin-induced asth-
ma. Paracetamol is usually safe in patients sensitive to aspirin
and cross-sensitivity to paracetamol has been calculated as about
7%.% Based on these figures, it is considered that less than 2% of
asthmatic patients would be likely to react to both paracetamol
and aspirin.
The response to individual NSAIDs is believed to be closely
linked to the extent to which they inhibit prostaglandin synthe-
sis.5® There may be a dose threshold below which no detectable
symptoms occur and patients who may be tolerant of regular
low-dose aspirin can develop symptoms when they take larger
doses.® Some® use a formal challenge with a 300-mg oral dose of
aspirin to confirm a diagnosis of NSAID sensitivity but others’
consider this to be a dangerous technique and use inhalation of
lysine aspirin which they consider to be a safer and more predict-
able alternative. Intranasal challenge with lysine aspirin has also
been used.®®

1. Kwoh CK, Feinstein AR. Rates of sensitivity reactions to aspi-
rin: problems in interpreting the data. Clin Pharmacol Ther
1986; 40: 494-505.

. Schiavino D, et al. The aspirin disease. Thorax 2000; 55 (suppl
2): S66-S69.

. Jenkins C, et al. Systematic review of prevalence of aspirin in-
duced asthma and its implications for clinical practice. BMJ
2004; 328: 434-7.

. Vally H, et al. The prevalence of aspirin intolerant asthma (AIA)
in Australian asthmatic patients. Thorax 2002; 57: 569-74.
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5. Power I. Aspirin-induced asthma. Br J Anaesth 1993; 71:
619-21.
6. Frew A. Selected side-effects: 13. non-steroidal anti-inflamma-

tory drugs and asthma. Prescribers’ J 1994; 34: 74-7.

. Davies BH. NSAIDs and asthma. Prescribers’ J 1994; 34:
163-4.

. Casadevall J et al. Intranasal challenge with aspirin in the diag-
nosis of aspirin intolerant asthma: evaluation of nasal response
by acoustic rhinometry. Thorax 2000; 55: 921-4.

. Alonso-Llamazares A, et al. Nasal provocation test (NPT) with
aspirin: a sensitive and safe method to diagnose aspirin-induced
asthma (AIA). Allergy 2002; 57: 632-5.
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DESENSITISATION. Successful desensitisation has been

achieved using oral aspirin challenge protocols.® Incremen-

tal doses of aspirin (traditionally starting at 30 mg) are given

until an allergic response occurs; aspirin is readministered at

the dose that caused the response and again incremental doses

are given until finally a 650-mg dose is tolerated.!? After

desensitisation, an interruption of continuous aspirin dosage

results in the reappearance of sensitivity.

. Asad SI, et al. Effect of aspirin in “aspirin sensitive" patients.
BMJ 1984; 288: 745-8.

. Stevenson DD. Desensitization of aspirin-sensitive asthmatics: a
therapeutic alternative? J Asthma 1983; 20: 31-8.

. Gollapudi RR, et al. Aspirin sensitivity: implications for patients

with coronary artery disease. JAMA 2004; 292: 3017-23.

Cormican LJ, et al. Improvements in an oral aspirin challenge

protocol for the diagnosis of aspirin hypersensitivity. Clin Exp

Allergy 2005; 35: 717-22.

. Pfaar O, Klimek L. Aspirin desensitization in aspirin intoler-
ance: update on current standards and recent improvements.
Curr Opin Allergy Clin Immunol 2006; 6: 161-6.
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Hypoglycaemia. A review of the literature! on drug-induced
hypoglycaemia highlighted the fact that overdosage with sali-
cylates could produce hypoglycaemia in children. Although
therapeutic doses of salicylates in adults can lower blood-glucose
concentrations in diabetic and non-diabetic subjects alike, opin-
ion on the clinical significance of this effect varies. Salicylates
have been implicated in a few cases of hypoglycaemia in adults
and some? suggest that patients with renal impairment or those
receiving large doses, such as in the treatment of rheumatoid ar-
thritis, may be at risk. Hypoglycaemia has been reported in a pa-
tient with renal failure after excessive application of a topical
preparation containing salicylic acid.®
. Seltzer HS. Drug-induced hypoglycemia: a review of 1418 cas-
es. Endocrinol Metab Clin North Am 1989; 18: 163-83.
. Pandit MK, et al. Drug-induced disorders of glucose tolerance.
Ann Intern Med 1993; 118: 529-39.
. Raschke R, et al. Refractory hypoglycemia secondary to topical
salicylate intoxication. Arch Intern Med 1991; 151: 591-3.
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Reye’s syndrome. Reye’s syndrome is a disorder characterised
by acute encephalopathy and fatty degeneration of the liver. It
occurs almost exclusively in young children although cases have
been seen! in patients over the age of 12. Many factors may be
involved in its aetiology but it typically occurs after a viral infec-
tion such as chickenpox or influenza and may be precipitated by
a chemical trigger. Several large studies, as well as individual
case reports, have found a link between Reye’s syndrome and the
prior ingestion of aspirin.® The evidence for other salicylates
could not be adequately evaluated.* Although the role of aspirin
and possibly other salicylates in the pathogenesis of Reye’s syn-
drome remains to be determined, the use of aspirin and other
acetylated salicylates as analgesics or antipyretics is generally
considered contra-indicated in children under the age of 12 years
and, in some countries, in teenagers. For example, the UK CSM
has recommended that all children under 16 should not take as-
pirin.” (This advice superseded their earlier recommendations to
avoid aspirin during fever or viral infection in children under 16
years; the Committee felt that this advice was too complex for
products on general sale and, given the wide availability of other
analgesic preparations, there was no need to expose this age
group to any risk.) Some countries also extend these recommen-
dations to non-acetylated salicylates. One group of workers? who
re-examined some of the original studies suggested that there
might also be a link between Reye’s syndrome and the use of
antiemetics, phenothiazines, and some other antihistamines, but
their conclusions have been criticised.® More recently, others'®
have suggested that Reye’s syndrome was caused by a viral mu-
tation or the result of misdiagnoses of metabolic disorders but
again these conclusions have been questioned.5

1. Hall SM, Lynn R. Reye’s syndrome. N Engl J Med 1999; 341:

845-6.
. Waldman RJ, et al. Aspirin as a risk factor in Reye’s syndrome.
JAMA 1982; 247: 3089-94.

Halpin TJ, et al. Reye’s syndrome and medication use. JAMA
1982; 248: 687-91.

Hurwitz ES, et al. Public health service study of Reye’s syn-
drome and medications: report of the main study. JAMA 1987;
257: 1905-11.

Hall SM, et al. Preadmission antipyretics in Reye’s syndrome.
Arch Dis Child 1988; 63: 857-66.
Glasgow JFT. Reye’s syndrome: the case for a causal link with
aspirin. Drug Safety 2006; 29: 1111-21.

MHRA. Aspirin and Reye’s syndrome: questions and answers
(issued 4th April, 2003). Available at:
http://www.mhra.gov.uk/home/idcplg?ldcService=GET_
FILE&dDocName=CONO019512&RevisionSelectionMethod=
LatestReleased (accessed 29/11/06)
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8. Casteels-Van Daele M, Eggermont E. Reye’s syndrome. BMJ
1994; 308: 919-20.

9. Hall SM. Reyessyndrome BMJ 1994; 309: 411.

10. Orlowski JP, et al. Is aspirin a cause of Reye’s syndrome? A
case against. Drug Safety 2002; 25: 225-31.

11. Waller P, Suvarna R. Is aspirin a cause of Reye’s syndrome?
Drug Safety 2004; 27: 71-3.

Precautions

Aspirin has many properties in common with the non-
aspirin NSAIDs, the precautions of which are de-
scribed on p.98.

Aspirin should be used cautiously, if at all, in patients
prone to dyspepsia or known to have a lesion of the
gastric mucosa. It should not be given to patients with
haemophilia or other haemorrhagic disorders, nor to
treat patients with gout (since low doses increase urate
concentrations).

Aspirin should be used with caution in patients with
asthma or allergic disorders. It should not be given to
patients with a history of sensitivity reactions to aspirin
or other NSAIDs, including those in whom attacks of
asthma, angioedema, urticaria, or rhinitis have been
precipitated by such drugs (for further details of risk
factors see Hypersensitivity under Adverse Effects,
above).

Caution is necessary when renal or hepatic function is
impaired; aspirin should be avoided in severe renal or
hepatic impairment. Aspirin should be used cautiously
in dehydrated patients and in the presence of uncon-
trolled hypertension.

High doses may precipitate acute haemolytic anaemia
in patients with G6PD deficiency. Aspirin may inter-
fere with insulin and glucagon control in diabetics (see
Hypoglycaemia under Adverse Effects, above).

The use of aspirin in children is extremely limited be-
cause of the risk of Reye’s syndrome (see under Ad-
verse Effects, above, and under Uses and Administra-
tion, below).

Although low-dose aspirin might be used in some
pregnant patients, analgesic doses of aspirin should not
be used at term as they may be associated with delayed
onset and prolongation of labour and with maternal and
neonatal bleeding. High doses may cause closure of fe-
tal ductus arteriosus in utero and possibly persistent
pulmonary hypertension in the newborn (but see Preg-
nancy, below); kernicterus may occur in jaundiced neo-
nates.

Continuous prolonged use of aspirin should be avoided
in the elderly because of the risk of gastrointestinal
bleeding.

Aspirin should be stopped several days before sched-
uled surgical procedures (see below).

Aspirin and other salicylates can interfere with thyroid
function tests.

Breast feeding. The American Academy of Pediatrics! consid-
ers that salicylates should be given with caution to breast-feeding
mothers, since aspirin has been associated with metabolic acido-
sis in the infant.2 The BNF also recommends that aspirin should
be avoided in breast-feeding mothers because of the possible risk
of Reye’s syndrome in nursing infants; they also advise that in-
fants with neonatal vitamin K deficiency may be at risk of hypo-
prothrombinaemia after the regular use of high doses of aspirin
in breast-feeding mothers. However, a prospective study® found
no adverse effects in 15 breast-fed infants whose mothers were
receiving aspirin.

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776-89.
Correction. ibid.; 1029. Also available at:
http://aappolicy.aappublications.org/cgi/content/full/
pediatrics%3b108/3/776 (accessed 23/11/06)

. Clark JH, Wilson WG. A 16-day-old breast-fed infant with met-
abolic acidosis caused by salicylate. Clin Pediatr (Phila) 1981;
20: 53-4.

. Ito S, et al. Prospective follow-up of adverse reactions in breast-
fed infants exposed to maternal medication. Am J Obstet Gyne-
col 1993; 168: 1393-9.

Pregnancy. The potential adverse effects of aspirin when used
during pregnancy have been reviewed. Salicylates readily cross
the placenta and have been shown to be teratogenic in animals.
Although some studies and anecdotal reports have implicated as-
pirin in the formation of congenital abnormalities, most large
studies?* have failed to find any significant risk or evidence of
teratogenicity. Analysis of data collected by the Slone Epidemi-
ology Unit Birth Defects Study suggests that use of aspirin dur-
ing the early months of pregnancy, when the fetal heart is devel-
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oping, is not associated with an increased risk of cardiac defects.?

The ability of aspirin, however, to alter platelet function may be

a potential risk. There have been a few reports of haemorrhagic

disorders in infants whose mothers had consumed aspirin during

pregnancy® and of salicylate-associated haemorrhagic complica-
tions in mothers.” However, no clinically significant adverse ef-
fects on maternal or neonatal bleeding or on fetal ductus flow
were reported in a meta-analysis® of 6 controlled studies which
evaluated low-dose aspirin (less than 325 mg daily) in pregnan-
cy-induced hypertension. Two more recent placebo-controlled
studies®° have also observed no clinically significant adverse
effects on neonatal bleeding with low-dose aspirin. It appeared
that the degree of cyclo-oxygenase inhibition produced by aspi-
rin was unlikely to be great enough to cause premature closure of
the ductus arteriosus or to affect the pulmonary blood vessels.*

See also under Surgical Procedures, below. However, in some

studies in patients considered to have high-risk pregnancies the

risk of abruptio placentae™ or consequent perinatal death*? was

increased by maternal dosage with aspirin. For reference to a

possible association between aspirin and other NSAIDs and per-

sistent pulmonary hypertension of the newborn, see under

NSAIDs, p.99.

Although aspirin has the potential to inhibit uterine contractions

of labour it was considered that intermittent or low-dose aspirin

was unlikely to inhibit cyclo-oxygenase for long enough to pro-
long pregnancy or labour.!

. de Swiet M, Fryers G. The use of aspirin in pregnancy. J Obstet

Gynaecol 1990; 10: 467-82.

Slone D, et al. Aspirin and congenital malformations. Lancet

1976; 1: 1373-5.

Shapiro S, et al. Perinatal mortality and birth-weight in relation

to aspirin taken during pregnancy. Lancet 1976; i: 1375-6.

Winship KA, et al. Maternal drug histories and central nervous

system anomalies. Arch Dis Child 1984; 59: 1052-60.

Werler MM, et al. The relation of aspirin use during the first

trimester of pregnancy to congenital cardiac defects. N Engl J

Med 1989; 321: 1639-42.

Bleyer WA, Breckenridge RT. Studies on the detection of ad-

verse drug reactions in the newborn IlI: the effects of prenatal

aspirin on newborn hemostasis. JAMA 1970; 213: 2049-53.

Collins E, Turner G. Maternal effects of regular salicylate inges-

tion in pregnancy. Lancet 1975; ii: 335-7.

. Imperiale TF, Petrulis AS. A meta-analysis of low-dose aspirin
for the prevention of pregnancy-induced hypertensive disease.
JAMA 1991; 266: 261-4.

Louden KA, et al. Neonatal platelet reactivity and serum throm-
boxane B production in whole blood: the effect of maternal low
dose aspirin. Br J Obstet Gynaecol 1994; 101: 203-8.

. Dasari R, et al. Effect of maternal low dose aspirin on neonatal
platelet function. Indian Pediatr 1998; 35: 507-11.

Sibai BM, et al. Prevention of preeclampsia with low-dose as-

pirin in healthy, nulliparous pregnant women. N Engl J Med

1993; 329: 1213-18

. Hamid R, et al. Low dose aspirin in women with raised maternal
serum alpha-fetoprotein and abnormal Doppler waveform pat-
terns from the uteroplacental circulation. Br J Obstet Gynaecol
1994; 101: 481-4.

Resistance. Some patients given aspirin for the management of

cardiovascular disease do not respond to treatment, a phenome-

non that has been described as aspirin resistance. At present, as-
pirin resistance is poorly understood and further studies are need-
ed to define it.
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Surgical procedures. Aspirin prolongs bleeding time, mainly
by inhibiting platelet aggregation. This effect is irreversible and
new platelets must be released into the circulation before bleed-
ing time can return to normal. Therefore aspirin therapy should
be stopped several days before surgical procedures. In some clin-
ical situations, aspirin may have been given shortly before a sur-
gical procedure. When emergency coronary bypass surgery is re-
quired for myocardial infarction, most patients would have
received aspirin as part of the initial treatment for infarction.
Perioperative bleeding, transfusion requirements, and surgical
re-exploration rates may be increased when aspirin is given.:
However, some studies?3 have shown that the increase in bleed-
ing is not significant; in addition, there have been reports that
pre-operative aspirin may reduce the rate of perioperative myo-
cardial infarction (with aprotinin),* improve oxygenation,® and
even decrease mortality.3® Desmopressin may reduce the risk of
perioperative bleeding (see under Haemorrhagic Disorders,
p.2187).
Aspirin is sometimes given during the second and third trimester
for the prevention of pregnancy-induced hypertensive disease
(see under Hypertension, p.1171). Studies indicate that when
given in a dose of 325 mg daily or less, clinically significant ef-
fects on maternal or neonatal bleeding do not occur.” Some have
suggested that aspirin therapy may increase the risk of formation
of extradural haematoma thus making epidural anaesthesia
inadvisable® but a subsequent study® found that low-dose aspirin
during pregnancy did not increase the risk of bleeding complica-
tions during epidural anaesthesia.
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Patients on low-dose aspirin, in whom tourniquets are used for
nerve blocks or other procedures, may be at increased risk of de-
veloping purpuric rash.°

It has been suggested that in patients undergoing dermatologi-
cal,"* or minor dental'? surgery, aspirin need only be stopped be-
fore surgery in those patients with a prolonged bleeding time,
whereas patients with a normal bleeding time could continue
therapy.
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Interactions
Aspirin has many properties in common with the non-
aspirin NSAIDs, the interactions of which are de-
scribed on p.99.

Some of the effects of aspirin on the gastrointestinal
tract are enhanced by alcohol. Use of gold compounds
with aspirin may exacerbate aspirin-induced liver dam-
age.

Use of aspirin with dipyridamole may result in an in-
crease in plasma-salicylate concentrations. Drugs such
as metoclopramide in patients with migraine headache
result in earlier absorption of aspirin and higher peak
plasma-salicylate concentrations. Metoprolol may also
increase peak plasma-salicylate concentrations. Sali-
cylate intoxication has occurred in patients on high-
dose salicylate regimens and carbonic anhydrase inhib-
itors.

Plasma-salicylate concentrations may be reduced by
corticosteroids. This interaction is likely to be impor-
tant in patients receiving high-dose long-term sali-
cylate treatment. Conversely, salicylate toxicity may
occur if corticosteroids are withdrawn. Also the risk of
gastrointestinal bleeding and ulceration associated
with aspirin is increased when used with corticoster-
oids. Antacids may increase the excretion of aspirin in
alkaline urine.

Aspirin may increase the activity of coumarin antico-
agulants, sulfonylurea hypoglycaemic drugs, zafirlu-
kast, methotrexate, phenytoin, and valproate. Aspirin
diminishes the effects of uricosurics such as probene-
cid and sulfinpyrazone. The manufacturer of mifepris-
tone advises of a theoretical risk that prostaglandin
synthetase inhibition by aspirin or NSAIDs may alter
the efficacy of mifepristone.

Use of aspirin with other NSAIDs should be avoided
because of the increased risk of adverse effects; the car-
dioprotective effects of aspirin may be abolished by
ibuprofen and possibly other NSAIDS. Aspirin may
decrease the plasma concentration of some other
NSAIDs, for example, fenbufen, indometacin, and
piroxicam.

¢ References.
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ACE inhibitors. For a discussion of aspirin and other NSAIDs

reducing the activity of ACE inhibitors, see p.1197.

Antiepileptics. Aspirin may inhibit the metabolism of val-
proate; for further details, see Analgesics, p.510.

Antifungals. Plasma-salicylate concentrations in an 8-year-old
child receiving long-term aspirin therapy for rheumatic heart dis-
ease were markedly reduced when treatment with griseofulvin
was started.! It was suggested that griseofulvin might interfere
with absorption of aspirin.

1. Phillips KR, et al. Griseofulvin significantly decreases serum
salicylate concentrations. Pediatr Infect Dis J 1993; 12: 350-2.
Calcium-channel blockers. The antiplatelet effects of aspirin
and calcium-channel blockers may be increased when they are
used together; there have been isolated reports*? of disturbed
haemostasis including abnormal bruising, prolonged bleeding
times and ecchymosis in patients taking aspirin and verapamil

concurrently.

1. Ring ME, et al. Clinically significant antiplatelet effects of cal-
cium-channel blockers. J Clin Pharmacol 1986; 26: 719-20.

2. Verzino E, et al. Verapamil-aspirin interaction. Ann Pharmaco-
ther 1994; 28: 536-7.

General anaesthetics. For the effect of aspirin on thiopental

anaesthesia, see p.1796.

NSAIDs. It has been suggested that ibuprofen and possibly oth-
er NSAIDs may reduce the cardioprotective effect of aspirin. A
study® involving 7107 patients found that cardiovascular mortal-
ity was increased in patients taking low-dose aspirin for cardio-
vascular disease when also taking ibuprofen (adjusted hazard ra-
tio 1.73 times that of patients not taking ibuprofen). Another
study? found that although taking low-dose aspirin or NSAIDs
alone decreased the incidence of myocardial infarction, there
was a non-significant increase in the risk of myocardial infarc-
tion when both were taken. Another large study also found the
risk to be increased in those taking regular rather than intermit-
tent NSAID treatment with aspirin.® However, a study* involving
14 098 patients concluded that the risk of myocardial infarction
was reduced in patients taking ibuprofen with aspirin when com-
pared to those taking aspirin alone. Furthermore, a study® in
70 316 patients found that the risk of death in patients prescribed
aspirin and ibuprofen was comparable to that of patients pre-
scribed aspirin alone or with another NSAID.
The timing of doses may be important; a study® has shown that
irreversible platelet aggregation occurred when a single daily
dose of ibuprofen was given 2 hours after aspirin; however, when
ibuprofen was given before aspirin as a single daily dose or given
three times daily, platelet aggregation was reversible which may
limit the cardioprotective effects of aspirin.

There are limitations to all these studies and further studies are

needed before any recommendations can be made.”*

1. MacDonald TM, Wei L. Effect of ibuprofen on cardioprotective

effect of aspirin. Lancet 2003; 361: 573-4.

Kimmel SE, et al. The effects of nonselectlve non-aspirin non-
steroidal anti-inflammatory medications on the risk of nonfatal
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Coll Cardiol 2004; 43: 985-90.

Kurth T, et al. Inhibition of clinical benefits of aspirin on first
myocardial infarction by nonsteroidal antiinflammatory drugs.
Circulation 2003; 108: 1191-5.

Patel TN, Goldberg KC. Use of aspirin and ibuprofen compared
with aspirin alone and the risk of myocardial infarction. Arch
Intern Med 2004; 164: 852-6.

Curtis JP, et al. Aspirin, ibuprofen, and mortality after myocar-
dial infarction: retrospective cohort study. BMJ 2003; 327:
1322-3.

Catella-Lawson F, et al. Cyclooxygenase inhibitors and the an-
tiplatelet effects of aspirin. N Engl J Med 2001; 345: 1809-17.
Etminan M, Samii A. Effect of ibuprofen on cardioprotective
effect of aspirin. Lancet 2003; 361: 1558-9.

Kimmel SE, Strom BL. Giving aspirin and ibuprofen after my-
ocardial infarction. BMJ 2003; 327: 1298-9.

Curtis JP, Krumholz HM. The case for an adverse interaction
between aspirin and non-steroidal anti-inflammatory drugs: is it
time to believe the hype? J Am Coll Cardiol 2004; 43: 991-3.
. Cheema AA. Should people on aspirin avoid ibuprofen? A re-
view of the literature. Cardiol Rev 2004; 12: 174-6.

11. Corman SL, et al. Impact of nonsteroidal antiinflammatory
drugs on the cardioprotective effects of aspirin. Ann Pharmaco-
ther 2005; 39: 1073-9.

Spironolactone. For the effect of aspirin in patients taking

spironolactone, see p.1401.
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Pharmacokinetics

Aspirin and other salicylates are absorbed rapidly from
the gastrointestinal tract when taken orally but absorp-
tion after rectal doses is less reliable. Aspirin and other
salicylates can also be absorbed through the skin.
After oral doses, absorption of non-ionised aspirin oc-
curs in the stomach and intestine. Some aspirin is hy-
drolysed to salicylate in the gut wall. Once absorbed,
aspirin is rapidly converted to salicylate, but during the
first 20 minutes after an oral dose aspirin is the main
form of the drug in the plasma. Aspirin is 80 to 90%
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bound to plasma proteins and is widely distributed; its
volume of distribution is reported to be 170 mL/kg in
adults. As plasma-drug concentrations increase, the
binding sites on the proteins become saturated and the
volume of distribution increases. Both aspirin and sal-
icylate have pharmacological activity although only
aspirin has an anti-platelet effect. Salicylate is exten-
sively bound to plasma proteins and is rapidly distrib-
uted to all body parts. Salicylate appears in breast milk
and crosses the placenta.

Salicylate is mainly eliminated by hepatic metabolism;
the metabolites include salicyluric acid, salicyl phenol-
ic glucuronide, salicylic acyl glucuronide, gentisic
acid, and gentisuric acid. The formation of the major
metabolites, salicyluric acid and salicyl phenolic glu-
curonide, is easily saturated and follows Michaelis-
Menten kinetics; the other metabolic routes are first-
order processes. As a result, steady-state plasma-sali-
cylate concentrations increase disproportionately with
dose. After a 325-mg aspirin dose, elimination is a
first-order process and the plasma-salicylate half-life is
about 2 to 3 hours; at high aspirin doses, the half-life
increases to 15 to 30 hours. Salicylate is also excreted
unchanged in the urine; the amount excreted by this
route increases with increasing dose and also depends
on urinary pH, about 30% of a dose being excreted in
alkaline urine compared with 2% of a dose in acidic
urine. Renal excretion involves glomerular filtration,
active renal tubular secretion, and passive tubular rea-
bsorption.

Salicylate is removed by haemodialysis.

O References.

1. Needs CJ, Brooks PM. Clinical pharmacokinetics of the sali-
cylates. Clin Pharmacokinet 1985; 10: 164-77.

Uses and Administration

Aspirin is a salicylate NSAID and has many properties
in common with non-aspirin NSAIDs (p.99). Aspirin
and other salicylates have analgesic, anti-inflammato-
ry, and antipyretic properties; they act as inhibitors of
the enzyme cyclo-oxygenase, which results in the di-
rect inhibition of the biosynthesis of prostaglandins
and thromboxanes from arachidonic acid (see p.2374).
Aspirinalso inhibits platelet aggregation; non-acetylat-
ed salicylates do not.

Aspirin is used for the relief of mild to moderate pain
such as headache, dysmenorrhoea, myalgias, and den-
tal pain. It has also been used in the management of
pain and inflammation in acute and chronic rheumatic
disorders such as rheumatoid arthritis, juvenile idio-
pathic arthritis, osteoarthritis, and ankylosing spond-
ylitis. In the treatment of minor febrile conditions, such
as colds or influenza, aspirin can reduce temperature
and relieve headache and joint and muscle pains.
Aspirin is also used for its antiplatelet activity in the
initial treatment of cardiovascular disorders such as
angina pectoris and myocardial infarction and for the
prevention of cardiovascular events in patients at risk.
Other such uses include the treatment and prevention
of cerebrovascular disorders such as stroke. For further
details see under Antiplatelet Therapy, below.

Aspirin is usually taken by mouth. Gastric irritation
may be reduced by taking doses after food. Various
dosage forms are available including plain uncoated
tablets, buffered tablets, dispersible tablets, enteric-
coated tablets, and modified-release tablets. In some
instances aspirin may be given rectally by suppository.
The usual oral dose of aspirin as an analgesic and anti-
pyretic is 300 to 900 mg, repeated every 4 to 6 hours
according to clinical needs, to a maximum of 4 g daily.
The dose as suppositories is 450 to 900 mg every 4
hours to a maximum of 3.6 g daily.
Plasma-salicylate concentrations of 150 to
300 micrograms/mL are required for optimal anti-in-
flammatory activity (but see also Adverse Effects,
above). Doses need to be adjusted individually to
achieve optimum concentrations. Generally doses of
about 4 to 8 g daily in divided doses are used for acute

uptodate.co


http://www.myuptodate.com

24 Analgesics Anti-inflammatory Drugs and Antipyretics

rheumatic disorders such as rheumatoid arthritis or os-
teoarthritis. Doses of up to 5.4 g daily in divided doses
may be sufficient in chronic conditions.

Indications for aspirin therapy in children are extreme-
ly limited because of the risk of Reye’s syndrome (see
under Adverse Effects, above), but include Kawasaki
disease (see below), and juvenile idiopathic arthritis
and Still’s disease (see Rheumatic Disorders, below).

Sodium aspirin has also been used for the treatment of
pain and fever.

Administration in children. Indications for aspirin therapy in
children are extremely limited because of the risk of Reye’s syn-
drome (see under Adverse Effects, above). For further informa-
tion, including some doses, see Antiplatelet Therapy, Kawasaki
Disease, and Rheumatic Disorders, below.

Antiplatelet therapy. Aspirin is an inhibitor of the enzyme cy-
clo-oxygenase, the action being considered to be due to an irre-
versible acetylation process.

* Inblood platelets such enzyme inhibition prevents the synthe-
sis of thromboxane A,, a compound which is a vasoconstric-
tor, causes platelet aggregation, and is thus potentially throm-
botic.

* In blood vessel walls the enzyme inhibition prevents the syn-
thesis of prostacyclin, which is a vasodilator, has anti-aggre-
gating properties, and is thus potentially anti-thrombotic.

Aspirin therefore appears to have paradoxical biological effects.

The duration of these effects, however, may differ, with the ef-

fects on the vascular tissue generally being shorter than the ef-

fects on the platelets (although the animal species studied, the
type of blood vessel used, and the prevailing experimental con-
ditions may alter the results). The difference may be explained
by the fact that vascular cells regain the ability to regenerate pros-
tacyclin in a few hours but platelets are unable to re-synthesise
cyclo-oxygenase, which results in no new thromboxane A, being
produced for about 24 hours until more platelets are released by
the bone marrow; as platelet activity in bone marrow may also be
affected by aspirin it is generally considered that aspirin only
needs to be given once daily for inhibition of platelet aggregation
to occur. The inhibitory effect on thromboxane is rapid and unre-
lated to serum concentrations of aspirin, probably because of the
inactivation of cyclo-oxygenase in platelets in the presystemic
circulation. Since the effect is unrelated to systemic bioavailabil-
ity, modified-release and dermal delivery preparations which do
not achieve high systemic concentrations of aspirin are being de-
veloped to limit extraplatelet effects of aspirin. Inhibition is cu-

mulative on repeated dosage, and it has been estimated that a

daily dose of 20 to 50 mg will result in virtually complete sup-

pression of platelet thromboxane synthesis within a few days.

Large doses of 150 to 300 mg can produce maximum suppres-

sion almost instantaneously.

Uses. Aspirin’s antiplatelet activity has led to its use for the treat-

ment or prevention of a variety of disorders.>®

« Itis used as part of the initial treatment of unstable angina
(p.1157) and is given in the early treatment of myocardial inf-
arction (p.1175); it is also of benefit in the initial treatment of
acute ischaemic stroke (p.1185).

« Aspirin is used for its combination of anti-inflammatory, anti-
pyretic, and antiplatelet activity in the treatment of Kawasaki
disease (see below). It is also used to treat thrombotic symp-
toms associated with antiphospholipid syndrome, such as
occurs in patients with SLE (p.1513), and has been recom-
mended for prophylactic use in pregnant patients with anti-
phospholipid antibodies who are at risk of fetal loss. The
thrombolytic action of aspirin has also led to its use in throm-
botic thrombocytopenic purpura (see Thrombotic Microangi-
opathies, p.1076). Aspirin has been tried in pregnancy-in-
duced hypertension (see under Hypertension, p.1171) for the
prevention of pre-eclampsia and intra-uterine growth retarda-
tion and may provide a small to moderate benefit in some
women.

It is of value for the prevention of cardiovascular events in

patients at high risk, including those with stable or unstable

angina, current or previous myocardial infarction, ischaemic
stroke, or transient ischaemic attack (see Cardiovascular Risk

Reduction, p.1164). It has also been used in the long-term

management of atrial fibrillation (see under Cardiac Arrhyth-

mias, p.1160) for the prevention of stroke in patients with con-
tra-indications to warfarin or if there are no other risk factors
for stroke.

The value of aspirin for primary prevention of cardiovascu-

lar events, particularly myocardial infarction and stroke de-

pends upon the accurate estimation of overall cardiovascular
risk but is probably not justified in healthy individuals.”

Although aspirin may prevent venous thromboembolism

(p.1189) after surgery, other treatments have been preferred.

However, it is recommended for use in preventing thrombotic

complications associated with procedures such as angioplasty

and coronary bypass grafting (see under Reperfusion and

Revascularisation Procedures, p.1181). Aspirin is often given

as an adjunct to patients with peripheral arterial thromboem-

bolism (p.1178) to prevent propagation of the clot and also to
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prevent postoperative complications. It may have some effect
in delaying disease progression and reducing vascular events
in patients with peripheral arterial disease (p.1178) but an
analysis'® concluded that there was insufficient evidence to
support its prophylactic use in patients with intermittent clau-
dication but no additional cardiovascular risk factors.

The benefit of aspirin for the primary prevention of cardiovas-
cular events in patients with diabetes mellitus (see under Dia-
betic Complications, p.433) and who have no other cardiovas-
cular risk factors remains to be determined.® Use is
recommended in all those at increased risk, which includes (in
the USA) all diabetics over 40 years of age,™* or those aged 50
and over or with existing atherosclerosis or hypertension or a
history of diabetes for over 10 years (in the UK).%?

The value of adding aspirin to anticoagulants for the prophy-
laxis of thromboembolism in patients with prosthetic heart
valves (see p.1187) is also still to be firmly established. It is
usually recommended as an adjunct in patients with other risk
factors. Aspirin alone may be considered in patients with bio-
prosthetic valves who do not require anticoagulation.

Several pharmacological studies have attempted to find a dose of
aspirin that would inhibit synthesis of platelet thromboxane A,
while sparing the effect on prostacyclin production®S but it has
been pointed out® that in patients with vascular disease accompa-
nying or caused by endothelial dysfunction, such as in athero-
sclerosis, a selective sparing of vascular prostacyclin production
may not be obtained at any effective antiplatelet dose. However,
the clinical relevance of inhibiting the synthesis of prostacyclin
may have been exaggerated.'® Experimental evidence indicates
that aspirin is thrombogenic only at extremely high doses
(200 mg/kg), far exceeding the minimum dose required to inhibit
prostacyclin production. Also aspirin is clinically effective as an
antithrombotic drug at doses that inhibit the synthesis of prosta-
cyclin. Further support for the lack of importance of inhibition of
prostacyclin synthesis comes from epidemiological studies in
patients with arthritis given large doses of aspirin and patients
with congenital cyclo-oxygenase deficiency; neither of these
groups of patients have experienced an excess of thrombotic ep-
isodes.

In a meta-analysis conducted by the Antithrombotic Trialists’
Collaboration® daily doses of 75 to 325 mg appeared to be equal-
ly effective for their antiplatelet effect; doses greater than 500 mg
did not appear to be superior and caused more gastrointestinal
adverse effects. Whether doses less than 75 mg offer the same
efficacy with reduced gastrointestinal toxicity remains to be de-
termined (see Effects on the Gastrointestinal Tract, above). The
meta-analysis concluded that for the long-term prevention of se-
rious vascular events in high-risk patients, a daily dose of aspirin
in the range of 75 to 150 mg should be effective; if an immediate
effect is required as in the initial treatment of acute myocardial
infarction, acute ischaemic stroke, or unstable angina, a loading
dose of 150 to 300 mg may be given. Other analyses'®!” have
made similar dose recommendations. However, another
review!® has suggested that doses as low as 75 or 80 mg daily
may be inadequate for the primary prevention of stroke and myo-
cardial infarction; it was considered that the most appropriate
dose of aspirin for primary prevention was 160 mg daily. Aspirin
should be chewed or dispersed in water; chewing a tablet of as-
pirin ensures that some buccal absorption occurs.

The use of aspirin in children is limited because of the risk of
Reye’s syndrome (see under Adverse Effects, above); however,
it may be specifically indicated in those at risk of clot formation
after cardiac surgery or for the prophylaxis of stroke in high-risk
children. The BNFC has suggested oral doses of 1 to 5 mg/kg (up
to a usual maximum of 75 mg) once daily in neonates and chil-
dren up to 12 years of age; older children may be given 75 mg
daily.
. Patrono C. Aspirin as an antiplatelet drug. N Engl J Med 1994;
330: 1287-94.
. Lutomski DM, et al. Pharmacokinetic optimisation of the treat-
ment of embolic disorders. Clin Pharmacokinet 1995; 28:
67-92.
Schror K Antiplatelet drugs: a comparative review. Drugs
1995; 50: 7-28.
Hung J. Asplrln for cardiovascular disease prevention. Med J
Aust 2003; 179: 147-52.
Saseen JJ. ASHP therapeutic position statement on the daily use
of aspirin for preventing cardiovascular events. Am J Health-
Syst Pharm 2005; 62: 1398-1405.
. Patrono C, et al. Low-dose aspirin for the prevention of athero-
thrombosis. N Engl J Med 2005; 353: 2373-83.
Sanmuganathan PS, et al. Aspirin for primary prevention of cor-
onary heart disease: safety and absolute benefit related to coro-
nary risk derived from meta-analysis of randomised trials.
Heart 2001; 85: 265-71.
Antithrombotic Trialists’ Collaboration. Collaborative meta-
analysis of randomised trials of antiplatelet therapy for preven-
tion of death, myocardial infarction, and stroke in high risk pa-
tients. BMJ 2002; 324: 71-86. Correction. ibid.; 141.
Collaborative Group of the Primary Prevention Project. Low-
dose aspirin and vitamin E in people at cardiovascular risk: a
randomised trial in general practice. Lancet 2001; 357: 89-95.
10. Eccles M, et al. North of England evidence based guideline de-
velopment project: guideline on the use of aspirin as secondary
prophylaxis for vascular disease in primary care. BMJ 1998;
316: 1303-9.
. American Diabetes Association. Aspirin therapy in diabetes.
Diabetes Care 2004; 27 (suppl 1): S72-S73.
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Stroke Association. JBS 2: Joint British Societies’ guidelines on
prevention of cardiovascular disease in clinical practice. Heart
2005; 91 (suppl V): v1-v52. Also available at:
http://www.diabetes.org.uk/Documents/Reports/DiabetesUk_
cardiovascular.pdf (accessed 08/12/06)
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. Weksler BB, et al. Differential inhibition by aspirin of vascular
and platelet prostaglandin synthesis in atherosclerotic patients.
N Engl J Med 1983; 308: 800-5.

McLeod LJ, et al. The effects of different doses of some acetyl-
salicylic acid formulations on platelet function and bleeding
times in healthy subjects. Scand J Haematol 1986; 36: 379-84.
Hirsh J, et al. Aspirin and other platelet active drugs: relation-
ship among dose, effectiveness, and side effects. Chest 1989; 95
(suppl 2): 125-18S.

. Campbell CL, et al. Aspirin dose for the prevention of cardio-
vascular disease: a systematic review. JAMA 2007; 297:
2018-24.

Dalen JE. Aspirin to prevent heart attack and stroke: what’s the
right dose? Am J Med 2006; 119: 198-202.

Behcet’s syndrome. For reference to the use of aspirin in the
management of vasculitic symptoms of Behget’s syndrome, see
p.1499.

Cataract. Evidence to support or disprove the hypothesis that
aspirin has a protective effect against cataract formation is con-
sidered inconclusive. A study in the US in over 22 000 males
concluded that low-dose aspirin (325 mg on alternate days) for 5
years was unlikely to have a major effect on cataract formation
but that a slightly decreased risk for cataract extraction could not
be excluded.! In a later study? in the UK ophthalmic examination
of over 1800 patients who were receiving 300 mg to 1.2 g of as-
pirin daily for transient ischaemic attacks failed to confirm any
protective effect. Re-analysis® of the results of the original US
study identified additional cases of cataract formation or extrac-
tion although these cases did not affect the overall conclusions of
the original study. However, when the study patients were fol-
lowed up over 15 years, observational data* suggested that the
use of low-dose aspirin may, in fact, increase the risk of cataract
development. It was considered that further trials were needed to
establish the role of long-term aspirin in cataract prevention.

1. Seddon JM, et al. Low dose aspirin and risks of cataract in a
randomised trial of US physicians. Arch Ophthalmol 1991; 109:
252-5.

UK-TIA Study Group. Does aspirin affect the rate of cataract
formation? Cross-sectional results during a randomised double-
blind placebo controlled trial to prevent serious vascular events.
Br J Ophthalmol 1992; 76: 259-61.

Christen WG, et al. Low-dose aspirin and risk of cataract and
subtypes in a randomized trial of U.S. physicians. Ophthalmic
Epidemiol 1998; 5: 133-42.

Christen WG, et al. Aspirin use and risk of cataract in posttrial
follow-up of Physicians’ Health Study I. Arch Ophthalmol 2001;
119: 405-12.

Dysmenorrhoea. Drugs such as aspirin and other NSAIDs
that inhibit prostaglandin production through inhibition of cyclo-
oxygenase are effective drugs in the treatment of dysmenorrhoea
(p-6).

Fever. Methods for controlling fever (see p.10) include the use
of antipyretics and/or physical cooling methods (although the
value of the latter is questionable). Paracetamol, salicylates such
as aspirin, and some other NSAIDs are the main antipyretics
used. However, salicylates are generally contra-indicated for the
management of fever in children because of the possible link be-
tween their use and the development of Reye’s syndrome (see
under Adverse Effects, above).

Headache. Aspirin is often used for the symptomatic treatment
of various types of headache including migraine (see p.616) and
tension-type headache (see p.617). Aspirin given at the onset of
symptoms can successfully treat an acute attack of migraine.
However, absorption may be poor due to gastric stasis which is
commonly present in migraine. For this reason dispersible and
effervescent preparations and compound preparations containing
drugs such as metoclopramide which relieve gastric stasis have
been advocated.
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Kawasaki disease. Aspirin has been given in regimens with
normal immunoglobulins to children with Kawasaki disease
(p.2228) because of its anti-inflammatory, antipyretic, and an-
tiplatelet activity.*

The usual practice is to use an anti-inflammatory regimen until
the fever has settled and then convert to an antithrombotic regi-
men. The BNFC recommends an oral dose of 30 to 50 mg/kg
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daily in 4 divided doses in children aged 1 month and over (neo-
nates may be given 32 mg/kg daily in 4 divided doses); this
should be continued until the patient is afebrile or for the first 14
days after the onset of symptoms. Once fever and signs of in-
flammatory disease resolve, the aspirin dose is reduced to 2 to
5 mg/kg daily (neonates may be given 5 mg/kg daily) as a single
dose for its antiplatelet effect. Aspirin may be stopped 6 to 8
weeks after the onset of illness but is usually continued for at
least one year if coronary abnormalities are present and is contin-
ued indefinitely if coronary aneurysms persist. Similar
regimens®* are used in the USA although the initial dose of aspi-
rin is more usually 80 to 100 mg/kg daily.
Despite this widespread use the optimum dose and duration of
treatment have not been clearly established, and the value of as-
pirin in the initial management of Kawasaki disease has been
questioned. In a meta-analysis® fever duration was significantly
shorter in those on high-dose aspirin; however, other studies®
have not shown such a benefit. Meta-analyses®’ have also shown
that the incidence of coronary artery abnormalities is not signifi-
cantly different for regimens using high (over 80 mg/kg daily) or
low doses of aspirin. Furthermore, a retrospective study® sug-
gested that aspirin use (irrespective of dose) in the acute phase of
the disease may be unnecessary as its addition to immunoglobu-
lin treatment had no effect on the rate of coronary artery abnor-
malities. A more recent review? found that evidence from com-
parative studies failed to show that aspirin reduced the rate of
coronary artery abnormalities; a lack of good quality randomised
controlled trials prevented any recommendations on the use of
aspirin in the treatment of Kawasaki disease.
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. Durongpisitkul K, et al. The prevention of coronary artery aneu-
rysm in Kawasaki disease: a meta-analysis on the efficacy of as-
pirin and immunoglobulin treatment. Pediatrics 1995; 96:
1057-61.

8. Hsieh K-S, et al. Treatment of acute Kawasaki disease: aspirin’s
role in the febrile stage revisited. Pediatrics 2004; 114: 689. Full
version: http://pediatrics.aappublications.org/cgi/reprint/114/6/
€689 (accessed 27/11/06)

9. Baumer JH, et al. Salicylate for the treatment of Kawasaki dis-
ease in children. Available in The Cochrane Database of System-
atic Reviews; Issue 4. Chichester: John Wiley; 2006 (accessed
27/11/06).

Leg ulcers. A 4-month placebo-controlled study® in 20 patients
suggested that aspirin 300 mg daily aided healing of chronic ve-
nous leg ulcers; the mechanism of action was unclear.?2 However,
the validity of the findings has been challenged.® The manage-
ment of leg ulcers is discussed on p.1585.

1. Layton AM, et al. Randomised trial of oral aspirin for chronic

venous leg ulcers. Lancet 1994; 344: 164-5.

2. Ibbotson SH, et al. The effect of aspirin on haemostatic activity
in the treatment of chronic venous leg ulceration. Br J Dermatol
1995; 132: 422-6.

. Ruckley CV, Prescott RJ. Treatment of chronic leg ulcers. Lancet
1994; 344: 1512-13.

Malignant neoplasms. For references to studies suggesting
that regular use of aspirin and other NSAIDs may reduce the risk
of developing malignant neoplasms of the gastrointestinal tract,
see under NSAIDs, p.100.

Myeloproliferative disorders. Aspirin in low doses may be
used to provide symptomatic relief for erythromelalgia (burning
pain and erythema of the hands and feet) in patients with poly-
cythaemia vera (p.654) and primary thrombocythaemia (p.654).

Pain. Aspirin, along with other NSAIDs and paracetamol, may
be used for treating mild or moderate pain (see Choice of
Analgesic, p.2) and is also used in moderate or severe pain to
potentiate the effects of opioids. It is suitable for use in acute or
chronic pain. Aspirin should not be used for pain relief in chil-
dren because of its association with Reye’s syndrome (see under
Adverse Effects, above).

Dependence and tolerance are not a problem with non-opioid
analgesics such as aspirin, but there is a ceiling of efficacy, above
which increasing the dose has no further therapeutic effect.
References.

1. Edwards JE, et al. Single dose oral aspirin for acute pain. Avail-

able in The Cochrane Database of Systematic Reviews; Issue 4.
Chichester: John Wiley; 1999 (accessed 27/11/06).
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2. Hersch EV, et al. Over-the-counter analgesics and antipyretics: a
critical assessment. Clin Ther 2000; 22: 500-48.

3. Vergne P, et al. Aspirine, douleurs et inflammation. Rev Med In-
terne 2000; 21 (Suppl 1): 89s-96s.

Rheumatic disorders. Aspirin was once widely used in the
treatment of rheumatoid arthritis (p.11) but has been superseded
by better tolerated NSAIDs; however, juvenile idiopathic arthri-
tis including Still’s disease (p.10) are among the limited number
of indications for aspirin use in children. The American Hospital
Service Formulary suggests that children weighing 25 kg or less
may be given an initial oral dose of 60 to 130 mg/kg daily in
divided doses; heavier children should be started on 2.4 t0 3.6 g
daily. The usual maintenance dose is 80 to 100 mg/kg daily al-
though up to 130 mg/kg daily may be required in some children;
however, because of the risk of toxicity, it is recommended that
children weighing over 25 kg should not receive doses of
100 mg/kg daily or above.

Preparations

BP 2008: Aspirin and Caffeine Tablets; Aspirin Tablets; Co-codaprin Tab-
lets; Dispersible Aspirin Tablets; Dispersible Co-codaprin Tablets; Efferves-
cent Soluble Aspirin Tablets; Gastro-resistant Aspirin Tablets;

USP 31: Acetaminophen and Aspirin Tablets; Acetaminophen, Aspirin, and
Caffeine Tablets; Aspirin and Codeine Phosphate Tablets; Aspirin Capsules;
Aspirin Delayed-release Capsules; Aspirin Delayed-release Tablets; Aspirin
Effervescent Tablets for Oral Solution; Aspirin Extended-release Tablets; As-
pirin Suppositories; Aspirin Tablets; Aspirin, Alumina, and Magnesia Tablets;
Aspirin, Alumina, and Magnesium Oxide Tablets; Buffered Aspirin Tablets;
Butalbital and Aspirin Tablets; Butalbital, Aspirin, and Caffeine Capsules;
Butalbital, Aspirin, and Caffeine Tablets; Butalbital, Aspirin, Caffeine, and Co-
deine Phosphate Capsules; Carisoprodol and Aspirin Tablets; Carisoprodol,
Aspirin, and Codeine Phosphate Tablets; Oxycodone and Aspirin Tablets;
Pentazocine and Aspirin Tablets; Propoxyphene Hydrochloride, Aspirin,
and Caffeine Capsules; Propoxyphene Napsylate and Aspirin Tablets.

Proprietary Preparations (details are given in Part 3)

Arg.: Adirot; Aspimedt; Aspirina; Aspirinetas; Ballf; Bayaspirina; Bufferint;
Cardioaspirina; Desenfriolito; Ecotrin; Geniol APt; Geniol Prevencion; Ge-
niol SC sin Cafeina; Geniolitot; Lacefalt; Lafeaspirina; Nuevapina; Austral.:
Aspro; Astrix; Bext; Cardiprin; Cartia; Disprin; Disprin Direct; Ecotrint; Sol-
prin; Sprent; Vincent's Powderst; Austria: Acekapton; Aspiricor; Aspro;
ASS; Herz ASS; Herzschutz ASS; Salimont; Thrombo ASS; Thrombostad;
Togal Mono; Belg.: Acenterine; Asaflow; Asaridt; Aspirine; Aspro; Cardio-
aspirine; Cardiphar; Dispril; Sedergine; Therasat; Braz.: AAS; Aasedatilt;
Aceticil; Analgesin; Antifebrint; Ascedort; Asetisint; Aspirina; Bufferin;
Caast; Cardio AAS; Cimaas; Ecasilt; Hipotermal; Salicil; Salicin; Salitil; Soma-
Igin; Canad.: Asaphen; Aspergum; Aspirin with Stomach Guard; Bufferin;
Entrophen; Equate; Novasen; Rivasa; Tri-Buffered ASA; Chile: Aspirina;
Cardioaspirina; Disgren; Ecotrin; Fluicor; Hassapirin Puro; Thrombo AS;
Cz.: Acylpyrin; Anopyrin; Apo-Asat; Asprot; Godasal; Upsarint; Denm.:
Hjerdyl; Hjertemagnyl; Idotyl; Magnyl; Fin.: Aspirin Cardio; Aspirin Zipp;
Disperin; Primaspan; Fr.: Aspirine; Aspirine pH81; Aspirisucre; Aspro; Cat-
alginet; Claragine; Ger.: Acesal; Acetylint; Aspro; ASS; Godamed; Her-
ZASS; Miniasal; Santasal N; Thomapyrin akutt; Togal ASS; Gr.: Salospir; Up-
salgin-N; Hong Kong: Aspilets; Astrix; Bokey; Cardiprin; Cartia; Disprin;
Ecotrin; Glyprin; LAsprin; Propirin; Hung.: Aspirin Protect; Astrix; Colfarit;
Istopirin; Kalmopyrin; India: ASA; Aspicot; Colsprin; CV-Sprin; Delisprin;
Disprin; Ecosprin; Indon.: Aptor; Ascardia; Aspilets; Astika; Bodrexin; Car-
dio Aspirin; Contrexyn; Farmasal; Inzana; Minigrip; Naspro; Procardin; Res-
tor; Rheumapill; Thrombo Aspilets; Irl.: Aspro; Caprin; Disprin; Lowasa;
Nu-Seals; Resprin; Israel: Acetosal; Alka-Seltzer; Ascriptint; Buffered Pirin;
Cartia; Ecoprin; Godamed; Micropirin; Tevapirin; Ital.: Acesalt; ASA-ratio;
Ascriptin; Aspiglicina; Aspirina; Aspirina 03; Aspirinetta; Aspro; Bufferint;
Cardioaspirin; Cemirit; Kiliost; Malaysia: Aceprin; Bufferin Low Doset;
Cardiprin; Casprin; Disprin; Dusilt; Glyprin; Mex.: Acetil-A; Acetin; Acitab;
Adirot; Antacsal; ASA; Ascriptin; Aspirina Protect; Axalt; Disprina; Dolo-
quim; Ecotrin; Midolen; Vastecel; Neth.: Asacard; Aspirine Protect; Aspro;
Bisolgripint; Darosal; Togal; Norw.: Albyl-E; Dispril; Globoid; NZ: Aspec;
Aspro; Cardiprint; Cartia; Disprin; Ecotrin; Solprin; Philipp.: Anthrom; As-
aprim; Aspec; Aspilets; Cor-30, Cor-80; Cortal; Enteroprin; Tromcor; Pol.:
Acard; Acesan; Alka-Prim; Alka-Seltzer; ASA; Aspimag; Aspirin Protect; As-
procard; Asprocol; Bestpirin; Calcipiryna; Cardiofil; Encopirin; Galocard; Ni-
pas; Polocard; Polopiryna; Polopiryna S; Proficar; Upsarin; Port.: AAS; Asac-
ard; ASP; Aspirina; Asprot; Cartia; Melhoral Infantilt; Migraspirina;
Salycilinat; Toldex; Tromalyt; Rus.: Aspinat Cardio (AcrmHat Kapawo); As-
pirin Cardio (AcrmpuH Kapano); CardiASK (KapanACK); Thrombo ASS
(Tpombo ACC); S.Afr.: Disprin; Ecotrin; Myoprin; Singapore: Aspro; As-
trixt; Bokey; Bufferint; Cardiprin; Disprin; Dusil; Glyprin; Spain: AAS; Adi-
ro; Aspinfantilt; Aspirina; Bioplak; Helver Salt; Mejoralf; Okal; Orravinat;
Rhonal; Sasprylt; Sedergine; Tromalyt; Swed.: Albyl minor; Bamycort;
Bamy!, Bamy! S; Emotpint; Magnecyl; Trombyl; Switz.: ASA; Asperivot; As-
pirine Cardio; Aspro; ASS; Juridin; Thrombace Neo; Tiatral 100 SR; Togal
ASS; Thai.: Actorin; Anassa; Asatab; Ascott; Aspent; Aspilets; Asrina; Ca-
parin; Cardiprin; Comoprint; Entrarin; Seferin; V-AS; Turk.: Algo; Algo
Bebe; Asabrin; Asinpirine; Aspapirine; Aspinal; Ataspin; Babyprin; Coraspin;
Dispril; Ecopirin; Notras; Opon; UAE: Jusprin; UK: Alka; Angettes; Aspro;
Caprin; Disprin; Disprin Direct; Enprin; Micropirin; Nu-Seals; PostMI+; Pure
Health; USA: Adprin-B; Arthritis Pain Formula; Ascriptin; Aspergum; Aspri-
moxt; Bayer Low Adult Strength; Bufferin; Buffex; Cama Arthritis Pain Re-
liever; Easprin; Ecotrin; Empirin; Extra Strength Bayer Plus; Genprin; Half-
prin; Magnaprint; Norwich Extra Strength; Norwich Regular Strength;
Regular Strength Bayer; St. Joseph Adult Chewable; ZORprin; Venez.: As-
aprol; Ascriptin; Aspiretinat; Azacard; Cardipirina; Coraspirina.

Multi-ingredient: numerous preparations are listed in Part 3.

The symbol T denotes a preparation no longer actively marketed
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Aspirin/Auranofin - 25

Auranofin Ban, Usan, NN

Auranofiini; Auranofina; Auranofine; Auranofinum; Oranofin;
SKF-39162;  SKF-D-39162.  (I-Thio-p-D-glucopyranosato) (tri-
ethylphosphine)gold 2,3,4,6-tetra-acetate.

AypaHoduH

CyoH34AUOGPS = 678.5.

CAS — 34031-32-8.

ATC — MOICBO3.

ATC Vet — QMO1CBO3.

Adverse Effects and Treatment

The most common adverse effects of auranofin involve
the gastrointestinal tract and include nausea, abdomi-
nal pain, and sometimes vomiting, but most often diar-
rhoea, which can affect up to 50% of patients and may
be severe enough to cause patients to withdraw from
treatment. Other adverse effects are similar to those ex-
perienced with sodium aurothiomalate (p.122), al-
though they appear to be less troublesome since fewer
patients stop treatment with auranofin than with inject-
able gold. As with other gold salts, treatment of ad-
verse effects is generally symptomatic (see p.123).
Modifying the diet to increase bulk, use of a bulking
agent such as bran, or a temporary reduction in au-
ranofin dosage, may help the diarrhoea (but see Effects
on the Gastrointestinal Tract, below).

O Reviews.

1. Tozman ECS, Gottlieb NL. Adverse reactions with oral and
parenteral gold preparations. Med Toxicol 1987; 2: 177-89.

Effects on the gastrointestinal tract. Diarrhoea and abdom-
inal pain are common with auranofin. The mechanism of gas-
trointestinal toxicity has not been established but may be associ-
ated with a reversible defect in intestinal permeability.* Although
some have suggested that diarrhoea may occur in up to 50% of
patients taking auranofin, a study in 269 patients given the drug
for rheumatoid arthritis found that only about 15% experienced
loose and watery stools over a six-month period.? Although bulk-
ing agents have been recommended in the management of au-
ranofin-induced diarrhoea, no overall difference in incidence
was seen between patients given prophylactic psyllium and those
given placebo; however, patients given psyllium had slightly
fewer days with loose and watery stools.

Gold-induced colitis has also been reported in patients taking au-

ranofin.34

1. Behrens R, et al. Investigation of auranofin-induced diarrhoea.

Gut 1986; 27: 59-65.

2. van Beusekom HJ, et al. The moderate intestinal side effects of
auranofin do not require prophylactic therapy with a bulkform-
ing agent. Dutch Ridaura Study Group. Clin Rheumatol 1997;
16: 471-6.

. Michet CJ, et al. Auranofin-associated colitis and eosinophilia.
Mayo Clin Proc 1987; 62: 142-4.

. Langer HE, et al. Gold colitis induced by auranofin treatment of
rheumatoid arthritis: case report and review of the literature. Ann
Rheum Dis 1987; 46: 787-92.

Effects on the kidneys. In a retrospective review of 1283 pa-
tients who had received auranofin for treatment of rheumatoid
arthritis 41 (3.2%) were found to have developed proteinuria. In
most cases proteinuria was treated by stopping auranofin thera-
py. Long-term follow-up of 36 patients indicated that proteinuria
had resolved in 31 within 2 years and in 29 within 1 year. Seven
of 8 patients later rechallenged with auranofin had no relapses. In
a further review of 2 comparative double-blind studies using
gold compounds in the treatment of rheumatoid arthritis, pro-
teinuria was found to have developed in 27% (23 of 85) of pa-
tients treated with sodium aurothiomalate, in 17% (42 of 247) of
those treated with auranofin, and in 17% (36 of 210) of those
receiving placebo. All patients were receiving NSAIDs.

1. Katz WA, et al. Proteinuria in gold-treated rheumatoid arthritis.
Ann Intern Med 1984; 101: 176-9.
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Precautions
As for Sodium Aurothiomalate, p.123. Urine and
blood tests should be carried out before starting au-
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26 Analgesics Anti-inflammatory Drugs and Antipyretics

ranofin and monthly thereafter; licensed product infor-
mation advises that auranofin should be withdrawn if
the platelet count falls below 100 000 cells/mm? or if
signs and symptoms suggestive of thrombocytopenia,
leucopenia or aplastic anaemia occur. US licensed
product information states that baseline renal and liver
function levels should also be established before start-
ing auranofin therapy. Auranofin should be used with
caution in patients with inflammatory bowel disease.

Porphyria. Auranofin has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.

Interactions
As for Sodium Aurothiomalate, p.123.

Pharmacokinetics

Auranofin is incompletely absorbed from the gastroin-
testinal tract, only about 25% of the gold being ab-
sorbed. Gold from auranofin is bound to plasma pro-
teins as well as to red blood cells. After 2 to 3 months
of treatment the steady-state concentration of gold in
the blood is reported to be about 0.7 micrograms/mL.
The average terminal plasma half-life of gold at steady
state is about 26 days while the biological half-life is 80
days. Tissue retention and total gold accumulation in
the body are less than with intramuscular gold. Gold
from auranofin penetrates into synovial fluid.

Most of a dose of auranofin appears in the faeces due
to its poor absorption. About 60% of the absorbed gold
from auranofin is excreted in the urine and the remain-
der in the faeces.

O Reviews.

1. Blocka KLN, et al. Clinical pharmacokinetics of oral and inject-
able gold compounds. Clin Pharmacokinet 1986; 11: 133-43.

2. Benn HP, et al. Pharmacokinetics of auranofin: a single dose
study in man. J Rheumatol 1990; 17: 466-8.

Uses and Administration

Auranofin is a gold compound with a gold content of
about 29%; it has similar actions and uses to those of
sodium aurothiomalate (p.123). It is given orally in ac-
tive progressive rheumatoid arthritis (below); such oral
treatment is less toxic than intramuscular gold but is
also much less effective. The usual initial dose of au-
ranofin is 6 mg daily given in two divided doses at first,
then, if tolerated, as a single dose. Treatment should be
continued for at least 6 months to assess the response;
the dose may be increased after 6 months, if the re-
sponse is inadequate, to 3 mg three times daily. If the
response is still inadequate after 3 months at this dos-
age, then treatment should be stopped.

Asthma. A systematic review* found that oral or parenteral
gold compounds reduced corticosteroid requirements in the
management of asthma (p.1108); however, it was considered that
the effect was probably of limited clinical significance and, given
the adverse effects and monitoring requirements of gold com-
pounds, their use in asthma could not be recommended.
. Evans DJ, et al. Gold as an oral corticosteroid sparing agent in
stable asthma. Available in The Cochrane Database of Systemat-
ic Reviews; Issue 4. Chichester: John Wiley; 2000 (accessed
25/10/06).

Lupus. Since the introduction of less toxic drugs gold com-
pounds are now rarely used in the treatment of SLE, however,
there have been anecdotal reports suggesting that auranofin may
still be of use in patients with discoid lupus erythematosus® or
cutaneous lupus erythematosus? refractory to conventional treat-
ment.

1. Dalziel K, et al. Treatment of chronic discoid lupus erythemato-
sus with an oral gold compound (auranofin). Br J Dermatol
1986; 115: 211-16.

. Farrell AM, Bunker CB. Oral gold therapy in cutaneous lupus
erythematosus (revisited). Br J Dermatol 1996; 135 (suppl 47):
41,

-
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Pemphigus. A patient with long-standing pemphigus foliaceus

being treated with prednisolone and hydroxychloroquine had

healing of his lesions within 6 months of auranofin being substi-

tuted for the hydroxychloroquine.

1. Bagheri MM, et al. Pemphigus foliaceus presenting as eruptive
seborrheic keratosis and responding to oral gold treatment. J
Drugs Dermatol 2002; 1:333-4.

Psoriasis. Although topical auranofin has been shown in a pla-
cebo-controlled study® to be effective in the treatment of plague-
type psoriasis (p.1583) the high incidence of adverse skin reac-

TYV\-FFIAALNY

tions, such as contact dermatitis, was thought to outweigh any
benefit.

1. Helm KF, et al. Topical auranofin ointment for the treatment of
plaque psoriasis. J Am Acad Dermatol 1995; 33: 517-19.

Rheumatic disorders. Gold compounds are among the dis-
ease-modifying antirheumatic drugs (DMARDs) that may be
used in the treatment of rheumatoid arthritis (p.11). Oral gold is
less toxic than intramuscular gold but is also much less effective.
Gold compounds may also be of benefit in psoriatic arthritis (see
under Spondyloarthropathies, p.13) and have been used in juve-
nile idiopathic arthritis (p.10).

References.

1. Suarez-Almazor ME, et al. Auranofin versus placebo in rheuma-
toid arthritis. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2000 (accessed
09/05/05).

Preparations

Proprietary Preparations (details are given in Part 3)

Austral.: Ridaura; Austria: Ridaura; Belg.: Ridaura; Braz.: Ridaurat; Ca-
nad.: Ridaurat; Denm.: Ridaurat; Fin.: Ridaura; Fr.: Ridauran; Ger.: Ridau-
ra; Gr.: Ridaura; Hong Kong: Ridaura; India: Goldar; Irl.: Ridaura; Israel:
Ridaura; Ital.: Ridaura; Neth.: Ridaura; Norw.: Ridaura; NZ: Ridaura;
Port.: Ridaura; Rus.: Auropan (AyponaH); S.Afr.: Ridaura; Spain: Ridaura;
Swed.: Ridaurat; Switz.: Ridaura; UK: Ridaura; USA: Ridaura.

Aurothioglucose

|-Aurothio-D-glucopyranose; Aurotioglucosa; (D-Glucosylthio)-
gold; Gold Thioglucose. (1-Thio-D-glucopyranosato)gold.

AypoTroraoKosa
CeH | |/AUOsS = 392.2.
CAS — 12192-57-3.
ATC — MOICBOA4.

ATC Vet — QMO CBO4.

~

HO Au

OH
OH

Pharmacopoeias. In US.

USP 31 (Aurothioglucose). A yellow odourless or practically
odourless powder. An aqueous solution is unstable on long
standing. It is stabilised by the addition of a small amount of so-
dium acetate. pH of a 1% solution in water is about 6.3. Freely
soluble in water; practically insoluble in alcohol, in acetone, in
chloroform, and in ether. Store in airtight containers. Protect
from light.

Adverse Effects, Treatment, and Precautions
As for Sodium Aurothiomalate, p.122.

Effects on the blood. Thrombocytopenia developed in 2 pa-
tients treated with intramuscular aurothioglucose.*
1. Levin M-D, et al. Two patients with acute thrombocytopenia fol-

lowing gold administration and five-year follow-up. Neth J Med
2003; 61: 223-5.

Interactions
As for Sodium Aurothiomalate, p.123.

Pharmacokinetics
As for Sodium Aurothiomalate, p.123; absorption is slower and
more irregular.

Uses and Administration

Aurothioglucose is a gold compound with a gold content of
about 50%; it has similar actions and uses to those of sodium
aurothiomalate (p.123). It is used in the treatment of active rheu-
matoid arthritis (p.11) and juvenile idiopathic arthritis (p.10).
Aurothioglucose is given intramuscularly as a suspension in oil
in an initial weekly dose of 10 mg increasing gradually to up to
50 mg weekly. Therapy is continued at weekly intervals until a
total dose of 0.8 to 1 g has been given; if improvement has oc-
curred with no signs of toxicity 50 mg may then be given at in-
tervals of 3 to 4 weeks. Children aged 6 to 12 years have been
given one-quarter the adult dose, to a maximum of 25 mg per
dose.

¢ For comment on the relative efficacy and tolerability of au-
rothioglucose and aurothiomalate see Rheumatic Disorders, un-
der Sodium Aurothiomalate, p.124.

Preparations

USP 31: Aurothioglucose Injectable Suspension.

Proprietary Preparations (details are given in Part 3)
Canad.: Solganalt; Israel: Solganal; Neth.: Auromyoset; USA: Solganal.

Aurotioprol
Sodium 3-aurothio-2-hydroxypropane- | -sulphonate.

AypoTronpoA
C3HAUNaOQ,S, = 390.2.
CAS — 27279-43-2.

ATC — MOICBO5.

ATC Vet — QMOICBOS.

Profile

Aurotioprol is a gold compound with a gold content of about
50%; it has similar actions and uses to those of sodium aurothi-
omalate (p.122). It is given by intramuscular injection for the
treatment of rheumatoid arthritis (p.11). The initial dose is 25 mg
weekly, increased to 50 to 100 mg weekly, until a total dose of
1.2t0 1.5 g has been given. Ifimprovement has occurred with no
signs of toxicity, this may be followed by a dose of 50 to 100 mg
intramuscularly every month.

Preparations

Proprietary Preparations (details are given in Part 3)
Belg.: Allochrysinet; Fr.: Allochrysine.

Azapropazone (BAN, iNN)

AHR-3018; Apazone (USAN); Atsapropatsoni; Azapropazon; Az-
apropazona; Azapropazonum; Mi85; NSC-102824. 5-Dimethyl-
amino-9-methyl-2-propylpyrazolo[ | 2-a][ |,2,4]benzotriazine-
1,3(2H)-dione.

As3anponasoH

CgH20N4O, = 300.4.

CAS — 13539-59-8.

ATC — MOITAX04.

ATC Vet — QMOTAX04.

CH3
o

HsC N 0
T
— CH3
N)\T/

CHa

Pharmacopoeias. Br. includes the dihydrate.

BP 2008 (Azapropazone). The dihydrate is a white to pale yel-
low crystalline powder. Very slightly soluble in water and in
chloroform; soluble in alcohol; dissolves in solutions of alkali
hydroxides.

Profile

Azapropazone is an NSAID (see p.96), structurally related to
phenylbutazone (p.117). It also has uricosuric properties. Be-
cause azapropazone appears to be associated with a higher inci-
dence of adverse effects than with some other NSAIDs, its use
has been restricted to the treatment of rheumatoid arthritis, anky-
losing spondylitis, and acute gout in patients for whom other
NSAIDs have been ineffective.

Azapropazone is used as the dihydrate and doses are expressed
in terms of this hydrated form. For the treatment of rheumatoid
arthritis or ankylosing spondylitis the usual oral dose was up to
1.2 g daily in 2 divided doses. Patients over 60 years of age have
been given 300 mg twice daily. Reduced doses were also recom-
mended in patients with renal impairment, see below.

Administration in renal impairment. In the treatment of

rheumatoid arthritis or ankylosing spondylitis in patients with re-

duced renal function the usual dose was reduced according to

creatinine clearance (CC) as follows:

* CC 50 to 75 mL/minute: reduce usual dose (see above) by
one-third to one-half

« CC less than 50 mL/minute: reduce usual dose by one-half to
two-thirds

Breast feeding. Small quantities of azapropazone are excreted
into breast milk.! However, the American Academy of
Pediatrics? states that there have been no reports of any clinical
effect on the infant associated with the use of azapropazone by
breast-feeding mothers, and that therefore it may be considered
to be usually compatible with breast feeding.

Bald R, et al. Excretion of azapropazone in human breast milk.
Eur J Clin Pharmacol 1990; 39: 271-3.

American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776-89.
Correction. ibid.; 1029. Also available at:
http://aappolicy.aappublications.org/cgi/content/full/
pediatrics%3b108/3/776 (accessed 01/11/07)

Effects on the blood. Auto-immune haemolytic anaemia, oc-

casionally fatal, often with pulmonary infiltration, allergic alve-

olitis, pulmonary fibrosis, or fibrosing alveolitis, has been report-

ed in patients receiving azapropazone.:-?

1. Chan-Lam D, et al. Red cell antibodies and autoimmune haemo-
lysis after treatment with azapropazone. BMJ 1986; 293: 1474.

L
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2. Albazzaz MK, et al. Alveolitis and haemolytic anaemia induced
by azapropazone. BMJ 1986; 293: 1537-8.

3. Montgomery RD, Babb RG. Alveolitis and haemolytic anaemia
induced by azapropazone. BMJ 1987; 294: 375.

Effects on the gastrointestinal tract. In a review! of the rel-
ative safety of 7 oral NSAIDs, the UK CSM commented that
azapropazone was associated with the highest risk of gastrointes-
tinal reactions in both epidemiological studies and an analysis of
spontaneous reporting of adverse reactions. Although it appeared
that some patients over 60 years of age had received doses ex-
ceeding those recommended for this age group, it was considered
that even when this was taken into account a marked difference
remained between gastrointestinal reactions for azapropazone
compared with other NSAIDs.

The CSM recommended that azapropazone should be restricted
to use in rheumatoid arthritis, ankylosing spondylitis, and acute
gout and only when other NSAIDs have been ineffective. Its use
in patients with a history of peptic ulceration was contra-indicat-
ed. It was also recommended that when used in patients over 60
years of age for rheumatoid arthritis or ankylosing spondylitis
the dose should be restricted to a maximum of 600 mg daily.
Azapropazone has been withdrawn in many countries including
the UK.

CSM/MCA. Relative safety of oral non-aspirin NSAIDs. Cur-
rent Problems 1994; 20: 9-11. Also available at: http://
www.mhra.gov.uk/home/idcplg?ldcService=GET_
FILE&dDocName=CON2015615&RevisionSelectionMethod=
LatestReleased (accessed 01/11/07)

Effects on the skin. Of 917 reports of adverse reactions asso-
ciated with azapropazone forwarded to the WHO Collaborating
Centre for International Drug Monitoring® before September
1984, 190 (21%) were of photosensitivity. Of 154 reports of pho-
tosensitivity evaluated a causal relationship to use of azapropa-
zone was considered certain in 6, probable in 138, and possible
in 10. In May 1994 the UK CSM stated? that since 1976 they had
received 464 reports of photosensitivity reactions associated
with azapropazone and commented that, when corrected for pre-
scription volume, reporting of this reaction was 50 times greater
than with other commonly prescribed NSAIDs. They recom-
mended that patients should be advised to avoid direct exposure
to sunlight or to use sunblock preparations.

. Olsson S, et al. Photosensitivity during treatment with azapropa-
zone. BMJ 1985; 291: 939.

CSM/MCA. Photosensitivity associated with azapropazone
(Rheumox). Current Problems 1994; 20: 6. Also available at:
http://www.mhra.gov.uk/home/idcplg?ldcService=GET_
FILE&dDocName=CON2015616&RevisionSelectionMethod=
LatestReleased (accessed 01/11/07)

Porphyria. Azapropazone is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in animals.

=
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Preparations

BP 2008: Azapropazone Capsules; Azapropazone Tablets.
Proprietary Preparations (details are given in Part 3)

Arg.: Debelext; Austria: Prolixant; Gr.: Prolixant; Hung.: Prolixant; Irl.:

Rheumoxt; Port.: Prolixant; S.Afr.: Rheumox; Turk.: Prodisan; UK: Rheu-
mox.

Bendazac (BAN, USAN, iNN)

AF-983; Bendazaco; Bendazacum; Bindazac. (I-Benzyl-1H-inda-
zol-3-yloxy)acetic acid.

beHaasak

CigH 4N, O35 = 282.3.

CAS — 20187-55-7.

ATC — MO2AAT [; SOIBCO7.

ATC Vet — QMO2AAT[; QSOIBCO7.

OH
(0]

N

-

Bendazac Lysine BANM, iNNM)

AF-1934; Bendazac lisina; Bendazacum Lysinum. L-Lysine-( | -ben-
zyl-1 H-indazol-3-yloxy)acetic acid.

BeHaazak AusuH

CpHgN,O5 = 428.5.

CAS — 81919-14-4.

ATC — SOIBCO7.

ATC Vet — QSOIBCO7.

Pharmacopoeias. In Chin.

Aurothioglucose/Benzydamine Hydrochloride 27

Profile

Bendazac is an NSAID (p.96) structurally related to indometacin
(p.66). It has been used topically in preparations containing 1 or
3% for the treatment of various inflammatory skin disorders.
Bendazac lysine has been used in the management of cataract,
eye drops containing 0.5% being instilled three times daily.
Hepatotoxicity has been reported.

O References.

. Balfour JA, Clissold SP. Bendazac lysine: a review of its phar-
macological properties and therapeutic potential in the manage-
ment of cataracts. Drugs 1990; 39: 575-96.

. Prieto de Paula JM, et al. Hepatotoxicidad por bendazaco: anali-
sis de 16 casos. Rev Clin Esp 1995; 195: 387-9.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Versus, Gr.: Versalba; Ital.: Bendalina; Versus; Philipp.: Bendalina;
Port.: Bendalina; Venez.: Bendalina.

5N

N

Benorilate (84N, INN)

Benorilaatti; Benorilat; Bénorilate; Benorilato; Benorilatum:;
Benorylate; FAW-76; Fenasprate; Win- | 1450. 4-Acetamidophe-
nyl O-acetylsalicylate.

BeHopuinaT

Ci7HsNOs = 313.3.
CAS — 5003-48-5.
ATC — NO2BA 0.

ATC Vet — QNO2BA10.

o

BN N

Hi¢” J0 O

Pharmacopoeias. In Br. and Chin.

BP 2008 (Benorilate). A white or almost white, odourless or al-
most odourless, crystalline powder. Practically insoluble in wa-
ter; sparingly soluble in alcohol and in methyl alcohol; soluble in
acetone and in chloroform.

Profile

Benorilate is an aspirin-paracetamol ester with analgesic, anti-
inflammatory, and antipyretic properties. After absorption, it is
rapidly metabolised to salicylate and paracetamol. It has been
used orally in the treatment of mild to moderate pain (see Choice
of Analgesic, p.2) and fever (p.10). It has also been used in oste-
oarthritis, rheumatoid arthritis, and soft-tissue rheumatism.
When an overdose of benorilate is suspected, it has been suggest-
ed that plasma concentrations of both salicylate and paracetamol
should be measured since a normal plasma-paracetamol concen-
tration cannot necessarily be assumed from a normal plasma-sal-
icylate measurement.

O References.

1. Aylward M. Toxicity of benorylate. BMJ 1973; 2: 118.
2. Symon DNK, et al. Fatal paracetamol poisoning from benorylate
therapy in child with cystic fibrosis. Lancet 1982; ii: 1153-4.

Preparations
BP 2008: Benorilate Oral Suspension; Benorilate Tablets.

Proprietary Preparations (details are given in Part 3)
Belg.: Duviumt; Fr.: Saliprant; Irl.: Benoral; Switz.: Duviumt; UK: Beno-
ralt.

Benoxaprofen (AN, UsAN, riNN)

Benoksaprofeeni; Bénoxaprofene; Benoxaprofeno; Benoxapro-
fenum; Compound 90459; LRCL-3794. 2-[2-(4-Chlorophe-
nyl)benzoxazol-5-yl]propionic acid.

BeHokcanpodeH

C¢H,CINO3 = 301.7.

CAS — 51234-28-7.

ATC — MOIAEQ6.

ATC Vet — QMOITAEOQ6.

COCH

Profile

Benoxaprofen is an NSAID (p.96) structurally related to ibupro-
fen (p.64). It was formerly given orally in rheumatoid arthritis
and osteoarthritis but because of reports of adverse reactions and
fatalities the manufacturers halted worldwide marketing of the
preparation known as Opren in the early 1980s. Adverse effects

The symbol T denotes a preparation no longer actively marketed

TYV\-FFIAALNY

that have occurred with benoxaprofen include skin disorders,
notably photosensitivity reactions but also erythema multiforme
and the Stevens-Johnson syndrome, onycholysis and other nail
disorders, gastrointestinal disturbances including peptic ulcera-
tion and bleeding, blood disorders such as thrombocytopenia,
cholestatic jaundice and other liver or biliary disorders, and renal
failure.

Benzydamine Hydrochloride BANM, USAN, iNNM)

AF-864; Benzidamin Hidroklorlir; Benzindamine Hydrochloride;
Benzydamine, Chlorhydrate de; Benzydamini Hydrochloridum;
Benzydaminy chlorowodorek; Hidrocloruro de bencidamina. 3-
(1-Benzyl- | H-indazol-3-yloxy)-NN-dimethylpropylamine hydro-
chloride.

BersnaamuHa Mapoxaopua

CgHy3N3OHCI = 345.9.

CAS — 642-72-8 (benzydamine); |32-69-4 (benzydam-
ine hydrochloride).

ATC — AOIADO2; G02CCO3; MOIAX07; MO2AAQS.

ATC Vet — QAOIADO2; QGO02CC03; QMOIAXO07;
QMO2AA0S.
N :
\N
Z PPN _-CHs
(o] N

CHs

(benzydamine)

Pharmacopoeias. In Br. and Pol.

BP 2008 (Benzydamine Hydrochloride). A white crystalline
powder. Very soluble in water; freely soluble in alcohol and in
chloroform; practically insoluble in ether. A 10% solution in wa-
ter has a pH of 4.0t0 5.5.

Adverse Effects

After topical application to the skin local reactions such as ery-
thema or rash may occur and photosensitivity has been reported.
After use as mouth and throat preparations, numbness or stinging
sensations of the oral mucosa have been reported; hypersensitiv-
ity reactions including urticaria, photosensitivity, and bronchos-
pasm may also occur rarely.

Effects on the kidneys. A 57-year-old woman who had used
400 g of a topical cream containing benzydamine hydrochloride
3% over a period of 4 months was found to have raised plasma
concentrations of creatinine and urea consistent with a substan-
tial reduction in glomerular filtration rate.*

1. O’Callaghan CA, et al. Renal disease and use of topical non-
steroidal anti-inflammatory drugs. BMJ 1994; 308: 110-11.

Effects on the skin. Photoallergic contact dermatitis devel-
oped on the hands of a 65-year-old woman after the use of a gen-
ital wash containing benzydamine 0.1% for several years.! The
lesions disappeared once the patient stopped using the solution.

1. Lasa Elgezua O, et al. Photoallergic hand eczema due to benzy-
damine. Eur J Dermatol 2004; 14: 69-70.

Overdose. A 6-year old girl had hallucinations® after receiving
500 mg of benzydamine orally; it had been intended as a vaginal
douche for pruritus vulvae; recovery was spontaneous.

1. Gomez-Lopez L, et al. Acute overdose due to benzydamine.
Hum Exp Toxicol 1999; 18: 471-3.

Uses and Administration

Benzydamine hydrochloride is an NSAID (p.99). It is used topi-
cally on the skin in concentrations of 3 to 5% in painful muscu-
loskeletal and soft-tissue disorders. Benzydamine hydrochloride
is also used as a mouthwash or spray in concentrations of 0.15%
for the relief of inflammatory conditions of the mouth and throat.
It has been given orally or rectally for the relief of painful and
inflammatory conditions, and as a topical solution for vaginal ir-
rigation.

Benzydamine salicylate (benzasal) has been used topically on
the skin as a 6% cream or spray.

Mouth disorders. Results of a randomised placebo-controlled

study in patients undergoing radiotherapy for oropharyngeal can-

cer indicated that benzydamine as an oral rinse was effective in
reducing the area and severity of mucositis.! Benzydamine is

also used locally for the management of mouth ulcers (p.1700)

although an early study? found it no more useful than placebo.

1. Epstein JB, et al. Benzydamine HCI for prophylaxis of radiation-
induced oral mucositis: results from a multicenter, randomized,
double-blind, placebo-controlled clinical trial. Cancer 2001; 92:
875-85.

2. Matthews RW, et al. Clinical evaluation of benzydamine, chlo-
rhexidine, and placebo mouthwashes in the management of re-
current aphthous stomatitis. Oral Surg Oral Med Oral Pathol
1987; 63: 189-91.
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28 Analgesics Anti-inflammatory Drugs and Antipyretics

Preparations

BP 2008: Benzydamine Cream; Benzydamine Mouthwash; Benzydamine
Oromucosal Spray.

Proprietary Preparations (details are given in Part 3)

Arg.: Actifedrin; Bencifem; Ernex; Sandival Desleible; Austral.: Difflam; Dif-
flam Anti-inflammatory Throat Spray; Difflam Solution; Austria: Tantum;
Tantumar; Braz.: Benflogin; Benzitrat; Ciflogex; Eridamint; Flogin-Pedt; FI-
ogo Rosa; Flogolab; Flogoral; Fonergoral; Neoflogin; Canad.: Sun-Benzt;
Tantum; Cz.: Rosalgin; Tantum; Denm.: Andolex; Fr.: Opalgyne; Ger.: Tan-
tum Rosa; Tantum Verde; Gr.: Tantum; Hong Kong: Dantum; Difflam; Ve-
rax; Hung.: Tantum Verde; Indon.: Tanflex; Tantum; Irl.: Difflam; Israel:
Easy gel; Ital.: Afloben; Benzirin; Ginesal; Lagin; Multum; Saniflor Colluto-
rio; Tantum; Verax; Xentafid; Malaysia: Difflam Anti-inflammatory Lozeng-
es; Difflam Solution; Mex.: Artroben; Lonol; Vantal; Neth.: Tantum; NZ:
Difflam; Philipp.: Difflam; Pol.: Hascosept; Tantum; Port.: Flogoral;
Momen; Rosalgin; Tantum; Tantum Rosa; Tantum Verde; Rus.: Tantum Rose
(TanTym Po3a); Tantum Verde (TaHTym Bepae); S.Afr.: Andolex; Singa-
pore: Difflam; Spain: Agilona; Fulgium; Rosalgin; Tantum; Tantum Verde;
Swed.: Andolex; Switz.: Bucco-Tantum; Thai.: Difflam; Turk.: Benzidan;
Tanflex; Tantum; Ternex; UK: Difflam; Venez.: Azutan; Bevi Dam; Biozend;;
Flodont; Ginacol; Tantum; Tantum Verde; Zydan.

Multi-ingredient: Arg.: Buchex; Dresan Bioticf; Dresant; Ernex Duo;
Espectocural; Pentadentt; Austral.: Difflam Anti-inflammatory Lozenges
with Cough Suppressant; Difflam Lozenges; Difflam Mouth Gel; Difflam-C;
Logicin Rapid Relief; Braz.: Angino-Rub; Hong Kong: Difflam Anti-inflam-
matory Lozenges; Difflam Mouth Gel; Difflam-C; Logicin Rapid Relief;
Hung.: Tantum Rosa; Ital.: Algolisinat; Gola Action; Linea F; Mediplus;
Malaysia: Difflam Anti-inflammatory Lozenges (with Antibacterial); Dif-
flam Anti-Inflammatory Lozenges (with cough suppressant); Difflam Mouth
Gel; Difflam-C; Mex.: Lonol Sport; NZ: Difflam Cough; Difflam Mouth Gel;
Difflam-C; Port.: Benoral; Gartun; Tantum Verde; S.Afr.: Andolex-C; Sin-
gapore: Difflam Anti-inflammatory Anti-Bacterial Lozenges; Difflam Mouth
Gel; Difflam-C; Spain: Bristaciclina Dental; Dolosartot; Etermol Antitusivo;
Mentamida; Prosturol; Tantum; Vinciseptil Otico; Turk.: Kloroben; Venez.:
Amicets; Gencivol Compuesto; Solunovar Compuesto.

Benzyl Nicotinate
Bensylnikotinat; Bentsyylinikotinaatti; Benzil Nikotinat; Benzyli

Nicotinas; Nicotinato de bencilo. Benzyl pyridine-3-carboxylate.
Ci3H | INO, = 213.2.

CAS — 94-44-0.

N

S
P o
(o}

Pharmacopoeias. In Ger.
Profile
Benzyl nicotinate is used in topical preparations as a rubefacient.
Preparations

Proprietary Preparations (details are given in Part 3)

Ger.: | eukona-Aktiv-Rheumabadt; Pernionin Thermo Teilbad; Pernionin
Thermo Vollbad; Pykaryl T; Rubriment; Rubriment-BN.
Multi-ingredient: Arg.: Butidionaf; Oxa Sport; Pergalen; Austria: Am-
benat; Derivon; Expectal-Balsam; Igitur-antirheumatische; Igitur-Rheumaflu-
id; Menthoneurin; Mobilisin plus; Rheumex; Rubizon-Rheumagel; Rubri-
ment; Thermo-Rheumon; Thrombophob; Braz.: Etratt; Trombofob;
Chile: Bayro-Thermt; Cz.: Dolo-Rubrimentt; Rheuma-Salbet; Rubriment-
N+; Thermo-Rheumont; Fin.: Trombosol; Fr.: Lumbalgine; Ger.: ABC
Warme-Salbet; Ambene N; Arthrodestal NT; Auroanalin Thermo; Cam-
phopin; Capsamol Nt; Caye Rheuma-Balsam; CorSelectt; DoloVisano
Salbet; Emasex-N+t; Forapin Ef; Hot Thermo; Lomazell forte Nt;
Lumbinon Thermot; mikanilt; Ostochontf; Pelvichthol N; Phardol Rheu-
mat; Phardol Warme-Balsamt; Phlogont-Thermal; Praecordin St; Rheu-
balmin Thermot; Rheuma-Salbe N; Rheuma-Salbet; Rheumasalbet; Rheu-
masan Nt; Rheumasitt; Rubriment; Rubriment-Nt; Tachynerg Campher
Herzsalbe; Thermo-Menthoneurint; Thermo-Rheumon Nt; Thermo-
Rheumont; Thermosenex; Togal Mobil-Gelt; Warme-Gelt; zuk thermot;
Gr.: Bayolin; Ehrlich; Striafissant; Thermo-Roiplon; Hong Kong: Salome-
thyl; Hung.: Bayolint; Thermo-Rheumont; India: Beparine; K5 Hair Tinc-
turet; Thrombophob; Indon.: Stop X; Thrombophob; Zeropain; Ital.: Sa-
lonpas; Sloan; Mex.: Bayro Termo; Pol.: Lumbolin; Thermo-Rheumon;
Port.: Adrinext; Balsamo Analgesico; Medalginan; Rus.: Capsicam
(Kancvikam); Heparin Ointment (TenapvHosas Masb); Switz.: Assan ther-
mo; Demotherm Pommade contre le rhumatismet; Dolo Demotherm;
Forapint; Histalgane; Marament-N; Thermocutant; Turk.: Thermo-Doline;
Thermo-Rheumon; Thermoflex; UK: Salonair; Venez.: Ehrlich Balsamo.

Beta-aminopropionitrile

Aminopropionitrile; B-Aminopropionitrile; B-Aminopropionitri-
lo; BAPN. 3-Aminopropionitrile.

beTa-aMMHONPONMMORUTPUA

C3HN, = 70.09.

CAS — 151-18-8 (beta-aminopropionitrile); |'119-28-4
(beta-aminopropionitrile fumarate).

ATC Vet — QMOITAX9 1.

NH,
N_—/_

Profile

Beta-aminopropionitrile, a lysyl oxidase inhibitor, is an anti-in-
flammatory used as the fumarate in veterinary medicine for the
treatment of tendinitis.

+TY-FFYAALNYF

Bicifadine Hydrochloride (usan, innm)

Bicifadina, hidrocloruro de; Bicifadine, Hydrochloride de; Bicifadi-
ni Hydrochloridum; CL-220075. (&)-I-p-Tolyl-3-azabicyclo-
[3.1.0]hexane hydrochloride.

BuumdaanHa Miapoxropua,

C,H sN,HCI = 209.7.

CAS — 71195-57-8 (bicifadine); 66504-75-4 (bicifadine
hydrochloride).

HN

CH3
(bicifadine)

Profile

Bicifadine hydrochloride is a novel analgesic under investigation
for the treatment of painful conditions including postoperative
dental pain.

Bornyl Salicylate

Borneol Salicylate; Salicilato de bornilo. 2-Hydroxybenzoic acid
1,7,7-trimethylbicyclo[2.2.1 Thept-2-yl ester:

BopHuacaanumaaT

Ci7H» 05 = 2744,

CAS — 560-88-3.

H3C

HsC o}

o}

Profile

Bornyl salicylate is a salicylic acid derivative that has been used
topically in rubefacient preparations similarly to methyl sali-
cylate (p.85) for the relief of pain in musculoskeletal and joint
disorders.

Preparations

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Ger.: Forapin Et; Switz.: Forapint; Hygiodermil.

Bromfenac Sodium (UsAN, iNNM)

AHR-10282; AHR-10282B; Bromfénac Sodique; Bromfenaco
sédico; Natrii Bromfenacum. Sodium [2-amino-3-(p-bromoben-
zoyl)phenyl]acetate sesquihydrate.

Hatpuin Bpomderax

CysH, BrNNaOs, | 7 H,O = 383.2.

CAS — 91714-94-2 (bromfenac); 91714-93-1 (brom-
fenac sodium); 120638-55-3 (bromfenac sodium).

Br

- O
o

(bromfenac)

HO

Profile

Bromfenac sodium, a phenylacetic acid derivative related to di-
clofenac (p.44), is an NSAID (p.96). It is instilled twice daily as
0.1% eye drops for ocular pain and inflammation including post-
operative inflammation in patients who have undergone cataract
extraction. When used postoperatively, it may be started 24 hours
after surgery and continued for the next 14 days.

It was formerly given orally in the management of acute pain but
was withdrawn from the market after reports of severe and some-
times fatal hepatic failure.

Effects on the eyes. Severe corneal melting (ulceration) was
seen in 3 patients after topical use of bromfenac sodium. All
patients recovered after bromfenac was withdrawn. Similar ef-

fects have been reported with other ophthalmic NSAID prepara-
tions; for further details see under Adverse Effects of Diclofenac,
p.45.
1. Asai T, et al. Three cases of corneal melting after instillation of
a new nonsteroidal anti-inflammatory drug. Cornea 2006; 25:
224-7.

Preparations

Proprietary Preparations (details are given in Part 3)
Jpn: Bronuck; USA: Xibrom.

Bufexamac 4N, iINN)

Bufeksamaakki;  Bufeksamakas; Bufexamaco; Bufexamacum;
Bufexamak; Bufexamak. 2-(4-Butoxyphenyl)acetohydroxamic ac-
id.

Bydekcamak

C,HsNO; = 223.3.

CAS — 2438-72-4.

ATC — MOIABI7; MO2AAOD9.

ATC Vet — QMOIABI7; QMO2AA09.

ZT

OH
(0]
H3C/\/\O

Pharmacopoeias. In Eur. (see p.vii) and Jpn.

Ph. Eur. 6.2 (Bufexamac). A white or almost white, crystalline
powder. Practically insoluble in water; soluble in dimethylfor-
mamide; slightly soluble in ethyl acetate and in methyl alcohol.
Protect from light.

Profile
Bufexamac is an NSAID (p.96) that is applied topically in con-
centrations of 5% in various skin disorders. Stinging and burning
may occur after application; hypersensitivity reactions have been
reported.

Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Parfenact; Austral.: Paradermt; Austria: Bufex; Bufexan; Droxaryl;
Parfenac; Belg.: Bufexinet; Droxarylf; Cz.: Droxarylt; Fr.: Parfenac; Ger.:
Bufedermt; duradermal; Haemo-Exhirud Bufexamac; Jomax; Malipuran;
Parfenac; Windol; Ital.: Fansamac; Viafen; Neth.: Droxaryl; Parfenac; Port.:
Parfenac; Switz.: Parfenac.

Multi-ingredient: Austral.: Paraderm Plus; Resolve; Austria: Droxaryl;
Cz.: Mastu S; Ger.: Faktu akut; Hamo-ratiopharm N; Hamoagil plus; Mastu
S; Hong Kong: Fungo Soothing Balm; Mastu S; Hung.: Mastu S; NZ: Para-
derm Plus; Rus.: Proctosan ([pokTtosan); Thai.: Mastu S.

Bumadizone Calcium (Nvv)

Bumadizona cdlcica; Bumadizone Calcique; Calcii Bumadizonum.
Calcium  2-(1,2-diphenylhydrazinocarbonyl)hexanoate hemihy-
drate.

Kaabumi Bymaanson

(Cj9Hy N, O3),Ca, 7 H,O = 699.8.

CAS — 3583-64-0 (bumadizone); 34461-73-9 (bumadi-
zone calcium).

ATC — MOIABO7.

ATC Vet — QMOIABO7.

CH3
(bumadizone)

Profile

Bumadizone calcium is an NSAID (p.96) that is metabolised to
phenylbutazone (p.117) and oxyphenbutazone (p.107). Use has
been limited by the risk of agranulocytosis and other haemato-
logical adverse effects.

Preparations

Proprietary Preparations (details are given in Part 3)
Mex.: Desflam.
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Buprenorphine @an iy ®

Buprenorfiini; Buprenorfin; Buprenorfina; Buprenorfinas; Bu-
prénorphine; Buprenorphinum; RX-6029-M. (6R,7R, 14S)-17-Cy-
clopropylmethyl-7,8-dihydro-7-[(15)- I-hydroxy-1,2,2-trimethyl-
propyl]-6-O-methyl-6, | 4-ethano- | 7-normorphine;  (25)-2-[(-)-
(5R.6R, 7R, 145)-9a-Cyclopropylmethyl-4,5-epoxy-3-hydroxy-6-
methoxy-6, | 4-ethanomorphinan-7-yl]-3,3-dimethylbutan-2-ol.
BynpeHopduH

CygH4NO, = 467.6.

CAS — 52485-79-7.

ATC — NOZ2AEOI; NO7BCOI.

ATC Vet — QNOZAEOI; QNO7BCOI.

HO

NoTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of buprenorphine:
TEM; Tems.

Pharmacopoeias. In Eur. (see p.vii).

Ph. Eur. 6.2 (Buprenorphine). A white or almost white crystal-
line powder. Very slightly soluble in water; freely soluble in
acetone; slightly soluble in cyclohexane; soluble in methyl alco-
hol. It dissolves in dilute solutions of acids. Protect from light.

Buprenorphine Hydrochloride

(BANM, USAN, iNNM) &

Buprenorfiinihydrokloridi; Buprenorfin-hidroklorid; Buprenorfin-
hydrochlorid; Buprenorfinhydroklorid; Buprenorfino hidrochlori-
das; Buprénorphine, chlorhydrate de; Buprenorphini hydrochlo-
ridum; CL-112302; Hidrocloruro de buprenorfina; NIH-8805;
UM-952.

BynpeHopduHa Miapoxaopua,

CyoH4 NOLHCI = 504.1.

CAS — 53152-21-9.

Pharmacopoeias. In Chin., Eur. (see p.vii), and US.

Ph. Eur. 6.2 (Buprenorphine Hydrochloride). A white or almost
white crystalline powder. Sparingly soluble in water; soluble in
alcohol; practically insoluble in cyclohexane; freely soluble in
methyl alcohol. Protect from light.

USP 31 (Buprenorphine Hydrochloride). pH of a 1% solution in
water is between 4.0 and 6.0. Store in airtight containers. Protect
from light.

Dependence and Withdrawal

As for Opioid Analgesics, p.101.

Buprenorphine may have a lower potential for produc-
ing dependence than pure agonists such as morphine.
However, it has been subject to abuse (see under Pre-
cautions, below). Abrupt withdrawal of buprenorphine
is said to produce only a mild abstinence syndrome,
which may be delayed in onset.

Buprenorphine is used for substitution therapy in the
management of opioid dependence (see under Uses
and Administration, below).

Adverse Effects and Treatment

As for Opioid Analgesics in general, p.102.

Acute hepatotoxicity, including elevated liver enzyme
values, hepatitis with jaundice, hepatic failure, necro-
sis, and encephalopathy, and hepatorenal syndrome,
has been reported in opioid-dependent addicts; these
reactions have also occurred after the misuse of bu-
prenorphine, particularly after high doses or intrave-
nous use.

Local reactions such as rash, erythema, and itching
have been reported with the transdermal patches. In
isolated cases delayed local allergic reactions with
marked signs of inflammation have occurred; the
patches should be withdrawn in such cases.
Treatment of adverse effects is similar to that for other
opioid analgesics (p.102). The effects of buprenor-

The symbol T denotes a preparation no longer actively marketed
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phine are only partially reversed by naloxone (see Ef-
fects on the Respiratory System, below) but use of the
latter is still recommended.

Incidence of adverse effects. Adverse effects reported? after
parenteral buprenorphine in 8187 patients were nausea (8.8%),
vomiting (7.4%), drowsiness (4.3%), sleeping (1.9%), dizziness
(1.2%), sweating (0.98%), headache (0.55%), confusion
(0.53%), lightheadedness (0.38%), blurred vision (0.28%), eu-
phoria (0.27%), dry mouth (0.11%), depression (0.09%), and
hallucinations (0.09%). Some studies?® have reported nausea,
vomiting, and dizziness to be more troublesome with buprenor-
phine than with morphine.
In a study* of sublingual buprenorphine, 50 of 141 cancer pa-
tients withdrew because of adverse effects, especially dizziness,
nausea, vomiting, and drowsiness; constipation was not reported.
A woman developed?® a painless ulcer on the upper surface of her
tongue after she had put sublingual buprenorphine tablets on
rather than under her tongue.
Shock occurred® in 2 patients 2 hours after receiving epidural
buprenorphine 300 micrograms; treatment with naloxone was
unsuccessful but symptoms disappeared spontaneously after 2 to
3 hours.
In a multicentre study’ of transdermal buprenorphine, 252 of
1223 patients with moderate to severe cancer pain or non-cancer
pain withdrew due to adverse effects. The most commonly re-
ported were nausea (11%), vomiting (9.2%), constipation
(7.8%), dizziness (7.5%), drowsiness (4.0%), retching (3.7%),
generalised pruritus (2.0%), and headache (1.6%); local adverse
effects included pruritus (1.4%), dermatitis (1.3%), and ery-
thema (1.3%). Another study® reported oedema, headache, nau-
sea, palpitation, and difficulty concentrating as causes for thera-
py withdrawal in 4 out of 90 patients.
1. Harcus AW, et al. Methodology of monitored release of a new
preparation: buprenorphine. BMJ 1979; 2: 163-5.
. Sear JW, et al. Buprenorphine for postoperative analgesia. Br J
Anaesth 1979; 51: 71.
Kjaer M, et al. A comparative study of intramuscular buprenor-
phine and morphine in the treatment of chronic pain of malignant
origin. Br J Clin Pharmacol 1982; 13: 487-92.
Robbie DS. A trial of sublingual buprenorphine in cancer pain.
Br J Clin Pharmacol 1979; 7 (suppl 3): 315S-317S.
Lockhart SP, Baron JH. Tongue ulceration after lingual bu-
prenorphine. BMJ 1984; 288: 1346.
Christensen FR, Andersen LW. Adverse reaction to extradural
buprenorphine. Br J Anaesth 1982; 54: 476.
. Muriel C, et al. Effectiveness and tolerability of the buprenor-
phine transdermal system in patients with moderate to severe
chronic pain: a multicenter, open-label, uncontrolled, prospec-
tive, observational clinical study. Clin Ther 2005; 27: 451-62.
Sorge J, Sittl R. Transdermal buprenorphine in the treatment of
chronic pain: results of a phase 111, multicenter, randomized,
double-blind, placebo-controlled study. Clin Ther 2004; 26:
1808-20.
Effects on the heart. For a report of myocardial infarction as-
sociated with abuse of buprenorphine, see Abuse under Precau-
tions, below.

Effects on mental function. Psychotomimetic effects have
been relatively uncommon with buprenorphine. Hallucinations
were reported in only 7 of 8147 patients (0.09%) given bu-
prenorphine by injection. There have been reports of hallucina-
tions after sublingual? or epidural® use.

Harcus AW, et al. Methodology of monitored release of a new
preparation: buprenorphine. BMJ 1979; 2: 163-5.

. Paraskevaides EC. Near fatal auditory hallucinations after bu-
prenorphine. BMJ 1988; 296: 214.

MacEvilly M, O’Carroll C. Hallucinations after epidural bu-
prenorphine. BMJ 1989; 298: 928-9.

Effects on the respiratory system. There have been varying
reports on the occurrence of respiratory depression with bu-
prenorphine. It may be subject to a “ceiling effect’ in which res-
piratory depression does not increase further above doses of
about 3 micrograms/kg.* However, high doses of 30 or
40 micrograms/kg given as sole intravenous analgesic in bal-
anced anaesthesia have been associated with severe respiratory
depression.?

Respiratory depression may be delayed in onset and more pro-
longed than with morphine and is only partially reversed by
naloxone, possibly because buprenorphine is very firmly bound
to opioid receptors. A study of sublingual buprenorphine for
postoperative pain relief was abandoned when 3 of the first 16
patients showed signs of late-onset respiratory depression after
the second dose of buprenorphine; the respiratory depression did
not respond to naloxone.® Successful reversal has been shown in
healthy subjects with buprenorphine-induced respiratory depres-
sion given large doses of naloxone 5 or 10 mg, but not with 1 mg;
reversal was gradual in onset and decreased the duration of the
normally prolonged respiratory depression.* Other studies found
that lower doses of naloxone 2 to 4 mg given over 30 minutes,>®
or bolus doses of 2 to 3 mg followed by a continuous infusion of
4 mg/hour,® were effective in reversing buprenorphine-induced
respiratory depression. The authors of both these studies suggest-
ed that a longer duration of naloxone infusion may be needed for
reversal of respiratory depression caused by high doses of bu-
prenorphine. The respiratory depressant and analgesic effects of
buprenorphine were decreased by the concomitant use of
naloxone.” It should be noted that a combined sublingual prepa-
ration of buprenorphine hydrochloride and naloxone hydrochlo-
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ride is available in some countries for the treatment of opioid de-

pendence.

1. Dahan A, et al. Comparison of the respiratory effects of intrave-
nous buprenorphine and fentanyl in humans and rats. Br J
Anaesth 2005; 94: 825-34.

. Schmidt JF, et al. Postoperative pain relief with naloxone: severe
respiratory depression and pain after high dose buprenorphine.
Anaesthesia 1985; 40: 583-6.

3. Thorn S-E, et al. Prolonged respiratory depression caused by

sublingual buprenorphine. Lancet 1988; i: 179-80.

4. Gal TJ. Naloxone reversal of buprenorphine-induced respiratory
depression. Clin Pharmacol Ther 1989; 45: 66-71.

. Dahan A. Opioid-induced respiratory effects: new data on bu-
prenorphine. Palliat Med 2006; 20 (Suppl 1): s3-s8.

. van Dorp E, et al. Naloxone reversal of buprenorphine-induced
respiratory depression. Anesthesiology 2006; 105: 51-7.

. Lehmann KA, et al. Influence of naloxone on the postoperative
analgesic and respiratory effects of buprenorphine. Eur J Clin
Pharmacol 1988; 34: 343-52.

Overdosage. A small case series reported® acute buprenor-

phine intoxication in 5 children, aged from 15 to 22 months, after

accidental ingestion of sublingual tablets; of these, 4 had ingest-
ed a combined preparation containing naloxone (Suboxone;

Reckitt Benckiser, USA). Symptoms included drowsiness and

miosis; decreased respiratory rates were reported in 4. All 5 chil-

dren required hospital admission; 4 were treated with naloxone
and 1 needed mechanical ventilation. Accidental poisoning has
also been reported? in a 9-month-old infant who ingested Subox-
one; his symptoms were reversed by naloxone. A retrospective
review® of buprenorphine overdoses in children under 6 years of
age reported by US poison centres to a national surveillance sys-
tem from November 2002 to December 2005 concluded that
overdosage is generally well tolerated. Out of 86 reports, 54 chil-
dren developed symptoms of toxicity. Such symptoms included:

drowsiness or lethargy (55%), vomiting (21%), miosis (21%),

respiratory depression (7%), agitation or irritability (5%), pallor

(3%), and coma (2%). There were no fatalities, and significant

CNS and respiratory depression occurred in 7%. Suboxone prep-

arations were the most commonly ingested products. The authors

considered that any child who has ingested more than 2 mg and
any aged under 2 years who has had more than a lick or taste
should be referred to the emergency department.

During the years 1980 to 2002, buprenorphine was mentioned in

43 cases of adult fatalities in the UK.* Of these, 27 deaths were

confirmed to have involved buprenorphine including 7 cases

where it was taken alone. In those deaths where multiple drugs

were involved sedatives or benzodiazepines were detected in 23

cases and other opioids were found in 17 cases; alcohol had also

been taken in 10 cases. The authors also found an increase in
buprenorphine-related fatalities since 1999 when the high-dose
formulation became available.

1. Geib A-J, et al. Adverse effects in children after unintentional

buprenorphine exposure. Pediatrics 2006; 118: 1746-51.
2. Cho CS, et al. Exploratory buprenorphine ingestion in an infant.
Ann Emerg Med 2006; 48: 109.

3. Hayes BD, et al. Toxicity of buprenorphine overdoses in chil-
dren. Pediatrics 2008; 121: 807-8. Full version:
http://pediatrics.aappublications.org/cgi/reprint/121/4/e782 (ac-
cessed 22/07/08)

. Schifano F, et al. Buprenorphine mortality, seizures and pre-
scription data in the UK, 1980-2002. Hum Psychopharmacol
2005; 20: 343-8.
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Precautions

As for Opioid Analgesics in general, p.103.
Buprenorphine has opioid antagonist actions and may
precipitate withdrawal symptoms if given to patients
physically dependent on opioids.

Respiratory depression, if it occurs, is relatively slow
in onset and of prolonged duration; it may be only par-
tially reversed by naloxone.

Licensed product information states that baseline liver
function levels should be established before starting
buprenorphine therapy, and periodic monitoring of liv-
er function should be performed throughout therapy in
patients being treated for opioid dependence. It should
be used with caution in all patients with pre-existing
hepatic impairment.

Absorption of buprenorphine from transdermal patch-
es may be increased as the temperature rises and pa-
tients should therefore avoid exposing the patch to ex-
ternal heat; similarly, patients with fever may require
monitoring because of increased absorption. It may
take up to 30 hours for plasma concentrations of bu-
prenorphine to decrease by 50% after removal of a
patch; patients who have had adverse effects should be
monitored during this period.

Abuse. A 22-year-old man had chest pains on each of two occa-
sions after he had inhaled crushed buprenorphine tablets. An
ECG taken after the second episode suggested that the patient
had suffered a myocardial infarction. Intravenous injection of

crushed sublingual tablets was associated with rhabdomyolysis
and sciatic neuropathy in 2 patients.2 A case series® of 4 patients

The symbol ® denotes a substance whose use may be restricted in certain sports (see p.vii)
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reported severe limb and digit complications, such as ischaemia
and gangrene, from parenteral abuse of sublingual buprenor-
phine tablets; intra-arterial injection in 2 cases resulted in ampu-
tation of the affected digits or limb. The use of adulterants in il-
licit preparations may also cause adverse effects: 4 patients on
substitution treatment developed candida endophthalmitis after
intravenously injecting sublingual buprenorphine diluted with
lemon juice.*

Hepatotoxicity has been seen in opioid-dependent addicts after
buprenorphine abuse (see Adverse Effects and Treatment,
above).

. Cracowski J-L, et al. Myocardial infarction associated with bu-
prenorphine. Ann Intern Med 1999; 130: 537.

. Seet RCS, Lim ECH. Intravenous use of buprenorphine tablets
associated with rhabdomyolysis and compressive sciatic neurop-
athy. Ann Emerg Med 2006; 47: 396-7.

. Loo HW, et al. Severe upper limb complications from parenteral

abuse of Subutex. Ann Acad Med Singapore 2005; 34: 575-8.

Cassoux N, et al. Presumed ocular candidiasis in drug misusers

after intravenous use of oral high dose buprenorphine (Subutex).

Br J Ophthalmol 2002; 86: 940-1.

Breast feeding. From a study’ of a breast-feeding mother who
was receiving buprenorphine 4 mg daily, it was estimated that at
the age of 4 weeks the total amount ingested by the infant during
a 24-hour period was 3.28 micrograms for buprenorphine and
0.33 micrograms for norbuprenorphine. Another study? found
that buprenorphine was present in the breast milk of a breast-
feeding mother with a maternal milk-to-plasma ratio of about
one. The authors of both studies considered the amount absorbed
through breast feeding to be low.

The BNF and some licensed product information states that bu-

prenorphine should not be given to mothers who are breast feed-

ing.

Studies in rats have shown that it may inhibit lactation.

1. Marquet P, et al. Buprenorphine withdrawal syndrome in a new-
born. Clin Pharmacol Ther 1997; 62: 569-71.

2. Johnson RE, et al. Buprenorphine treatment of pregnant opioid-
dependent women: maternal and neonatal outcomes. Drug Alco-
hol Depend 2001; 63: 97-103.

Pregnancy. An infant born to a mother who was being treated
with buprenorphine 4 mg daily for diamorphine addiction suf-
fered a minor withdrawal syndrome 2 days after birth.* The in-
fant rapidly recovered without any treatment. No further signs of
withdrawal occurred when breast feeding was abruptly stopped
at the age of 8 weeks. In another report? of 15 opioid-dependent
mothers who had received buprenorphine maintenance during
their pregnancies, withdrawal symptoms were either absent or
mild in 12 of the neonates. The remaining 3 neonates required
treatment with morphine. There appeared to be no correlation be-
tween the buprenorphine dose and the degree of withdrawal
symptoms. A literature review?® found that of about 309 infants
born to opioid-dependent mothers maintained on buprenorphine
(sublingual dose range: 0.4 to 24 mg daily), 193 developed neo-
natal abstinence syndrome; of these, 149 required treatment.
More than 40% of treated cases were confounded by misuse of
other drugs. Onset of symptoms occurred within the first 12 to 48
hours and peaked within about 72 to 96 hours; duration of symp-
toms was about 120 to 168 hours although in some infants, it was
reported to last for 6 to 10 weeks.

The 67 pregnancies of 66 women using buprenorphine have
been followed in a prospective study.* The incidences of prema-
ture birth, caesarean section, and low Apgar scores in buprenor-
phine-exposed neonates were no greater than those seen in the
general population although the mean birth-weight of the ex-
posed neonates was significantly lower. In the exposed group,

91% of neonates needed intensive care treatment: 76% had neo-

natal abstinence syndrome and 57% needed opioid replacement

therapy. There were also 2 cases of sudden infant deaths in the
exposed group, which was considered to be higher than that gen-
erally expected.

1. Marquet P, et al. Buprenorphine withdrawal syndrome in a new-
born. Clin Pharmacol Ther 1997; 62: 569-71.

. Fischer G, et al. Treatment of opioid-dependent pregnant women
with buprenorphine. Addiction 2000; 95: 239-44.

. Johnson RE, et al. Use of buprenorphine in pregnancy: patient
management and effects on the neonate. Drug Alcohol Depend
2003; 70 (suppl 2): S87-S101.

4. KahilaH, et al. A prospective study on buprenorphine use during

pregnancy: effects on maternal and neonatal outcome. Acta Ob-
stet Gynecol Scand 2007; 86: 185-90.
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Interactions
For interactions associated with opioid analgesics, see
p.103.

Buprenorphine is metabolised by the cytochrome P450
isoenzyme CYP3A4; consequently, use with other
drugs that induce or inhibit this isoenzyme may result
in changes in plasma concentrations of buprenorphine
and, possibly adverse effects. Some manufacturers
state that dosage adjustment of buprenorphine may be
necessary when used with such drugs. The UK li-
censed product information for one sublingual formu-
lation (Subutex; Schering-Plough) recommends that
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the dose of buprenorphine should be halved when start-
ing treatment with the potent CYP3A4 inhibitor, keto-
conazole.

There have been reports of respiratory and cardiovas-
cular collapse in patients given therapeutic doses of in-
travenous buprenorphine and diazepam.

Use with other potentially hepatotoxic drugs may in-
crease the risk of liver damage.

Analgesics. There is a risk that, with opioid agonist-antagonists
such as buprenorphine, their antagonistic effects might impair
more effective analgesic therapy. This appeared to happen in 2
cancer patients both of whom were given sublingual buprenor-
phine that was later substituted by morphine.* Conventional dos-
es of morphine were inadequate and in one patient raising the
dose of morphine proved fatal.

1. Overweg-van Kints J, Stricker BHC. Falende pijnbestrijding ti-

jdens sublinguaal gebruik van buprenorfine. Ned Tijdschr Ge-
neeskd 1987; 131: 1973-4.

Antivirals. Various HIV-protease inhibitors and NNRTIs can
inhibit or induce cytochrome P450 isoenzymes, and most are
also substrates for CYP3A4; thus, they have the potential to in-
teract with buprenorphine. A pharmacokinetic study* found that
usual doses of nelfinavir, ritonavir, and lopinavir-ritonavir given
to HIV-negative patients taking buprenorphine with naloxone for
opiate dependence did not produce any clinically significant in-
teractions: ritonavir increased the area under the concentration-
time curve (AUC) of buprenorphine by about 57%, although no
adverse effects were seen. Another pharmacokinetic study? in a
similar group of patients also found no clinically significant in-
teractions between buprenorphine with naloxone and delavirdine
or efavirenz: delavirdine increased the AUC of buprenorphine
fourfold, and efavirenz decreased it by about 50%, but no ad-
verse effects were seen. However, a small case series® of 3 opio-
id-dependent patients reported symptoms of buprenorphine tox-
icity, such as dizziness, daytime somnolence, and decreased
mental functioning, with concomitant atazanavir and ritonavir
therapy.

Buprenorphine does not appear to significantly affect the phar-
macokinetics of antiretrovirals.>2

1. McCance-Katz EF, et al. Interactions between buprenorphine
and antiretrovirals: I—The nonnucleoside reverse-transcriptase
inhibitors efavirenz and delavirdine. Clin Infect Dis 2006; 43
(suppl 4): S224-S234.

. McCance-Katz EF, et al. Interactions between buprenorphine
and antiretrovirals: 1l—The protease inhibitors nelfinavir, lopi-
navir/ritonavir, and ritonavir. Clin Infect Dis 2006; 43 (suppl 4):
$235-5246.

. Bruce RD, Altice FL. Three case reports of a clinical pharmacok-
inetic interaction with buprenorphine and atazanavir plus ritona-
vir. AIDS 2006; 20: 783-4.
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Pharmacokinetics

After intramuscular injection, buprenorphine rapidly
reaches peak plasma concentrations. Absorption also
takes place through the buccal mucosa after sublingual
doses and peak plasma concentrations are achieved af-
ter 90 minutes. Transdermal application results in ab-
sorption through the skin; the minimum effective con-
centration is reached in 12 to 24 hours and peak plasma
concentrations are achieved after about 60 hours. How-
ever, there is a lack of correlation between plasma con-
centrations and analgesic activity. Buprenorphine is
about 96% bound to plasma proteins.

Elimination of buprenorphine is bi- or triphasic;
metabolism takes place in the liver by oxidation via the
cytochrome P450 isoenzyme CYP3A4 to the pharma-
cologically active metabolite N-dealkylbuprenorphine
(norbuprenorphine), and by conjugation to glucuro-
nide metabolites. Buprenorphine is subject to consider-
able first-pass metabolism after oral doses. However,
when given by the usual routes buprenorphine is ex-
creted mainly unchanged in the faeces; there is some
evidence for enterohepatic recirculation. Plasma elim-
ination half-lives have ranged from 1.2 to 7.2 hours af-
ter intravenous injection; elimination half-lives after
sublingual or transdermal use are longer and may range
from 20 to 36 hours or more. Metabolites are excreted
in the urine, but very little unchanged drug is excreted
in this way. Buprenorphine crosses the placenta and
small amounts are distributed into breast milk.

¢ References.

1. Elkader A, Sproule B. Buprenorphine: clinical pharmacokinetics
in the treatment of opioid dependence. Clin Pharmacokinet
2005; 44: 661-80.

Administration. BuccAL RouTE. Absorption of sublingual
buprenorphine is relatively slow. In a 10-hour study® plasma

concentrations after 400 or 800 micrograms given sublingual-
ly peaked at about 200 minutes (range 90 to 360 minutes) and
buprenorphine was still detected in plasma at the end of the
study. Systemic availability was about 55% (range 16 to 94%)
and absorption was more or less complete 5 hours after a
dose. However, the authors of a subsequent study? considered
that this was an overestimation, possibly due to methodolog-
ical flaws. The later study results indicated that the bioavail-
ability of sublingual buprenorphine is about 30% and that
sublingual holding times between 3 and 5 minutes are
bioequivalent. Another single-dose study® found that the bio-
availability of sublingual buprenorphine was 50% less from a
tablet than from a liquid formulation. Later studies*® noted
that the bioavailability of buprenorphine from a sublingual
tablet relative to a sublingual liquid formulation was about
70% after daily dosing for 7 days. One of these studies* also
found that the bioavailability of sublingual buprenorphine
from a tablet formulation containing naloxone was higher
than from a single-ingredient tablet formulation and similar to
that seen with liquid formulations.

1. Bullingham RES, et al. Sublingual buprenorphine used postop-
eratively: ten hour plasma drug concentration analysis. Br J Clin
Pharmacol 1982; 13: 665-73.

. Mendelson J, et al. Bioavailability of sublingual buprenorphine.
J Clin Pharmacol 1997; 37: 31-7.

. Nath RP, et al. Buprenorphine pharmacokinetics: relative bioa-
vailability of sublingual tablet and liquid formulations. J Clin
Pharmacol 1999; 39: 619-23.

. Strain EC, et al. Relative bioavailability of different buprenor-
phine formulations under chronic dosing conditions. Drug Alco-
hol Depend 2004; 74: 37-43.

5. Compton P, et al. Pharmacokinetics, bioavailability and opioid
effects of liquid versus tablet buprenorphine. Drug Alcohol De-
pend 2006; 82: 25-31.
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Children. The terminal elimination half-life of buprenorphine
was only about 1 hour in small children aged 4 to 7 years given
3 micrograms/kg intravenously as premedication, but could not
be estimated reliably because of the rapid decline in plasma-
buprenorphine concentrations. Clearance values did, however,
appear higher than in adults; steady-state volume of distribution
was similar. Premature neonates (gestational age 27 to 32
weeks) given a similar dose followed by an infusion of
0.72 micrograms/kg per hour had a considerably lower clearance
rate and had a mean elimination half-life of 20 hours.? Although
this dosing regimen appeared to be safe, sedation was judged to
be inadequate in 4 of the 12 neonates studied. It was suggested
that as buprenorphine given by infusion might not produce con-
sistent sedation and analgesia in premature neonates, it could not
be recommended for use in neonatal care.

1. Olkkola KT, et al. Pharmacokinetics of intravenous buprenor-

phine in children. Br J Clin Pharmacol 1989; 28: 202-4.

2. Barrett DA, et al. The pharmacokinetics and physiological effect
of buprenorphine infusion in premature neonates. Br J Clin
Pharmacol 1993; 36: 215-19.

Renal impairment. Buprenorphine clearance appears to occur
mainly by hepatic extraction and metabolism and would not be
expected to be related to renal function, whereas metabolites are
excreted in urine. In a study, buprenorphine kinetics were similar
in anaesthetised healthy patients to those in patients with renal
impairment, with a mean elimination half-life of 398 and 239
minutes, respectively. Plasma concentrations of the metabolites
norbuprenorphine and buprenorphine-3-glucuronide were in-
creased about 4 times and 15 times, respectively in patients with
renal impairment,! but significant pharmacological activity was
unlikely since norbuprenorphine has little analgesic activity
compared with the parent compound and buprenorphine-3-glu-
curonide has none.

1. Hand CW, et al. Buprenorphine disposition in patients with renal
impairment: single and continuous dosing, with special refer-
ence to metabolites. Br J Anaesth 1990; 64: 276-82.

Uses and Administration

Buprenorphine is an opioid analgesic (p.104) classified
as an opioid agonist and antagonist. It is used for the
relief of moderate to severe pain and as an adjunct to
anaesthesia. Buprenorphine is also used in the treat-
ment of opioid dependence.

Buprenorphine has a relatively slow onset but pro-
longed duration of action. On intramuscular injection
analgesia is apparent within 15 minutes and lasts up to
6 hours. A slower, more prolonged response is
achieved after sublingual doses. The analgesic effects
of buprenorphine after transdermal application may
not be seen for at least 12 to 24 hours or up to 72 hours
in the case of the once-weekly patch.

Buprenorphine is usually given by intramuscular or in-
travenous injection or sublingually as the hydrochlo-
ride or as transdermal patches as the base. For all routes
doses are expressed in terms of the base. Buprenor-
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phine hydrochloride 107.8 micrograms is equivalent to
about 100 micrograms of buprenorphine.

Buprenorphine is given by all the above routes for opi-
oid analgesia in moderate to severe pain.

* The dose by intramuscular or slow intravenous in-
jection is 300 to 600 micrograms repeated every 6 to
8 hours as required

* By the sublingual route, doses of 200 to
400 micrograms may be repeated every 6 to 8 hours
as required

« For opioid treatment of chronic pain in patients aged
18 years and over transdermal patches delivering
varying amounts of buprenorphine are available.
Doses should be individually titrated for each patient
according to previous opioid usage. During transfer
to treatment with buprenorphine patches previous
opioid analgesic therapy should be phased out grad-
ually in order to allow for the gradual increase in
plasma-buprenorphine concentrations. Depending
on dose required up to 2 patches may be applied,
however, this should be done at the same time to
avoid confusion. Buprenorphine patches are not ap-
propriate for acute pain. In the UK, transdermal bu-
prenorphine patches are available as follows:

Transtec (Napp, UK) delivering buprenorphine in a
range of 35 to 70 micrograms/hour. Initial dosages
should not exceed 35 micrograms/hour in opioid-
naive patients. For patients who have been receiving
a strong opioid analgesic the initial dose should be
based on the previous 24-hour opioid requirement.
Use of a patch providing 35 micrograms/hour of bu-
prenorphine is roughly equivalent to 30 to 60 mg
daily of oral morphine sulfate. Patches should be re-
placed every 96 hours at the latest with the new patch
being applied to a different site; use of the same area
of the skin should be avoided for at least the next 2
applications.

BuTrans (Napp, UK) delivering buprenorphine in a
range of 5 to 20 micrograms/hour. Initial dosages
should not exceed 5 micrograms/hour in all patients.
Patches should be replaced every 7 days with the
new patch being applied to a different site; use of the
same area of the skin should be avoided for the next
3 to 4 weeks.

When used in balanced anaesthesia 300 micrograms
may be given intramuscularly or 400 micrograms sub-
lingually for premedication; 300 to 450 micrograms
may be given intravenously as a perioperative analge-
sic supplement.

For the treatment of opioid dependence in patients
aged 16 years and over, the initial dose is 0.8 to 4 mg
sublingually once daily. The dose may be increased as
necessary but maintenance doses should not exceed
32 mg daily. Once the patient has been stabilised, the
dosage should be reduced gradually to a lower mainte-
nance dose; treatment may eventually be stopped if ap-
propriate. For addicts who have not undergone opioid
withdrawal before starting buprenorphine, the first
dose of buprenorphine should not be given until the
first signs of craving appear or until at least 4 (USA) or
6 (UK) hours after the last opioid use. In those already
receiving methadone replacement, the dose of metha-
done should be reduced to a maximum of 30 mg daily
before starting buprenorphine therapy. As a deterrent
to abuse, a combined sublingual preparation of bu-
prenorphine hydrochloride and naloxone hydrochlo-
ride is available in some countries for the treatment of
opioid dependence.

For details of doses in children, see below.

Action. Buprenorphine is generally described as a mixed agon-
ist-antagonist acting mainly as a partial agonist at u opioid recep-
tors, with some antagonist activity at « receptors. It has also been
shown to bind at , 3, and « opioid binding sites and to have high

affinity for the p and 5 receptors and lesser affinity for the « re-
ceptor.! Buprenorphine, like fentanyl, has high lipid solubility,
but has a lower intrinsic activity than fentanyl. Differences be-
tween buprenorphine and pure p opioid agonists such as fenta-
nyl, including relatively slow onset of action, prolonged duration
of action, resistance to antagonism by naloxone, and lack of cor-
relation between plasma concentrations and analgesic effects,
have been explained by differences in the way buprenorphine
binds to opioid receptors. In a study in vitro buprenorphine had
slow rates of association and dissociation from the opioid recep-
tor when compared with fentanyl.?

1. Bovill JG. Which potent opioid? Important criteria for selection.

Drugs 1987; 33: 520-30.
2. Boas RA, Villiger JW. Clinical actions of fentanyl and buprenor-

phine: the significance of receptor binding. Br J Anaesth 1985;
57: 192-6.

Administration in children. Buprenorphine is used for the
relief of moderate to severe pain in children. In the UK, those
aged from 6 months to 12 years may be given 3 to
6 micrograms/kg by intramuscular or slow intravenous injection
every 6 to 8 hours; up to 9 micrograms/kg may be given if re-
quired in refractory cases. In the USA, parenteral buprenorphine
is licensed in children aged 2 years and over; usual doses of 2 to
6 micrograms/kg may be given intramuscularly or intravenously
every 4 to 6 hours to those up to 12 years old. The sublingual
route is licensed in the UK in children aged from 6 to 12 years
and the following doses are given every 6 to 8 hours according to
body-weight: 16 to 25 kg, 100 micrograms; 25 to 37.5 kg, 100 to
200 micrograms; 37.5 to 50 kg, 200 to 300 micrograms. Older
children requiring pain relief may be given the usual adult dose
(see above) for all the above routes.

Buprenorphine is also used in the treatment of opioid depend-
ence; adolescents aged 16 years and over may be given the usual
adult dose (see above).

Opioid dependence. Buprenorphine is used in the treatment
of opioid dependence (p.101). Its agonist-antagonist properties
may mean that it has a lower potential for dependence and a low-
er risk of respiratory depression in overdose than pure agonists
such as methadone. Buprenorphine can be used as substitution
therapy in patients with moderate opioid dependence for acute
management of withdrawal and in maintenance treatment as an
alternative to or together with methadone. However, in patients
dependent on high doses of opioids buprenorphine may precipi-
tate withdrawal due to its partial antagonist properties; the daily
opioid dose should be reduced gradually in such patients before
beginning buprenorphine. Abuse of the preparation, as with oth-
er substitution therapies, may be a problem. A combined sublin-
gual preparation of buprenorphine hydrochloride and naloxone
hydrochloride is available in some countries as a deterrent to
abuse.
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Pain. acuTe paIN. The BNF considers that buprenorphine may
antagonise the analgesic effect of other opioids and is gener-
ally not recommended for the management of postoperative
pain. Nonetheless, it can be given intramuscularly, intrave-
nously, or sublingually for this purpose, although the intrave-
nous route may be preferred for acute pain relief. The epidural
route! and continuous subcutaneous infusion? have also been
used; an intranasal formulation of buprenorphine is under

The symbol T denotes a preparation no longer actively marketed
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Buprenorphine/Butibufen Sodium 31

investigation for the management of postoperative pain.t
Patient-controlled analgesia with intravenous® and
intramuscular* buprenorphine has been effective although its
long half-life may limit such use.

Buprenorphine had no adverse cardiovascular effects when giv-
en intravenously after open-heart surgery,’ suggesting that it was
a suitable analgesic for patients with unstable circulation. Epi-
dural analgesia with buprenorphine has also been used after car-
diac surgery.® Buprenorphine was also considered suitable for
the relief of pain in myocardial infarction.”

1. Miwa Y, et al. Epidural administered buprenorphine in the peri-

operative period. Can J Anaesth 1996; 43: 907-13.

2. Kawamata T, et al. Pain management after lumbar spinal fusion
surgery using continuous subcutaneous infusion of buprenor-
phine. J Anesth 2005; 19: 199-203.

. Dingus DJ, et al. Buprenorphine versus morphine for patient-
controlled analgesia after cholecystectomy. Surg Gynecol Obstet
1993; 177: 1-6.

. Harmer M, et al. Intramuscular on demand analgesia: double
blind controlled trial of pethidine, buprenorphine, morphine, and
meptazinol. BMJ 1983; 286: 680-2.

. Rosenfeldt FL, et al. Haemodynamic effects of buprenorphine
after heart surgery. BMJ 1978; 2: 1602-3.

. Mehta Y, et al. Lumbar versus thoracic epidural buprenorphine
for postoperative analgesia following coronary artery bypass
graft surgery. Acta Anaesthesiol Scand 1999; 43: 388-93.

7. Hayes MJ, et al. Randomised trial comparing buprenorphine and

diamorphine for chest pain in suspected myocardial infarction.
BMJ 1979; 2: 300-2.
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cHRoNiIc PAIN. Transdermal buprenorphine is used for chronic

intractable cancer pain.** It has also been used successfully

in chronic non-cancer pain including neuropathic pain;24
however, licensed product information states that this route is
not suitable for the treatment of acute pain.

. Béhme K. Buprenorphine in a transdermal therapeutic system—

a new option. Clin Rheumatol 2002; 21 (suppl 1): S13-S16.
2. Evans HC, Easthope SE. Transdermal buprenorphine. Drugs
2003; 63: 1999-2010.

3. Sittl R. Transdermal buprenorphine in cancer pain and palliative
care. Palliat Med 2006; 20 (suppl 1): S25-S30.

. Sittl R. Transdermal buprenorphine in the treatment of chronic
pain. Expert Rev Neurother 2005; 5: 315-23.

. Balint G. Buprenorphine treatment of patients with non-malig-
nant musculoskeletal diseases. Clin Rheumatol 2002; 21 (suppl
1): S17-S18.

6. Hans G. Buprenorphine—a review of its role in neuropathic pain.

J Opioid Manag 2007; 3: 195-206.
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Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Magnogent; Temgesict; Austral.: Norspan; Subutex; Temgesic; Aus-
tria: Subutex; Temgesic; Transtec; Tridol; Belg.: Subutex; Temgesic; Tran-
stec; Braz.: Temgesic; Chile: Transtec; Cz.: Norspan; Suboxone; Subutex;
; Transtec; Denm.: Anorfin; Norspan; Subutex; Temgesic; Tran-
.: Subutex; Temgesic; Fr.: Suboxone; Subutex; Temgesic; Ger.: Sub-
utex; Temgesic; Transtec; Gr.: Subutex; Hong Kong: Subutex; Temgesic;
Hung.: Bupren; Transtec; India: Norphin; Pentorel; Tidigesict; Indon.:
Subutex; Irl.: BuTrans; Temgesic; Transtec; Israel: Nopan; Subutex; Ital.:
Subutex; Temgesic; Transtec; Malaysia: Suboxone; Subutext; Temgesict;
Mex.: Brospina, Temgesic; Transtec; Neth.: Temgesic; Norw.: Subutex;
Temgesic; NZ: Suboxone; Temgesic; Pol.: Bunondol; Transtec; Port.: Bu-
prex; Norspan; Suboxone; Subutex; Transtec; Rus.: Nopan (HonaH)T;
Transtec (TpaHcTek); S.Afr.: Subutex; Temgesic; Singapore: Subutext;
Temgesict; Spain: Buprex; Prefinf; Subutex; Transtec; Swed.: Norspan;
Subutex; Temgesic; Switz.: Subutex; Temgesic; Transtec; Thai.: Buprine;
Temgesict; UK: BuTrans; Suboxone; Subutex; Temgesic; Transtec; USA: Bu-
prenex; Suboxone; Subutex.

Butibufen Sodium (innw)

Butibufén sédico; Butibufene Sodique; FF-106 (butibufen); Natrii
Butibufenum. Sodium 2-(4-isobutylphenyl)butyrate.

Hatpuri ByTrbyden
Ci4HsNaO, = 242.3.

CAS — 55837-18-8 (butibufen); 60682-24-8 (butibufen
sodium).

HaC

HsC OH
CHa o)

(butibufen)

Profile

Butibufen sodium is an NSAID (p.96) that has been used orally
in inflammatory and rheumatic disorders.

Preparations

Proprietary Preparations (details are given in Part 3)
Spain: Mijalt.
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Butorphanol Tartrate BANM, USAN, INNM)

levo-BC-2627 (butorphanol); Butorfanolitartraatti; Butorfanoltar-
trat; Butorphanol, Tartrate de; Butorphanoli Tartras; Tartrato de
butorfanol. (=)-17-(Cyclobutylmethyl)morphinan-3, 14-diol hy-
drogen tartrate.

ByTtopdaHona TapTpat

CyHpNO,, C4H Oy = 477.5.

CAS — 42408-82-2 (butorphanol); 58786-99-5 (butorph-
anol tartrate).

ATC — NO2AFO 1.

ATC Vet — QNO2AFO1.

HO

s

(butorphanol)

Pharmacopoeias. In US.

USP 31 (Butorphanol Tartrate). A white powder. Its solutions
are slightly acidic. Sparingly soluble in water; insoluble in alco-
hol, in chloroform, in ether, in ethyl acetate, and in hexane;
slightly soluble in methyl alcohol; soluble in dilute acids. Store
in airtight containers at a temperature of 25°, excursions permit-
ted between 15° and 30°.

Dependence and Withdrawal

As for Opioid Analgesics, p.101.

Butorphanol may have a lower potential for producing depend-
ence than pure agonists such as morphine. However, it has been
subject to abuse (see under Precautions, below). Abruptly stop-
ping chronic butorphanol has produced a less severe withdrawal
syndrome than with morphine.

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102, and for Pentazocine,
p.112.

Headache, and feelings of floating may also occur. Hallucina-
tions and other psychotomimetic effects are rare and have been
reported less frequently than with pentazocine. In addition in-
somnia and nasal congestion may occur frequently when butor-
phanol is given intranasally.

Because butorphanol has opioid agonist and antagonist activity,
naloxone is the recommended antagonist for the treatment of
overdosage.

Effects on the respiratory system. Butorphanol 2 mg pro-
duces a similar degree of respiratory depression to morphine
10 mg, but a ceiling effect is apparent with higher doses of butor-
phanol.! It has been reported to be a less potent respiratory de-
pressant than fentanyl, but more potent than nalbuphine.?

1. Nagashima H, et al. Respiratory and circulatory effects of intra-
venous butorphanol and morphine. Clin Pharmacol Ther 1976;
19: 738-45.

. Dryden GE. Voluntary respiratory effects of butorphanol and
fentanyl following barbiturate induction: a double-blind study. J
Clin Pharmacol 1986; 26: 203-7.

. Zucker JR, et al. Respiratory effects of nalbuphine and butorph-
anol in anesthetized patients. Anesth Analg 1987; 66: 879-81.

N

w

Precautions
As for Opioid Analgesics in general, p.103.

Although cardiovascular effects may be less than with pentazoc-
ine, butorphanol should generally be avoided after myocardial
infarction.

Butorphanol may precipitate withdrawal symptoms if given to
patients physically dependent on opioids. The dosage regimen of
butorphanol may need to be adjusted in the elderly and in pa-
tients with hepatic or renal impairment.

Abuse. A WHO expert committee considered in 2006 that the
likelihood of butorphanol abuse was low and was not great
enough to warrant international control.! Abuse had been report-
ed infrequently and only in a few countries. The committee also
commented that, pharmacologically, intranasal preparations of
butorphanol do not appear to differ in their abuse potential from
parenteral preparations; however, other factors such as availabil-
ity and usage patterns may affect the likelihood of abuse. Indeed,
US licensed product information states that there have been more
reports of abuse with intranasal preparations than with injectable
ones.

Cases of butorphanol abuse have been published?® including a
report of fibrous myopathy associated with chronic intramuscu-
lar abuse.

1. WHO. WHO expert committee on drug dependence: thirty-
fourth report. WHO Tech Rep Ser 942 2006. Also available at:
http://libdoc.who.int/trs’fWHO_TRS_942_eng.pdf (accessed
26/06/08)
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2. Wagner JM, Cohen S. Fibrous myopathy from butorphanol in-
jections. J Rheumatol 1991; 18: 1934-5.

3. Loder E. Post-marketing experience with an opioid nasal spray
for migraine: lessons for the future. Cephalalgia 2006; 26:
89-97.

Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were given butorphanol, and the
American Academy of Pediatrics considers® that it is therefore
usually compatible with breast feeding.

In astudy? of 12 women, butorphanol was detected in breast milk
after both intramuscular and oral doses. However, the milk-to-
plasma ratio after a 2-mg intramuscular dose (0.7) was signifi-
cantly less than that after an 8-mg oral dose (1.9). Although the
mothers were not breast feeding at the time of the study, the au-
thors concluded that the potential for any adverse effects on nurs-
ing infants after maternal butorphanol use would be minimal.

1. American Academy of Pediatrics The transfer of drugs and other
chemicals into human milk. Pediatrics 2001; 108: 776-89. Cor-
rection. ibid.; 1029. Also available at:
http://aappolicy.aappublications.org/cgi/content/full/
pediatrics%3b108/3/776 (accessed 26/06/08)

. Pittman KA, et al. Human perinatal distribution of butorphanol.
Am J Obstet Gynecol 1980; 138: 797-800.

Pregnancy. Two instances of sinusoidal fetal heart rate pattern
were noted out of 188 consecutive cases of butorphanol use in
active-phase labour.! Visual hallucinations and paranoid delu-
sions developed in a woman on receiving a 1-mg intravenous
injection of butorphanol early in labour; the psychosis had re-
solved 40 hours after the injection and was not noted on follow-
up 2 weeks later.2

1. Welt SI. Sinusoidal fetal heart rate and butorphanol administra-

tion. Am J Obstet Gynecol 1985; 152: 362-3.

2. Davis A, et al. Acute psychosis associated with butorphanol. J
Neuropsychiatr Clin Neurosci 1998; 10: 236-7.

Interactions
For interactions associated with opioid analgesics, see p.103.

N

Antimigraine drugs. No pharmacokinetic interactions were
reported when butorphanol nasal spray and subcutaneous su-
matriptan were used together within a minute of each other in
healthy subjects. However, another study? in healthy subjects
found that the AUC and maximum plasma concentration of in-
tranasal butorphanol were reduced by about 29% and 38%, re-
spectively when given 1 minute after intranasal sumatriptan. No

such effect was noted when administration was separated by 30

minutes. It was suggested that sumatriptan may reduce butorph-

anol absorption by inducing transient nasal vasoconstriction.

1. Srinivas NR, et al. Lack of pharmacokinetic interaction between
butorphanol tartrate nasal spray and sumatriptan succinate. J
Clin Pharmacol 1995; 35: 432—7.

. Vachharajani NN, et al. A pharmacokinetic interaction study be-
tween butorphanol and sumatriptan nasal sprays in healthy sub-
jects: importance of the timing of butorphanol administration.
Cephalalgia 2002; 22: 282-7.

N

Pharmacokinetics

Butorphanol is absorbed from the gastrointestinal tract but it un-
dergoes extensive first-pass metabolism. Peak plasma concentra-
tions occur 0.5 to 1 hour after intramuscular and intranasal doses
and 1 to 1.5 hours after oral doses. Butorphanol has a plasma
elimination half-life of about 4.5 hours. About 80% is bound to
plasma proteins.

Butorphanol is extensively metabolised in the liver through hy-
droxylation, N-dealkylation, and conjugation, only 5% being ex-
creted unchanged. Excretion is mainly in the urine; about 15% of
a parenteral dose is excreted in the bile. It crosses the placenta
and is distributed into breast milk.

Administration. INTRANASAL ROUTE. References.

1. Davis GA, et al. Pharmacokinetics of butorphanol tartrate ad-
ministered from single-dose intranasal sprayer. Am J Health-Syst
Pharm 2004; 61: 261-6.

. Davis GA, et al. Bioavailability of intranasal butorphanol ad-
ministered from a single-dose sprayer. Am J Health-Syst Pharm
2005; 62: 48-53.

. Wermeling DP, et al. Pharmacokinetics, bioequivalence, and
spray weight reproducibility of intranasal butorphanol after ad-
ministration with 2 different nasal spray pumps. J Clin Pharma-
col 2005; 45: 969-73.
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Uses and Administration

Butorphanol tartrate, a phenanthrene derivative, is an opioid
analgesic (p.104) with opioid agonist and antagonist properties;
it is pharmacologically similar to pentazocine (p.113). Butorph-
anol is used for the relief of moderate to severe pain, including
the pain of labour, and as an adjunct to anaesthesia. Onset of an-
algesia occurs within 15 minutes of intramuscular injection or an
intranasal dose and may last for 3 to 4 hours after parenteral dos-
es or for 4 to 5 hours after intranasal doses.

For the relief of moderate to severe pain, butorphanol tartrate is
given in doses of 1 to 4 mg (usually 2 mg) by intramuscular in-
jection or in doses of 0.5 to 2 mg (usually 1 mg) by intravenous
injection every 3 to 4 hours. It may also be given as a nasal spray,
in usual doses of 1 mg (1 spray in 1 nostril), repeated after 60 to
90 minutes, if necessary. This sequence may be repeated after 3
to 4 hours as needed. An initial dose of 2 mg (1 spray in each
nostril) may be given for severe pain, but should not be repeated
until 3 to 4 hours later.

In obstetric analgesia 1 to 2 mg may be given by intramuscular
or intravenous injection during early labour in women at term.
This dose may be repeated after 4 hours if necessary but an alter-
native analgesic should be used if delivery is expected within 4
hours.

In anaesthesia, 2 mg may be given intramuscularly for premed-
ication 60 to 90 minutes before surgery. For use in balanced
anaesthesia, a usual dose is 2 mg given intravenously shortly be-
fore induction and/or 0.5 to 1 mg given intravenously in incre-
ments during anaesthesia. The total dose needed varies but most
patients require 4 to 12.5 mg.

Dosage adjustment may be needed in the elderly. When given
by injection the initial dose of butorphanol for pain should be half
the usual initial adult dose. Subsequent doses should be deter-
mined by the patient’s response; a dosage interval of at least 6
hours has been recommended. For nasal use the initial dose
should be limited to 1 mg followed by 1 mg after 90 to 120 min-
utes if necessary; subsequent doses if required should generally
be given at intervals of not less than 6 hours. Similar recommen-
dations have also been made for patients with hepatic or renal
impairment, see below.

¢ References.

1. Atkinson BD, et al. Double-blind comparison of intravenous bu-
torphanol (Stadol) and fentanyl (Sublimaze) for analgesia during
labor. Am J Obstet Gynecol 1994; 171: 993-8.

2. Gillis JC, et al. Transnasal butorphanol: a review of its pharma-
codynamic and pharmacokinetic properties, and therapeutic po-
tential in acute pain management. Drugs 1995; 50: 157-75.

. Commiskey S, et al. Butorphanol: effects of a prototypical ago-
nist-antagonist analgesic on x-opioid receptors. J Pharmacol Sci
2005; 98: 109-16.

Administration in hepatic or renal impairment. The dos-
age of butorphanol may need to be adjusted in patients with he-
patic or renal impairment. When given by injection the initial
dose for pain should be half the usual initial adult dose (see
above). Subsequent doses should be determined by the patient’s
response; a dosage interval of at least 6 hours has been recom-
mended. For nasal use the initial dose should be limited to 1 mg
followed by 1 mg after 90 to 120 minutes if necessary; subse-
quent doses if required should generally be given at intervals of
not less than 6 hours.

Headache. Butorphanol has been advocated for use as a nasal
spray in the treatment of migraine, but there have been problems
with abuse and dependence (see above) and its place in therapy,
if any, still remains to be established. See also Antimigraine

Drugs, under Interactions, above.

References.

1. Freitag FG. The acute treatment of migraine with transnasal bu-
torphanol (TNB). Headache Q 1993; 4 (suppl 3): 22-8.

2. Hoffert MJ, et al. Transnasal butorphanol in the treatment of
acute migraine. Headache 1995; 35: 65-9.

3. Melanson SW, et al. Transnasal butorphanol in the emergency
department management of migraine headache. Am J Emerg Med
1997; 15: 57-61.

Pruritus. Results from a small study? of 6 patients with severe

opioid-induced pruritus unresponsive to diphenhydramine, and

from a case series of 5 patients with intractable pruritus from oth-
er causes,? suggest that intranasal butorphanol may be an effec-
tive treatment. Doses have ranged from 1 mg every other day to

2 mg every 4 to 6 hours.

1. Dunteman E, et al. Transnasal butorphanol for the treatment of
opioid-induced pruritus unresponsive to antihistamines. J Pain
Symptom Manage 1996; 12: 255-60.

2. Dawn AG, Yosipovitch G. Butorphanol for treatment of intracta-
ble pruritus. J Am Acad Dermatol 2006; 54: 527-31.

Preparations

USP 31: Butorphanol Tartrate Injection; Butorphanol Tartrate Nasal Solu-

tion.

Proprietary Preparations (details are given in Part 3)

Canad.: Stadolt; Chile: Stadolt; Cz.: Beforalt; Moradolt; India: Butrum;

Mex.: Stadol; Philipp.: Stadol; Rus.: Stadol (Craaon); USA: Stadol.
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Capsaicin

Capsaicina; Capsaicinum; Kapsaicin; Kapsaicyna; Kapsaisiini. (E)-8-
Methyl-N-vanillylnon-6-enamide.

CigH;NO5 = 305.4.

CAS — 404-86-4.

ATC — NOIBX04.

ATC Vet — QNOBX04.

HaC,
CHs
HsC

NH

NoTE. Do not confuse capsaicin with capsicin, which is capsicum
oleoresin (see Capsicum, p.2276).

Pharmacopoeias. In US.

USP 31 (Capsaicin). An off-white powder. M.p. 57° to 66°.
Practically insoluble in cold water; soluble in alcohol, in chloro-
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form, and in benzene; slightly soluble in carbon disulfide. Store
in a cool place in airtight containers. Protect from light.

Adverse Effects

A warm, stinging, or burning sensation may occur at the site of
application; this usually disappears after a few days of use but
may persist longer if applications are less frequent than recom-
mended (see Uses and Administration, below). Coughing, sneez-
ing, or other signs of respiratory irritation may occur if dried res-
idue from topical preparations is inhaled.

Precautions

Capsaicin should be handled with care. Particles should not be
inhaled nor come into contact with any part of the body.

For topical application, contact with eyes and broken or irritated
skin should be avoided. The hands should be washed after appli-
cation of the cream, unless the hands are the treated areas, in
which case, they should be washed 30 minutes after application.
If bandages are used to cover treated areas they should not be
wound too tightly. Heating pads should not be used with capsai-
cin, and patients should avoid taking a hot bath or shower imme-
diately before or after application, as the burning sensation may
be exacerbated. Thick applications of the cream should be avoid-
ed.

Uses and Administration

Capsaicin is the active principle of the dried ripe fruits of Capsi-
cum spp. It is used as a topical analgesic (p.5) in painful condi-
tions such as postherpetic neuralgia after the lesions have healed,
diabetic neuropathy, osteoarthritis, and rheumatoid arthritis.
Capsaicin is usually applied sparingly 3 or 4 times daily (and not
more often than every 4 hours) as a 0.025% or 0.075% cream; in
the UK these creams are not licensed for use in children, but in
the USA they may be used in children over 2 years of age. A
more concentrated cream containing 0.25% capsaicin is availa-
ble in some countries.

Capsaicin cream should be rubbed well into the skin until little or
no residue is left on the surface. Therapeutic response may not be
evident for 1 to 2 weeks for arthritic disorders, or 2 to 4 weeks for
neuralgias (or even longer if the head or neck are involved). For
the management of painful diabetic neuropathy, licensed UK
product information recommends that capsaicin should only be
used under specialist supervision and that treatment should be
reviewed after the first 8 weeks and regularly re-evaluated there-
after.

Although not a counter-irritant itself, capsaicin has been included
in rubefacient preparations for the relief of muscular and rheu-
matic pain.

Action. The action of capsaicin and related compounds (vanil-
loids) are complex and still being investigated. Capsaicin has
been found to produce burning pain®?2 by activating specific va-
nilloid receptors such as TRPV1 (transient receptor potential
channel, vanilloid subfamily member 1) which are also stimulat-
ed by heat and acids. TRPV1 is expressed by nerves and other
tissues such as the keratinocytes of the epidermis, bladder
urothelium and smooth muscle, and liver.

The analgesic effect of capsaicin has been suggested to be due to
both depletion of substance P from local sensory C-type nerve
fibres®” and to the desensitisation of vanilloid receptors.>?8
Since the effect of capsaicin does not rely on vasodilatation in the
skin it is therefore not considered to be a traditional counter-irri-
tant.

Szallasi A, Blumberg PM. Vanilloid (capsaicin) receptors and
mechanisms. Pharmacol Rev 1999; 51: 159-211.

Cortright DN, Szallasi A. Biochemical pharmacology of the va-
nilloid receptor TRPV1: an update. Eur J Biochem 2004; 271:
1814-19.

Rumsfield JA, West DP. Topical capsaicin in dermatologic and
peripheral pain disorders. DICP Ann Pharmacother 1991; 25:
381-7.

Cordell GA, Araujo OE. Capsaicin: identification, nomencla-
ture, and pharmacotherapy. Ann Pharmacother 1993; 27: 330-6.
Winter J, et al. Capsaicin and pain mechanisms. Br J Anaesth
1995; 75: 157-68.

Del Bianco E, et al. The effects of repeated dermal application of
capsaicin to the human skin on pain and vasodilatation induced
by intradermal injection of acid and hypertonic solutions. Br J
Clin Pharmacol 1996; 41: 1-6.

. Fusco BM, Giacovazzo M. Peppers and pain: the promise of cap-
saicin. Drugs 1997; 53: 909-14.

Tominaga M, Julius D. Capsaicin receptor in the pain pathway.
Jpn J Pharmacol 2000; 83: 20-4.

Headache. Prevention of attacks of cluster headache (p.616)
by repeated application of capsaicin to the nasal mucosa has been
reported.! The Z-isomer (zucapsaicin; civamide) has also been
found to be modestly effective.?

Repeated nasal application of capsaicin has also been found to be
effective in chronic migraine.®

Fusco BM, et al. Preventative effect of repeated nasal applica-
tions of capsaicin in cluster headache. Pain 1994; 59: 321-5.
Saper JR, et al. Intranasal civamide for the treatment of episodic
cluster headaches. Arch Neurol 2002; 59: 990-4.

Fusco BM, et al. Repeated intranasal capsaicin applications to
treat chronic migraine. Br J Anaesth 2003; 90: 812.

Micturition disorders. Intravesical capsaicin has been tried
for painful bladder disorders and to treat bladder detrusor hyper-
reflexia.:® Results have been variable, and the characteristic sen-
sory effects of capsaicin make blinding of studies difficult, but
some patients have reported benefit particularly those with neu-
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rological bladder disorders. Instillation into the ureter has also
been tried in the management of the loin pain/haematuria syn-
drome.’®

1. Lazzeri M, et al. Intravesical capsaicin for treatment of severe
bladder pain: a randomized placebo controlled study. J Urol
(Baltimore) 1996; 156: 947-52.

de Seze M, et al. Capsaicin and neurogenic detrusor hyper-
reflexia: a double-blind placebo-controlled study in 20 patients
with spinal cord lesions. Neurourol Urodyn 1998; 17: 513-23.
Petersen T, et al. Intravesical capsaicin in patients with detrusor
hyper-reflexia: a placebo-controlled cross-over study. Scand J
Urol Nephrol 1999; 33: 104-10.

de Séze M, etal. Intravesical instillation of capsalcm in urology:
a review of the literature. Eur Urol 1999; 36: 267-77.

de Séze M, et al. Capsaicine intravésicale et hyperréflexie du
détrusor: expérience de 100 instillations sur une période de cing
ans. Ann Readapt Med Phys 2001; 44: 514-24.

Szallasi A, Fowler CJ. After a decade of intravesical vanilloid
therapy: still more questions than answers. Lancet Neurol 2002;
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de Séze M, et al. Intravesical capsaicin versus resiniferatoxin
for the treatment of detrusor hyperreflexia in spinal cord injured
patients: a double-blind, randomized, controlled study. J Urol
(Baltimore) 2004; 171: 251-5.

Lazzeri M, et al. Intravesical vanilloids and neurogenic inconti-
nence: ten years experience. Urol Int 2004; 72: 145-9.
El-Mahrouky AS, et al. The effect of intravesical capsaicin and
resiniferatoxin in neurogenic bladder dysfunction. Adv Exp Med
Biol 2003; 539: 359-79.

10. Bultitude MI. Capsaicin in treatment of loin pain/haematuria
syndrome. Lancet 1995; 345: 921-2.

Neuropathic pain. Capsaicin has been tried topically in vari-
ous types of pain including neuropathic pain, which does not
generally respond to conventional systemic analgesics. Topical
capsaicin is used in the management of diabetic neuropathy (p.6)
and postherpetic neuralgia (p.9), but while a meta-analysis® of
randomised, double-blind, placebo-controlled studies and later
studies? suggested that it is effective in painful diabetic neuropa-
thy the evidence for efficacy in postherpetic neuralgia was
considered? to be less convincing. Another meta-analysis® and a
systematic review* have suggested that capsaicin was of benefit
in neuropathic pain, although this effect may be modest.* The
difficulty of blinding in placebo-controlled trials of capsaicin has
also been noted, because of the burning sensation it produces.
Other types of pain syndrome for which capsaicin has been tried
include reflex sympathetic dystrophy (see Complex Regional
Pain Syndrome, p.6), postmastectomy neuroma, amputation
stump pain, chronic neck pain, and the pain of oral mucositis.®
See also Rheumatic Disorders, below for use in musculoskeletal
pain.
Zhang WY, Li Wan Po A. The effectiveness of topically applied

capsaicin. Eur J Clin Pharmacol 1994; 46: 517-22.
. Biesbroeck R, et al. A double-blind comparison of topical cap-

saicin and oral amitriptyline in painful diabetic neuropathy. Adv
Therapy 1995; 12: 111-20.
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4. Mason L, et al. Systematic review of topical capsaicin for the
treatment of chronic pain. BMJ 2004; 328: 991-4.
Hautkappe M, et al. Review of the effectiveness of capsaicin for
painful cutaneous disorders and neural dysfunction. Clin J Pain
1998; 14: 97-106.

Pruritus. Substance P is a possible mediator of itch sensations
and since capsaicin acts as a depletor of substance P it has been
tried in the relief of pruritus (p.1582) associated with various dis-
eases and haemodialysis.” It has also been used to provide relief
from pruritus induced by hetastarch® and for the itch and pain
associated with PUVA therapy.>°

1. Breneman DL, et al. Topical capsaicin for treatment of hemodi-
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1996; 7: 13-15.

Hautmann G, et al. Aquagenic pruritus, PUVA and capsaicin
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Psoriasis. Since substance P has been implicated in the patho-

physiology of several inflammatory dermatological processes,

capsaicin, a substance P depletor, has been tried with some ben-
efit in a number of skin disorders including psoriasis.!-

The usual management of psoriasis is discussed on p.1583.

1. Bernstein JE, et al. Effects of topically applied capsaicin on
moderate and severe psoriasis vulgaris. J Am Acad Dermatol
1986; 15: 504-7.
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Rheumatic disorders. Topical capsaicin is used for the tem-
porary relief of the pain of arthritis. From the results of a meta-
analysis® of randomised, double-blind, placebo-controlled stud-
ies and later studies?® it appears that capsaicin is effective in eas-
ing the pain of osteoarthritis (p.11) but its role, if any, is unclear;
published evidence* for efficacy in rheumatoid arthritis (p.11)
appears to be limited. A review of use in both neuropathic and
musculoskeletal chronic pain concluded that its benefits were at
best moderate, but noted that in a minority of patients unrespon-
sive to, or intolerant of, other treatments it might be useful.5 Cap-
saicin may be a useful therapy for pain associated with primary
fibromyalgia® (see under Soft Tissue Rheumatism, p.13), which
responds poorly to conventional treatment.

1. Zhang WY, Li Wan Po A. The effectiveness of topically applied
capsaicin. Eur J Clin Pharmacol 1994; 46: 517-22.

2. Altman RD, et al. Capsaicin cream 0.025% as monotherapy for
osteoarthritis: a double-blind study. Semin Arthritis Rheum
1994; 23 (suppl 3): 25-33.

. McCleane G. The analgesic efficacy of topical capsaicin is en-
hanced by glyceryl trinitrate in painful osteoarthritis: a rand-
omized, double blind, placebo controlled study. Eur J Pain 2000;
4: 355-60.

. Deal CL, et al. Treatment of arthritis with topical capsaicin: a
double-blind trial. Clin Ther 1991; 13: 383-95.

5. Mason L, et al. Systematic review of topical capsaicin for the
treatment of chronic pain. BMJ 2004; 328: 991-4.

. McCarty DJ, et al. Treatment of pain due to fibromyalgia with
topical capsaicin: a pilot study. Semin Arthritis Rheum 1994; 23
(suppl 3): 41-7.

Preparations

Proprietary Preparations (details are given in Part 3)

Austral.: Zostrix; Belg.: Hansamedic Warmtepleister; Braz.: Moment;
Canad.: Antiphlogistine Rub A-535 Capsaicin; Arthricare for Women Ex-
tra Moisturizing; Zostrix; Chile: Presyc; Gr.: Gelcen; Zacin; Indon.: Cap-
zacin; Irl.: Axsain; Zacin; Israel: Zostrix; Mex.: Capsidol; Norw.: Capsina;
NZ: Zostrix; Port.: Hansaplast Emplastro Termico; Hansaterm; Spain:
Capsicin; Capsicum Farmaya; Capsidol; Gelcen; Hansaterm; Katrum; Swed.:
Capsina; Switz.: Emplatre antirhumatismal Isola Capsicum N; Emplatre
Etoilet; UK: Axsain; Zacin; USA: Axsain; Capsin; Capzasin-HP; Capzasin-P;
Dolorac; Doublecap; No Pain-HP; R-Gel; Rid-a-Pain HP; Theragen; Zostrix.

Multi-ingredient: Arg.: Atomo Desinflamante C; Rati Salil Crema; Rati
Salil Flex; Austria: Rubizon-Rheumagel; Canad.: Arthricare for Women
Multi-Actiont; Heet; Menthacin; Midalgant; Cz.: Capsicolle; Dr Theiss
Rheuma Cremet; Fr.: Capsic; Cliptol Sportt; Ger.: Capsamol Nt; Gr.: Pon-
ostop; Hong Kong: Salomethyl; Hung.: Nicoflex; India: Nimulid Nugel;
Irl.: Algipan; Radian-Bt; Ital.: Disalgilt; Pol.: Capsigel N; Neo-Capsiderm;
Switz.: Emplatre antirhumatismal Isola Capsicum N a I'huile essentielle de
Gaultherie; Emplatre Etoile salicylet; UK: NatraFlex; USA: Arthricare Odor
Free; Heet; Menthacin; Pain Doctor; Ziks.
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Carbasalate Calcium BAN, iNN)

Calcium Acetylsalicylate Carbamide; Calcium Carbaspirin; Car-
basalate calcique; Carbasalato cdlcico; Carbasalatum calcicum;
Carbasalatum Calcium; Carbaspirin Calcium (USAN); Karbasalaat-
tikalsium; Karbasaldt vdpenatd stl; Karbasalatkalcium; Karbasalato
kalcio druska; Karbaszaldt-kalcium. Calcium bis[2-(acetoxy)ben-
zoate]—urea.

Kap6acanat KanbLmit

C 9H sCaN,Og = 458.4.

CAS — 5749-67-7.

ATC — BOIACO8; NO2BAI 5.

ATC Vet — QBOIACO8; QNO2BAI 5.

(0]
zN)LNH

o CH; O CHg
Pharmacopoeias. In Eur. (see p.vii).

Ph. Eur. 6.2 (Carbasalate Calcium). A white or almost white,
crystalline powder. It contains not less than 99.0% and not more
than the equivalent of 101.0% of an equimolecular compound of
calcium di[2-(acetyloxy)benzoate] and urea, calculated with ref-
erence to the anhydrous substance. Freely soluble in water and in
dimethylformamide; practically insoluble in acetone and in
anhydrous methyl alcohol. Store in airtight containers.

Adverse Effects, Treatment, and Precautions

As for Aspirin, p.20.

Carbasalate calcium, like aspirin, should not generally be given
to children because of the risk of Reye’s syndrome.

Effects on hearing. As of June 2006 the Netherlands Pharma-

covigilance Centre! database contained 8 reports of tinnitus and

1 of ototoxicity associated with use of low oral doses of carba-

salate calcium (38 or 100 mg usually once daily). The associa-

tion between low-dose carbasalate calcium and tinnitus was con-
sidered to be disproportional.

1. Nederlands Bijwerkingen Centrum. Low dosage carbasalate cal-
cium and tinnitus. Available at: http://www.lareb.nl/documents/
kwhb_2006_3_carbas.pdf (accessed 12/04/07)

Interactions

For interactions associated with aspirin, see p.23.
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Uses and Administration

Carbasalate calcium is a 1:1 complex of calcium acetylsalicylate
and urea. Itis metabolised to aspirin after absorption and thus has
the actions of aspirin (p.23). Carbasalate calcium is given in oral
doses equivalent to about 400 to 800 mg of aspirin every 4 to 8
hours up to a maximum of about 3 g daily for pain or fever. Car-
basalate calcium has also been used in the management of throm-
boembolic disorders.

Preparations

Proprietary Preparations (details are given in Part 3)
Austria: Iromin; Vascal; Neth.: Ascal; Port.: Ascal; Spain: Ascal, Switz.:
Alcacyl.

Multi-ingredient: Austria: Irocopar ¢ C; Irocophan; Iromin-Chinin-C;
Cz.: Cephalgant; Fr.: Cephalgant; Switz.: Alca-C.

Carfentanil Citrate (UsAN, iNNV) @

Carfentanil, Citrate de; Carfentanili Citras; Citrato de carfentani-
lo; R-33799. Methy! |-phenethyl-4-(N-phenylpropionamido)iso-
nipecotate citrate.

KapdeHTaHmaa Liptpat

CaH3N, O3, CHg O, = 586.6.

CAS — 59708-52-0 (carfentanil); 61380-27-6 (carfen-
tanil citrate).

HaC— O o
N

CH

N )\/ 3
o

(carfentanil)

Profile
Carfentanil citrate is an opioid analgesic related to fentanyl
(p.55). It is used in veterinary medicine.

Carprofen (BAN, USAN, rINN)

C-5720; Carprofene; Carprofeno; Carprofenum; Karprofeeni;
Karprofen; Ro-20-5720/000. (+)-2-(6-Chlorocarbazol-2-yl)pro-
pionic acid.

Kapnpoder

CsH,CINO, = 273.7.

CAS — 53716-49-7.

ATC Vet — QMOIAE9 .

b O .
HO

N
© H

Pharmacopoeias. In Eur. (see p.vii) and US for veterinary use
only.

Ph. Eur. 6.2 (Carprofen for Veterinary Use). A white or almost
white, crystalline powder. Practically insoluble in water; freely
soluble in acetone; soluble in methyl alcohol; slightly soluble in
isopropyl alcohol. It exhibits polymorphism. Protect from light.
USP 31 (Carprofen). A white crystalline powder. Practically
insoluble in water; freely soluble in acetone, in ether, in ethyl
acetate, and in solutions of sodium carbonate and of sodium
hydroxide. Store in airtight containers at a temperature of 25°,
excursions permitted between 15° and 30°. Protect from light.

Profile
Carprofen, a propionic acid derivative, is an NSAID (p.96) used
in veterinary medicine.

Adverse effects. A pruritic, erythematous, eczematous erup-

tion developed in a 27-year-old woman after occupational expo-

sure to carprofen.! Patch testing showed a strong positive photo-

allergic reaction to carprofen.

1. Walker SL, et al. Occupational photoallergic contact dermatitis
in a pharmaceutical worker manufacturing carprofen, a canine

nonsteroidal anti-inflammatory drug. Br J Dermatol 2006; 154:
569-70.

Preparations
USP 31: Carprofen Tablets.
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Celecoxib AN, usan, NN

Célécoxib; Celecoxibum; Celekoxib; SC-58635; Selekoksib; Sele-
koksibi;  YM-177. p-[5-p-Tolyl-3-(trifluoromethyl)pyrazol- | -
yllbenzenesulfonamide.

Llenexokan6

C7H 4F3N50,S = 381.4.

CAS — 169590-42-5.

ATC — LOIXX33; MOIAHOI.

ATC Vet — QLOIXX33; QMOIAHOI.
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Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96.

Serious skin reactions such as exfoliative dermatitis,
Stevens-Johnson syndrome, and toxic epidermal
necrolysis have been reported with celecoxib. Other
hypersensitivity reactions, including anaphylaxis and
angioedema, have also occurred. Celecoxib should be
stopped at the first signs of hypersensitivity. Some of
these reactions have been seen in patients with a histo-
ry of allergic reactions to sulfonamides and the use of
celecoxib is contra-indicated in such patients.

Celecoxib should not be used after coronary artery by-
pass surgery as there may be an increased risk of ad-
verse effects such as myocardial infarction and stroke.
It should be used with caution, if at all, in patients with
a history of ischaemic heart disease, peripheral arterial
disease, or cerebrovascular disease; it should also be
used with caution in patients with significant risk fac-
tors for cardiovascular disease such as hypertension,
hyperlipidaemia, and diabetes mellitus. For further de-
tails see Effects on the Cardiovascular System, below.

Therapy is contra-indicated in patients with moderate
to severe heart failure (NYHA class Il to 1V), inflam-
matory bowel disease, and renal impairment associated
with a creatinine clearance of less than 30 mL/minute.
Celecoxib should also not be used in patients with se-
vere hepatic impairment (Child-Pugh category C).
Caution is recommended when using celecoxib in
dehydrated patients; rehydration may be advisable be-
fore giving celecoxib.

Celecoxib treatment may need to be stopped if signs or
symptoms of organ toxicity develop.

Incidence of adverse effects. A prescription-event monitor-
ing study* conducted after the introduction of celecoxib in Eng-
land in May 2000 found that the most common adverse events
reported were gastrointestinal effects including dyspepsia (4.7%
of all events), abdominal pain (1.8%), nausea or vomiting
(1.6%), and diarrhoea (1.4%). Rash (1.2%) was also common.
Uncommon events included anaemia, cough, anxiety, hyperten-
sion, visual disturbances, and insomnia. Blood dyscrasias, gas-
trointestinal bleeds, myocardial infarction, heart failure, abnor-
mal liver function tests, nephritis, confusion, hallucinations,
serious skin disorders, anaphylaxis, and bronchospasm were
rare.
1. Layton D, et al. Safety profile of celecoxib as used in general
practice in England: results of a prescription-event monitoring
study. Eur J Clin Pharmacol 2004; 60: 489-501.

Breast feeding. Licensed product information recommends
that celecoxib should not be used in breast-feeding women be-
cause of the potential for serious adverse effects in nursing in-
fants.

No adverse effects were noted in 2 older infants (aged 17 and 22
months) whose mothers took celecoxib while breast feeding.:
The authors of this report also measured celecoxib plasma con-
centrations in 2 other women; from these values, the average
milk-to-plasma ratio was calculated to be 0.23 and infant expo-
sure was estimated at about 0.3% of the weight-adjusted mater-

nal dose. Similar values have also been estimated from a study of

blood and milk concentrations of celecoxib in 6 women.?

1. Hale TW, et al. Transfer of celecoxib into human milk. J Hum
Lact 2004; 20: 397-403

2. Gardiner SJ, et al. Quantification of infant exposure to celecoxib
through breast milk. Br J Clin Pharmacol 2006; 61: 101-4.

Effects on the blood. Severe methaemoglobinaemia has been
reported in an elderly patient after taking celecoxib for 1 month.

1. Kaushik P, et al. Celecoxib-induced methemoglobinemia. Ann
Pharmacother 2004; 38: 1635-8.

Effects on the cardiovascular system. Prelicensing studies
did not report any increased risk of serious cardiovascular effects
in patients given celecoxib.*? Nonetheless, by February 2001 the
UK CSM had received a small number of reports® of myocardial
infarction or ischaemia associated with the selective cyclo-oxy-
genase-2 (COX-2) inhibitors. There have also been 3 cases of
torsade de pointes associated with celecoxib use.* Subsequently,
in September 2004, the COX-2 inhibitor rofecoxib was generally
withdrawn worldwide by the manufacturer after further reports
of cardiovascular adverse effects (see p.121) and this has
prompted re-evaluation of the safety of other selective COX-2
inhibitors.
In December 2004 a large study of celecoxib for prevention of
colon polyps (the APC study) was halted because of an increased
risk of cardiovascular events (including death from cardiovascu-
lar causes, myocardial infarction, stroke, and heart failure) in pa-
tients receiving the drug compared with those receiving place-
bo.% The results of this long-term study suggested that there was
a 2.8-fold increase in the risk of such events in patients taking
either celecoxib 400 or 800 mg daily and that the increase was
dose-related. The possibility of a dose-adverse effect relationship
was supported by some at-the-time unpublished studies, the Pre-
SAP and ADAPT studies, that showed no increase in the risk of
cardiovascular effects with celecoxib 400 mg daily when com-
pared with placebo.® These studies”® have since been published
and their finished reports were less reassuring than initially
thought. The risk of serious cardiovascular events was found to
be increased in the celecoxib group when compared with the pla-
cebo group although the difference was not significant. In addi-
tion, an update® of the original APC study confirmed that the risk
of adverse cardiovascular events was significantly increased for
both high-dose (800 mg daily) and low-dose (400 mg daily)
celecoxib when compared with placebo treatment; however,
high-dose treatment was associated with the greatest risk. In-
creases in blood pressure were also more likely with both
celecoxib groups than with placebo. An analysis' using pooled
data from the APC and PreSAP studies provides further evidence
of an increased cardiovascular risk with celecoxib.

Based on the findings of the above studies, EU regulatory

authoritiest*3 recommend that:

« selective COX-2 inhibitors should not be used in patients with

established ischaemic heart disease or cerebrovascular dis-
ease; they are also contra-indicated in those with peripheral
arterial disease

patients with risk factors for heart disease such as hyperten-

sion, hyperlipidaemia, diabetes, and smoking should be care-

fully monitored if given selective COX-2 inhibitors

all patients should be assessed individually on the risks and

benefits of selective COX-2 inhibitor treatment, particularly

cardiovascular and gastrointestinal risk factors, and alterna-
tive treatments considered

Similar advice has also been issued by the FDA;* however, the

only absolute contra-indication is in the immediate postoperative

period after coronary artery bypass surgery. (In the USA celecox-
ib is currently the only available selective COX-2 inhibitor.)

COX-2 inhibitors such as celecoxib do not possess the intrinsic

antiplatelet activity associated with aspirin and possibly other

non-selective NSAIDs and consequently do not provide protec-
tion against ischaemic cardiac events.31>

. Silverstein FE, et al. Gastrointestinal toxicity with celecoxib vs

nonsteroidal anti-inflammatory drugs for osteoarthritis and

rheumatoid arthritis. The CLASS study: a randomized control-

led trial. JAMA 2000; 284: 1247-55.

White WB, et al. Comparison of thromboembolic events in pa-

tients treated with celecoxib, a cyclooxygenase-2 specific inhib-

2% ggrsus ibuprofen or diclofenac. Am J Cardiol 2002; 89:

. CSM/MCA. COX-2 selective NSAIDs lack antiplatelet activity.
Current Problems 2001; 27: 7. Also available at: http://
www.mhra.gov.uk/home/idcplg?ldcService=GET_
FILE&dDocName=CON007458&RevisionSelectionMethod=
LatestReleased (accessed 01/11/07)

. Pathak A, et al. Celecoxib-associated torsade de pointes. Ann

Pharmacother 2002; 36: 1290-1.

Solomon SD, et al. Adenoma Prevention with Celecoxib (APC)

Study Investigators. Cardiovascular risk associated with

celecoxib in a clinical trial for colorectal adenoma prevention.

N Engl J Med 2005; 352: 1071-80.

FDA. Celecoxib (marketed as Celebrex) (issued 7th April

2005). Available at: http://www.fda.gov/cder/drug/infopage/

celebrex/celebrex-hcp.pdf (accessed 01/11/07)

. Arber N, et al. Celecoxib for the prevention of colorectal adeno-

matous polyps. N Engl J Med 2006; 355: 885-95.

ADAPT Research Group. Cardiovascular and cerebrovascular

events in the randomized, controlled Alzheimer’s disease anti-

inflammatory prevention trial (ADAPT). Available at: http://
clinicaltrials.plosjournals.org/archive/1555-5887/1/7/pdf/

10.1371_journal.pctr.0010033-L.pdf (accessed 01/11/07)

. Bertagnolli MM, et al. Celecoxib for the prevention of sporadic
colorectal adenomas. N Engl J Med 2006; 355: 873-84.
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10. Solomon SD, et al. Effect of celecoxib on cardiovascular events
and blood pressure in two trials for the prevention of colorectal
adenomas. Circulation 2006; 114: 1028-35.

MHRA. Updated advice on the safety of selective COX-2 inhib-

itors. Message from Professor G Duff, Chairman of CSM (is-

sued 17th February, 2005). Available at:
http://www.mhra.gov.uk/home/idcplg?ldcService=GET_

FILE&dDocName=CON019458&RevisionSelectionMethod=

LatestReleased (accessed 01/11/07)

12. EMEA. European Medicines Agency announces regulatory ac-

tion on COX-2 inhibitors (issued 17th February, 2005). Availa-

ble at: http://www.emea.europa.eu/pdfs/human/press/pr/

6275705en.pdf (accessed 29/08/08)

EMEA. European Medicines Agency concludes action on

COX-2 inhibitors (issued 27th June, 2005). Available at: http://

www.emea.europa.eu/pdfs/human/press/pr/20776605en.pdf

(accessed 01/11/07)

14. FDA. FDA issues public health advisory recommending limited
use of cox-2 inhibitors: agency requires evaluation of preven-
tion studies involving cox-2 selective agents. (issued 23rd De-
cember, 2004). Available at: http://www.fda.gov/bbs/topics/
ANSWERS/2004/ANS01336.html (accessed 01/11/07)

15. Bing RJ, Lomnicka M. Why do cyclo-oxygenase-2 inhibitors
cause cardiovascular events? J Am Coll Cardiol 2002; 39:
521-2.

Effects on the gastrointestinal tract. It is generally accept-
ed that the inhibition of cyclo-oxygenase-1 (COX-1) plays a role
in the adverse gastrointestinal effects of the NSAIDs, and that the
selective inhibition of the other isoform, COX-2, by NSAIDs
such as celecoxib may cause less gastrotoxicity than the non-se-
lective inhibition of the traditional NSAIDs.

Results from controlled studies suggested that NSAIDs selective
for COX-2 were associated with a lower incidence of serious
gastrointestinal effects. In a placebo-controlled study? the inci-
dence of endoscopically determined gastroduodenal ulcers in pa-
tients taking celecoxib for rheumatoid arthritis (dose range 200
to 800 mg daily) was not significantly different to that seen with
the placebo group. Another study? in patients taking celecoxib at
supratherapeutic doses (800 mg daily) concluded that there was
a lower combined incidence of symptomatic gastrointestinal ul-
cers and ulcer complications (bleeding, perforation, and obstruc-
tion) after 6 months of treatment when compared with non-selec-
tive NSAIDS (ibuprofen 2.4 g daily or diclofenac 150 mg daily).
However, the incidence of ulcer complications alone was not sig-
nificantly different to that seen with other NSAIDs. A re-analysis
of the study by the FDA, including both the 6-month and full-
term data, also found that there was no significant reduction in
the rate of ulcer complications with celecoxib compared with the
non-selective NSAIDs although, in subjects not taking aspirin,
there was a strong trend in favour of celecoxib compared to ibu-
profen.? The risk of ulcer complications was also significantly
increased in celecoxib users taking concomitant low-dose aspi-
rin.2 A later systematic review* of studies of patients receiving
celecoxib or NSAIDs for at least 12 weeks claimed to show im-
proved gastrointestinal safety and tolerability in those receiving
celecoxib (including in patients also taking low-dose aspirin) but
this has been criticised on grounds of data selection.56

It has been noted that the use of aspirin appears to nullify any
potential protective effect of COX-2 selectivity by celecoxib.”®

There have been individual case reports of gastrotoxicity with
celecoxib. >t

. Simon LS, et al. Anti-inflammatory and upper gastrointestinal
effects of celecoxib in rheumatoid arthritis: a randomized con-
trolled trial. JAMA 1999; 282: 1921-8.

. Silverstein FE, et al. Gastrointestinal toxicity with celecoxib vs
nonsteroidal anti-inflammatory drugs for osteoarthritis and
rheumatoid arthritis. The CLASS study: a randomized control-
led trial. JAMA 2000; 284: 1247-55.

. FDA. Celebrex capsules (celecoxib) NDA 20-998/S009—Med-
ical Officer Review. 2000. Available at: http://www.fda.gov/
ohrms/dockets/ac/01/briefing/3677b1_03_med.pdf (accessed
01/11/07)

. Deeks JJ, et al. Efficacy, tolerability, and upper gastrointestinal
safety of celecoxib for treatment of osteoarthritis and rheuma-
toid arthritis: systematic review of randomised controlled trials.
BMJ 2002; 325: 619-23.

. Juni P, et al. Systematic review of celecoxib for osteoarthritis
and rheumatoid arthritis: problems compromise review’s valid-
ity. BMJ 2003; 326: 334.

. Metcalfe S, et al. Systematic review of celecoxib for osteoar-
thritis and rheumatoid arthritis: celecoxib’s relative gastrointes-
tinal safety is overstated. BMJ 2003; 326: 334-5.

. Lichtenstein DR, Wolfe MM. COX-2-selective NSAIDs: new

and improved? JAMA 2000; 284: 1297-9.

Bates DE, Lemaire JB. Possible celecoxib-induced gastroduo-

denal ulceration. Ann Pharmacother 2001; 35: 782-3.

. Mohammed S, Croom DW. Gastropathy due to celecoxib, a cy-
clooxygenase-2 inhibitor. N Engl J Med 1999; 340: 2005-6.

. Adverse Drug Reactions Advisory Committee (ADRAC).
Celecoxib: early Australian reporting experience. Aust Adverse
Drug React Bull 2000; 19: 6-7. Also available at: http://
www.tga.gov.au/adr/aadrb/aadr0006.pdf (accessed 29/08/08)

. Adverse Drug Reactions Advisory Committee (ADRAC). Seri-
ous gastrointestinal effects with celecoxib and rofecoxib. Aust
Adverse Drug React Bull 2003; 22: 15. Also available at: http://
www.tga.health.gov.au/adr/aadrb/aadr0308.htm (accessed
01/11/07)

Effects on the kidneys. Increasing evidence suggests that se-
lective cyclo-oxygenase-2 (COX-2) inhibitors such as celecoxib
appear to have adverse effects on renal function similar to those
of the non-selective NSAIDs (see p.98).

Some references to the adverse renal effects of celecoxib.

1. Boyd IW, et al. COX-2 inhibitors and renal failure: the triple
whammy revisited. Med J Aust 2000; 173: 274.

1

[

1

w

-

N

w

o

&

o

© o

1

o

1

=

The symbol T denotes a preparation no longer actively marketed

TYV\-FFIAALNY

I

Perazella MA, Tray K. Selective cyclooxygenase-2 inhibitors: a
pattern of nephrotoxicity similar to traditional nonsteroidal anti-
inflammatory drugs. Am J Med 2001; 111: 64-7.

Graham MG. Acute renal failure related to high-dose celecoxib.
Ann Intern Med 2001; 135: 69-70.

Alkhuja S, et al. Celecoxib-induced nonoliguric acute renal fail-
ure. Ann Pharmacother 2002; 36: 52-4.

Ahmad SR, et al. Renal failure associated with the use of
celecoxib and rofecoxib. Drug Safety 2002; 25: 537-44.

Alper AB, et al. Nephrotic syndrome and interstitial nephritis
associated with celecoxib. Am J Kidney Dis 2002; 40: 1086-90.
Akhund L, et al. Celecoxib-related renal papillary necrosis.
Arch Intern Med 2003; 163: 114-15.

Markowitz GS, et al. Membranous glomerulopathy and acute
interstitial nephritis following treatment with celecoxib. Clin
Nephrol 2003; 59: 137-42.

Brewster UC, Perazella MA. Acute tubulointerstitial nephritis
associated with celecoxib. Nephrol Dial Transplant 2004; 19:
1017-18.

10. Clifford TM, et al. Celecoxib-induced nephrotoxicity in a renal
transplant recipient. Pharmacotherapy 2005; 25: 773-7.

Effects on the liver. Cholestatic hepatitis developed in a 54-
year-old woman taking celecoxib;® her liver function tests im-
proved and her symptoms resolved after drug withdrawal. De-
spite the temporal relationship between celecoxib use and the on-
set of hepatotoxicity, the manufacturers have stated that current
evidence does not support such a relationship.? Other cases®*
have since been reported.

For a case of acute hepatitis with pancreatitis, see Pancreatitis,
below.

O’Beirne JP, Cairns SR. Cholestatic hepatitis in association with
celecoxib. BMJ 2001; 323: 23.

. Arellano FM, et al. Case of cholestatic hepatitis with celecoxib
did not fulfil international criteria. BMJ 2002; 324: 789-90.
Grieco A, et al. Acute cholestatic hepatitis associated with
celecoxib. Ann Pharmacother 2002; 36: 1887-9.

4. Chamouard P, et al. Prolonged cholestasis associated with short-
term use of celecoxib. Gastroenterol Clin Biol 2005; 29: 1286-8.
Effects on the lungs. Report of a case of pulmonary oedema

and possible pneumonitis in a patient taking celecoxib.

1. Olin JL, et al. Pulmonary edema and possible pneumonitis asso-
ciated with celecoxib. Ann Pharmacother 2004; 38: 1086.

Effects on the nervous system. Acute neuropsychiatric re-
actions such as confusion, somnolence, and insomnia, have oc-
curred after celecoxib use.! There has also been a case report of
aseptic meningitis.?
Adverse Drug Reations Advisory Committee (ADRAC). Acute
neuropsychiatric events with celecoxib and rofecoxib. Aust Ad-
verse Drug React Bull 2003; 22: 3. Also available at: http:/
www.tga.health.gov.au/adr/aadrb/aadr0302.pdf (accessed
01/11/07)
. Papaioannides DH, et al. Aseptic meningitis possibly associated
with celecoxib. Ann Pharmacother 2004; 38: 172.

Hypersensitivity. A 52-year-old man suffered an allergic vas-
culitis after 8 days of treatment with celecoxib.! Despite inten-
sive treatment the patient died from multiple organ failure and
diffuse cutaneous necrolysis. The authors noted that potentially
fatal skin reactions have occurred with other sulfa-containing
drugs, although there is some evidence suggesting that the poten-
tial for cross-reactivity in patients sensitive to sulfonamides is
relatively low;? nonetheless, licensed product information con-
tra-indicates the use of celecoxib in such patients.
1. Schneider F, et al. Fatal allergic vasculitis associated with
celecoxib. Lancet 2002; 359: 852-3.
2. Shapiro LE, et al. Safety of celecoxib in individuals allergic to
sulfonamide: a pilot study. Drug Safety 2003; 26: 187-95.
Pancreatitis. Acute hepatitis and pancreatitis developed in an
elderly patient with a reported history of hypersensitivity to sul-
fonamides who was given celecoxib.! Symptoms resolved on
stopping the drug. Pancreatitis has also been reported in a patient
known to be tolerant of sulfonamides.?
Celecoxib was one of the more commonly implicated drugs cited
in case reports of drug-induced pancreatitis received by the Ad-
verse Drug Reactions Advisory Committee in Australia.®
Carrillo-Jimenez R, Nurnberger M. Celecoxib-induced acute
pancreatitis and hepatitis: a case report. Arch Intern Med 2000;
160: 553-4.
. Baciewicz AM, et al. Acute pancreatitis associated with celecox-
ib. Ann Intern Med 2000; 132: 680.
Australian Adverse Drug Reactions Advisory Committee
(ADRAC). Drug induced pancreatitis. Aust Adverse Drug React
Bull 2006; 25: 22. Also available at: http://www.tga.gov.au/adr/
aadrb/aadr0612.pdf (accessed 01/11/07)
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Interactions

The metabolism of celecoxib is mediated mainly by
the cytochrome P450 isoenzyme CYP2C9. Use with
other drugs that inhibit or induce or are metabolised by
this isoenzyme may result in changes in plasma con-
centration of celecoxib; fluconazole has increased
plasma concentrations of celecoxib and licensed prod-
uct information recommends that the dose of celecoxib
should be halved when given with fluconazole.
Celecoxib is an inhibitor of the isoenzyme CYP2D6
and the potential therefore exists for an effect on drugs
metabolised by this enzyme.

For interactions associated with NSAIDs in general,
see p.99.

Carfentanil Citrate/Celecoxib 35

Pharmacokinetics

Celecoxib is absorbed from the gastrointestinal tract,
peak plasma concentrations being achieved after about
3 hours. Protein binding is about 97%. Celecoxib is
metabolised in the liver mainly by the cytochrome
P450 isoenzyme CYP2CY; the three identified metab-
olites are inactive as inhibitors of COX-1 or COX-2
enzymes. It is eliminated mainly as metabolites in the
faeces and urine; less than 3% is recovered as
unchanged drug. The effective terminal half-life is
about 11 hours. Celecoxib is distributed into breast
milk. The pharmacokinetics of celecoxib may vary in
different ethnic groups; it has been stated that the area
under the curve is elevated in patients of Afro-Carib-
bean origin, although any clinical significance is
unclear.

O References.

1. Davies NM, et al. Clinical pharmacokinetics and pharmacody-
namics of celecoxib: a selective cyclo-oxygenase-2 inhibitor.
Clin Pharmacokinet 2000; 38: 225-42.

. Stempak D, et al. Single-dose and steady-state pharmacokinetics
of celecoxib in children. Clin Pharmacol Ther 2002; 72: 490-7.
Correction. ibid. 2006; 80: 667.

. Kirchheiner J, et al. Influence of CYP2C9 genetic polymor-
phisms on pharmacokinetics of celecoxib and its metabolites.
Pharmacogenetics 2003; 13: 473-80.

. Lundblad MS, et al. Accumulation of celecoxib with a 7-fold
higher drug exposure in individuals homozygous for
CYP2C9*3. Clin Pharmacol Ther 2006; 79: 287-8.
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Uses and Administration
Celecoxib is an NSAID (p.99) reported to be a selec-
tive inhibitor of cyclo-oxygenase-2 (COX-2). It is used
in the treatment of rheumatoid arthritis including juve-
nile idiopathic arthritis, osteoarthritis, and ankylosing
spondylitis, and in the adjunctive treatment of adenom-
atous colorectal polyps. Celecoxib is also used in the
management of acute pain and dysmenorrhoea.
For osteoarthritis the recommended oral dose is
200 mg daily given as a single dose or in 2 divided dos-
es. If necessary a dose of 200 mg twice daily may be
used. For rheumatoid arthritis the dose is 100 to
200 mg given twice daily. Celecoxib is also used for
ankylosing spondylitis in an initial dose of 200 mg
daily, as a single dose or in 2 divided doses. In the
USA, the dose may be increased to 400 mg daily after
6 weeks, although if no response is seen at this dose
after a further 6 weeks, alternative treatments should be
considered. A similar increase is also permitted in UK
licensed product information; however, it is recom-
mended that if ineffective, the higher dose should only
be continued for 2 weeks before considering alterna-
tive treatments. In elderly patients treatment should be
begun at the lowest recommended dose.

For doses in children with juvenile idiopathic arthri-

tis, see below.

In the treatment of pain and dysmenorrhoea, an initial

dose of 400 mg followed by an additional dose of

200 mg, if necessary, is recommended on the first day;

thereafter the dose is 200 mg twice daily.

Celecoxib is also used as an adjunct to standard therapy

to reduce the number of adenomatous colorectal pol-

yps in patients with familial adenomatous polyposis.

For this purpose it may be given in doses of 400 mg

twice daily with food.

Reduced doses are recommended in patients with he-

patic impairment (see below).

O Reviews.

1. Clemett D, Goa KL. Celecoxib: a review of its use in osteoarthri-
tis, rheumatoid arthritis and acute pain. Drugs 2000; 59: 957-80.

2. Frampton JE, Keating GM. Celecoxib: a review of its use in the
management of arthritis and acute pain. Drugs 2007; 67:
2433-72.

Administration in children. In the USA, celecoxib is li-

censed for the treatment of juvenile idiopathic arthritis in chil-

dren aged 2 years and over. The recommended oral doses, based
on body-weight, are:

* 10 kg to 25 kg: 50 mg twice daily

« over 25 kg: 100 mg twice daily

Licensed product information recommends that the contents of a

celecoxib capsule may be sprinkled onto apple sauce if a patient

has difficulty swallowing the capsules. The sprinkled capsule

should be taken immediately; however, it remains stable at a

temperature between 2° to 8° for up to 6 hours.

The symbol ® denotes a substance whose use may be restricted in certain sports (see p.vii)
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Administration in hepatic impairment. Licensed product
information recommends that doses of celecoxib should be re-
duced by 50% in patients with moderate hepatic impairment
(Child-Pugh category B); its use is contra-indicated in those with
severe impairment (Child-Pugh category C or a score of 10 or
more).

Familial adenomatous polyposis. Celecoxib is used in the
treatment of familial adenomatous polyposis, an inherited syn-
drome known to predispose sufferers to the development of co-
lonic cancer (see p.666). A randomised study*?2 found that treat-
ment with celecoxib reduced the number of colonic polyps; the
authors considered celecoxib to be a useful adjunct to the stand-
ard therapy of colectomy.

. Steinbach G, et al. The effect of celecoxib, a cyclooxygenase-2
inhibitor, in familial adenomatous polyposis. N Engl J Med
2000; 342: 1946-52.

. Phillips RKS, et al. A randomised, double blind, placebo con-
trolled study of celecoxib, a selective cyclooxygenase 2 inhibi-
tor, on duodenal polyposis in familial adenomatous polyposis.
Gut 2002; 50: 857-60.
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Malignant neoplasms. Celecoxib is under investigation as ad-
juvant therapy in the treatment of cancer;*® preliminary results
have been variable. It has also been investigated for chemopre-
vention of malignancy®'® (see also Familial Adenomatous
Polyposis, above), but a large study for the prevention of colon
canclelrl\zlvas terminated early because of increased cardiovascular
risk.

1. Dang CT, et al. Phase Il study of celecoxib and trastuzumab in
metastatic breast cancer patients who have progressed after pri-
or trastuzumab-based treatments. Clin Cancer Res 2004; 10:

062-7.

Reardon DA, et al. Phase Il trial of irinotecan plus celecoxib in
adults with recurrent malignant glioma. Cancer 2005; 103:
329-38.

Nugent FW, et al. Docetaxel and cyclooxygenase-2 inhibition
with celecoxib for advanced non-small cell lung cancer pro-
gressing after platinum-based chemotherapy: a multicenter
phase Il trial. Lung Cancer 2005; 48: 267-73.

. Gasparini G, et al. The combination of the selective cyclooxy-
genase-2 inhibitor celecoxib with weekly paclitaxel is a safe and
active second-line therapy for non-small cell lung cancer: a
phase Il study with biological correlates. Cancer J 2005; 11:

09-16.

Prince HM, et al. A multicenter phase |1 trial of thalidomide and
celecoxib for patients with relapsed and refractory multiple my-
eloma. Clin Cancer Res 2005; 11: 5504-14.

. Pan CX, et al. A phase Il trial of irinotecan, 5-fluorouracil and

leucovorin combined with celecoxib and glutamine as first-line
therapy for advanced colorectal cancer. Oncology 2005; 69:
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Ferrari V, et al. Gemcitabine plus celecoxib (GECO) in ad-
vanced pancreatic cancer: a phase Il trial. Cancer Chemother
Pharmacol 2006; 57: 185-90.

Csiki |, et al. Targeting cyclooxygenase-2 in recurrent non-
small cell lung cancer: a phase I1 trial of celecoxib and docetax-
el. Clin Cancer Res 2005; 11: 6634-40.

Chow LWC, et al. Serum lipid profiles in patients receiving en-
docrine treatment for breast cancer—the results from the
Celecoxib Anti-Aromatase Neoadjuvant (CAAN) Trial. Biomed
Pharmacother 2005; 59 (suppl 2): S302-S305.

10. Limburg PJ, et al. Randomized, placebo-controlled, esophageal
squamous cell cancer chemoprevention trial of selenomethio-
nine and celecoxib. Gastroenterology 2005; 129: 863-73.

11. Solomon SD, et al. Adenoma Prevention with Celecoxib (APC)
Study Investigators. Cardiovascular risk associated with
celecoxib in a clinical trial for colorectal adenoma prevention.
N Engl J Med 2005; 352: 1071-80.

12. Bertagnolli MM, et al. Celecoxib for the prevention of sporadic
colorectal adenomas. N Engl J Med 2006; 355: 873-84.

13. Arber N, et al. Celecoxib for the prevention of colorectal adeno-
matous polyps N Engl J Med 2006; 355: 885-95.
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Musculoskeletal and joint disorders. Celecoxib is used in
the treatment of osteoarthritis (p.11) and rheumatoid arthritis
(p.11) including juvenile idiopathic arthritis (p.10). However, in
the UK it is recommended that the use of celecoxib and other
selective cyclo-oxygenase-2 (COX-2) inhibitors be limited to
those patients considered to be at high risk of developing serious
gastrointestinal problems if given a non-selective NSAID and
who do not have pre-existing cardiovascular risk factors (see Ad-
verse Effects, above).

Celecoxib is also used in the treatment of ankylosing spondylitis
(see Spondyloarthropathies, p.13).

References.

1. Bensen WG, et al. Treatment of osteoarthritis with celecoxib, a
cyclooxygenase-2 inhibitor: a randomized controlled trial. Mayo
Clin Proc 1999; 74: 1095-1105.

. Simon LS, et al. Anti-inflammatory and upper gastrointestinal
effects of celecoxib in rheumatoid arthritis: a randomized con-
trolled trial. JAMA 1999; 282: 1921-28.

. Emery P, et al. Celecoxib versus diclofenac in long-term man-
agement of rheumatoid arthritis: randomised double-blind com-
parison. Lancet 1999; 354: 2106-11.

Dougados M, et al. Efficacy of celecoxib, a cyclooxygenase 2-
specific inhibitor, in the treatment of ankylosing spondylitis: a
six-week controlled study with comparison against placebo and
against a conventional nonsteroidal antiinflammatory drug. Ar-
thritis Rheum 2001; 44: 180-5.
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5. Stengaard-Pedersen K, et al. Celecoxib 200 mg qd is efficacious
in the management of osteoarthritis of the knee or hip regardless
of the time of dosing. Rheumatology (Oxford) 2004; 43: 592-5.

. Schnitzer TJ, et al. VACT-1 and VACT-2 (Protocols 106 and
150) Study Groups. Efficacy of rofecoxib, celecoxib, and aceta-
minophen in patients with osteoarthritis of the knee: a combined
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1093-1105.

. Singh G, et al. Celecoxib versus naproxen and diclofenac in os-
teoarthritis patients: SUCCESS-I Study. Am J Med 2006; 119:
255-66.

. Barkhuizen A, et al. Celecoxib is efficacious and well tolerated
in treating signs and symptoms of ankylosing spondylitis. J
Rheumatol 2006; 33: 1805-12.
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comparing continuous and intermittent treatment with celecoxib
in patients with osteoarthritis of the knee or hip. Ann Rheum Dis
2007; 66: 99-106.
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Palmar-plantar erythrodysesthesia syndrome. Celecoxib
has been investigated in the treatment of capecitabine-induced
hand-foot (palmar-plantar erythrodysesthesia) syndrome; for ref-
erences, see under Adverse Effects and Precautions of Capecit-
abine, p.692.

Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Algybrex; Celebrex; Celemaxt; Cloxibt; Coxelt; Coxtenk; Niflam;
Radicacine; Tisorek; Austral.: Celebrex; Austria: Celebrex; Solexa; Belg.:
Celebrex; Braz.: Celebra; Canad.: Celebrex; Chile: Celebra; Cz.: Cele-
brex; Onsenal; Denm.: Celebra; Fin.: Celebra; Fr.: Celebrex; Onsenal;
Ger.: Celebrex; Gr.: Aclarex; Celebrex; Hong Kong: Celebrex; Hung.:
Celebrex; India: Celedol; Celib; Cobix; Orthocel, Ultracelet; Zycel; In-
don.: Celebrex; Irl.: Celebrex; Israel: Celcox; Celebra; Ital.: Artilogt;
Celebrex; Solexat; Malaysia: Celebrex; Mex.: Celebrex; Neth.: Cele-
brex; Onsenal; Solexa; Norw.: Celebra; Onsenal; NZ: Celebrex; Philipp.:
Celebrex; Flamar; Pol.: Celebrex; Port.: Celebrex; Onsenal; Solexa; Rus.:
Celebrex (Llerebpekc); S.Afr.: Celebrex; Singapore: Celebrex; Spain:
Celebrex; Onsenal; Swed.: Celebra; Onsenal; Switz.: Celebrex; Thai.:
Celebrex; UK: Celebrex; USA: Celebrex; Venez.: Celebrext; Cexb.

Choline Magnesium Trisalicylate
Trisalicilato de colina y magnesio.

XoavH MarHesunym TpucaavuLmaaTbl
CyeH20 | (NMg = 539.8.
CAS — 64425-90-7.
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Adverse Effects, Treatment, and Precautions
As for Aspirin, p.20.

The use of aspirin and other acetylated salicylates is generally
not recommended for children unless specifically indicated, be-
cause of the risk of Reye’s syndrome. US licensing information
extends this precaution to choline magnesium trisalicylate.

Effects on the liver. References.

1. Cersosimo RJ, Matthews SJ. Hepatotoxicity associated with
choline magnesium trisalicylate: case report and review of sali-
cylate-induced hepatotoxicity. Drug Intell Clin Pharm 1987; 21:
621-5.

. Nadkarni MM, et al. Eosinophilic hepatitis after ingestion of
choline magnesium trisalicylate. Am J Gastroenterol 1992; 87:
1

N

Interactions
For interactions associated with salicylates, see Aspirin, p.23.

Uses and Administration

Choline magnesium trisalicylate is a combination of the salicylic
acid derivatives choline salicylate (p.36) and magnesium sali-
cylate (p.79). It has analgesic, anti-inflammatory, and antipyretic
actions similar to those of aspirin (p.23). After oral administra-
tion, choline magnesium trisalicylate dissociates and the sali-
cylate moiety is rapidly absorbed. Each unit dose of 500 mg of
salicylate is provided by about 293 mg of choline salicylate with
362 mg of magnesium salicylate (anhydrous). Choline magnesi-
um trisalicylate has been used in osteoarthritis, rheumatoid ar-
thritis, and other arthritides in oral doses equivalentto 1 or 1.5g
of salicylate twice daily; doses may also be given as a single dai-
ly dose if required. A dose of 750 mg given three times daily may
be more suitable for elderly patients. Choline magnesium trisali-
cylate is also used in similar doses in the general management of
other forms of pain and for fever.

Preparations

Proprietary Preparations (details are given in Part 3)
Canad.: Trilisatet; USA: Trilisatet.

Choline Salicylate (AN, USAN, riNN)

Choline, Salicylate de; Cholini Salicylas; Koliinisalisylaatti; Kolinsal-
icylat; Salicilato de colina. (2-Hydroxyethyl)trimethylammonium
salicylate.

XoanHa Caanumaat
C,H | sNO4 = 241.3.
CAS — 201 6-36-6.
ATC — NO2BAO3.

ATC Vet — QNO2BAO3.

HO

Pharmacopoeias. Br. includes a solution.

BP 2008 (Choline Salicylate Solution). An aqueous solution con-
taining 47.5 to 52.5% of choline salicylate. It is a clear colourless
liquid. It may contain a suitable antimicrobial preservative.

Profile

Choline salicylate is a salicylic acid derivative (see Aspirin, p.20)
used in the treatment of pain and fever, and in the management
of rheumatic disorders. In terms of salicylate content, choline sal-
icylate 435 mg is equivalent to about 325 mg of aspirin. Choline
salicylate is given orally in doses of 435 to 870 mg every four
hours as necessary for pain and fever, and in doses of 4.8t0 7.2 g
daily in divided doses for rheumatic disorders.

Choline salicylate is also used as a local analgesic. Solutions con-
taining up to about 20% choline salicylate are used in ear disor-
ders such as the relief of pain in otitis media and externa but are
considered to be of doubtful value; they are also used to soften
ear wax as an aid to removal (see p.1725). An 8.7% gel is used
for lesions of the mouth (p.1700). Choline salicylate has also
been applied topically in a rubefacient preparation for the relief
of muscular and rheumatic pain.

Choline salicylate is also given in the form of choline magnesi-
um trisalicylate (see above).

Adverse effects. A 21-month-old boy developed salicylate
poisoning after his mother had rubbed the contents of 3 tubes of
Bonjela teething ointment (containing a total of 2.61 g of choline
salicylate) on his gums over 48 hours.*

In another case, an 8-year-old boy with G6PD deficiency devel-
oped an oral mucosal burn a few hours after application of about
half a tube of Teejel oral gel.? He developed mouth ulcers and
displayed signs of apathy, lethargy, and nasal congestion 3 days
after exposure. His condition improved after a week. The authors
felt that G6PD deficiency may have been a contributing factor in
the occurrence of adverse effects.

1. Paynter AS, Alexander FW. Salicylate intoxication caused by
teething ointment. Lancet 1979; ii: 1132.

2. Sapir S, Bimstein E. Cholinsalicylate gel induced oral lesion: re-
port of case. J Clin Pediatr Dent 2000; 24: 103-6.

REYE’Ss SYNDROME. The link between aspirin use in children
and the development of Reye’s syndrome is established al-
though the evidence for other salicylates could not be ade-
quately evaluated (see p.22). However, a 20-month-old boy
who had received a teething gel containing choline salicylate
(applied in doses of 1.31 g daily, equivalent to acetylsali-
cylate 100 mg/kg daily, which exceeds the recommended
dose) developed Reye’s syndrome following a viral illness.t
The authors noted that the MHRA in the UK were aware of
two earlier reports suggesting an association between choline
salicylate and Reye’s syndrome.

1. Oman TK, et al. Topical choline salicylates implicated in Reye’s
syndrome. BMJ 2008; 336: 1376.

Preparations
BP 2008: Choline Salicylate Ear Drops; Choline Salicylate Oromucosal Gel.

Proprietary Preparations (details are given in Part 3)

Arg.: Dercolina; Austral.: Applicaine; Herron Baby Teething Gel; Ora-Sed
Jel; Belg.: Teejel; Ger.: Audaxt; Hong Kong: Ora-Sed; India: Gelora;
Zytee; Irl.: Audax; Teejel; Israel: Teejel; NZ: Ora-Sed; Pol.: Cholinex; Oti-
num; Port.: Bucagel; Rus.: Otinum (OTuHym); Singapore: Ora-Sed; UK:
Audaxt; Dinnefords Teejelt; USA: Arthropant.

Multi-ingredient: Arg.: Pansoral; Austral.: Bonjela; Seda-Gel, Austria:
Mundlsal Belg.: Givalex; Cz.: Mundisal; Fr.: Givalex; Pansoral; Ger.:
Gr.: Mundisal; Hong Kong: Bonjela; Dermojela;
onjela; Israel: Baby Gum; Bonjela; Malaysia: Bon-
jela; Orregel; NZ: Bonjela; Pol.: Sachol zel Stomatologiczny; Rus.: Cholisal
(Xonucan); Pansoral (I'aHcopan); S.Afr.: Bonjela; Singapore: Bonjela; Sor-
agel; Spain: Aldo Oticot; Switz.: Mundisal; Pansoral; Tenderdol; Thai.:
Bonjela; UK: Bonjela; Earex Plus.
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Clofexamide (iNN)

ANP-246; Clofexamida; Clofexamidum. 2-(4-Chlorophenoxy)-
N-(2-diethylaminoethyl)acetamide.

Krodekcamma
C4H, CIN,O, = 284.8.
CAS — 1223-36-5.

HaC
w o}
rN\/\N)K/O
H

CH3
Cl

Profile
Clofexamide has been used topically as the hydrochloride in
preparations for musculoskeletal, joint, and soft-tissue disorders.

Clofezone (INN)

ANP-3260; Clofezona; Clofézone; Clofezonum. An equimolar
combination of clofexamide and phenylbutazone.

KnodesoH

C4H7CIN,O,,C9Hy N, O5,2H,0 = 629.2.

CAS — 60104-29-2.

ATC — MOTAAO05; MO2AAO3.

ATC Vet — QMOTAAOS5; QM02AA03.

Profile

Clofezone, a combination molecule containing clofexamide
(above) and phenylbutazone (p.117), has been given orally and
by rectal suppository and applied topically in preparations for
musculoskeletal, joint, and soft-tissue disorders.

Clonixin (UsAN, iNN)

CBA-93626; Clonixine; Clonixino; Clonixinum; Sch-10304. 2-(3-
Chloro-o-toluidino)nicotinic acid.

KAOHMKCHH

C3H,,CIN,O, = 262.7.

CAS — 17737-65-4.

CH
H 3
N N

(X

Clonixin Lysine (iNNm)

Cl

COOCH

Clonixin Lysinate; Clonixine Lysine; Clonixino lisina; Clonixinum
Lysinum; L-104; Lysine Clonixinate; R-173.

KAoHuKenHa AnsnH
C3H,,CIN,O,, C¢H 14N,O, = 408.9.
CAS — 55837-30-4.

Profile

Clonixin is an NSAID (p.96). It has been used as the lysine salt
in oral doses of up to 250 mg four times daily for the relief of
pain. Clonixin lysine has also been given by intramuscular or in-
travenous injection and as a rectal suppository.

¢ References.

1. Eberhardt R, et al. Analgesic efficacy and tolerability of lysine-
clonixinate versus ibuprofen in patients with gonarthrosis. Curr
Ther Res 1995; 56: 573-80.

Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Clonixil; Diclen; Dolex; Dolnott; Dorixina; Braz.: Dolamin; Chile:
Blonax; Celex; Clonalgin; Colmax; Dentagesic; Diminon; Dolalgialt; Lafige-
sic; Medigesic; Nefersil; Traumicid; Mex.: Disinal; Donodol; Dorixina; Firac;
Lonixer; Prestodol; Sedepron; Port.: Algimate; Clonix; Spain: Dolalgial;
Venez.: Dorixina.

Multi-ingredient: Arg.: Amplibenzatin Bronquial; Aseptobron Ampicili-
nat; Dorixina B B6 BI2; Dorixina Forte; Dorixina Relax; Espasmo Dolex;
Migra Dorixina; Mikesan; Nova Paratropina Compositum; Propalgin; Sertal
Compuesto; Braz.: Dolamin Flex; Chile: Clonalgin Compuesto; Ergonef,
Migra-Nefersil; Nefersil B; Neurocam; Mex.: Donodol Compuesto; Espacil
Compuesto; Firac Plus; Klonaza; Optium; Plidan Compuesto; Prestodol
Compuesto; Yuredol, Venez.: Dologinex; Dorixina Flex; Migradorixina; Pli-
dan Compuesto.

Codeine 34n)

Codeina; Codéine; Codeinum; Codeinum Monohydricum; Ko-
deiini; Kodein; Kodein monohydrdt; Kodeina; Kodeinas; Methyl-
morphine; Metilmorfina; Morphine Methyl Ether. 7,8-Didehydro-
4,5-epoxy-3-methoxy- | 7-methylmorphinan-6-ol monohydrate.
KoaeuH

CgHy NO3,H,O = 317.4.

CAS — 76-57-3 (anhydrous codeine); 6059-47-8 (codeine
monohydrate).

ATC — RO5DA04.

ATC Vet — QRO5DA04.

HaCO

NoTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of codeine:

AC/DC; Barr; Captain Cody; Cody; Coties; Cough Syrup;
Down; Karo; Lean; Nods; School boy; Schoolboy; T3.
Pharmacopoeias. In Eur. (see p.vii), Int., US, and Viet.

Ph. Eur. 6.2 (Codeine). White or almost white, crystalline pow-
der or colourless crystals. Soluble in boiling water; freely soluble
in alcohol. Protect from light.

USP 31 (Codeine). Colourless or white crystals or white crys-
talline powder. It effloresces slowly in dry air. Soluble 1 in 120
of water, 1 in 2 of alcohol, 1 in 0.5 of chloroform, and 1 in 50 of
ether. Its saturated solution in water is alkaline to litmus. Store in
airtight containers. Protect from light.

Codeine Hydrochloride ANy

Codeina, hidrocloruro de; Codéine (chlorhydrate de) dihydraté;
Codeini hydrochloridum dihydricum; Kodeiinihydroklorididihy-
draatti; Kodein-hidroklorid-dihidrdt; Kodein-hydrochlorid dihy-
drdt; Kodeinhydrokloriddihydrat; Kodeino hidrochloridas dihidratas.

KoaenHa Mmapoxaopua,

C,gHy NO3HCI,2H,0 = 371.9.

CAS — 1422-07-7 (anhydrous codeine hydrochloride).
Pharmacopoeias. In Eur. (see p.vii).

Ph. Eur. 6.2 (Codeine Hydrochloride Dihydrate; Codeine Hydro-
chloride BP 2008). Small colourless crystals or a white or almost
white, crystalline powder. Soluble in water; slightly soluble in al-
cohol; practically insoluble in cyclohexane. Protect from light.

Codeine Phosphate ANY)

Codeina, fosfato de; Codéine, phosphate de; Codeine Phos-
phate Hemihydrate; Codeini phosphas; Codeini Phosphas Hemi-
hydricus; Codeinii  Phosphas; Kodeiinifosfaatti; Kodein-fosfat
hemihydrdt; Kodeinfosfathemi; Kodein-foszfdt-hemihidrat; Kodei-
no fosfatas hemihidratas; Kodeiny fosforan; Kodeiny fosforan
pdtwodny; Methylmorphine Phosphate.

KoaenHa Qocdat

CgHy NO3,H3PO,, 7 H,O = 406.4.

CAS — 52-28-8 (anhydrous codeine phosphate); 41444-
62-6 (codeine phosphate hemihydrate); 5913-76-8 (co-
deine phosphate sesquihydrate).

NoTe. Compounded preparations of codeine phosphate may be
represented by the following names:

« Co-codamol x/y (BAN)—where x and y are the strengths in
milligrams of codeine phosphate and paracetamol respective-
ly

* Co-codAPAP (PEN)—codeine phosphate and paracetamol

» Co-codaprin (BAN)—codeine phosphate 1 part and aspirin 50
parts (W/w;
« Co-codaprin (PEN)—codeine phosphate and aspirin.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet.
Pharmacopoeias may specify the hemihydrate, sesquihydrate, or
both, either under one monograph or as separate monographs.
Ph. Eur. 6.2 (Codeine Phosphate Hemihydrate; Codeine Phos-
phate BP 2008). A white or almost white, crystalline powder or
small, colourless crystals. Freely soluble in water; slightly solu-
ble or very slightly soluble in alcohol. A 4% solution in water has
a pH of 4.0 to 5.0. Protect from light.
Ph. Eur. 6.2 (Codeine Phosphate Sesquihydrate; Codeini Phos-
phas Sesquihydricus). A white or almost white, crystalline pow-
der or small, colourless crystals. Freely soluble in water; slightly
soluble in alcohol. A 4% solution in water has a pH of 4.0t0 5.0.
Protect from light.

The symbol T denotes a preparation no longer actively marketed
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USP 31 (Codeine Phosphate). The hemihydrate occurs as fine,
white, needle-shaped crystals or white crystalline powder;
odourless. Soluble 1 in 2.5 of water, 1 in 0.5 of water at 80°, 1 in
325 of alcohol, and 1 in 125 of boiling alcohol. Its solutions are
acid to litmus. Store in airtight containers at a temperature up to
40° as permitted by the manufacturer. Protect from light.

Incompatibility. Acetylation of codeine phosphate by aspirin

has occurred in solid dosage forms containing the two drugs,

even at a low moisture level.> Animal work suggested that the

analgesic activity of codeine was not affected by acetylation.?

1. Galante RN, et al. Solid-state acetylation of codeine phosphate
by aspirin. J Pharm Sci 1979; 68: 1494-8.

2. Buckett WR, et al. The analgesic properties of some 14-substi-
tuted derivatives of codeine and codeinone. J Pharm Pharmacol
1964; 16: 174-82.

Codeine Sulfate
Codeina, sulfato de; Codeine Sulphate (BANM).

KoaenHa Cynepat

(CgH;NO3),,H,50,4,3H,0 = 750.9.

CAS — 1420-53-7 (anhydrous codeine sulfate); 6854-40-
6 (codeine sulfate trihydrate).

Pharmacopoeias. In US.

USP 31 (Codeine Sulfate). White crystals, usually needle-like,
or white crystalline powder. Soluble 1 in 30 of water, 1 in 6.5 of
water at 80°, and 1 in 1300 of alcohol; insoluble in chloroform
and in ether. Store in airtight containers. Protect from light.

Stability. Codeine sulfate solutions appear to be intrinsically
more stable than codeine phosphate solutions.*
1. Powell MF. Enhanced stability of codeine sulfate: effect of pH,

buffer, and temperature on the degradation of codeine in aqueous
solution. J Pharm Sci 1986; 75: 901-3.

Dependence and Withdrawal
As for Opioid Analgesics, p.101.

Codeine is subject to abuse (see under Precautions, be-
low), but produces less euphoria and sedation than
morphine.

Neonatal abstinence syndrome. Some of the symptoms
characteristic of the neonatal abstinence syndrome were seen in
a neonate whose mother had taken about 90 mg of codeine daily
during the last 2 months of pregnancy.

1. Khan K, Chang J. Neonatal abstinence syndrome due to codeine.
Arch Dis Child 1997; 76: F59-F60.

Adverse Effects and Treatment
As for Opioid Analgesics in general, p.102.

In therapeutic doses codeine is much less liable than
morphine to produce adverse effects, although consti-
pation may be troublesome with long-term use. After
large doses of codeine, excitement and convulsions
may occur.

Codeine, like morphine, has a dose-related histamine-
releasing effect. Anaphylactic reactions after intrave-
nous use have been reported rarely.

Effects on mental function. Central effects of codeine phos-
phate appeared to be limited, but dose-related, in subjects given
30, 60, or 90 mg; visuo-motor coordination was altered with dos-
es of 60 and 90 mg and dynamic visual acuity with 90 mg.t

Drowsiness reported by subjects given 90 mg of codeine phos-

phate could not be linked with impaired performance whereas

nausea could.

1. Bradley CM, Nicholson AN. Effects of a p-opioid receptor ago-
nist (codeine phosphate) on visuo-motor coordination and dy-
namic visual acuity in man. Br J Clin Pharmacol 1986; 22:
507-12.

Effects on the pancreas. A 26-year-old woman developed

acute pancreatitis on 2 separate occasions a few hours after tak-

ing a single, 40-mg dose of codeine.! There was no history of

alcohol consumption and her recovery was uneventful. Other

cases have been reported.?s

1. Hastier P, et al. Pancreatitis induced by codeine: a case report
with positive rechallenge. Gut 1997; 41: 705-6.

2. Locher C, et al. Pancréatite aigué apres la prise d’une association
paracétamol-codéine. Gastroenterol Clin Biol 2003; 27: 124-5.

3. Kohlen K, et al. Codein-induzierte Pankreatitis. Dtsch Med Wo-
chenschr 2005; 130: 878-9.

4. Moreno Escobosa MC, et al. Pancreatitis due to codeine. Aller-
gol Immunopathol (Madr) 2005; 33: 175-7.

5. Belhassen Garcia M, et al. Pancreatitis secundaria a paraceta-
mol-codeina. An Med Interna 2006; 23: 400-401.

Effects on the skin. Pruritus and burning erythemato-vesicular
plaques that developed in a patient in response to oral codeine
were attributed to a fixed drug eruption. A similar reaction oc-
curred in another patient after taking various analgesics includ-
ing a combined preparation of paracetamol and codeine;? patch
testing showed a positive response for codeine only. Maculopa-
pular rash has been seen as part of a hypersensitivity syndrome
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associated with oral codeine phosphate;® fever, splenomegaly,

and lymphadenopathy also occurred.

1. Gonzalo-Garijo MA, Revenga-Arranz F. Fixed drug eruption
due to codeine. Br J Dermatol 1996; 135: 498-9.

. Gastaminza G, et al. Erythrodermia caused by allergy to codeine.
Contact Dermatitis 2005; 52: 227-8.

. Enomoto M, et al. Codeine phosphate-induced hypersensitivity
syndrome. Ann Pharmacother 2004; 38: 799-802.

Hypersensitivity. See Effects on the Skin, above.

Overdosage. Acute codeine intoxication in 430 children, due
to accidental ingestion of antitussive preparations, was re-
viewed.! The children were nearly all between 1 and 6 years old.
Symptoms in decreasing order of frequency included somno-
lence, rash, miosis, vomiting, itching, ataxia, and swelling of the
skin. Respiratory failure occurred in 8 children and 2 died; all 8
had taken 5 mg/kg or more. Infants are at special risk and there
have been fatalities?® and severe adverse effects*® after inappro-
priate treatment in infants given mixtures containing codeine.

Opioid toxicity, in addition to severe salicylate toxicity, has oc-

curred in adults after overdoses of aspirin and codeine tablets.®

. von Milhlendahl KE, et al. Codeine intoxication in childhood.
Lancet 1976; ii: 303-5.

. lvey HH, Kattwinkel J. Danger of Actifed-C. Pediatrics 1976;
57:164-5.

. Magnani B, Evans R. Codeine intoxication in the neonate. Ab-

stract: Pediatrics 1999; 104: 1379. Full version:

http://pediatrics.aappublications.org/cgi/content/full/104/6/e75

(accessed 26/06/08)

Wilkes TCR, et al. Apnoea in a 3-month-old baby prescribed

compound linctus containing codeine. Lancet 1981; i: 1166—7.

. Lee AC, et al. A case of probable codeine poisoning in a young
infant after the use of a proprietary cough and cold medicine.
Hong Kong Med J 2004; 10: 285-7.

. Leslie PJ, et al. Opiate toxicity after self poisoning with aspirin
and codeine. BMJ 1986; 292: 96.
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Precautions
As for Opioid Analgesics in general, p.103.

Abuse. Although the risk of dependence on codeine is low with
normal use, it is the subject of deliberate abuse. In France? and
in the UK linctuses containing codeine have been particularly li-
able to abuse. Reports in the literature include the use in New

Zealand of codeine-containing preparations to produce demeth-

ylated products known as "Homebake™ containing variable

amounts of morphine® and abuse of co-codaprin tablets for their
codeine content.*

1. Rowden AM, Lopez JR. Codeine addiction. DICP Ann Pharma-
cother 1989; 23: 475-7.

. Armand C, et al 10 ans de détournement d’usage du Néocodion
entre 1992 et 2002: Neocodion misuse: evolution between 1992
and 2002. Therapie 2004; 59: 547-53.

. Shaw JP. Drug misuse in New Zealand. Pharm J 1987; 238: 607.

. Sakol MS, Stark CR. Codeine abuse. Lancet 1989; ii: 1282.

. Paterson JR, et al. Codeine abuse from co-codaprin. Lancet
1990; 335: 224.

. Sakol MS, Stark CR. Codeine abuse from co-codaprin. Lancet
1990; 335: 224.

Breast feeding. Breast-fed infants of mothers taking codeine
may be at an increased risk of toxicity from its metabolite,
morphine, if the mother is an ultrarapid metaboliser of codeine.

In a recent report,! a 13-day-old infant died from opioid toxicity

after being exposed to morphine in his mother’s breast milk; the

mother had been taking oral codeine 30 mg twice daily as part

of a combination preparation with paracetamol for about 2

weeks. Assayed morphine concentrations in the breast milk

were found to be 87 nanograms/mL; the usual range is 1.9 to

20.5 nanograms/mL after repeated doses of codeine 60 mg four

times daily. Subsequent investigations found that the mother’s

genotype for the cytochrome P450 isoenzyme CYP2D6 (the en-
zyme involved in the conversion of codeine to morphine) classi-
fied her as an ultrarapid metaboliser of codeine.

Based on this case, the FDA has advised? that nursing mothers

taking codeine should be informed of the potential risk of mor-

phine overdose and the need to monitor breast-fed infants for
signs of toxicity such as increased sleepiness, difficulty feeding
or breathing, or limpness. Nursing mothers, themselves, may
also experience overdose symptoms including extreme sleepi-
ness, confusion, shallow breathing, and severe constipation.

Similar advice has also been issued by the MHRA in the UK.2

Nonetheless, codeine appears to have been used safely for many

years in breast-feeding mothers and several authorities including

the American Academy of Pediatrics* and the BNF consider that
it is usually compatible with breast feeding.

1. Koren G, et al. Pharmacogenetics of morphine poisoning in a
breastfed neonate of a codeine-prescribed mother. Lancet 2006;
368: 704.

. FDA. Information for healthcare professional: use of codeine
products in nursing mothers (issued 17th August, 2007). Availa-
ble at: http://www.fda.gov/cder/drug/InfoSheets/HCP/
codeineHCP.htm (accessed 26/06/08)

. MHRA/CHM. Codeine: very rare risk of side-effects in breastfed

babies. Drug Safety Update 2007; 1 (4): 3. Available at: http://

www.mhra.gov.uk/home/idcplg?ldcService=GET_

FILE&dDocName=CON2032917&RevisionSelectionMethod=

LatestReleased (accessed 26/06/08)

American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776-89.

Correction. ibid.; 1029. Also available at:

http://aappolicy.aappublications.org/cgi/content/full/

pediatrics%3b108/3/776 (accessed 26/06/08)
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Children. See Overdosage, above, and under Uses and Admin-
istration, below.

Driving. Codeine phosphate 50 mg alone and with alcohol had

a deleterious effect on driving skills in a simulated driving test.*

1. Linnoila M, Hakkinen S. Effects of diazepam and codeine, alone
and in combination with alcohol, on simulated driving. Clin
Pharmacol Ther 1974; 15: 368-73.

Genetic polymorphism. Life-threatening toxicity in a patient
given moderate doses of codeine was thought to be due to a gen-
otype predisposing him to ultrarapid metabolism of the drug into
morphine by the cytochrome P450 isoenzyme CYP2D6, cou-
pled with drug-induced inhibition of the usual major metabolic
pathway mediated by CYP3A4, and transient reduction in renal
function.! For a report of the effect of this genotype in a breast-
feeding mother, see Breast Feeding, above.

1. Gasche Y, et al. Codeine intoxication associated with ultrarapid
CYP2D6 metabolism. N Engl J Med 2004; 351: 2827-31. Cor-
rection. ibid. 2005; 352: 638.

Pregnancy. See Neonatal Abstinence Syndrome under De-

pendence and Withdrawal, above.

Renal impairment. The renal clearance of codeine and its
metabolites is significantly reduced in patients with end-stage re-
nal disease on regular haemodialysis therapy. One such elderly
patient developed tonic-clonic seizures 7 days after starting oral
codeine phosphate 30 mg 4 times daily; no further seizures oc-
curred after codeine was stopped and naloxone started.* The dos-
age of codeine should be reduced according to renal function in
patients with renal impairment but no specific recommendations
appear to be given in the literature.

1. Kuo S-C, et al. Probable codeine phosphate-induced seizures.
Ann Pharmacother 2004; 38: 1848-51.

Interactions
For interactions associated with opioid analgesics, see
p.103.

Quinidine. For reference to a suggestion that quinidine can in-
hibit the analgesic effect of codeine, see Metabolism under Phar-
macokinetics, below.

Pharmacokinetics

Codeine and its salts are absorbed from the gastrointes-
tinal tract. Rectal absorption of codeine phosphate has
been reported. Ingestion of codeine phosphate produc-
es peak plasma-codeine concentrations in about one
hour. Codeine is metabolised by O- and N-demethyla-
tion in the liver to morphine, norcodeine, and other
metabolites including normorphine and hydrocodone.
Metabolism to morphine is mediated by the cyto-
chrome P450 isoenzyme CYP2D6, which shows ge-
netic polymorphism. Codeine and its metabolites are
excreted almost entirely by the kidney, mainly as con-
jugates with glucuronic acid.

The plasma half-life has been reported to be between 3
and 4 hours after an oral or intramuscular dose.

Codeine crosses the placenta and is distributed into
breast milk.

¢ References.

1. Guay DR, et al. Pharmacokinetics of codeine after single- and
multiple-oral-dose administration to normal volunteers. J Clin
Pharmacol 1987; 27: 983-7.

. Persson K, et al. The postoperative pharmacokinetics of codeine.
Eur J Clin Pharmacol 1992; 42: 663-6.

. Lafolie P, et al. Urine and plasma pharmacokinetics of codeine
in healthy volunteers: implications for drugs-of-abuse testing. J
Anal Toxicol 1996; 20: 541-6.

. Kim 1, et al. Plasma and oral fluid pharmacokinetics and phar-
macodynamics after oral codeine administration. Clin Chem
2002; 48: 1486-96.

Administration. In a comparative study® codeine had an
oral/intramuscular analgesic relative potency ratio of 6:10. This
was high compared with that of morphine and was attributed to
protection from rapid first-pass metabolism rather than more ef-
ficient absorption after oral doses. In a comparative study in
children? the absorption rate of codeine from a suppository was
found to be similar to that from an intramuscular injection; how-
ever, peak plasma concentrations were not as high when given
rectally.

1. Beaver WT, et al. Analgesic studies of codeine and oxycodone
in patients with cancer I: comparisons of oral with intramuscular
codeine and of oral with intramuscular oxycodone. J Pharmacol
Exp Ther 1978; 207: 92-100.

2. McEwan A, et al. A comparison of rectal and intramuscular co-
deine phosphate in children following neurosurgery. Paediatr
Anaesth 2000; 10: 189-93.

Metabolism. The analgesic effect of codeine may be partly due

to its metabolite morphine and it has been suggested that its effi-

cacy may be impaired in patients who are poor metabolisers of
codeine'™ or in those who are also receiving drugs, such as qui-
nidine, that impair its metabolism.! However, patients unable to
demethylate codeine to produce detectable plasma concentra-
tions of morphine obtained a similar analgesic effect to patients
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with detectable plasma morphine concentrations.® A study® in-
volving infants aged 6 to 10 months has indicated that children
were capable of demethylating codeine to morphine at the age of
6 months although glucuronidation of the morphine appeared to
be impaired when compared with older children.

For a report of severe toxicity thought to be due to altered metab-
olism of codeine see Genetic Polymorphism, above.

1. Desmeules J, et al. Impact of environmental and genetic factors
on codeine analgesia. Eur J Clin Pharmacol 1991; 41: 23-6.
Chen ZR, et al. Disposition and metabolism of codeine after sin-
gle and chronic doses in one poor and seven extensive metabo-
lisers. Br J Clin Pharmacol 1991; 31: 381-90.

Sindrup SH, et al. Codeine increases pain thresholds to copper
vapor laser stimuli in extensive but not poor metabolizers of
sparteine. Clin Pharmacol Ther 1991; 49: 686-93.

Williams DG, et al. Pharmacogenetics of codeine metabolism in
an urban population of children and its implications for analgesic
reliability. Br J Anaesth 2002; 89: 839-45.

Quiding H, et al. Analgesic effect and plasma concentrations of
codeine and morphine after two dose levels of codeine following
oral surgery. Eur J Clin Pharmacol 1993; 44: 319-23.

Quiding H, et al. Infants and young children metabolise codeine
to morphine: a study after single and repeated rectal administra-
tion. Br J Clin Pharmacol 1992; 33: 45-9.
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Uses and Administration

Codeine, a phenanthrene derivative, is an opioid
analgesic (p.104) obtained from opium or made by
methylating morphine. It is much less potent as an
analgesic than morphine and has relatively mild seda-
tive effects.

Codeine or its salts, especially the phosphate, are given
orally in the form of linctuses for the relief of cough,
and as tablets for the relief of mild to moderate pain,
often with a non-opioid analgesic such as aspirin, ibu-
profen, or paracetamol. The phosphate is also given by
intramuscular or subcutaneous injection, in doses sim-
ilar to those used orally, for the relief of pain; the intra-
venous and rectal routes have also been used.

For the relief of pain codeine phosphate may be given
in doses of 30 to 60 mg every 4 hours to a usual maxi-
mum of 240 mg daily.

To allay non-productive cough codeine phosphate may
be given in doses of 15 to 30 mg three or four times
daily.

Codeine phosphate is also used as tablets or in mixtures
for the symptomatic relief of acute diarrhoea in doses
of 15 to 60 mg given 3 or 4 times daily.

For details of doses in children, see below.

Other codeine salts used include the hydrochloride,
sulfate, camsilate, and hydrobromide. Codeine
polistirex (a codeine and sulfonated diethenylbenzene-
ethenylbenzene copolymer complex) is used in modi-
fied-release preparations.

Administration in children. Licensed product information
for codeine in the treatment of pain often restricts its use to those
over 1 year of age, but some authorities consider codeine to be an
effective analgesic in neonates and children.® In the UK, the
BNFC suggests that neonates and children aged up to 12 years
may be given codeine phosphate 0.5 to 1 mg/kg every 4 to 6
hours for mild to moderate pain up to the usual adult maximum
dose of 240 mg daily; these doses can be given orally, rectally, or
by the subcutaneous or intramuscular routes. Guidelines? for
analgesia in children in Accident and Emergency departments in
the UK recommend the use of oral codeine as an alternative, or
in addition, to diclofenac, for moderate pain such as that associ-
ated with small burns or scalds, finger tip injuries, or appendici-
tis. With a single dose of codeine phosphate 1 mg/kg given orally
or by intramuscular injection there was a relatively small risk of
respiratory depression in neonates, but significant respiratory de-
pression has occurred with multiple doses and patients should be
observed closely.! Case reports of adverse reactions such as va-
sodilatation, severe hypotension, and apnoea in infants and chil-
dren after intravenous doses of codeine have precluded its use by
this route in children of all ages.

Antimotility drugs such as codeine should not be used in infants
and young children with acute diarrhoea.*®

The BNFC advises that cough suppressants containing pholcod-
ine or similar opioids (such as codeine) are generally not recom-
mended for children and should be avoided in those under 2
years of age. However, codeine phosphate is licensed to allay
non-productive cough and children aged 1 to 5 years may be giv-
en 3 mg three or four times daily; and those aged 5 to 12 years,
7.5 to 15 mg three or four times daily.

Children and adolescents aged 12 years and over may be given
the usual adult doses of codeine phosphate for all these indica-
tions (see above).

1. Lloyd-Thomas AR. Pain management in paediatric patients. Br
J Anaesth 1990; 64: 85-104.
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. British Association for Emergency Medicine. Clinical Effective-
ness Committee guideline for the management of pain in chil-
dren (2004). Available at: http://www.emergencymed.org.uk/
BAEM/CEC/assets/cec_pain_in_children.pdf (accessed
26/06/08)

3. Marsh DF, et al. Opioid systems and the newborn. Br J Anaesth

1997; 79: 787-95.
4. Anonymous. Drugs in the management of acute diarrhoea in in-
fants and young children. Bull WHO 1989; 67: 94-6.
5. Cimolai N, Carter JE. Antimotility agents for paediatric use.
Lancet 1990; 336: 874.

Administration in renal impairment. See under Precau-
tions, above.

Cough. A systematic review of over-the-counter preparations
for acute cough concluded that codeine appeared no more effec-
tive than placebo in reducing cough symptoms in adults or chil-
dren, although the number of patients in the studies considered
was small.

See also Administration in Children, above.

1. Smith SM, et al. Over-the-counter medications for acute cough
in children and adults in ambulatory settings. Available in The
Cochrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2008 (accessed 26/06/08).

Pain. Systematic reviews*? comparing paracetamol-codeine
combinations versus paracetamol alone concluded that in single-
dose studies addition of codeine to paracetamol produced a com-
paratively small but statistically significant increase in analgesic
effect; however, there was an increased incidence of adverse ef-
fects with the combination.

1. de Craen AJM, et al. Analgesic efficacy and safety of paraceta-
mol-codeine combinations versus paracetamol alone: a system-
atic review. BMJ 1996; 313: 321-5.

2. Moore A, et al. Single dose paracetamol (acetaminophen), with
and without codeine, for postoperative pain. Available in The
Cochrane Database of Systematic Reviews; Issue 4. Chichester:
John Wiley; 1998 (accessed 26/06/08).

Preparations

BP 2008: Co-codamol Capsules; Co-codamol Tablets; Co-codaprin Tab-
lets; Codeine Linctus; Codeine Phosphate Injection; Codeine Phosphate
Oral Solution; Codeine Phosphate Tablets; Dispersible Co-codaprin Tab-
lets; Effervescent Co-codamol Tablets; Paediatric Codeine Linctus;

USP 31: Acetaminophen and Codeine Phosphate Capsules; Acetami-
nophen and Codeine Phosphate Oral Solution; Acetaminophen and Co-
deine Phosphate Oral Suspension; Acetaminophen and Codeine Phos-
phate Tablets; Aspirin and Codeine Phosphate Tablets;
Bromodiphenhydramine Hydrochloride and Codeine Phosphate Oral So-
lution; Butalbital, Aspirin, Caffeine, and Codeine Phosphate Capsules; Cari-
soprodol, Aspirin, and Codeine Phosphate Tablets; Codeine Phosphate In-
jection; Codeine Phosphate Tablets; Codeine Sulfate Tablets; Guaifenesin
and Codeine Phosphate Syrup; Terpin Hydrate and Codeine Elixir:

Proprietary Preparations (details are given in Part 3)

Austral.: Actacode; Austria: Codipertussin; Codipront Mono; Coditard;
Makatussin-Hustentropfen; Tricodein; Belg.: Bromophar; Bronchodine;
Bronchosedal; Eulyptant; Glocedat; Glottyl; Toularynx; Canad.: Codeine
Contin; Fr.: Codedrill; Codenfan; Neo-Codion; Paderyl; Ger.: Antitussivum
Burger; Bronchicum Mono Codein; codi OPT; Codicaps mono; Codicaps
Nt; Codicaps Neo; Codicompren; Codipertussin; Codipront Monot;
Makatussin Codein; Melrosum Codein Hustensirupt; Neo-Codion NN¥;
Optipect Kodein; Tryasol; Tussoret; Gr.: Codipront Nt; Hong Kong:
Codipront Nt; India: Codifos; Irl.: Codant; Codinex; Israel: Codical; Re-
kod; Malaysia: Setlinctust; Neth.: Bronchicum Extra Sterk; Port.: Toseina;
Rus.: Neo-Codion (Heo-Koawon); Spain: Bisoltus; Codeisan; Codulin;
Fludan Codeina; Histaverin; Notusin; Perduretas Codeina; Toseina; Switz.:
Makatussin nouvelle formule; Tricodeint; UK: Bepro; Galcodine; Venez.:
Codipront Mono.

Multi-ingredient: numerous preparations are listed in Part 3,

Croton Oil

Aceite de crotén; Oleum Crotonis; Oleum Tiglii.

CAS — 8001/-28-3.

Pharmacopoeias. Chin. includes fruits of Croton tiglium.
Profile

Croton oil is an oil expressed from the seeds of Croton tiglium
(Euphorbiaceae). Externally, it is a powerful counter-irritant and

vesicant. Croton oil is also used with phenol in cosmetic chemi-
cal peeling of the skin.

Croton oil has such a violent purgative action that it should not
be used as a laxative. Croton oil contains phorbol esters, which
are carcinogenic.

Homoeopathy. Croton has been used in homoeopathic medi-
cines under the following names: Croton tiglium; Crot. tig.

Preparations
Proprietary Preparations (details are given in Part 3)
Multi-ingredient: Canad.: Rheumalant.

Devil’s Claw Root

Djavulsklorot; Harpagofytovy koren; Harpagonjuuri; Harpago-
phyti radix; Harpagophyton; Harpagophyton, racine d'; Harpago-
phytum; Inkaruotiy $aknys; Orddgcesaklya gydkér; Raiz de harp-
agofito; Teufelskrallenwurzel.

CAS — 19210-12-9 (harpagoside).

The symbol T denotes a preparation no longer actively marketed

+TY-FFYAALNYF

b ou CHs
O © -_—
XN
OH ‘54
(harpagoside)

Pharmacopoeias. In Eur. (see p.vii), which also includes the
dry extract.

Ph. Eur. 6.2 (Devils Claw Root; Devil's Claw BP 2008). The cut
and dried tuberous, secondary roots of Harpagophytum pro-
cumbens and/or H. zeyheri. Greyish-brown to dark brown with
a bitter taste. Contains not less than 1.2% harpagoside
(Cy4H3001; = 494.5), calculated with reference to the dried drug.
Protect from light.

Profile

Devil’s claw root is used in herbal remedies for musculoskeletal
and joint disorders. Its activity is attributed in part to the plant’s
content of iridoid glycosides, notably harpagoside.

Pain. Preparations containing devil’s claw root have been tried
with some success in the treatment of musculoskeletal disorders
such as low back pain and osteoarthritis. There is some evidence
of efficacy for daily doses standardised to 50 to 100 mg harpago-
side but the quality of reporting in trials is generally poor and
further studies are needed to establish its place in therapy.?

1. Gagnier JJ, et al. Harpgophytum [sic] procumbens for osteoar-
thritis and low back pain: a systematic review. BMC Complement
Altern Med 2004; 4: 13.

. Gagnier JJ, et al. Herbal medicine for low back pain. Available
in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2006 (accessed 05/10/06).

Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Herbaccion Flext; Braz.: Tenitrat; Fr.: Elusanes Harpagesic; Harpadol;
Harpagocid; Ger.: Ajuta; Allya; Arthrosetten H; Arthrotabs; Bomarthros;
Cefatec; Dolo-Arthrodynatt; Dolo-Arthrosetten H; Doloteffin; flexi-loges;
Harpagoforte; HarpagoMegat; Harpagosant; Herbadont; Jucurba; Matait;
Pargot; Rheuferm Phyto; Rheuma-Sern; Rivoltan; Sogoon; Teltonal; Teufel-
skralle; Pol.: Reumaphyt; Spain: Fitokey Harpagophytum; Harpagofito Or-
to; UK: Atrosan; Flexiherb.

Multi-ingredient: Austral.: Arthriforte; Arthritic Pain Herbal Formula |;
Bioglan Arthri Plus; Boswellia Compound; Devils Claw Plus; Extralife Arthri-
Care; Guaiacum Complext; Herbal Arthritis Formulat; Lifesystem Herbal
Formula | Arthritic Aidt; Prost-11; Belg.: Algi-Cool; Cz.: Antirevmaticky
Caj; Fr.: Arkophytumt; Ger.: Dr Wiemanns Rheumatonikum; Ital.: Body-
guard; Cartago; Flodolor; Nevril; Pik Gel; Reumafort; Malaysia: Celery
Plust; Mex.: Rodan; Pol.: Reumaherb; Spain: Dolosult; Natusor Harpa-
gosinolt.

N

Dexibuprofen (BAN, USAN, iNN)

Deksibuprofeeni; Dexibuproféne; Dexibuprofeno; Dexibuprofe-
num; S-(+)-lbuprofen.

AexcnbynpodeH

CAS — 51146-56-6.

ATC — MOIAEI4.

ATC Vet — QMOIAE[4.

CHs

OH
CHs

(0]
H3C

Profile

Dexibuprofen is the S(+)-enantiomer of ibuprofen (p.64) and is
used similarly in the management of mild to moderate pain and
inflammation in conditions such as dysmenorrhoea, headache,
postoperative pain, dental pain, sprains, and soft-tissue rheuma-
tism. It is also used in musculoskeletal and joint disorders such
as ankylosing spondylitis, osteoarthritis, and rheumatoid arthri-
tis. It may be used as an antipyretic to reduce fever.

The usual adult dose is 600 to 900 mg daily by mouth in up to 3
divided doses, adjusted according to response, to a usual maxi-
mum of 1.2 g daily. Elderly patients should be started at the low-
er end of the dose range; dosage may then be increased according
to tolerance. Dose reductions are also recommended in patients
with hepatic or renal impairment, see below.

For doses in children, see below.

O References.

1. Phleps W. Overview on clinical data of dexibuprofen. Clin Rheu-
matol 2001; 20 (suppl 1): S15-S21.
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. Mayrhofer F. Efficacy and long-term safety of dexibuprofen
[S(+)-ibuprofen]: a short-term efficacy study in patients with os-
teoarthritis of the hip and a 1-year tolerability study in patients
with rheumatic disorders. Clin Rheumatol 2001; 20 (suppl 1):
$22-S29.

3. Hawel R, et al. Comparison of the efficacy and tolerability of

dexibuprofen and celecoxib in the treatment of osteoarthritis of

the hip. Int J Clin Pharmacol Ther 2003; 41: 153-64.

Administration in children. Although dexibuprofen is not li-
censed for use in children under 18 years of age in the UK, some
countries permit such use. For example, in Switzerland, dexibu-
profen has been given to children aged 6 years and over; usual
oral doses are 10 to 15 mg/kg daily in 2 to 4 divided doses. Li-
censed product information for one preparation recommends a
maximum dose of 300 mg daily for those weighing less than
30kg.

Administration in hepatic and renal impairment. UK li-
censed product information specifies that the initial dose of dex-
ibuprofen should be reduced in patients with mild to moderate
hepatic or renal impairment; it should not be used in those with
severe impairment.

Pharmacokinetics. For mention of the metabolism of dexibu-
profen, see p.65.

Further references.

1. Eller N, et al. Pharmacokinetics of dexibuprofen administered as

200 mg and 400 mg film-coated tablets in healthy volunteers. Int
J Clin Pharmacol Ther 1998; 36: 414-17.

Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Dextropiract; Dolomint; Austria: Actifen; Eu-Med Neu; Monactil;
Movone; Seractil; Chile: Dexelle; Cz.: Seractil; Denm.: Seractiv; Fin.: Dex-
it; Ger.: Deltaran; Gr.: Seractil; Hung.: Seractil; India: Sibet; Ital.: Seractil;
Neth.: Seractil; Norw.: Seractiv; Pol.: Dexprofen; Seractil; Port.: Seractil;
Spain: Atriscal; Seractil; Swed.: Tradil, Switz.: DexOptifen; Seractil, UK:
Seractil.

Dextromoramide BAN, piINN) @

Dekstromoramidi; ~ Dextrodiphenopyrine;  Dextromoramid;
Dextromoramida; Dextromoramidum; d-Moramid; Pyrrolami-
dol. (+)-1-(3-Methyl-4-morpholino-2,2-diphenylbutyryl)pyrroli-
dine.

AekcTpoMopamuia,

CysH3oN,O, = 392.5.

CAS — 357-56-2.

ATC — NO2ACO|.

ATC Vet — QNO2ACOI.

o N/D

NoTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of dextromoramide:
Palf.

Dextromoramide Tartrate BANV, pINNVY) @

Bitartrate de Dextromoramide; Dekstromoramiditartraatti;
Dekstromoramido tartratas; Dextromoramide Acid Tartrate;
Dextromoramide Hydrogen Tartrate; Dextromoramide, tar-
trate de; Dextromoramidi tartras; Dextromoramid-tartardt;
Dextromoramidtartrat; Tartrato de dextromoramida.
AekcTpomopamuaa TapTpat

CysH3,N,O,,CyH O = 542.6.

CAS — 2922-44-3.

Pharmacopoeias. In Eur. (see p.vii).

Ph. Eur. 6.2 (Dextromoramide Tartrate). A white or almost
white, crystalline or amorphous powder. Soluble in water; spar-
ingly soluble in alcohol. A 1% solution in water has a pH of 3.0
t04.0.

Profile

Dextromoramide is an opioid analgesic (p.104) structurally relat-
ed to methadone (p.82). It has been used in the treatment of se-
vere pain although it was not recommended for use in obstetric
analgesia because of an increased risk of neonatal depression.
Dextromoramide is subject to abuse.

Dextromoramide has been given orally as the tartrate. It has also
been given rectally as suppositories and by subcutaneous or in-
tramuscular injection.

Preparations
BP 2008: Dextromoramide Tablets.

Proprietary Preparations (details are given in Part 3)
Irl.: Palfium; Neth.: Palface; Palfium

The symbol ® denotes a substance whose use may be restricted in certain sports (see p.vii)
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Dextropropoxyphene @A, pinn

Dekstropropoksifeeni; Dextropropoxifen; Dextropropoxifeno;
Dextropropoxyphéne; Dextropropoxyphenum; Propoxyphene.
(+)-(15,2R)- | -Benzyl-3-dimethylamino-2-methyl- | -phenylpropy!
propionate.

AekcTponponokcndeH

CypHNO, = 339.5.

CAS — 469-62-5.

ATC — NO2ACO4.

ATC Vet — QNO2ACO4.

NoTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of dextropropoxyphene:
Dummies.

Dextropropoxyphene Hydrochloride
(BANM, pINNM)

Dekstropropoksifeenihydrokloridi; Dekstropropoksifeno  hidro-
chloridas; Dextropropoxifén-hidroklorid; Dextropropoxifenhy-
droklorid; Dextropropoxyfen-hydrochlorid;, Dextropropoxy-
phene, chlorhydrate de; Dextropropoxypheni hydrochloridum;
Hidrocloruro de dextropropoxifeno; Propoxyphene Hydrochlo-
ride (USAN).

AexcTponponokcnpera Mapoxaopuia,

CyHsNO,, HCI = 375.9.

CAS — 1639-60-7.

NoTeE. Compounded preparations of dextropropoxyphene hydro-
chloride may be represented by the following names:

 Co-proxamol (BAN)—dextropropoxyphene hydrochloride 1
part and paracetamol 10 parts (w/w).

Pharmacopoeias. In Eur. (see p.vii) and US.

Ph. Eur. 6.2 (Dextropropoxyphene Hydrochloride). A white or
almost white crystalline powder. Very soluble in water; freely
soluble in alcohol. Protect from light.

USP 31 (Propoxyphene Hydrochloride). A white odourless
crystalline powder. Freely soluble in water; soluble in alcohol, in
acetone, and in chloroform; practically insoluble in ether and in
benzene. Store in airtight containers.

Dextropropoxyphene Napsilate ANV, pINNM)

Dextropropoxyphéne, Napsilate de; Dextropropoxyphene Na-
psylate; Dextropropoxypheni Napsilas; Napsilato de dextropro-
poxifeno; Propoxyphene Napsylate (USAN). Dextropropoxy-
phene naphthalene-2-sulphonate monohydrate.

AexcTponponokcndera Hancvaat
CHNO,,CgHg O3S, H,O = 565.7.

CAS — 17140-78-2 (anhydrous dextropropoxyphene nap-
silate); 26570-10-5 (dextropropoxyphene napsilate mono-
hydrate).

NoTE. Compounded preparations of dextropropoxyphene napsi-
late may be represented by the following names:

» Co-proxAPAP (PEN)—dextropropoxyphene napsilate and
paracetamol.

Pharmacopoeias. In Br. and US.

BP 2008 (Dextropropoxyphene Napsilate). An odourless or al-

most odourless white powder. It exhibits polymorphism. Practi-

cally insoluble in water; soluble in alcohol; freely soluble in chlo-

roform.

USP 31 (Propoxyphene Napsylate). A white powder having es-

sentially no odour. Very slightly soluble in water; soluble 1 in 15

of alcohol and 1 in 10 of chloroform; soluble in acetone and in

methyl alcohol. Store in airtight containers.

Dependence and Withdrawal
As for Opioid Analgesics, p.101.

Dextropropoxyphene has been subject to abuse (see
under Precautions, below).

¢ Reports of dextropropoxyphene dependence and its treatment.

1. Wall R, et al. Addiction to Distalgesic (dextropropoxyphene).
BMJ 1980; 280: 1213-14.

2. D’Abadie NB, Lenton JD. Propoxyphene dependence problems
in management. South Med J 1984; 77: 299-301

TYV\-FFIAALNY

Adverse Effects

As for Opioid Analgesics in general, p.102.

In the recommended dosage the adverse effects of dex-
tropropoxyphene are less marked than those of mor-
phine. Gastrointestinal effects, dizziness, and drowsi-
ness are the most common. Liver impairment, manifest
as abnormal liver function tests and, more rarely, as re-
versible jaundice, has been reported.

There have been a large number of fatalities from ei-
ther accidental or intentional overdosage with dextro-
propoxyphene. Many reports emphasise the rapidity
with which death ensues; death within an hour of over-
dosage is not uncommon, and it can occur within 15
minutes. Overdosage is often complicated by patients
also taking other CNS depressants such as alcohol and
using mixed preparations such as dextropropoxyphene
with paracetamol or aspirin.

Symptoms of overdosage are similar to those of opioid
poisoning in general, but in addition patients may ex-
perience psychotic reactions. There may be cardiac
conduction abnormalities and arrhythmias.
Dextropropoxyphene injections are painful and have a
very destructive effect on soft tissues and veins when
abused in this way.

Anorectal reactions have followed the prolonged use
of suppositories containing dextropropoxyphene; the
reactions appear to be dose dependent.

Effects on the blood. A 12-year history of haemolysis and
subsequent significant haemolytic anaemia in an elderly woman®
was associated with chronic, periodic, and occasionally exces-
sive intake of co-proxamol.

1. Fulton JD, McGonigal G. Steroid responsive haemolytic anaemia

due to dextropropoxyphene paracetamol combination. J R Soc
Med 1989; 82: 228.

Effects on the ears. A report of complete nerve deafness asso-
ciated with chronic abuse of co-proxamol was made to the UK
CSM.! The CSM had received 2 other reports of permanent hear-
ing loss attributed to co-proxamol abuse; transient hearing loss
had also been reported in 2 patients taking usual doses; 7 further
reports described tinnitus.

1. Ramsay BC. Complete nerve deafness after abuse of co-proxam-
ol. Lancet 1991; 338: 446-7.

Effects on the liver. There have been occasional reports of
jaundice in patients taking dextropropoxyphene alone but many
of the 49 suspected hepatic reactions with dextropropoxyphene
reported to the UK CSM by 1985 had involved use with para-
cetamol; clinical features including malaise, jaundice, raised se-
rum transaminases, and sometimes fever, were however general-
ly characteristic of dextropropoxyphene alone. Relapsing
jaundice mimicking biliary disease was attributable to the dex-
tropropoxyphene component of co-proxamol in 3 patients,?
whereas there was no abnormality of liver function in 11 patients
on long-term co-proxamol analgesia.® Another report of 9 cases
found that the hepatotoxicity of dextropropoxyphene mimicked
symptoms of large bile duct obstruction, and suggested that such
toxicity might be misdiagnosed.* A more recent review® also
concluded that hepatotoxicity with dextropropoxyphene might
mimic a biliary tract disease, sometimes with few or no symp-
toms.

1. CSM. Hepatotoxicity with dextropropoxyphene. Current Prob-
lems 17 1986. Available at: http://www.mhra.gov.uk/home/
idcplg?ldcService=GET_FILE&dDocName=CON2024424&
RevisionSelectionMethod=LatestReleased (accessed 26/06/08)

. Bassendine MF, et al. Dextropropoxyphene induced hepatotox-
icity mimicking biliary tract disease. Gut 1986; 27: 444-9.

. Hutchinson DR, et al. Liver function in patients on long-term
paracetamol (co-proxamol) analgesia. J Pharm Pharmacol
1986; 38: 242-3.

. Rosenberg WMC, et al. Dextropropoxyphene induced hepato-
toxicity: a report of nine cases. J Hepatol 1993; 19: 470-4.

. Bergeron L, et al. Dextropropoxypheéne et atteintes hépatiques: a
propos de 4 cas et revue de litterature. Therapie 2002; 57:
464-72.

Effects on the lungs. Hypersensitivity pneumonitis and skin

rash has been reported in a patient taking co-proxamol.! No such

reaction occurred when the patient was subsequently given para-

cetamol alone.

1. Matusiewicz SP, et al. Hypersensitivity pneumonitis associated
with co-proxamol (paracetamol + dextropropoxyphene) therapy.
Postgrad Med J 1999; 75: 475-6.

Hypoglycaemia. Hypoglycaemia has occasionally been re-
ported with the use of dextropropoxyphene.¢
1. Wiederholt IC, et al. Recurrent episodes of hypoglycemia in-
duced by propoxyphene. Neurology 1967; 17: 703-4.
2. Almirall J, et al. Propoxyphene-induced hypoglycemia in a pa-
tient with chronic renal failure. Nephron 1989; 53: 273-5.
3. Laurent M, et al. Hypoglycémie sous dextropropoxyphene chez
des grands vieillards: 7 cas. Presse Med 1991; 20: 162
. Lowenstein W, et al. Hypoglycémie au dextropropoxyphene.
une urgence chez le toxicomane. Presse Med 1993; 22: 133.
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. Santos Gil |, et al. Hipoglucemia secundaria a ingestion de dex-
tropropoxifeno en un paciente adicto a drogas. Med Clin (Barc)
1998; 110: 475-6.

6. Shah P, et al. Propoxyphene-induced hypoglycemia in renal fail-

ure. Endocr Pract 2006; 12: 170-3.

Overdosage. There have been several reviews or retrospective
studies of acute self-poisoning with dextropropoxyphene.** Ata
symposium on the safety and efficacy of dextropropoxyphene®
many of the participants dealt with the problems of dextropro-
poxyphene overdosage, often in conjunction with paracetamol
and sometimes with alcohol. Profound and even fatal CNS de-
pression can develop rapidly as a result of the dextropropoxy-
phene content and in many cases death has occurred within an
hour;® it was suggested that as few as 15 to 20 tablets of co-prox-
amol may be fatal.”® Analysis of suicides involving drugs in
England and Wales between 1997 and 1999 revealed that the
odds of dying after overdose with co-proxamol were 2.3 times
that for tricyclic antidepressant overdose, and 28.1 times greater
than for paracetamol.® Another analysis of suicides due to poi-
soning in 3 areas of the UK between 2000 and 2001 identified
123 cases of fatal overdose with co-proxamol;*° those who also
consumed alcohol had generally taken fewer co-proxamol tab-
lets than those who had not, emphasising the increased toxicity
of the combination.

An analysis of overdosage involving combination analgesic
preparations prescribed in Scotland between 2000 and 2002 also
found that overdoses with co-proxamol were 10 times more like-
ly to be fatal when compared with co-dydramol or co-codamol.**
In the USA®? the incidence of dextropropoxyphene-associated
deaths reached a peak in 1977 and then fell at a rate that was not
matched by a decline in prescribing.

It is not clear whether the metabolite, nordextropropoxyphene,
plays an important role in fatalities.*> However, nordextropro-
poxyphene, like dextropropoxyphene, is considered to have local
anaesthetic activity and the membrane stabilising activity of dex-
tropropoxyphene has been implicated as a major factor responsi-
ble for its severe cardiac depressant effect.’®

In January 2005, the UK CSM found the risk of toxicity of co-
proxamol in overdose to be unacceptable;** consequently, co-
proxamol has been gradually withdrawn from the UK market.
Fixed-dose combinations of dextropropoxyphene and paraceta-
mol have also been withdrawn in several other countries includ-
ing Sweden and Switzerland.

. Young RJ. Dextropropoxyphene overdosage: pharmacological
considerations and clinical management. Drugs 1983; 26: 70-9.
Madsen PS, et al. Acute propoxyphene self-poisoning in 222

consecutive patients. Acta Anaesthesiol Scand 1984; 28: 661-5.

. Segest E. Poisoning with dextropropoxyphene in Denmark.

Hum Toxicol 1987; 6: 203-7.

Jonasson U, et al. Correlation between prescription of various

dextropropoxyphene preparations and their involvement in fatal

poisonings. Forensic Sci Int 1999; 103: 125-32.

. Bowen D, et al. (ed). Distalgesic; safety and efficacy. Hum Tox-
icol 1984; 3 (suppl): 1S-238S.

. Proudfoot AT. Clinical features and management of Distalgesic
overdose. Hum Toxicol 1984; 3 (suppl): 855-94S.

. Whittington RM. Dextropropoxyphene deaths: coroner’s report.

Hum Toxicol 1984; 3 (suppl): 1755-185S.

Young RJ, Lawson AAH. Distalgesic poisoning—cause for

concern. BMJ 1980; 280: 1045-7.

. Hawton K, et al. Co-proxamol and suicide: a study of national
mortality statistics and local non-fatal self-poisonings. BMJ
2003; 326: 1006-8.

10. Hawton K, et al. A multicentre study of coproxamol poisoning
suicides based on coroners’ records in England. Br J Clin Phar-
macol 2005; 59: 207-12.

. Afshari R, et al. Co-proxamol overdose is associated with a 10-
fold excess mortality compared with other paracetamol combi-
nation analgesics. Br J Clin Pharmacol 2005; 60: 444-7.

12. Finkle BS. Self-poisoning with dextropropoxyphene and dex-

tropropoxyphene compounds: the USA experience. Hum Toxi-

col 1984; 3 (suppl): 1155-34S.

Henry JA, Cassidy SL. Membrane stabilising activity: a major

cause of fatal poisoning. Lancet 1986; i: 1414-17.

MHRA. Withdrawal of co-proxamol products and interim up-

dated prescribing information. Message from Professor G Duff,

Chairman of CSM (issued 31st January, 2005). Available at:

http://www.mhra.gov.uk/home/groups/pl-a/documents/

websiteresources/con019461.pdf (accessed 28/08/08)
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Treatment of Adverse Effects

As for Opioid Analgesics in general, p.102.

Rapid treatment of overdosage with naloxone and as-
sisted respiration is essential. Cardiac effects may not
be reversed by naloxone. Gastric lavage and activated
charcoal may be of value within 1 hour of ingestion,
but dialysis is of little use.

Convulsions may require control with an anticonvul-
sant, bearing in mind that the CNS depressant effects of
dextropropoxyphene can be exacerbated (see also In-
teractions, below). Stimulants should not be used be-
cause of the risk of inducing convulsions.

Patients taking overdoses of dextropropoxyphene with
paracetamol will also require treatment for paraceta-
mol poisoning (p.108). Mixtures of dextropropoxy-
phene and aspirin may be involved; the treatment of
aspirin poisoning is described on p.20.
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Precautions
As for Opioid Analgesics in general, p.103.

Abuse. There have been reportst of the abuse of dextropropox-
yphene, and some? considered that the ready availability of dex-
tropropoxyphene made it liable to abuse although it was a rela-
tively weak opioid analgesic. However, others® thought there
was no evidence that dextropropoxyphene was frequently asso-
ciated with abuse, or concluded that, although there was abuse
potential, it was of relatively low importance in terms of the com-
munity as a whole.*

A severe withdrawal syndrome has been reported® in an elderly
patient who covertly consumed a daily dose of dextropropoxy-
phene of 1 to 3 g for at least 12 months. The patient was treated
by a gradually decreasing dosage schedule of dextropropoxy-
phene over 9 weeks.

1. Tennant FS. Complications of propoxyphene abuse. Arch Intern
Med 1973; 132: 191-4.

Lader M. Abuse of weak opioid analgesics. Hum Toxicol 1984;

3 (suppl): 229S-36S.

Finkle BS. Self-poisoning with dextropropoxyphene and dextro-
propoxyphene compounds: the USA experience. Hum Toxicol
1984; 3 (suppl): 1155-34S.

Turner P. Final remarks. Hum Toxicol 1984; 3 (suppl): 237S-8S.
Hedenmalm K. A case of severe withdrawal syndrome due to
dextropropoxyphene. Ann Intern Med 1995; 123: 473.

Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving dextropropoxyphene,
and the American Academy of Pediatrics considers® that it is
therefore usually compatible with breast feeding. The BNF also
considers that the amount of dextropropoxyphene in breast milk
is too small to be harmful.

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776-89.
Correction. ibid.; 1029. Also available at:
http://aappolicy.aappublications.org/cgi/content/full/
pediatrics%3b108/3/776 (accessed 26/06/08)

Porphyria. Dextropropoxyphene has been associated with
acute attacks of porphyria and is considered unsafe in porphyric
patients.
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Interactions
For interactions associated with opioid analgesics, see
p.103.

Plasma concentrations of dextropropoxyphene are in-
creased by ritonavir, with a resultant risk of toxicity;
they should not be given together.

CNS depressants, including alcohol, may contribute to
the hazards of dextropropoxyphene, see also Overdos-
age, above. The convulsant action of high doses of
dextropropoxyphene may be enhanced by CNS stimu-
lants.

Dextropropoxyphene interacts with several other drugs
through inhibition of liver metabolism. Drugs reported
to be affected include antidepressants (see p.379), ben-
zodiazepines (see p.989), beta blockers (see p.1229),
carbamazepine (see p.474), phenobarbital (see p.493),
phenytoin (see p.497), and warfarin (see p.1427).
Antimuscarinics. A suggested interaction between orphen-

adrine and dextropropoxyphene has been questioned (see
p.812).

Pharmacokinetics

Dextropropoxyphene is readily absorbed from the gas-
trointestinal tract, the napsilate tending to be more
slowly absorbed than the hydrochloride, but both are
subject to considerable first-pass metabolism. Peak
plasma concentrations occur about 2 to 2.5 hours after
ingestion. It is rapidly distributed and concentrated in
the liver, lungs, and brain. About 80% of dextropro-
poxyphene and its metabolites are reported to be bound
to plasma proteins. Dextropropoxyphene crosses the
placenta. It has been detected in breast milk.

Dextropropoxyphene is N-demethylated to nordextro-
propoxyphene (norpropoxyphene) in the liver. It is
excreted in the urine mainly as metabolites. It is
now recognised that dextropropoxyphene and nor-
dextropropoxyphene have prolonged elimination half-
lives; values of 6 to 12 hours and 30 to 36 hours, re-
spectively, have been reported. Accumulation of dex-
tropropoxyphene and its metabolites may occur with
repeated doses and nordextropropoxyphene may con-
tribute to the toxicity seen with overdosage.

O Reviews.

1. Pearson RM. Pharmacokinetics of propoxyphene. Hum Toxicol
1984; 3 (suppl): 37S-40S

The elderly. The elimination half-lives of dextropropoxyphene
and its metabolite nordextropropoxyphene were prolonged in
healthy elderly subjects when compared with young controls.*
After multiple dosing median half-lives of dextropropoxyphene
and nordextropropoxyphene were 36.8 and 41.8 hours, respec-
tively in the elderly compared with 22.0 and 22.1 hours in the
young subjects. In this study® there was a strong correlation be-
tween half-life of nordextropropoxyphene and estimated creati-
nine clearance.

1. Flanagan RJ, et al. Pharmacokinetics of dextropropoxyphene
and nordextropropoxyphene in young and elderly volunteers af-
ter single and multiple dextropropoxyphene dosage. Br J Clin
Pharmacol 1989; 28: 463-9.

Hepatic impairment. Plasma concentrations of dextropro-

poxyphene were higher in patients with cirrhosis given the drug

than in healthy subjects whereas concentrations of nordextropro-
poxyphene were lower.*

1. Giacomini KM, et al. Propoxyphene and norpropoxyphene plas-
ma concentrations after oral propoxyphene in cirrhotic patients
with and without surgically constructed portacaval shunt. Clin
Pharmacol Ther 1980; 28: 417-24.

Renal impairment. Higher and more persistent plasma con-
centrations of dextropropoxyphene and nordextropropoxyphene
in anephric patients when compared with healthy subjects! were
attributed to decreased first-pass metabolism of dextropropoxy-
phene and decreased renal excretion of nordextropropoxyphene
in the anephric patients.

1. Gibson TP, et al. Propoxyphene and norpropoxyphene plasma
concentrations in the anephric patient. Clin Pharmacol Ther
1980; 27: 665-70.

Uses and Administration

Dextropropoxyphene is an opioid analgesic (p.104)
structurally related to methadone (p.82). It has mild
analgesic activity and is given orally as the hydrochlo-
ride or napsilate to alleviate mild to moderate pain.
Unlike the laevo-isomer (levopropoxyphene), dextro-
propoxyphene has little antitussive activity.
Dextropropoxyphene is mainly used with other analge-
sics that have anti-inflammatory and antipyretic ef-
fects, such as aspirin or paracetamol. In the USA the
usual dose is 65 mg of the hydrochloride or 100 mg of
the napsilate given every 4 hours up to a maximum
total daily dose of 390 mg or 600 mg, respectively. In
the UK similar doses have been given three or four
times daily.

The combination preparation co-proxamol (dextropro-
poxyphene with paracetamol) has been gradually with-
drawn from the UK market (see also Pain, below) al-
though such combinations may remain available in a
number of countries.

Pain. A detailed review! of the analgesic effectiveness of dextro-
propoxyphene suggested that with respect to single oral doses,
recommended doses of dextropropoxyphene were no more (and
probably less) effective than usual doses of paracetamol, aspirin,
or other NSAIDs. However, the comparative effectiveness may
vary substantially depending on the cause of the pain.
When it comes to comparative studies involving combinations of
dextropropoxyphene with other analgesics, findings are even
less clear-cut.? The effectiveness of co-proxamol has long been a
matter of controversy yet despite this a survey® conducted in 30
UK teaching hospitals found that co-proxamol was the most
widely used paracetamol-containing analgesic. It was suggested
that the popularity of co-proxamol was purely down to prescrib-
ing habits passed on to new medical staff, rather than hard evi-
dence regarding efficacy. This view has been refuted by others*
who say that a large number of studies have shown clear analge-
sic effects for dextropropoxyphene. However, any assumption
that the combination was widely used because it was more effec-
tive than paracetamol alone was not supported by a systematic
overview of single-dose studies.? This concluded that while co-
proxamol was indeed an effective analgesic it was no better than
paracetamol alone. Although the evidence from this and other
systematic reviews indicate that co-proxamol should be replaced
by paracetamol alone for acute pain, the position for chronic use
is considered to be not so clear (but see below).?

In January 2005, the UK CSM found the efficacy of co-proxamol

to be poorly established and its risk of toxicity in overdose to be

unacceptable;” they considered that there was no robust evidence
of the superior efficacy of co-proxamol to full-strength paraceta-
mol alone in either acute or chronic pain. Consequently, co-prox-
amol has been gradually withdrawn from the UK market. Fixed-
dose combinations of dextropropoxyphene and paracetamol
have also been withdrawn in several other countries including

Sweden and Switzerland.

1. Beaver WT. Analgesic efficacy of dextropropoxyphene and dex-
tropropoxyphene-containing combinations: a review. Hum Toxi-
col 1984; 3 (suppl): 1915-220S.

. Collins SL, et al. Single dose dextropropoxyphene, alone and
with paracetamol (acetaminophen), for postoperative pain.
Available in The Cochrane Database of Systematic Reviews; Is-
sue 1. Chichester: John Wiley; 1999 (accessed 26/06/08).
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The symbol T denotes a preparation no longer actively marketed
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. Haigh S. 12 Years on: co- proxamol revisited. Lancet 1996; 347:
1840-1. Correction. ibid.; 348: 3

4. Sykes JV, et al. Coproxamol revmted Lancet 1996; 348: 408.

5. Li Wan Po A, Zhang WY. Systematic overview of co-proxamol
to assess analgesic effects of addition of dextropropoxyphene to
paracetamol. BMJ 1997; 315: 1565-71. Correction ibid. 1998;
316: 116 and 656.

6. Anonymous. Co-proxamol or paracetamol for acute pain? Drug
Ther Bull 1998; 36: 80.

7. MHRA. Withdrawal of co-proxamol products and interim updat-

ed prescribing information. Message from Professor G Duff,

Chairman of CSM (issued 31st January, 2005). Available at:

http://www.mhra.gov.uk/home/groups/pl-a/documents/

websiteresources/con019461.pdf (accessed 28/08/08)

Preparations

BP 2008: Co-proxamol Tablets; Dextropropoxyphene Capsules;

USP 31: Propoxyphene Hydrochloride and Acetaminophen Tablets; Pro-
poxyphene Hydrochloride Capsules; Propoxyphene Hydrochloride, Aspi-
rin, and Caffeine Capsules; Propoxyphene Napsylate and Acetaminophen
Tablets; Propoxyphene Napsylate and Aspirin Tablets; Propoxyphene Nap-
sylate Oral Suspension; Propoxyphene Napsylate Tablets.

Proprietary Preparations (details are given in Part 3)

Arg.: Gobbigesic; Austral.: Doloxene; Belg.: Depronal; Canad.: 642t;
Darvon-N; Denm.: Abalgin; Doloxene; Fin.: Abalgin; Gr.: Romidon; Zi-
deron; India: Parvodex; Irl.: Doloxenet; Ital.: Liberent; Mex.: Darvon
Simple; Neth.: Depronal; NZ: Doloxenet; S.Afr.: Doloxene; Spain: Dar-
vont; Deprancol; Swed.: Dexofen; Doloxene; USA: Darvon; Darvon-N.

Muilti-ingredient: Arg.: Artifene; Calmopirin; Canovext; D-Pt; Dexpro-
feno; Dextro + Dipirona; Dextrodip; Dorixina Forte; Gobbicalm; Klosidol;
Klosidol BI B6 BI2; Supragesic; Vicefeno; Austral.: Capadex; Di-Gesic; Pa-
radex; Austria: APA; Contrafortet; Sigmalin B forte; Belg.: Algophene;
Distalgict; Braz.: Doloxene-A; Fin.: Paraflex compt; Fr.: Dextroref, Di
Dolko; Di-Antalvic; Diadupsant; Dialgirex; Dioalgo; Propofan; Hong Kong:
Cosalgesic; Distalgesict; Dolocin; Dolpocetmol; Medonol; Hung.: Novopy-
rin; India: Buta-Proxyvon; Ibu-Proxyvon; Parvon; Parvon Forte; Parvon-IN;
Parvon-Spas; Proxytab; Proxyvon; Spasmo-Proxyvon; Spasmocip; Spasmo-
cip Plus; Sudhinol; Walagesict; Wygesic; Irl.: Distalgesict; Israel: Algolysin;
Proxol; Rogaan; Mex.: Darvon-N Compuestot; Neo-Percodan; Qual;
Norw.: Aporex; NZ: Apo-Paradext; Capadex; Paradex; Port.: Algifene;
S.Aft.: Distalgesic; Doloxene Co; Doxyfene; Lentogesic; Synap; Swed.: Dis-
talgesict; Doleront; Paraflex compt; Switz.: Distalgesict; UK: Cosalgesict;
Distalgesict; USA: Balacet; Darvocet; Darvocet-N; Darvon Compoundt:
PC-Cap; Propacet; Trycet; Wygesict.

Diacerein (iNN)

Diacereina; Diacéréine; Diacereinum; Diacerhein; Diacetylrhein;
2,4-dichlorobenzylique, alcool; Rhein Diacetate; SF-277; SF-277.
9,10-Dihydro-4,5-dihydroxy-9, 1 0-dioxo-2-anthroic acid diace-
tate.

AvauepenH
CigH,Og = 368.3.
CAS — 13739-02-1

ATC — MOIAX21.
ATC Vet — QMOIAX21.

OYCHS

(0]

(@]

C o}
\”/
¢}

HO o}

Profile

Diacerein is an anthraquinone derivative that is used in osteoar-
thritis (p.11) in oral doses of 50 mg twice daily. Doses should be
halved in patients with creatinine clearance less than
30 mL/minute. Diarrhoea is a common adverse effect with diac-
erein. Its active metabolite, rhein, a constituent of rhubarb
(p.1768), is reported to act as an interleukin-1 inhibitor.

Administration in renal impairment. See above and Phar-
macokinetics, below.

Musculoskeletal and joint disorders. Diacerein is thought
to act via inhibition of interleukin-1p,* which plays a role in in-
flammatory processes. Systematic reviews>3 on the use of diac-
erein in the treatment of osteoarthritis have indicated that diac-
erein produces a small, but consistent, improvement in pain.

Further research is necessary to confirm its short- and long-term

effectiveness and safety but there is some evidence of residual

benefit on stopping treatment,® which has been postulated to rep-
resent an improvement in the disease process.

1. Van den Berg WB. Les mécanismes d’action de la diacerhéine,
premier inhibiteur de I’interleukine 1 dans I’arthrose. Presse
Med 2004; 33: 10-12.

. Fidelix TSA, et al. Diacerein for osteoarthritis. Available in The
Cochrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2006 (accessed 06/10/06).

. Rintelen B, et al. A meta-analysis of controlled clinical studies
with diacerein in the treatment of osteoarthritis. Arch Intern Med
2006; 166: 1899-1906.
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Pharmacokinetics. References.

. Debord P, et al. Influence of renal function on the pharmacoki-
netics of diacerein after a single oral dose. Eur J Drug Metab
Pharmacokinet 1994; 19: 13-19.

. Nicolas P, et al. Clinical pharmacokinetics of diacerein. Clin
Pharmacokinet 1998; 35: 347-59.

Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Artrodar; Artroglobinat; Austria: Artrolyt; Verboril; Braz.: Artro-
dar; Chile: Artrizona; Cz.: Artrodar; Fr.: Art; Zondar; Gr.: Arthrofar; Ar-
throrein; Deserein; Diacer; Diaceril; Idealite; Inflabion; Myobloc; Ostirein;
Pentacrin; Reumanisal; Verboril; Indon.: Artrodar; Israel: Art; Diatrim;
Ital.: Fisiodar; Malaysia: Artrodar; Port.: Artrolyt; Cartivix; Spain: Gal-
axdar; Glizolan; Thai.: Artrodar; Venez.: Artrodar:

-

N

Multi-ingredient: Mex.: Dolocartigen.

Diamorphine Hydrochloride
(BANM) &

Diacetilmorfina, hidrocloruro de; Diacetylmorphine Hydrochlo-
ride; Heroin Hydrochloride; Hidrocloruro de diamorfina; Hidro-
cloruro de heroina. 4,5-Epoxy- | 7-methylmorphinan-3,6-diyl dia-
cetate hydrochloride monohydrate.

['epouHa Miapoxropua; AnamopduHa Mapoxaopma,
Cy1Hy3NOg HCILH,O = 423.9.

CAS — 561-27-3 (diamorphine); 1502-95-0 (diamorphine
hydrochloride).

ATC — NO2AA09.

ATC Vet — QNO2AA09.

(diamorphine)

NoTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of diamorphine:

57 Chevy; A Sidani; AIP; Al Capone; Amelia; Antifreeze; Aries;
Aunt Hazel; Auntie Hazel; Aunty Hazel; Bacalhau; Bad bundle;
Bad seed; Ball; Ballot; Bart Simpson; Batman; Beast; Big Bad
Boy; Big bag; Big doodig; Big H; Big Harry; Bin laden; Bindle;
Birdie powder; Black; Black Dragon; Black eagle; Black Girl;
Black pearl; Black stuff; Black tar; Black tootsie roll; Blanche;
Blanco; Blast; Bleue; Block busters; Blow; Blows; Blue bag;
Blue hero; Blue star; Bobby Brown; Bomb; Bomba; Bombe;
Bombido; Bombita; Bombitas; Bombs away; Bone; Bonita;
Boy; Bozo; Brad; Brain damage; Brea; Brick gum; Broja; Broth-
er; Brown; Brown crystal; Brown rhine; Brown sugar; Brown
tape; Bugger; Bull dog; Bundle; Burra; Butu; Caballo; Caca;
Calbo; Capital H; Caps; Captain Jack; Carga; Carne; Cavalo;
Chang; Chapopote; Charley; Chatarra; Cheese; Cheva; Cheval;
Chi; Chiba; Chick; Chicken; Chicle; Chieva; China cat; China
white; Chinche; Chinese H; Chinese red; Chinese Rocks; Chi-
noise; Chip; Chiva; Chocofan; Choco-fan; Chueva; Chunks; Cli-
max; Cocofan; Coffee; Cotics; Cotton Candy; Courage pills;
Crank; Crap; Crop; Crown crap; Cura; Dead on arrival; Dead
president; Deuce; Diesel; Diggidy; Dirt; DOA; Dog food; Dog-
ee; Dogie; Doogie; Doojee; Dookey Rocks; Dooley; Doosey;
Dope; Downtown; Dr. Feelgood; Dragon; Dreck; DT; Dugee;
Dugie; Duji; Dujra; Dujre; Dust; Dyno; Dyno-pure; Eggs; Eight;
Eighth; Elephant; Estuffa; Fachiva; Ferry dust; Fix; Flea powder;
Foil; Foo foo stuff; Foolish powder; Furra; Galloping horse; Gal-
lup; Gamot; Garbage; Gato; Gear; George; George smack;
Ghost; Girl; Glacines; Glass; Goat; Gold; Golden Brown; Gold-
en girl; Golpe; Goma; Good; Good H; Good Horse; Good and
plenty; Goods; Goop; Grape Jolly Rancher; Gravy; Grey shields;
H; H22; H-bomb; H Caps; Hache; Hair; Hairpiece; Hairy; Ham-
mer; Hard candy; Hard stuff; Harriet Tubman; Harry; Harry
Jones; Hayron; Hazel; Heaven; Heaven dust; Heavy stuff;
Helen; Hell dust; Henry; Hera; Hero; Hero of the underworld;
Heroa; Heroina; Heron; Herone; Hessle; Him; Holy terror; Hom-
bre; Homebake; Homicide; Hong-yen; Hood; Hop; Horning;
Horse; Horsebite; Hot dope; Hot heroin; HRN; Isda; Jack; Jee
gee; Jerry Springer; Jesus; Jive; Jive doo jee; Joharito; Jojee;
Jones; Joy; Joy dust; Joy flakes; Joy powder; Judas; Junco; Junk;
Kabayo; Kaka Water; Karachi; Kermit the Frog; La Buena; La
Chiva; Lady H; Layne; LBJ; Lemonade; Life saver; Little bomb;
Man; Manteca; Matsakow; Mayo; Mexican Black Tar; Mexican
brown; Mexican Dirt; Mexican horse; Mexican mud; Mister
Brownstone; Mojo; Money talks; Monkey; Montego; Morse
Code Features; Morotgara; Mortal combat; Mother pearl; Mr.
Brownstone; Mud; Murotugora; Muzzle; Nanoo; Nice and easy;
Nickel bag; Nickel deck; Nixon; Noddy Brown; Noise; Nose;
Nose drops; Number 3; Number 4; Number 8; Nurse; Oddy
Noddy; Of course my horse; Ogoy; Qil; Old garbage; Old navy;
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Old Steve; One way; Orange line; Outfit; Pack; Pakistanaise; Pa-
ko; Pangonadalot; Parachute; P-dope; Peg; Pepper; Perfect high;
P-funk; Pluto; Po; Poeira; Poison; Polvo; Poppy; Poudre; Pow-
der; Predator; Primo; Produto; Pulborn; Pure; Quill; Race horse
Charlie; Racehorse Charlie; Ragweed; Rain; Rambo; Rane;
Raw; Raw fusion; Raw hide; Raw Opportunities; Ready rock;
Red chicken; Red devil; Red eagle; Red rock; Red rum; Reindeer
dust; Rhine; Ring of Turd; Rob Flaherty; Rock; Rocks; Rush
hour; Sack; Salt; Scag; Scat; Scate; Schmack; Schmeck;
Schmeek; Scott; Scramble; Second to none; Shit; Shmeck;
Shmeek; Shmek; Shoot; Silk; Skag; Skid; Skunk; Slack-dad-eat-
your-heart-out; Slam; Sleeper; Sleepers; Slime; Slow; Sludge;
Smack; Snotty; Snow; Spider; Spider blue; Stuff; Stunna; Sugar;
Suicide; Sweet dreams; Sweet Jesus; Sweet stuff; Synthe; Tang;
Tar; Taste; Tecata; Tecate; Thailandaise; Thanie; The beast; The
fake throwdown; The Jack Bauer; The Loud-House Permadillo;
The Nax; The witch; Thing; Thunder; Tiger; Tigre; Tigre Blan-
co; Tigre del Norte; Tits; TNT; T.N.T.; Tongs; Tootsie roll; Top
drool; Train; Trash; Twin towers; Twists; Vidrio; Whack;
Whicked; White; White Bitch; White boy; White dragon; White
dynamite; White girl; White horse; White junk; White lady;
White nurse; "White Pony"; White stuff; White Tiger; Wicked;
Wings; Witch; Witch hazel; WTC; Zoquete.

Pharmacopoeias. In Br. and Swiss. Swiss also includes the
anhydrous form.

BP 2008 (Diamorphine Hydrochloride). A white or almost
white crystalline powder, odourless when freshly prepared but
develops an odour characteristic of acetic acid on storage. Freely
soluble in water and in chloroform; soluble in alcohol; practical-
ly insoluble in ether. Protect from light.

Incompatibility. Diamorphine hydrochloride is incompatible
with mineral acids and alkalis and with chlorocresol.*

The BNF notes that cyclizine may precipitate from mixtures with
diamorphine hydrochloride at concentrations of cyclizine greater
than 10 mg/mL, or in the presence of sodium chloride 0.9%, or
as the concentration of diamorphine relative to cyclizine increas-
es; mixtures of diamorphine and cyclizine are also liable to pre-
cipitate after 24 hours.

It also considers that mixtures of diamorphine and haloperidol
are liable to precipitate after 24 hours if the haloperidol concen-
tration is above 2 mg/mL. Under some conditions mixtures of
metoclopramide and diamorphine may become discoloured and
should be discarded.

1. McEwan JS, Macmorran GH. The compatibility of some bacte-
ricides. Pharm J 1947; 158: 260-2.

Stability. Diamorphine is relatively unstable in aqueous solu-
tion and is hydrolysed to 6-O-monoacetylmorphine and then
morphine to a significant extent at room temperature; 3-O-
monoacetylmorphine is only occasionally detected. The rate of
decomposition is at a minimum at about pH 4.12

In a study of the stability of aqueous solutions of diamorphine in
chloroform water it was concluded that such solutions should be
used within 3 weeks of preparation when stored at room temper-
ature.® Another study* noted that the degradation products of
diamorphine were not devoid of analgesic activity. Using a more
sensitive analytical method it was reported that although the pH
range of maximum stability of diamorphine in aqueous solution
was 3.8 to 4.4, the addition of buffers reduced stability.5 Simple
unbuffered chloroform water gave maximum stability, the shelf-
life of such a solution being 4 weeks at room temperature.

The BP 2008 recommends that solutions for injection be pre-
pared immediately before use by dissolving Diamorphine Hy-
drochloride for Injection in Water for Injections. This may pose
a problem with solutions for subcutaneous infusion when con-
centrated solutions may remain in infusion pump reservoirs for
some time.® Investigation of 9 concentrations of diamorphine
stored at 4 different temperatures for 8 weeks’ revealed instabil-
ity under conditions of concentration, time, and temperature
prevalent during subcutaneous infusion. Degradation of diamor-
phine occurred at all concentrations (0.98 to 250 mg/mL.) at tem-
peratures of 4° and above; the effect of temperature was signifi-
cant at 21° and 37°. The percentage fall in diamorphine
concentration was directly related to initial concentration and
was accompanied by a corresponding increase in 6-O-
monoacetylmorphine and, to a lesser extent, morphine; other
possible breakdown products such as 3-O-monoacetylmorphine
were not present in detectable quantities. Diamorphine degrada-
tion was associated with a fall in pH and the development of a
strong acetic acid-like odour. Precipitation and a white turbidity
was seen in solutions of 15.6 mg/mL and above after incubation
for 2 weeks at 21° and 37°. It has been noted that solutions for
infusion are generally freshly prepared and used within 24 hours,
but that signs of precipitation should be watched for, especially
when using longer-term infusions and high concentrations of
diamorphine.”

In another stability study® diamorphine hydrochloride in concen-
trations of both 1 and 20 mg/mL in sodium chloride 0.9% was
stable for aminimum of 15 days at room temperature (23° to 25°)
and 4° when stored in a PVC container. In one type of disposable
infusion device (Infusor) similar solutions were stable for 15
days even at 31°. In another infusion device (Intermate 200)
diamorphine was stable for a minimum of 15 days at both con-
centrations and all temperatures except for the 1 mg/mL solution

kept at 31° when stability was only maintained for a minimum of
2 days. When stored in glass syringes both strengths of diamor-
phine hydrochloride were stable for 15 days at 4° and at room
temperature the 1 mg/mL solution was stable for a minimum of
7 days and the 20 mg/mL solution was stable for a minimum of
12 days. There were no substantial changes in physical appear-
ance or pH.

Davey EA, Murray JB. Hydrolysis of diamorphine in aqueous
solutions. Pharm J 1969; 203: 737.

Davey EA, Murray JB. Determination of diamorphine in the
presence of its degradation products using gas liquid chromatog-
raphy. Pharm J 1971; 207: 167.

Cooper H, et al. Stability of diamorphine in chloroform water
mixture. Pharm J 1981; 226: 682-3.

Twycross RG. Stability of diamorphine in chloroform water.
Pharm J 1981; 227: 218.

. Beaumont IM. Stability of diamorphine in chloroform water.
Pharm J 1981; 227: 41.

Jones VA, et al. Diamorphine stability in aqueous solution for
subcutaneous infusion. Br J Clin Pharmacol 1987; 23: 651P.
Omar OA, et al. Diamorphine stability in aqueous solution for
subcutaneous infusion. J Pharm Pharmacol 1989; 41: 275-7.
Kleinberg ML, et al. Stability of heroin hydrochloride in infu-
sion devices and containers for intravenous administration. Am J
Hosp Pharm 1990; 47: 377-81.
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Dependence and Withdrawal
As for Opioid Analgesics, p.101.

Diamorphine is subject to abuse (see under Adverse
Effects, Treatment, and Precautions, below).

Diamorphine is used for substitution therapy in the
management of opioid dependence (see under Uses
and Administration, below).

Adverse Effects, Treatment, and Precau-
tions
As for Opioid Analgesics in general, p.102.

Pulmonary oedema after overdosage is a common
cause of fatalities among diamorphine addicts. Nausea
and hypotension are claimed to be less common than
with morphine.

There are many reports of adverse effects associated
with the abuse of diamorphine, usually obtained illicit-
ly in an adulterated form.

Abuse. Most of the reports of adverse effects with diamorphine
involve its abuse. In addition to the central effects, there are ef-
fects caused by the administration methods and by the adulter-
ants.»2 Thus in many instances it is difficult to identify the factor
causing the toxicity. Most body systems are involved including
the immune system,® kidneys,*S liver,® respiratory system,”°
and the nervous system.11-16

Other aspects of the illicit use of diamorphine include fatal
overdose!” and smuggling by swallowing packages of drug'®1°
or other methods of internal bodily concealment.

. Hendrickse RG, et al. Aflatoxins and heroin. BMJ 1989; 299:

492-3.

CDC. Atypical reactions associated with heroin use: five states,

January—April 2005. MMWR 2005; 54: 793-6. Correction.

ibid.; 852.

. Husby G, et al. Smooth muscle antibody in heroin addicts. Ann
Intern Med 1975; 83: 801-5.

. Cunningham EE, et al. Heroin-associated nephropathy. JAMA
1983; 250: 2935-6.

. do Sameiro Faria M, et al. Nephropathy associated with heroin

abuse in Caucasian patients. Nephrol Dial Transplant 2003; 18:

2308-13.

Weller IVD, et al. Clinical, biochemical, serological, histologi-

cal and ultrastructural features of liver disease in drug abusers.
Gut 1984; 25: 417-23.
Anderson K. Bronchospasm and intravenous street heroin. Lan-
cet 1986; i: 1208.
. Cygan J, et al. Inhaled heroin-induced status asthmaticus: five
cases and a review of the literature. Chest 2000; 117: 272-5.
. Boto de los Bueis A, et al. Bronchial hyperreactivity in patients
who inhale heroin mixed with cocaine vaporized on aluminium
foil. Chest 2002; 121: 1223-30.
10. Sporer KA, Dorn E. Heroin-related noncardiogenic pulmonary
edema: a case series. Chest 2001; 120: 1628-32.
Sempere AP, et al. Spongiform leucoencephalopathy after in-
haling heroin. Lancet 1991; 338: 320.
Roulet Perez E, et al. Toxic leucoencephalopathy after heroin
ingestion in a 2/ -year-old child. Lancet 1992; 340: 729.
. Zuckerman GB. Neurologic complications following intranasal
administration of heroin in an adolescent. Ann Pharmacother
1996; 30: 778-81.
. Kriegstein AR, et al. Heroin inhalation and progressive spongi-
form leukoencephalopathy. N Engl J Med 1997; 336: 589-90.
15. Long H, et al. A fatal case of spongiform leukoencephalopathy
linked to “chasing the dragon™. J Toxicol Clin Toxicol 2003; 41:
887-91.

16. Dabby R, et al. Acute heroin-related neuropathy. J Peripher
Nerv Syst 2006; 11: 304-9.

17. Kintz P, et al. Toxicological data after heroin overdose. Hum
Toxicol 1989; 8: 487-9.

. Stewart A, et al. Body packing—a case report and review of the
literature. Postgrad Med J 1990; 66: 659-61.

19. Traub SJ, et al. Pediatric "body packing". Arch Pediatr Adolesc

Med 2003; 157: 174-7.
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Administration. Although generally free from complications,

sterile abscess formation was reported in 2 patients with ad-

vanced cancer receiving diamorphine by continuous subcutane-

ous infusions.* Acute dysphoric reactions have been reported af-

ter the use of epidural diamorphine.?

1. Hoskin PJ, et al. Sterile abscess formation by continuous subcu-
taneous infusion of diamorphine. BMJ 1988; 296: 1605.

2. Holder KJ, Morgan BM. Dysphoria after extradural diamor-
phine. Br J Anaesth 1994; 72: 728.

Breast feeding. The American Academy of Pediatrics has
stated® that, when used as a drug of abuse by breast-feeding
mothers, diamorphine has caused adverse effects in the infant,
notably tremors, restlessness, vomiting, and poor feeding. How-
ever, the BNF considers that diamorphine when given in thera-
peutic doses to a breast-feeding mother is unlikely to affect the
breast-fed infant.

See also Opioid Dependence under Uses and Administration, be-

low.

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776-89.
Correction. ibid.; 1029. Also available at:
http://aappolicy.aappublications.org/cgi/content/full/
pediatrics%3b108/3/776 (accessed 26/06/08)

Hypersensitivity. Anaphylaxis occurred in a patient given in-
trathecal diamorphine and bupivacaine for surgical anaesthesia;*
the authors noted that the patient received patient-controlled
analgesia with morphine shortly after the reaction without prob-
lem. Subsequent skin prick tests identified diamorphine as the
likely causative agent.

1. Gooch I, Gwinnutt C. Anaphylaxis to intrathecal diamorphine.
Resuscitation 2006; 70: 470-3.

Phaeochromocytoma. Diamorphine can liberate endog-

enous histamine which may in turn stimulate release of catecho-

lamines. Its use provoked hypertension and tachycardia in a pa-

tient with phaeochromocytoma.*

1. Chaturvedi NC, et al. Diamorphine-induced attack of paroxys-
mal hypertension in phaeochromocytoma. BMJ 1974; 2: 538.

Pregnancy and the neonate. Some references to diamor-
phine dependence in pregnant women and the effects on the fetus
and neonate.

1. Fricker HS, Segal S. Narcotic addiction, pregnancy, and the new-

born. Am J Dis Child 1978; 132: 360-6.

2. Ostrea EM, Chavez CJ. Perinatal problems (excluding neonatal
withdrawal) in maternal drug addiction: a study of 830 cases. J
Pediatr 1979; 94: 292-5.

. Lifschitz MH, et al. Fetal and postnatal growth of children born
to narcotic-dependent women. J Pediatr 1983; 102: 686-91.

. Klenka HM. Babies born in a district general hospital to mothers
taking heroin. BMJ 1986; 293: 745-6.

5. Gregg JEM, et al. Inhaling heroin during pregnancy: effects on

the baby. BMJ 1988; 296: 754.

6. Little BB, et al. Maternal and fetal effects of heroin addiction
during pregnancy. J Reprod Med 1990; 35: 159-62.

. Mur Sierra A, et al. Asociacion entre el consumo de heroina du-
rante la gestacion y anomalias estructurales de los cilios respira-
torios en el periodo neonatal. An Esp Pediatr 2001; 55: 335-8.
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Interactions
For interactions associated with opioid analgesics, see
p.103.

Pharmacokinetics

Diamorphine hydrochloride is well absorbed from the
gastrointestinal tract, although this may be erratic, and
after subcutaneous or intramuscular injection. On in-
jection it is rapidly hydrolysed to the active metabolite
6-O-monoacetylmorphine (6-acetylmorphine) in the
blood and then to morphine (p.88). Oral doses are sub-
ject to extensive first-pass metabolism to morphine;
neither diamorphine nor 6-acetylmorphine have been
detected in the blood after giving diamorphine by this
route. Both diamorphine and 6-acetylmorphine readily
cross the blood-brain barrier. Morphine glucuronides
are the main excretion products in the urine. A small
amount is excreted in the faeces.

¢ References.

1. Boerner U, et al. The metabolism of morphine and heroin in
man. Drug Metab Rev 1975; 4: 39-73.

2. Inturrisi CE, et al. The pharmacokinetics of heroin in patients
with chronic pain. N Engl J Med 1984; 310: 1213-17.

3. Moore RA, et al. Opiate metabolism and excretion. Baillieres
Clin Anaesthesiol 1987; 1: 829-58.

4. Barrett DA, et al. Morphine kinetics after diamorphine infusion
in premature neonates. Br J Clin Pharmacol 1991; 32: 31-7.

5. Girardin F, et al. Pharmacokinetics of high doses of intramuscu-
lar and oral heroin in narcotic addicts. Clin Pharmacol Ther
2003; 74: 341-52.

Administration. INHALATIONAL ROUTE. A literature review!
found that intranasal diamorphine had a similar pharmacoki-
netic profile to that of intramuscular diamorphine. It is rapidly
absorbed, as a dry powder, via the nasal mucosa although this
is not as complete as by intramuscular injection; intranasal
absorption appeared to be dose dependent.

The symbol T denotes a preparation no longer actively marketed
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The pharmacokinetics of inhaled diamorphine fumes (“"chasing
the dragon™) has been studied? in diamorphine addicts receiving
substitution therapy with diamorphine and methadone. Absorp-
tion through the lungs occurred very rapidly and was virtually
complete immediately after inhalation; bioavailability was esti-
mated to be about 53%.
Kendall JM, Latter VS. Intranasal diamorphine as an alternative
to intramuscular morphine: pharmacokinetic and pharmacody-
namic aspects. Clin Pharmacokinet 2003; 42: 501-13.
. Rook EJ, et al. Population pharmacokinetics of heroin and its
major metabolites. Clin Pharmacokinet 2006; 45: 401-17.

INTRASPINAL ROUTE. Diamorphine is much more lipid-soluble
and has a more rapid onset and shorter duration of action than
morphine. Although deacetylation to morphine occurs rapidly
in the blood it occurs only slowly in the CSF after intraspinal
injection of diamorphine.! After intrathecal injection diamor-
phine was removed from the CSF much more rapidly than
morphine.? Peak plasma concentrations of morphine after
epidural diamorphine injection were significantly higher and
were achieved significantly faster than after epidural injection
of morphine.?
. Morgan M. The rational use of intrathecal and extradural opio-
ids. Br J Anaesth 1989; 63: 165-88.
. Moore A, et al. Spinal fluid kinetics of morphine and heroin.
Clin Pharmacol Ther 1984; 35: 40-5.
Watson J, et al. Plasma morphine concentrations and analgesic
effects of lumbar extradural morphine and heroin. Anesth Analg
1984; 63: 629-34.

Children. Loading doses of either 50 micrograms/kg or
200 micrograms/kg of diamorphine were given as an infusion
over 30 minutes to 19 ventilated neonates followed by a contin-
uous infusion of 15 micrograms/kg per hour, and the pharmacok-
inetics of the products of diamorphine metabolism (morphine,
morphine-6-glucuronide, and morphine-3-glucuronide) stud-
ied.! Although the overall elimination of morphine was reduced
compared with adults, the relative contributions of the various
metabolic routes of morphine remained similar between neo-
nates and adults. Data from this study did not indicate any advan-
tage for the higher loading dose (see also under Uses and Admin-
istration, below).

1. Barrett DA, et al. Morphine, morphine-6-glucuronide and mor-
phine-3-glucuronide pharmacokinetics in newborn infants re-
ceiving diamorphine infusions. Br J Clin Pharmacol 1996; 41:
531-7.
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Uses and Administration

Diamorphine hydrochloride is an acetylated morphine
derivative and is a more potent opioid analgesic
(p.104) than morphine (p.89). Diamorphine is used for
the relief of severe pain especially in palliative care. It
is also used similarly to morphine for the relief of dys-
pnoea due to pulmonary oedema resulting from left
ventricular failure. Diamorphine has a powerful cough
suppressant effect and has been given as Diamorphine
Linctus (BPC 1973) to control cough associated with
terminal lung cancer although morphine is now pre-
ferred.

In the treatment of acute pain usual doses of diamor-
phine hydrochloride by subcutaneous or intramuscular
injection are 5 to 10 mg every 4 hours. Doses equiva-
lent to one-quarter to one-half of the corresponding
intramuscular dose may be given by slow intravenous
injection.

For the pain of myocardial infarction doses of 5 mg are
given by slow intravenous injection at a rate of
1 mg/minute with a further dose of 2.5 to 5 mg if re-
quired; doses may be reduced by one-half for elderly or
frail patients. Doses of 2.5 to 5 mg may be given intra-
venously at the same rate for acute pulmonary oede-
ma.

For chronic pain 5 to 10 mg may be given by subcu-
taneous or intramuscular injection every 4 hours; the
dose may be increased according to needs. Similar dos-
es may be given orally, although it is converted to mor-
phine by first-pass metabolism (see Pharmacokinetics,
above). Diamorphine hydrochloride may also be given
by continuous subcutaneous or intravenous infusion or
intraspinally.

For details of doses in children, see below.

Action. Because of its abuse potential, supply of diamorphine is
carefully controlled and in many countries it is not available for
clinical use; morphine can provide equivalent analgesia by dose
adjustment. There has been much debate regarding the relative
merits of analgesia with diamorphine or morphine. Many now
regard oral morphine to be the opioid analgesic of choice al-
though diamorphine hydrochloride may be preferred for injec-

tion because it is more soluble in water thus allowing the use of
smaller dose volumes. Diamorphine hydrochloride may also be

Diamorphine Hydrochloride 43

preferred to morphine salts for intraspinal use because it is more
lipid-soluble.

As a guide to relative potency diamorphine hydrochloride 5 mg
given intramuscularly is equivalent to about 10 mg given orally,
which in turn is equivalent to about 15 mg of oral morphine sul-
fate. When given by subcutaneous infusion, diamorphine hydro-
chloride 10 mg every 24 hours is equivalent to about 15 mg
every 24 hours of morphine sulfate.

Administration in children. In the treatment of acute or
chronic pain in children, the BNFC suggests the following doses
according to age:

by continuous intravenous infusion

neonates with spontaneous respiration may be given 2.5 to

7 micrograms/kg per hour

ventilated neonates may be given 50 micrograms/kg initially

by intravenous injection over 30 minutes followed by

15 micrograms/kg per hour by continuous intravenous infu-

sion

1 month to 12 years, 12.5 to 25 micrograms/kg per hour

by intravenous injection

1 to 3 months, 20 micrograms/kg every 6 hours if necessary

3to 6 months, 25 to 50 micrograms/kg every 6 hours if neces-

sary

6 to 12 months, 75 micrograms/kg every 4 hours if necessary

1 to 12 years, 75 to 100 micrograms/kg every 4 hours if nec-

essary

by mouth

1 month to 12 years, 100 to 200 micrograms/kg (maximum of

10 mg) every 4 hours if necessary

In a study* of the effects of diamorphine in 34 premature infants

(gestational age 26 to 40 weeks), a loading dose of

50 micrograms/kg given as an intravenous infusion over 30 min-

utes followed by a continuous infusion at a rate of

15 micrograms/kg per hour was considered to be safe and result-

ed in plasma concentrations of morphine comparable with those

that usually produce adequate analgesia in children and adults;
the duration of the infusion ranged from 14 to 149 hours. Small
but significant reductions in heart rate and mean blood pressure
were noted but these were not associated with any clinical dete-
rioration. The fall in respiration rate reflected the desired inten-
tion to encourage synchronisation of the infants” breathing with
the ventilator. The authors concluded that intravenous diamor-
phine could be given safely to neonates and would provide ade-

quate analgesia. A later study? indicated that the use of a

200 micrograms/kg loading dose conferred no benefit over a

50 micrograms/kg dose and might produce undesirable physio-

logical effects. In a comparative study® with morphine

(200 micrograms/kg loading dose over 2 hours, followed by

maintenance infusion of 25 micrograms/kg per hour) in ventilat-

ed preterm neonates requiring sedation, diamorphine

(120 micrograms/kg over 2 hours and then 15 micrograms/kg

per hour) was as effective as morphine in producing sedation and

also had a faster onset of action. The small but significant drop in
blood pressure noted during morphine infusions was not seen
with diamorphine infusions.

The subcutaneous route appeared to be as effective and safe as

the intravenous route for infusions in children for postoperative

pain relief after elective abdominal surgery.* The dose of diamor-
phine used in both groups of children was 1 mg/kg given at a rate
of 20 micrograms/kg per hour.

Intranasal diamorphine has been investigated in adults and chil-

dren, and appears to be effective and well tolerated; because it

does not require a needle it may offer particular advantages in
children.® Guidelines® for analgesia in children in Accident and

Emergency departments in the UK recommend the use of intra-

nasal diamorphine for severe pain such as that associated with

large burns, long bone dislocation, appendicitis, or sickle-cell
crisis. A suggested dose to be instilled into one nostril is

100 micrograms/kg given in 0.2 mL of sterile water.

. Elias-Jones AC, et al. Diamorphine infusion in the preterm ne-
onate. Arch Dis Child 1991; 66: 1155-7.

. Barker DP, et al. Randomised, double blind trial of two loading
dose regimens of diamorphine in ventilated newborn infants.
Arch Dis Child 1995; 73: F22-F26.

3. Wood CM, et al. Randomised double blind trial of morphine ver-
sus diamorphine for sedation of preterm neonates. Arch Dis
Child Fetal Neonatal Ed 1998; 79: F34-F39.

. Semple D, et al. Comparison of iv and sc diamorphine infusions
for the treatment of acute pain in children. Br J Anaesth 1996;
76: 310-12.

. Kendall JM, Latter VS. Intranasal diamorphine as an alternative
to intramuscular morphine: pharmacokinetic and pharmacody-
namic aspects. Clin Pharmacokinet 2003; 42: 501-13.

. British Association for Emergency Medicine. Clinical Effective-
ness Committee guideline for the management of pain in chil-
dren (2004). Available at: http://www.emergencymed.org.uk/
BAEM/CEC/assets/cec_pain_in_children.pdf (accessed
26/06/08)

Opioid dependence. The treatment of opioid dependence is

discussed on p.101. Many opiate misusers have expressed a pref-

erence for withdrawal using diamorphine rather than methadone.

In a comparative study stabilisation was achieved using either

diamorphine or methadone 1 mg/mL oral solutions;! patients

could not identify which they had been given. Whenever signs of
physical withdrawal were seen 10 mL of either solution was giv-
en and the total amount over the first 24 hours taken as the pa-
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tient’s daily requirement. The mean dose of diamorphine re-
quired for stabilisation was 55 mg compared with 36 mg for
methadone. Some centres have given diamorphine in the form of
reefers. Diamorphine has also been prescribed with methadone
in the management of addicts.? A systematic review? that includ-
ed this study failed to produce conclusive results about the effec-
tiveness of diamorphine (alone or with methadone) in mainte-
nance treatment; however, since the studies were not directly
comparable, continued evaluation in clinical studies is required.

Oral tablets* and intravenous injection® of diamorphine have also

been tried in severely dependent, treatment-resistant patients.

Breast feeding has been used to treat diamorphine dependence in

the offspring of dependent mothers but this is no longer consid-

ered to be the best method and some authorities recommend that
breast feeding should be stopped.

1. Ghodse AH, et al. Comparison of oral preparations of heroin and
methadone to stabilise opiate misusers as inpatients. BMJ 1990;
300: 719-20.

. van den Brink W, et al. Medical prescription of heroin to treat-
ment resistant heroin addicts: two randomised controlled trials.
Abridged version: BMJ 2003; 327: 310-12. Correction. ibid.;
724. Full version: http://www.bmj.com/cgi/reprint/327/7410/
310 (accessed 26/06/08)

. Ferri M, et al. Heroin maintenance for chronic heroin depend-

ents. Available in The Cochrane Database of Systematic Re-

views; Issue 2. Chichester: John Wiley; 2005 (accessed

26/06/08).

Frick U, et al. A prospective cohort study on orally administered

heroin substitution for severely addicted opioid users. Addiction

2006; 101: 1631-9.

. March JC, et al. Controlled trial of prescribed heroin in the treat-
ment of opioid addiction. J Subst Abuse Treat 2006; 31: 203-11.

Pain. acuTe paIN. Rapid pain relief may be obtained with the
intravenous injection of diamorphine. Other routes include
the intraspinal route for which diamorphine is well suited be-
cause of its lipid solubility and pharmacokinetics. Epidural
doses of diamorphine have ranged from 0.5 to 10 mg.!
Analgesia was significantly more prolonged and more intense
after epidural rather than intramuscular injection of diamor-
phine 5 mg in women who had had caesarean section;? itch-
ing was reported by 50% of patients undergoing epidural
analgesia. Epidural diamorphine alone® or with bupivacaine*
has been used for analgesia during labour; addition of adren-
aline appeared to improve the quality and duration of analge-
sia with diamorphine.® In another study addition of diamor-
phine to bupivacaine produced a high incidence of pruritus
and drowsiness.> A study® of patient-controlled analgesia for
postoperative pain found that although epidural diamorphine,
used alone or with bupivacaine, reduced the analgesic dose
requirement, there was little clinical advantage over the sub-
cutaneous route.

Continuous epidural infusion of diamorphine
500 micrograms/hour in 0.125% bupivacaine provided postop-
erative analgesia superior to that with either drug alone in pa-
tients undergoing major abdominal gynaecological surgery.” A
similar infusion produced analgesia superior to that with either
epidural bolus injection or patient-controlled intravenous
diamorphine in patients undergoing total abdominal hysterecto-
my.8 However, more patients receiving the continuous epidural
infusion were hypoxaemic than in the other 2 groups.
Diamorphine has also been given intrathecally for postoperative
analgesia and should be effective at lower doses than with the
epidural route because of greater CSF concentrations. Diamor-
phine 250 or 500 micrograms given intrathecally with bupi-
vacaine spinal anaesthesia both provided greater postoperative
analgesia than bupivacaine alone,” but the incidence of adverse
effects, especially nausea, vomiting, and urinary retention, was
still high with either dose and routine use of this technique was
not recommended. Intrathecal diamorphine with bupivacaine
has also been used for analgesia during labour!®!* and caesarean
section.!?18 In a study? in patients undergoing caesarean sec-
tion, intrathecal diamorphine 250 micrograms showed compara-
ble postoperative analgesia with a 5-mg epidural dose and was
associated with less postoperative nausea and vomiting. Other
studies'®** found that intrathecal diamorphine reduced supple-
mental analgesic requirements during and after caesarean section
when compared with intrathecal fentanyl. Intrathecal diamor-
phine 400 micrograms was considered by some'® to be the low-
est dose required to reduce intraoperative analgesic supplemen-
tation to below 5%; however, lower doses of 300 micrograms
have been used in practice.'6

Diamorphine has been extensively used by cardiologists in the
UK for the management of pain in acute left ventricular failure,
unstable angina, and myocardial infarction. It has been theorised
that diamorphine may offer benefits over morphine because its
stimulatory effects at opioid 5 receptors on the myocardium may
reduce the extent of myocardial damage.'” Evidence to support
this theory is, however, lacking.

1. Morgan M. The rational use of intrathecal and extradural opio-
ids. Br J Anaesth 1989; 63: 165-88.

Macrae DJ, et al. Double-blind comparison of the efficacy of
extradural diamorphine, extradural phenoperidine and im
diamorphine following caesarean section. Br J Anaesth 1987;
59: 354-9.

Keenan GMA, et al. Extradural diamorphine with adrenaline in
labour: comparison with diamorphine and bupivacaine. Br J
Anaesth 1991; 66: 242-6.

McGrady EM, et al. Epidural diamorphine and bupivacaine in
labour. Anaesthesia 1989; 44: 400-3.
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5. Bailey CR, et al. Diamorphine-bupivacaine mixture compared
with plain bupivacaine for analgesia. Br J Anaesth 1994; 72:
58-61.

o

Gopinathan C, et al. A comparative study of patient-controlled
epidural diamorphine, subcutaneous diamorphine and an epi-
dural diamorphine/bupivacaine combination for postoperative
pain. Eur J Anaesthesiol 2000; 17: 189-96.

Lee A, et al. Postoperative analgesia by continuous extradural
infusion of bupivacaine and diamorphine. Br J Anaesth 1988;
60: 845-50.

Madej TH, et al. Hypoxaemia and pain relief after lower abdom-
inal surgery: comparison of extradural and patient-controlled
analgesia. Br J Anaesth 1992; 69: 554-7.

Reay BA, et al. Low-dose intrathecal diamorphine analgesia
following major orthopaedic surgery. Br J Anaesth 1989; 62:
24
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. Kestin IG, et al. Analgesia for labour and delivery using incre-
mental diamorphine and bupivacaine via a 32-gauge intrathecal
catheter. Br J Anaesth 1992; 68: 244-7.

. Vaughan DJA, et al. Choice of opioid for initiation of combined
spinal epidural analgesia in labour—fentanyl or diamorphine.
Br J Anaesth 2001; 86: 567-9.

. Hallworth SP, et al. Comparison of intrathecal and epidural
diamorphine for elective Caesarean section using a combined
spinal-epidural technique. Br J Anaesth 1999; 82: 228-32.

13.Cowan CM, et al. Comparison of intrathecal fentanyl and
diamorphine in addition to bupivacaine for Caesarean section
under spinal anaesthesia. Br J Anaesth 2002; 89: 452-8.

. Lane S, et al. A comparison of intrathecal fentanyl and diamor-
phine as adjuncts in spinal anaesthesia for Caesarean section.
Anaesthesia 2005; 60: 453-7.

15. Saravanan S, et al. Minimum dose of intrathecal diamorphine
required to prevent intraoperative supplementation of spinal an-
aesthesia for Caesarean section. Br J Anaesth 2003; 91: 368-72.

16. Wrench 1J, et al. Dose response to intrathecal diamorphine for
elective caesarean section and compliance with a national audit
standard. Int J Obstet Anesth 2007; 16: 17-21.

17. Poullis M. Diamorphine and British cardiology: so we are right!
Heart 1999; 82: 645-6.

CHRONIC PAIN. Patients with chronic opioid-sensitive pain are
often treated with diamorphine given by continuous subcuta-
neous infusion using a small battery-operated syringe driver.
The following technique has been described.! Diamorphine
hydrochloride 1 g could be dissolved in 1.6 mL of water to
give a solution with a volume of 2.4 mL (415 mg/mL), but the
maximum suggested concentration was 250 mg/mL. If the
analgesic requirement was not known the following protocol
was recommended:

Start injections every 4 hours of 2.5 or 5 mg diamorphine, or,

if the patient has already been taking opioids, a dose that is

equivalent to the last dose

If this is unsatisfactory increase this dose in 50% increments

until the patient reports even a little pain relief

Calculate the 24-hour requirement by multiplying by six, and

start the infusion at this level

Increase the 24-hour dosage in the pump by 50% increments

until the pain is controlled. Note that requirements may vary

from less than 20 mg to more than 5 g per 24 hours

When starting an infusion it is important not to allow any break-

through pain. This may be achieved either by starting the infu-

sion more than 2 hours before the previous oral dose wears off or
by giving a loading dose injection of the 4-hourly requirement.

Although generally free from complications, sterile abscess for-

mation was reported in 2 patients with advanced cancer receiv-

ing diamorphine by continuous subcutaneous infusions.?

The intraspinal® and intraventricular* routes have also been used

successfully in patients with intractable pain. Topical application

of diamorphine has also been tried> for the control of pressure
ulcer pain in a small number of palliative care patients.

1. Dover SB. Syringe driver in terminal care. BMJ 1987; 294:

553-5.
2. Hoskin PJ, et al. Sterile abscess formation by continuous subcu-
taneous infusion of diamorphine. BMJ 1988; 296: 1605.

3. Baker L, et al. Evolving spinal analgesia practice in palliative
care. Palliat Med 2004; 18: 507-15.

. Reeve WG, Todd JG. Intraventricular diamorphine via an Om-
maya shunt for intractable cancer pain. Br J Anaesth 1990; 65:
544-7.

. Flock P. Pilot study to determine the effectiveness of diamor-
phine gel to control pressure ulcer pain. J Pain Symptom Manage
2003; 25: 547-54.

. Abbas SQ. Diamorphine-Intrasite dressings for painful pressure

ulcers. J Pain Symptom Manage 2004; 28: 532—-4.

Preparations

BP 2008: Diamorphine Injection;
BPC 1973: Diamorphine Linctus.

Proprietary Preparations (details are given in Part 3)
Switz.: Diaphin.
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Diclofénac; Diclofenaco; Diclofenacum; Diklofenaakki;
lofenak. [2-(2,6-Dichloroanilino)phenyl]acetic acid.
AnrrodeHak

C4H, CLNO, = 296.1.

CAS — 15307-86-5.

ATC — DI IAX18; MOTABOS5; MO2AAT5; SOIBCO3.
ATC Vet — QDIIAXIS8 QMOIABO5; QMO2AAIS;
QS0IBCO3.

Dik-

Diclofenac Diethylamine anm)

Diclofenac  Diethylammonium; Diclofenaco dietilamina; Dik-
lofenak Dietilamonyum.

AVKnodeHak AMITUAIMMH

C,gH5,ClLN,0, = 369.3.

CAS — 78213-16-8.

ATC — DI 1AXI8.

ATC Vet — QDI 1AX18.

Pharmacopoeias. In Br.

BP 2008 (Diclofenac Diethylamine). A white to light beige, crys-
talline powder. Sparingly soluble in water and in acetone; freely
soluble in alcohol and in methyl alcohol; practically insoluble in
1M sodium hydroxide. The pH of a 1% solution in alcohol (10%)
is between 6.4 and 8.4. Store in airtight containers. Protect from
light.

Diclofenac Epolamine

DHEP; Diclofenac Hydroxyethylpyrrolidine.
AVKanodeHak DnorammH

C4H | CLNO,, CHsNO = 411.3.
CAS — 119623-66-4.

ATC — DI 1AXI8.

ATC Vet — QDI 1AX]8.

Diclofenac Potassium BANM, USAN, iNNM)

CGP-45840B; Diclofénac potassique; Diclofenaco potdsico; Di-
clofenacum kalicum; Diklofenaakkikalium:; Diklofenak draselna sdl;
Diklofenak Potasyum; Diklofenakkalium; Diklofendk-kdlium; Dik-
lofenako kalio druska; Kalii Diclofenacum. Potassium [o-(2,6-
dichloroanilino)phenyl]acetate.

Kaans Anknaoderak

C4H (,ClLKNO, = 334.2.

CAS — 15307-81-0.

ATC — DI 1AX]8.

ATC Vet — QDI IAX18.

Pharmacopoeias. In Eur. (see p.vii) and US.

Ph. Eur. 6.2 (Diclofenac Potassium). A white or slightly yellow-
ish, slightly hygroscopic, crystalline powder. Sparingly soluble
in water; soluble in alcohol; slightly soluble in acetone; freely
soluble in methyl alcohol. Store in airtight containers. Protect
from light.

USP 31 (Diclofenac Potassium). pH of a 1% solution in water is
between 7.0 and 8.5. Store at a temperature of 20° to 25°. Protect
from light.

Diclofenac Sodium BaNN, USAN, INNM)

Diclofénac sodique; Diclofenaco sédico; Diclofenacum natricum;
Diclophenac Sodium; Diklofenaakkinatrium; Diklofenak sodna
sul, Diklofenak Sodyum; Diklofenaknatrium; Diklofendk-natrium;
Diklofenako natrio druska; GP-45840; Natrii Diclofenacum. So-
dium [2-(2,6-dichloroanilino)phenyl]acetate.

Hatpuin AnkaodeHak

C4H,0CILNNaO, = 318.1.

CAS — 15307-79-6.

ATC — DI 1AX18.

ATC Vet — QDI IAX18.

NoTE. DICL is a code approved by the BP 2008 for use on single
unit doses of eye drops containing diclofenac sodium where the
individual container may be too small to bear all the appropriate
labelling information.

Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, US, and Viet.
Ph. Eur. 6.2 (Diclofenac Sodium). A white to slightly yellowish,
slightly hygroscopic, crystalline powder. Sparingly soluble in
water; soluble in alcohol; slightly soluble in acetone; freely solu-
ble in methyl alcohol. Store in airtight containers. Protect from
light.

USP 31 (Diclofenac Sodium). A white to off-white, hygroscopic,
crystalline powder. Sparingly soluble in water; soluble in alco-
hol; practically insoluble in chloroform and in ether; freely solu-
ble in methyl alcohol. pH of a 1% solution in water is between
7.0 and 8.5. Store in airtight containers. Protect from light.

Adverse Effects and Treatment

As for NSAIDs in general, p.96.

There may be pain and, occasionally, tissue damage at
the site of injection when diclofenac is given intramus-
cularly. Diclofenac suppositories can cause local irrita-
tion. Transient burning and stinging may occur with di-
clofenac ophthalmic solution; more serious corneal
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adverse effects have also occurred (see Effects on the
Eyes, below). Topical preparations of diclofenac, such
as plasters and gel, may cause application site reac-
tions.

Incidence of adverse effects. A review of worldwide clinical
studies with diclofenac? has reported the incidence of drug-asso-
ciated adverse effects to be about 12%; about 16% of patients
who had adverse effects stopped treatment (a figure correspond-
ing to about 2% of the entire patient sample). The most frequent-
ly reported adverse effects were gastrointestinal and were report-
ed in 7.6% of patients. CNS-related adverse effects were
reported in 0.7% of patients and allergy or local reactions in
0.4%. This and other reviews? have shown that adverse effects
associated with diclofenac are usually mild and transient and ap-
pear to be unrelated to the dose given.
1. Willkens RF. Worldwide clinical safety experience with di-
clofenac. Semin Arthritis Rheum 1985; 15 (suppl 1): 105-10.
2. Small RE. Diclofenac sodium. Clin Pharm 1989; 8: 545-8.

Effects on the blood. Results of a large survey undertaken to
assess the relation between agranulocytosis, aplastic anaemia,
and drug exposure indicated that diclofenac was significantly as-
sociated with aplastic anaemia, providing an estimated tenfold
increase in risk.> There are reports of other haematological ab-
normalities including haemolytic anaemia,>® thrombocytope-
nia,*> neutropenia,® and agranulocytosis® occurring in patients
given diclofenac.

Localised spontaneous bleeding,” bruising,® inhibition of platelet
aggregation,” and prolonged bleeding time® have been reported.
The International Agranulocytosis and Aplastic Anemia Study.
Risks of agranulocytosis and aplastic anemia: a first report of
their relation to drug use with special reference to analgesics.
JAMA 1986; 256: 1749-57.

Lopez A, et al. Autoimmune hemolytic anemia induced by di-
clofenac. Ann Pharmacother 1995; 29: 787.

Ahrens N, et al. Misdiagnosis in patients with diclofenac-in-
duced hemolysis: new cases and a concise review. Am J Hematol
2006; 81: 128-31.

George S, Rahi AHS. Thrombocytopenia associated with di-
clofenac therapy. Am J Health-Syst Pharm 1995; 52: 420-1.

Kim HL, Kovacs MJ. Diclofenac-associated thrombocytopenia
and neutropenia. Ann Pharmacother 1995; 29: 713-15.

Colomina P, Garcia S. Agranulocytosis caused by diclofenac.
DICP Ann Pharmacother 1989; 23: 507

Price AJ, Obeid D. Spontaneous non-gastrointestinal bleeding
associated with diclofenac. Lancet 1989; ii: 1520.

Khazan U, et al. Diclofenac sodium and bruising. Ann Intern
Med 1990; 112: 472-3.

Effects on the cardiovascular system. For a discussion of
the cardiovascular effects of NSAIDs, including diclofenac, see
p.96.

Effects on electrolytes. A syndrome resembling the syn-
drome of inappropriate antidiuretic hormone secretion has been
reported in elderly women given diclofenac.? Also the UK
CSM had received a report of fatal hyponatraemia in another eld-
erly woman.?

1. Petersson |, et al. Water intoxication associated with non-steroi-
dal anti-inflammatory drug therapy. Acta Med Scand 1987; 221:
221-3.

2. Cheung NT, et al. Syndrome of inappropriate secretion of anti-
diuretic hormone induced by diclofenac. BMJ 1993; 306: 186.

Effects on the eyes. A patient who had been taking oral di-
clofenac for several years and had increasingly complained of
dry, gritty eyes noticed that eye irritation disappeared within 3
days when diclofenac had to be stopped because of gastrointesti-
nal effects.

Ocular diclofenac and related drugs have been implicated in re-
ports of corneal toxicity. Ulceration of the conjunctiva or cornea,
corneal or scleral melts, and perforations have been reported in
patients using diclofenac eye drops, particularly after cataract
surgery.>> Keratitis and perforations were also reported with
ketorolac eye drops,* although less frequently. For mention of
corneal melting with bromfenac, see p.28.

Reid ALA, Henderson R. Diclofenac and dry, irritable eyes. Med

J Aust 1994; 160: 308.

Lin JC, et al. Corneal melting associated with use of topical non-
steroidal anti-inflammatory drugs after ocular surgery. Arch
Ophthalmol 2000; 118: 1129-32.

Congdon NG, et al. Corneal complications associated with topi-
cal ophthalmic use of nonsteroidal antiinflammatory drugs. J
Cataract Refract Surg 2001; 27: 622-31.

Guidera AC, et al. Keratitis, ulceration, and perforation associ-
ated with topical nonsteroidal anti-inflammatory drugs. Oph-
thalmology 2001; 108: 936-44.

Flach AJ. Corneal melts associated with topically applied nons-
teroidal anti-inflammatory drugs. Trans Am Ophthalmol Soc
2001; 99: 205-10.

Effects on the gastrointestinal tract. The most frequent ad-
verse effects reported in patients given diclofenac systemically
are gastrointestinal in nature. Typical reactions include epigastric
pain, nausea, vomiting, and diarrhoea. Rarely peptic ulcer and
gastrointestinal bleeding have occurred. Diclofenac has also
been implicated as the causative agent in colonic ulceration,
small bowel perforation,? and pseudomembranous colitis.® Di-
clofenac suppositories may cause local reactions such as itching,
burning, or exacerbation of haemorrhoids.

1. Carson J, et al. Colonic ulceration and bleeding during di-
clofenac therapy. N Engl J Med 1990; 323: 135.
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. Deakin M, et al. Small bowel perforation associated with an ex-
cessive dose of slow release diclofenac sodium. BMJ 1988; 297:
488-9.

Gentric A, Pennec YL. Diclofenac-induced pseudomembranous
colitis. Lancet 1992; 340: 126-7.

Effects on the kidneys. Renal papillary necrosis® and nephrot-
ic syndrome?* have been reported in patients taking diclofenac.
See also Effects on Electrolytes, above.

Scott SJ, et al. Renal papillary necrosis associated with di-
clofenac sodium. BMJ 1986; 292: 1050.

. Beun GDM, et al. Isolated minimal change nephropathy associ-
ated with diclofenac. BMJ 1987; 295: 182-3.

Yinnon AM, et al. Nephrotic syndrome associated with di-
clofenac sodium. BMJ 1987; 295: 556.

Tattersall J, et al. Membranous nephropathy associated with di-
clofenac. Postgrad Med J 1992; 68: 392-3.

Effects on the liver. Elevations of serum aminotransferase ac-
tivity and clinical hepatitis,*® including fatal fulminant
hepatitis?® have occurred in patients taking diclofenac. There has
also been a case report of hepato-renal damage attributed to di-
clofenac.® Analysis'® of 180 of the cases of diclofenac-associated
hepatic injury received by the FDA between November 1988
and June 1991 suggested an increased risk of hepatotoxicity in
female patients and those taking diclofenac for osteoarthritis.
Hepatotoxicity had been detected within 6 months of starting di-
clofenac in 85% of the patients. The biochemical pattern of inju-
ry was hepatocellular or mixed hepatocellular in 66% of patients
and cholestatic injury was found in 8% of patients. Signs of hy-
persensitivity were uncommon and it was considered that the
mechanism of hepatic injury was likely to be a metabolic idio-
syncratic reaction rather than due to intrinsic toxicity of di-
clofenac.

Dunk AA, et al. Diclofenac hepatitis. BMJ 1982; 284: 1605-6.
Breen EG, et al. Fatal hepatitis associated with diclofenac. Gut
1986; 27: 1390-3.

Schapira D, et al. Diclofenac-induced hepatotoxicity. Postgrad
Med J 1986; 62: 63-5.

Ryloeg NG, et al. Diclofenac associated hepatitis. Gut 1989; 30:
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Helfgott SM, et al. Diclofenac-associated hepatotoxicity. JAMA
1990; 264: 2660-2.

purcell P, et al. Diclofenac hepatitis. Gut 1991; 32: 1381-5.
Bhogaraju A, et al. Diclofenac-associated hepatitis. South Med
J1999; 92: 711-13.

Greaves RRSH, et al. Inadvertent diclofenac rechallenge from
generic and non-generic prescribing, leading to liver transplan-
tation for fulminant liver failure. Eur J Gastroenterol Hepatol
2001; 13: 71-3.

Diggory P, et al. Renal and hepatic impairment in association
with diclofenac administration. Postgrad Med J 1989; 64:
507-8.

10. Banks AT, et al. Diclofenac-associated hepatotoxicity: analysis
of 180 cases reported to the Food and Drug Administration as
adverse reactions. Hepatology 1995; 22: 820-7.

Effects on the skin. Self-limiting skin reactions such as rash or
pruritus may occur in patients given diclofenac. More serious
skin reactions attributed to diclofenac include bullous dermatitis*
and erythema multiforme.3 Local irritation and necrosis has oc-
curred on intramuscular injection of diclofenac.*”

. Gabrielsen T@, et al. Drug-induced bullous dermatosis with lin-
ear IgA deposits along the basement membrane. Acta Derm Ve-
nereol (Stockh) 1981; 61: 439-41.

. Morris BAP, Remtulla SS. Erythema multiforme major follow-

ing use of diclofenac. Can Med Assoc J 1985; 133: 665.

Young J. Erythema multiforme-like eruption as a result of ‘So-

laraze’ treatment. J Dermatol Treat 2003; 14: 189

4. Stricker BHC, van Kasteren BJ. Diclofenac-induced isolated

myonecrosis and the Nicolau syndrome. Ann Intern Med 1992;

117: 1058.

Pillans PI, O’Connor N. Tissue necrosis and necrotising fasciitis

after intramuscular administration of diclofenac. Ann Pharmaco-

ther 1995; 29: 264-6.

Ezzedine K, et al. Nicolau syndrome following diclofenac ad-

ministration. Br J Dermatol 2004; 150: 385-7.

. Mutalik S, Belgaumkar V. Nicolau syndrome: a report of 2 cases.

J Drugs Dermatol 2006; 5: 377-8.

Hypersensitivity. Aspirin-sensitive asthmatic patients have
developed reactions (rhinorrhoea, tightness of chest, wheezing,
dyspnoea) when challenged with diclofenac in doses of 10 to
25 mg' and the UK CSM has received a report of an aspirin-sen-
sitive patient who died from acute asthma 4 hours after a single
25-mg dose of diclofenac.?

Anaphylactic shock has been reported.®

Szczeklik A, et al. Asthmatic attacks induced in aspirin-sensitive
patients by diclofenac and naproxen. BMJ 1977; 2: 231-2.

. CSM/MCA. Avoid all NSAIDs in aspirin-sensitive patients.
Current Problems 1993; 19: 8. Also available at:
http://www.mhra.gov.uk/home/idcplg?ldcService=GET
FILE&dDocName=CON2024455& RevisionSelectionMethod=
LatestReleased (accessed 01/11/07)

Dux S, et al. Anaphylactic shock induced by diclofenac. BMJ
1983; 286: 1861.
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Precautions

As for NSAIDs in general, p.98. Systemic diclofenac
is contra-indicated in patients with severe hepatic or re-
nal impairment.

In addition, use of intravenous diclofenac is contra-in-
dicated in patients with moderate or severe renal im-
pairment, hypovolaemia, or dehydration; it should also
not be given intravenously in patlents with a history of

The symbol T denotes a preparation no longer actively marketed
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haemorrhagic diathesis, cerebrovascular bleeding (in-
cluding suspected), or asthma nor in patients undergo-
ing surgery with a high risk of haemorrhage.

Ophthalmic preparations containing diclofenac should
not be used by patients who wear soft contact lenses.

Breast feeding. Diclofenac is distributed into breast milk al-
though the BNF and some licensed product information consider
the amount to be too small to be harmful to breast-fed infants.

Porphyria. Diclofenac sodium has been associated with acute
attacks of porphyria and is considered unsafe in porphyric pa-
tients.

Veterinary use. \eterinary use of diclofenac in cattle in South

Asia has been associated with severe decline in the numbers of

vultures, to whom the residues are highly toxic if they consume

the carcasses.?> Meloxicam (p.80) has been suggested as an al-
ternative.

1. Shultz S, et al. Diclofenac poisoning is widespread in declining
vulture populations across the Indian subcontinent. Proc Biol Sci
2004; 271 (suppl 6): S458-S460.

2. Sharp D. Meloxicam to prevent rabies? Lancet 2006; 367:
887-8.

Interactions
For interactions associated with NSAIDs, see p.99.

Diclofenac should not be given intravenously to pa-
tients already receiving other NSAIDs or anticoagu-
lants including low-dose heparin.

Ciclosporin. Deterioration in renal function has been attributed
to the use of diclofenac with ciclosporin.! Increased concentra-
tions of diclofenac were also noted with ciclosporin;? licensed
product information for ciclosporin recommends that the dosage
of diclofenac should be reduced by about one-half when the two
are given together.

. Branthwaite JP, Nicholls A. Cyclosporin and diclofenac interac-

tion in rheumatoid arthritis. Lancet 1991; 337: 252.

. Kovarik JM, et al. Cyclosporine and nonsteroidal antiinflamma-
tory drugs: exploring potential drug interactions and their impli-
cations for the treatment of rheumatoid arthritis. J Clin Pharma-
col 1997; 37: 336-43.

Diuretics. Deterioration in renal function has been attributed to

the use of diclofenac with triamterene.

1. Harkénen M, Ekblom-Kullberg S. Reversible deterioration of re-
nal function after diclofenac in patient receiving triamterene.
BMJ 1986; 293: 698-9.

Gastrointestinal drugs. A decrease in the plasma concentra-
tion of diclofenac has been reported® when given after sucralfate.
1. Pedrazzoli J, et al. Short-term sucralfate administration alters
potassium diclofenac absorption in healthy male volunteers. Br
J Clin Pharmacol 1997; 43: 104-108.

Lipid regulating drugs. Colestyramine appears substantially

to reduce the bioavailability of diclofenac when the two drugs are

given together;* colestipol produces a similar but smaller effect.

1. al-Balla SR, et al. The effects of cholestyramine and colestipol
on the absorption of diclofenac in man. Int J Clin Pharmacol
Ther 1994; 32: 441-5.

Misoprostol. The plasma concentration of diclofenac was re-

duced when it was given as a 100-mg dose daily in the form of a

modified-release preparation to subjects receiving misoprostol

800 micrograms daily.! Use together was also associated with an

increase in the incidence and severity of gastrointestinal effects.

Studies by the manufacturer? had failed to find any significant

pharmacokinetic interactions between diclofenac and misopros-

tol when given in a formulation containing diclofenac 50 mg and
misoprostol 200 micrograms.

. Dammann HG, et al. Differential effects of misoprostol and ran-
itidine on the pharmacokinetics of diclofenac and gastrointesti-
nal symptoms. Br J Clin Pharmacol 1993; 36: 345-9.

. Karim A. Pharmacokinetics of diclofenac and misoprostol when
administered alone or as a combination product. Drugs 1993; 45
(suppl 1): 7-14.

Parasympathomimetics. Licensed product information for

acetylcholine chloride ophthalmic preparations has stated that

there have been reports that acetylcholine and carbachol have
been ineffective when used in patients treated with topical (oph-
thalmic) NSAIDs.
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Pharmacokinetics

Diclofenac is rapidly absorbed when given as an oral
solution, sugar-coated tablets, rectal suppository, or by
intramuscular injection. It is absorbed more slowly
when given as enteric-coated tablets, especially when
this dosage form is given with food. Although di-
clofenac given orally is almost completely absorbed, it
is subject to first-pass metabolism so that about 50% of
the drug reaches the systemic circulation in the
unchanged form. Diclofenac is also absorbed percuta-
neously. At therapeutic concentrations it is more than
99% bound to plasma proteins. Diclofenac penetrates
synovial fluid where concentrations may persist even
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when plasma concentrations fall; small amounts are
distributed into breast milk. The terminal plasma half-
life is about 1 to 2 hours. Diclofenac is metabolised to
4'-hydroxydiclofenac, 5-hydroxydiclofenac, 3'-hy-
droxydiclofenac and 4',5-dihydroxydiclofenac. It is
then excreted in the form of glucuronide and sulfate
conjugates, mainly in the urine (about 60%) but also in
the bile (about 35%); less than 1% is excreted as
unchanged diclofenac.

¢ References.

1. Fowler PD, et al. Plasma and synovial fluid concentrations of
diclofenac sodium and its major hydroxylated metabolites dur-
ing long-term treatment of rheumatoid arthritis. Eur J Clin Phar-
macol 1983; 25: 389-94.

. Maggi CA, et al. Comparative bioavailability of diclofenac hy-
droxyethylpyrrolidine vs diclofenac sodium in man. Eur J Clin
Pharmacol 1990; 38: 207-8.

. Davies NM, Anderson KE. Clinical pharmacokinetics of di-

clofenac: therapeutic insights and pitfalls. Clin Pharmacokinet

1997; 33: 184-213.

Brenner SS, et al. Influence of age and cytochrome P450 2C9

genotype on the steady-state disposition of diclofenac and

celecoxib. Clin Pharmacokinet 2003; 42: 283-92.

. Hinz B, et al. Bioavailability of diclofenac potassium at low dos-
es. Br J Clin Pharmacol 2005; 59: 80-4.
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Uses and Administration

Diclofenac, a phenylacetic acid derivative, is an
NSAID (p.99). It is used mainly as the sodium salt for
the relief of pain and inflammation in various condi-
tions: musculoskeletal and joint disorders such as rheu-
matoid arthritis, osteoarthritis, and ankylosing spond-
ylitis; peri-articular disorders such as bursitis and
tendinitis; soft-tissue disorders such as sprains and
strains; and other painful conditions such as renal colic,
acute gout, dysmenorrhoea, migraine, and after some
surgical procedures. It has also been used in some
countries for the management of actinic keratoses and
fever. Eye drops of diclofenac sodium are used for the
prevention of intra-operative miosis during cataract ex-
traction, for the treatment of inflammation after sur-
gery or laser treatment of the eye, for pain in corneal
epithelial defects after surgery or accidental trauma,
and for the relief of ocular signs and symptoms of
seasonal allergic conjunctivitis.

The usual oral or rectal dose of diclofenac sodium is
75 to 150 mg daily in divided doses. In the UK the
maximum dose regardless of route or indication is
150 mg daily; however, in the USA a maximum oral
dose of 200 mg daily is allowed in the treatment of
rheumatoid arthritis. Modified-release preparations of
diclofenac sodium are available for oral use. Di-
clofenac has also been given in equivalent oral doses as
the free acid in dispersible preparations for short-term
treatment up to 3 months long. Diclofenac is also given
orally as the potassium salt. Doses of the potassium salt
are similar to those for diclofenac sodium. Diclofenac
potassium is also used in the treatment of migraine in
an initial dose of 50 mg taken at the first signs of an
attack; an additional dose of 50 mg may be taken after
2 hours if symptoms persist. If necessary further doses
of 50 mg may be taken every 4 to 6 hours to a maxi-
mum daily dose of 200 mg.

Diclofenac sodium may also be given by deep intra-
muscular injection into the gluteal muscle in a dose of
75 mg once daily or, if required in severe conditions,
75 mg twice daily. Diclofenac sodium may also be giv-
en as a continuous or intermittent intravenous infusion
in glucose 5% or sodium chloride 0.9% (both previous-
ly buffered with sodium bicarbonate) or as a bolus in-
travenous injection.. For the treatment of postoperative
pain a dose of 75 mg may be given over 30 to 120 min-
utes or as a bolus injection. The dose may be repeated
once after 4 to 6 hours if necessary. To prevent postop-
erative pain, an initial dose of 25 to 50 mg diclofenac
sodium may be given after surgery over 15 to 60 min-
utes followed by 5 mg/hour to a maximum of 150 mg
daily. Alternatively, the initial dose may be given as a
bolus injection over 5 to 60 seconds followed by addi-
tional injections up to the maximum daily dosage; this
may be repeated after 4 to 6 hours if necessary al-
though the total dose should not exceed the maximum
daily dose of 150 mg. The maximum period recom-
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mended for parenteral use is 2 days. Diclofenac sodi-
um is also used intramuscularly in renal colic in a dose
of 75 mg repeated once after 30 minutes if necessary.

For dosage details in children see below.

Diclofenac sodium is used as a 0.1% ophthalmic solu-
tion in a number of situations:

« for the prevention of intra-operative miosis during
cataract surgery, it is instilled in the appropriate eye
4 times during the 2 hours before surgery

for the treatment of postoperative inflammation after
cataract surgery, it is instilled 4 times daily for up to
28 days starting 24 hours after surgery

for the control of post-photorefractive keratectomy
pain, it is instilled twice in the hour before surgery,
then one drop twice at 5-minute intervals immediate-
ly after the procedure, and then every 2 to 5 hours
while awake for up to 24 hours

for pain control after accidental trauma one drop is
instilled 4 times daily for up to 2 days

in the treatment of inflammation and discomfort af-
ter strabismus surgery one drop is instilled 4 times
daily for the first week; this is reduced to 3 times dai-
ly in the second week, twice daily in the third week,
and as required for the fourth week

for the control of inflammation after argon laser
trabeculoplasty one drop is instilled 4 times during
the 2 hours before the procedure followed by one
drop 4 times daily for up to 7 days after the proce-
dure

for the treatment of pain and discomfort after radial
keratotomy one drop is instilled before surgery fol-
lowed by one drop immediately after surgery and
then one drop 4 times daily for up to 2 days

« to relieve symptoms of seasonal allergic conjunctivi-
tis one drop is instilled 4 times daily as necessary

Diclofenac diethylamine is used topically as a gel con-
taining the equivalent of 1% of diclofenac sodium for
the local symptomatic relief of pain and inflammation;
it is applied to the affected site 3 or 4 times daily; treat-
ment should be reviewed after 14 days or after 28 days
if used for osteoarthritis. A topical solution of di-
clofenac sodium 1.6% is also available for the treat-
ment of osteoarthritis in superficial joints such as the
wrist or knee; it is applied in small aliquots to achieve
a total of 20 or 40 drops, depending on the size of the
joint, and repeated four times daily. Diclofenac is also
used in the management of actinic keratoses; it is ap-
plied twice daily as diclofenac sodium gel 3% for 60 to
90 days but the optimum therapeutic effect may not be
seen until 30 days after the end of treatment. Di-
clofenac epolamine is also used topically as a plaster
containing the equivalent of 1% of diclofenac sodium
for local symptomatic pain relief in ankle sprain and
epicondylitis. In the treatment of ankle sprain, 1 plaster
is applied once daily for a maximum of 3 days and for
epicondylitis, 1 plaster is applied twice daily for a max-
imum of 14 days.

Diclofenac is available in combination with misopros-
tol (see p.2013) for patients at risk of NSAID-induced
peptic ulceration.

Administration. IN cHILDREN. In children 1 to 12 years old
the licensed UK oral or rectal dose of diclofenac sodium for
juvenile idiopathic arthritis is 1 to 3 mg/kg daily in divided
doses. In children 6 to 12 years old diclofenac sodium may
also be given rectally for the treatment of acute postoperative
pain, either alone or as an adjunct to opiate therapy; a usual
dose is 1 to 2 mg/kg daily in divided doses for a maximum of
4 days. The parenteral route is not licensed for use in children
although it has been used (see below).

The BNFC suggests slightly different doses of diclofenac sodi-
um: in the management of rheumatic disease, including juvenile
idiopathic arthritis, in children from 6 months of age, it recom-
mends an oral dose of 3 to 5 mg/kg daily, in 2 or 3 divided doses,
up to a maximum of 150 mg daily. For relief of pain and inflam-
mation in, for example, soft-tissue disorders, the recommended
oral or rectal dose in children from 6 months of age is 0.3 to
1 mg/kg given three times daily; children 2 years of age and older
may be given a similar dose once or twice daily by intravenous
infusion or deep intramuscular (gluteal) injection instead, for up

to 2 days. Again, a maximum daily dose of 150 mg should not be
exceeded.

Diclofenac potassium has also been used in children aged over
14 years for the treatment of rheumatic disease, musculoskeletal
disorders, and postoperative pain; it is given in an oral dose of 75
to 100 mg daily in 2 to 3 divided doses.

TopicAL. References to the use of plasters providing sustained
topical release of diclofenac epolamine, ¢ and a systematic
review of the use of a topical solution of diclofenac with
dimethyl sulfoxide to treat osteoarthritis.” The latter was
found to be effective and better tolerated than oral use.

1. Galeazzi M, Marcolongo R. A placebo-controlled study of the
efficacy and tolerability of a nonsteroidal anti-inflammatory
drug, DHEP plaster, in inflammatory peri- and extra-articular
rheumatological diseases. Drugs Exp Clin Res 1993; 19: 107-15.

. Dreiser RL, Tisne-Camus M. DHEP plasters as a topical treat-
ment of knee osteoarthritis—a double-blind placebo-controlled
study. Drugs Exp Clin Res 1993; 19: 117-23.

. Affaitati G, et al. Effects of topical diclofenac (DHEP plaster) on
skin, subcutis and muscle pain thresholds in subjects without
spontaneous pain. Drugs Exp Clin Res 2001; 27: 69-76.

. Jenoure P-J. Evaluation d’un anti-inflammatoire non stéroidien
topique dans le traitement de la douleur et de I’inflammation:
exemple de Flector Tissugel 1% dispositif local bioadhésif de
diclofénac épolamine. Presse Med 2004; 33: 10-13.

. Briihimann P, et al. Short-term treatment with topical diclofenac
epolamine plaster in patients with symptomatic knee osteoarthri-
tis: pooled analysis of two randomised clinical studies. Curr Med
Res Opin 2006; 22: 2429-38.

. Alessandri F, et al. Topical diclofenac patch for postoperative
wound pain in laparoscopic gynecologic surgery: a randomized
study. J Minim Invasive Gynecol 2006; 13: 195-200.

. Towheed TE. Pennsaid therapy for osteoarthritis of the knee: a
systematic review and metaanalysis of randomized controlled
trials. J Rheumatol 2006; 33: 567-73.

Actinic keratoses. Diclofenac sodium 3% in hyaluronic acid
gel is used™2 in the treatment of actinic keratoses (see Basal Cell
and Squamous Cell Carcinoma, p.673), and a meta-analysis*
found it to be of benefit, despite previous concerns that the prep-
aration may not be significantly more effective than hyaluronic
acid gel alone.® An open-label comparison involving 30 patients
with multiple actinic keratoses suggested that 90 days of treat-
ment with diclofenac sodium 3% gel (to lesions on one side of
the face and scalp) was better tolerated, but slightly less effective,
than 28 days of treatment with fluorouracil 5% cream (to lesions
on the other side).5

1. Rivers JK, McLean DI. An open study to assess the efficacy and
safety of topical 3% diclofenac in a 2.5% hyaluronic acid gel for
the treatment of actinic keratoses. Arch Dermatol 1997; 133:
1239-42.

2. Rivers JK, et al. Topical treatment of actinic keratoses with 3.0%
diclofenac in 2.5% hyaluronan gel. Br J Dermatol 2002; 146:
94-100.

3. Ulrich C, et al. Treatment of multiple actinic keratoses with top-
ical diclofenac 3% gel in organ transplant recipients: a series of
six cases. Br J Dermatol 2007; 156 (suppl 3): 40-2.

. Pirard D. et al. Three percent diclofenac in 2.5% hyaluronan gel
in the treatment of actinic keratoses: a meta-analysis of the re-
cent studies. Arch Dermatol Res 2005; 297: 185-9.

. McEwan LE, Smith JG. Topical diclofenac/hyaluronic acid gel in
the treatment of solar keratoses. Australas J Dermatol 1997; 38:
187-9.

6. Smith SR, et al. Bilateral comparison of the efficacy and tolera-

bility of 3% diclofenac sodium gel and 5% 5-fluorouracil cream
in the treatment of actinic keratoses of the face and scalp. J
Drugs Dermatol 2006; 5: 156-9.

Pain. Reviews.

1. Barden J, et al. Single dose oral diclofenac for postoperative
pain. Available in The Cochrane Database of Systematic Re-
views; Issue 2. Chichester: John Wiley; 2004 (accessed
07/11/06).

Preparations

BP 2008: Diclofenac Gel; Gastro-resistant Diclofenac Tablets; Prolonged-
release Diclofenac Capsules; Prolonged-release Diclofenac Tablets;

USP 31: Diclofenac Potassium Tablets; Diclofenac Sodium Delayed-release
Tablets; Diclofenac Sodium Extended-Release Tablets.

Proprietary Preparations (details are given in Part 3)

Arg.: Ainedif, Aktiosant; Aldoron NF; Algicler; Algioxib; Anaflex; Atomo
Desinflamante Geldic; Banoclus; Befol; Blokium; Calmoflex; Cataflam; Cur-
inflam; Damixat; Desinflamt; DFN; Diastone; Diclac; Diclogesic; Diclogrand;
Diclomar; Diclonex; Difenac; Difenac Forte; Dilam; Dioxaflex; Disipan;
Dolo Tomanil; Dolofenac; Doloneitor; Dolvan; Doxtran; Faboflem; Flexin;
Flexiplen; Flogenact; Flogolisin; Flotact; Fluxpiren; Gel Antiinflamatoriot;
Gentisalyl; Iglodine; Imanol; Indofenot; Ingeclof; Klonafenac; Lenitilt; Leve-
dad; Lorbifenac; Metaflex NF; Miocalm; Nalgiflex; Natura Fenac; Norviken;
Oxa; Oxaprost; Pronix; Quer-Out; Rati Salil D; Rodinac; Salicrem Forte;
Silfox; Tomanil; Vesalion; Viartril NF; Vimultisa; Virobron Gel; Virobron NF;
Volforte; Voltaren; Voltaren Colirio; Voltaren Migra; Xedenol; Xinat; Aus-
tral.: Arthrotec; Clonac; Dencorub Anti-Inflammatoryt; Diclac; Diclohexal;
Dinac; Fenac; Imflac; Solaraze; Voltaren; Voltaren Ophtha; Austria: Ag-
ilomed; Algefit; Arthrotec; Dedolor; Deflamat; Deflamm; Diclac; Diclaxol;
Diclo-B; Diclobene; Diclomelan; Diclostad; Diclosyl; Difene; Dolo-Voltaren;
Dolpasse; Fenaren; Flector; Magluphent; Rheumabenet; Tratul; Voltaren;
Zymamed; Belg.: Arthrotec; Cataflam; Diclofemed; Diclotop; Docdiclofe;
Flector; Motifene; Polyflam; Voltapatch; Voltaren; Braz.: Ana-Flex; Artren;
Augelitt; Bel-Gelt; Benevran; Biofenac; Cataflam; Cataflex; Cataflexym; Cat-
algemt; Cinaflant; Clofarent; Clofent; Clofenak; Clofenid; Deltaflogin; Del-
taren; Desinflext; Diclact; Diclo P; Dicloff; Diclofent; Diclofenaxt; Diclog-
enom; Diclokaliumt; Diclonaco; Diclonatriumt; Diclonax; Diclonil;
Diclosodt; Diclosodico; Difenant; Dioxaflex; Dnaren; Dorflan; Dorgen;
Doriflant; Fenaflan; Fenaren; Fenburil; Fisioren; Fladon; Flamalgent; Flanakin;
Flanaren; Flexaminat; Flodin Duo; Flogan; Flogesict; Flogiren; Flogonact;
Flotac; Infladorent; Inflamax; Kindaren; Lifarent; Luparent; Maxilerg; Neo-
coflan; Neotaflan; Neotaren; Olfen; Optamaxt; Ortoflan; Poltax; Probenxil;
Prodofenaco; Profenact; Sintofenact; Sodix; Still; Tonaflant; Tricint: Ven-
drex; Voltaflan; Voltaflex; Voltaren; Voltaren Colirio; Voltrix; Canad.: Apo-
Diclo; Arthrotec; Diclotect; Novo-Difenac; Nu-Diclo; Pennsaid; Voltaren;
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Voltaren Ophtha; Chile: 3A Ofteno; Amofen; Artren; Autdol; Cataflam;
Deflamat; Diclotaren; Dicogel; Dignofenacts; Elitiran; Exflam; Flector; Flotac;
Lertus; Merpal; Noxiflex}; Oftic; Pirexyl; Piroflam; Pro Lertus; Sipirac; Tur-
bogesic; Voltaren; Cz.: Almiral; Apo-Diclo; Arthrotect; Diclofen; Di-
cloreum; DIKY; Dolmina; Dorosan; Felorant; Flector; Inflamact; Monoflam;
Myogit; Nacloff; Naklofen; Olfen; Rewodina; Uniclophen; Uno; Veral;
Voltaren; Denm.: Arthrotec; Diclodan; Diclogeat; Diclon; Difenet; Flector;
Modifenac; Solaraze; Voltaren; Vostar; Fin.: Arthrotec; Diclometin; Diclom-
ex; Eeze; Flector; Motifene; Solaraze; Trabonat; Voltaren; Fr.: Artotec; Flec-
tor; Solaraze; Voldal, Voltarendolo; Voltarene; Xenid; Ger.: Allvoran; Artho-
tec; Benfofent; Delphinact; Diclac; Diclo; Diclo-Divido; Diclo-Gel; Diclo-
Puren; Diclo-saar; Diclodoc; Diclofenbeta; Diclophlogontt; Difen; Dolgit-
Diclo; duravoltent; Effekton; Jenafenac; Jutafenac; Lexobenet; Monoflam;
Myogit; Rewodina; Sigafenact; Solaraze; Voltaren; Voltaren Ophtha; Gr.:
Anthraxiton; Arthrotec; Cataflamt; Clonact; Declofon; Delimon; Denaclof;
Diclofast; Diclophlogontt; Dicloplast; Difendt; Dinaclont; Evinopon; Eye-
clof, Fenoclof; Figrelt; Flefarmin; Optobet; Pengont; Pennsaid; Relipain;
Rheumavek; Ruvominox; Sfinac; Topalgon; Urigon; Vilacrilf; Vilonit; Voltaren;
Vurdon; Hong Kong: Almiral; Analpan; Apo-Diclo; Arthrotec; Cataflam;
Clofec; Clofenac; Curinflam; Diclo-Denk; Diclofen; Diclogesic; Diclowalt;
Difenac; Difenol; Erdon; Eurofenac; Flector; Flogofenac; Grofenac; Inflanac;
Novo-Difenact; Olfen; Remafen; Remethan; Ren; Rhemofenax; Uniren;
Vartelon; Voltaren; Voltaren Ophtha; Votalen; Zolterol; Hung.: Cataflam;
Diclac; Diclomel; Flameril; Flector; Fortedol; Huma-Difenact; Olfent; Ver-
alf; Voltaren; Voltaren Ophta; India: Cofenac; Diclomol; Diclonac; Di-
clorant; Doflex; Dolocide K; Dolocide Plus; Esgipyrin DS; Fenlodact; Fen-
saidet; I-Gesic; Jonac; K-Fenac; Nac; Nac Gel; Oxalgin; Oxalgin-D; Oxalgin-
SR; Profenac; Reactine; Relaxyl; Solunac; Tromagesic; Tromax; Voveran; In-
don.: Abdiflam; Alflam; Atranac; Berifen; Cataflam; Catanac; Deflamat; Di-
cloflam; Diclomec; Diflam; Divoltar; Eflagen; Exaflam; Fenaren; Fenavel;
Flamar; Flamenac; Kadiflam; Kaflam; Kamaflam; Klotaren; Laflanac; Linac;
Matsunaflam; Merflam; Nadifen; Neurofenac; Nichoflam; Nilaren; Potazen;
Prostanac; Provoltar; Reclofen; Renadinac; Renvol; Scanaflam; Scantaren;
Tirmaclo; Valto; Volmatik; Voltadex; Voltaren; Voltaren Ophtha; Voren; X-
Flam; Xepathritis; Yariflam; Zegren; Irl.: Arthrotec; Cataflam; Diclac; Diclo;
Diclomax; Diclomel; Difene; Solaraze; Vologent; Voltarol; Voltarol Ophtha;
Israel: Abitren; Arthrotec; Betaren; Cataflam; Dicloplast; Diclorengel;
Olfen; Voltaren; Voltaren Ophtha; Ital.: Algosenac; Artrofenact; Artrotec;
Dealgic; Deflamat; Diclocular; Diclofan; Dicloftil; Dicloral; Dicloreum; Di-
clotears; Dolaut; Doroxan; Dropflam; Fenadol; Fender; Flector; Flogofenac;
Forgenac; Itami; Leviogel; Lisiflent; Misofenac; Molfenac; Novapirina;
Pennsaid; Ribex Flut; Solaraze; Topfans; Voltadol; Voltaren; Voltfast; Zero-
flog; Jpn: Anavan; Malaysia: Almiral; Apo-Diclot; Cataflam; Clofec;
Clofenac; Difnal; Fenac; Fenadiumt; Inflanac; Lesflam; Neo-Pyrazon; Olfen;
Remafent; Remethan; Rhewlint; Takst; Uniren; Voltaren; Voren; Wari-Di-
clowalt; Zolterol; Mex.: 3A Ofteno; Alsidexten; Ariflam; Artrenac; Ar-
trenac Pro; Artrene; Artrotec; Atalak; Cataflam; Clo-Far; Clonodifen; Coral;
Deflox; Dicfafena; Diclac; Dicloran; Diclosol; Dioxaflex; Dirret; Docril;
Dofen; Dolaren; Dolflam; Dolofenac; Doltarac; Evadol; Fenagel; Fenalgin;
Fervex; Flamydol; Flamygel; Flankol; Flogoken; Flotac; Fortical; Fustaren; Gal-
edol; Hipo Sport; Lertus; Lifenac; Liroken; Lodyfen; Logesict; Lonatec; Lu-
fac-Z; Mafena; Manacon; Merxil; Metracin; Musol, Nediclon; Neo-Dolaren;
Pharmaflam; Practiser; Precifenac; Selectofen; Solof; Still; Uni-Fenilf; Viema-
fen; Volfenac; Voltaren; Neth.: Arthrotec; Artrotec; Cataflam; [tami; Mis-
ofenac; Naclof, Normulen; Otriflu; Voltaren; Norw.: Arthrotec; Cataflam;
Modifenac; Otriflu; Solaraze; Voltaren; Voltaren Ophtha; NZ: Apo-Diclo;
Cataflam; Diclax; Diclohexal; Flameril; Voltaren; Voltaren Ophtha; Voltfast;
Philipp.: Acuflam; Cataflam; Clofenix; Clofil; Clonaren; Difenax; Diflapane;
Doloflam; Dycon; Eslofen; Fenaspec; Lobafen; Lofenax; Neo-Pyrazon;
Nepenthe; Parafortan; Rheuflam; Uniclonax; Volfenn; Voltaren; Voren; Zo-
bid; Pol.: Apo-Diclo; Arthrotec; Cataflam; Diclac; Diclober!; DicloDuo; Di-
cloratio; Dicloreum; Difadol; Diklonat P; Dikloziaja; Felogel; Majamil; Naclof;
Naklofen; Olfen; Ratiogel; Rewodina; Veral; Voltaren; Voltenac; Port.: Ar-
throtec; Cataflam; Clofen; Dicloabak; Diclodent; Dicloftal; Diclospray; Di-
clotec; Difnan; Dofene; Dolacen; Dorcalor; Fenac; Fenil-V; Flameril; Flector;
Olfen; Otriflu; Painex; Pennsaid; Solaraze; Voltaren; Rus.: Almiral
(Aammpan); Apo-Diclo (Ano-ankao); Arthrotec (AptpoTek)t; Diclac
(Amkaak); Diclo-F (Aukao-¢); Diclobene (Amkaobere); Dicloberl
(Anknobepa); Diclonat (AukaowaT); Dicloran (Aukaopar); Diclovit
(Anrnosu); Feloran (Desopar)T; Naclof (Hakaod); Naklofen (Hakaoden);
Naklofen Duo (Haxnodper Ayo); Rapten Rapid (Panten Panua); Voltaren
(BonbTapen); S.Afr.: Adco-Clofelam; Arcanafenac; Arthrotec; Arthru-
Derm; Cataflam; Dicloflam; Diclohexal; Dynak; Flexagen; Fortfen; Infla-Ban;
K-Fenak; Panamor; Pharmaflamt; Veltex; Voltaren; Voltaren Ophtha; Singa-
pore: Almiral; Cataflam; Clofec; Clofenac; Diclo; Diclo-Denkt; Dicloran; Di-
clowal}; Difenac; Difnal; Inac; Inflanac; Lesflam; Neo-Pyrazont; Olfen; Pri-
taren; Remafen; Remethant; Rhewlin; Ultrafen; Uniren; Voltaren; Voltaren
Ophtha; Voren; Zolterol; Spain: Artrotec; Di Retard; Dolo Nervobion;
Dolo-Voltaren; Dolotren; Luase; Normulen; Sulexon; Voltaren; Swed.: Ar-
throtec; Flector; Modifenact; Solaraze; Voltaren; Voltaren Ophtha; Voltaren
T, Switz.: Agofenact; Arthrotec; Athrofen; Deflamatt; Diclac; diclo-basan;
Diclot; Diclosifar; Ecofenac; Effigel; Flector; Fortenac; Grofenac; Inflamac;
Olfen; Primofenac; Relova; Tonopan; Vifenac; Voltaren Dolo; Voltaren
Emulgel; Voltaren Ophta; Voltarene; Thai.: Almiralt; Ammi-Votara; Ammi-
nac; Arclonac; Arthrotect; Cataflam; Catanac; Cencenag; Chinclonac;
Clofec; Clofon; Demac; Diclofent; Diclogel; Diclolan; Diclomol; Diclosian;
Difelenet; Difen; Difenac; Difengesic; Difeno; Dinac; Dinefect; Dosanac;
Fenac; Fenagel; Flexy; Inflanac; Lesflam; Lofenac; Masaren; Medarent; My-
fenax; Myonac; N-Zen; Naclof; Olfent; Ostaren; Posnac; Putarent; Remeth-
an; Rhumanol, Rumatabt; Sefnac; Silflamt; Subsyde; Taks; Tarjent; Tarjena;
Uniren; Vasalen; Veenac; Ventarone; Volfenac; Volnac; Volta; Voltanac;
Voltaren; Volverac; Votamed; Turk.: Actinoma; Cataflam; Deflamat; Diclo-
flam; Diclomec; Difenak; Dikloron; Dolorex; Inflased; Kalidren; Miyadren;
Voltaren; Voltaren Ophta; UAE: Clofen; UK: Acoflamt; Arthrotec;
Defanac; Defenac; Dexomon; Dicloflex; Diclomax; Diclovol; Diclozip; Dy-
loject; Econac; Fenactol; Flamatak; Flamrase; Lofensaidt; Motifene; Pennsaid;
Rheumatac; Rhumalgan; Slofenac; Solaraze; Volraman; Volsaid; Voltarol;
Voltarol Ophtha; USA: Arthrotec; Cataflam; Flector; Solaraze; Voltaren;
Venez.: 3A Ofteno; Arthrotec; Artren; Campal; Cataflam; Clofen;
Clofenac; Diagesic; Diclofen P; Diclosal; Diclostant; Difenac; Diklason; Di-
ralon; Dival; Doltrent; Flogaren; Flotac; Klafenac; Viavox; Voltaren; Volten;
Votaxil.

Multi-ingredient: Arg.: Albesine Biotic; Algicler; Algio Nervomax; Algio
Nervomax Fuerte; Amixen Plus; Befol Plus; Belmalen; Blokium B12; Blokium
Flex; Blokium Gesic; Corteroid Gesic; Curinflam Plus; Delta Tomanil B12;
Desinflam Biotict; Diclogesic Forte; Diclogesic Plus B12; Diclogesic Relax;
Diclomar Flex; Diclonex Relax; Dioxaflex B12; Dioxaflex Forte; Dioxaflex
Gesic; Dioxaflex Plus; Dolo Nervobion; Dolo Nervobion 10000; Dolvan
Flex; Doxtran B12; Doxtran Flex; Doxtran Gesic; Flaval; Glifapen; Hyanact;
Iglodine Flex; Ingebrax; Lertus Biotict; Metaflex Gesic; Metaflex Plus NF;
Meticil; Mio Aldoron NF; Mio-Virobron NF; Nalgiflex Relax; Oxa B12; Oxa
Forte; Oxa Sport; Oxadisten; Oxafem; Oxagesic; Pancloflex; Panclogesic;
Rodinac B12; Rodinac Biotic; Rodinac Flex; Rodinac Gesic; Silfox Flex; Tafirol
Artro; Tobradiclo; Tobratlas; Tomanil Flex; Vesalion B12; Vesalion Flex; Ve-
salion Gesic; Viartril Flex; Virobron B12 NF; Voltaren Flex; Voltaren Forte;
Xedenol B12; Xedenol Flex; Xedenol Gesic; Austria: Diclovit; Dolo-Neu-

robion; Neodolpasse; Neurofenac; Voltamicin; Belg.: Ocubrax; Braz.: Algi-
Butazolont; Algi-Tanderilt; Beserol; Cedrilaxt; Codaten; Diclofetamol; Flex-
algin; Mioflex A; Sedilax; Tandene; Tanderalgin; Tandriflan; Tandrilax; Torsilax;
Trilaxt; Cz.: Neodolpasse; Voltamicint; Ger.: Combaren; Voltaren Plus;
Gr.: Tobrafen; Hong Kong: Neurofenact; Vartelon-B; Vidaclofen-Plus;
Hung.: Neodolpasse; Ocubraxt; Voltamicint; India: Actimol, Buta-Proxy-
von; Cip-Zox; Cipzen D; Cofenac; Diclogenta; Diclomol; Dicloran MS; Di-
cloran-At; Diclospa; Diser; Doflex Plus; Dolocide KP; Dolocide MR; DP
Gesic; Duoflam Gel; Esgipyrin; Fenaplus; Fenaplus-MR; Fensaide-P+; Flamar-
MX; Flanzen-D; Inflazone; Myospaz Forte; New Panazox; Nicip D; Omnigel;
Osteoflam-MR; Oxalgin-DP; Pacizox; Paracip Plus; Parvon Forte; Reactine
Forte; Reactine Plus; Relaxyl Plus; Spasmo-Proxyvon Forte; Systaflam; In-
don.: Dolofenac; Ital.: Voltamicint; Malaysia: Voren Plus; Mex.: Ariflam
Forte; Diclovith-B; Dolaren; Dolo-Neurobion; Dolo-Pangavit; Duciclon;
Duoflex; Empatil; Lertus CD; Ortocol; Tafirol AC; Trazinac; Tribedoce
Compuesto; Uni-Dox; Voltaren Forte; Pol.: Venozel; Rus.: Diclofenacol
(Avknoderaron); Dicloran Plus (Aukaopan [Maioc); Singapore: Vol-
tamicint; Spain: Ocubrax; Switz.: Tobrafen; Voltamicin; Turk.: Ocubrax;
Venez.: Combaren; Painfort; Todenac; Trazinac.

Diethylamine Salicylate

Diaethylamini Salicylas; Dietylaminsalicylat; Dietyyliamiinisalisy-
laatti; Salicilato de dietilamina; Salisilat Dietilamin.

Apaturamnn CaanumaaT; CaavumaaT AMsTrAaMmHA
CH;;NO3 =211.3.
CAS — 4419-92-5.

HO

CH; O

Pharmacopoeias. In Br. and Chin.
BP 2008 (Diethylamine Salicylate). White or almost white,
odourless or almost odourless crystals. Very soluble in water;
freely soluble in alcohol and in chloroform. Protect from light.
Avoid contact with iron or iron salts.

Profile

Diethylamine salicylate is a salicylic acid derivative used topi-
cally in rubefacient preparations similarly to methyl salicylate
(p.85) for rheumatic and muscular pain.

Preparations
BP 2008: Diethylamine Salicylate Cream.

Proprietary Preparations (details are given in Part 3)

Belg.: Algesal; Canad.: Physiogesic; Fin.: Algesal; Hung.: Aciphen; India:
Multigesict; Ital.: Algesalt; Neth.: Algesal; Norw.: Algesal; Pol.: Saldiam;
Port.: Algicum; Algiderma; Massagim; Swed.: Algesal; Turk.: Algesal;
Reparil N; UK: Algesal; Lloyd's Cream; Venez.: Alesal.

Multi-ingredient: Arg.: Algesal; Cartiflex; Crema Antiinflamatoria; Fepar-
ilt; Rati Salil Flex; Salicrem; Austral.: Rubesal; Austria: Algesal, Derivon;
Dolo-Menthoneurin; Dolorext; Igitur-antirheumatische; Igitur-Rheumafluid;
Latesyl; Pasta rubra salicylata; Reparil; Rheugesal; Thermal, Belg.: Reparil;
Braz.: Reparil; Chile: Repariven; Cz.: Algesal; Reparil-Gel N; Fr.: Algesal
Suractive; Reparil; Traumalgyl; Ger.: Algesal; Algesalonat; Dolo-Menthone-
urint; Doloneurot; Reparil-Gel N; Gr.: Algesal Suractive; Ponostop; Hong
Kong: Reparil; Rubesal; Hung.: Algesal; Reparil N; Indon.: Algesal Super-
active; Ital.: Edeven; Reparil; Sedalpan; Via Mal Traumagel, Mex.: Algesalt;
Neth.: Algesal Forte; Norw.: Thermalf; Pol.: Reparil N; Port.: Algesal;
Latesil; Medalginan; Venoparil, S.Afr.: Reparil; Spain: Algesal; Contusin;
Doctomitilf; Dolmitin; Feparil; Radio Salil; Switz.: Algesalt; Algesalonat;
Mavena Proctal-Gen; Reparil, Thai.: Reparil; Veno Gel; Turk.: Algesal Su-
ractive; Prepagel; UAE: Rubicalm; UK: Fiery Jack; Transvasin Heat Spray;
Venez.: Lemazol.

Diflunisal AN, USAN, iNN)

Diflunisaali; Diflunisalis; Diflunisalum; Difluniszal; MK-647. 5-(2,4-
Difluorophenyl)salicylic acid.

AndayHncan

Ci3HgF,O5 = 250.2
CAS — 22494-42-4.
ATC — NO2BAI .

ATC Vet — QNOZBAT I.

COOH

F

Pharmacopoeias. In Chin., Eur. (see p.vii), and US.

Ph. Eur. 6.2 (Diflunisal). A white or almost white, crystalline
powder. Practically insoluble in water; soluble in alcohol; dis-
solves in dilute solutions of alkali hydroxides. Protect from light.
USP 31 (Diflunisal). A white to off-white, practically odourless,
powder. Insoluble in water and in hexane; freely soluble in alco-
hol and in methyl alcohol; soluble in acetone and in ethyl acetate;
slightly soluble in carbon tetrachloride, in chloroform, and in
dichloromethane.

The symbol T denotes a preparation no longer actively marketed

YV-#FYAALNY
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Adverse Effects and Treatment

As for NSAIDs in general, p.96. The commonest adverse effects
occurring with diflunisal are gastrointestinal disturbances, head-
ache, and rash. Peptic ulceration and gastrointestinal bleeding
have been reported. Dizziness, drowsiness, insomnia, and tinni-
tus may also occur.

Effects on the blood. Haematological adverse effects associ-
ated with diflunisal appear to be infrequent. Thrombocytopenia
associated with diflunisal-induced peripheral platelet destruction
has been reported in a patient with rheumatoid arthritis.* Heinz-
body haemolytic anaemia has also been reported, see Hypersen-
sitivity, below.
1. Bobrove AM. Diflunisal-associated thrombocytopenia in a pa-
tient with rheumatoid arthritis. Arthritis Rheum 1988; 31: 148-9.

Effects on the kidneys. Acute interstitial nephritis, presenting
as acute oliguric renal failure, erythroderma, and eosinophilia
has followed the use of diflunisal.t

1. Chan LK, et al. Acute interstitial nephritis and erythroderma as-
sociated with diflunisal. BMJ 1980; 280: 84-5.

Effects on the lungs. For reference to pneumonitis associated
with diflunisal therapy, see Hypersensitivity, below.

Effects on the skin. Reports of Stevens-Johnson syndrome as-

sociated with diflunisal % See also Hypersensitivity, below.

1. Hunter JA, et al. Diflunisal and Stevens-Johnson syndrome. BMJ
1978; 2: 1088.

2. Grom JA, et al. Diflunisal-induced erythema multiforme major.
Hosp Formul 1986; 21: 353-4

Hypersensitivity. Three cases of hypersensitivity to diflunisal

in which the main clinical features were fever, elevated liver en-

zyme values, erythroderma, and eosinophilia, have been report-

ed.! Heinz-body haemolytic anaemia occurred in one of the pa-

tients. Other hypersensitivity reactions associated with diflunisal

therapy have included pneumonitis? and fulminant necrotising

fasciitis.?

1. Cook DJ, et al. Three cases of diflunisal hypersensitivity. Can
Med Assoc J 1988; 138: 1029-30.

2. Rich MW, Thomas RA. A case of eosinophilic pneumonia and
vasculitis induced by diflunisal. Chest 1997; 111: 1767-9.

3. Krige JEJ, et al. Necrotising fasciitis after diflunisal for minor
injury. Lancet 1985; ii: 1432-3.

Overdosage. Diflunisal poisoning has sometimes been fatal.1?

A dose of 15 g has been reported to have caused death when no

other drugs were involved but a dose of 7.5 g has also been fatal

when taken with other drugs.

. Court H, Volans GN. Poisoning after overdose with non-steroi-
dal anti-inflammatory drugs. Adverse Drug React Acute Poison-
ing Rev 1984; 3: 1-21.

2. Levine B, et al. Diflunisal related fatality: a case report. Forensic

Sci Int 1987; 35: 45-50.

-

Precautions

As for NSAIDs in general, p.98. Diflunisal may need to be given
in reduced dosage in patients with significant renal impairment
and should not be given when renal impairment is severe. Aspi-
rin and other acetylated salicylates are not recommended for use
in children unless specifically indicated, because of the risk of
Reye’s syndrome. Although this precaution has not been specif-
ically extended to diflunisal it is not generally licensed for use in
children.

Interactions
For interactions associated with NSAIDs, see p.99.

Aspirin may produce a small decrease in the plasma concentra-
tion of diflunisal. Diflunisal has been reported to increase the
plasma concentrations of indometacin and paracetamol; diflunis-
al with indometacin has been associated with fatal gastrointesti-
nal haemorrhage and therefore the combination should not be
used. Regular use of antacids may reduce the absorption of dif-
lunisal.

Benzodiazepines. For the effect of diflunisal on plasma con-
centrations of oxazepam, see p.989.

Probenecid. Average steady-state plasma concentrations of di-
flunisal were increased by 65% when it was given with probene-
cid.! This was due mainly to reduced formation of the phenolic
and acyl glucuronides. However, plasma concentrations of these
glucuronides and the sulfate conjugate were also increased even
more because probenecid also reduced their renal clearance.
1. Macdonald JI, et al. Effect of probenecid on the formation and
elimination kinetics of the sulphate and glucuronide conjugates
of diflunisal. Eur J Clin Pharmacol 1995; 47: 519-23.

Pharmacokinetics

Diflunisal is well absorbed from the gastrointestinal tract and
peak plasma concentrations occur about 2 to 3 hours after inges-
tion of a single dose. It is more than 99% bound to plasma protein
and has a plasma half-life of about 8 to 12 hours. Diflunisal ex-
hibits non-linear pharmacokinetics so that doubling the dose
more than doubles drug accumulation. Due to the long half-life
and non-linear kinetics, several days are required to reach steady-
state plasma concentrations after multiple dosing. The time to
steady-state concentrations can be reduced by giving an initial
loading dose. Concentrations of diflunisal in synovial fluid reach
about 70% of those in plasma. Diflunisal is excreted in the urine
mainly as glucuronide conjugates. Some biliary recycling may
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also occur. Diflunisal is distributed into breast milk with concen-
trations reported to be about 2 to 7% of those in plasma.

¢ References.

1. Loewen GR, et al. Effect of dose on the glucuronidation and sul-
phation kinetics of diflunisal in man: single dose studies. Br J
Clin Pharmacol 1988; 26: 31-9.

. Eriksson L-O, et al. Influence of renal failure, rheumatoid arthri-
tis and old age on the pharmacokinetics of diflunisal. Eur J Clin
Pharmacol 1989; 36: 165-74.

. Verbeeck RK, et al. The effect of multiple dosage on the kinetics

of glucuronidation and sulphation of diflunisal in man. Br J Clin

Pharmacol 1990; 29: 381-9.

Macdonald JI, et al. Sex-difference and the effects of smoking

and oral contraceptive steroids on the kinetics of diflunisal. Eur

J Clin Pharmacol 1990; 38: 175-9.

. Nuernberg B, et al. Pharmacokinetics of diflunisal in patients.
Clin Pharmacokinet 1991; 20: 81-9.

Uses and Administration

Diflunisal is a salicylic acid derivative (see Aspirin, p.23) but it
is not hydrolysed to salicylate and its clinical effects resemble
more closely those of propionic acid derivative NSAIDs such as
ibuprofen (p.65). Diflunisal is given in the acute or long-term
management of mild to moderate pain, and pain and inflamma-
tion associated with osteoarthritis and rheumatoid arthritis. The
usual initial oral dose for pain relief is 1 g followed by a mainte-
nance dose of 500 mg every 12 hours. In some patients 250 mg
every 8 to 12 hours may be sufficient but others may require
500 mg every 8 hours. Maintenance doses greater than 1.5 g dai-
ly are not recommended. The usual oral dose for arthritis is
500 mg to 1 g daily in 2 divided doses. Doses may need to be
reduced in patients with renal impairment, see below.

Diflunisal arginine has been used similarly given by mouth or by
intramuscular or intravenous injection.
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Administration in renal impairment. Diflunisal may need
to be given in reduced dosage in patients with significant renal
impairment and should not be given when renal impairment is
severe.

Preparations

BP 2008: Diflunisal Tablets;
USP 31: Diflunisal Tablets.

Proprietary Preparations (details are given in Part 3)

Austral.: Dolobidt; Austria: Fluniget; Belg.: Biartact; Diflusal, Denm.:
Donobidt; Fin.: Donobidt; Fr.: Dolobist; Gr.: Analeric; Irl.: Dolobidt; Is-
rael: Dolobidf; Ital.: Artrodol; Dolobid{; Mex.: Dolobidt; Neth.: Dolo-
bid; Dolocid; Norw.: Donobid; Port.: Dolobidt; Flunidort; Spain: Dolo-
bid; Swed.: Donobid; Switz.: Unisalt; Thai.: Dolobid; Turk.: Dolphin; UK:
Dolobidt; USA: Dolobidt; Venez.: Dolobid.

Dihydrocodeine Phosphate

(BANM, INNM)

Dihydrocodéine, Phosphate de; Dihydrocodeini Phosphas; Fos-
fato de dihidrocodeina; Hydrocodeine Phosphate.
Avrnapokoaenta Qocdat

CgH3NO3,H3PO, = 399.4.

CAS — 24204-13-5.

ATC — NO2AA08.

ATC Vet — QNO2AA08.

H3CO

NCH3

(dihydrocodeine)

Pharmacopoeias. In Jpn.

Dihydrocodeine Tartrate BANM, iINNMV)

Dihidrokodein-hidrogén-tartrdt; Dihidrokodeino-vandenilio tar-
tratas; Dihydrocodeine  Acid  Tartrate;  Dihydrocodeine
Bitartrate; Dihydrocodeine Hydrogen Tartrate; Dihydrocodéine,
hydrogénotartrate de; Dihydrocodéine, Tartrate de; Dihydroco-
deini Bitartras; Dihydrocodeini hydrogenotartras; Dihydrocodei-
ni Tartras; Dihydrokodeiinivetytartratti; Dihydrokodein-tartardt;
Dihydrokodeinvétetartrat; ~ Dihydrokodeiny — wodorowinian;
Drocode Bitartrate; Hydrocodeine Bitartrate; Tartrato de dihid-
rocodeina. 4,5-Epoxy-3-methoxy-|7-methylmorphinan-6-ol hy-
drogen tartrate.

AnrnapokoasenHa TapTpat

CgH3NO;3,C4HO, = 451.5.

CAS — 125-28-0 (dihydrocodeine); 5965-13-9 (dihydroc-
odeine tartrate).

TYV\-FFIAALNY

NoTeE. Compounded preparations of dihydrocodeine tartrate may
be represented by the following names:

 Co-dydramol (BAN)—dihydrocodeine tartrate 1 part and pa-
racetamol 50 parts (w/w).
The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of dihydrocodeine tar-
trate:
DFs; Diffs; Duncan Flockharts.
Pharmacopoeias. In Eur. (see p.vii) and US.
Ph. Eur. 6.2 (Dihydrocodeine Hydrogen Tartrate; Dihydroco-
deine Tartrate BP 2008). A white or almost white crystalline
powder. Freely soluble in water; sparingly soluble in alcohol;
practically insoluble in cyclohexane. A 10% solution in water
has a pH of 3.2 to 4.2. Protect from light.
USP 31 (Dihydrocodeine Bitartrate). pH of a 10% solution in
water is between 3.2 and 4.2. Store in airtight containers.

Dependence and Withdrawal

As for Opioid Analgesics, p.101.

Dihydrocodeine has been subject to abuse (see under
Precautions, below).

Adverse Effects and Treatment

As for Opioid Analgesics in general, p.102; adverse ef-
fects of dihydrocodeine are less pronounced than those
of morphine.

Overdosage. A 29-year-old man who had taken 2.1 g of dihy-

drocodeine had biochemical evidence of acute renal and hepatic

impairment when admitted 13 hours after the overdose.! Severe

life-threatening respiratory depression subsequently developed

36 hours after the overdose and only responded to treatment with

naloxone after large doses (a total of 46.6 mg of naloxone) over

a long period (106 hours). Commenting on this report some

questioned the evidence for hepatic impairment and considered

that the raised liver enzyme values were of muscular origin as a

result of rhabdomyolysis.2* Rhabdomyolysis may also have

contributed to renal failure.

An anaphylactoid reaction after an overdose with an unspecified

number of dihydrocodeine tablets® appeared to respond to intra-

venous naloxone.

1. Redfern N. Dihydrocodeine overdose treated with naloxone in-
fusion. BMJ 1983; 287: 751-2.

2. Buckley BM, Vale JA. Dihydrocodeine overdose treated with
naloxone infusion. BMJ 1983; 287: 1547.

3. Blain PG, Lane RIM. Dihydrocodeine overdose treated with
naloxone infusion. BMJ 1983; 287: 1547.

4. Wen P. Dihydrocodeine overdose treated with naloxone infusion.
BMJ 1983; 287: 1548.

5. Panos MZ, et al. Use of naloxone in 0p|0|d induced anaphylac-
toid reaction. Br J Anaesth 1988; 61: 3

Pain. For reference to increased postoperative pain associated
with the use of dihydrocodeine, see under Uses and Administra-
tion, below.

Precautions
As for Opioid Analgesics in general, p.103.

Abuse. Dihydrocodeine has been reported to be widely abused

by opiate addicts.**

1. Swadi H, et al. Misuse of dihydrocodeine tartrate (DF 118)
among opiate addicts. BMJ 1990; 300: 1313.

. Robertson JR, et al. Misuse of dihydrocodeine tartrate (DF 118)
among opiate addicts. BMJ 1990; 301: 119.

3. Strang J, et al. Misuse of dihydrocodeine tartrate (DF 118)
among opiate addicts. BMJ 1990; 301: 119.

. Seymour A, et al. The role of dihydrocodeine in causing death
among drug users in the west of Scotland. Scott Med J 2001; 46:
143-6.

The elderly. Despite some renal impairment an elderly group
of patients® appeared to handle dihydrocodeine similarly to
healthy young subjects. There was marked variability in all
measurements and on the basis of this study no clear conclusions
on guidelines for dosage in elderly patients could be drawn.
However, the recommendation that small doses be given initially
with subsequent doses according to response was endorsed.
1. Davies KN, et al. The effect of ageing on the pharmacokinetics
of dihydrocodeine. Eur J Clin Pharmacol 1989; 37: 375-9.
Renal impairment. Caution is necessary when giving dihy-
drocodeine to patients with severe renal impairment. Severe nar-
cosis occurred in a patient with anuria and on maintenance
haemodialysis after she had received dihydrocodeine orally for 4
days.! She responded to treatment with naloxone.
See also under Pharmacokinetics, below.

1. Barnes JN, Goodwin FJ. Dihydrocodeine narcosis in renal fail-
ure. BMJ 1983; 286: 438-9.
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Interactions
For interactions associated with opioid analgesics, see
p.103.

Quinidine. Dihydrocodeine is metabolised via the cytochrome
P450 isoenzyme CYP2D6 to active metabolites, which may per-
haps play a role in its analgesic activity in extensive metabolis-
ers; quinidine impairs this metabolism, but a study in 11 healthy

subjects did not find any reduced analgesic activity when dihy-

drocodeine was given with quinidine, despite a three- to fourfold

reduction in plasma concentrations of the metabolite dihydro-
morphine.*

1. Wilder-Smith CH, et al. The visceral and somatic antinocicep-
tive effects of dihydrocodeine and its metabolite, dihydromor-
phine: a cross-over study with extensive and quinidine-induced
poor metabolizers. Br J Clin Pharmacol 1998; 45: 575-81.

Pharmacokinetics

After oral doses peak concentrations of dihydroco-
deine occur after about 1.2 to 1.8 hours; oral bioavaila-
bility is only about 20%, probably because of substan-
tial first-pass metabolism in the gut wall or liver.
Dihydrocodeine is metabolised in the liver via the cy-
tochrome P450 isoenzyme CYP2D6, to dihydromor-
phine, which has potent analgesic activity, although the
analgesic effect of dihydrocodeine appears to be pri-
marily due to the parent compound; some is also con-
verted via CYP3A4 to nordihydrocodeine. Dihydroco-
deine is excreted in urine as unchanged drug and
metabolites, including glucuronide conjugates. Elimi-
nation half-life is reported to range from about 3.5t0 5
hours.

¢ References.

1. Rowell FJ, et al. Pharmacokinetics of intravenous and oral dihy-
drocodeine and its acid metabolites. Eur J Clin Pharmacol 1983;
25: 419-24.

Fromm MF, et al. Dihydrocodeine: a new opioid substrate for the
polymorphic CYP2D6 in humans. Clin Pharmacol Ther 1995;
58: 374-82.

Ammon S, et al. Pharmacokinetics of dihydrocodeine and its ac-
tive metabolite after single and multiple dosing. Br J Clin Phar-
macol 1999; 48: 317-22.

Webb JA, et al. Contribution of dihydrocodeine and dihydromor-
phine to analgesia following dihydrocodeine administration in
man: a PK-PD modelling analysis. Br J Clin Pharmacol 2001;
52: 35-43.

Renal impairment. The pharmacokinetics of dihydrocodeine
tartrate, given as a single oral 60-mg dose, were affected in 9
patients with chronic renal failure treated with haemodialysis
when compared with 9 healthy subjects.® Time to peak plasma
concentration in those with renal failure was 3 hours compared
with 1 hour in healthy subjects; the area under the plasma con-
centration-time curve was greater in those with renal failure; and
after 24 hours dihydrocodeine was still detectable in the plasma
of all renal failure patients, but in only 3 of the healthy subjects.
1. Barnes JN, et al. Dihydrocodeine in renal failure: further evi-
dence for an important role of the kidney in the handling of opi-
oid drugs. BMJ 1985; 290: 740-2.
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Uses and Administration

Dihydrocodeine is an opioid analgesic (p.104). Itis re-
lated to codeine (p.38) and has similar analgesic activ-
ity. Dihydrocodeine is used for the relief of moderate to
severe pain, often in combination preparations with pa-
racetamol. It has also been used as a cough suppres-
sant.

For analgesia the usual oral dose of dihydrocodeine
tartrate is 30 mg after food every 4 to 6 hours; up to
240 mg daily may be given for severe pain. Modified-
release preparations are available for twice daily dos-
age in patients with chronic severe pain.
Dihydrocodeine tartrate may also be given by deep
subcutaneous or intramuscular injection in doses of up
to 50 mg every 4 to 6 hours.

For details of doses in children, see below.

As a cough suppressant dihydrocodeine tartrate may
be given in oral doses of 10 to 30 mg up to three times
daily.

Dihydrocodeine phosphate has also been used. Other
salts of dihydrocodeine used, mainly for their antitus-
sive effects, include the hydrochloride, the polistirex,
and the thiocyanate. Dihydrocodeine polistirex has
also been used in modified-release preparations.
Administration in children. In the UK, dihydrocodeine
tartrate may be given orally, or by deep subcutaneous or intra-
muscular injection, for analgesia in children aged from 4 to 12
years in usual doses of 0.5 to 1 mg/kg (to a maximum of 30 mg)
every 4 to 6 hours; older children may be given the usual adult
dose (see above). Although unlicensed in children under 4 years,
the BNFC suggests giving those aged 1 to 4 years
500 micrograms/kg every 4 to 6 hours.

Dyspnoea. Dihydrocodeine has been reported® to have pro-
duced benefit in normocapnic patients severely disabled by
breathlessness due to chronic airflow obstruction. A dose of

uptodate.co
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15 mg was taken 30 minutes before exercise up to three times a

day.

1. Johnson MA, et al. Dihydrocodeine for breathlessness in ‘pink
puffers’. BMJ 1983; 286: 675-7.

Pain. Dihydrocodeine is used in the management of moderate to
severe pain. However, dose-related increase in postoperative
pain has been seen! in patients given 25 or 50 mg dihydroco-
deine tartrate intravenously after dental surgery, and it has been
proposed that dihydrocodeine might act as an antagonist in situ-
ations where acute pain was accompanied by high opioid activi-
ty.2 Systematic review of the use of single oral doses of dihydroc-
odeine has indicated that these are insufficient to provide
adequate relief of postoperative pain, and that dihydrocodeine is
less effective than ibuprofen.’

1. Seymour RA, et al. Dihydrocodeine-induced hyperalgesia in
postoperative dental pain. Lancet 1982; i: 1425-6.

Henry JA. Dihydrocodeine increases dental pain. Lancet 1982;
ii: 223.

Edwards JE, et al. Single dose dihydrocodeine for acute postop-
erative pain. Available in The Cochrane Database of Systematic
Reviews; Issue 2. Chichester: John Wiley; 2000 (accessed
26/06/08).

Preparations

e

w

BP 2008: Co-dydramol Tablets; Dihydrocodeine Injection; Dihydrocodeine
Oral Solution; Dihydrocodeine Tablets.

Proprietary Preparations (details are given in Part 3)

Austral.: Paracodin; Rikodeine; Austria: Codidol; Dehace; Paracodin;
Belg.: Codicontin; Paracodine; Cz.: DHC Continus; Fr.: Dicodin; Ger.:
DHGC, Paracodin; Paracodin N; Remedacent; Tiamon Mono; Gr.: Condug-
esict; Hong Kong: DF | 18; Hung.: DHC; Hydrocodin; Irl.: DF | 18; DHC
Continus; Paracodin; Ital.: Paracodina; Malaysia: Codesict; DF | 18; NZ:
DHC Continus; Pol.: DHC Continus; Port.: Didort; S.Afr.: DF | 18; Para-
codin; Spain: Contugesict; Paracodina; Tosidrin; Switz.: Codicontin; Para-
codin; UK: DF |18; DHC Continus.

Multi-ingredient: Arg.: Lentusin; Austral.: Codox; Austria: Paracodin;
Ger.: Antitussivum Burger Nit; Makatussin Tropfen fortet; Paracodin re-
tardt; Hong Kong: Codaewon; Irl.: Paramol, Ital.: Cardiazol-Paracodina;
Paracodina; Jpn: Colgen Kowa IB Toumei; Malaysia: Dihydrocodeine P;
Switz.: Escotussin; Makatussin Comp; Paracodin retardf; UK: Paramol;
Remedeine; USA: DHC Plus; DiHydro-CP; DiHydro-GP; DiHydro-PE; Du-
ohist DH; Novahistine DH; Pancof; Pancof PD; Pancof-EXP; Panlor; Synal-
gos-DC.

Dipipanone Hydrochloride BANM, iNNM)

Dipipanone, Chlorhydrate de; Dipipanoni Hydrochloridum; Hid-
rocloruro de dipipanona; Phenylpiperone Hydrochloride; Piperi-
dyl Methadone Hydrochloride; Piperidylamidone Hydrochlo-
ride. (+)-4,4-Diphenyl-6-piperidinoheptan-3-one hydrochloride
monohydrate.

AvnunaHoHa [napoxaopua,

CysH3 NOHCILH,O = 404.0.

CAS — 467-83-4 (dipipanone); 856-87-1 (dipipanone hy-
drochloride).

CHj

(dipipanone)

Pharmacopoeias. In Br.

BP 2008 (Dipipanone Hydrochloride). An odourless or almost
odourless, white, crystalline powder. Sparingly soluble in water;
freely soluble in alcohol and in acetone; practically insoluble in
ether. A 2.5% solution in water has a pH of 4.0 to 6.0.

Profile

Dipipanone hydrochloride is an opioid analgesic (p.101) struc-
turally related to methadone (p.82). Used alone it is reported to
be less sedating than morphine. It is used in the treatment of mod-
erate to severe pain.

Dipipanone hydrochloride is usually given in combination prep-
arations with the antiemetic cyclizine hydrochloride to reduce
the incidence of nausea and vomiting, but the use of such prepa-
rations is not recommended for the management of chronic pain,
as the antiemetic is usually only required for the first few days of
treatment. The usual oral dose of dipipanone hydrochloride is
10 mg, repeated every 6 hours. The dose may be increased if nec-
essary in increments of 5 mg; it is seldom necessary to exceed a
dose of 30 mg. After an oral dose the analgesic effect begins
within an hour and lasts about 4 to 6 hours.

Preparations of dipipanone hydrochloride with cyclizine hydro-
chloride are subject to abuse.

Preparations
BP 2008: Dipipanone and Cyclizine Tablets.
Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Hong Kong: Wellconalt; Irl.: Diconalt; S.Afr.: Well-
conal; UK: Diconal

Dipyrone (BAN, USAN)

Metamizole Sodium (pINN); Aminopyrine-sulphonate Sodium;
Analginum; Dipiron; Dipyron; Dipyroni; Dipyronum; Metamitsoli-
natrium; Metamizol; Metamizol sédico; Metamizol sodnd sdl
monohydrdt; Metamizol sodowy; Metamizol Sodyum; Métami-
zole sodique; Metamizolnatrium; Metamizol-ndtrium; Metamizo-
lo natrio druska; Metamizolum natricum; Metamizolum Natri-
cum Monohydricum; Methampyrone; Methylmelubrin; Natrium
Novaminsulfonicum; Noramidazophenum; Novamidazofen; No-
vaminsulfone Sodium; NSC-73205; Sodium Noramidopyrine
Methanesulphonate; Sulpyrine. Sodium N-(2,3-dimethyl-5-oxo-
|-phenyl-3-pyrazolin-4-yl)-N-methylaminomethanesulphonate
monohydrate.

MeTamuzon Hatpuin

C3H {N3NaO,S,H,O = 351.4.

CAS — 68-89-3 (anhydrous dipyrone); 5907-38-0 (dipy-
rone monohydrate).

ATC — NO02BB02.

ATC Vet — QNO2BB02.

NoTE. Confusingly the term dipyrone sodium also appears to be
used synonymously for dipyrone itself. Dipyrone is referred to in
some countries by the colloquial name ‘Mexican aspirin’. The
names noraminophenazonum and novaminsulfon have appar-
ently been applied to dipyrone, but it is not clear whether these
are the sodium salt.

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn.

Ph. Eur. 6.2 (Metamizole Sodium; Dipyrone BP 2008). A white
or almost white crystalline powder. Very soluble in water; solu-
ble in alcohol. Protect from light.

Adverse Effects and Precautions
Use of dipyrone is associated with an increased risk of agranulo-
cytosis and with shock.

O References.
1. Levy M. Hypersensitivity to pyrazolones. Thorax 2000; 55 (sup-
pl 2): S72-574.
Effects on the blood. Data collected from 8 population groups
in Europe and Israel by the International Agranulocytosis and
Aplastic Anemia Study* revealed that there was a significant re-
gional variability in the rate-ratio estimate for agranulocytosis
and dipyrone (0.9 in Budapest to 33.3 in Barcelona). Although a
large relative increase in risk between agranulocytosis and use of
dipyrone was found, the incidence was less than some previous
reports had suggested.
Blood dyscrasias such as agranulocytosis and granulocytopenia
have continued to be reported where dipyrone remains availa-
ble.2”
1. The International Agranulocytosis and Aplastic Anemia Study.
Risks of agranulocytosis and aplastic anemia: a first report of
their relation to drug use with special reference to analgesics.
JAMA 1986; 256: 1749-57.
Hedenmalm K, Spigset O. Agranulocytosis and other blood dy-
scrasias associated with dipyrone (metamizole). Eur J Clin
Pharmacol 2002; 58: 265-74.
Maj S, Lis Y. The incidence of metamizole sodium-induced
agranulocytosis in Poland. J Int Med Res 2002; 30: 488-95.
. Maj S, Centkowski P. A prospective study of the incidence of
agranulocytosis and aplastic anemia associated with the oral use
of metamizole sodium in Poland. Med Sci Monit 2004; 10:
P193-P195.
Ibanez L, et al. Agranulocytosis associated with dipyrone (met-
amizol). Eur J Clin Pharmacol 2005; 60: 821-9.
Hamerschlak N, Cavalcanti AB. Neutropenia, agranulocytosis
and dipyrone. Sao Paulo Med J 2005; 123: 247-9.
Garcia S, et al. Dipyrone-induced granulocytopenia: a case for
awareness. Pharmacotherapy 2006; 26: 440-2.
Effects on the skin. Dipyrone has been considered responsible
for a case of drug-induced toxic epidermal necrolysis.*
1. Roujeau J-C, et al. Sjogren-like syndrome after drug-induced
toxic epidermal necrolysis. Lancet 1985; i: 609-11.

Hypersensitivity. Cross-sensitivity between aspirin and dipy-
rone occurred in a patient.* Dipyrone produced an exacerbation
of dyspnoea, cyanosis, and respiratory arrest.

1. Bartoli E, et al. Drug-induced asthma. Lancet 1976; i: 1357.

Porphyria. Dipyrone has been associated with acute attacks of
porphyria and is considered unsafe in porphyric patients.
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The symbol T denotes a preparation no longer actively marketed
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Pharmacokinetics

After oral doses dipyrone is rapidly hydrolysed in the gastroin-
testinal tract to the active metabolite 4-methyl-amino-antipyrine,
which after absorption undergoes metabolism to 4-formyl-ami-
no-antipyrine and other metabolites. Dipyrone is also rapidly
undetectable in plasma after intravenous doses. None of the
metabolites of dipyrone are extensively bound to plasma pro-
teins. Most of a dose is excreted in the urine as metabolites.
Dipyrone metabolites are also distributed into breast milk.

O References.

1. Heinemeyer G, et al. The kinetics of metamizol and its metabo-
lites in critical-care patients with acute renal dysfunction. Eur J
Clin Pharmacol 1993; 45: 445-50.

. Levy M, et al. Clinical pharmacokinetics of dipyrone and its me-
tabolites. Clin Pharmacokinet 1995; 28: 216-34.

. Zylber-Katz E, et al. Dipyrone metabolism in liver disease. Clin
Pharmacol Ther 1995; 58: 198-209.

Uses and Administration

Dipyrone is the sodium sulfonate of aminophenazone (p.19) and
has similar properties. Because of the risk of serious adverse ef-
fects, in many countries its use is considered justified only in se-
vere pain or fever where no alternative is available or suitable.
Dipyrone has been given orally in doses of 0.5 to 4 g daily in
divided doses. It has also been given by intramuscular or intrave-
nous injection and rectally as a suppository.

A magnesium congener of dipyrone, metamizole magnesium
has been used similarly to dipyrone as has the calcium congener
metamizole calcium.

Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Algiopirett; Analgina; Dioxadol, Dipigrand; Ditral; Integrobe; Lisalgil;
Novacler; Novalgina; Novemina; Unibios Simple; Austria: Inalgon Neu;
Novalgin; Spasmo Inalgon Neu; Belg.: Analgine; Novalgine; Braz.: Algirona;
Anador; Analgesil; Analgext; Apiron; Baralgin; Conmel; Difebril; Dipimax;
Dipirext; Dipiron; Dipironaxt; Dipix; Diprin; Doralext; Dorfebrilt; Dori-
lant; Dornalt; Dorona; Dorpinon; DS5007; Findort; Magnodort; Magnopy-
rol; Maxiliv; Multiralgim®; Nofebrin; Novagreen; Novalgext; Novalgina; Piro-
febrant; Pirogina; Prodopirona; Sifpironat; Termonal; Termopirona;
Termoprin; Toloxint; Zitalgint; Chile: Baralgina M; Conmel, Novalginat;
Cz.: Novalgin; Fr.: Novalginet; Ger.: Analgin; Berlosin; MetalginT; Nopain;
Novalgin; Novaminsulfon; Hong Kong: Metilont; Hung.: Algopyrin; Algo-
zone; Novalgin; Panalgorin; India: Novalgin; Indon.: Antalgin; Antrain; Cor-
nalgin; Foragin; Licogin; Norages; Novalgin; Panstop; Pragesol, Pyronal; Ro-
nalgin; Scanalgin; Unagen; Israel: Novalgin; Optalgin; Phanalgin; V-Talgin;
Ital.: Novalgina; Mex.: Alnex; Anaprol; Anapyrol; Apixolt; Avafontan; Av-
aldriant; Ayoral Simplet; Carofrilt; Conmel; Dalmasin; Dalsin; Defin; Dime-
tirol; Dipydol; Dofisan; Dolgan; Dolizol; Dolofur; Domenal; Exalgint; Exo-
dalina; Fandall; Fardolpin; Farlin; Indigon; Lozima; Mach-2; Macodin; Magnil;
Magnol; Magnolonas; Magnopyrol; Magsons; Mayoprina; Mecotent;
Medipirol; Mermid; Messelfenil; Metapirona; Midelin; Minoral; Mizoltec;
Modimet; Neo-Melubrina; Neomelin; Neosedal; Paleodina; Pifrol; Piramag-
not; Pirandall; Pirasod; Pirinovag; Piromebrina; Polorent; Precidona; Pro-
dolina; Prolubrin; Pyranol; Pyron; Suprin; Termonil; Utidol; Vegal; Neth.:
Novalgin; Pol.: Pyrahexal; Pyralgin; Pyralginum; Port.: Conmelt; Dolocal-
ma; Nolotil; Novalginaf; Rus.: Analgin (AxasbriH); Baralgin M (bapaarv
M); Spain: Algi; Citdolalt; Dolemicin; Lasain; Neo Melubrina; Nolotil;
Switz.: Minalgine; Novalgine; Thai.: Acodont; Centagin; Deparon; Gen-
ergin; Invoigin; Kno-Paine; Medalgint; Mezabox; Nivagin; Novalgin; Olan-
Gin; Turk.: Adepiron; Andolor; Baralgin M; Devaljin; Feninox; Geralgine;
Kafalgin; Nogesic; Novakom-S; Novalgin; Novo-Plan; Novopyrine; Sebon;
Veraljin; Urug.: Dolanet; Venez.: Bral, Buscadolt; Combanalf; Combaront;
Conmel;, Delsal; Dipamona; Dipidol; Klinomel; Nimelt; Novalt; Novalcina;
Piradrot; Piradrops Simplet; Promel; Rosadolt.

Multi-ingredient: Arg.: Antispasmina; Apasmo; Apasmo Compuesto;
Artifene; Bellatotal; Buscapina Compositum; Calmopirin; Canovext; Cifes-
pasmo Compuesto; Colobolina D; Craunt; Cronopen Balsamico; D-P+;
Dentolina Plus; Dextro + Dipirona; Dextrodip; Dioxadol; Dresan Biotict;
Dresant; Espasmo Biotenk; Espasmo Dioxadol; Fadagrip; Febrimicinat;
Flexicamin A; Gastrolina Compuesta; Gobbicalm; Integrobe Plus; Keptan
Compuestot; Klosidol, Klosidol Bl B6 BI2; Lisalgl Compuesto; Luar-G
Compositum; Migra Dioxadol; Migral; Migral Compositum; Multin; Novo-
pasmil Compuesto; Paratropina Compuesta; Pasmodina Compuesta; Pas-
mosedan Compuestot; Rupe-N Compuesto; Saldevat; Solacil; Sumal; Te-
tralgin; Tetralgin Novo; Vicefeno; Austria: Buscopan Compositum;
Spasmium comp; Belg.: Buscopan Compositum; Braz.: Algexin; Algice;
Aminocidt; Analgin C-R; Analgosedant; Analverin Compostot; Analverint;
Anapirolt; Baldin-CEf; Banidort; Bicavine; Binospan; Bioscina Compostat;
Bromalginat; Broncopinolt; Buscopan Composto; Buscoveran Composto;
Butilamin; Cafalenat; Cefaldina; Cefaliv; Codeverint; Dalgex; Dexalgen;
Dimext; Dipirolt; Disbuspan; Doralgex; Doralgina; Dorciflex; Dorflex; Dor-
icin; Doridina; Dorilen; Doriless; Dorscopenat; Dorsedin; Dorspan; Dor-
zone; Ductopant; Enxak; Espasmocron; Espasmodid Composto; Eucal-
iptant; Flexalgex; Flexdor; Gripanilt; Gripiont; Gripomatinet; Griponiat;
Gripsay; Hioariston; Hiospan Composto; Inib-Dort; ltaiflext: Killgript; Kind-
pasm; Lisador; Melpazt; Migraliv; Migranette; Mionevrix; Miorrelax; Neoco-
pan; Neomigrant; Neosaldina; Neuralgina; Nevralgex; Par; Pasmalgint;
Plenocedant; Pulmorient; Relaflex; Rielex; Sedabelf; Sedalene; Sedalex;
Sedalgina; Sedalin; Sedol; Spasmotropin; Tensaldin; Tetrapulmo; Theopiri-
nat; Tropinal; Uzarat; Veratropan Composto; Chile: Bramedil Compuesto;
Buscapina Compositum; Cefalmin; Cinabel; Diorant; Dolcopin; Dolnix;
Dolo-Neurobiontat; Dolonase; Fredol; Migragesic; Migranol; Migratam;
Neo Butartrol; Nospasmin Compuesto; Piretanyl; Scopanil; Silartrint; Silre-
laxt; Sistalginat; Ultrimin; Viadil Compuesto; Viplan Compuesto; Viproxil
Compuesto; Cz.: Algifen; Algifen Neo; Analgin; Quarelint; Fin.: Litalgin; Fr.:
Avafortant; Cefaline-Pyrazolet; Salgydal a la noramidopyrinet; Visceralgine
Fortet; Hung.: Algopyrin Complex; Quarelin; Ridolt; Indon.: Analsik; Ars-
inal; Biomega; Cetalgin; Cetalgin-T; Corsanural; Dactron; Danalgin; Depar-
on; Dolo Scanneuron; Dolo-Licobion; Foraneural; Goralgin; Hedix; lkaneu-
ron Plus; Neuralgin RX; Neuro Panstop; Neurobat A; Neurodial;
Neurogen; Neurosanbe Plus; Neurotropic Plus; Neuroval, Opineuron;
Penagon; Pritagesic; Procolic; Proneuron; Spaslic; Spasmal; Spasminal; Stiler-
an; Supranal; Tropineuron; Unthecol; Ital.: Soma Complext; Mex.: Algos-
far; Anadil; Ayoralt; Benfol; Biomesina Compuesta; Bipasmin Compuesto;
Bipasmin Compuesto N; Buscapina Compositum; Busconet; Busepan; Bus-
prina; Colepren; Dolnefort; Dolo-Tiaminal; Espasmogress; Hiosinotil Com-
puestot; Hiosultrina-F; Korifen; Neo-Brontyl, Neo-Pasmonal; Ortrant; Pas-
modil; Pirobutil; Respicil; Retodol Compositum; Selpiran; Serralpina
Compuesta; Singril; Pol.: Gardan P; Scopolan Compositum; Spasmalgon;
Tolargin; Rus.: Analgin-Chinin (AHaabrvH-XuuH); Antigrippin-ANVI
(AHTurpunnuH-AHBI); Baralgetas (Bapaaretac)t; Benalgin (beHansru);
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Maxigan (Maxkcurar); Nebalgan (He6aaran); Pentalgin-N (MexTarin-H);
Revalgin (PesaarviH); Sedal-M (Ceaan-M); Sedalgin-Neo (Ceaanbrit-Heo);
Spasgan (CnasraH); Spasmalgon (CnasmaaroH); Spasmalin (Cnasmaauh);
Tempalgin (TemnaaruH); Tempanginol (TemnarrHon); S.Afr.: Baralgant;
Buscopan Compositum; Norifortant; Scopex Co; Spain: Buscapina Com-
positum; Nolotil Compositumt; Thai.: Butarion; Novapam; Turk.: Busco-
pan Compositum; Peraljin; Skopolin; Venez.: Bortt; Buscapina Composi-
tum; Butilamina Compuesta; Cotart; Diezol Compuestot; Flemibar;
Hioscinol Compuestot; Praxona; Sarifan Compuestot; Sistalcin Composi-
tum.

Eltenac (inN)

Efténac; Eltenaco; Eltenacum. 4-(2,6-Dichloroanilino)-3-thiophe-
neacetic acid.

DAbTEHAK
C,,HsCILNO,S = 302.2.
CAS — 72895-88-6.

Cl

HN
HO /A al
s

Profile
Eltenac is an NSAID (p.96) used in veterinary medicine.

Embutramide (8AN, USAN, rINN)

Embutramida; Embutramidum; Hoe-18-680. N-(B,8-Diethyl-m-
methoxyphenethyl)-4-hydroxybutyramide.

DMOyTpamma,

C7H;;NO5 = 293.4.

CAS — 15687-14-6.

CH
H
N

\H/\/\OH

HsC
¢ 0

CH3
O/

Profile
Embutramide is an opioid analgesic used in veterinary medicine
for euthanasia.

Enoxolone (BAN, rINN)

Enoksolonas; Enoksoloni; Enoxolon; Enoxolona; Enoxolone;
Enoxolonum; Glycyrrhetic Acid; Glycyrrhetinic Acid; Kwas gli-
cyryzynowy. 3p-Hydroxy- | I-oxo-olean- | 2-en-30-oic acid.
DHOKCOAOH

C3oH4404 = 470.7.

CAS — 471-53-4.

ATC — DO3AXI0.

ATC Vet — QDO3AXI0.

H
H3C CHs

NoTE. Do not confuse with glycyrrhizic acid (p.2316).

Pharmacopoeias. In Eur. (see p.vii).

Ph. Eur. 6.2 (Enoxolone). A white or almost white, crystalline
powder. It exhibits polymorphism. Practically insoluble in water;
soluble in dehydrated alcohol; sparingly soluble in dichlo-
romethane. Protect from light.

Profile

Enoxolone is a complex triterpene prepared from glycyrrhizic
acid (p.2316), a constituent of liquorice (p.1740). Enoxolone is
used locally in preparations for the treatment of non-infective in-
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flammatory disorders of the skin, mouth, throat, and rectum.
Enoxolone potassium (potassium glycyrrhetinate) has been used
similarly.

Derivatives of enoxolone, including its aluminium salt (p.1729)
and carbenoxolone (p.1714) have been used in the treatment of
benign peptic ulcer disease and other gastrointestinal disorders.

¢ Enoxolone is a potent inhibitor of the enzyme 11p-hydroxys-
teroid dehydrogenase, which inactivates cortisol, and use with
hydrocortisone has been shown in animal studies to potentiate
the activity of hydrocortisone in skin.* Whether this also in-
creased the systemic absorption and toxicity of hydrocortisone
was unclear.2 However, for reference to adverse effects attributed
to systemic inhibition of cortisol when enoxolone (glycyrrhetinic
acid) is produced during metabolism of ingested liquorice, see

Effects on Fluid and Electrolyte Homoeostasis, p.1740.

A cream containing enoxolone with hyaluronic acid, telm-

esteine, and a grape extract, has been investigated with apparent

benefit in the management of mild to moderate eczema.3* How-
ever, topical application of enoxolone has been associated with
contact dermatitis.®

1. Teelucksingh S, et al. Potentiation of hydrocortisone activity in

skin by glycyrrhetinic acid. Lancet 1990; 335: 1060-3.
2. Greaves MW. Potentiation of hydrocortisone activity in skin by
glycerrhetinic acid. Lancet 1990; 336: 876.

3. Belloni G, et al. A randomised, double-blind, vehicle-controlled
study to evaluate the efficacy and safety of MAS063D (Atopi-
clair) in the treatment of mild to moderate atopic dermatitis. Eur
J Dermatol 2005; 15: 31-6.

. Abramovits W, Boguniewicz M. Adult Atopiclair Study Group.

A multicenter, randomized, vehicle-controlled clinical study to
examine the efficacy and safety of MAS063DP (Atopiclair) in
the management of mild to moderate atopic dermatitis in adults.
J Drugs Dermatol 2006; 5: 236-44.
5. Tanaka S, et al. Allergic contact dermatitis from enoxolone.
Contact Dermatitis 2001; 44: 192.

Preparations

Proprietary Preparations (details are given in Part 3)

Belg.: Dermanox; Fr.: Arthrodont; Moustidose; PO 12; S.Afr.: Arthro-
dont.

Multi-ingredient: Arg.: Anastim con RTH; Empecid Pie; Chile: Gingilac-
ert; Ruboril; Sebium AKN; Suavigel; Fr.: Apaisance; Erygine; Fluocaril dents
sensibles; Hexalyse; Hyseke; Hyseke Solaire; Mousticologne; Moustidose
Bebe-Nourrisson; Night Peel; Novophane; Novophane S; Photoderm
Flusht; Photoderm Lasert; Pyreflor; Sebium AKN; Sedorrhoide; Tig'Aouta;
Vocadys; Hong Kong: Hexalyse; Indon.: Polik; Israel: Aphtagone; Aptha-
X; Gelclairt; Ital.: Acnesant; Bactilene; Benodent Gel Gengivalet; Biothy-
mus DS; Eudent con Glysant; Fluocaril; Lenipastat; Leniroset; Lisomucil
Gola; Neo-Stomygen; Pastiglie Valdat; Prurex; Skab 2; Vidermt; Mex.: An-
genovag; Periodentyl; Port.: Despigmentante; Rus.: Hexalyse (Fekcaans);
Spain: Angileptol, Anginovag; Roberfarin; UK: Atopiclair; Gelclair; Xclair;
USA: Atopiclair; Gelclair; Venez.: Sebium AKN; Sensibio DS.

IS

Epirizole (UsAN, pINN)

DA-398; Epirizol; Epirizole; Epirizolum; Mepirizole. 4-Methoxy-2-
(5-methoxy-3-methylpyrazol- | -yl)-6-methylpyrimidine.
Snnpr3oA

CyH14N4O, = 234.3.

CAS — 18694-40-1.

/CH3

o

4

N \ CHs
—N

HyC— O
/ \
N

Pharmacopoeias. In Jpn.

Profile

Epirizole is an NSAID (p.96) that has been given in a usual oral
dose of 150 to 450 mg daily in divided doses; larger doses of up
to 600 mg daily have been used in patients with rheumatoid ar-
thritis.

Preparations

Proprietary Preparations (details are given in Part 3)
Braz.: Mebront; Jpn: Mebron; Venez.: Dalex.

Etanercept ean, Usan, iNN)

Etanercept; FEtanerceptum; FEtanersept; Etanersepti rhu-
TNFR:Fc; TNR-00 1. A dimer of 1-235 tumour necrosis factor re-
ceptor (human) fusion protein with 236-467-immunoglobulin
Gl (human yl-chain Fc fragment).

STaHepuenT
CAS — 185243-69-0.
ATC — LO4ABOI.

ATC Vet — QLO4ABOI.

Adverse Effects and Precautions

As for Infliximab, p.69.

Mild to moderate injection site reactions with symp-
toms of erythema, itching, pain, or swelling are com-
mon with etanercept. Other common reactions include
headache, dizziness, asthenia, nausea and vomiting,
abdominal pain, dyspepsia, and allergic reactions. Anti-
bodies to etanercept may develop.

Etanercept should be used with caution in patients with
heart failure.

¢ References.

1. Sénchez Carazo JL, et al. Safety of etanercept in psoriasis: a crit-
ical review. Drug Safety 2006; 29: 675-85.

Wegener’s granulomatosis. The addition of etanercept to
standard therapy (including cyclophosphamide or methotrexate
and corticosteroids) was not shown to be effective in patients
with Wegener’s granulomatosis and was associated with an in-
creased incidence of various non-cutaneous malignancies. Li-
censed product information recommends that etanercept should
not be added to therapy in patients with \Wegener’s granulomato-
sis.
1. Wegener’s Granulomatosis Etanercept Trial (WGET) Research
Group. Etanercept plus standard therapy for Wegener’s granulo-
matosis. N Engl J Med 2005; 352: 351-61.

Interactions

As for Infliximab, p.71. The use of etanercept with sul-
fasalazine has resulted in decreased white blood cell
counts; however, the clinical significance of this is
unknown. For an increased incidence of malignancy
when etanercept was added to standard immunosup-
pressive therapy in patients with Wegener’s granulo-
matosis, see above.

Pharmacokinetics

After a single subcutaneous dose of etanercept, UK li-
censed product information states that the mean half-
life is about 70 hours, and the time to peak serum con-
centration 48 hours. In contrast, US information gives
the half-life as 102 hours and the time to peak concen-
tration as about 70 hours, although with a considerable
range. Repeated dosing was noted to result in a two- to
sevenfold increase in serum levels of etanercept in
some patients.

¢ References.

1. Korth-Bradley JM, et al. The pharmacokinetics of etanercept in
healthy volunteers. Ann Pharmacother 2000; 34: 161-4.

2. Zhou H. Clinical pharmacokinetics of etanercept: a fully human-
ized soluble recombinant tumor necrosis factor receptor fusion
protein. J Clin Pharmacol 2005; 45: 490-7.

3. Yim D-S, et al. Population pharmacokinetic analysis and simu-
lation of the time-concentration profile of etanercept in pediatric
patients with juvenile rheumatoid arthritis. J Clin Pharmacol
2005; 45: 246-56.

4. Don BR, et al. The pharmacokinetics of etanercept in patients
with end-stage renal disease on haemodialysis. J Pharm Phar-
macol 2005; 57: 1407-13.

. Sullivan JT, et al. Bioequivalence of liquid and reconstituted
lyophilized etanercept subcutaneous injections. J Clin Pharma-
col 2006; 46: 654-61.

. Nestorov I, et al. Pharmacokinetics of subcutaneously adminis-
tered etanercept in subjects with psoriasis. Br J Clin Pharmacol
2006; 62: 435-45.

7. Elewski B, et al. Comparison of clinical and pharmacokinetic

profiles of etanercept 25 mg twice weekly and 50 mg once week-
ly in patients with psoriasis. Br J Dermatol 2007; 156: 138-42.
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Uses and Administration

Etanercept is a recombinant version of soluble human
tumour necrosis factor (TNF) receptor that binds spe-
cifically to tumour necrosis factor (p.783) and blocks
its interaction with endogenous cell-surface TNF re-
ceptors. This interaction prevents the important effect
of TNF in the inflammatory processes of rheumatoid
arthritis; elevated TNF levels are also found in psoriat-
ic plaques, in the synovium of patients with psoriatic
arthritis, and in the serum and synovium of patients
with ankylosing spondylitis.

Etanercept is used in the treatment of moderately to se-
verely active rheumatoid arthritis and active and pro-
gressive psoriatic arthritis. In the UK, it is licensed
for use in patients who have had an inadequate re-
sponse to standard disease-modifying antirheumatic
drugs although, in severe rheumatoid arthritis, it may
be used in patients not previously treated with meth-
otrexate. In the USA, it is licensed to treat early rheu-
matoid arthritis or psoriatic arthritis, to reduce the signs
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and symptoms, delay structural damage, and improve
physical function. In both indications, it is given as a
subcutaneous injection in a dose of 25 mg twice week-
ly at intervals of 3 or 4 days. The equivalent weekly
dose of 50 mg may also be given either as a single
50-mg injection or as two separate 25-mg injections
(given at about the same time). In the UK, NICE rec-
ommends, based on guidelines from the British Socie-
ty of Rheumatology, that treatment be stopped if there
is no adequate response after 6 months. Etanercept is
also indicated in the treatment of severely active
ankylosing spondylitis; in the UK its use is again lim-
ited to those who have had an inadequate response to
conventional therapy. Doses are similar to those used
for rheumatoid arthritis.

Etanercept is also used in the treatment of chronic,
moderate to severe plaque psoriasis. In the UK, its use
is usually limited to patients in whom other systemic
treatments are not suitable. The recommended initial
dose is 25 mg twice weekly. Alternatively, an initial
dose of 50 mg twice weekly at intervals of 3 or 4 days
may be given for 12 weeks; the dose should then be
reduced to 25 mg twice weekly or 50 mg weekly. Ini-
tial doses of 25 or 50 mg once weekly have also been
shown to be effective. Treatment should continue until
remission is achieved, for up to 24 weeks. Etanercept
should be stopped after 12 weeks in patients who show
no response.

For details of uses and dosage in children, see below.

Administration in children. Etanercept is used in the treat-
ment of moderately to severely active polyarticular juvenile idi-
opathic arthritis; UK licensed product information limits its use
to those who have had an inadequate response to, or who are
intolerant of, the disease-modifying antirheumatic drug meth-
otrexate.

In the UK, it is given subcutaneously to children aged 4 years and
over in a dose of 400 micrograms/kg (up to a maximum dose of
25 mg) twice weekly at intervals of 3 or 4 days. In the USA,
etanercept is licensed for use in children as young as 2 years old.
Similar doses are used although they are expressed as
800 micrograms/kg (up to a maximum dose of 50 mg) weekly:
doses to be given as 2 separate injections may either be given on
the same day or 3 to 4 days apart.

In the UK, NICE recommends, based on guidelines from the
British Paediatric Rheumatology Group, that treatment be
stopped in children if there is no response after 6 months, or an
initial response is not maintained.

For references on the use of etanercept in juvenile idiopathic ar-
thritis, see Rheumatoid Arthritis, below.

Asthma. TNF inhibitors such as etanercept have been investi-
gated in the treatment of refractory asthma (p.1108).1? There is
some evidence that only a minority of patients will respond to
such therapy, and that the benefits and risks must therefore be
carefully assessed.®

Howarth PH, et al. Tumour necrosis factor (TNFa) as a novel
therapeutic target in symptomatic corticosteroid dependent asth-
ma. Thorax 2005; 60: 1012-18.

Berry MA, et al. Evidence of a role of tumor necrosis factor o in
refractory asthma. N Engl J Med 2006; 354: 697-708.

Brightling C, et al. Targeting TNF-a: a novel therapeutic ap-
proach for asthma. J Allergy Clin Immunol 2008; 121: 5-10.

Dementia. A small pilot study* and individual case reports?
have suggested that perispinal injection of etanercept, in doses of
25 to 50 mg weekly, may improve signs of dementia in patients
with Alzheimer’s disease. However, randomised controlled stud-
ies are required to confirm any benefit.

Tobinick E, et al. TNF-alpha modulation for treatment of Alzhe-
imer’s disease: a 6-month pilot study. MedGenMed 2006; 8: 25.
Available at:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=
pubmed&pubmedid=16926764 (accessed 13/06/08)

Tobinick EL, Gross H. Rapid cognitive improvement in Alzhe-
imer’s disease following perispinal etanercept administration. J
Neuroinflammation 2008; 5: 2.

Available at: http://www.jneuroinflammation.com/content/pdf/
1742-2094-5-2.pdf (accessed 13/06/08)

Psoriasis. Etanercept is effective in patients with moderate to
severe plaque psoriasis (p.1583).1° It has also been successfully
tried in the treatment of erythrodermic psoriasis,'® and of plague
psoriasis in children and adolescents.™*

Efficacy may be dose-related; in one study,* 25% of patients in
the low-dose (25 mg once weekly) group showed at least a 75%
improvement compared with 44% in the medium-dose group
(25 mg twice weekly) and 59% in the high-dose group (50 mg
twice weekly) after 24 weeks of etanercept treatment. However,
a later multicentre study? in patients with chronic plaque psoria-
sis found that the therapeutic effect of etanercept was maintained
when the dose was reduced after 12 weeks from 50 mg twice
weekly to 25 mg twice weekly. An open-label extension® of
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these 2 studies found that efficacy was also sustained when pa-
tients who had received etanercept 25 mg twice weekly for at
least 24 weeks had their dose altered to 50 mg once weekly.
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psoriasis. N Engl J Med 2003; 349: 2014-22.
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Rheumatoid arthritis. Some references to the use of etaner-
cept in rheumatoid arthritis (p.11) and juvenile idiopathic arthri-
tis (p.10).
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33: 234-43.
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The symbol T denotes a preparation no longer actively marketed
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Spondyloarthropathies. References to the use of etanercept
in the treatment of ankylosing spondylitis and psoriatic arthritis
(p.13).
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fullmono/mon1031.pdf (accessed 13/06/08)

van der Heijde D, et al. Etanercept Study 314 Investigators.

Etanercept 50 mg once weekly is as effective as 25 mg twice

weekly in patients with ankylosing spondylitis. Ann Rheum Dis

2006; 65: 1572-7.

10. Cantini F, et al. Switching from infliximab to once-weekly ad-
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Vasculitic syndromes. For a preliminary report on the use of
etanercept in Takayasu’s arteritis, see p.1514.
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Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Enbrel; Austral.: Enbrel; Belg.: Enbrel; Braz.: Enbrel; Canad.: Enbrel;
Chile: Enbrel, Cz.: Enbrel; Denm.: Enbrel; Fin.: Enbrel; Fr.: Enbrel; Ger.:
Enbrel; Gr.: Enbrel; Hong Kong: Enbrel; India: Enbrel; Indon.: Enbrel, Irl.:
Enbrel; Israel: Enbrel; Ital.: Enbrel; Malaysia: Enbrel; Mex.: Enbrel;
Neth.: Enbrel; Norw.: Enbrel; NZ: Enbrel; Philipp.: Enbrel; Pol.: Enbrel;
Port.: Enbrel; S.Afr.: Enbrel; Singapore: Enbrel; Spain: Enbrel; Swed.:
Enbrel; Switz.: Enbrel; Thai.: Enbrel; Turk.: Enbrel; UK: Enbrel; USA: En-
brel, Venez.: Enbrel.

Multi-ingredient: Hung.: Enbrel.

Ethenzamide (AN, iNN)

Aethoxybenzamidum;  Etentsamidi; Etenzamid; Etenzamida;
Etenzamide; Ethenzamide; Ethenzamidum; Ethoxybenzamide;
Ethylsalicylamide; HP-209. 2-Ethoxybenzamide.

DTeH3aMmnA,

CoH | NO; = 165.2.

CAS — 938-73-8.

ATC — NO2BAO7.

ATC Vet — QNO2BAO7.

NH,

07 CH,

Pharmacopoeias. In Jpn.

Profile

Ethenzamide is a salicylic acid derivative (see Aspirin, p.20) giv-
en by mouth in painful and inflammatory conditions and to re-
duce fever.
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Preparations
Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Austria: Coldadolin; Dolmix; Helopyrin; Nisicur;
Seftoc; Cz.: Cephylt; Ger.: Glutisalt; Kolton grippale N+t; Indon.: Farapon;
Neo Novapon Plus; Jpn: Sin Colgen Kowa Kaze; Pol.: Erka; Etomar; Etopi-
ryna; Port.: Cephyl; Rus.: Nextrim Aktiv (Hekctpum AxTus); Switz.:
Nicaphlogylt; Seranex sans codeinet.

Ethoheptazine Citrate EANM, INNM)

Citrato de etoheptacina; Ethoheptazine, Citrate d; Ethoheptazini
Citras; Wy-401. Ethyl |-methyl-4-phenylperhydroazepine-4-car-
boxylate dihydrogen citrate.

STorenTasuHa LinTpat

C¢H3sNO,,CHgO; = 453.5.

CAS — 77-15-6 (ethoheptazine); 6700-56-7 (ethohep-
tazine citrate); 2085-42-9 ((#)-ethoheptazine citrate).

(e}
(ethoheptazine)

Profile

Ethoheptazine citrate is an opioid analgesic (p.101) structurally
related to pethidine (p.113). It has been used as an analgesic in
the short-term treatment of mild to moderate pain, usually with
other drugs such as aspirin and meprobamate.

Preparations

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: India: Equagesic; S.Afr.: Equagesic.

Ethyl Nicotinate
Nicotinato de etilo.
CgHgNO, = 151.2.
CAS — 614-18-6.

N
AN
[)\'(O\/CHg
o
Profile

Ethyl nicotinate is used in concentrations of up to 2% in topical
rubefacient preparations for the relief of pain in musculoskeletal,
joint, and soft-tissue disorders. It has also been used as supposi-
tories in anorectal disorders.

Preparations
Proprietary Preparations (details are given in Part 3)
Austria: Mucotherm.

Multi-ingredient: Austria: Percucort; Thermal; Belg.: Transvane;
Hung.: Nicoflex; Irl.: Transvasin; Norw.: Thermalt; Switz.: Baume Esco
Forte; Frixo-Dragon Vertf; Knobel Huile N; Thermocutant; Ziegella; UK:
PR Heat Spray; Transvasin Heat Rub.

Ethyl Salicylate

Salicilato de etilo. Ethyl 2-hydroxybenzoate.
STuAcaALMAAT

CoH 003 = 166.2.

CAS — 118-61-6.

Q\’(O\/CHg
OH (o]
Profile

Ethyl salicylate is a salicylic acid derivative that is used similarly
to methyl salicylate (p.85) in concentrations of up to 5% in topi-
cal rubefacient preparations for the relief of pain in musculoskel-
etal, joint, and soft-tissue disorders.

TYV\-FFIAALNY

Preparations
Proprietary Preparations (details are given in Part 3)

Multi-ingredient: Austral.: Deep Heat; Radian-BY; Belg.: Rado-Salil; Is-
rael: Deep Heat Spray; Ital.: Remy; Pol.: Deep Heat; S.Afr.: Deep Heat
Spray; Singapore: Deep Heating Sprayt; Switz.: Alginex}; UK: Deep
Heat Spray; Dubam; Numark Muscle Spray; Ralgex.

Ethylmorphine Hydrochloride ANy

Aethylmorphinae Hydrochloridum; Aethylmorphini Hydrochlo-
ridum; Chlorhydrate de Codéthyline; Ethylmorfin-hydrochlorid
dihydrét; Ethylmorphine, chlorhydrate d; Ethylmorphini hydro-
chloridum; Ethylmorphini Hydrochloridum Dihydricum; Ethyl-
morphinium Chloride; Etilmorfina, hidrocloruro de; Etilmorfin-
hidroklorid; Etilmorfino hidrochloridas; Etylmorfinhydroklorid;
Etylomorfiny  chlorowodorek;  Etyylimorfiinihydrokloridi. 3-O-
Ethylmorphine hydrochloride dihydrate; 7,8-Didehydro-4,5-
epoxy-3-ethoxy- | 7-methylmorphinan-6-ol hydrochloride dihy-
drate.

Ci9H;3NO;3,HCI2H,O = 385.9.

CAS — 76-58-4 (ethylmorphine); 125-30-4 (ethylmor-
phine hydrochloride).

ATC — RO5DAO0I; SOIXAOQ6.

ATC Vet — QRO5SDAOI; QSO 1 XA06.

(ethylmorphine)

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn.

Ph. Eur. 6.2 (Ethylmorphine Hydrochloride). A white or almost
white crystalline powder. Soluble in water and in alcohol. A 2%
solution in water has a pH of 4.3 to 5.7. Protect from light.

Profile

Ethylmorphine hydrochloride is an opioid analgesic (p.101) and
has properties similar to those of codeine (p.37). It is used mainly
as a cough suppressant. It has also been used for its analgesic and
antidiarrhoeal properties. It was formerly given in eye drops as a
lymphagogue.

Ethylmorphine free base and the camphorate and camsilate have
also been used.

¢ References.

1. Aasmundstad TA, et al. Biotransformation and pharmacokinet-
ics of ethylmorphine after a single oral dose. Br J Clin Pharma-
col 1995; 39: 611-20.

. Jonasson B, et al. Fatal poisonings where ethylmorphine from
antitussive medications contributed to death. Int J Legal Med
1999; 112: 299-302.

Preparations

Proprietary Preparations (details are given in Part 3)
Arg.: Dionina; Belg.: Codethyline; Cz.: Diolan; Fin.: Cocillana; Fr.: Dithiolt;
UK: Collins Elixir:

Multi-ingredient: Austria: Modiscop; Belg.: Longbalsem; Saintbois;
Tuxt; Chile: Codelasa; Fin.: Indalgin; Fr.: Ephydion; Humext; Tussipax;
Vegetoserum; Hung.: Dolor; India: Bell Diono Resolvent; Bell Resolvent;
Ital.: Mindol-Merckt; Norw.: Cosylan; Solvipect comp; Port.: Bronquias-
molt; Calmarumt; Xarope Antigripalt; Spain: Demusin; Sedalmerckt;
Swed.: Cocillana-Etyfin; Lepheton; Switz.: Ipecat; Phol-Tux; Saintbois; Sano
Tuss; Turk.: Fenokodin; Venez.: Novacodin.

N

Etodolac san, usan, Ny

AY-24236; Etodolaakki: Etodo\ac; Etodolaco;
Etodoldk; Etodolak; Etodolakas; Etodolic Acid.
1,3,4,9-tetrahydropyrano[3,4-bJindol- | -ylacetic acid.

Etodolacum;
1,8-Diethyl-

DTOAOAAK

Cy7H, NO3 = 287.4.
CAS — 41340-25-4.
ATC — MOIABOS.

ATC Vet — QMO1ABOS.

COOH
HaC

H
N

CH3

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US.

Ph. Eur. 6.2 (Etodolac). A white or almost white crystalline
powder. Practically insoluble in water; freely soluble in dehy-
drated alcohol and in acetone.

USP 31 (Etodolac). Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions

As for NSAIDs in general, p.96.

The presence of phenolic metabolites of etodolac in the
urine may give rise to a false-positive reaction for bi-
lirubin.

Effects on the blood. Agranulocytosis has been reported in a
patient receiving etodolac.! Coombs-positive haemolytic anae-
mia due to sensitivity to etodolac metabolites has also been re-
ported.?

1. Cramer RL, et al. Agranulocytosis associated with etodolac. Ann
Pharmacother 1994; 28: 458-60.

2. Cunha PD, et al. Immune hemolytic anemia caused by sensitivi-
ty to a metabolite of etodolac, a nonsteroidal anti-inflammatory
drug. Transfusion 2000; 40: 663-8.

Effects on the gastrointestinal tract. Etodolac is reported to

be a preferential inhibitor of cyclo-oxygenase 2 (COX-2) and

consequently it may produce less gastric toxicity than the non-
selective NSAIDs such as naproxen.:?

1. Taha AS, et al. Effect of repeated therapeutic doses of naproxen
and etodolac on gastric and duodenal mucosal prostaglandins
(PGs) in rheumatoid arthritis (RA). Gut 1989; 30: A751.

2. Bianchi Porro G, et al. A double-blind gastroscopic evaluation of
the effects of etodolac and naproxen on the gastrointestinal mu-
cosa of rheumatic patients. J Intern Med 1991; 229: 5-8.

3. Weideman RA, et al. Risks of clinically significant upper gas-
trointestinal events with etodolac and naproxen: a historical co-
hort analysis. Gastroenterology 2004; 127: 1322-8.

Interactions
For interactions associated with NSAIDs, see p.99.

Pharmacokinetics

Etodolac is a chiral compound given as the racemate.
Peak plasma concentrations of the active (S)-enanti-
omer and of the inactive (R)-enantiomer are usually
obtained within about 2 hours of a dose by mouth but
plasma concentrations of the (R)-enantiomer have
been reported to greatly exceed those of the (S)-enanti-
omer. Both enantiomers are highly bound to plasma
proteins. Both are also distributed to the synovial fluid,
although the difference in their concentrations may not
be as marked as the difference in plasma concentra-
tions. The plasma half-life of total etodolac has been
reported to be about 7 hours; excretion is mainly in the
urine as hydroxylated metabolites and glucuronide
conjugates; some may be excreted in the bile.

¢ References.

1. Brocks DR, et al. Stereoselective disposition of etodolac enanti-
omers in synovial fluid. J Clin Pharmacol 1991; 31: 741-6.

2. Brocks DR, et al. The stereoselective pharmacokinetics of
etodolac in young and elderly subjects, and after cholecystecto-
my. J Clin Pharmacol 1992; 32: 982-9.

3. Brocks DR, Jamali F. Etodolac clinical pharmacokinetics. Clin

Pharmacokinet 1994; 26: 259-74.

. Boni J, et al. Pharmacokinetic and pharmacodynamic action of
etodolac in patients after oral surgery. J Clin Pharmacol 1999;
39: 729-37.

. Boni JP, et al. Pharmacokinetics of etodolac in patients with sta-
ble juvenile rheumatoid arthritis. Clin Ther 1999; 21: 1715-24.
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Uses and Administration

Etodolac, a pyrano-indoleacetic acid derivative, is an
NSAID (p.99) reported to be a preferential inhibitor of
cyclo-oxygenase 2 (COX-2). It is used for rheumatoid
arthritis, including juvenile idiopathic arthritis, and os-
teoarthritis and for the treatment of acute pain.

For the treatment of rheumatoid arthritis and osteoar-
thritis, the recommended oral dose is initially 600 to
1000 mg daily in divided doses adjusted according to
response; single daily doses of up to 600 mg may also
be given. Modified-release preparations are available
for once-daily use in these conditions. For doses in
children, see below.

For the treatment of acute pain, the recommended dose
is 200 to 400 mg every 6 to 8 hours to a maximum of
1 g daily.

Administration in children. In the USA modified-release
preparations of etodolac may be given for the oral treatment of
juvenile idiopathic arthritis in children aged 6 to 16 years. Doses
are given once daily according to body-weight as follows:

* 20 to 30 kg: 400 mg

* 31to 45 kg: 600 mg

* 46 to 60 kg: 800 mg

e over60kg:1g
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Preparations

BP 2008: Etodolac Capsules; Etodolac Tablets;
USP 31: Etodolac Capsules; Etodolac Extended-Release Tablets; Etodolac
Tablets.

Proprietary Preparations (details are given in Part 3)

Austria: Lodinet; Braz.: Flancox; Canad.: Ultradol; Denm.: Todolac;
Fin.: Lodine; Fr.: Lodine; Gr.: Ecridoxant; Lonine; Hong Kong: Lodine;
Indon.: Lonene; Israel: Etopan; Ital.: Lodinet; Jpn: Hypen; Mex.: Lod-
inet; Port.: Acudor; Articulan; Dualgan; Lodinet; Lodott; Metazint; Sodol-
ac; Switz.: Lodine; Thai.: Etonox; Turk.: Edolar; Etodin; Etol; Lodine;
Tadolak; UK: Eccoxolac; Etopan; Lodine; USA: Lodinet; Venez.: Lodinet.

Etofenamate (8AN, USAN, riNN)

B-577, Bay-d-1107; Etofenamaatti; Etofenamat; Etofenamat;
Etofenamatas; Etofénamate; Etofenamato; Etofenamatum; TV-
485; TVX-485; WHR-5020. 2-(2-Hydroxyethoxy)ethyl N-(aoa-
trifluoro-m-tolyl)anthranilate.

STodeHamaT

CigH gFsNO, = 369.3.

CAS — 30544-47-9.

ATC — MO2AA06.

ATC Vet — QMO2AAQ6.

Oy O g OH
H
N CFs

Pharmacopoeias. In Eur. (see p.vii).

Ph. Eur. 6.2 (Etofenamate). A yellowish viscous liquid. Practi-
cally insoluble in water; miscible with alcohol and with ethyl
acetate.

Profile

Etofenamate is an NSAID (p.96) that has been applied topically
in a concentration of 5 or 10% for the relief of pain and inflam-
mation associated with musculoskeletal, joint, and soft-tissue
disorders. It has also been given by deep intramuscular injection
in single doses of 1 g.

Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Bayrogelt; Contourt; Flogol, Austria: Rheumon; Traumon; Belg.:
Flexium; Braz.: Bayro; Chile: Bayagel, Bayrot; Flogojet; Master-Gelt; Val-
orel; Cz.: Etogelt; Rheuma Denkt; Rheumon; Traumon; Ger.: Algesalona
Et; Rheuma-Gel; Rheumon; Traumon; Gr.: Cimalt; Etofenol; Fenamt;
Melferut; Pazergicelf; Radermin; Reumina; Roiplon; Hong Kong: Flogopro-
fen; Hung.: Activon Extra; Rheumon; Traumont; Ital.: Bayro; Mex.: Bayro;
Pol.: Rheumon; Traumon; Port.: Fenogel; Reumon; Spain: Aspitopic; Fl-
ogoprofen; Zenavan; Switz.: Activont; Etofent; Rheumon; Traumalix;
Turk.: Doline; Flexo; Painex; Rheumon; Venez.: Traflan.

Multi-ingredient: Arg.: Bayagel, Austria: Thermo-Rheumon; Chile:
Bayro-Thermt; Cz.: Thermo-Rheumont; Ger.: Thermo-Rheumont; Gr.:
Thermo-Roiplon; Hung.: Thermo-Rheumont; Mex.: Bayro Termo; Pol.:
Thermo-Rheumon; Turk.: Thermo-Doline; Thermo-Rheumon; Ther-
moflex; Venez.: Reugel.

Etoricoxib AN usan, inN)

Etoricoxib; Etoricoxibum; Etorikoksib; Etorikoksibi; Etorikoxib; L-
791456; MK-0663; MK-663. 5-Chloro-6"-methyl-3-[p-(methyl-
sulfonyl)phenyl]-2,3"-bipyridine.

DTOPUKOKCMO

CgHsCIN,O,S = 358.8.

CAS — 202409-33-4.

ATC — MOIAHOS.

ATC Vet — QMOIAHO5.

Adverse Effects, Treatment, and Precau-
tions

As for NSAIDs in general, p.96.

Hypersensitivity reactions including anaphylaxis and
angioedema have occurred in patients receiving etori-
coxib; it should be stopped at the first signs of hyper-
sensitivity. Etoricoxib should be avoided in patients

with severe hepatic impairment (Child-Pugh score of
10 or more). Therapy should be stopped if persistently
abnormal liver enzyme values are seen.

Etoricoxib should not be used in patients with ischae-
mic heart disease, peripheral arterial disease, or cere-
brovascular disease. It should be used with caution in
patients with significant risk factors for cardiovascular
disease such as hypertension, hyperlipidaemia, and di-
abetes mellitus. Etoricoxib, particularly at high doses,
may be associated with more frequent and severe hy-
pertension compared with other NSAIDs and selective
COX-2 inhibitors; blood pressure monitoring during
etoricoxib treatment is recommended. Etoricoxib
should not be used in patients with hypertension whose
blood pressure is not controlled (see also Effects on the
Cardiovascular System, below).

Etoricoxib is also contra-indicated in patients with in-
flammatory bowel disease, moderate to severe heart
failure (NYHA class Il to 1V), and renal impairment
associated with a creatinine clearance of less than
30 mL/minute. Caution is recommended when using
etoricoxib in dehydrated patients; it may be advisable
to rehydrate patients before giving etoricoxib.

Effects on the cardiovascular system. There have been
concerns about the adverse cardiovascular effects of selective cy-
clo-oxygenase-2 (COX-2) inhibitors after the worldwide with-
drawal of rofecoxib (see p.121). The cardiovascular safety of
etoricoxib has been assessed in the MEDAL programme! which
pooled data from 3 studies involving over 30 000 patients with
either osteoarthritis or rheumatoid arthritis. Patients with osteoar-
thritis were given etoricoxib 60 or 90 mg daily; those with rheu-
matoid arthritis received 90 mg daily. In all studies, diclofenac
150 mg daily was given as the comparator; low-dose aspirin
(100 mg daily or less) was also allowed where indicated. After
an average treatment duration of 18 months, the rates of throm-
botic events such as myocardial infarction, stroke, and sudden or
unexplained death with etoricoxib were similar to those for di-
clofenac. (It has been suggested that diclofenac itself may in-
crease the risk of some thrombotic events; for further details, see
p.97.) The programme also found that the rate of some other non-
thrombotic cardiovascular events was increased with etoricoxib:
one of the 3 studies showed that there was a non-significant in-
crease in the rate of heart failure with etoricoxib 90 mg daily
compared to diclofenac; withdrawals due to oedema were also
more frequent with high-dose etoricoxib than with diclofenac or
etoricoxib 60 mg daily. In addition, the number of patients stop-
ping treatment because of hypertension was higher with both
doses of etoricoxib than with diclofenac. Similar results were
seen in the other 2 studies.

In another study? that pooled pre-licensing data, the risk of
thrombotic events with etoricoxib, given at a dose of at least
60 mg daily, was also found to be similar to that for placebo treat-
ment, ibuprofen (2.4 g daily), diclofenac (150 mg daily), and
naproxen (1 g daily), although there was a trend towards more
events with etoricoxib than with naproxen. For details on the rel-
ative risk of thrombotic events associated with non-selective
NSAIDs, see p.97.

The EMEA’s Committee for Medicinal Products for Human Use
(CHMP)® has recommended the inclusion of a warning in the
labelling of etoricoxib that it must not be given to patients whose
blood pressure is persistently above 140/90 mmHg and inade-
quately controlled; in addition, high blood pressure should be
controlled before starting treatment and monitored for 2 weeks
afterwards then regularly thereafter.

For discussion and advice on the use of selective COX-2 inhibi-
tors in patients with cardiovascular or cerebrovascular disease,
see under Celecoxib, p.34.

1. Cannon CP, et al. Cardiovascular outcomes with etoricoxib and
diclofenac in patients with osteoarthritis and rheumatoid arthritis
in the Multinational Etoricoxib and Diclofenac Arthritis Long-
term (MEDAL) programme: a randomised comparison. Lancet
2006; 368: 1771-81.

. Curtis SP, et al. Pooled analysis of thrombotic cardiovascular

events in clinical trials of the COX-2 selective inhibitor etoricox-

ib. Curr Med Res Opin 2006; 22: 2365-74.

EMEA. EMEA recommends strengthening warnings and con-

traindications for etoricoxib-containing medicines used in the

treatment of rheumatoid arthritis and ankylosing spondylitis (is-
sued 26th June, 2008). Available at: http://www.emea.europa.eu/

pdfs/human/press/pr/33363608en.pdf (accessed 16/07/08)

Effects on the gastrointestinal tract. It is generally accept-
ed that the inhibition of cyclo-oxygenase-1 (COX-1) plays a role
in the adverse gastrointestinal effects of the NSAIDs, and that the
selective inhibition of the other isoform, COX-2, by NSAIDs
such as etoricoxib may cause less gastrotoxicity than that seen
with the non-selective inhibition of the traditional NSAIDs.
However, licensed product information states that upper gas-
trointestinal perforation, ulceration, and bleeds, in some cases
fatal, have occurred with etoricoxib treatment; consequently, it
should be used with caution in patients with a history of, or at risk

N
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The symbol T denotes a preparation no longer actively marketed
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of developing, such events. In addition, etoricoxib should not be
used in patients with active gastrointestinal ulceration or bleed-
ing.

Results from controlled studies have suggested that NSAIDs se-
lective for COX-2 were associated with a lower incidence of se-
rious gastrointestinal effects. In a study* of the pooled data from
3randomised clinical studies, etoricoxib (in doses of 60 or 90 mg
daily) was associated with significantly less frequent upper gas-
trointestinal clinical events than diclofenac (150 mg daily). The
result was attributed to the lower rate of uncomplicated ulcers
with etoricoxib compared with diclofenac; there was no differ-
ence in the rate of complicated gastrointestinal events between
the 2 drugs. The lower rate of uncomplicated events with etori-
coxib compared with diclofenac was not affected by treatment
with low-dose aspirin or proton pump inhibitors. An analysis? by
the manufacturer, of pooled data from 10 randomised clinical
studies, found that etoricoxib (in daily doses of 60, 90, or
120 mg) was associated with a lower combined risk of upper
gastrointestinal perforations and bleeding, and symptomatic gas-
troduodenal ulcers when compared with non-selective NSAIDs
(diclofenac 150 mg daily, ibuprofen 2.4 g daily, or naproxen 1 g
daily) as a group. This reduced risk was seen even in patients
with known risk factors for such complications such as the elder-
ly and those with a history of gastrointestinal reactions.

1. Laine L, et al. Assessment of upper gastrointestinal safety of
etoricoxib and diclofenac in patients with osteoarthritis and
rheumatoid arthritis in the Multinational Etoricoxib and Di-
clofenac Arthritis Long-term (MEDAL) programme: a ran-
domised comparison. Lancet 2007; 369: 465-73.

2. Ramey DR, et al. The incidence of upper gastrointestinal adverse
events in clinical trials of etoricoxib vs. non-selective NSAIDs:
an updated combined analysis. Curr Med Res Opin 2005; 21:
715-22.

Effects on the kidneys. Limited evidence of the renal toxicity
of the selective cyclo-oxygenase-2 (COX-2) inhibitors such as
etoricoxib suggests that such NSAIDs appear to have effects on
renal function similar to those of the non-selective NSAIDs (see
p.98).

Interactions

The metabolism of etoricoxib is mediated by the cyto-
chrome P450 isoenzyme CYP3A4. Use with other
drugs that inhibit or induce this isoenzyme may result
in changes in plasma concentration of etoricoxib. In
addition, in vitro studies suggest that several other
isoenzymes may also mediate the main metabolic
pathway of etoricoxib. Rifampicin, a potent inducer of
CYP isoenzymes, has produced decreased plasma con-
centrations of etoricoxib.

Etoricoxib is an inhibitor of human sulfotransferase ac-
tivity and has been shown to increase the plasma con-
centration of ethinylestradiol. Interactions with other
drugs, such as oral salbutamol and minoxidil, also
metabolised by this enzyme may be a possibility and
licensed product information advises care with such
combinations.

For interactions associated with NSAIDs in general,
see p.99.

Pharmacokinetics

Etoricoxib is well absorbed from the gastrointestinal
tract after oral doses. Peak plasma concentrations are
reached in about 1 hour in fasted adults; food delays
absorption by about 2 hours, although it has no effect
on the extent of absorption. Plasma protein binding is
about 92%. At steady state the half-life of etoricoxib is
about 22 hours. Etoricoxib is extensively metabolised
with less than 2% of a dose recovered in the urine as the
parent drug. The major route of metabolism is via cy-
tochrome P450 isoenzymes including CYP3A4 to
form the 6’-hydroxymethyl derivative of etoricoxib,
which is then oxidised to the 6’-carboxylic acid deriv-
ative, the major metabolite. Both are inactive or only
weak cyclo-oxygenase-2 (COX-2) inhibitors. Excre-
tion is mainly via the urine (70%) with only 20% of a
dose appearing in the faeces. Studies in animals sug-
gest that etoricoxib may cross the placenta and that
some is distributed into breast milk.

O References.

. Agrawal NGB, et al. Single- and multiple-dose pharmacokinet-
ics of etoricoxib, a selective inhibitor of cyclooxygenase-2, in
man. J Clin Pharmacol 2003; 43: 268-76.

. Agrawal NGB, et al. Pharmacokinetics of etoricoxib in patients
with hepatic impairment. J Clin Pharmacol 2003; 43: 1136-48.

. Agrawal NGB, et al. Pharmacokinetics of etoricoxib in patients
with renal impairment. J Clin Pharmacol 2004; 44: 48-58.
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Uses and Administration

Etoricoxib is an NSAID (p.96) reported to be a selec-
tive inhibitor of cyclo-oxygenase-2 (COX-2). It is used
in the symptomatic relief of rheumatoid arthritis, oste-
oarthritis, and acute gouty arthritis.

In osteoarthritis, etoricoxib is given orally in a usual
dose of 30 mg once daily, increased to 60 mg once dai-
ly if necessary. The recommended dose in rheumatoid
arthritis is 90 mg once daily; higher doses of 120 mg
once daily are used in gouty arthritis although such
doses should only be used for the acute symptomatic
period and for a maximum of 8 days. For dosage rec-
ommendations in patients with hepatic impairment, see
below.

¢ References.

. Patrignani P, et al. Clinical pharmacology of etoricoxib: a novel
selective COX2 inhibitor. Expert Opin Pharmacother 2003; 4:
265-84.

. Dallob A, et al. Characterization of etoricoxib, a novel, selective
COX-2 inhibitor. J Clin Pharmacol 2003 43: 573-85.

. Martina SD, et al. Etoricoxib: a highly selective COX-2 inhibi-
tor. Ann Pharmacother 2005; 39: 854-62.
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Administration in hepatic impairment. The maximum
oral dose of etoricoxib in patients with mild hepatic impairment
(Child-Pugh score of 5 to 6), regardless of indication, is 60 mg
once daily; those with moderate impairment (Child-Pugh 7 to 9)
should be given a maximum of 60 mg every other day or 30 mg
once daily. Etoricoxib should not be given to patients with severe
hepatic impairment (Child-Pugh 10 or more).

Musculoskeletal and joint disorders. The selective cyclo-
oxygenase-2 (COX-2) inhibitor etoricoxib is used in the treat-
ment of the musculoskeletal disorders osteoarthritis and rheuma-
toid arthritis (see p.11 and p.11, respectively). However, in the
UK, it is recommended that the use of selective COX-2 inhibi-
tors is limited to those patients considered to be at high risk of
developing serious gastrointestinal problems if given a non-se-
lective NSAID (see p.97).

Etoricoxib is also used in gouty arthritis (p.552) and has been
tried in the treatment of ankylosing spondylitis (see Spondyloar-
thropathies, p.13).
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. Schumacher HR, et al. Randomised double blind trial of etori-
coxib and indometacin in treatment of acute gouty arthritis. BMJ
2002; 324: 1488-92.
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Preparations

Proprietary Preparations (details are given in Part 3)

Arg.: Arcoxia; Austria: Arcoxia; Auxib; Belg.: Arcoxia; Braz.: Arcoxia;
Cz.: Arcoxia; Denm.: Arcoxia; Fin.: Arcoxia; Fr.: Arcoxia; Ger.: Arcoxia;
Gr.: Arcoxia; Hong Kong: Arcoxia; India: Ebov; EcoxibT; Etoxib; Etozox;
Kretost; Nucoxia; Indon.: Arcoxia; Irl.: Arcoxia; Israel: Arcoxia; Ital.: Al-
gix; Arcoxia; Tauxib; Malaysia: Arcoxia; Mex.: Arcoxia; Neth.: Arcoxia;
Auxib; Norw.: Arcoxia; NZ: Arcoxia; Philipp.: Arcoxia; Port.: Arcoxia;
Exxiv; Turox; Singapore: Arcoxia; Spain: Arcoxia; Swed.: Arcoxia; Thai.:
Arcoxia; UK: Arcoxia; Venez.: Arcoxia.

Etorphine Hydrochloride ANV, iNNM)

Etorphine, Chlorhydrate d’; Etorphini Hydrochloridum; Hidro-
cloruro de etorfina; M-99; 19-Propylorvinol Hydrochloride.
(6R7R,14R)-7,8-Dihydro-7-[(IR)- | -hydroxy- | -methylbutyl]-6-O-
methyl-6, | 4a-ethenomorphine hydrochloride; (2R)-2-[(-)-(5R-
6R,7R,14R)-4,5-Epoxy-3-hydroxy-6-methoxy-9a-methyl-6, | 4-
ethenomorphinan-7-ylJpentan-2-ol hydrochloride.

STopduHa Mmapoxropua

CysH33NOL HCI = 448.0.

CAS — 14521-96-1 (etorphine); 13764-49-3 (etorphine
hydrochloride).

TYV\-FFIAALNY

HO

NCHj;
H3CO
HeC 7",
HO
(etorphine)

Pharmacopoeias. In BP(\et).

BP(Vet) 2008 (Etorphine Hydrochloride). A white or almost
white microcrystalline powder. Sparingly soluble in water and in
alcohol; very slightly soluble in chloroform; practically insoluble
in ether. A 2% solution in water has a pH of 4.0 to 5.5. Protect
from light.

Dependence and Withdrawal
As for Opioid Analgesics, p.101.

Adverse Effects and Treatment

As for Opioid Analgesics in general, p.102. Etorphine is not used
therapeutically in humans.

Etorphine hydrochloride is highly potent and rapid acting;
minute amounts can exert serious effects leading to coma. It may
be absorbed through skin and mucous membranes. It is thus ad-
visable to inject an antagonist immediately after contamination of
skin or mucous membranes with preparations containing etor-
phine hydrochloride and to wash the affected areas copiously.
Accidental injection or needle scratch injuries should also be
treated immediately by injecting an antagonist. Naloxone is pre-
ferred as the antagonist in medical treatment. However, veteri-
nary preparations of etorphine are supplied with a preparation
(Revivon) containing diprenorphine hydrochloride (p.1445) and
this should be used for immediate first-aid antagonism if
naloxone is not available.

Uses and Administration

Etorphine hydrochloride is a highly potent opioid analgesic
(p-104) used for reversible neuroleptanalgesia (see Anaesthetic
Techniques, p.1780) in veterinary medicine. It is given with
acepromazine maleate or levomepromazine (Immobilon) to
restrain animals and before minor veterinary surgery. The dura-
tion of action of etorphine is up to about 45 to 90 minutes de-
pending on the species but it may be longer in man, especially if
the large animal preparation is involved.

Famprofazone (AN, iNN) ®

Famprofazona; Famprofazonum. 4-Isopropyl-2-methyl-3-[me-
thyl(a-methylphenethyl)aminomethyl]- | -phenyl-3-pyrazolin-5-
one.

DamnpodasoH

Cy4H3 N3O = 377.5.

CAS — 22881-35-2.

HsC
CHs —N
N N o
CH3
HsC~ CHs

Profile
Famprofazone has analgesic and antipyretic properties and has
been given orally, usually with other analgesics.

Pharmacokinetics. On ingestion, metabolic products of fam-
profazone include amfetamine and metamfetamine enantiom-
ers,%2 which has led to false positive results on drug testing. For
sporting competition famprofazone was classified by the World
Anti-Doping Agency as a stimulant.*

1. Greenhill B, et al. Metabolic profile of amphetamine and meth-
amphetamine following administration of the drug fampro-
fazone. J Anal Toxicol 2003; 27: 479-84.

2. Rodriguez AT, et al. Metabolic profile of famprofazone follow-

ing multidose administration. J Anal Toxicol 2004; 28: 432-8.

. Musshoff F, Kraemer T. Identification of famprofazone inges-
tion. Int J Legal Med 1998; 111: 305-8.

. World Anti-Doping Agency. The world anti-doping code: the
2008 prohibited list international standard. Available at: http:/
www.wada-ama.org/rtecontent/document/2008_List_En.pdf
(accessed 24/07/08)
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Felbinac (8aN, UsAN, iNN)

CL-83544; Felbinaakki; Felbinaco; Felbinacum; Felbinak; LJC-
10141. Biphenyl-4-ylacetic acid.

DenbuHak

C14H 20, = 212.2.

CAS — 5728-52-9.

ATC — MO2AA08.

ATC Vet — QMO2AA08.

OH

OO
Pharmacopoeias. In Eur. (see p.vii).
Ph. Eur. 6.2 ( Felbinac). A white or almost white, crystalline

powder. Practically insoluble in water; sparingly soluble in alco-
hol; soluble in methyl alcohol.

Adverse Effects and Precautions

Mild local reactions such as erythema, dermatitis, and pruritus
have occurred in patients using felbinac topically. More serious
adverse effects including bullous dermatoses such as epidermal
necrolysis and erythema multiforme, photosensitivity, anaphy-
laxis, and bronchospasm or wheeziness have also been reported.
Gastrointestinal disturbances may occur.

Felbinac preparations should be avoided in patients with a histo-
ry of hypersensitivity reactions to aspirin or other NSAIDs.

Incidence of adverse effects. The UK CSM had received 49
reports of adverse reactions associated with felbinac by October
1989, about 11 months after it was released on the UK market.:

Bronchospasm or wheeziness was reported in 8 patients using

felbinac gel. Four of these patients had a history of asthma of

whom 3 were reported to have had a similar reaction to aspirin or

other NSAIDs. Other reported reactions included skin rashes (17

cases), local application site reactions (7), and dyspepsia (6).

1. CSM. Felbinac (Traxam) and bronchospasm. Current Problems
27 1989. Also available at: http://www.mhra.gov.uk/home/
idcplg?ldcService=GET_FILE&dDocName=CON2024444&
RevisionSelectionMethod=LatestReleased (accessed 01/11/07)

Uses and Administration
Felbinac, an active metabolite of fenbufen (below), is an NSAID
(p.99). It is used topically in the symptomatic treatment of mus-
culoskeletal pain including that due to soft-tissue injuries. It is
applied as a 3% gel or a 3.17% foam to unbroken skin over af-
fected areas 2 to 4 times daily. The total daily dose of gel or foam
should not exceed 25 g regardless of the size or number of affect-
ed areas. Therapy should be reviewed after 14 days.

Diisopropanolamine felbinac has been used similarly.

¢ References.

1. Hosie GAC. The topical NSAID, felbinac, versus oral ibuprofen:
a comparison of efficacy in the treatment of acute lower back
injury. Br J Clin Res 1993; 4: 5-17.

Preparations

BP 2008: Felbinac Cutaneous Foam; Felbinac Gel.

Proprietary Preparations (details are given in Part 3)

Austria: Targett; Belg.: Flexfree; Ger.: Spalt Schmerz-Gelt; Irl.: Traxam;
Ital.: Dolinac; Traxam; Jpn: Seltouch; Switz.: Dolo Targettf; UK: Traxam.

Fenbufen an, usan, 1NN

CL-82204; Fenbufeeni; Fenbufén; Fenbufenas; Fenbuféne; Fen-
bufenum. 4-(Biphenyl-4-yl)-4-oxobutyric acid.

DeHbydeH

Ci¢H 405 = 254.3.

CAS — 36330-85-5.

ATC — MOIAEOQS.

ATC Vet — QMO AEOS.

COOH

Pharmacopoeias. In Chin., Eur. (see p.vii), and Jpn.

Ph. Eur. 6.2 (Fenbufen). A white or almost white, fine crystal-
line powder. Very slightly soluble in water; slightly soluble in al-
cohol, in acetone, and in dichloromethane.

Adverse Effects, Treatment, and Precau-
tions

As for NSAIDs in general, p.96, although the com-
monest adverse effects of fenbufen are skin rashes,
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usually occurring within the first 2 weeks of therapy,
and particularly in women and in patients with sero-
negative rheumatoid arthritis or psoriatic arthritis. Dis-
orders such as epidermal necrolysis, erythema multi-
forme, and Stevens-Johnson syndrome have also been
reported. A small number of patients who develop rash
may go on to develop a severe illness characterised by
pulmonary eosinophilia or allergic alveolitis. Treat-
ment with fenbufen should be stopped immediately if
a rash appears.

Breast feeding. UK licensed product information advises that
fenbufen should be avoided in breast-feeding mothers, because
of the presence of its metabolites in breast milk.

Effects on the blood. Haemolytic anaemia® and aplastic
anaemia? have been reported in patients receiving fenbufen.
Martland T, Stone WD. Haemolytic anaemia associated with fen-
bufen. BMJ 1988; 297: 921.

Andrews R, Russell N. Aplastic anaemia associated with a non-
steroidal anti-inflammatory drug: relapse after exposure to an-
other such drug. BMJ 1990; 301: 38.

Effects on the lungs. In January 1989 the UK CSM reported
that it had received 7 reports of a suspected association between
rash and an allergic interstitial lung disorder in patients receiving
fenbufen.® In 5 patients, the lung disorder was diagnosed as pul-
monary eosinophilia; in the 2 other patients the pulmonary com-
ponent of the reaction was described as allergic alveolitis. Sever-
al of these reactions have been reported in the literature.2*

1. CSM. Fenbufen, rash and pulmonary eosinophilia. Current
Problems 24 1989. Also available at: http://www.mhra.gov.uk/
home/idcplg?ldcService=GET_FILE&dDocName=
CON2024431&RevisionSelectionMethod=LatestReleased (ac-
cessed 01/11/07)

. Swinburn CR. Alveolitis and haemolytic anaemia induced by az-

apropazone. BMJ 1987; 294: 375.

Burton GH. Rash and pulmonary eosinophilia associated with

fenbufen. BMJ 1990; 300: 82-3.

Effects on the skin. In September 1988 the UK CSM reported®
that it was still receiving large numbers of reports of adverse re-
actions to fenbufen when such reports were expected to have de-
clined. Fenbufen was the most commonly reported suspect drug
in 1986 and 1987. At the time of the report more than 6000 such
reports had been received, 80% concerning mucocutaneous reac-
tions and most involving a generalised florid erythematous rash,
often with pruritus. There were 178 reports of erythema multi-
forme, 30 of Stevens-Johnson syndrome, and 2 fatalities.

1. CSM. Fenbufen and mucocutaneous reactions. Current Prob-
lems 23 1988. Also available at: http://www.mhra.gov.uk/home/
idcplg?ldcService=GET_FILE&dDocName=CON2024430&
RevisionSelectionMethod=LatestReleased (accessed 01/11/07)
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Hypersensitivity. See under Effects on the Lungs (above).

Interactions
For interactions associated with NSAIDs, see p.99.

Use of fenbufen with aspirin may result in decreased
serum concentrations of fenbufen and its metabolites.

Pharmacokinetics

Fenbufen is absorbed from the gastrointestinal tract af-
ter oral use and peak plasma concentrations are
reached in about 70 minutes. Fenbufen is over 99%
bound to plasma proteins. It is metabolised in the liver
to the active metabolites, biphenylacetic acid and 4-hy-
droxy-biphenylbutyric acid. Fenbufen and its metabo-
lites are reported to have plasma half-lives of about 10
to 17 hours and are mainly eliminated as conjugates in
the urine. Metabolites of fenbufen have been detected
in breast milk in small amounts.

Uses and Administration

Fenbufen, a propionic acid derivative, is an NSAID
(p.99). It is given for the relief of pain and inflamma-
tion associated with musculoskeletal and joint disor-
ders such as rheumatoid arthritis, osteoarthritis, and
ankylosing spondylitis in oral doses of 900 mg daily;
the dose may be either 450 mg in the morning and
evening or 300 mg in the morning with 600 mg in the
evening.

Preparations

BP 2008: Fenbufen Capsules; Fenbufen Tablets.

Proprietary Preparations (details are given in Part 3)

Austria: Lederfent; Indon.: Cybufen; Irl.: Lederfen; Port.: Basifen; Reu-
gastt; Thai.: Cepal; Cinopalt; Turk.: Cinopal; UK: Lederfen.

The symbol T denotes a preparation no longer actively marketed

Fenoprofen Calcium @anm, usan, inw)

Calcii Fenoprofenum; Fénoprofene Calcique; Fenoprofeno célci-
co; Lilly-69323; Lilly-53858 (fenoprofen); Lilly-61 169 (fenoprofen
sodium). Calcium  (%)-2-(3-phenoxyphenyl)propionate  dihy-
drate.

Kanbumin OerHonpodpeH

(CsH,303),Ca,2H,0 = 558.6.

CAS — 31879-05-7 (fenoprofen); 34597-40-5 (anhydrous
fenoprofen calcium); 53746-45-5 (fenoprofen calcium di-
hydrate).

ATC — MOIAEO4.

ATC Vet — QMOIAEO4.

CHs

O
COOH

(fenoprofen)

Pharmacopoeias. In Br., Chin., and US.

BP 2008 (Fenoprofen Calcium). A white or almost white odour-
less or almost odourless crystalline powder. Slightly soluble in
water and in chloroform; soluble in alcohol.

USP 31 (Fenoprofen Calcium). A white crystalline powder.
Slightly soluble in water, in methyl alcohol, and in n-hexanol;
practically insoluble in chloroform. Store in airtight containers.

Adverse Effects, Treatment, and Precau-
tions

As for NSAIDs in general, p.96.

Dysuria, cystitis, haematuria, interstitial nephritis, and
acute renal insufficiency have been reported with feno-
profen. Nephrotic syndrome, which may be preceded
by fever, rash, arthralgia, oliguria, azotaemia, and anu-
ria, has also occurred. Upper respiratory-tract infection
and nasopharyngitis have been reported. There have
been reports of severe hepatic reactions, including
jaundice and fatal hepatitis.

Breast feeding. Fenoprofen is distributed into breast milk al-
though the amount is considered by the BNF to be too small to
be harmful to a breast-fed infant. In contrast, licensed product
information does not recommend its use since safety has not
been established.

Effects on the blood. Haematological adverse effects includ-

ing agranulocytosis,! aplastic anaemia,? and throm-

bocytopenia®* have been reported in patients taking fenoprofen;

licensed product information also reports haemolytic anaemia.

Simon SD, Kosmin M. Fenoprofen and agranulocytosis. N Engl

J Med 1978; 299: 490.

. Ashraf M, et al. Aplastic anaemia associated with fenoprofen.

BMJ 1982; 284: 1301-2.

3. Simpson RE, et al. Acute thrombocytopenia associated with
fenoprofen. N Engl J Med 1978; 298: 629-30.

4. Katz ME, Wang P. Fenoprofen-associated thrombocytopenia.
Ann Intern Med 1980; 92: 262.

Effects on the liver. Cholestatic jaundice and hepatitis devel-

oped in a 68-year-old woman after receiving fenoprofen 600 mg

four times daily for 7 weeks. Subsequent use of naproxen and

indometacin did not result in hepatotoxicity.* However, there has

been a report of cross-hepatotoxicity between fenoprofen and

naproxen.?

1. Stennett DJ, et al. Fenoprofen-induced hepatotoxicity. Am J
Hosp Pharm 1978; 35: 901.

2. Andrejak M, et al. Cross hepatotoxicity between non-steroidal
anti-inflammatory drugs. BMJ 1987; 295: 180-1.

Effects on the skin. Toxic epidermal necrolysis was associated

with fenoprofen in 2 patients.!

1. Stotts JS, et al. Fenoprofen-induced toxic epidermal necrolysis.
J Am Acad Dermatol 1988; 18: 755-7.

Overdosage. A report of coma, respiratory depression, hypo-

tension, and metabolic acidosis in a patient who had ingested be-

tween 24 and 36 g of fenoprofen.! The patient responded to gas-

tric lavage and activated charcoal and intensive supportive care.

1. Kolodzik JM, et al. Nonsteroidal anti-inflammatory drugs and
coma: a case report of fenoprofen overdose. Ann Emerg Med
1990; 19: 378-81.
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Interactions

For interactions associated with NSAIDs, see p.99.
Aspirin is reported to reduce plasma concentrations of
fenoprofen.

Antiepileptics. Phenobarbital might increase the rate of
metabolism of fenoprofen.t US licensed product information

Etorphine Hydrochloride/Fentanyl 55

suggests that dosage adjustment of fenoprofen may be required
when given with phenobarbital.

1. Helleberg L, et al. A pharmacokinetic interaction in man be-
tween phenobarbitone and fenoprofen, a new anti-inflammatory
agent. Br J Clin Pharmacol 1974; 1: 371-4.

Pharmacokinetics

Fenoprofen is readily absorbed from the gastrointesti-
nal tract; bioavailability is about 85% but food and
milk may reduce the rate and extent of absorption.
Peak plasma concentrations occur 1 to 2 hours after a
dose. The plasma half-life is about 3 hours. Fenoprofen
is 99% bound to plasma proteins. About 90% of a dose
is excreted in the urine in 24 hours, chiefly as the glu-
curonide and the glucuronide of hydroxylated fenopro-
fen. Fenoprofen is distributed into breast milk.

Uses and Administration

Fenoprofen, a propionic acid derivative, is an NSAID
(p.99) used in the management of mild to moderate
pain and for the relief of pain and inflammation associ-
ated with disorders such as osteoarthritis, rheumatoid
arthritis, and ankylosing spondylitis. It is given as the
calcium salt although doses are expressed in terms of
the base; fenoprofen calcium (dihydrate) 1.2 g is
equivalent to about 1 g of fenoprofen. A usual oral
dose is the equivalent of 300 to 600 mg of fenoprofen
three or four times daily, adjusted thereafter according
to response. In the USA, lower doses of 200 mg every
4 to 6 hours are recommended for mild to moderate
pain. It has been recommended that the total daily dose
should not exceed 3 g (UK) or 3.2 g (USA).

Preparations

BP 2008: Fenoprofen Tablets;

USP 31: Fenoprofen Calcium Capsules; Fenoprofen Calcium Tablets.
Proprietary Preparations (details are given in Part 3)

Braz.: Trandorf; Canad.: Nalfont; Denm.: Nalfont; Fr.: Nalgesic; Gr.:
Expront; Mex.: Nalfont; S.Afr.: Fenopront; UK: Fenopron; USA: Nalfon;
Venez.: Fenopront.

Fentanyl @an iy &

Fentanil, Fentanilis; Fentanilo; Fentanylum; Fentanyyli. N-(1I-
Phenethyl-4-piperidyl) propionanilide.

DeHTaHUA

CyHgN,O = 336.5.

CAS — 437-38-7.

ATC — NOIAHOI; NO2ABO3.

ATC Vet — QNOTAHO; QNO2ABO3.
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NoTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of fentanyl:

Apache; China girl; China town; China white; Dance fever; Fen-
tanest; Friend; Goodfellas; Great bear; He-man; Jackpot; King
ivory; Murder 8; Poison; Tango & Cash; TNT; T.N.T.
Pharmacopoeias. In Eur. (see p.vii).

Ph. Eur. 6.2 (Fentanyl). A white or almost white polymorphic
powder. Practically insoluble in water; freely soluble in alcohol
and in methyl alcohol. Protect from light.

Fentanyl Citrate BANM, USAN, INNM) &

Citrato de fentanilo; Fentanil-citrat; Fentanilio citratas; Fentanyl,
citrate de; Fentanylcitrat; Fentanyl-citrdt; Fentanyli citras; Fentan-
ylu cytrynian; Fentanyylisitraatti; McN-JR-4263-49; Phentanyl Cit-
rate; R-4263. N-(|-Phenethyl-4-piperidyl)propionanilide dihy-
drogen citrate.

®DeHTaHmAa LinTpat

CyyH N, O,CHgO, = 528.6.

CAS — 990-73-8.

The symbol ® denotes a substance whose use may be restricted in certain sports (see p.vii)
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Pharmacopoeias. In Chin., Eur. (see p.vii), Jpn, and US.

Ph. Eur. 6.2 (Fentanyl Citrate). White or almost white powder.
Soluble in water; sparingly soluble in alcohol; freely soluble in
methyl alcohol. Protect from light.

USP 31 (Fentanyl Citrate). A white crystalline powder or white
glistening crystals. Sparingly soluble in water; slightly soluble in
chloroform; soluble in methyl alcohol. Store at a temperature of
25°, excursions permitted between 15° and 30°. Protect from
light.

Fentanyl Hydrochloride ANV, iNNM) &

Fentanyl, Chlorhydrate de; Fentanyli Hydrochloridum; Hidro-
cloruro de fentanilo.

DeHTaHmAa [MapoxAoprA
CpaHygN,OHCH = 372.9.
CAS — 1443-54-5.

Incompatibility. Fentanyl citrate is incompatible with thiopen-
tal sodium and methohexital sodium.

A thick white precipitate formed in the intravenous tubing when
fentanyl citrate with droperidol was given shortly after nafcillin
sodium. There was no precipitate when fentanyl citrate alone
was mixed with nafcillin sodium.!

Fentanyl citrate underwent rapid and extensive loss when ad-
mixed with fluorouracil in PVC containers.? The loss was due to
sorption of fentanyl to the PVC as a result of the alkaline pH of
the admixture, and presumably could occur from admixture of
fentanyl citrate with any sufficiently alkaline drug.

See also Stability, below.

1. Jeglum EL, et al. Nafcillin sodium incompatibility with acidic
solutions. Am J Hosp Pharm 1981; 38: 462, 464.
. Xu QA, et al. Rapid loss of fentanyl citrate admixed with fluor-

ouracil in polyvinyl chloride containers. Ann Pharmacother
1997; 31: 297-302.

N

Stability. In a 48-hour study fentanyl citrate in glucose 5% or
sodium chloride 0.9% was stable when stored at room tempera-
ture under usual light conditions in glass or PVC containers;* the
concentration of fentanyl delivered by a patient-controlled sys-
tem was relatively constant throughout a 30-hour study period.
Fentanyl citrate injection diluted to 20 micrograms/mL with so-
dium chloride 0.9% was stable for 30 days at 3° or 23° in PVC
reservoirs for portable infusion pumps.? In another study? fenta-
nyl citrate diluted to 50 micrograms/mL with sodium chloride
0.9% remained stable for at least 14 days when stored at room
temperature in PVC reservoirs for portable patient-controlled
systems.

An admixture of fentanyl citrate and bupivacaine in sodium
chloride 0.9% appeared* compatible and stable when stored for
up to 30 days at 3° or 23° in a portable infusion pump. In another
study® the stability of solutions containing fentanyl, bupivacaine,
and adrenaline, alone and in combination was studied over a pe-
riod of 56 days when stored at various temperatures in the light
or in the dark in PVC bags. Both fentanyl and bupivacaine were
adsorbed from solution onto the PVC for the first 3 days but
thereafter concentrations of these drugs remained relatively sta-
ble; freezing appeared to slow the concentration change for bupi-
vacaine but not for fentanyl. Solutions containing adrenaline be-
came more acidic during the study as the adrenaline
progressively deteriorated but this was greatly reduced by freez-
ing. Autoclaving produced a further reduction in the concentra-
tion of all drugs. There was no sign of precipitation from any of
the solutions studied.

An admixture of fentanyl citrate, ketamine hydrochloride, and
droperidol in sodium chloride 0.9% was stable® for at least 30
days when stored in glass bottles at 25°; the minor decrease in the
concentrations of all 3 drugs was attributed to either hydrolytic
degradation or adsorption. This admixture also appeared com-
patible when stored in PVC bags at 4° and 25°; the small increase
in drug concentrations over 30 days may be a result of water per-
meation and evaporation through the bags.

Fentanyl is potentially unstable in PVC containers when ad-
mixed with alkaline drugs (see Incompatibility, above).

. Kowalski SR, Gourlay GK. Stability of fentanyl citrate in glass
and plastic containers and in a patient-controlled delivery sys-
tem. Am J Hosp Pharm 1990; 47: 1584-7.

. Allen LV, et al. Stability of fentanyl citrate in 0.9% sodium chlo-
ride solution in portable infusion pumps. Am J Hosp Pharm
1990; 47: 1572-4.

. Chapalain-Pargade S, et al. Microbiological and physicochemi-
cal stability of fentanyl and sufentanil solutions for patient-con-
trolled delivery systems. J Pain Symptom Manage 2006; 32:
90-7.

Tu Y-H, et al. Stability of fentanyl citrate and bupivacaine hydro-
chloride in portable pump reservoirs. Am J Hosp Pharm 1990;
47:2037-40.

. Dawson PJ, et al. Stability of fentanyl, bupivacaine and adrena-
line solutions for extradural infusion. Br J Anaesth 1992; 68:
414-17.

. Lee DKT, et al. Compatibility of fentanyl citrate, ketamine hy-
drochloride, and droperidol in 0.9% sodium chloride injection
stored in polyvinyl chloride bags. Am J Health-Syst Pharm 2005;
62: 1190-2.
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Dependence and Withdrawal

As for Opioid Analgesics, p.101.

Fentanyl and illicitly manufactured analogues are sub-
ject to abuse (see under Precautions, below).

¢ Plasma concentrations required to produce satisfactory seda-
tion have been reported to increase steadily in neonates receiving
continuous infusions, suggesting the development of tolerance
to the sedating effects of fentanyl.!
Movement disorders, extreme irritability, and symptoms charac-
teristic of opioid abstinence syndrome have been reported in chil-
dren after withdrawal of prolonged fentanyl infusions.?3 Similar-
ly, withdrawal symptoms and, in one case, myoclonus have
occurred in adults when fentanyl transdermal patches have been
stopped.*> Acute opioid withdrawal syndrome has also been
seen in cancer patients switched from modified-release oral mor-
phine to transdermal fentanyl despite adequate analgesia being
maintained.®

1. Arnold JH, et al. Changes in the pharmacodynamic response to

fentanyl in neonates during continuous infusion. J Pediatr 1991;
119: 639-43.

2. Lane JC, et al. Movement disorder after withdrawal of fentanyl
infusion. J Pediatr 1991; 119: 649-51.

. Dominguez KD, et al. Opioid withdrawal in critically ill ne-
onates. Ann Pharmacother 2003 37: 473-7.

4. Han PKJ, et al. Myoclonus secondary to withdrawal from
transdermal fentanyl: case report and literature review. J Pain
Symptom Manage 2002; 23: 66-72

. Ishihara C, et al. Withdrawal symptom after discontinuation of
transdermal fentanyl at a daily dose of 0.6 mg. Pharm World Sci
2005; 27: 13-15.

6. Anonymous. Opiate withdrawal with transdermal fentanyl.

Pharm J 1995; 255: 680.
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Adverse Effects and Treatment

As for Opioid Analgesics in general, p.102.
Respiratory depression, which occurs especially with
high doses of fentanyl, responds to naloxone (see also
Effects on the Respiratory System, below). Atropine
may be used to block the vagal effects of fentanyl such
as bradycardia. Unlike morphine, fentanyl is reported
not to cause significant histamine release. Transient
hypotension may follow intravenous dosage. Muscle
rigidity can occur and may require neuromuscular
blockers.

Local reactions such as rash, erythema, and itching
have been reported with transdermal use. Gum bleed-
ing and irritation, and taste perversion have been re-
ported with transmucosal use.

Effects on the cardiovascular system. For a reference to the
effects of fentanyl on histamine release compared with some oth-
er opioids, see under Pethidine, p.114.

Effects on mental function. Fentanyl had some dose-related

effects on mental function and motor activity in healthy sub-

jects,! but immediate and delayed recall were not affected. See

also under Alfentanil (p.16).

Acute toxic delirium has been reported after treatment with

transdermal fentanyl.?

1. Scamman FL, et al. Ventilatory and mental effects of alfentanil
and fentanyl. Acta Anaesthesiol Scand 1984; 28: 63-7.

2. Kuzma PJ, et al. Acute toxic delirium: a uncommon reaction to
transdermal fentanyl. Anesthesiology 1995; 83: 869-71.

Effects on the nervous system. There have been reports of
seizures with low and high doses of fentany! or sufentanil.* There
was, however, no EEG evidence of cortical seizure activity in a
patient who had seizure-like muscle movements during a fenta-
nyl infusion;? the muscle movements might have been due to
myoclonus produced by depression of higher CNS inhibitory
centres or to a pronounced form of opioid-induced muscle rigid-
ity.
For a report of encephalopathy associated with prolonged use of
fentanyl and midazolam in infants in intensive care, see Enceph-
alopathy under Adverse Effects of Diazepam, p.988.
1. Zaccara G, et al. Clinical features, pathogenesis and management
of drug-induced seizures. Drug Safety 1990; 5: 109-51.
2. Scott JC, Sarnquist FH. Seizure-like movements during a fenta-
nyl infusion with absence of seizure activity in a simultaneous
EEG recording. Anesthesiology 1985; 62: 812-14.

Effects on the respiratory system. Fentanyl, like other opi-
oid agonists, causes dose-related respiratory depression; it is sig-
nificant with intravenous fentanyl doses of more than
200 micrograms and may be more prolonged than analgesia. An-
aesthesia with fentanyl may result in either prolonged or delayed
respiratory depression postoperatively.! Consequently, patients
should continue to be monitored postoperatively until spontane-
ous breathing has been re-established. Severe respiratory depres-
sion in a 14-month-old child after intravenous sedation with fen-
tanyl and midazolam has also highlighted the necessity for
careful monitoring when giving with other respiratory depres-
sants.? If present at the end of operation respiratory depression
may be reversed by an opioid antagonist such as naloxone; alter-
natively, a respiratory stimulant such as doxapram that does not
reverse analgesia has been given.

Rigidity of the respiratory muscles (chest wall rigidity) may oc-
cur during fentanyl anaesthesia. The effects can be minimised by
using a slow intravenous injection but a neuromuscular blocker
may be required to allow artificial ventilation; rigidity has been
reversed postoperatively by naloxone. Similar muscle rigidity in-
duced by alfentanil could be attenuated by pretreatment with a
benzodiazepine whereas small doses of neuromuscular blockers
appeared to be ineffective.’

Coughing has been associated* with intravenous fentanyl; inci-
dence was decreased with a longer injection time,® in light ciga-
rette smokers,>® and in older patients.® For the use of beclometa-
sone and lidocaine to prevent cough associated with intravenous
fentanyl in anaesthesia, see p.1518 and p.1852, respectively.

The risk of respiratory depression associated with epidural doses
of fentanyl, a highly lipid-soluble opioid, has been considered
relatively small and only slight ventilatory depression was noted”
after a dose of 50 micrograms. However, profound delayed res-
piratory depression has been reported in 2 women 100 minutes®
and 80 minutes,® respectively after fentanyl 100 micrograms had
been given epidurally for caesarean section. No adverse effects
on neonatal respiration or neurobehaviour were detected in a
study™® of neonates of mothers given epidural infusions of bupi-
vacaine and fentanyl during labour. However, a later report' de-
scribed 2 neonates who developed respiratory depression after
their mothers were given epidural fentanyl during labour; the ef-
fect was reversed by intramuscular naloxone 400 micrograms.
The authors noted that the doses of fentanyl used were higher
than those in the previous study.

Respiratory depression is also a risk with topically applied fenta-
nyl preparations. Severe hypoventilation with some fatalities has
occurred in patients given fentanyl as a transdermal patch for mi-
nor painful conditions.> More recently, Health Canada had re-
ceived 2 reports of fatal respiratory depression associated with
the use of transdermal fentanyl patches in adolescents for rela-
tively minor conditions (chronic headache and throat pain);*® in
both cases the respiratory depression developed within 24 hours
of applying the first and only patch. See also Administration,
Transdermal Route, under Precautions below.
. Bennett MRD, Adams AP. Postoperative resplratory complica-
tions of opiates. Clin Anaesthesiol 1983; 1: 41-56.

2. Yaster M, et al. Midazolam-fentanyl intravenous sedation in
children: case report of respiratory arrest. Pediatrics 1990; 86:

. Sanford TJ, et al. Pretreatment with sedative-hypnotics, but not
with nondepolarizing muscle relaxants, attenuates alfentanil-in-
duced muscle rigidity. J Clin Anesth 1994; 6: 473-80.

. Tweed WA, Dakin D. Explosive coughing after bolus fentanyl
injection. Anesth Analg 2001; 92: 1442-3.

. Lin J-A, et al. Prolonged injection time and light smoking de-

crease the incidence of fentanyl-induced cough. Anesth Analg

2005; 101: 670-4.

Oshima T, et al. Identification of independent risk factors for

fentanyl-induced cough. Can J Anesth 2006; 53: 753-8.

. Morisot P, et al. Ventilatory response to carbon dioxide during
extradural anaesthesia with lignocaine and fentanyl. Br J
Anaesth 1989; 63: 97-102

. Brockway MS, et al. Profound respiratory depression after ex-

tradural fentanyl. Br J Anaesth 1990; 64: 243-5.

Wang CY. Resplratory depression after extradural fentanyl. Br J

Anaesth 1992; 69: 544

10. Porter J, et al. Effect of epidural fentanyl on neonatal respira-

tion. Anesthesiology 1998; 89: 79-85.

Kumar M, Paes B. Epidural opioid analgesia and neonatal res-

piratory depression. J Perinatol 2003; 23: 425-7.

12. FDC Reports Pink Sheet 1994; January 24: 12.

13. Health Canada. Transdermal fentanyl (Duragesic): respiratory
arrest in adolescents. Can Adverse React News 2004; 14 (4):
1-2. Also available at: http://www.hc-sc.gc.ca/dhp-mps/
alt_formats/hpfb-dgpsa/pdf/medeff/carn-bcei_v14n4-eng.pdf
(accessed 26/06/08)

Effects on the skin. A patient developed a macular rash cover-
ing the whole body, except for the face and scalp, while using
transdermal fentanyl patches.*

1. Stoukides CA, Stegman M. Diffuse rash assomated with
transdermal fentanyl. Clin Pharm 1992; 11: 2

Effects on the urinary tract. Urinary retention developed in

2 premature infants after sedation with fentanyl infusion at a dose

of 3 micrograms/kg per hour. In both cases catheterisation re-

lieved symptoms.

1. Das UG, Sasidharan P. Bladder retention of urine as a result of
continuous intravenous infusion of fentanyl: 2 case reports.
Pediatrics 2001; 108: 1012-1015.
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Precautions
As for Opioid Analgesics in general, p.103.

Caution is advised in patients with myasthenia gravis;
the effects of muscular rigidity on respiration may be
particularly pronounced in these patients.

US licensed product information contra-indicates the
use of standard transdermal fentanyl patches in opioid-
naive patients because of the risk of fatal respiratory
depression (see Effects on the Respiratory System,
above and Administration, Transdermal Route, be-
low). Similar contra-indications apply to fentanyl buc-
cal tablets (see Administration, Transmucosal Route,
below).
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Absorption of fentanyl from standard transdermal
patches may be increased as the temperature rises and
patients should therefore avoid exposing the patch to
external heat; similarly, patients with fever may require
monitoring because of increased absorption. It may
take 17 hours or longer for plasma concentrations of
fentanyl to decrease by 50% after removal of a
transdermal patch; patients who have had adverse ef-
fects should be monitored for up to 24 hours and those
requiring replacement opioid therapy should initially
receive low doses increased gradually thereafter. Sim-
ilar advice is also given for patients receiving fentanyl
via an iontophoretic drug delivery system; the mean
half-life of fentanyl in this system is 11 hours.

The bioavailability of different transmucosal fentanyl
preparations is not equivalent and consequently they
should not be substituted on a dose-per-dose basis.

Abuse. Several synthetic analogues of fentanyl, so-called ‘de-
signer drugs’, have been manufactured illicitly for recreational
use, particularly in the USA. They are highly potent, and respira-
tory depression and death may occur very rapidly.! The “fentan-
yls’ have been smoked or snorted as well as injected intravenous-
ly.

Fentanyl analogues identified by WHO?? as being subject to
street abuse or likely to be abused include: alpha-methylfentanyl
(also known as “China white” or ‘synthetic heroin’), 3-methyl-
fentanyl, acetyl-alpha-methylfentanyl, alpha-methylthiofenta-
nyl, para-fluorofentanyl, beta-hydroxyfentanyl, beta-hydroxy-3-
methylfentanyl, thiofentanyl, and 3-methylthiofentanyl.

Fentanyl itself is also subject to illicit use. It is chemically unre-
lated to morphine and does not react in screening tests for mor-
phine-related opioids. It has therefore been recommended* that
fentanyl should be tested for specifically in cases with suspected
opioid misuse.

Used fentanyl transdermal systems may contain significant
amounts of fentanyl and have been subject to abuse. In some cas-
es the contents of the patches have been injected intravenously;
such abuse has resulted in death.>6 Licensed product information
advises that used patches and iontophoretic transdermal systems
should be folded firmly in half, adhesive side inwards to conceal
the release membrane, and disposed of safely.

=

Buchanan JF, Brown CR. ‘Designer drugs’: a problem in clinical
toxicology. Med Toxicol 1988; 3: 1-17.

WHO. WHO expert committee on drug dependence: twenty-
fourth report. WHO Tech Rep Ser 761 1988.

WHO. WHO expert committee on drug dependence: twenty-
sixth report. WHO Tech Rep Ser 787 1989.

Berens AlL, et al. Illicit fentanyl in Europe. Lancet 1996; 347:
1334-5.

Reeves MD, Ginifer CJ. Fatal intravenous misuse of transdermal
fentanyl. Med J Aust 2002; 177: 552-3.

Tharp AM, et al. Fatal intravenous fentanyl abuse: four cases
involving extraction of fentanyl from transdermal patches. Am J
Forensic Med Pathol 2004; 25: 178-81.

e

w

>

@

o

Administration. INTRAVENOUs RouUTE. Fentanyl is much
more lipid-soluble than morphine and after standard single in-
travenous doses has a rapid onset and short duration of action.
However, fentanyl is rapidly redistributed in the body and has
a longer elimination half-life than morphine (see under Phar-
macokinetics, below). Hence, with high or repeated doses,
fentanyl becomes a relatively long-acting drug; to avoid accu-
mulation patients should be monitored and doses adjusted ac-
cordingly.

Repeated intra-operative doses of fentanyl should be given with
care, since not only may the respiratory depression persist into
the postoperative period but it may become apparent for the first
time postoperatively when the patient is away from immediate
nursing attention.

TRANSDERMAL ROUTE. Fatalities have been associated with the
use of standard fentanyl transdermal patches (see Effects on
the Respiratory System, above). Incorrect or inappropriate
use resulting in serious adverse effects and fatalities had
prompted regulatory authorities to issue warnings and recom-
mendations for changes to product labelling; in particular
transdermal fentanyl patches are not appropriate for the treat-
ment of acute or postoperative pain. Nonetheless, reports of
fatalities and life-threatening adverse reactions have contin-
ued to be received®? and, in December 2007, the FDA! reiter-
ated that:

« fentanyl patches are indicated for the management of persist-
ent, moderate to severe chronic pain in opioid-tolerant patients

« licensed product information must be consulted when deter-
mining the initial dose as overestimating when converting pa-
tients from another opioid analgesic can result in fatal over-
dose with the first dose

TYV\-FFIAALNY

« use with any inhibitors of the cytochrome P450 isoenzyme
CYP3A4 may result in an increase in plasma-fentanyl con-
centrations, which may cause potentially fatal respiratory de-
pression; patients who are taking CYP3A4 inhibitors and
using fentanyl patches for an extended period of time should
be monitored and the dose of fentanyl adjusted if necessary

1. FDA. Information for healthcare professionals: fentanyl
transdermal system (marketed as Duragesic and generics) (is-
sued 21st December, 2007). Available at: http://www.fda.gov/
cder/drug/InfoSheets/HCP/fentanyl_2007HCP.htm (accessed
23/07/08)

. Health Canada. Fentanyl transdermal patch and fatal adverse re-
actions. Can Adverse React News 2008; 18 (3): 1-2. Also availa-
ble at: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/
pdf/medeff/carn-bcei_v18n3-eng.pdf (accessed 23/07/08)
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TRANSMUCOSAL RoUTE. The FDA! has received reports of se-
rious adverse effects, including fatalities, in patients who
have taken the fentanyl buccal tablets, Fentora (Cephalon,
USA), resulting from inappropriate use in patients who were
not opioid tolerant, misunderstanding of dosing instructions,
or inappropriate substitution for other fentanyl-containing
formulations. The FDA reiterated that Fentora:

« should only be used for breakthrough pain in opioid-tolerant
cancer patients

should not be used in those who only need an opioid on an
intermittent, or as required, basis and who are not on around-
the-clock opioids

should not be used for the management of acute or postopera-
tive pain including headaches, migraines, and pain due to in-
jury

should not be directly substituted for other fentanyl-contain-
ing formulations

FDA. Information for healthcare professionals: fentanyl buccal
tablets (marketed as Fentora) (issued 26th September, 2007).

Available at: http://www.fda.gov/cder/drug/InfoSheets/HCP/
fentanyl_buccal.htm (accessed 24/07/08)

Breast feeding. The American Academy of Pediatrics® states
that there have been no reports of any clinical effect in infants of
breast-feeding mothers given fentanyl, and that therefore it may
be considered to be usually compatible with breast feeding. The
BNF also considers that the amount of fentany! distributed into
breast milk is too small to be harmful to a breast-fed infant. How-
ever, licensed product information states that, since fentanyl is
distributed into breast milk, it should be avoided in nursing
mothers because of the possibility of sedation or respiratory de-
pression in breast-fed infants.

A study? using fentanyl 100 micrograms intravenously for in-

duction of anaesthesia in 5 mothers concluded that the amount of

fentanyl excreted into breast milk within 24 hours of induction
was less than 0.1% of the maternal dose, and hence unlikely to
affect a healthy full-term breast-feeding infant.

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776-89.
Correction. ibid.; 1029. Also available at:
http://aappolicy.aappublications.org/cgi/content/full/
pediatrics%3b108/3/776 (accessed 26/06/08)

. Nitsun M, et al. Pharmacokinetics of midazolam, propofol, and
fentanyl transfer to human breast milk. Clin Pharmacol Ther
2006; 79: 549-57.

Children. The BNFC states that the half-life of fentanyl is pro-
longed in neonates and accumulation is likely with prolonged
use; muscle rigidity may occur and the use of muscle relaxants
may be required. See also under Pharmacokinetics, below.
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Exercise. Opioid toxicity requiring naloxone treatment oc-

curred in a patient who wore a fentanyl patch while engaging in

vigorous outdoor exercise.! Physicians should be aware that

along with fever and external heat sources, physical activity may

cause increased absorption of transdermal fentanyl.

1. Carter KA. Heat-associated increase in transdermal fentanyl ab-
sorption. Am J Health-Syst Pharm 2003; 60: 191-2.

Handling. Avoid contact with skin and the inhalation of fenta-
nyl citrate particles.

Interactions

For interactions associated with opioid analgesics, see
p.103. Use of fentanyl with non-vagolytic neuromus-
cular blockers may produce bradycardia and possibly
asystole.

Fentanyl is metabolised via the cytochrome P450
isoenzyme CYP3A4; use with potent inhibitors of this
isoenzyme, such as ritonavir and other HIV-protease
inhibitors, may increase fentanyl plasma concentra-
tions.

Antidepressants. For reference to a possible case of serotonin
syndrome associated with use of fentanyl and SSRIs, see Opioid
Analgesics under Interactions of Fluoxetine, p.397.

Antivirals. Ritonavir, an inhibitor of the cytochrome P450
isoenzyme CYP3A4, might prolong fentanyl-induced respirato-
ry depression. The plasma clearance of fentanyl was decreased,
and the elimination half-life and area under the plasma concen-
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tration-time curve increased, when given with ritonavir in a study
in healthy subjects.*

1. Olkkola KT, et al. Ritonavir’s role in reducing fentany! clearance
and prolonging its half-life. Anesthesiology 1999; 91: 681-5.

Benzodiazepines. For the effects of opioids such as fentanyl
with benzodiazepines, see Analgesics under Interactions of Di-
azepam, p.989.

Propofol. For reference to the effect that fentanyl has on blood
concentrations of propofol, see p.1792.

Pharmacokinetics

After parenteral doses fentany! citrate has a rapid onset
and short duration of action. After transmucosal deliv-
ery, up to 50% of the dose is rapidly absorbed from the
buccal mucosa; the remainder is swallowed and slowly
absorbed from the gastrointestinal tract. Some first-
pass metabolism occurs via this route. The absolute bio-
availability of transmucosal delivery is about half that
for intravenous fentanyl but varies between formula-
tions. Absorption is slow after transdermal application.
Fentanyl is metabolised in the liver by N-dealkylation
and hydroxylation via the cytochrome P450 isoen-
zyme CYP3A4. Metabolites and some unchanged
drug are excreted mainly in the urine. The short dura-
tion of action is probably due to rapid redistribution
into the tissues rather than metabolism and excretion.
The relatively longer elimination half-life reflects
slower release from tissue depots. About 80% has been
reported to be bound to plasma proteins. Fentanyl ap-
pears in the CSF. It crosses the placenta and has been
detected in breast milk.

& Marked differences in results of pharmacokinetic studies of
fentanyl have been attributed to differences in assay methods.
The need for sensitive assay methods has been emphasised be-
cause the potency of fentanyl means that small doses are used.
However, there are differences in pharmacokinetics between bo-
lus doses and prolonged infusion with highly lipophilic drugs
such as fentanyl.2 Terminal half-lives ranging from 2 to 7 hours
have been reported in healthy subjects and surgical patients.
However, the duration of action of fentanyl after a single intrave-
nous dose of up to 100 micrograms may be only 30 to 60 minutes
as a result of rapid redistribution into the tissues. US licensed
product information has given values for a three-compartment
pharmacokinetic model with a distribution time of 1.7 minutes, a
redistribution time of 13 minutes, and a terminal elimination
half-life of 219 minutes. Giving repeated or large doses, or con-
tinuous infusions, may result in accumulation and a more pro-
longed action.

The clinical significance of secondary peak plasma-fentanyl
concentrations and the possible role of entero-systemic
recirculation® has been controversial, but some* considered that
irregular decay curves were not unlikely for lipophilic com-
pounds such as fentanyl, especially in patients undergoing oper-
ations and subject to large changes in blood flow. Unexpectedly
high plasma-fentanyl concentrations in a patient following epi-
dural use were thought to be a result of aortic clamping and might
reflect the effect of changes in blood flow.

The main metabolites of fentanyl, which are excreted in the

urine, have been identified as 4-N-(N-propionylanilino) piperid-

ine and 4-N-(N-hydroxypropionylanilino) piperidine; 1-(2-

phenethyl)-4-N-(N-hydroxypropionylanilino) piperidine is a

minor metabolite.® Fentanyl has no active or toxic metabolites.*

1. Mather LE. Clinical pharmacokinetics of fentanyl and its newer
derivatives. Clin Pharmacokinet 1983; 8: 422-46.

2. Scholz J, et al. Clinical pharmacokinetics of alfentanil, fentanyl
and sufentanil: an update. Clin Pharmacokinet 1996; 31:
275-92.

. Bennett MRD, Adams AP. Postoperative respiratory complica-
tions of opiates. Clin Anaesthesiol 1983; 1: 41-56.

. Moore RA, et al. Opiate metabolism and excretion. Baillieres
Clin Anaesthesiol 1987; 1: 829-58.

. Bullingham RES, et al. Unexpectedly high plasma fentany! lev-
els after epidural use. Lancet 1980; i: 1361-2.

. Goromaru T, et al. Identification and quantitative determination
of fentanyl metabolites in patients by gas chromatography-mass
spectrometry. Anesthesiology 1984; 61: 73-7.

Administration. Some references to the pharmacokinetics of
fentanyl after constant rate intravenous infusion, transdermal
application,2® use of the oral sublingual® and transmucosal’
routes, intranasal dosage,'? subcutaneous infusion,'® and epidur-
al use 1416

1. Duthie DJR, et al. Pharmacokinetics of fentanyl during constant

rate iv infusion for the relief of pain after surgery. Br J Anaesth
1986; 58: 950-6.

Grond S, et al. Clinical pharmacokinetics of transdermal opio-
ids: focus on transdermal fentanyl. Clin Pharmacokinet 2000;
38: 59-89.

Solassol I, et al. Inter- and intraindividual variabilities in phar-
macokinetics of fentanyl after repeated 72-hour transdermal ap-
plications in cancer pain patients. Ther Drug Monit 2005; 27:
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4. Marier J-F, et al. Pharmacokinetics, tolerability, and perform-
ance of a novel matrix transdermal delivery system of fentanyl
relative to the commercially available reservoir formulation in
healthy subjects. J Clin Pharmacol 2006; 46: 642-53.

Marier J-F, et al. Comparative bioequivalence study between a

novel matrix transdermal delivery system of fentanyl and a

commercially available reservoir formulation. Br J Clin Phar-

macol 2007; 63: 121-4.

Lennernas B, et al. Pharmacokinetics and tolerability of differ-

ent doses of fentanyl following sublingual administration of a

rapidly dissolving tablet to cancer patients: a new approach to

treatment of incident pain. Br J Clin Pharmacol 2005; 59:

249-53

Streisand JB, et al. Absorption and bioavailability of oral trans-

mucosal fentanyl citrate. Anesthesiology 1991; 75: 223-9.

Darwish M, et al. Pharmacokinetics and dose proportionality of

fentanyl effervescent buccal tablets in healthy volunteers. Clin

Pharmacokinet 2005; 44: 1279-86.

Darwish M, et al. Comparison of equivalent doses of fentanyl

buccal tablets and arteriovenous differences in fentanyl pharma-

cokinetics. Clin Pharmacokinet 2006; 45: 843-50.

Darwish M, et al. Single-dose and steady-state pharmacokinet-

ics of fentanyl buccal tablet in healthy volunteers. J Clin Phar-

macol 2007; 47: 56-63.

. Darwish M, et al. Absolute and relative bioavailability of fenta-
nyl buccal tablet and oral transmucosal fentanyl citrate. J Clin
Pharmacol 2007; 47: 343-50.

. Walter SH, et al. Pharmacokinetics of intranasal fentanyl. Br J
Anaesth 1993; 70 (suppl 1): 108.

13. Miller RS, et al. Plasma concentrations of fentanyl with subcu-
taneous infusion in palliative care patients. Br J Clin Pharmacol
1995; 40: 553-6.

. Gourlay GK, et al. Pharmacokinetics of fentanyl in lumbar and

cervical CSF following lumbar epidural and intravenous admin-

istration. Pain 1989; 38: 253-9.

Bader AM, et al. Maternal and neonatal fentanyl and bupi-

vacaine concentrations after epidural infusion during labor. An-

esth Analg 1995; 81: 829-32.

Moises EC, et al. Pharmacokinetics and transplacental distribu-

tion of fentanyl in epidural anesthesia for normal pregnant

women. Eur J Clin Pharmacol 2005; 61: 517-22.
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Cardiopulmonary bypass. In general, studies®? indicate that

serum concentrations of fentanyl during cardiopulmonary by-

pass decrease initially and then remain stable. The fall in concen-
trations has been attributed to haemodilution although adsorption
to the bypass apparatus has also been found.

. Buylaert WA, et al. Cardiopulmonary bypass and the pharma-
cokinetics of drugs: an update. Clin Pharmacokinet 1989; 17:
10-26.

. Gedney JA, Ghosh S. Pharmacokinetics of analgesics, sedatives
and anaesthetic agents during cardiopulmonary bypass. Br J
Anaesth 1995; 75: 344-51.

-

N

Children. The disposition of intravenous fentanyl 10 to
50 micrograms/kg in 14 neonates undergoing various major sur-
gical procedures was highly variable.! The mean elimination
half-life of 317 minutes and other pharmacokinetic parameters
including volume of distribution and total body clearance were
greater than reported in adults, but both pharmacodynamic and
pharmacokinetic mechanisms appeared responsible for the very
prolonged respiratory depression that can occur in neonates after
fentanyl anaesthesia. In 9 premature neonates given fentanyl
30 micrograms/kg intravenously for induction of anaesthesia?
the elimination half-life ranged from 6 to 32 hours, but cautious
interpretation was advised because of the method of calculation.
. Koehntop DE, et al. Pharmacokinetics of fentanyl in neonates.
Anesth Analg 1986; 65: 227-32.
. Collins C, et al. Fentanyl pharmacokinetics and hemodynamic
effects in preterm infants during ligation of patent ductus arteri-
osus. Anesth Analg 1985; 64: 1078-80.
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The elderly. In one study the elimination half-life of intrave-
nous fentanyl increased from 265 minutes in patients with a
mean age of 36 years to 945 minutes in those with a mean age of
67 years.! The authors of another study were critical of the rela-
tively short sampling time used and in contrast found that major
fentanyl pharmacokinetic parameters did not correlate with age.?

However, elderly patients had increased brain sensitivity to intra-

venous fentanyl, as shown by EEG changes? and lower doses

might be indicated in older patients for pharmacodynamic rather
than pharmacokinetic reasons.

. Bentley JB, et al. Age and fentanyl pharmacokinetics. Anesth
Analg 1982; 61: 968-71.

. Scott JC, Stanski DR. Decreased fentanyl and alfentanil dose re-
quirements with age: a simultaneous pharmacokinetic and phar-
macodynamic evaluation. J Pharmacol Exp Ther 1987; 240:
159-66.
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Hepatic impairment. The pharmacokinetics of fentanyl were

not affected significantly in surgical patients with cirrhosis of the

liver.! A 1987 review? considered that fentanyl had not been as-

sociated with clinical problems when given to patients with liver

dysfunction.

1. Haberer JP, et al. Fentanyl pharmacokinetics in anaesthetized pa-
tients with cirrhosis. Br J Anaesth 1982; 54: 1267-70.

2. Moore RA, et al. Opiate metabolism and excretion. Baillieres
Clin Anaesthesiol 1987; 1: 829-58.

Renal impairment. Clearance of fentanyl from plasma was re-
ported to be enhanced in surgical patients with end-stage renal
disease,! although clearance was reduced and elimination half-
life increased in patients with renal failure undergoing transplan-
tation,? possibly because of the influence of uraemia on metabo-
lism in the liver. Nevertheless, a 1987 review? noted that fentanyl
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had no active or toxic metabolites and had not been associated
with clinical problems when given to patients with renal dys-
function.

1. Corall IM, et al. Plasma concentrations of fentanyl in normal
surgical patients and those with severe renal and hepatic disease.
Br J Anaesth 1980; 52: 101P.

2. Moore RA, et al. Opiate metabolism and excretion. Baillieres
Clin Anaesthesiol 1987; 1: 829-58.

Uses and Administration

Fentanyl, a phenylpiperidine derivative, is a potent opi-
oid analgesic (p.104) chemically related to pethidine
(p-113) and is primarily a p-opioid agonist.

Fentanyl is used as an analgesic, as an adjunct to gen-
eral anaesthetics, and as an anaesthetic for induction
and maintenance. It is also used as a respiratory depres-
sant in the management of mechanically ventilated pa-
tients under intensive care. When used with an antipsy-
chotic such as droperidol it can induce a state of
neuroleptanalgesia in which the patient is calm and in-
different to his surroundings and is able to cooperate
with the surgeon.

Fentanyl is usually given parenterally or by the trans-
mucosal route as the citrate, in transdermal patches as
the base, or by iontophoretic transdermal delivery as
the hydrochloride. Fentanyl citrate 157 micrograms
and fentanyl hydrochloride 111 micrograms are each
equivalent to about 100 micrograms of fentanyl. Doses
are expressed in terms of the base.

It is more lipid soluble than morphine and after an in-
travenous injection of 100 micrograms the effects of
fentanyl begin almost immediately, although maxi-
mum analgesia and respiratory depression may not oc-
cur for several minutes; the duration of action of fenta-
nyl depends on the dose and the intensity of the pain
involved, and may vary from 10 minutes to several
hours.

For premedication the equivalent of 50 to
100 micrograms of fentanyl may be given intramuscu-
larly 30 to 60 minutes before the induction of anaesthe-
sia.

As an adjunct to general anaesthesia, fentanyl is usu-

ally given by intravenous injection. Dosage recom-

mendations show a wide range depending on the tech-
nique.

« Patients with spontaneous respiration may be given
50 to 200 micrograms as an initial dose with supple-
ments of 50 micrograms. In the USA it is recom-
mended that doses above 2 micrograms/kg be ac-
companied by assisted ventilation. Significant
respiratory depression follows doses of more than
200 micrograms

Patients whose ventilation is assisted may be given
300 micrograms to 3.5mg (up to
50 micrograms/kg) as an initial dose, with supple-
ments of 100 to 200 micrograms depending on the
patient’s response. High doses have been reported to
moderate or attenuate the response to surgical stress
(see Anaesthesia, below)

Fentanyl may also be given by intravenous infusion. In
ventilated patients a loading dose of about
1 microgram/kg per minute is given for the first 10
minutes followed by an infusion of about
100 nanograms/kg per minute; alternatively, the load-
ing dose may be given as a bolus. The infusion rate
should be titrated according to response and rates of up
to 3 micrograms/kg per minute have been used in car-
diac surgery. Infusions should be stopped about 40
minutes before the end of surgery unless artificial ven-
tilation is to be continued postoperatively. In patients
with spontaneous respiration, lower infusion rates of
50 to 80 nanograms/kg per minute are used.

Reduced doses are used in the elderly or debilitated pa-
tients

Similar doses to those used for premedication may also
be given by intramuscular injection postoperatively,
and by intramuscular or slow intravenous injection as
an adjunct to regional anaesthesia.

For the treatment of intractable chronic pain in adults
when opioid analgesia is indicated transdermal patch-
es delivering amounts of fentanyl ranging from 12 to
100 micrograms/hour are available. In the UK, fenta-
nyl patches may be used in strong opioid-naive pa-
tients; however, in the USA, use is restricted to patients
who are already tolerant to opioid therapy of compara-
ble potency.

« Doses should be individually titrated for each patient
according to previous opioid usage. Initial dosages
should not exceed 25 micrograms/hour in opioid-
naive patients; in addition, it is recommended that
these patients are initially titrated with low doses of
short-acting opioids before transferring to fentanyl
patches

For patients who have been receiving a strong opioid
analgesic the initial dose of the fentanyl patch
should be based on the previous 24-hour opioid re-
quirement. Use of a patch providing 25 micrograms
of fentanyl per hour is equivalent to about 60 to
90 mg daily of oral morphine sulfate. During trans-
fer to treatment with fentanyl patches previous opio-
id analgesic therapy should be phased out gradually
in order to allow for the gradual increase in plasma-
fentanyl concentrations

More than one patch may be applied if doses greater
than 100 micrograms/hour are required (applied at
the same time to avoid confusion); additional or al-
ternative analgesic therapy should be considered if
doses greater than 300 micrograms/hour are re-
quired. Patches should be replaced every 72 hours
with the new patch being applied to a different site;
use of the same area of the skin should be avoided
for several days

Elderly or debilitated patients should be observed
carefully for signs of toxicity and the dose reduced if
necessary

Fentanyl patches are not appropriate for acute or post-
operative pain.

A patient-activated iontophoretic transdermal fentanyl
delivery system, IONSYS (Janssen-Cilag, UK; Ortho-
McNeil, USA), is available for the management of
acute moderate to severe postoperative pain in hospi-
talised patients. Patients should be titrated to an accept-
able level of analgesia before starting therapy. IONSYS
contains fentanyl hydrochloride and each system de-
livers an equivalent of 40 micrograms of fentanyl per
dose over 10 minutes, to a maximum of 6 doses per
hour, for 24 hours after the first dose or for 80 doses
(maximum of 3.2 mg), whichever is reached first. The
maximum duration of treatment is 72 hours, or 3 con-
secutive systems applied sequentially, with the new
system being applied to a different site; only one sys-
tem should be worn at a time. It should be applied to
intact, non-irritated, and non-irradiated skin on the
chest or upper outer arm.

A lozenge-on-a-stick dosage form of fentanyl citrate
for transmucosal delivery is used as an analgesic in the
management of breakthrough cancer pain in those
already receiving and tolerant to opioid treatment. Loz-
enges containing the equivalent of 200 micrograms to
up to 1.6 mg of fentanyl are available. An initial unit
dose of 200 micrograms may be taken over 15 minutes
for an episode of breakthrough pain and repeated once
if necessary after a further 15 minutes. Doses are sub-
sequently titrated according to response, up to a unit
dose of 1.6 mg if necessary. Once the patient has been
stabilised on an effective dose, no more than 4 unit dos-
es should be taken daily.

In the USA, a buccal tablet containing fentanyl citrate
for transmucosal delivery is also available and licensed
for the same indication as the lozenge. Tablets contain-
ing the equivalent of 100 micrograms to up to
800 micrograms of fentanyl are available. An initial
dose of 100 micrograms may be taken for an episode
of breakthrough pain and repeated once if necessary af-
ter 30 minutes; thereafter, patients must wait at least 4
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hours before treating another episode. Doses are subse-
quently titrated according to response. The dose of the
maintenance opioid used for persistent pain should be
re-evaluated if the patient has more than 4 episodes of
breakthrough pain a day.

Caution must be exercised when switching between
the lozenge and buccal tablet as the extent of absorp-
tion may be substantially different.

For details of doses in children, see below.

Administration. INHALATION ROUTE. In a study inhaled fen-
tanyl provided plasma concentrations similar to those after in-
travenous doses; use as patient-controlled analgesia was sug-
gested. Inhaled formulations of fentanyl are under
investigation for the treatment of breakthrough cancer pain
and acute pain.
1. Mather LE, et al. Pulmonary administration of aerosolised fenta-
nyl: pharmacokinetic analysis of systemic delivery. Br J Clin
Pharmacol 1998; 46: 37-43.

INTRANASAL ROUTE. Studies'® have shown that intranasal fen-
tanyl is as effective as the intravenous route for postoperative
pain management and that it can be used in a patient-control-
led analgesia system. Intranasal fentanyl has also been
studied*® for the management of acute pain in children. Intra-
nasal spray formulations of fentanyl are under investigation
for the treatment of breakthrough cancer pain.

Striebel HW, et al. Intranasal fentanyl titration for postoperative
pain management in an unselected population. Anaesthesia
1993; 48: 753-7.

Striebel HW, et al. Patient-controlled intranasal analgesia: a
method for noninvasive postoperative pain management. Anesth
Analg 1996; 83: 548-51.

Toussaint S, et al. Patient-controlled intranasal analgesia: effec-
tive alternative to intravenous PCA for postoperative pain relief.
Can J Anesth 2000; 47: 299-302.

Manjushree R, et al. Intranasal fentanyl provides adequate post-
operative analgesia in pediatric patients. Can J Anesth 2002; 49:

Borland ML, et al. Intranasal fentanyl is an equivalent analgesic
to oral morphine in paediatric burns patients for dressing chang-
es: a randomised double blind crossover study. Burns 2005; 31:
831-7.

Borland M, et al. A randomized controlled trial comparing intra-
nasal fentanyl to intravenous morphine for managing acute pain
in children in the emergency department. Ann Emerg Med 2007;
49: 335-40.

INTRASPINAL ROUTE. For a discussion on the intraspinal use of
fentanyl, see Postoperative Pain, below.

TRANSDERMAL ROUTE. Transdermal fentanyl is used for chron-
ic intractable cancer pain in adults and children.-
Transdermal fentanyl is also used in the treatment of chronic
non-cancer pain;*® however transdermal use is contra-indicated
in the management of acute or postoperative pain because the
problems of dose titration in the short term increase the possibil-
ity of development of significant respiratory depression® (see
also under Adverse Effects and under Precautions, above).
Although the licensed dosage interval for transdermal patches of
fentanyl is 72 hours studies have suggested that up to about 25%
of cancer patients may require more frequent application with
some patients requiring fresh patches every 48 hours.” Equally,
in an attempt to supply lower doses than are allowed for by ex-
isting transdermal dosage forms, patches have sometimes been
cut, folded, or partially masked with non-porous dressings; the
manufacturers do not recommend such practices as they consider
the dose supplied will be unreliable, and there is potential for
overdosage.

An iontophoretic drug delivery system containing fentanyl hy-
drochloride is also available for the management of acute mod-
erate to severe postoperative pain in a hospital setting (see Post-
operative Pain, below for some references).

Jeal W, Benfield P. Transdermal fentanyl: a review of its pharma-
cological properties and therapeutic efficacy in pain control.
Drugs 1997; 53: 109-38.

Muijsers RBR, Wagstaff AJ. Transdermal fentanyl: an updated
review of its pharmacological properties and therapeutic efficacy

in chronic cancer pain control. Drugs 2001; 61: 2289-2307.
Gourlay GK. Treatment of cancer pain with transdermal fenta-
nyl. Lancet Oncol 2001; 2: 165-72.

Kornick CA, et al. Benefit-risk assessment of transdermal fenta-
nyl for the treatment of chronic pain. Drug Safety 2003; 26:
951-73.

Zernikow B, et al. Transdermal fentanyl in childhood and ado-
lescence: a comprehensive literature review. J Pain 2007; 8:
187-207.

. Allan L, et al. Randomised crossover trial of transdermal fenta-
nyl and sustained release oral morphine for treating chronic non-
cancer pain. BMJ 2001; 322: 1154-8.

Radbruch L, et al. Transdermal fentanyl for the management of
cancer pain: a survey of 1005 patients. Palliat Med 2001; 15:
309-21.

Donner B, et al. Long-term treatment of cancer pain with
transdermal fentanyl. J Pain Symptom Manage 1998; 15:
168-75.

TRANSMUCOSAL ROUTE. Transmucosal fentanyl has been tried
for sedation and analgesia before anaesthesia or painful pro-
cedures in adults® and children?® and is used for breakthrough
cancer pain in opioid-tolerant patients.*® It has been noted®
that this dosage method can cause all the adverse effects of
parenteral opioids; nausea and vomiting are common and
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potentially lethal respiratory depression can occur (see also
under Precautions, above). Dosage guidelines have been sug-
gested.”

Macaluso AD, et al. Oral transmucosal fentanyl citrate for pre-
medication in adults. Anesth Analg 1996; 82: 158-61.

. Nelson PS, et al. Comparison of oral transmucosal fentanyl cit-
rate and an oral solution of meperidine, diazepam, and atropine
for premedication in children. Anesthesiology 1989; 70: 616-21.

Schechter NL, et al. The use of oral transmucosal fentanyl citrate
for painful procedures in children. Pediatrics 1995; 95: 335-9.

Blick SKA, Wagstaff AJ. Fentanyl buccal tablet: in breakthrough
pain in opioid-tolerant patients with cancer. Drugs 2006; 66:
2387-93.

Zeppetella G, Ribeiro MDC. Opioids for the management of
breakthrough (episodic) pain in cancer patients. Available in the
Cochrane Database of Systematic Reviews; Issue 1. Chichester:
John Wiley; 2006 (accessed 26/06/08).

Anonymous. Oral transmucosal fentanyl citrate. Med Lett Drugs
Ther 1994; 36: 24-5.

. Aronoff GM, et al. Evidence-based oral transmucosal fentanyl
citrate (OTFC) dosing guidelines. Pain Med 2005; 6: 305-14.
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Administration in children. Indications for fentanyl therapy
in children are similar to those in adults (see above).

Fentanyl is usually given by intravenous injection as an adjunct
to general anaesthesia. In the UK recommended initial doses
range from 2 to 3 micrograms/kg in children aged 2 to 12 years
with spontaneous respiration; supplements of 1 microgram/kg
may be given. (The BNFC suggests initial doses of 1 to
5 micrograms/kg for neonates and children up to 12 years
of age.) When ventilation is assisted, the initial recommended
dose is also 2 to 3 micrograms/kg, with supplements of
1 microgram/kg. (The BNFC suggests an initial dose of 5 to
10 micrograms/kg for neonates and children up to 12 years of
age, with supplements of 1 to 3 micrograms/kg.) In the USA dos-
es are similar to those licensed in the UK.

Children may also be given fentanyl by intravenous infusion: li-
censed product information implies that doses are similar to
those used in adults (see above) although the BNFC recommends
that the infusion rate in ventilated patients is 1.5 micrograms/kg
per hour in neonates and is 1 to 6 micrograms/kg per hour in old-
er children.

Transdermal patches delivering amounts of fentanyl ranging
from 12 to 100 micrograms/hour may be used for the treatment
of intractable chronic pain in children aged 2 years and older
who are already tolerant to opioid therapy of comparable poten-
cy. The initial dose should be based on the previous 24-hour opi-
oid requirement. Use of a patch providing 12 micrograms of fen-
tanyl per hour is equivalent to about 30 to 44 mg daily of oral
morphine sulfate. See Uses and Administration, above for fur-
ther details. Patches should be applied to the upper backs of
young children to minimise the potential for removal.

Although the transmucosal lozenge-on-a-stick formulation is
not licensed for use in children, the BNFC suggests a single dose
of 15 to 20 micrograms/kg (maximum of 400 micrograms) for
the management of breakthrough pain and as premedication
in those aged 2 years and older, and who weigh more than 10 kg.

Anaesthesia. Fentanyl and its congeners alfentanil and sufen-
tanil are shorter-acting than morphine and appear to produce
fewer circulatory changes; they are preferred for use as supple-
ments during anaesthesia with inhalational or intravenous drugs.
Fentanyl is widely used as the analgesic component of balanced
anaesthesia. It has been used to attenuate cardiovascular stress
responses to intubation (see Anaesthesia, p.1900), and may be
used in higher doses in an attempt to reduce the cardiovascular,
endocrine, and metabolic changes that may accompany surgery.
When attenuation of surgical stress is especially important, for
example in cardiac surgery, intravenous fentanyl 50 to
100 micrograms/kg in conjunction with oxygen and a neuromus-
cular blocker, and sometimes up to 150 micrograms/kg, may be
used for general anaesthesia. Total intravenous anaesthesia with
fentanyl and propofol has been successful.*

Satisfactory anaesthesia has been reported? with high-dose fen-
tanyl citrate (30 to 50 micrograms/kg) in premature infants when
used as sole anaesthetic, in conjunction with pancuronium, for
ligation of patent ductus arteriosus; cardiovascular stability was
maintained throughout the procedure. However, others® found
significant hypotension in preterm infants given either fentanyl
20 micrograms/kg, isoflurane, halothane, or ketamine; systolic
arterial pressure was best maintained with the ketamine tech-
nique. The surgical stress response in preterm babies was abol-
ished by the addition of fentanyl 10 micrograms/kg intravenous-
ly to an anaesthetic regimen of nitrous oxide and tubocurarine.*
Dose responses of fentanyl in neonatal anaesthesia have been
discussed.®

For details of doses in neonates and children, see above.

Neuroleptanalgesia. An injection of short-acting fentanyl
50 micrograms/mL with the longer-acting antipsychotic droperi-
dol 2.5 mg/mL has been used for neuroleptanalgesia, premedica-
tion, and as an adjunct to anaesthesia. However, the use of such
a fixed-ratio combination cannot be recommended.

1. Jenstrup M, et al. Total iv anaesthesia with propofol-alfentanil or
propofol- fentanyl Br J Anaesth 1990; 64: 717-22.
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2. Robinson S, Gregory GA. Fentanyl-air-oxygen anesthesia for li-
gation of patent ductus arteriosus in preterm infants. Anesth An-
alg 1981; 60: 331-4.

. Friesen RH, Henry DB. Cardiovascular changes in preterm ne-
onates receiving isoflurane, halothane, fentanyl, and ketamine.
Anesthesiology 1986; 64: 238-42.

. Anand KJS, et al. Randomised trial of fentanyl anaesthesia in
preterm babies undergoing surgery: effects on the stress re-
sponse. Lancet 1987; i: 243-8.

. Yaster M. The dose response of fentanyl in neonatal anesthesia.
Anesthesiology 1987; 66: 433-5.

PHAEOCHROMOCYTOMA. Unlike morphine and some other

opioids, fentanyl and alfentanil do not release histamine and

may be used safely in the anaesthetic management of patients

with phaeochromocytoma.t

1. Hull CJ. Phaeochromocytoma: diagnosis, preoperative prepara-
tion and anaesthetic management. Br J Anaesth 1986; 58:
1453-68

POSTOPERATIVE SHIVERING. As pethidine appears to be effec-

tive in the treatment of postoperative shivering a number of

other opioids including fentanyl have also been tried. Not all

opioids are necessarily effective but fentanyl has been report-

ed to be so,* although information is scanty.?

1. Alfonsi P, et al. Fentanyl, as pethidine, inhibits post anaesthesia
shivering. Br J Anaesth 1993; 70 (suppl 1): 38

2. Kranke P, et al. Pharmacological treatment of postoperative
shivering: a quantitative systematic review of randomized con-
trolled trials. Anesth Analg 2002; 94: 453-60.

Intensive care. Despite the short duration of action of fentanyl
after single doses, rapid redistribution in the body results in an
elimination half-life longer than that of morphine. Consequently
fentanyl is not a short-acting drug when used for analgesia in in-
tensive care, and may offer little advantage over morphine.
1. Aitkenhead AR. Analgesia and sedation in intensive care. Br J
Anaesth 1989; 63: 196-206.
Pain. canckr paIN. Transdermal fentanyl is used in the man-
agement of chronic intractable cancer pain; for references see
Administration, Transdermal Route, above. For references to
the use of transmucosal fentanyl in the management of break-
through cancer pain, see Administration, Transmucosal
Route, above.
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LABOUR PAIN. Fentanyl has been reported to be an effective
intravenous analgesic during active labour. Epidural fentanyl
is unreliable when used alone,*? although it does enhance the
epidural analgesia achieved with the local anaesthetic bupi-
vacaine. The reduction in the minimum local analgesic con-
centration of epidural bupivacaine for labour pain increased
with increasing dose of fentanyl added to bupivacaine.® How-
ever, the incidence of pruritus increased significantly with
fentanyl in a dose of 4 micrograms/mL and therefore the op-
timum dose of fentanyl may be 3 micrograms/mL for bupi-
vacaine-sparing epidural analgesia during labour. Respiratory
depression has also been reported with the combination.*

. Reynolds F. Extradural opioids in labour. Br J Anaesth 1989; 63:
251-3.

. Lindow SW, et al. A randomised double-blind comparison of
epidural fentanyl versus fentanyl and bupivicaine [sic] for pain
relief in the second stage of labour. Br J Obstet Gynaecol 2004;
111: 1075-80.

. Lyons G, et al. Extradural pain relief in labour: bupivacaine spar-
ing by extradural fentanyl is dose dependent. Br J Anaesth 1997;
78: 493-7.

. McClure JH, Jones G. Comparison of bupivacaine and bupi-
vacaine with fentanyl in continuous extradural analgesia during
labour. Br J Anaesth 1989; 63: 637-40.

POSTOPERATIVE PAIN. Small intravenous bolus doses of an opi-
oid analgesic may be injected immediately after surgery for
postoperative analgesia and faster acting opioids such as fen-
tanyl may be preferable to morphine.* Fentanyl has also been
given by epidural injection in doses of 100 or 200 micrograms
or by continuous epidural infusion in doses of 20 to
80 mizcrograms/hour; patient-controlled systems have been
used.

Epidural fentanyl or sufentanil provided effective postoperative
analgesia after caesarean section with comparable adverse effect
profiles.® The suggested optimal dose of fentanyl was
100 micrograms. For references comparing epidural fentanyl
with alfentanil, see Postoperative Analgesia under Uses and Ad-
ministration of Alfentanil, p.18. In a review* of perioperative
pain management epidural opioids were considered to provide
effective analgesia at lower doses than systemic opioids. Fenta-
nyl may be given through a lumbar epidural catheter that is often
inserted immediately postoperatively. After an initial loading
dose of 1 to 1.5 micrograms/kg of fentanyl, infusion at the rate of
0.7 to 2 micrograms/kg per hour is begun and continued for
about 48 hours on average. Some prefer to use intermittent injec-
tion. A small study® comparing 2 patient-controlled routes of ad-
ministration found that cervical epidural fentanyl provided better
postoperative pain relief at rest than intravenous fentanyl; how-
ever, there was no decrease in the total dose required and the
authors considered that the benefits of epidural fentanyl did not
outweigh its potential complications.

Combined opioid and local anaesthetic epidural infusions have
also proved effective, for example fentanyl 1 microgram/mL
with bupivacaine 0.1%; both could be infused at lower rates than
either drug alone. Although a study® comparing bupivacaine-
fentanyl combinations with each drug alone for epidural analge-
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sia after caesarean section confirmed an additive analgesic effect
for the combination, there was no demonstrable clinical benefit
compared with fentanyl alone in this patient group who expect
early mobilisation. However, the combination may be of greater
benefit in patients for whom early ambulation is not routine.
Fentany! has also been given by epidural injection to children for
postoperative analgesia.”

Fent%nyl has been tried by intrathecal injection for postoperative
pain.

As mentioned in Administration, Transdermal Route, above, an
iontophoretic transdermal system for postoperative pain is also
available.®

. Mitchell RWD, Smith G. The control of acute postoperative

pain. Br J Anaesth 1989; 63: 147-58.

Morgan M. The rational use of intrathecal and extradural opio-

ids. Br J Anaesth 1989; 63: 165-88.

3. Grass JA, et al. A randomized, double-blind, dose-response

comparison of epidural fentanyl versus sufentanil analgesia af-

ter cesarean section. Anesth Analg 1997; 85: 365-71.

Swarm RA, et al. Pain treatment in the perioperative period.

Curr Probl Surg 2001; 38: 835-920.

Roussier M, et al. Patient-controlled cervical epidural fentanyl

compared with patient-controlled i.v. fentanyl for pain after

pharyngolaryngeal surgery. Br J Anaesth 2006; 96: 492-6.

Cooper DW, et al. Patient-controlled extradural analgesia with

bupivacaine, fentanyl, or a mixture of both, after caesarean sec-

tion. Br J Anaesth 1996; 76: 611-15.

Lejus C, et al. Postoperative extradural analgesia in children:

comparison of morphine with fentanyl. Br J Anaesth 1994; 72:

156-9.

Sudarshan G, et al. Intrathecal fentanyl for post-thoracotomy

pain. Br J Anaesth 1995; 75: 19-22.

Chelly JE. An iontophoretic, fentanyl HCI patient-controlled

transdermal system for acute postoperative pain management.

Expert Opin Pharmacother 2005; 6: 1205-14.

10. Koo PJ. Postoperative pain management with a patient-control-
led transdermal delivery system for fentanyl. Am J Health-Syst
Pharm 2005; 62: 1171-6.

11. Mayes S, Ferrone M. Fentanyl HCI patient-controlled ionto-

phoretic transdermal system for the management of acute post-

operative pain. Ann Pharmacother 2006; 40: 2178-86.

Preparations

BP 2008: Fentanyl Injection;
USP 31: Fentanyl Citrate Injection.

Proprietary Preparations (details are given in Part 3)

Arg.: Durogesic; Fentax; Gray-F; Nafluvent; Sublimaze; Talnur; Austral.: Ac-
tiq; Durogesic; Sublimaze; Austria: Durogesic; Belg.: Durogesic; Braz.:
Durogesic; Fentabbott; Fentanest; Fentatil; Canad.: Duragesic; Chile: Du-
rogesic; Cz.: Durogesic; Fentagesic; Fentahexal; Fentalis; lonsys; Matrifen;
Wintanyl; Denm.: Actiq; Durogesic; Haldid; Fin.: Actiq; Durogesic; Fr.: Ac-
tiq; Durogesic; lonsys; Ger.: Actiq; Durogesic; Fenta-Hamelnt; Gr.: Actig;
Durogesic; Fentadur; Matrifen; Hong Kong: Durogesic; Hung.: Durogesic;
Matrifen; Sedaton; India: Durogesic; Trofentyl; Indon.: Durogesic; Irl.: Ac-
tiq; Durogesic; Fental; Sublimaze; Israel: Durogesic; Tanyl; Ital.: Actig; Du-
rogesic; Fentanest; Jpn: Durotep; Malaysia: Durogesic; Talgesil; Mex.: Du-
rogesic; Fenodid; Fentanest; Neth.: Actiq; Durogesic; Norw.: Actiq;
Durogesic; Leptanal; NZ: Durogesic; Sublimaze; Philipp.: Durogesic; Sub-
limaze; Pol.: Durogesic; Fentahexal; Port.: Durogesic; Fentanest; lonsys;
Nilfene; Rus.: Durogesic (Aoporesvik); S.Afr.: Durogesic; Sublimaze; Tanyl;
Singapore: Durogesic; Spain: Actiq; Durogesic; Fentanest; Swed.: Actiq;
Durogesic; Leptanal; Matrifen; Switz.: Actiq; Durogesic; Sintenyl; Thai.:
Durogesic; Turk.: Durogesic; UK: Actiq; Durogesic; Fentalis; lonsys;
Matrifen; Osmach; Sublimaze; Tilofyl; USA: Actig; Duragesic; Fentora; lon-
sys; Sublimaze; Venez.: Durogesic.

Multi-ingredient: Arg.: Disifelit; Austral.: Marcain with Fentanyl; Naro-
pin with Fentanyl; Braz.: Nilperidol; Ital.: Leptofen; NZ: Bupafen; Marcain
with Fentanyl; Naropin with Fentanyl
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Fentiazac (BAN, USAN, riNN)

BR-700; Fentiazaco; Fentiazacum; Wy-21894. [4-(4-Chlorophe-
nyl)-2-phenylthiazol-5-ylJacetic acid.

DeHTIazaK

C7H,CINO,S = 329.8.

CAS — 18046-21-4.

ATC — MOITABI10; MO2AA 4.

ATC Vet — QMOITABI10; QMO2AA 4.

o
OH

cl N

Profile

Fentiazac is an NSAID (p.96) that has been used for the relief of
pain and inflammation associated with musculoskeletal, joint,
peri-articular, and soft-tissue disorders. It has also been used in
the treatment of fever. Fentiazac has been given in usual oral dos-
es of 200 mg once or twice daily. Fentiazac has also been applied
topically and has been given rectally as the calcium salt.

Preparations

Proprietary Preparations (details are given in Part 3)
Ital.: O-Flam; Port.: Donorestt; IDRT; Norvedant.

Fepradinol (inn)

Fépradinol; Fepradinolum.  (£)-a-{[(2-Hydroxy-1,1-dimethyle-
thyl)amino]methyl}benzyl alcohol.

DenpaavHOA

C,HsNO, = 209.3.

CAS — 63075-47-8.

OH
CHs

N cHs
OH

Profile

Fepradinol is an NSAID (p.96) that has been used topically in a
concentration of 6% for the relief of pain and inflammation. The
hydrochloride has been used similarly.

Preparations

Proprietary Preparations (details are given in Part 3)
Chile: Sinalgiat; Mex.: Sinalgia; Spain: Dalgen; Flexidolt.

Feprazone (34N, riNN)

DA-2370; Feprazona; Féprazone; Feprazonum; Phenylprena-
zone; Prenazone. 4-(3-Methylbut-2-enyl)- |, 2-diphenylpyrazolid-
ine-3,5-dione.

®DenpasoH

CyoHyN,O;5 = 320.4.

CAS — 30748-29-9 (feprazone); 57148-60-4 (feprazone
piperazine salt [:1).

ATC — MOTAXI8; MO2AAT 6.

ATC Vet — QMOTAX18; QMO2AA T 6.

CHs

Profile

Feprazone, a phenylbutazone (p.117) derivative, is an NSAID
(p.96). It has been given orally in the treatment of mild to mod-
erate pain, fever, and inflammation associated with musculoskel-
etal and joint disorders. Feprazone has also been given rectally
and used topically as a 5% cream.

Pinazone, the piperazine salt of feprazone, has been used similar-
ly.

Preparations

Proprietary Preparations (details are given in Part 3)
Ital.: Zepelin; Spain: Brotazona; Venez.: Vapesin.

Firocoxib (UsaN, iNN)

Firocoxibum; ML-1785713. 3-(Cyclopropylmethoxy)-5,5-dime-
thyl-4-[4-(methylsulfonyl)phenyl]furan-2(5H)-one.
Dupokokend

C7H,005S = 336.4.

CAS — 189954-96-9.

ATC Vet — QMO TAH90.

Profile

Firocoxib, a selective cyclo-oxygenase-2 (COX-2) inhibitor, is
an NSAID used in veterinary medicine for the treatment of in-
flammation and pain associated with osteoarthritis in dogs.

+TY-FFYAALNYF

Floctafenine (3AN, UsAN, iNN)

Floctafenina; Floctafénine; Floctafeninum; R-4318; RU-15750.
2,3-Dihydroxypropyl  N-(8-trifluoromethyl-4-quinolyl)anthrani-
late.

DrokTadeHMH

CyoH 7F3N, O, = 406.4.

CAS — 23779-99-9.

ATC — NO2BGO4.

ATC Vet — QNO2BGO4.

OH

HO\)\/O o

ZI

A CFs
s N

Adverse Effects, Treatment, and Precautions

As for NSAIDs in general, p.96.

Anaphylactic shock has been reported, and may be preceded by
minor allergic manifestations; floctafenine should be stopped in
any patient who develops signs suggestive of allergy (such as
pruritus or urticaria). Reactions may also involve the liver.
Floctafenine may cross-react with glafenine (p.62) and should
not be given to patients who have had glafenine-associated reac-
tions.

Porphyria. Floctafenine is considered to be unsafe in patients
with porphyria because it has been shown to be porphyrinogenic
in in-vitro systems.

Interactions
For interactions associated with NSAIDs, see p.99.

Pharmacokinetics

Floctafenine is absorbed from the gastrointestinal tract; peak
plasma concentrations are obtained 1 to 2 hours after ingestion.
Its plasma half-life is about 8 hours. It is metabolised in the liver
to floctafenic acid. It is excreted mainly as glucuronide conju-
gates in the urine and bile.

Uses and Administration

Floctafenine, an anthranilic acid derivative related to glafenine
(p.62), is an NSAID (p.99) used in oral doses of up to 1.2 g daily,
in divided doses, for the short-term relief of pain.
Preparations

Proprietary Preparations (details are given in Part 3)
Canad.: |daract; Fr.: |darac; Irl.: |daract; Thai.: |darac.

Flufenamic Acid (BAN, USAN, riNN)

Acide Flufénamique; Acido flufendmico; Acidum Flufenamicum;
Cl-440; CN-27554; Flufenaamihappo; Flufenamsyra; INF-1837;
Kwas flufenamowy; NSC-82699. N-(aaa-Trifluoro-m-tolyl)an-
thranilic acid.

OnydeHamoras Kncrota

Ci4H0F3NO, = 281.2.

CAS — 530-78-9 (flufenamic acid); 6189 1-34-7 (flufena-
mate aluminium); 16449-54-0 (flufenamate aluminium).
ATC — MOIAGO3.

ATC Vet — QMOTAGO3.

COOH
H
N CFs

Adverse Effects, Treatment, and Precautions
As for NSAIDs in general, p.96.

Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving flufenamic acid, and
the American Academy of Pediatrics considers® that it is there-
fore usually compatible with breast feeding.

An early study? found that only very small amounts of flufenam-
ic acid were excreted into breast milk after oral doses.

1. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776-89.
Correction. ibid.; 1029. Also available at:
http://aappolicy.aappublications.org/cgi/content/full/
pediatrics%3b108/3/776 (accessed 01/11/07)

Buchanan RA, et al. The breast milk excretion of flufenamic ac-
id. Curr Ther Res 1969; 11: 533-8.

Effects on the gastrointestinal tract. Acute proctocolitis as-

sociated with oral flufenamic acid in a patient.:

1. Ravi S, et al. Colitis caused by non-steroidal anti-inflammatory
drugs. Postgrad Med J 1986; 62: 773-6.

Porphyria. Flufenamic acid has been associated with acute at-

tacks of porphyria and is considered unsafe in porphyric patients.

N
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Uses and Administration

Flufenamic acid, an anthranilic acid derivative related to
mefenamic acid (p.80), is an NSAID (p.99). Flufenamic acid is
mainly used topically in a concentration of 3 or 3.5% for the re-
lief of pain and inflammation associated with musculoskeletal,
joint, and soft-tissue disorders. Flufenamic acid and its alumini-
um salt have also been given orally.

Preparations

Proprietary Preparations (details are given in Part 3)

Ger.: Dignodolint; Jpn: Opyrin.

Multi-ingredient: Austria: Mobilisin; Mobilisin plus; Rheugesal; Belg.:
Mobilisin; Braz.: Mobilisin Composto; Ger.: Algesalonat; Hung.: Mobili-

sint; Ital.: Mobilisin; Port.: Latesil; Mobilisin; Spain: Movilisin; Switz.: Alge-
salonat; Assan; Assan thermo; Mobilisin.

Flunixin Meglumine (2ANM, USAN, iNNM)

Fluniksiinimeglumiini; Flunixin megluminovd stl; Flunixine méglu-
mine; Flunixini megluminum; Flunixinmeglumin; Flunixino meglu-
mina; Flunixinum Megluminicum; Meglumini- Flunixinum; Sch-
14714 (flunixin). 2-{[2-Methyl-3-(trifluoromethyl)phenyl]Jamino}-
3-pyridinecarboxylic acid compounded with [-deoxy- | -(methyl-
amino)-D-glucitol  (1:1); 2-(a 0% e’ Trifluoro-2,3,-xylidino)nico-
tinic acid compounded with |-deoxy- [-(methylamino)-D-glucitol
(1:1).

MeraymuHa OAYHUKCUH

C4H | F3sN,O,,CoH sNOg = 491.5.

CAS — 38677-85-9 (flunixin); 4246 1-84-7 (flunixin meg-
lumine).

CH3
H
N N CF3
(X
=
COOH
(flunixin)

Pharmacopoeias. In Eur. (see p.vii) and US for veterinary use
only.

Ph. Eur. 6.2 (Flunixin Meglumine for Veterinary Use; Flunixin
Meglumine BP(Vet) 2008). A white to almost white crystalline
powder. Freely soluble in water and in methyl alcohol; practical-
ly insoluble in acetone. A 5% solution in water has a pH of 7.0 to
9.0.

USP 31 (Flunixin Meglumine). A white to off-white crystalline
powder. Soluble in water, in alcohol, and in methyl alcohol; prac-
tically insoluble in ethyl acetate. pH of a 5% solution in water is
between 7.0 and 9.0. Store at a temperature of 25°, excursions
permitted between 15° and 30°.

Profile

Flunixin meglumine is an NSAID (p.96) used in veterinary med-
icine for the relief of pain and inflammation in acute and chronic
disorders and as adjunctive therapy in the treatment of endotoxic
or septic shock and mastitis.

Flupirtine Maleate (BANM, USAN, INNM)

D-9998; Flupirtine, Maléate de; Flupirtini Maleas; Maleato de flu-
pirtina; W-2964M. Ethyl 2-amino-6-(4-fluorobenzylamino)-3-py-
ridylcarbamate maleate.

OaynupTuHa Maneat

CisH7;FN4O,,C4H,O4 = 420.4.

CAS — 56995-20-1 (flupirtine); 75507-68-5 (flupirtine
maleate).

ATC — NO2BGO7.

ATC Vet — QNO2BGO7.

F
H
N N NH»
D
= NJKOACH
H
(flupirtine)
Profile

Flupirtine maleate is an analgesic that has been given for the re-
lief of pain (see Choice of Analgesic, p.2) in usual doses of
100 mg three or four times daily by mouth, or 150 mg three or
four times daily as a rectal suppository; daily doses of up to
600 mg by mouth or 900 mg rectally have been used where nec-
essary. Flupirtine has also been given by intramuscular injection
as the gluconate in the management of acute pain.

There has been some interest in the potential of flupirtine to treat
prion diseases such as Creutzfeldt-Jakob disease (see below).

¢ References.

1. Friedel HA, Fitton A. Flupirtine: a review of its pharmacological
properties, and therapeutic efficacy in pain states. Drugs 1993;
45: 548-69.

Creutzfeldt-Jakob disease. A double-blind placebo-control-
led study® in 28 patients with Creutzfeldt-J