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xxi

The overall structure of this handbook is similar to that of the British National 
Formulary; it is arranged broadly by therapeutic category. When a drug has 
several different uses, these are brought together in a single article (e.g. lido-
caine is used as an antiarrhythmic drug and as a local anaesthetic); this will 
allow the reader to appreciate its full range of actions, whether therapeutic or 
adverse.

This is not a textbook of pharmacology, but the safe and effective use of medi-
cines requires a sound knowledge of pharmacology. When a drug illustrates a 
particular pharmacological principle, this is expanded on in the ‘teaching point’ 
section at the end of an article. As readers use the book, they will increase 
their basic knowledge in this practical way.

A ‘cookbook’ approach to drug therapy is inappropriate, since each prescrip-
tion constitutes an individual experiment in that patient. However, the text 
includes boxes giving guidance on the approach to therapy of specifi c diseases 
and clinical problems (e.g. the treatment of gout and the symptomatic treat-
ment of vomiting). In some cases, algorithms for the treatment of clinical emer-
gencies are also given (e.g. hypoglycaemia, cardiac arrest).

 - A box at the start of each article gives a graphical representation of 
the pharmacological actions of the drug.

0 - This section gives a list of the potential uses of the drug. When these 
are specialized or unlicensed, this is indicated. If NICE or other nation-
al bodies have issued guidance on the use of that drug, this is included 
(see M www.nice.org.uk).

1 - The contraindications and cautions section is intended to be read 
before the drug is prescribed. It gives guidance on patients for whom 
the drug may not be suitable or in whom the dosage may need to be 
adjusted.

4 - The how to use section gives practical advice on the use of the drug 
forits major indications. Unusual or specialized uses may not be 
covered in detail.

6 - In contrast to many other sources, in which adverse effects of drugs 
are often given as a long, exhaustive list, this section gives the most 
common and most serious adverse effects. Whenever possible, this 
will include incidence information and the mechanism of the effect. 
Advice is also given on ways of avoiding or mitigating adverse effects.

7 - Drug interactions are important; for each drug, the major drug–drug 
interactions are listed. Metabolism interactions are the most common, 
but other types are also included.

8 - Monitoring for the therapeutic and adverse effects of drug therapy is 
essential for successful treatment. The monitoring section gives practi-
cal advice on measures of effi cacy for the drug and how to detect 
adverse effects.

9 - The patient information section provides advice of particular impor-
tance to the patient (e.g. the effect of the drug on ability to drive).

The prescribing section gives limited prescribing information for the most 
commonly used drugs and formulations. Specialized uses are not usually covered.

How to use this book
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The drug history
There are good reasons for taking a careful drug history:

- To help plan future treatment.
- Drugs can cause illness or disease, directly or through interactions.
- Drugs can mask clinical signs: 

B• -adrenoceptor antagonists prevent the adrenergic signs and 
 symptoms of acute hypoglycaemia or the tachycardia that would 
normally occur in response to haemorrhage.
Corticosteroids prevent the abdominal pain and rigidity that would • 
normally occur in response to a perforated intra-abdominal viscus, 
or the fever that would normally occur in response to an infection.

- Drugs can alter the results of investigations:
Amiodarone and thyroid function tests.• 

Aims
- Identify medicines the patient is taking currently or has been taking 

until recently.
- Identify for each drug:

The original indication for treatment.• 
The formulation.• 
The doses used.• 
The frequency and route of administration.• 
The duration of treatment.• 
Benefi cial or adverse effects.• 
Known allergies.• 

- Ask the patient what medications they take regularly:
Use the term ‘medicines’; the term ‘drugs’ may make the patient • 
think of drugs of dependence and recreational drugs.
If possible ask to see the packets or bottles.• 
GP printouts and repeat prescription forms may be inaccurate. • 
Ask about any discrepancies between what the records show and 
what the patient actually takes.
Ask specifi cally about oral contraceptives and eye drops, as patients • 
may forget these.

- Changes in medication are a common source of adverse drug 
reactions. Therefore for each medication:

Establish how long the patient has been taking it.• 
Ask if there has been a recent change in dose.• 
Ask specifi cally if any medications have been stopped recently.• 

- Ask what medications the patient takes as required or occasionally:
For example, frequent use of as-required bronchodilators is a • 
marker of deteriorating asthma.

- Ask about:
Use of over-the-counter medications.• 
Use of herbal medicines; it is particularly important to see the packet • 
for these as some contain pharmacologically active components.
Use of other types of alternative (e.g. homoeopathic) medicines.• 
Use of recreational/illegal drugs; look for signs of illegal drug use • 
when you examine the patient.

- Enquire about the tolerability of the medications taken and any 
adverse effects experienced:

Remember to report serious suspected adverse effects through the • 
yellow card system (see b p. 484).
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Adverse effects of drugs may be apparent when you examine the • 
patient and from the results of investigations (e.g. hypokalaemia 
from diuretics).

- Ask about allergies to drugs; try to distinguish intolerance from true 
allergy.

- Many patients take many medications. Ask what systems are in place 
to support their safe and effective use (e.g. a dosette box, administra-
tion by carers).

- If possible, examine the medicines themselves:
For identifi cation.• 
The exact regimen is likely to be written on the label.• 
You sometimes discover errors in drug administration.• 
You sometimes discover errors in storage (e.g. glyceryl trinitrate).• 

Table 1 Questions to ask when taking a history

Question Potential usefulness Examples

‘What medicines are you 
currently taking?’

Identifi cation Patient names the 
medicines or says what 
they are for

Ask specifi cally about oral 
contraceptives, over-the-
counter medicines, 
herbal medicines, medi-
cines from alternative 
practitioners

Identifi cation Patient names the 
medicines or says what 
they are for

Ask to see the tablets 
(through experience, 
learn to identify 
commonly used drugs by 
sight; some are described 
in the BNF)

See below Blue diamonds (sildenafi l)
Maroon and gold capsules 

(amoxicillin)

Ask about medicines taken 
during the previous few 
days or weeks, even if no 
longer taken

Diagnosis of adverse 
drug reactions 
(long-acting drugs)

Lung disease due to 
amiodarone

Adrenal insuffi ciency 
due to glucocorticoid 
withdrawal

Why was the medicine 
prescribed?

Identifi cation; 
diagnosis; deciding 
about continuing 
therapy

‘Water tablets’ or ‘blood 
pressure tablets’

Beta-blocker for 
hypertension (con-
tinue); 
for hyperthyroidism 
(short-term therapy)

The dosage regimen, 
i.e. the daily dose and the 
frequency or timing of its 
administration

To determine 
whether adverse 
effects are related 
to the drug; to 
decide whether an 
alternative regimen 
may be more 
effective or safer

After an effective dose 
of furosemide, another 
dose given within 6–8 h 
is likely to be ineffective; 
if there is nocturia 
because of a night-time 
dose of a diuretic, 
change the timing

(Continued)
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Table 1 (Contd.)

Question Potential usefulness Examples

Route of administration Identifi cation Sublingual glyceryl 
trinitrate; inhaled 
salbutamol

Duration of treatment Diagnosis of adverse 
drug reactions

Some adverse reactions 
occur soon after 
administration (e.g. 
penicillin allergy); 
others occur during 
long-term therapy 
(corticosteroids, 
amiodarone) 

Benefi cial effects? Yes—continue
No—change regimen/ 

increase dose/
change medicine

Triptans in migraine 
(timing important); 
bronchodilators (check 
inhaler technique)

Unwanted effects? Diagnosis/
management of 
adverse drug 
reactions

Cough (ACE inhibitors); 
bruising (anticoagulants)

Other medicines Diagnosis of adverse 
drug interactions

Warfarin commonly 
affected; Erythromycin 
a common precipitant

Allergies:
‘Are you allergic to any 

medicines?’
‘Are you allergic to [specifi c 

drug, e.g. penicillin]?’
[if yes] ‘What was the 

reaction?’

Avoidance Penicillins
Some reactions that 

patients think are 
allergic are not (e.g. 
diarrhoea 
from a penicillin)

The drug examination and investigation (examples)
- Drug administration:

Puncture marks in the skin (drugs of abuse).• 
Injection sites (insulin).• 
Inhaler technique.• 

- Plasma drug concentrations (b p. 270).
- Benefi cial effects:

Blood pressure (BP) lying, standing, and after exercise • 
(antihypertensive drugs).
Uric acid (gout).• 
Prothrombin time (anticoagulants).• 
Blood glucose (diabetes mellitus).• 
Haemoglobin (anaemia).• 
Thyroid function tests (levothyroxine, antithyroid drugs).• 

- Adverse effects:
Rashes.• 
Pupils (opioids).• 
BP (antihypertensive drugs).• 
Serum electrolytes (diuretics).• 
Tachycardia, pupillary dilatation (tricyclic overdose).• 
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Writing a prescription
Before writing a prescription, review the patient’s drug therapy, even if 
you are rewriting a drug chart in hospital. Ask yourself the following 
questions:

- How will the new drug fi t in with the existing therapy for this disease?
Will it add to symptom relief?• 
Will it modify the pathophysiology of the disease?• 
Will it prevent the disease or its progression?• 

- Will the drug have an effect on any other diseases?
Diuretics given for heart failure can worsen gout; • B-blockers can 
precipitate and worsen asthma.

- Will the drug interact with any other drugs that the patient is taking?

Remember:
Drugs prescribed by others (doctors, nurses, pharmacists).• 
Over-the-counter drugs including herbal remedies and other • 
 non-prescribed drugs.

Practical prescription writing
Prescribers are encouraged to use recommended International Non-
proprietary Names (rINN); proprietary names can cause confusion. 
See b Teaching point: Drug names, p. 223 for more information on 
drug names. Do not use abbreviations or acronyms (e.g. GTN for 
glyceryl trinitrate)

- State the dose:
mg and mL can be used.• 
Write ‘micrograms’ out in full (μg is not acceptable, it can be • 
 confused with mg).
Use the word ‘units’ (do not use U or•  Θ, these can be confused 
with a zero).
Whenever possible, avoid decimal points—if they are unclear the • 
dose can be misinterpreted (e.g. .5 mL looks like 5 mL). When a 
decimal is required, put in a zero (e.g. 0.5 mL).

- State the route:

The following abbreviations are generally recognized:
po by mouth.• 
im intramuscularly.• 
iv  intravenously.• 
sc  subcutaneously.• 

- State the frequency of administration (dosage interval):

The following Latin abbreviations are commonly used:
od once daily.• 
bd twice daily.• 
tds three times daily.• 
qds four times daily.• 
prn when required (state a maximum daily dose).• 
stat immediately.• 

- Give special instructions if necessary:
Dietary instructions (e.g. take with food).• 
When to take the drug (e.g. at night).• 

- Sign and date the prescription:

NB prescriptions for controlled drugs—see b p. 758 for information.
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Generic drugs and biosimilars
- A generic (non-proprietary) medicine can be produced once the 

patent protecting the original (innovator) product has expired. 
Generic versions of drugs are usually much cheaper.

- The generic version usually contains the same amount of the active 
ingredient as the original product. Small differences in the excipients 
are allowed, as long as this does not affect the performance of the 
product.

- Because the effi cacy and safety profi le of the original product is 
known, the manufacturer of the generic can usually ‘bridge’ to this 
profi le, by showing that the pharmacokinetic profi le of the generic is 
the same as that of the original (called bioequivalence). In this way the 
producer of the generic can avoid repeating time-consuming and 
costly clinical trials. 

Biosimilars
- Most drugs are small molecules (up to 1000 Da in size). Biological 

drugs are considerably larger and generally have a high degree of 
molecular complexity and are subject to complex sources of variation 
(e.g. post-translational glycosylation).

- A follow-on manufacturer will not have access to the originator’s 
molecular clone and original cell bank, nor to the exact fermentation 
and purifi cation processes. This means that it is not possible to for a 
generics manufacturer to produce an product that is identical to the 
original.

- The performance of some biological products is sensitive to changes 
in the manufacturing process.

- For this reason, new versions of some biologics are not authorized 
in the USA or the European Union (EU) through the simplifi ed 
procedures allowed for small molecule generics.

- In the EU a specially adapted approval procedure has been authorized 
for certain protein drugs, termed ‘similar biological medicinal products’ 
(biosimilars). Biosimilars are subject to an approval process that 
requires substantial additional information to that required for 
chemical generics, although not as comprehensive as for the original 
biotech medicine. The approval is based on a thorough demonstration 
of ‘comparability’ of the ‘similar’ product to an existing approved 
product.

- Introduction of biosimilars also requires a detailed post-marketing 
pharmacovigilance plan.
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Repeat prescriptions
Many drug treatments need to be taken long term and will therefore require 
a repeat prescription:

- About 75% of all prescriptions issued by GPs are repeat prescriptions. 
Computer systems have made the practicalities of issuing a repeat 
 prescription easier, but before doing so consider the following:

Is long-term treatment required or justifi ed (e.g. corticosteroids, • 
antidepressants, benzodiazepines)? Each of these should be given 
for a defi ned period with a clinical review at the end. See individual 
articles for more information.
The duration of each repeat prescription should be no longer than • 
3 months. All long-term therapy should be reviewed with the 
patient in person at least once a year.
Take the opportunity to review all of the patient’s medication. • 
Computer systems can alert you to possible drug–drug interactions, 
but  consider drug–disease interactions as well.
Ask whether you have clear targets for the patient’s treatment, and • 
whether the drug regimen is optimal.

- If you are discharging a patient from hospital, make clear which drugs 
should be continued long term and whether any further dose titration 
is required.
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‘Off-licence’ drugs
- Drugs are commonly prescribed outside the terms of their product 

licence (e.g. in children or for an unlicensed indication). An unlicensed 
drug does not have a licence for human use for any indication or age 
group (in that country). An unlicensed drug should only be used under 
certain circumstances:

As part of a clinical trial.• 
When it has been imported from a country where it does have a • 
licence.
When it has been prepared extemporaneously (e.g. a specialist • 
dermatological mixed formulation for topical use; a mixture of a 
corticosteroid and local anaesthetic for injection into a joint).
When it is prepared under a special licence (e.g. a liquid formulation • 
for patients with diffi culty in swallowing; a reduced-dose formulation 
for children).
When the licence has been suspended, revoked, or not renewed, • 
but the product is made available for named patients under specifi c 
circumstances (e.g. thalidomide is used for the treatment of multiple 
myeloma, leprosy, HIV infection).
If the drug is not considered a medicine but is used to treat a rare • 
condition (e.g. a rare metabolic disease).

Practical advice
- Tell the patient that the drug is being used off-licence and why you 

think that it is appropriate to use the drug. This is important both from 
the medicolegal point of view and because the patient information 
leafl et may not make sense to the patient if the drug is used 
off-licence.

- Off-licence prescribing should usually be limited to consultant-level 
specialists familiar with all the alternatives and prevailing expert 
opinion. In some circumstances it may be appropriate to continue 
this prescribing in primary care, but this should always be by mutual 
agreement.
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Cautionary and advisory labels
- Most medicines are dispensed by pharmacists. They will always label 

a medicine with essential details (the name of the medicine, the dose, 
and the frequency of administration), and in some cases will add 
cautionary and advisory labels.

- Standard labels offer advice but are not exhaustive. Remember that 
labels are not a substitute for adequate counselling by prescribers and 
dispensers but are intended to reinforce essential information.

- Recommended label wording can offer advice about:
Timing of doses in relation to food.• 
Completing the course of treatment.• 
What to do if a dose is missed.• 
The correct storage of a medicine.• 
Dissolution of the medicine in water before taking it.• 
Limits to the number of tablets that should be taken in a given time.• 

- Recommended label wording can offer warnings about:
Effects of the medicine on driving or work (e.g. through drowsiness).• 
Foods or medicines that should be avoided.• 
Avoidance of exposure of the skin to sunlight or sun lamps.• 
Medicines that can discolour the urine.• 
Medicines that can stain clothes or skin.• 



10 SOME BASIC CONCEPTS 

The World Health Organization (WHO) 
essential medicines list

- The original 1977 WHO defi nition of essential medicines was that 
they were ‘of utmost importance, basic, indispensable, and necessary 
for the healthcare needs of the population’. The diffi culty of putting 
this into practice is refl ected in the rather longer and more categorical 
2002 defi nition: ‘Essential medicines are those that satisfy the priority 
healthcare needs of the population. They are selected with due regard 
to public health relevance, evidence on safety and effi cacy, and 
comparative cost-effectiveness. Essential medicines are intended to be 
available within the context of functioning healthcare systems, at all 
times, in adequate amounts, in the appropriate dosage forms, with 
assured quality and adequate information, and at a price the individual 
and the community can afford. The implementation of the concept of 
essential medicines is intended to be fl exible and adaptable to many 
different situations; exactly which medicines are regarded as essential 
remains a national responsibility’.

- The constituents of the list remain controversial. The list is divided 
into two sections:

Core medicines that are effi cacious, safe, and cost-effective • 
medicines for priority conditions.
Medicines that are effi cacious, safe, and cost effective, but that are • 
not necessarily affordable, or for which specialized healthcare 
services are required.

- Cost-effectiveness is diffi cult to defi ne and is the subject of fi erce 
debate between producers and purchasers of drugs.

- The number of drugs on the list has nearly doubled, from 186 in 1977 
to over 350 in 2010. The range has increased substantially over the 
years and now includes antimigraine drugs, antidotes, and antineo-
plastic drugs. The list is important because it forms the basis of 
national drug policies in many countries, both developed and 
 developing (e.g. South Africa, Eritrea).

- For more information: see M http://www.who.int/medicines/
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Compliance, adherence, and concordance
- It has been estimated that about half of those for whom medicines 

are prescribed do not take them in the recommended way. Until 
recently this was termed non-compliance, which was sometimes 
regarded as a manifestation of irrational behaviour or wilful failure 
to observe instructions, although forgetfulness is probably a more 
common reason. We prefer to talk about adherence to a regimen 
rather than compliance. There are many reasons why patients do 
not take medicines in the ways that health professionals expect 
them to, for example:

Lack of agreement that a prescription medicine is the best • 
treatment for an illness.
Concern about the effectiveness of a treatment or about possible • 
adverse effects.
Failure to appreciate the reasons for therapy.• 
Forgetfulness.• 

- In this book we highlight issues that may be of particular concern to 
patients in the ‘patient information’ sections.

- There have been many studies of the effects of different strategies 
in improving adherence to therapy. These include reducing the 
frequency of administration during the day and reducing the numbers 
of medicines the patient has to take. However, evidence that such 
measures are effective is lacking. Nevertheless, it seems likely that 
adherence can be improved by taking care to explain the benefi ts and 
adverse effects of a drug; in a busy clinic it is all too easy to issue a 
prescription with little or no explanation. Reducing the frequency of 
administration to once or, at most, twice a day also makes sense, 
despite lack of convincing evidence that this is effective.

- Concordance is a term that has been coined to refl ect the changing 
nature of the relationship between patients and prescribers. It 
encapsulates the notion that there should be an explicit agreement 
between the patient and the prescriber; an impression that agreement 
has been reached is not enough. It recognizes that patients should 
have the casting vote and may decide not to take a medicine, even 
when it appears to be in their best interests. The corollary of this is 
that patients should take greater responsibility for their treatment and 
the consequences of their actions.
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Guidelines
Clinical guidelines are intended to improve the quality of healthcare by imple-
menting the best available information. They are not a substitute for thought; 
prescribers should always consider the extent to which the guidelines apply to 
their clinical problem. Clinical guidelines vary in quality—some are based on a 
careful review of all the available data, others represent little more than the 
opinion of a small group. Do not forget that political and economic consider-
ations can infl uence the ways in which guidelines are written and their contents. 
The scope of guidelines varies—some consider clinical effectiveness only, while 
others consider cost as well. This can lead to contradictory recommendations.

UK common law considers that minimum acceptable standards of clinical care 
derive from responsible customary practice, not from guidelines. Thus, thought-
less implementation of guidelines does not provide  immunity from rebuke or 
prosecution.

Guidelines issued by the National Institute for Health and Clinical Excellence 
(NICE) are expected to be binding on professionals working in the NHS. 
However, NICE guidelines do not override the individual’s responsibility to 
make decisions appropriate to the circumstances of the individual patient, in 
consultation with the patient and/or their guardian or carer. For example, if an 
individual patient is allergic to a drug recommended in a guideline, it would be 
appropriate for them to be given an alternative.

Whenever possible, we have given information to guide rational implementa-
tion of guidelines.

Guidelines are produced by many different bodies, and there is no single repos-
itory of the best. The following list is a guide to sites that might be helpful.

- National Institute for Health and Clinical Excellence: 
M http://www.nice.org.uk

NICE is part of the UK NHS; its role is to provide patients, health • 
professionals, and the public with authoritative, robust, and reliable 
guidance on current ‘best practice’.

- National Electronic Library for Health: M http://www.nelh.nhs.uk/en/
NeLM-Area/Evidence/Guidelines

A library of over 600 clinical guidelines.• 
- Further guidelines at M http://www.cks.nhs.uk (e.g. treatment of epi-

lepsy).

Other UK Government/NHS resources
- Antibiotic guidelines—Health Protection Agency: M http://www.hpa.

org.uk/Topics/InfectiousDiseases/InfectionsAZ/
AntimicrobialResistance/Guidelines

- Immunization against infection: M http://www.dh.gov.uk/en/
Publichealth/Immunisation/Greenbook/index.htm

- Blood transfusion—Transfusion Handbook: 
M http://www.transfusionguidelines.org.uk
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- Investigation and treatment of suspected poisoning—National Poisons 
Information Service: M http://www.npis.org

- Information on the law regarding driving—Driver Vehicle Licensing 
Agency: M http://www.dft.gov.uk/dvla/medical

Guidelines produced by expert groups
- Guidelines on many aspects of the treatment of HIV—British HIV 

Association: M http://www.bhiva.org
- Investigation and treatment of asthma—British Thoracic Society/

Scottish Intercollegiate Guidelines Network guidelines: 
M http://www.brit-thoracic.org.uk/library-guidelines.aspx

- Guidelines for the monitoring of second-line drugs for rheumatoid 
arthritis—British Society for Rheumatology: M http://www.
rheumatology.org.uk/resources/guidelines/default.aspx

- Guidelines on many aspects of haematology including 
antithrombotic treatment—British Society for Haematology: 
M http://www.bcshguidelines.com

- Treatment of hypertension—British Hypertension Society guidelines1

- Treatment of osteoporosis—Royal College of Physicians UK: 
M http://www.rcplondon.ac.uk/pubs/wp_osteo_update.htm

Other resources
- Evidence-based medicine: M http://www.cebm.utoronto.ca/
- Clinical evidence: M http://www.clinicalevidence.com

Summaries of the available evidence on a wide range of topics. • 
Produced by the British Medical Journal Publishing Group, and 
made available by the National Electronic Library for Health.

Reference
1 British Hypertension Society guidelines for hypertension management 2004 (BHS-IV): summary. 

BMJ 2004; 328: 634–40.
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Dose–response curves 
(concentration–effect curves) 
For most drugs, as the concentration of the drug increases so does the effect, 
until a plateau is reached, when the system affected cannot produce a bigger 
response. On a linear scale this has the appearance shown in Fig. 1A. It is more 
usual, however, to plot the x-axis using a logarithmic scale; this then has a 
sigmoid appearance (Fig. 1B). The position of the concentration–effect or dose–
response curve refl ects the potency of the agonist (drug A is more potent than 
drug B). Potency does not describe the maximal effect (the maximal effi cacy) of 
a drug. Drug C is more potent than drug B but has a lower maximal effect (i.e. it 
has less effi cacy). The presence of a competitive antagonist shifts the dose 
response to the right (curve A to curve B). A non-competitive antagonist 
reduces the maximal effect (curve A to curve C).

Adverse effects of drugs also have a dose–response relationship. Consider this 
when managing adverse effects. If the dose–response curve for the adverse 
effect lies to the right of the therapeutic one, one may be able to avoid the 
adverse effect by judicious dose selection (higher doses are more likely to be 
associated with the adverse effect). If the curve for the adverse effect overlies 
the therapeutic one, the adverse effect cannot be simply avoided; if it is not 
tolerable consider alternative therapy. If the curve for the adverse effect lies to 
the left of the benefi cial effect (as in allergic reactions) it is better to avoid the 
drug. Unfortunately, for many drugs the dose response for the therapeutic 
effect is often poorly defi ned and the dose response for adverse effects very 
rarely known, so this logical approach is often diffi cult to apply. 

Concentration (linear scale)

(A) (B)

Concentration (logarithmic scale)

Ef
fe

ct
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fe

ct

A B

C

Fig. 1 (A) Dose-response curve linear scale. (B) Dose-response curve logarithmic 
scale.
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Effi cacy of drugs
The therapeutic effect of a drug depends on the translation of its actions, 
through a series of steps, from its initial molecular action into the fi nal outcome, 
as illustrated in Fig. 2. Anything that interferes with one of these steps can alter 
the action of the drug.

A clinical example:

digoxin for atrial

fibrillation

Interfering factorsThe therapeutic

process

Inhibits the sodium/

potassium pump

(Na/K ATPase)

Altered binding to the

Na/K ATPase (e.g.

enhanced binding in

hypokalaemia)

Molecular

pharmacology

Cell pharmacology

Altered

electrophysiology

Cell physiology

Slowed conduction

through AV node

noitcudnoc suolamonAygoloisyhp eussiT

pathways (unaffected

by digoxin)

Reduced ventricular

rate

lairta lamsyxoraPygoloisyhp nagrO

fibrillation (worsened

by digoxin)

Sensation of fast heart

rate and breathlessness

improved

Clinical effect

Altered intracellular

sodium and calcium

concentrations

Fig. 2 The therapeutic response.
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Adverse drug reactions
- It is a truism that any drug that can produce therapeutic benefi t can 

also cause unexpected effects, which are usually (but not always) 
adverse. For each drug covered in this book, we list important adverse 
effects and, when possible, indicate their frequencies. However, for 
several reasons this information is sometimes hard to come by:

Clinical trials are primarily designed to study benefi cial outcomes, • 
rather than adverse effects.1

Benefi cial effects of drugs are well identifi ed in advance of a trial, • 
whilst adverse effects are generally not.
Drugs usually have single benefi cial effects (e.g. the reduction of • 
BP by an ACE inhibitor in a patient with hypertension), but can have 
several adverse effects (e.g. hypotension, cough, hyperkalaemia, 
angio-oedema), each with a lower individual incidence than the 
benefi cial effect.
The benefi cial effects of drugs can be quantifi ed by systematic • 
reviews of many trials if the individual trials are too small, but this is 
much more diffi cult for adverse effects, because much larger 
numbers of subjects are needed and data on adverse effects are 
often poorly reported.

- All this implies that during drug therapy it is important to monitor 
 individual patients not only for the benefi cial effects of the drug but 
also for its adverse effects. Understanding how to classify adverse 
reactions will help in doing this. Adverse reactions can be classifi ed 
according to the important features of the three aspects of the 
reaction. We call this system DoTS (Dose, Time-course, and 
Susceptibility).2

Relation to dose
- Adverse reactions that occur at doses above the usual therapeutic 

dosage range are called toxic reactions or effects (e.g. bleeding due to 
too high a dose of warfarin). They can be avoided by using minimally 
effective doses and treated by reducing the dose when they occur. 
If a reaction is truly toxic it is often not necessary to withdraw the 
drug altogether or at least not permanently.

- Adverse reactions that occur in the usual therapeutic dosage range are 
called collateral reactions or effects (e.g. the anticholinergic effects of 
tricyclic antidepressants). (Here we avoid the term ‘side effects’, which 
is often loosely used to mean all adverse effects.) They generally 
cannot be avoided and may not be amenable to dosage reduction, 
since that will also result in loss of the therapeutic effect.

- Adverse reactions that occur at doses below the usual therapeutic 
range are called hypersusceptibility reactions or effects (e.g. penicillin 
allergy). They can only be avoided by foreknowledge of the patient’s 
susceptibility to them and they imply permanent avoidance of the drug.

Relation to time-course
- Some adverse effects are independent of the duration of therapy 

(e.g. bleeding due to too high a dose of warfarin can occur at any 
time during therapy); these are usually toxic effects. The implications 
are the same as those for toxic effects previously discussed.

- Rapid reactions occur when a drug is infused too rapidly (e.g. the 
massive histamine release (‘red man’ syndrome) that occurs when 
intravenous vancomycin is given too quickly). Such reactions can be 
avoided by infusing the drug slowly.



17Introductory sections

- First-dose reactions occur after the fi rst dose of a course of treatment 
and not necessarily thereafter (e.g. hypotension after the fi rst dose of 
an ACE inhibitor). They can be minimized by taking special precautions 
before the fi rst dose is given, but do not need monitoring thereafter.

- Early reactions occur early in treatment then abate with continuing 
treatment. These are reactions to which patients develop tolerance 
(e.g. nitrate-induced headache). The patient can be told that the effect 
will wear off. Some early reactions can persist.

- Intermediate reactions occur after some delay; but during longer-term 
therapy the risk falls (e.g. neutropenia due to carbimazole). If after a 
certain time there is no reaction, there is little or no risk that it will 
occur later. Early monitoring is important, but if the reaction does not 
occur after a certain time vigilance can be relaxed.

- Late reactions occur rarely or not at all at fi rst, but the risk increases 
with continued or repeated exposure (e.g. many of the adverse effects 
of corticosteroids). This type of reaction implies a need for long-term 
monitoring and perhaps preventive measures (e.g. the use of 
bisphosphonates to prevent corticosteroid-induced osteoporosis).

- Withdrawal reactions are late reactions that occur when, after 
prolonged treatment, a drug is withdrawn or its effective dose is 
reduced (e.g. the opiate withdrawal syndrome). They imply the need 
for slow withdrawal after long-term therapy.

- Delayed reactions are observed some time after exposure, even if 
the drug is withdrawn before the reaction appears. Examples are 
carcinogenesis (e.g. vaginal adenocarcinoma in women whose 
mothers took diethylstilbestrol during pregnancy) and teratogenesis 
(e.g. phocomelia due to thalidomide). Theoretically these effects can 
be avoided by avoiding the drug in a patient with known susceptibility; 
however, often that is not known.

Relation to patient susceptibility
- Genetic susceptibility (e.g. suxamethonium apnoea can be predicted if 

there is a family history). The drug should be avoided or used in a low 
dose.

- Age. Lower doses are usually required in older people.
- Sex. Women are sometimes more susceptible to adverse effects 

(e.g. they are more likely to develop cardiac arrhythmias with drugs 
that prolong the QT interval).

- Physiological changes, such as occur in pregnancy, can modify drug 
actions. Doses may need to be changed.

- Endogenous factors, such as drug interactions (b Drug-drug 
 interactions, p. 18) can modify drug actions. Doses may need to be 
changed or certain combinations avoided.

- Diseases. Renal or hepatic insuffi ciency can alter dosage requirements.

If you can use the DoTS system to classify an adverse drug reaction, you will be 
able to plan how to manage it (either to avoid it or to treat it when it occurs).

References
1 BMJ 2004, 329: 3 July [themed issue].
2 Aronson JK, Ferner RE. Joining the DoTS: new approach to classifying adverse drug reactions. 

BMJ 2003, 327:1222–5.
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Drug-drug interactions
- A drug-drug interaction occurs when an effect of one drug alters the 

effects of another. The result is usually adverse, although it can some-
times be benefi cial. Knowing the mechanism of an interaction will help 
you to predict whether it is likely to be important and how to manage 
it (avoid it, detect it when it occurs, and treat it). There are three 
broad mechanisms of drug interactions:

Pharmaceutical.• 
Pharmacokinetic.• 
Pharmacodynamic.• 

- Pharmaceutical interactions occur when two drugs interact 
physicochemically in solution. For example, the addition, during a 
cardiac arrest, of calcium gluconate to an infusion of sodium 
bicarbonate causes precipitation of insoluble calcium carbonate. 
There are too many of these to remember. Avoid them by following 
some simple principles:

Never add drugs to any infusion solution other than saline or • 
5% dextrose.
Never mix two or more drugs in an infusion solution, unless you • 
know the mixture to be safe (e.g. insulin plus potassium chloride).

- Pharmacokinetic interactions occur when one drug alters the disposi-
tion (absorption, distribution, or elimination) of another drug. This can 
result in drug toxicity or loss of effect.

Absorption interactions are uncommon and are easily avoided by • 
giving the two drugs at different times; for example, divalent and 
trivalent cations (calcium, magnesium, aluminium, iron) are chelated 
by tetracyclines, and the absorption of both is impaired. Pharmacists 
put a warning label on bottles or packets containing tetracyclines 
telling patients to avoid coadministration by 2–3 hours.
Distribution interactions usually involve altered protein binding of • 
one drug by another. They are rarely important. However, for a 
discussion of the interpretation of the plasma phenytoin 
concentration when phenytoin protein binding is altered see 
b Teaching Point: plasma protein binding displacement drug 
interactions p. 293.
Inhibition of metabolism of one drug by another is often important. • 
Many drugs are eliminated by hepatic metabolism involving enzymes 
of the cytochrome P450 series, such as CYP2D6 and CYP3A4. For 
lists of drugs that inhibit these see b Teaching Point: cytochrome 
P450 isoenzyme 2D6, p. 93 and Drugs that inhibit cytochrome P450 
enzymes, p. 401. Interactions of this kind occur soon after introduc-
tion of the inhibitor; they should be avoided by avoiding coadminis-
tration. A few other interactions are due to inhibition of enzymes 
other than the P450 series (e.g. monoamine oxidase and xanthine 
oxidase).
Stimulation (induction) of metabolism of one drug by another is • 
often important. Drugs that induce P450 enzymes include 
carbamazepine, phenobarbital, phenytoin, rifampicin, and St John’s 
wort. For example, if oestrogen metabolism is induced in a woman 
taking an oral contraceptive she may become pregnant. Avoid 
coadministration; if coadministration is unavoidable increase the 
dose of oestrogen and warn her to look out for mid-cycle spotting. 
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Induction interactions take a week or two to occur and lead to 
increased dosage requirements; then, when the inducer is 
withdrawn, rebound toxicity can occur if the dose is not again 
reduced.
Inhibition of renal excretion of one drug by another is often • 
important (e.g. thiazide diuretics inhibit the renal excretion of 
lithium). Avoid such combinations or reduce the dose of the 
affected drug.

- Pharmacodynamic interactions occur when one drug alters the action 
of another drug. This can result in drug toxicity or loss of effect:

Direct potentiating interactions. When two drugs act in the same • 
way at the same site of action their effects can be potentiated 
(e.g. alcohol potentiates the effects of all drugs that act on the 
brain). It is generally best to avoid such combinations.
Direct inhibitory interactions. When two drugs act in opposing • 
ways at the same site of action the effects of one can be inhibited 
by the other. Usually such effects are benefi cial, since they are used 
to reverse the adverse effects of a drug (e.g. naloxone reverses 
opioid toxicity and vitamin K reverses warfarin toxicity).
Indirect physiological interactions. These occur when one drug • 
produces a physiological change that alters the action of another 
drug. For example, diuretics can cause potassium depletion, which 
can potentiate the actions of digoxin without a change in digoxin 
dose. Avoid such combinations or take steps to avoid the 
physiological change that precipitates the interaction (e.g. by giving 
a potassium-sparing diuretic).
Indirect pathological interactions. These occur when one drug • 
produces a pathological change that alters the action of another 
drug. For example, aspirin causes gastric erosions; if gastric bleeding 
occurs and the patient is also taking warfarin the bleeding will be 
worse or more prolonged; impaired platelet aggregation by aspirin 
worsens the problem. In general, avoid such combinations.
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Placebos
- A placebo is a formulation that does not contain any active drug 

ingredients. However, that does not mean that it cannot have a 
therapeutic or adverse effect.

- Placebo effects are well known and refl ect several of the components 
of the therapeutic process. They can arise from:

The therapeutic relationship between healthcare provider and • 
patient.
The transience of some symptoms (e.g. those resulting from • 
musculoskeletal injury).
The fact that some disease processes improve with time (e.g. most • 
peptic ulcers will heal without drugs, but treatment with a proton 
pump inhibitor (PPI) increases the 6-week healing rate to over 90%).

- The most common appropriate use of placebos is as dummy 
comparators in clinical trials. Their purpose is to reduce subjective 
bias in the assessment of the results of treatment. When there is no 
effective alternative treatment the use of an inert placebo may be 
appropriate, but there is increasing pressure for drug developers to 
compare new treatments with existing ones.

- Some uses of placebos are not appropriate:
To ‘test’ the patient (e.g. saline injections given for pain that is • 
thought to be factitious).
To terminate a consultation early because the patient has diffi cult • 
symptoms.
Do not give drugs that you believe are unlikely to have any • 
therapeutic effect. This can act as a distraction, delay diagnosis, 
and undermine the therapeutic relationship.
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Changing the doses of drugs
- It is good practice to start drug treatment with a low dose and then to 

titrate to the maximum tolerated or most effective dose. This reduces 
the incidence of adverse effects and allows treatment to be tailored to 
individual requirements.

- When increasing the total dose the choice is often between increasing 
the amount of each dose and reducing the time between doses; in 
some cases you may want to do both. Each of these has different 
effects on the pharmacokinetics of the drug and you should choose 
that which is most appropriate (see Table 2).

- Some drugs, for example those with unusual kinetic properties 
(e.g. bisphosphonates) or those with very long half-lives (e.g. amiodarone), 
may not behave in this way. See relevant pages for more information.

Table 2 The effect of changing the dosing regimen

Intervention Pharmacokinetic 
effects

Possible consequences

Increase the 
amount of 
the dose

Higher peak 
plasma 
concentration

Greater pharmacological effect but adverse 
effects are more common. The therapeutic 
effect will depend on whether the action is 
related to the peak plasma  concentration or 
not. See vancomycin (b p.384) and 
 gentamicin (b p.394)  monographs for an 
example.

Greater fl uctua-
tion in plasma 
concentration

Adverse effects may be more common. The 
ratio between the trough and peak concen-
tration can be important for the therapeutic 
action of some drugs. See angiotensin 
receptor blockers monograph for more 
information on trough-to-peak ratios.

Increase
frequency 
of adminis-
tration

Less fl uctuation 
in plasma 
concentration

The average plasma concentration will be 
the same as if the dose were increased but 
the variation around the mean will be less. 
This can be an advantage if the drug has a 
narrow therapeutic range.

Very frequent administration can be inconve-
nient and can lead to missed doses. This will 
reduce the therapeutic effect.
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The fi gure shows two ways of increasing the steady state concentration of a drug. 
The original dosing regimen (A) is shown in light blue type. Increasing the dose and 
frequency will increase the steady state concentration (B); the inter-dose fl uctua-
tion in concentration will be greater (intermediate blue type). If the dose is kept 
the same but the frequency of administration increased (C), the drug will accumu-
late until a new higher steady state is reached (dark blue type).
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Renal insuffi ciency
- See b Renal insuffi ciency, p. 536.

Hepatic insuffi ciency
- The majority of drugs are metabolized by the liver and under normal 

circumstances there is considerable reserve. If, however, the 
metabolic capacity of the liver is markedly reduced (e.g. in cirrhosis), 
the metabolism of drugs will be reduced.

- Creatinine clearance provides a measure of renal function and can be 
used to classify renal insuffi ciency (see b Renal insuffi ciency, 
p. 536). Unfortunately, no equivalent measure of hepatic function 
exists. Hepatic enzyme concentrations in plasma provide a poor 
marker, as they refl ect liver damage rather than liver metabolic 
function. The prothrombin time (PT) refl ects the synthesis of clotting 
factors and is a useful measure of hepatic synthetic capacity, but does 
not refl ect metabolic capacity.

- In the majority of patients, it is not possible to predict the extent to 
which hepatic insuffi ciency will affect drug metabolism. The following 
clinical features are suggestive of severe disease; take care if any of 
these are present:

Jaundice.• 
Ascites.• 
Encephalopathy.• 

- Hepatic insuffi ciency also affects the action of drugs through other 
mechanisms, for example:

Biliary obstruction will prevent the excretion of some drugs • 
(e.g. rifampicin) and prevent the action of others (e.g. colestyramine).
Hypoalbuminaemia caused by hepatic insuffi ciency will • 
complicate the interpretation of plasma phenytoin concentrations 
(see b Phenytoin, p. 288).
Reduced hepatic synthetic function will increase a patient’s • 
sensitivity to drugs such as warfarin.
Hepatic insuffi ciency is associated with fl uid overload; avoid the • 
use of drugs that could exacerbate this (e.g. NSAIDs, 
corticosteroids).
Drugs can precipitate hepatic encephalopathy; avoid the following in • 
hepatic insuffi ciency:
—sedative drugs.
—diuretics (can cause hypokalaemia).
—drugs that can cause constipation.
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An approach to rational prescribing
Prescribing should follow a rational algorithm. All too often, however, it is a 
refl ex decision taken at the end of a consultation.

Principles
When planning therapy consider your interventions in the following 
categories:

- Treatments that relieve symptoms of the disease.
- Treatments that modify the pathophysiology of the disease.
- Treatments that are aimed at secondary (and primary) prevention.

These treatments can be both pharmacological and non-pharmacological.

Drug selection
- Do I need a drug at all?

If I need a drug—
- What sort of drug do I need?

Consider—
- What is the target? (e.g. receptor, enzyme, transport protein, etc.)
- Where is the target found?

Does the drug reach its site of action? (i.e. vancomycin is not • 
absorbed when given by mouth.)

- Can I focus my treatment on one subtype or location?
Pharmacodynamic targeting (receptor subtypes) (e.g. a relatively • 
B1-selective B-blocker).
Pharmacokinetic targeting (routes of delivery) (e.g. • B2 agonists given 
by inhalation).

- Is the onset of action of this drug appropriate for the indication?
Some drugs take days to act, is this fast enough? (e.g. antidepressant • 
drugs take at least 2 weeks to act).

- How will I deliver this drug?
Route (e.g. by inhalation).• 
Formulation (e.g. modifi ed-release).• 

- Have I taken into account any important kinetic factors?
Renal or hepatic insuffi ciency (• b ‘cautions’ sections in this book, see 
p. xxi).

- Have I considered any interactions?
With the disease/physiology (e.g. a sulphonylurea will not work in • 
most cases of type I diabetes—the islet cells have been destroyed).
With drugs:• 
—metabolic interactions (enzyme induction).
—pharmacological interactions (e.g. B-blockers and verapamil).

Monitoring therapy
- Having selected a drug, it is essential to set targets for your therapy. 

Make a note of the effect you expect the drug to have (e.g. by how 
much you want the BP to fall). The ‘monitoring’ sections in this book 
give guidance on the sorts of targets to set. See b p. xxi.

- Warn the patient about any predictable adverse effects and other 
points to note (b ‘patient information’ sections, see p. xxi).

- Arrange appropriate follow-up.
- At follow-up, assess the success of your intervention. This should 

include assessment of both the therapeutic and adverse effects.
- Set a new target for your therapy and repeat the process. Do not give 

patients drugs without a clear idea of what you are hoping to achieve.
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Paediatric prescribing
Medicines should not be given to children unless absolutely necessary. 
Nevertheless, pharmacotherapy in children is widespread. Until recently, most 
prescribing in children has been off-label and based on very limited clinical trials 
evidence.

Recent European legislation requires the manufacturers of new medicines to 
evaluate their use in children, and, when appropriate, to conduct clinical inves-
tigations to provide advice to prescribers. 

In addition there has been a concerted effort to consolidate the available 
information for existing medicines, in order to guide prescribing. This is best 
illustrated by the production in the UK of the British National Formulary for 
Children, which has been available since 2005 and is updated annually. 

Children should not be considered to be simply small adults:
- Drug metabolism systems change with age. Some metabolic pathways 

are more active in children than adults, others are less active.
- Children are growing and developing:

Drugs may have entirely different indications in children because the • 
pharmacology has a changing role as children grow and develop.
The adverse effects profi le in children may also be very different • 
from adults (e.g. impaired growth in children taking corticosteroids).

It is beyond the scope of this book to provide detailed information on pre-
scribing in children. The following are offered as important points to consider:

- Is drug treatment necessary?
- Is there evidence to support a positive benefi t to harm balance for the 

chosen drug in the treatment of children?
- Does the child (and their carer) understand the need for and purpose 

of drug therapy?
- Is there a suitable formulation for the age of child (e.g. a suspension)?
- Body surface area (BSA) is usually a better means of calculating the 

dose than body weight:
There are several formulae for calculation of BSA. The Dubois • 
formula is used commonly:

BSA (m2) = (W0.425 x H0.725) x 0.007184
where weight is in kilograms and height is in centimetres.
Check that there are no special considerations about dosage • 
adjustment in children.

- It is important to follow-up and monitor the response to treatment in 
all drug therapy, but especially so in children.

- Report adverse drug reactions to the manufacturer and/or regulatory 
authorities.
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Drugs and pregnancy
In general, medications should if possible be avoided during pregnancy.
Drugs can affect the fetus in a number of ways:

- Drugs that are genotoxic can affect embryo development 
(e.g. cytotoxic chemotherapy).

- Drugs that alter cellular signalling pathways can affect organogenesis, 
growth, and development (e.g. ACE inhibitors).

- Drugs that cross the placenta can have direct pharmacological actions 
on the fetus (e.g. B-blockers, opioids).

- Transgenerational (epigenetic) effects have been proposed from 
animal experiments and through observations on third-generation 
defects in children whose grandmothers took diethylstilbestrol during 
pregnancy but whose mothers did not.

Pregnancy can also alter the metabolism of drugs that the mother is taking. For 
example, cytochrome P450 activity increases in the 2nd and 3rd trimesters, 
increasing the clearance of many drugs (e.g. antiepileptic drugs).

Take care to avoid exposure of healthcare workers who may be pregnant to 
drugs with teratogenic potential.

Table 3 is provided as a framework to consider the potential impact of drug 
therapy. Advice on the use of individual drugs in pregnancy is given in the cautions 
sections of individual monographs; whenever possible we have included the reason 
for the advice. Prescribing in pregnancy is a specialized fi eld; seek expert advice.

Table 3 How drugs can affect pregnancy

Category Examples

Drugs that 
affect female 
reproductive 
function

This can be a direct effect on the hormonal control of 
reproductive function, e.g. oestrogens or progestogens 
given for indications other than contraception

Indirect effects are also possible, e.g. drugs that can reduce the 
effi cacy of hormonal contraceptives, such as antibiotics 
causing diarrhoea (reduced absorption); drugs that induce 
CYP3A4 (increased metabolism of contraceptives)

Drugs that are 
teratogenic

A relatively small number of drugs are teratogenic 
(e.g. retinoids, endothelin receptor antagonists, ACE inhibi-
tors, thalidomide). These drugs must not be used during 
pregnancy, and appropriate steps should be taken to avoid 
pregnancy in women of child-bearing potential who are 
already taking them (e.g. the use of highly effective forms of 
contraception)

Some drugs are not known to be teratogenic, but there is 
some evidence of harm from either the clinical literature or 
animal studies (e.g. quinolones antibiotics); these drugs 
should be avoided in pregnancy

In many cases drugs are not known to be harmful based on 
animal studies but there is little evidence that they are safe; 
under these circumstances their use requires careful assess-
ment of the benefi t to harm balance; seek specialist advice

Only a few drugs are known not to be harmful during preg-
nancy; this is usually based on many years of 
clinical experience rather than dedicated clinical studies
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Table 3 (Contd.)

Category Examples

Drugs that can 
affect gestation

Drugs that affect the cardiovascular system have the 
potential to harm the unborn baby (e.g. a drug that 
causes severe hypotension can alter fetal perfusion; 
NSAIDs promote closure of the ductus arteriosus)

Remember that drugs given to the mother may cross the 
placenta and also act on the fetus (e.g. corticosteroids)

Always consider the mother and fetus when giving a drug 
during pregnancy even if it is not known to be a 
teratogen 

Drugs that can 
affect labour

Some drugs (e.g. B2 adrenoceptor agonists, NSAIDs) can 
inhibit labour

These effects can be used therapeutically in premature 
labour

Drugs that can 
affect 
breastfeeding

The extent to which drugs enter breast milk is highly 
variable; the amount of drug an infant is therefore 
exposed to can also be highly variable

See b Drug therapy and breastfeeding, p. 28 for more 
advice

Drugs that can 
cause abortion

Misoprostol (and other prostaglandin analogues) can cause 
abortion and are used therapeutically in termination of 
pregnancy; avoid them in women who could become 
pregnant (see b p. 38, p. 526)

What to do if a woman thinks she may be pregnant and is 
taking a teratogenic drug

- Establish whether the woman is pregnant. This may not be defi nitive in 
the earliest stages of pregnancy and may need follow-up if the initial 
test is negative.

- If the woman is pregnant. Identify the drug and the exact time of exposure:
If it is a known or a likely teratogen try to determine the relation • 
between the time of exposure and the likely time of conception.

- In most cases, withdraw the drug. There are rare exceptions to this:
If stopping the drug represents an unacceptable risk to the mother.• 
If pregnancy itself is contraindicated because of the risks to the • 
mother and termination is required.

- Drugs differ in their teratogenic potential. Some drugs are genotoxic, 
while others are teratogenic because they interfere with signalling 
during development (e.g. ACE inhibitors, endothelin receptor 
antagonists).

Seek expert advice. Search the published literature and ask the man-- 

ufacturer for any information they have on the risk.
Remember that for most drugs the advice is based on fi ndings in - 

animals. The risk in humans is often not known.
- Seek expert advice from an obstetrician. 

Be realistic with the patient about the likelihood of being able to - 

detect any abnormalities prenatally. The available techniques are 
better at detecting structural abnormalities rather than functional 
ones.

- Assess why the measures in place to prevent pregnancy failed and 
establish what can be done to avoid a similar occurrence in the future. 
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Drug therapy and breastfeeding
- Drugs taken by a mother can cause (adverse) pharmacological effects 

in the breastfeeding infant.
- Some drugs are excreted in the breast milk in suffi cient quantities to cause 

dose-related pharmacological effects in the child (e.g. antithyroid drugs).
- The drug need not enter the breast milk in large quantities to cause 

adverse effects if the child is hypersusceptible to it (e.g. penicillin) or 
if the child is more susceptible to adverse effects owing to altered 
pharmacokinetics (e.g. sulfonamides can cause kernicterus).

- Neonates and premature infants are at the greatest risk of adverse effects.
- When considering drug therapy in a woman who wants to breastfeed:

Decide whether drug therapy is essential.• 
If possible select a drug that is considered safe (see list and consult • 
the BNF).
If drug therapy is essential and the drug required is not safe • 
(e.g. high dosages of corticosteroids), advise the mother that 
she should not breastfeed.
Review the available routes of administration and use the lowest • 
effective dose to minimize exposure to the infant. 

The following drugs appear to be generally safe in breastfeeding: note that 
inclusion in this list does not imply that the drug does not enter breast milk or 
that adverse effects will not occur. Follow the earlier advice to minimize infant 
exposure if drug therapy is essential. 

- ACE inhibitors
- ACTH
- Adrenaline
- Antihistamines
- Baclofen
- B-blockers (can cause 

neonatal bradycardia and 
hypoglycaemia)

- Benzodiazepines 
(short-term use)

- Captopril
- Carbamazepine
- Cephalosporins
- Chloroquine
- Clomethiazole
- Codeine
- Digoxin
- Disopyramide
- Domperidone (can increase 

milk secretion)
- Enalapril
- Ethambutol
- Famotidine
- Furosemide
- Heparin
- Ibuprofen
- Inhaled B2 adrenoceptor 

agonists

- Inhaled corticosteroids in 
moderate dosages

- Insulin
- Macrolides
- Medroxyprogesterone
- Methadone
- Methyldopa
- Metoclopramide
- Morphine
- Neuroleptic drugs in moderate 

dosages (e.g. chlorpromazine, 
haloperidol)

- Nifedipine
- Norethisterone
- Nortriptyline
- NSAIDs
- Paracetamol
- Phenytoin
- Penicillins
- Ranitidine
- Rifampicin
- Thyroid hormones
- Tricyclic antidepressants 

(except doxepin)
- Valproate
- Verapamil
- Warfarin
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Drug development
Modern drug development is a complex and expensive process. There are four 
traditional phases of clinical development. However, the distinctions between 
these are becoming blurred with the expanding range of therapeutic modalities 
and increasingly stringent regulatory environment. Recently a fi fth phase (phase 0) 
has been added (Table 4).

Table 4 Phases of drug development

Phase Description Comments

0 Microdose pharmacology Obtains useful information without the 
use of potentially harmful doses

1 Single-dose and multiple-
dose safety and tolerability 
studies in small numbers of 
healthy volunteers

Healthy volunteers not appropriate for 
many cancer and anti-HIV medicines; 
different approaches required for other 
technologies (e.g. stem cells)

2a Safety studies in limited 
number of patients with 
target disease

Often combined in intensively monitored 
‘proof of concept’ studies, often involving a 
biomarker or surrogate endpoint

2b Effi cacy studies over target 
dose range in patient 
population (‘learning’)

3 Large-scale effi cacy and 
safety studies (‘confi rming’)

For many novel therapies with clear 
end-points (e.g. survival), this may the fi rst 
real evidence of effi cacy

4 Post-marketing interven-
tional studies (e.g. to assess 
other patient populations, 
new indications, or new 
formulations, and to assess 
adverse effects)

Post-marketing surveillance; increasingly 
required by regulators to provide 
long-term safety data and evidence to 
defi ne the role of the new treatment in 
existing treatment regimens; these types 
of study may be required before a new 
therapy is reimbursed by governments 
and insurance companies

Role of the individual physician 
Drug discovery 
New therapies and new uses of older medicines have often been discovered as 
a result of astute clinical observations made by individuals. Always consider the 
mechanisms of action of drug treatment. In particular, consider how different 
therapies may complement or oppose one another. 

Clinical trials
A large phase III clinical trial may involve several hundred investigators and 
several thousand patients. There are strict, legally enforceable rules regarding 
the responsibilities of investigators in a clinical trial. Do not enrol patients into 
a clinical trial unless you are able to able to comply with these rules.

Post-marketing surveillance
When a new medicine is approved there is inevitably limited information about 
its safety profi le. Post-marketing evaluation is as important as the licensing 
process. Think carefully before giving a new drug, and report adverse events 
(see b p. 484). Do not assume that the Licensing Authority and manufacturers 
are already aware of effects that you have observed. 
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Histamine H2 receptor antagonists
Antagonists at the histamine H2 receptor

The principal effect of these drugs is inhibition 
of histamine-driven production of stomach 
acid. Gastric acid is produced through three 

major pathways (see teaching point, b p.33). One of 
these is stimulated by histamine. These drugs are 
effective antacid drugs but, because they act on only 
one of the pathways, they are not able to suppress 
gastric acid secretion completely, even at high dosages.

0 • When suppression of gastric acid is required.
Healing of gastric and duodenal ulcers.• 
Refl ux oesophagitis.• 
Can be used in prophylaxis against gastric ulceration in acute • 
problems (see prescribing information).
Some are also available over the counter (half-dose tablets) for • 
short-term relief of dyspeptic symptoms.

Use famotidine, nizatidine, or ranitidine in preference to cimetidine, • 
because of drug interactions with cimetidine.

1 • Bear in mind that dyspeptic symptoms can result from gastric 
malignancy, especially in older patients. H2 receptor antagonists can 
mask these symptoms and delay the diagnosis.
H• 2 receptor antagonists are effective in the treatment of refl ux 
oesophagitis, but less so than PPIs.
Intravenous H• 2 receptor antagonists are not effective in acute upper 
gastrointestinal haemorrhage—they do not improve outcome.
Halve the dose in severe renal or hepatic insuffi ciency.• 
There is no information on the safety of these drugs in pregnancy. • 
Avoid them.

4 • These drugs are best taken in divided doses to give adequate 24-hour 
cover. Some patients do not require full 24-hour cover, in which case 
a single dose taken at night may be suffi cient.
Usual treatment periods:• 

Duodenal ulcer: 4–6 weeks.• 
Gastric ulcer: 6 weeks.• 
NSAID-associated ulceration: 8 weeks.• 

If the ulcer is the result of • Helicobacter pylori infection, and if it has been 
eradicated, the patient does not usually need maintenance treatment.
If the cause of the ulcer is a NSAID, it should be withdrawn. If the • 
NSAID is essential, the patient should be given maintenance treatment 
with a PPI at full treatment dose for at least 2 months (NICE guidance). 
Treatment with a PPI may need to continue while the patient con-
tinues to take an NSAID, as asymptomatic peptic ulceration can occur.

6 • These drugs have a good adverse effects profi le, and are generally 
well tolerated.
The most common adverse effects are diarrhoea, altered liver • 
function, rash, headache, and dizziness.

7  • Cimetidine inhibits oxidative hepatic metabolism by P450 enzymes. It 
can therefore increase the plasma concentrations of several drugs, in 
particular warfarin, theophylline, and phenytoin. Nizatidine, 
famotidine, and ranitidine do not do this.

Drugs in this class

• Cimetidine
• Famotidine
• Nizatidine
• Ranitidine
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Safety
8 • Beware of prolonged treatment with these drugs without a diagnosis; 

they can mask the symptoms of gastric malignancy.

Effi cacy
Effi cacy is usually judged by symptom relief.• 

If ineffective, reconsider the diagnosis.• 
If the diagnosis is refl ux oesophagitis, a PPI may be preferable.• 

9 • Obesity and smoking are important risk factors for refl ux oesophagitis 
(and peptic ulcer). Manage these problems as well as providing drug 
treatment.

Prescribing information: Histamine H2 receptor antagonists 
Famotidine

Ulcer healing, by mouth: 40 mg at night.• 
Maintenance dose, by mouth: 20 mg at night.• 
Refl ux oesophagitis, by mouth: 20–40 mg bd.• 

Nizatidine
Ulcer healing, by mouth: 150 mg bd or 300 mg at night.• 
Maintenance dose, by mouth: 150 mg at night.• 
Refl ux oesophagitis, by mouth: 150–300 mg bd.• 
Also available in parenteral formulations.• 

Ranitidine
Ulcer healing, by mouth: 150 mg bd or 300 mg at night.• 
Maintenance dose, by mouth: 150 mg at night.• 
Refl ux oesophagitis: 150–300 mg bd.• 
Also available in parenteral formulations.• 
Parenteral use of these drugs is usually limited to prophylaxis against • 
stress ulceration on the ICU or in patients at high risk of aspiration before 
induction of anaesthesia (e.g. obstetric cases).
The usual dose of ranitidine on ICU is 50 mg tds; this should be reduced to • 
25 mg tds in severe renal insuffi ciency. One-off doses of 50 mg are given up 
to 1 hour before anaesthesia.

Pathways of stomach acid secretion
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Proton pump inhibitors (PPIs)
Irreversible inhibitors of the H+/K+-ATPase (‘proton pump’)

These drugs bind irreversibly to the
H+/K+-ATPase, located in the secretory
cannaliculae of parietal cells. The drug must 

be absorbed into the body to do this; it does not act 
directly from the stomach lumen. It also requires an 
acid environment to be activated; this provides a 
negative feedback mechanism—inhibition of acid 
production reduces the activation of the PPI. The 
H+/K+-ATPase is the fi nal common pathway of 
gastric acid secretion, so these drugs are powerful 
antacids. See H2 antagonists section (b p. 33) for 
details of acid secretion.     

Drugs in this class

• Omeprazole
• Esomeprazole
• Rabeprazole
• Pantoprazole
• Lansoprazole

0 • When suppression of gastric acid is required.
Healing of gastric and duodenal ulcers.• 
Refl ux oesophagitis.• 
Eradication of • Helicobacter pylori infection, in combination with 
antibacterial drugs (see b p. 36).
Treatment of Zollinger–Ellison syndrome.• 
High-dose intravenous PPIs have been used as adjunctive treatment in • 
patients with high-risk bleeding duodenal ulcer (unlicensed indication).

1 • Bear in mind that dyspeptic symptoms can result from gastric 
malignancy, especially in older patients. PPIs can mask these symptoms 
and delay the diagnosis.
PPIs are not suitable for acute upper gastrointestinal haemorrhage.• 
They are metabolized in the liver; dosage adjustment is not usually • 
required, but take care in severe hepatic insuffi ciency.
There is no information on the safety of these drugs in pregnancy. • 
Avoid them.

4 • Note that omeprazole and lansoprazole capsules can be opened and 
the contents suspended in fruit juice or yoghurt for patients with 
diffi culty swallowing. Lansoprazole is also available as a suspension 
or orodispersible tablet (see teaching point box, b p. 37).

Peptic ulcer
Usual treatment periods:• 

Duodenal ulcer, 4–8 weeks• 
Gastric ulcer, 4–8 weeks• 
NSAID-associated ulceration, 8 weeks• 

If the ulcer is the result of • Helicobacter pylori infection, and if it has been 
eradicated, the patient does not usually need maintenance treatment.
If the cause of the ulcer is an NSAID drug, it should be withdrawn. • 
If the NSAID is essential, the patient should be given maintenance 
treatment with a PPI at full treatment dose for at least 2 months. 
Treatment with a PPI may need to continue while the patient 
continues to take an NSAID, as asymptomatic peptic ulcers can occur.
Patients with the Zollinger–Ellison syndrome often require much • 
higher dosages (e.g. omeprazole 80 mg daily).
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Refl ux oesophagitis
Treatment of refl ux oesophagitis often requires higher dosages and • 
longer treatment (8 weeks) than for peptic ulcer.
Most patients with refl ux symptoms will relapse after a period • 
of treatment. If this is frequent and severe, consider maintenance 
treatment with half the treatment dose or the lowest dose possible 
to control the symptoms.

NICE has recommended that patients with a history of oesophageal • 
stricture, ulcer, or haemorrhage should take maintenance treatment 
at the full dose.

Many patients use these drugs on demand; they take the PPI for a • 
period of a few days or weeks whenever symptoms recur.
Standard doses of these drugs are suffi cient for most patients.• 

Bleeding peptic ulcer
The process of haemostasis is inhibited by a low pH (acid). 
Omeprazole, given in very high dosages (200 mg/day) intra venously, 
reduces the re-bleeding rate in patients with high-risk peptic ulceration 
after endoscopic treatment.

This indication is unlicensed and should not be considered, except • 
in consultation with a specialist. Use your local protocol.
This treatment should not be used instead of, or to delay, • 
endoscopic treatment.

6 • These drugs have a good adverse effects profi le, and are generally well 
tolerated.
The most common adverse effect is diarrhoea, particularly with • 
long-term use.
Other rare adverse effects include rash, liver enzyme abnormalities, • 
hypomagnesaemia, colitis, and interstitial nephritis.
The risk of • Clostridium diffi cile infection is increased in patients in 
hospital who are given antimicrobial drugs and are also taking PPIs; 
consider withholding the PPI before starting treatment with an 
antimicrobial drug.
Long-term treatment with these drugs causes carcinoid tumours in the • 
stomachs of laboratory animals, but has not been observed in humans. 
Always consider whether maintenance treatment is required.

7  • The potential for drug interactions with these drugs is low.
Lansoprazole, omeprazole, and esomeprazole inhibit hepatic • 
cytochrome P450 enzymes to some degree. This effect is not great, 
but it may enhance the actions of warfarin and phenytoin (see 
b Erythromycin, p. 400, for more information).

Safety
8  • Beware of prolonged treatment with these drugs without a diagnosis; 

they can mask the symptoms of gastric malignancy.
Patients with Barrett’s oesophagus may require regular endoscopic • 
follow-up, depending on severity.

Effi cacy
9  • Effi cacy is usually judged by symptom relief. If ineffective, reconsider 

the diagnosis.
Ensure that patients who require follow-up (e.g. for Barrett’s • 
oesophagus) understand why they need to be seen again.
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Obesity and smoking are important risk factors for refl ux oesophagitis • 
(and peptic ulcer). Address these problems as well as providing drug 
treatment.
If the capsules are opened, tell the patient not to chew the granules.• 

Prescribing information: Proton pump inhibitors 
Omeprazole

Ulcer healing, by mouth: 20 mg daily.• 
Maintenance dose, by mouth: 10–20 mg daily (see earlier notes).• 
Refl ux oesophagitis, by mouth: 20–40 mg daily.• 
Also available in an intravenous formulation.• 
Prophylaxis of acid aspiration, by intravenous route: 40 mg (within 1 hour • 
before surgery).

Esomeprazole
Refl ux oesophagitis, by mouth: 40 mg daily.• 
Also available in an intravenous formulation.• 

Lansoprazole
Ulcer healing, by mouth: 30 mg daily.• 
Maintenance dose, by mouth: 15–30 mg daily (see earlier notes).• 
Refl ux oesophagitis, by mouth: 30 mg daily.• 

Pantoprazole
Ulcer healing, by mouth: 40 mg daily.• 
Maintenance dose, by mouth: 20–40 mg daily (see earlier notes).• 
Refl ux oesophagitis, by mouth: 20–40 mg daily.• 
Also available in an intravenous formulation.• 

Rabeprazole
Ulcer healing, by mouth: 20 mg daily.• 
Maintenance dose, by mouth: 10–20 mg daily (see earlier notes).• 
Refl ux oesophagitis, by mouth: 10–20 mg daily. • 

Heliobacter pylori eradication regimens BNF Reference 1.3
- Heliobacter pylori infection is thought to be responsible for almost all duodenal 

ulcers and a high proportion of gastric ones. The prevalence of infection varies; 
for example, it once affected 50% of adults in Western Europe, but this has now 
fallen dramatically.

- Suppressing acid secretion will heal ulcers, but long-term cure requires 
eradication of Heliobacter pylori, if that is the cause of the ulcer

- The following 7-day regimens eradicate Helipbacter pylori in over 90% of cases.
PPI at the ulcer healing dose given • twice daily (or ranitidine bismuth citrate 
400mg bd)
+ amoxicillin 1 g bd• 
+ clarithromycin 500 mg bd• 

- If eradication is unsuccessful, repeat the course, substituting metronidazole 
400mg bd for the clarithromycin.

- If this is unsuccessful, seek a specialist opinion
- If the patient has an ulcer they should continue the PPI (once daily) or 

H2 antagonist alone for the 6-week healing period.
- If the patient does not have an ulcer, no continuing treatment is usually required.   
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Patients who have diffi culty swallowing 
tablets

- Some patients report that they cannot swallow tablets because they do not wish 
to take the drug, or because they are worried about adverse effects of the drug. 

- Identify whether diffi culty swallowing tablets is in fact a symptom of a more 
general swallowing problem. Causes include:

Oesophageal strictures (benign and malignant)• 
Stroke• 
Muscle weakness (e.g. myasthenia gravis)• 

- Some patients may have problems because they do not take tablets with water; 
this is potentially hazardous. Tablets can stick in the oesophageal muscoa and 
cause ulceration; this has been a particular problem with bisphosphonate drugs, 
which should be taken with a full glass of water.

- Some patients fi nd gelatin capsules more diffi cult to swallow than tablets; 
a change of formulation may solve the problem.

- A modifi ed-release formulation may mean that the drug needs to be given less 
often.

Some drugs (e.g. some oral bisphosphonates) are available in a formulation • 
that can be given less often than daily e.g. weekly or monthly.

- There are several options for patients with persistent problems in swallowing 
tablets:

Prescribe an elixir of melt formulation• 
Some capsules can be opened and the contents suspended in yoghurt or fruit • 
juice (e.g. lansoprazole, Zomorph®). Warn the patient not to chew the 
granules
Discuss with a pharmacist when a specially prepared suspension or elixir • 
can be produced.
Parenteral administration is an option, but is rarely ideal, although • 
subcutaneous administration may be suitable.

Case history
- An 88 year old woman, living in a nursing home, developed a complicated 

urinary tract infection and despite two courses of antibiotics from her General 
Practitioner remained unwell and was admitted to hospital. Her usual 
medication was atenolol, aspirin, and simvastatin for ischaemic heart disease, 
and omeprazole prescribed after a recent hospital admission and for which the 
GP could not determine a clear indication. She was treated with an intravenous 
cephalosporin and after initial improvement relapsed, with fever and raised 
infl ammatory markers. Two days later she developed frequent diarrhoea with 
abdominal distension. Clostridium diffi cile toxin was found in the stool.

Although the main provocative factor in the development of this hospital-
acquired infection was the use of multiple antibiotics, there is good evidence that 
co-administration of acid-suppressing drugs, such as omeprazole, increases the risk 
of developing C. diffi cile infection.

TEACHING 
POINT
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Misoprostol
Synthetic prostaglandin analogue

•  Reduces the volume and proteolytic 
action of gastric juice.

•  Also increases bicarbonate and mucus 
secretion.

• See prostaglandins section (b p. 526) for more 
information.    

Risk factors for 
NSAID-induced 
gastric ulceration

• Linear increase in risk 
with increasing age 
(especially over 65 
years).

• History of peptic 
ulceration.

• Debilitated patients.
• Long-term treatment 

with maximal doses 
of NSAIDs.

• Concomitant 
treatment with drugs 
that can cause 
bleeding.

0 • Treatment and prevention of benign gastric 
and duodenal ulcers.

Its most common use is as prophylaxis • 
against gastric ulceration in those at risk 
who need to continue taking NSAIDs.

Unlicensed use to induce a medical abortion • 
and to initiate labour. 

1 • Misoprostol increases uterine tone and can 
induce abortion. It is contraindicated in 
women who are pregnant or planning 
pregnancy.

The manufacturers advise not to use it in women of child-bearing • 
age, unless they are fully aware of the risks and are taking effective 
contraceptive measures.

Misoprostol can cause hypotension, although this is not commonly • 
seen in practice. Consider alternatives for those in whom hypotension 
can precipitate severe complications (e.g. cerebrovascular and 
cardiovascular disease).
No dosage reduction is usually required in renal or hepatic • 
insuffi ciency.

Gastric ulceration
4 • Consider misoprostol for those who are at high risk of gastric 

ulceration but who require NSAIDs for other reasons. See earlier 
box for risk factors.
The risk of bleeding from NSAIDs is relatively constant over time. • 
The longer the patient takes an NSAID, the greater the risk.

Not all NSAIDs carry the same risk of bleeding (• see b NSAIDs, 
p. 742).
Consider these factors when prescribing misoprostol for • 
prophylaxis against gastric ulceration.

Always think—can I stop or change the NSAID, rather than adding • 
misoprostol to the prescription chart?

6 • Misoprostol is available in combination with naproxen and diclofenac 
as single tablets.

Note that co-administration of a PPI with an NSAID is an alternative • 
to a combination of misoprostol with an NSAID. PPIs may be more 
effective than misoprostol in NSAID-induced ulceration, and the 
use of misoprostol has become less common.
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Obstetric uses
7  • Misoprostol is used systemically and topically to initiate and augment 

labour (it can also be used to induce abortion); this is a specialized use.
Misoprostol can cause diarrhoea; in some cases this can be severe and • 
necessitate withdrawal of the drug.
Non-specifi c gastrointestinal disturbances can also occur.• 
Less common effects include rash, dizziness, and abnormal • 
vaginal bleeding (includes intermenstrual bleeding, menorrhagia, 
postmenopausal bleeding).
Misoprostol is subject to few drug interactions.• 

8 • In patients taking a prostaglandin to prevent NSAID-induced blood 
loss, blood loss can nevertheless occur and can be occult and chronic. 
Have a low threshold for measuring a full blood count. Chronic 
diseases are often associated with anaemia, but ensure that it is not 
due to iron defi ciency through blood loss.

9 • Advise patients that misoprostol can reduce the risk of bleeding from 
the gut, but that they should seek immediate medical attention if they 
have blood in the stool, or dark tarry stools.
Warn women that they should not take misoprostol if they are • 
planning a pregnancy.

Prescribing information: Misoprostol
Benign gastric and duodenal ulceration and 
NSAID-associated ulceration

By mouth, 800 micrograms daily (in 2–4 divided doses) with breakfast (or • 
main meals) and at bedtime; treatment should be continued for at least 
4 weeks and can be continued for up to 8 weeks if required.

Prophylaxis of NSAID-induced gastric and duodenal ulceration
By mouth, 200 micrograms 2–4 times daily (depending on the perceived risk • 
of bleeding in the individual patient), taken with the NSAID.
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Combination formulation: advantages and 
disadvantages 

A combination formulation contains two or occasionally three different drugs. 
Many combination products are available, but they are not acceptable unless the 
following minimum criteria are met:
- When the frequency of administration of the two drugs is the same.
- When the fi xed doses in the combination product are therapeutically and 

optimally effective in most cases (i.e. when it is not necessary to alter the dose 
of one drug independently of the other).

- It is the second criterion that is the most diffi cult to achieve in clinical practice. 
For example, patients may require different dosages of an NSAID over time, but 
the dose of misoprostol does not need to change. A new prescription of the 
combination product will be required each time the dose of NSAID is changed; 
this is expensive and may be confusing for the patient.

Nevertheless, combination products do have a number of potential advantages:

Examples Potential advantages

Antituberculosis drugs (rifampicin + isoniazid)
Ferrous sulfate + folic acid (pregnancy)

Improved compliance

Triple vaccine (diphtheria, tetanus, pertussis)
Combined insulins

Ease of administration

Amoxicillin + clavulanic acid (co-amoxiclav)*
Combined oral contraceptive 
(oestrogen + progestogen)

Synergistic or additive effects

Levodopa + decarboxylase inhibitors
(Parkinson’s disease)
Misoprostol + naproxen or diclofenac

Reduced adverse effects

* Even so, co-amoxiclav is often given as combination tablets plus extra amoxicillin in 
separate tablets.

TEACHING 
POINT
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Constipation
The word constipation is used to describe many disorders of bowel • 
motility. Take a careful history to determine the specifi c symptoms 
that are causing the problem (e.g. a hard stool, a feeling of incomplete 
evacuation, straining).
Constipation can be secondary to another disease:• 

Diseases of the lower gastrointestinal tract (e.g. cancer, anal fi ssure, • 
proctitis). 
Metabolic disturbances (e.g. hypercalcaemia, hypothyroidism, • 
diabetes mellitus).
Neurological disorders (e.g. spinal cord lesions, Parkinsonism).• 
Drug treatments (e.g. opioids, iron, and nifedipine or verapamil).• 

If one of these is the cause and can be corrected, correct it. In many • 
cases, however, treatment is symptomatic. Constipation develops as a 
result of two principal disorders of colorectal motility: slow-transit 
constipation and pelvic fl oor dysfunction. If the cause is pelvic fl oor 
dysfunction, pelvic fl oor exercises and biofeedback training are of 
some benefi t. If the principal problem is slow transit, a gradual 
increase in dietary fi bre will usually suffi ce.
If drug treatment is required consider:• 

Bulk-forming laxatives for those with small, hard stools; increasing • 
the amount of dietary fi bre and fl uid intake is preferable to 
long-term treatment.
Bran• : by mouth, 1 sachet 2–3 times daily.
Ispaghula husk• : (Fybogel®, Regulan® ): by mouth, 1 sachet twice 
daily.
Methylcellulose• : by mouth, 3–6 tablets twice daily.
All of these should be taken with plenty of water.• 

As an alterative to bulk-forming laxatives use osmotic laxatives. These • 
act by retaining fl uid in the bowel, so an adequate fl uid intake is essential.

Lactulose• : by mouth, initially 15 mL bd. Adjust the dose according to 
the patient’s needs; also given in hepatic encephalopathy because it 
discourages the growth of ammonia-producing organisms in the gut.
Magnesium hydroxide• : by mouth, 30–45 mL when required; avoid in 
renal failure—magnesium can accumulate.
Polyethylene glycols•  (e.g. Movicol®): doses vary; refer to 
manufacturers’ material.

Stimulant laxatives are most useful when reduced colonic transit is the • 
cause of constipation. However, prolonged use can cause an atonic 
non-functioning colon and hypokalaemia. These drugs should 
therefore only be used for short periods. Stimulant laxatives should 
be avoided if intestinal obstruction is suspected or confi rmed. 
Dantron (co-danthramer, co-danthrusate) is not licensed outside of 
palliative care because of potential carcinogenicity.

Senna• : doses vary; refer to manufacturers’ material.
Bisacodyl• : by mouth, 5–10 mg at night.
Glycerol• : suppositories, 2 g when required.
Stimulant laxatives are also used when there is faecal impaction and • 
for bowel cleansing before clinical investigations and surgery.
Some combinations of laxatives are commonly used, such as a • 
stimulant plus an osmotic laxative (e.g. senna plus lactulose). The 
use of such combinations is often effective, but can lead to 
overtreatment if they are used indiscriminately.
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Treatment of faecal impaction
Docusate is given fi rst, because it is a faecal softener as well as a • 
stimulant laxative. By mouth, up to 500 mg daily in divided doses. 
Also available as an enema.
An alterative faecal softener is arachis (peanut) oil, given as an enema; • 
do not give this if the patient has a history of nut allergy.
Once the stool has been softened, evacuation can be encouraged with • 
a phosphate enema (an osmotic laxative).

Bowel cleansing for clinical investigations and surgery
Bowel cleansing solutions are given to clear the bowel of any solid • 
matter before investigations or surgery; they are not suitable 
treatment for constipation.
Warn the patient that these solutions will cause profuse watery • 
diarrhoea and that they should drink plenty of fl uids. Take care if the 
patient is at risk from the large fl uid shifts these solutions can cause 
(e.g. renal insuffi ciency, heart failure, elderly patients). Do not give 
these solutions if the patient has any form of gastrointestinal 
obstruction.
Sodium picosulfate• : (Picolax®): by mouth, 1 sachet at 08.00 h and 
1 sachet at 14.00 h on the day before the procedure.
Polyethylene glycol• : (Klean-Prep®): by mouth, 250 mL every 
10–15 minutes until 4 litres have been consumed or watery stools 
are free of solid matter.
Magnesium carbonate plus citric acid• : (Citramag®): by mouth, 
1 sachet at 08.00 h and 1 sachet at 14.00 h on the day before the 
procedure.
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Co-phenotrope (Lomotil®)
Mixture of the opioid diphenoxylate hydrochloride and the 
anticholinergic drug atropine sulphate in a ratio of 100:1

•  Diphenoxylate hydrochloride is an opioid. 
For actions of opioids, see b p. 752.

•  Atropine is an antagonist at muscarinic 
cholinergic receptors. It causes relaxation 
of smooth muscle of bowel, increased 
heart rate, pupillary dilatation, and 
reduced bronchial secretions.    

Alternative 
anti-motility drugs

• Codeine
• Morphine
• Loperamide
• Bile salt sequestrants 

(e.g. colestyramine, 
aluminium hydroxide) 
for patients who have 
had an ileal resection 
or who have ileal 
disease.

0 • As an adjunct to rehydration in the 
treatment of acute diarrhoea.
Control of faecal consistency after colostomy • 
or ileostomy.

1 • Do not use instead of rehydration. Avoid when there is a suspicion of 
acute infective diarrhoea.
Contraindicated in active ulcerative colitis and antibiotic-associated • 
colitis.
Can precipitate hepatic coma in those with advanced liver disease.• 
Licensed for use in the young, but not recommended.• 

4 • See b Codeine, p. 748 for advice on the treatment of diarrhoea.
Acute diarrhoea is usually a symptom of another disease. Do not use • 
antimotility drugs when there is any suspicion that the cause may be 
an infection.
Do not use instead of rehydration.• 

6 • Excessive use can cause intestinal obstruction (both mechanical and 
paralytic). Warn the patient to stop if bloating or distension develops.
In overdose, other opioid effects occur: e.g. drowsiness, respiratory • 
depression (see b Opiates, p. 752). These can be treated with 
naloxone.
Effects of atropine: fl ushing, dry mouth, tachycardia, urinary retention • 
(anticholinergic effects).

Note that patients with Down syndrome are more susceptible to • 
these effects.

Safety
8 • Tolerance and dependence can develop with prolonged use.

Effi cacy
Review patients with acute diarrhoea after a few days to ensure that • 
the episode has resolved; if it has not, review the diagnosis.

9 • Warn the patient to stop the drug if bloating or abdominal distension 
occur.

Prescribing information: Co-phenotrope
By mouth, co-phenotrope 2.5/0.025 (diphenoxylate hydrochloride • 
2.5 mg + atropine sulphate 25 micrograms).

Initially 4 tablets, followed by 2 tablets every 6 hours until the diarrhoea • 
is controlled.
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Drugs with names beginning co-

Drugs that have names (British Approved Names) beginning with co- are 
mixtures of two or occasionally three different drugs. The theoretical advantage of 
such combinations is that two synergistic drugs are combined in a single tablet to 
aid adherence to therapy. However, this advantage is often outweighed by the dis-
advantage of giving two drugs with different actions when one would be suffi cient. 
See b p. 40 for more information on combination formulations. The table below 
shows a few examples.

Formulation Component 
drugs

Potential 
advantages

Potential 
disadvantages

Co-codamol Paracetamol 
plus codeine

Opioid/paracetamol 
synergy

The opioid can 
cause confusion

Co-amilofruse Furosemide 
plus amiloride

Potassium-sparing 
actions of amiloride

Amiloride not 
always required, 
especially in those 
also taking ACE 
inhibitors

Co-fl uampicil Ampicillin plus 
fl ucloxacillin

Broader antibacterial 
spectrum

Wider spectrum 
rarely required; 
encourages 
bacterial 
resistance 
if used 
inappropriately

Co-tenidone Atenolol plus 
chlortalidone

Single tablet for the 
treatment of 
hypertension

Two drugs are 
not always 
required; not 
suitable for dose 
titration

Co-careldopa 
and 
co-beneldopa

Levodopa plus 
either carbidopa 
or benserazide

Peripheral dopa 
decarboxylase inhib-
itor (carbidopa or 
benserazide) reduces 
adverse effects from 
the peripheral 
conversion of 
levodopa to 
dopamine

TEACHING 
POINT
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Loperamide (Imodium®)
Opioid receptor agonist in the gut

•  Binds to opioid receptors in the gut wall, 
reducing peristalsis.

• Also increases anal tone.
•  See opioids section (b p. 752) for more 

information.
   

Alternative 
antimotility drugs

• Codeine
• Morphine
• Co-phenotrope
• Bile salt sequestrants 

(e.g. colestyramine, 
aluminium hydroxide) 
for patients who have 
had an ileal resection 
or who have ileal 
disease.

0 • As an adjunct to rehydration in acute 
diarrhoea.
Symptomatic treatment of chronic diarrhoea • 
(adults only).

1 • This drug is an opioid, but not an analgesic, 
because it does not penetrate the CNS well 
(see b Opioids, p. 752).
Do not use instead of rehydration.• 
Avoid when there is a suspicion of acute infective diarrhoea.• 
Contraindicated in active ulcerative colitis and antibiotic-associated • 
colitis, in which it can cause toxic dilatation of the bowel.
There is no information about the safety of loperamide in pregnancy. • 
Avoid it.

4 • See b Codeine, p. 748 for advice on the treatment of diarrhoea.
Acute diarrhoea is usually a symptom of another disease. Do not use • 
antimotility drugs when there is any suspicion that the cause may be 
an infection.
Do not use instead of rehydration.• 
Loperamide should be taken immediately after a loose bowel • 
movement.

6 • Excessive use can lead to bowel obstruction (both mechanical and 
paralytic).
Skin reactions, including urticaria, are reported.• 
In overdose, loperamide can cause opioid effects: drowsiness, • 
respiratory depression, nausea and vomiting. These can be treated 
with naloxone (see b Naloxone, p. 704).

7  • Loperamide antagonizes the gastric emptying actions of 
domperidone and metoclopramide.

Effi cacy
8 • Review patients with acute diarrhoea after a few days, to ensure that 

the episode has resolved; if it hasn’t, review the diagnosis and the use 
of loperamide.

9 • Discuss the dosage regimen, so that the patient knows how to adjust 
the dose to optimize symptom control.
Warn the patient to stop the drug if bloating or abdominal distension • 
develops.
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Prescribing information: Loperamide
Acute diarrhoea

4 mg initially, followed by 2 mg after each loose stool for up to 5 days; usual • 
dose 6–8 mg daily.
Maximum dose 16 mg daily.• 

Chronic diarrhoea in adults
Initially 4–8 mg daily in divided doses, subsequently adjusted according to • 
response and given in 2 divided doses for maintenance.
Maximum dose 16 mg daily.• 



48 INFLAMMATORY BOWEL DISEASE BNF Reference 1.5

Mesalazine and related compounds 
(aminosalicylates)
Mesalazine is the recommended International Non-proprietary Name 
(rINN) for 5-aminosalicylic acid; it is also called mesalamine in some 
countries

The active ingredient of all of these drugs is
5-aminosalicylic acid. The mechanism of its action 
in infl ammatory bowel disease is not fully under-
stood, although it may act by altering cytokine 

function. However, what is important is that the drug is 
delivered to the site of action, usually the large bowel or 
distal ileum. Each of the drugs in this class does this in a 
different way after oral administration.
Mesalazine formulations. Modifi ed-release formulations 
provide delivery of 5-aminosalicylic acid to the large 
bowel.
Olsalazine is a dimer of 5-aminosalicylic acid; it is cleaved 
in the lower bowel to release 5-aminosalicylic acid.
Balsalazide is mesalazine attached by an diazo bond to
a carrier molecule. This bond is cleaved in the colon to 
release active mesalazine.
Sulfasalazine is 5-aminosalicylate coupled to a carrier
sulfapyridine molecule. This drug has different properties 
from the others in the class and is the subject of a sepa-
rate article.

Aminosalicylates
- Sulfasalazine
- Mesalazine
- Balsalazide
- Olsalazine

0 • Treatment of mild to moderate ulcerative colitis, and maintenance 
of remission.

1 • Mesalazine is excreted via the kidneys. It is contraindicated in mod-
erate or severe renal impairment and in severe hepatic impairment.
Hypersensitivity to salicylates is relatively common (• see b Aspirin, 
p. 132).
Mesalazine is not contraindicated in pregnancy; negligible quantities • 
cross the placenta.

4 • Mesalazine is available as modifi ed-release tablets for colitis, enemas for 
distal colitis, and suppositories for proctitis. It is absorbed systemically 
from each of these, and so its effects may not be limited to the site of 
delivery. The precise choice of formulation will depend on the nature 
and extent of the individual patient’s disease. The dose of mesalazine in 
each manufacturer’s formulation varies (see prescribing information).
Balsalazide is available only in oral formulations; consider alternatives • 
for distal disease, when topical treatment may be more appropriate.

6 • Risk of blood dyscrasias (agranulocytosis, aplastic anaemia, leucopenia, 
neutropenia, thrombocytopenia) with all aminosalicylates. Be alert to 
this possibility and check the full blood count if suspicious. Warn the 
patient (see patient information).
Hypersensitivity phenomena: rash, urticaria, interstitial nephritis, • 
lupus-like syndrome.
Diarrhoea, nausea, vomiting, abdominal pain, cholelithiasis.• 

Watery diarrhoea seems to be more common with olsalazine than • 
some of the other aminosalicylates; it may be reduced by taking the 
drug after meals.
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Can occasionally exacerbate the symptoms of colitis.• 
Mesalazine is subject to few drug interactions, but take care when • 
giving it with other drugs that can suppress the bone marrow 
(e.g. azathioprine).

7  • Do not co-prescribe lactulose or other drugs that will alkalinize the 
gut contents, as this prevents the release of mesalazine from some 
formulations.

Safety
8 • Check the full blood count if you suspect a blood dyscrasia.

Mesalazine is renally excreted; be aware of accumulation in people • 
with renal impairment (especially elderly people).

Effi cacy
Measure markers of infl ammation (ESR, CRP) and ask the patient to • 
keep a diary of stool frequency.

9 • Advise patients to report immediately any unexplained purpura, 
bruising, bleeding, fever, sore throat, or malaise, as these may be 
indicative of a blood dyscrasia.

Prescribing information: Mesalazine
Asacol MR®/Asacol®

Modifi ed-release tablets contain mesalazine 400 mg. Dose is 6 tablets daily in • 
divided doses for an acute attack. Titrate to between 3 and 6 tablets daily 
for maintenance of remission.
Foam enema. Delivers mesalazine 1 g. Used for acute attacks. One dose per • 
day for rectosigmoid disease, increased to two doses for disease affecting 
the descending colon.
Suppositories. Available as 250 mg and 500 mg doses. Dose is 750–1500 mg • 
daily in divided doses, last dose taken at bedtime.

Pentasa®

Modifi ed-release tablets contain mesalazine 500 mg. Dose is up to • 
4 g in divided doses to control an acute attack. Maintenance dose is usually 
2 g daily, in divided doses.

Do not chew the tablets; doing so will destroy the modifi ed-release • 
system.

Modifi ed-release granules contain mesalazine 1 g per sachet. Dose is 4 g in • 
divided doses to control an acute attack. Maintenance dose is usually 2 g 
daily, in divided doses.

Do not chew the granules; doing so will destroy the modifi ed-• 
release system.

Retention enema contains mesalazine 1 g. Dose is 1 g at bedtime.• 
Suppositories contain mesalazine 1 g. Dose is one suppository at bedtime for an • 
acute attack. Maintenance dose is usually one suppository daily.

Salofalk®

Tablets contain mesalazine 250 mg. Dose is 6 tablets daily in 3 divided doses. • 
Maintenance titrated to between 3 and 6 tablets in divided doses.
Suppositories contain mesalazine 500 mg. Dose for an acute attack is 1–2 • 
suppositories given 2–3 times per day according to response.
Enemas contain mesalazine 2 g. Dose is 1 enema at bedtime for control of • 
acute attack or for maintenance.
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Prescribing information: Balsalazide
Capsules contain balsalazide 750 mg. Dose for an acute attack is • 
3 capsules (2.25 g) 3 times daily until remission occurs or for up to maximum 
of 12 weeks.
Maintenance dose is 2 capsules (1.5 g) twice daily, adjusted according to • 
response (maximum 6 g daily).

Prescribing information: Olsalazine
Capsules contain 250 mg and tablets contain 500 mg of olsalazine. Dose for • 
an acute attack, 1 g daily in divided doses after meals, increased if necessary 
over 1 week to a maximum of 3 g daily (maximum single dose 1 g).
Maintenance dose, 500 mg twice daily after meals.• 
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Sulfasalazine
Sulfasalazine is a derivative of 5-aminosalicylic acid 
(see b Mesalazine, p. 48)

-  Sulfasalazine is 5-aminosalicylate coupled to a 
carrier sulfapyridine molecule.

-  Sulfasalazine itself is poorly absorbed from
the gut.

-  In infl ammatory bowel disease, hydrolysis of 
sulfasalazine by colonic bacteria releases the active 
moiety mesalazine (5-aminosalicylate) in the large 
bowel.The precise mechanism by which 
5-aminosalicylate acts in infl ammatory bowel disease is 
not known, but it may alter cytokine function.

-  By contrast, the sulfapyridine moiety causes
many of the adverse effects of sulfasalazine and is 
thought to be the active ingredient in rheumatoid 
arthritis. Again the mechanism of action is unknown.  

Aminosalicylates 
(also see b p. 48)
- Sulfasalazine
- Mesalazine
- Balsalazide
- Olsalazine

0 • Treatment of mild, moderate, and severe ulcerative colitis; 
maintenance of remission.
Active Crohn’s disease.• 
Sulfasalazine is also used as a disease-modifying agent in rheumatoid • 
arthritis.

1 • Contraindicated in moderate or severe renal impairment, and in 
severe hepatic impairment.
Hypersensitivity to salicylates is relatively common (• see b Aspirin, 
p. 132).
G6PD defi ciency (• see b Teaching point: G6PD, box p. 449).
Sulfasalazine is not contraindicated in pregnancy, in contrast to other • 
sulfonamides. There is a potential risk of haemolysis in the neonate in 
the 3rd trimester, owing to folate defi ciency; give folate supplements.

Ulcerative colitis
4 • Sulfasalazine is given by mouth or by suppository for the treatment of 

acute ulcerative colitis. It is given by mouth as maintenance therapy to 
prevent recurrence.

Rheumatoid arthritis
Introduce gradually to avoid gastrointestinal adverse effects. Suggested • 
dosage 500 mg daily in the fi rst week, rising to 1 g twice daily in the 
4th and subsequent weeks.

6 • 75% of adverse events are reported in the fi rst 3 months; hence, close 
monitoring is suggested during this period (see later notes).
The adverse effects are those associated with the other • 
aminosalicylates and with sulphur-containing drugs (see 
b Sulfonamides, p. 408, for a list).
Risk of blood dyscrasias with all aminosalicylates: agranulocytosis • 
(1 in 700 patients), aplastic anaemia and leucopenia (1.5% of patients), 
neutropenia, thrombocytopenia, megaloblastic anaemia, haemolytic 
anaemia. Be alert to this possibility and check the full blood count if 
suspicious. Warn the patient (see b patient information, p. 53).



53CHAPTER 1 Gastrointestinal system

Hypersensitivity reactions are common, usually an urticarial rash, but • 
sometimes Stevens–Johnson syndrome, interstitial nephritis, or a 
lupus-like syndrome. (See b p. 408 for more information on sulphur 
allergy.)
Diarrhoea, nausea, vomiting, abdominal pain, cholelithiasis.• 
Lung complications: fi brosing alveolitis, eosinophilia.• 
Nervous system and psychiatric: aseptic meningitis, vertigo, tinnitus, • 
peripheral neuropathy, depression, hallucinations.
Renal: proteinuria, crystalluria, haematuria, nephrotic syndrome.• 
Can exacerbate the symptoms of colitis.• 
Can cause reversible oligospermia and reduced sperm motility and is • 
a reversible cause of male infertility.

Safety
7  • The following monitoring regimen is suggested: measure the full blood 

count (looking for myelosuppression) every 2 weeks, and liver function 
tests monthly for the fi rst 12 weeks of treatment and 3-monthly 
thereafter. Suspend treatment if any of the following occur:

White blood cell count below 4.0•  x 109/L or neutrophil count 
below 2.0 x 109/L.
Platelet count below 150 • x 109/L or if there are clinical signs of 
thrombocytopenia.
A >2-fold rise in aspartate transaminase (AsT), alanine transaminase • 
(AlT), or alkaline phosphatase.
Ask about rash or oral ulceration.• 

Some manufacturers recommend regular renal function testing, but • 
the practical predictive value of this has not been demonstrated.

8  • Sulfasalazine is subject to few drug interactions, but take care when 
giving it with other drugs that can suppress the bone marrow 
(e.g. azathioprine).

9  • Advise patients to report immediately any unexplained purpura, 
bruising, bleeding, fever, sore throat, or malaise, as these may be 
indicative of a blood dyscrasia.
Can turn tears and urine orange and can stain soft contact lenses.• 

Prescribing information: Sulfasalazine
Tablets and enteric-coated tablets, 500 mg per tablet.• 
For an acute attack the usual dose is 1–2 g 4 times daily until control is • 
achieved; this may require concomitant corticosteroids. The maintenance 
dose is usually 500 mg 4 times daily.
Suppositories for rectal treatment. Usual dose 0.5–1 g morning and night.• 

Salazopyrin®

Tablets and enteric-coated tablets. Contain 500 mg per tablet.• 
Suppository. Contains 500 mg sulfasalazine per suppository.• 
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Cholic acids
Bile acids

They also increase the proportion of

bile salts in the bile, leading to a lower

rate of precipitation of cholesterol and

even reabsorption of gallstones.

These drugs inhibit HMG CoA

reductase (like the statins), so

reducing cholesterol synthesis.

  

Drugs in this class

- Ursodeoxycholic acid
- Chenodeoxycholic 

acid

0 • Treatment of cholesterol gallstones (not other types of gallstone).
Ursodeoxycholic acid is used in the treatment of primary biliary • 
cirrhosis and primary sclerosing cholangitis; these are unlicensed, 
specialist uses.

1 • Cholic acids can worsen liver impairment in those with existing 
disease.
Cholic acids can worsen peptic ulcer and symptoms from ileal disease; • 
avoid in these patients.
The manufacturer advises that these drugs should not be used in • 
pregnancy, although there is no evidence of harm.

Gallstones
4 • These drugs act only on cholesterol gallstones (which are 

radiotranslucent).
Laparoscopic cholecystectomy is the treatment of choice for • 
symptomatic gallstone disease.
If the patient is unsuitable for surgery, consider treatment with the • 
cholic acids.

Treatment can be for up to 2 years.• 
Stop the treatment 3 months after the stone has disappeared.• 
A confi rmatory ultrasound examination should be performed • 
4–12 weeks after the stone has disappeared.
The recurrence rate is high once treatment has stopped; it is • 
estimated to be 25% after 1 year and 50% by 5 years.

6 • Diarrhoea is common, owing to disturbance of water and electrolyte 
reabsorption. Tolerance develops with time.
Nausea and vomiting can occur.• 
Treatment with these drugs can cause gallstones to calcify.• 

7  • Oestrogens and clofi brate oppose the action of these drugs.
Use a progestogen-only oral contraceptive, or preferably a • 
non-hormonal method of contraception.

Safety and effi cacy
8 • Regular ultrasound examination is required to monitor the progress of 

treatment.
The manufacturers advise regular measurement of liver function tests, • 
but the value of this has not been established.
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9 • Warn the patient about the possibility of diarrhoea and advise that it 
may improve with time.

Prescribing information: Cholic acids
Ursodeoxycholic acid is given as an example.• 

Dissolution of gallstones, 8–12 mg/kg daily as a single dose at bedtime or • 
in 2 divided doses. Treat for up to 2 years, and continue for 3–4 months 
after stones dissolve.
Primary biliary cirrhosis, 10–15 mg/kg daily in 2–4 divided doses.• 
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HMG CoA reductase inhibitors 
(‘statins’)
Drugs affecting lipid metabolism

Increased

LDL receptor

expression 

Lower plasma LDL cholesterol by up to 40%.

Plasma HDL is increased. Effect on triglycerides

is generally small. Within the class, atorvastatin

and rosuvastatin have the greatest effect on

triglycerides

HMG CoA reductase

Mevalonate

Inhibited

by statins 

Reduced

hepatic

cholesterol

pool 

Increased

LDL uptake

by the liver

HMG

CoA

0 • Treatment of hyperlipoproteinaemia, especially 
types IIa and IIb.
Primary and secondary prevention of • 
cardiovascular disease.

1 • Statins are contraindicated during 
pregnancy; in addition, women should 
avoid becoming pregnant during treatment 
and for 1 month after stopping these drugs. 
The reduction in cholesterol may affect 
embryonic development. Toxicity has been 
observed in animals.
Patients with renal insuffi ciency may have • 
an increased risk of myositis. 
Do not give these drugs to patients with • 
hepatic insuffi ciency or to patients with 
persistently raised transaminases 
(aminotransferases).

4 • The statins are considerably more effective at 
reducing plasma cholesterol than plasma 
triglycerides. The relative contribution of 
each to the development of 
coronary artery disease is still debated, but the results of large-scale 
clinical trials suggest that lowering cholesterol is most important.

Secondary prevention of cardiovascular disease
All patients who have had an event (stroke, angina, or myocardial • 
infarction) should be treated with a statin.
There is evidence that all patients over 55 years of age benefi t • 
from treatment with a statin, even if their initial total cholesterol 
is <5 mmol/L.

Drugs in this class

Substrates for 
CYP3A4
- Atorvastatin
- Lovastatin
- Simvastatin
- Rosuvastatin
- (Cerivastatin 

withdrawn)

Substrate for 
CYP2C9
- Fluvastatin

Not metabolized 
by P450 enzymes
- Pravastatin

Drugs that lower 
plasma cholesterol

First-line
- HMG CoA reductase 

inhibitors (‘statins’)

Second-line
- Fibrates (used 

occasionally)
- Nicotinic acid (in 

high doses it inhibits 
cholesterol synthesis)

- Resins 
(colestyramine and 
colestipol)

- Omega 3 fi sh oils
- Ezetimibe (inhibitor 

of gastrointestinal 
cholesterol 
absorption)
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Primary prevention of cardiovascular disease
Use a cardiac risk assessor (tables or computer program) to determine • 
your patient’s risk; however, some advocate using statins for primary 
prevention in all over the age of 55, regardless of baseline calculated 
risk.

Current UK guidelines suggest that patients with a 10-year risk of • 
cardiovascular disease >20% should be treated, although there is 
evidence that patients at lower risk will also benefi t, especially if 
other predisposing factors are present.
NICE has recommended that nearly all people with type II diabetes • 
are at high cardiovascular risk, high enough to justify statin therapy 
without further assessment. For full information see the NICE 
website (M http://www.nice.org.uk).

6 • The most important adverse effect of these drugs is a myopathy; 
although uncommon, it can be fatal.
It is characterized by muscle pain and stiffness and can progress to • 
rhabdomyolysis.
A transient asymptomatic rise in creatine kinase (CK) activity is • 
more common.
It is diffi cult to defi ne the risk but one estimate is <0.05%.• 
The following factors increase the risk substantially:• 
—the risk is dose-related.
—concomitant treatment with fi brates; the combination of 

cerivastatin with a fi brate drug seems to carry the highest risk, 
and cerivastatin has been withdrawn as a result.

—concomitant treatment with ciclosporin.
—hypothyroidism.
—renal insuffi ciency.

These drugs are usually well tolerated. The most common adverse • 
effects are headache, nausea, and abdominal cramps.

7  • The risk of myopathy is increased when these drugs are given with 
fi brates or ciclosporin; avoid these combinations unless the benefi t 
outweighs the risk (e.g. in some forms of familial hyperlipidaemia).

Safety and effi cacy
8 • Measure plasma triglycerides, total cholesterol, and HDL cholesterol 

before starting treatment, in order to select the most appropriate 
drug (a statin or a fi brate). If a lipid-regulating drug is required for 
secondary prevention, a statin is recommended.

Measure again once maintenance treatment has been established • 
and adjust the dose according to your targets. Many prescribers 
give the maximum tolerated dose.
Targets change and will depend on the patient’s risk. NICE has • 
recommended that for patients with type II diabetes mellitus, 
treatment should reduce total cholesterol to <4 mmol/L or LDL 
cholesterol to <2 mmol/L.
Some advocate the use of the highest dose in all patients, as the • 
relative risk reduction is linear.
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Measure liver function tests (transaminases) before treatment, at • 
1–3 months, and at 6 and 12 months.

An increase in transaminases is reported in 1–2% of patients and • 
usually occurs in the fi rst 3 months.
Stop the drug if this rise is greater than 3 times the upper limit of the • 
reference range or increased 3-fold from baseline.

Measure CK activity urgently if the patient reports muscle pain • 
and withdraw the drug. Routine monitoring of CK activity is not 
recommended.

9 • Advise the patient to report any generalized muscle weakness or pain 
immediately.
A substantial amount of the risks of myopathy due to statin therapy is • 
associated with variants in an anion transporter gene, SLC01B1, which 
is responsible for the transport of statins into cells (Fig. 1.1). This 
adverse effect is too uncommon to make this a useful screening test, 
but it has diagnostic potential.
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Fig. 1.1 Simvastin and risk of myopathy. Reproduced with permission from 
SEARCH Collaborative Study, SLCO1B1 Variants and Statin-Induced 
Myopathy—A Genomewide Study, New England Medical Journal, 359;789–99, 
Copyright © 2008 Massachusetts Medical Society. All rights reserved.

Advise the patient to take the tablet at night-time, when the drug is • 
supposed to have a slightly greater effect. The reasons for this are not 
known, but hepatic cholesterol synthesis is greater at night.

Prescribing information: Statins
Atorvastatin

By mouth, usual dose 10 mg daily.• 
Can be increased up to 80 mg daily.• 

Fluvastatin
By mouth, usual dose 20–40 mg daily.• 
Can be increased up to 80 mg daily.• 

Pravastatin
By mouth, usual dose 10–40 mg daily.• 



59CHAPTER 1 Gastrointestinal system

Simvastatin
By mouth, usual dose 10–40 mg daily. Note that the 10 mg dose is often • 
inadequate; many clinicians begin with a dose of 20 mg.
Can be increased up to 80 mg daily if required.• 

Rosuvastatin
By mouth, initial dose 5–10 mg daily increased up to 20 mg daily.• 
Can be increased up to 40 mg daily in severe hypercholesterolaemia with • 
high cardiovascular risk (under specialist supervision).
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Ezetimibe
Inhibitor of gastrointestinal cholesterol absorption

Gastrointestinal tract

epithelial cell

Ezetimibe

inhibits

transporter

Niemann-Pick

C1-Like 1

(NPC1L1)

sterol

transporter

Cholesterol

and sterols

0 • Adjunctive therapy (with a statin) for primary hypercholesterolaemia 
and homozygous familial hypercholesterolaemia not adequately 
controlled with a statin alone (see b p. 56).
Also licensed as an adjunct to diet in patients with primary • 
hypercholesterolaemia, if a statin is inappropriate or not tolerated.
As an adjunct to diet in patients with patients with homozygous familial • 
sitosterolaemia. 
A reduction in the complications of atherosclerosis has not been • 
demonstrated in clinical trials.
There is no evidence to support the use of ezetimibe in pregnancy, • 
although in animals it was not teratogenic. Note that ezetimibe is 
usually given with statins, which are contraindicated in pregnancy.
No dosage adjustment is usually required in patients with mild or • 
moderate hepatic impairment, or in those with renal insuffi ciency. 
Ezetimibe is not recommended in patients with severe hepatic 
impairment, in which exposure is substantially increased. 
The risk of rhabdomyolysis is increased if ezetimibe is given with a • 
statin.

4 • The place of this drug in the therapy of hypercholesterolaemia is 
undergoing re-evalution.

The ENHANCE1 trial suggested no benefi t from the addition of • 
ezetimibe to simvastatin on the rate of atherosclerosis progression 
compared with simvastatin plus placebo. Long-term outcome data 
are not yet available. 

Statins remain fi rst-line therapy for hypercholesterolaemia. Ensure that • 
the dose has been optimized before adding adjunctive therapy.
If used with a bile acid sequestrant, give ezetimibe either 2 hours • 
before or 4 hours after the bile acid sequestrant.

6 • The most important adverse effect associated with ezetimibe, as with 
other lipid-regulating drugs, is a myopathy; although rare, it can be 
fatal.

See • b Statins, p. 56 for more details.
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A transient asymptomatic rise in CK activity is more common but • 
still rare (about 1 in 1000 patients).
Use with other lipid-regulating drugs (statins, fi brates) increases the • 
risk.

Ezetimibe is usually well tolerated. The most common adverse effects • 
are headache, diarrhoea, and abdominal pain.
Rare adverse effects include hypersensitivity reactions (including • 
rash, angio-oedema, and anaphylaxis) and raised aminotransferases 
(hepatitis).

7  • Ciclosporin can substantially increase exposure to ezetimibe; 
exposure to ciclosporin may also be increased when the two are 
given together. Use the combination with caution and measure 
ciclosporin concentrations.
Concomitant administration of a bile acid sequestrant • 
(e.g. colestyramine) with ezetimibe can reduce exposure to 
ezetimibe. See earlier notes for timing of dosing if these drugs are 
used together.
There is a potential increased risk of cholelithiasis if ezetimibe is given • 
with a fi brate.
There is a risk that ezetimibe can enhance the anticoagulant effect of • 
vitamin K antagonists (coumarins). Measure the INR if these drugs are 
given together. 

Safety and effi cacy
8 • Measure plasma triglycerides, total cholesterol, and HDL cholesterol 

before starting treatment, in order to select the most appropriate drug 
(statin or fi brate). If a lipid-regulating drug is required for secondary 
prevention, a statin is recommended.

Measure these again once maintenance treatment has been • 
established and adjust the dosage regimen according to your 
targets. 

Measure liver function tests (aminotransferases) before treatment, • 
after 1–3 months’ treatment, and at 6 and 12 months.

An increase in aminotransferases is reported in 1–2% of patients • 
and usually occurs in the fi rst 3 months.
Stop the drug if this rise is >3 times normal or baseline.• 
Measure CK activity urgently if the patient reports muscle pain. • 
Stop the drug.

9 • Advise the patient to report any generalized muscle weakness or pain 
immediately.

Prescribing information: Ezetimibe
By mouth, 10 mg daily.• 
Also available as a combination tablet with simvastatin. A range of • 
simvastatin doses is available; the dose of ezetimibe remains 10 mg. 

Reference
1 Kastelein JJP et al. Simvastatin with or without ezetimibe in familial hypercholesterolemia. NEJM 

2008; 358:1431–43.
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Fibrates
Drugs affecting lipid metabolism

Lower plasma
triglycerides
and to a lesser
extent lower
plasma
cholestrol.
Plasma high
density
lipoprotein
(HDL)
is increased

These drugs
are derivatives
of isobutyric
acid; they act
in the liver to:

Reduce the
secretion
of very low
density
lipoproteins
(VLDL)

Inhibit
cholesterol
synthesis in
the liver

Increase the
removal of
VLDL from
the blood

0 • Treatment of hyperlipoproteinaemia,
especially types IIa, IIb, III, IV, V.
Primary prevention of coronary artery • 
disease in those who cannot tolerate a statin.

1 • Fibrates are contraindicated during 
pregnancy; they are embryotoxic in animals.
Do not use these drugs in patients with • 
primary biliary cirrhosis or gall bladder 
disease.
Patients with renal insuffi ciency are at an • 
increased risk of myositis from these drugs. 
Consider alternatives.
Do not give fi brates to patients with severe hepatic insuffi ciency.• 

4 • Fibrates are considerably more effective at reducing plasma triglycer-
ides than plasma cholesterol.

Hypercholesterolaemia is much more common than hypertrigyceri-• 
daemia.

Gemfi brozil has a licence for the primary prevention of coronary • 
artery disease in 
middle-aged men. Note that the evidence base for the use of statins in 
primary prevention is considerably larger and covers a much wider 
group of patients.
Use a cardiac risk assessor (tables or computer program) to determine • 
whether your patient requires treatment for primary prevention.

Current UK guidelines suggest that patients with • 
hypertriglyceridaemia and a 10-year risk of coronary artery disease 
>30% should be treated, although there is evidence that patients 
at lower risk will also benefi t.
NICE has recommended that patients with type II diabetes should • 
be given a fi brate if their fasting plasma triglycerides exceed 
4.5 mmol/L despite attention to other causes (e.g. hypothyroidism, 
alcohol excess), whether or not they are taking a statin. Consider 
adding a fi brate if the plasma triglycerides remain above 2.3 mmol/L 

Drugs that lower 
plasma cholesterol

First-line
- HMG CoA 

reductase inhibitors 
(‘statins’)

Second-line
- Fibrates (used 

occasionally)
- Nicotinic acid (in 

high doses it inhibits 
cholesterol 
synthesis)

- Resins 
(colestyramine and 
colestipol)

- Omega 3 fi sh oils
- Ezetimibe (inhibitor 

of gastrointestinal 
cholesterol 
absorption)

Drugs in this class

- Bezafi brate
- Ciprafi brate
- Fenofi brate
- Gemfi brozil
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despite treatment with a statin, although the evidence base for this is 
less strong.

6 • The most important adverse effect of these drugs is myositis; although 
uncommon, it can be fatal.

Characterized by muscle pain and stiffness and can progress to • 
rhabdomyolysis.
It is diffi cult to defi ne the risk, but the following factors increase the • 
risk substantially:
—concomitant treatment with HMG CoA reductase inhibitors 

(‘statins’)
—concomitant treatment with ciclosporin
—renal insuffi ciency.

Hypersensitivity to these drugs manifests as urticaria, pruritus, and • 
a photosensitive rash.
Gastrointestinal adverse effects, such as nausea and vomiting, are • 
common.

7  • The risk of myositis is increased when these drugs are given with 
statins and ciclosporin. Avoid these combinations unless the benefi t 
outweighs the risk (e.g. some familial hyperlipidaemias). Gemfi brozil 
and statins should not be used concomitantly.
Fibrates enhance the anticoagulant action of warfarin.• 

Safety and effi cacy
8 • Measure plasma triglycerides, total cholesterol, and HDL cholesterol 

before starting treatment, in order to select the most appropriate 
drug.
Measure the triglycerides again once maintenance treatment has • 
been established and adjust the dose according to your target (usually 
2.3 mmol/L).
Measure renal function (creatinine) and stop the drug if it is • 
deteriorating.
Measure CK activity urgently if the patient reports muscle pain and • 
withdraw the drug.

9 • Advise the patient to report any generalized muscle weakness or pain 
immediately.

Prescribing information: Fibrates
Bezafi brate and gemfi brozil are given as examples.

Bezafi brate
By mouth, 200 mg 3 times daily, after food.• 

Gemfi brozil
By mouth, dosage range is 900–1500 mg daily, usually 600 mg twice daily.• 
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Orlistat
Inhibitor of pancreatic lipase

-  Orlistat inhibits the action of pancreatic 
lipase within the gut lumen; orlistat is 
barely absorbed. Because less fat is 
digested, less is absorbed. 

-  The increased fat content of the faeces can cause 
adverse effects (see later notes).    

Body Mass Index 
(BMI)

   Mass (kg)
BMI = __________

  Height (m)2

For example:
weight = 70 kg, 
height =180 cm,
BMI = 21.6 kg/m2

                         BMI
           (kg/m2)
Underweight <18.5
Ideal weight 18.6–24.9
Overweight  25–29.9
Obese  30–39.9
Morbidly  >40
  obese

0 • As an adjunct to diet and exercise in the 
treatment of obesity.

If the patient has a BMI >30 kg/m• 2 or if the 
BMI is >28 kg/m2 and the patient has other 
risk factors for cardiovascular disease 
(e.g. type II diabetes, hypertension, 
hypercholesterolaemia).

1 • Pregnant women need about 100–200 
additional kilocalories daily. Advise women 
to avoid excessive weight gain during 
pregnancy, but drug treatment is 
inappropriate.
Orlistat can reduce the absorption of fat-soluble vitamins; it • 
should not be given to patients with malabsorption or 
cholestasis.
Dosage adjustment is not usually required in hepatic or • 
renal insuffi ciency.

4 • NICE has recommended that orlistat should not be given unless the 
patient has lost 2.5 kg over 1 month by diet and exercise alone.

Counselling and support are an essential part of a weight • 
loss programme.

Review the success of the regimen regularly; see later notes for advice • 
on target weight loss.

6 • Orlistat is hardly absorbed, so the risk of systemic adverse effects is 
low.
Hypersensitivity and hepatitis have been observed, but are very rare.• 
Inhibition of fat absorption commonly causes oily stools, abdominal • 
pain, and faecal incontinence.

7  • The absorption of fat-soluble vitamins (A, D, E, K) is reduced by 
orlistat. Consider giving supplements to patients who are at risk of 
defi ciency. Take the supplement at least 2 hours after a dose of 
orlistat. Most patients are not at risk of vitamin defi ciency. 
Co-prescription of orlistat with other drugs aimed at weight 
reduction is not recommended.
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Effi cacy
8 • Treatment with orlistat should not continue beyond 3 months unless 

the patient has lost >5% of body weight, or beyond 6 months unless 
they have lost 10%.
Treatment should not usually continue beyond 2 years.• 

9 • Warn the patient about the risk of oily stools and faecal soiling. Many 
patients fi nd these adverse effects intolerable.
Warn the patient that the effects of drug treatments are modest; • 
continued weight loss depends on a programme of diet and exercise.
Warn the patient of the risk of weight gain on stopping treatment. • 
A sensible diet and an appropriate programme of exercise should be 
lifelong.
Advise the patient to omit the dose of orlistat if they miss a meal or if • 
the meal contains no fat.

Prescribing information: Orlistat
Adjunct to diet and exercise in the treatment of morbid obesity.• 

120 mg taken immediately before, during, or up to 1 hour after each main • 
meal.
Maximum dose 360 mg daily.• 

Obesity

Obesity is increasingly common. For example, 17% of adults in the UK are classed 
as obese (BMI >30). The changes in metabolism associated with obesity are central 
to the pathophysiology of insulin resistance and type II diabetes; obesity is also an 
important risk factor for hypertension and coronary artery disease; and there is an 
increased incidence of osteoarthritis of weight-bearing joints.
- Medical causes of obesity (e.g. Cushing’s syndrome, hypothyroidism) are rare, 

but should be excluded before starting treatment.
- Weight gain results from an imbalance between energy intake and expenditure. 

The only long-term solution is to reduce intake and increase energy expenditure 
through exercise. Diets should be low in calories, but not very low. Aim for a 
total daily intake of around 1000 kCal. In patients who are motivated to lose 
weight, drug treatments can increase the amount of weight lost as part of a diet 
and exercise programme. Drug treatments are ineffective if given alone, and 
should not be continued for long periods (see individual articles for details).

- Ideally, obesity should be managed by a multidisciplinary team, but in many 
countries such expertise and resources are scarce.

- NICE has advised that patients with a (e.g. BMI >30 kg/m2 should receive treatment. 
Patients with complications arising from obesity (obstructive apnoea, hypertension, 
type II diabetes) have most to gain from weight reduction and represent a priority 
group for treatment. Consider treatment in this group if they have a BMI >28 kg/m2.

- Treatment of obesity should form part of a wider assessment of a patient’s 
lifestyle and risk factors for cardiovascular disease. Help with stopping smoking 
can be particularly benefi cial (see b p. 274).

- Many patients are desperate to lose weight but fi nd it diffi cult to modify their 
lifestyle; these patients are particularly vulnerable to those offering ‘miracle 
treatments’. Many of these contain amphetamines, diuretics, and thyroid hormones. 
They have no place in the treatment of obesity and can cause signifi cant harm.

- Fenfl uramine, dexfenfl uramine, and phenteramine are centrally-acting appetite 
suppressants structurally related to amphetamines. They have been withdrawn 
because they can cause pulmonary hypertension.

- Bulk-forming supplements (e.g. methylcellulose) are unlikely to cause harm, but 
there is little evidence that they are effective.

TEACHING 
POINT
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Metoclopramide
Antiemetic drug

        Chemoreceptor

        trigger zone in the

floor of the 4th ventricle.

Metoclopramide is also

an antagonist at 5-HT3

receptors (see

b p. 368)

        Cholinergic and

        antidopaminergic

actions. Increased

oesophageal tone

and increased

gastric emptying

Metoclopramide
Antiemetic

action

0 • Treatment and prevention of nausea and vomiting, especially:
Drug-induced.• 
Postoperatively.• 
Associated with migraine.• 

To stimulate gastric emptying:• 
During radiological investigations (e.g. barium follow-through)• 
In patients with gastroparesis due to diabetic neuropathy • 
(specialized use).

1 • Metoclopramide is metabolized by the liver; reduce the dose in 
hepatic insuffi ciency.
Antiemetic drugs are rarely needed for vomiting associated with • 
pregnancy. If severe seek specialist advice. Metoclopramide is an 
option in such cases.
Do not use metoclopramide in patients with gastrointestinal • 
obstruction because of its prokinetic effects.
Do not use metoclopramide in patients with Parkinsonian symptoms; • 
its antidopaminergic actions can worsen them.
Do not give metoclopramide to patients with phaeochromocytoma; it • 
can precipitate a hypertensive crisis.
The use of metoclopramide in patients under 20 years old is • 
specialized; seek expert advice (see later notes).

4 • Nausea and vomiting are symptoms, not diagnoses. Always consider 
the underlying cause. Long-term treatment should be directed at the 
cause, rather than with antiemetic drugs.
As in the treatment of pain, the treatment of nausea and vomiting • 
should be based on avoidance and prophylaxis, rather than waiting for 
symptoms to occur before tackling them.
Metoclopramide is used widely but is especially useful:• 

For nausea due to gastrointestinal, biliary, and liver disease; • 
however, it should not be used if there is gastrointestinal 
obstruction
In high dosages for emesis associated with chemotherapy, but it • 
has largely been replaced by the 5HT3 receptor antagonists for this 
indication.

Antiemetic drugs

- Dopamine 
receptor 
antagonists

Phenothiazines• 
Domperidone• 
Metoclopramide• 

- 5-HT3 receptor 
antagonists

- Antihistamines
Motion sickness • 
only 
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Consider the following factors:• 
Identify patients who are at high risk of postoperative nausea and • 
vomiting and give them treatment early; a dose of 10 mg alone is 
often inadequate for postoperative nausea and vomiting.
Treat pain, as this is often a contributory factor.• 
Refer to the teaching point in 5-HT• 3 receptor antagonists (b p. 80) 
for information on the treatment of nausea and vomiting due to 
chemotherapy.
Metoclopramide is ineffective in motion sickness, which is mediated • 
through the vestibular system.

6 • Extrapyramidal (antidopaminergic) adverse effects occur in 1% of 
patients.

These range from dystonia to an oculogyric crisis.• 
Young women (<20 years) are at greatest risk.• 
Treat this adverse effect with benzatropine or procyclidine.• 

The antidopaminergic action of metoclopramide can also cause:• 
Extrapyramidal effects, including Parkinsonian symptoms and signs • 
and akathisia
Prolactin release, leading to galactorrhoea, gynaecomastia, and • 
menstrual disturbances

Other CNS adverse effects include dizziness and drowsiness.• 
7  • Metoclopramide enhances the action of other antidopaminergic drugs.

Anticholinergic and opioid drugs antagonize the actions of • 
metoclopramide on the gut, reducing its effi cacy.
Increased speed of gastric emptying due to metoclopramide can • 
increase the speed of absorption of other drugs.

This effect will not usually be apparent, as the extent of absorption • 
of drugs will remain the same.
Analgesics, such as aspirin and paracetamol, may act a little more • 
quickly when given with metoclopramide; this has been used in the 
treatment of migraine.

Effi cacy
8 • If a patient has had postoperative nausea and vomiting in the past, 

discuss strategies to prevent this with the anaesthetist.
9 • Warn the patient that metoclopramide can cause dizziness, which may 

interfere with skilled motor tasks (e.g. driving). Patients who are given 
metoclopramide should not drive (e.g. after day surgery).
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Case history
- A previously fi t 19-year-old Asian woman had a miscarriage and attended the 

emergency gynaecology clinic. After observation she was sent home with 
metoclopramide, paracetamol, and diclofenac. That evening, 20 minutes after 
taking diclofenac 75 mg she became acutely distressed and the GP was called. 
The patient was on the fl oor, having diffi culty breathing, with stridor and a 
marked opisthotonic posture. She could not speak or communicate and looked 
very frightened. The GP was concerned about an acute allergic reaction to 
diclofenac and administered intramuscular adrenaline, but to no effect. On 
arrival in hospital a diagnosis of acute dystonia due to metoclopramide was 
made and she responded rapidly to intravenous procyclidine.

Extrapyramidal reactions occur in about 1% of people given dopamine receptor antago-
nists, such as metoclopramide. Acute dystonic reactions are more common in young 
women, although why this is so is unknown.

Prescribing information: Metoclopramide
By mouth, intramuscular injection, or intravenous injection (over 1–2 • 
minutes), 10 mg tds.
High-dose metoclopramide can be used with cytotoxic chemotherapy; seek • 
specialist advice.

 

Discovery of metoclopramide

Drug development has changed signifi cantly over the last decade, and new pharma-
ceutical products are increasingly being designed to fulfi l a specifi c purpose rather 
than arising through a process of sequential modifi cation of chemicals already 
known to be pharmacologically active. The development of metoclopramide is 
interesting, as it illustrates how minor modifi cations to existing drugs can result in 
signifi cantly different pharmacological effects and can open up new areas of 
research and therapeutics:

Cocaine  psychoactive stimulant, local anaesthetic
  d
Procaine  local anaesthetic
  d
Procainamide  class I antiarrhythmic
  d
Metoclopramide antiemetic and prokinetic
(2-methoxy-5- dopamine D2 receptor antagonist
chloroprocainamide) serotonin 5-HT3 receptor antagonist
   serotonin 5-HT4 receptor agonist

Another derivative of procainamide, N-acetylprocainamide (also called acecainide), 
is also an antiarrhythmic drug, but its major action is as a class III drug rather than a 
class I drug.

The inter-relationships and evolution of pharmacological agents should not be a 
surprise, given that many of the targets of drugs (receptors, enzymes, ion channels) 
are themselves often closely related.

TEACHING 
POINT
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Prochlorperazine (Stemetil®)
Antiemetic phenothiazine

        This is probably the basis

        of its antiemetic effect

(see domperidone, b p. 66).

Note that it is also an

antipsychotic drug and has a

sedative/tranquillizing effect. 

Prochlorperazine also has anticholinergic,

antihistamine, and anti-A-adrenergic actions. 

The contribution of these to its antipsychotic effect

is not known, but they do cause adverse effects.

Prochlorperazine

is a dopamine

receptor type 2

(D2) antagonist.

0 • Treatment and prevention of nausea and 
vomiting, especially:

Due to cytotoxic chemotherapy.• 
Due to diffuse neoplastic disease.• 
Opioid-induced.• 
Postoperatively.• 

1 • Antiemetic drugs are rarely needed for 
vomiting associated with pregnancy. If severe 
seek specialist advice. Prochlorperazine is an 
option in such cases.
Prochlorperazine is unlikely to be effective in motion sickness; this is • 
mediated through the vestibular system.
Do not give prochlorperazine to patients with hepatic insuffi ciency; it • 
can cause hepatic coma.
Use smaller initial doses if the patient has renal insuffi ciency; they are • 
more susceptible to the sedative effects.
Do not give prochlorperazine to patients with Parkinsonian symptoms; • 
the antidopaminergic actions can worsen them.
Prochlorperazine has anticholinergic actions; avoid it in patients with • 
closed-angle glaucoma, prostatic hyperplasia, or urinary retention.
Prochlorperazine lowers the seizure threshold; avoid it in patients with • 
epilepsy.
Do not give prochlorperazine to patients with phaeochromocytoma; it • 
can precipitate a hypertensive crisis.

4 • Nausea and vomiting are symptoms, not diagnoses. Always consider 
the underlying cause. Long-term treatment should be directed at the 
cause, rather than with antiemetic drugs.
As in the treatment of pain, the treatment of nausea and vomiting • 
should be based on avoidance and prophylaxis, rather than waiting for 
symptoms to occur before tackling them.
Prochlorperazine is used for postoperative nausea and vomiting.• 
Prochlorperazine is less sedative than chlorpromazine but still has a • 
sedative effect.
Note that the dose is different for each route of administration.• 
See teaching point box, • b p. 75, for more guidance on the treatment 
of acute vertigo.

Note

- Only 
prochlorperazine and 
trifl uoperazine are 
used for their 
antiemetic actions. 
The other 
phenothiazines are 
very sedative.

- The sedative action 
can be useful when 
used for nausea and 
vomiting in palliative 
care, see b p.75.

Phenothiazine drugs

- Chlorpromazine 
- Fluphenazine
- Prochlorperazine
- Thioridazine
- Trifl uoperazine
- Perphenazine
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6 • Prochlorperazine can cause the neuroleptic malignant syndrome 
(see b Antipsychotic drugs, p. 336).

This is characterized by fever, anorexia, rigidity, reduced • 
consciousness, and autonomic disturbance (tachycardia, 
hyperthermia); it can be fatal (see b SSRIs, p. 324).
Withdraw the drug immediately. There are no established effective • 
treatments, but cooling, bromocriptine, and dantrolene can be 
helpful.
The syndrome usually lasts 5–7 days.• 

Extrapyramidal (antidopaminergic) adverse effects are common.• 
These can range from dystonia and akathisia to an oculogyric crisis.• 
Very young, elderly, and debilitated people are at greatest risk.• 
Treat this adverse effect with diazepam or procyclidine.• 

The antidopaminergic actions can also cause prolactin release, leading • 
to galactorrhoea, gynaecomastia, and menstrual disturbances.
The anticholinergic actions can cause dry mouth, blurred vision or • 
glaucoma, and urinary retention.
Hypersensitivity phenomena, such as a photosensitive rash, are • 
common.
Prochlorperazine can cause cardiac arrhythmias by prolonging the • 
QT interval.
Prochlorperazine can cause hypotension, especially in hypovolaemic • 
patients. Take care postoperatively.
Prochlorperazine can lower the body temperature. This has been used • 
therapeutically.
Rare adverse effects include blood dyscrasias and liver toxicity • 
(cholestatic jaundice).

7  • Prochlorperazine potentiates the actions of other sedative drugs 
(e.g. alcohol).
Prochlorperazine potentiates the actions of other drugs that lower • 
the BP.
Avoid giving prochlorperazine to patients taking other drugs that can • 
prolong the QT interval (this includes tricyclic antidepressant drugs).
The risk of neurotoxicity from lithium is increased by • 
prochlorperazine.

8 • If a patient has had postoperative nausea and vomiting in the past, 
discuss strategies to prevent this with the anaesthetist.

9 • Warn the patient that prochlorperazine can cause dizziness, which 
may interfere with skilled motor tasks (e.g. driving).
Prochlorperazine is available over the counter for patients who have • 
nausea and vomiting associated with previously diagnosed migraine. 
Ensure that a formal diagnosis has been made if the patient is taking 
the drug for this indication.
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Prescribing information: Prochlorperazine
By mouth as tablets:• 

Acute treatment 20 mg initially, followed by 10 mg after 2 hours.• 
Prevention 5–10 mg bd or tds.• 

By buccal route:• 
3-mg buccal tablets, 1 or 2 to be dissolved between upper lip and gum• 

By deep intramuscular injection:• 
12.5 mg, followed after 6 hours by an oral dose• 

Routes of administration of drugs 
- The choice of route of administration will depend on the nature of the effect 

desired and whether the drug can act when given by that route. 
- An intravenous bolus dose can achieve a high plasma concentration quickly, but 

it is likely to have a limited duration of action owing to distribution and 
metabolism of the drug. A prolonged action can be achieved by following a 
bolus dose with an infusion. Although a rapid onset of effect is sometimes 
needed, it is rarely necessary during long-term therapy. 

- Administration by mouth is often favoured for long-term therapy because it is 
convenient. Other kinetic factors are important, but this route can produce a 
long duration of action because of continued delivery of the drug, especially 
when given in a modifi ed-release formulation. A more rapid onset of effect can 
be achieved by giving a loading dose, but modifi ed-release formulations are not 
suitable for this purpose.

- It is often convenient to deliver drug treatments directly to the site of disease 
(e.g. topical corticosteroids for eczema). This can reduce systemic exposure to 
the drug, but remember that systemic exposure can still occur and cause 
adverse effects. 

- Not all drugs can be given by every route; for example, a drug must be relatively 
lipid soluble in order to be absorbed through the skin.The table below 
summarizes the advantages and disadvantages of the major routes of 
administration.

- See Table 1.1.

TEACHING 
POINT



73CHAPTER 1 Gastrointestinal system

Table 1.1 Advantages and disadvantages of the major routes of 
administration

Route of 
administration

Advantages Disadvantages

By mouth Convenient
Sustained delivery possible 

(e.g. modifi ed-release 
formulations)

Slow onset of action
Cannot give peptides by this 

route
Absorption can be inadequate 

or unpredictable

Intramuscular Rapid onset of action
Useful if the patient is 

vomiting 
(e.g. metoclopramide)

Invasive
Can cause haematoma or 

sterile abscess
Some drugs are painful when 

given by this route
Some drugs are erratically 

absorbed by this route 
(e.g. phenytoin)

Depot 
formulations 

Prolonged duration of 
action (e.g. depot 
contraceptives)

Once the dose has been 
given it cannot be 
withdrawn if adverse 
effects occur (e.g. 
phenothiazines)

Intravenous Immediate access to the 
circulation

Allows precise dose 
titration

Dose delivered is the 
dose received

Invasive
Complex administration
Risk of systemic infection
Risk of thrombophlebitis
Not generally suitable for 

long-term administration

Subcutaneous Simple administration
Suitable for long-term 

administration
An alternative to intrave-

nous administration of 
large volumes of saline 
(hypodermoclysis)

Absorption can be 
unpredictable 
(e.g. adrenaline)

Can cause local adverse 
effects (e.g. lipodystrophy 
due to insulin)

Inhalation (dry 
powders, 
aerosols, and for 
nebulization)

Direct delivery to the lungs 
for respiratory diseases

Systemic absorption of 
drugs is signifi cant 
(e.g. corticosteroids)

Rectal Rapid systemic delivery
Suitable if the patient 

is vomiting 
(e.g. domperidone)

Direct delivery for some 
bowel diseases 
(e.g. steroids for ulcer-
ative colitis)

Limited social acceptance
Proctitis can occur

Vaginal Local treatment Not appropriate for delivery 
of many drugs

(Continued)
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Table 1.1 (Contd.) 

Route of 
administration

Advantages Disadvantages

Nasal Local treatment 
(e.g. allergic rhinitis)

Can give peptides by this 
route (e.g. calcitonin)

Systemic absorption is 
unpredictable

Buccal, sublingual, 
and ‘melt’ 
formulations 

Rapid onset of action
Bypasses fi rst-pass 

metabolism in the liver

Stinging in the mouth
Short duration of action

Eye drops Direct delivery to the eye Systemic absorption can 
occur (e.g. beta-blockers)

Topical (skin) Direct treatment of 
isolated skin diseases

Some drugs are absorbed 
through the skin and can 
cause systemic adverse 
effects (e.g. cortico-
steroids)

Creams/ointments Limited systemic exposure 
(e.g. corticosteroids)

Convenient

Thinning of skin after long-
term use (corticosteroids)

Transdermal
patches

Sustained delivery Limited systemic delivery
Potential for tolerance 

(e.g. nitrates)

Intrathecal Direct delivery to the 
nervous system 
(e.g. treatment of 
leukaemia)

Potential for severe adverse 
effects (e.g. vinca alkaloids)

Epidural Allows regional 
anaesthesia

Invasive
Risk of sepsis

Intraperitoneal Direct treatment of 
peritoneal infection

Good systemic delivery

Only available in a limited 
number of patients

Risk of introducing infection
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Drugs and dizziness

Ways in which drugs may cause dizziness
- Drugs can cause dizziness through toxic effects on the vestibular apparatus.

For example, high trough concentrations of aminoglycoside antibiotics - 

(see b p. 394 for advice on the safe use of these drugs).
Excessively rapid infusion of large doses of furosemide can cause ototoxicity.- 

- Adverse effects occurring in the therapeutic range.
For example phenothiazines, especially in the elderly.- 

- Drugs that can cause hypotension (especially postural hypotension).
For example, nitrates.- 

Drugs used to treat symptoms of dizziness
It is important to make a diagnosis; if the underlying cause can be treated, that is 
preferable; and none of the symptomatic treatments is very effective.

Acute severe vertigo with nausea and vomiting
- A phenothiazine by intramuscular injection (e.g. prochlorperazine 12.5 mg).
- If the extrapyramidal adverse effects of phenothiazines are likely to cause 

problems consider giving a benzodiazepine instead.

Moderate vertigo with nausea
- An antihistamine by mouth (e.g. cinnarizine 30 mg tds).

Ménière’s disease
- A diuretic alone or combined with salt restriction may provide symptomatic 

relief for vertigo associated with Ménière’s disease.
- Betahistine is an analogue of histamine that is licensed for symptomatic relief of 

Ménière’s disease; it may act by reducing endolyphatic pressure.
By mouth, initially 16 mg tds, with food.- 

Usual maintenance dose 24–48 mg daily, in divided doses.- 

- Alternative treatments include antihistamines and phenothiazines. 

Motion sickness
- Antiemetics should be given prophylactically for the prevention of motion 

sickness rather than after nausea or vomiting develops. The most effective drug 
for the prevention of motion sickness is hyoscine.

- Sedative amtihistamines are slightly less effective against motion sickness, but are 
generally better tolerated than hyoscine.

- Promethazine is useful but very sedating; slightly less sedating than antihistamines 
such as  cyclizine or cinnarizine, are usually preferred.

TEACHING 
POINT
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Domperidone
Antiemetic drug

Antiemetic

action
         Increased

       oesophageal

tone and increased

gastric emptying

        Penetrates the

        CNS poorly, but

the chemoreceptor

trigger zone in the

floor of the 4th

ventricle is accessible

without crossing the

blood/brain barrier

Selective 

dopamine

receptor

type 2 (D2)

antagonist.

0 • Treatment and prevention of nausea and vomiting, especially:
Due to cytotoxic chemotherapy.• 
Due to dopamine receptor agonists and levodopa.• 
Due to emergency hormonal contraception.• 

1 • Domperidone is not recommended in pregnancy.
Domperidone is ineffective in motion sickness, which is mediated • 
through the vestibular system.
Do not use domperidone in patients with gastrointestinal obstruction • 
or haemorrhage; the actions on the stomach may be dangerous.
Domperidone is not recommended for routine prevention and • 
treatment of postoperative nausea and vomiting.
Dosage adjustment is not usually required in hepatic or renal • 
insuffi ciency.

4 • Nausea and vomiting are symptoms, not diagnoses. Always consider 
the underlying cause. Long-term treatment should be of the cause, 
rather than with antiemetic drugs.
As in the treatment of pain, the treatment of nausea and vomiting • 
should be based on avoidance and prophylaxis, rather than waiting for 
symptoms to occur before tackling them.
Domperidone is especially useful for nausea and vomiting due to • 
dopamine receptor agonists and levodopa. Because it penetrates the 
CNS poorly it will not antagonize their CNS actions. For the same 
reason, domperidone does not usually cause Parkinsonian adverse 
effects, although they can occur.
Domperidone has been used to treat nausea and vomiting due to • 
cytotoxic chemotherapy. See b Teaching point for 5-HT3 receptor 
antagonists, p. 80, for further details.

6 • The antidopaminergic action of domperidone can cause prolactin 
release, leading to galactorrhoea, gynaecomastia, and menstrual 
disturbances.
Extrapyramidal (antidopaminergic) adverse effects are uncommon.• 
Domperidone can cause a rash.• 

7  • The absorption of domperidone is reduced by histamine H2 receptor 
antagonists (e.g. ranitidine), food, and antacids.
Anticholinergic and opioid drugs antagonize the actions of • 
domperidone on the gut, reducing its effi cacy.

Antiemetic drugs

- Dopamine receptor 
antagonists

Phenothiazines• 
Domperidone• 
Metoclopramide• 

- 5-HT3 receptor 
antagonists

- Antihistamines 
Motion sickness • 
only
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8 • Continuous treatment (for nausea due to drugs) should be for a 
maximum of 12 weeks.

9 • Domperidone is available over the counter for short-term relief of 
postprandial fullness and bloating. Consider investigation if symptoms 
are severe or prolonged. Regular treatment should not exceed 
12 weeks.

Case history
- A 59-year-old man with Parkinson’s disease was given ropinirole, and although 

he noticed some symptomatic improvement, he was troubled by constant 
nausea.

The benefi cial and adverse effects of dopamine receptor agonists are both medi-
ated through an action on dopamine D2 receptors. The antiparkinsonian effects 
require the dopamine agonist to cross the blood–brain barrier and reach the 
striatum, whereas the emetic adverse effects are mediated by activation of 
dopamine receptors in the chemoreceptor trigger zone in the area postrema, 
which has a defi cient blood–brain barrier. Domperidone has poor brain penetra-
tion and so is able to counteract the nausea without interfering with the thera-
peutic effect of the ropinirole.

Prescribing information: Domperidone
By mouth, 10–20 mg every 6–8 hours.• 
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Serotonin 5-HT3 receptor antagonists
Antiemetic drugs

5-HT3
receptor
Antagonist

Antiemetic
action

         Chemoreceptor
         trigger zone in
the floor of the 4th
ventricle

        Gastrointestinal
        tract-reduced
peristalsis and reduced
gastrointestinal smooth
muscle tone

0 • Treatment and prevention of nausea and vomiting, especially:
During radiotherapy or chemotherapy.• 
Postoperatively.• 

1 • These drugs are metabolized by the liver. Limit the maximum dose 
(e.g. ondansetron 8 mg daily) in hepatic insuffi ciency.
There is little information about the safety of these drugs in pregnancy.• 

Antiemetic drugs are rarely needed for vomiting associated with • 
pregnancy. If severe seek specialist advice.

4 • Nausea and vomiting are symptoms, not diagnoses. Always consider 
the underlying cause. Long-term treatment should be directed at the 
cause, rather than with antiemetic drugs.
As in the treatment of pain, the treatment of nausea and vomiting • 
should be based on avoidance and prophylaxis rather than waiting for 
symptoms to occur before tackling them.

Identify patients who are at high risk of postoperative nausea and • 
vomiting and give them treatment early.
Treat pain, as this is often a contributory factor.• 
Refer to teaching point box for information on the treatment of • 
nausea and vomiting due to chemotherapy.
These drugs are not very effective for delayed vomiting.• 

Although these drugs can be given by mouth, they are usually given by • 
injection for the majority of indications for which they are most useful.

6 • These drugs are usually well tolerated.
They can cause headache, especially with repeated administration; this • 
can be severe and require withdrawal of the drug.
There are 5-HT• 3 receptors in the gut and these drugs can cause 
constipation.
Rapid intravenous injection can cause fl ushing.• 
Hypersensitivity reactions are rare.• 

7  • The antiemetic action of these drugs is enhanced by co-administration 
with steroids (see later notes).

Effi cacy
8 • Review the patient at the end of a cycle of chemotherapy and assess 

how effective the antiemetic treatment was. Increase the treatment by 
giving it more frequently if the response is unsatisfactory. ‘Anticipatory’ 
symptoms are very diffi cult to treat once they have occurred.

Drugs in this class

- Ondansetron 
- Granisetron
- Tropisetron
- Palonosetron
- Dolasosetron.
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If a patient has had postoperative nausea and vomiting in the past, • 
discuss strategies to prevent this with the anaesthetist.

9 • Warn the patient that these drugs can cause dizziness, which can inter-
fere with skilled motor tasks (e.g. driving). Patients who are given 
these drugs should not drive home (e.g. after day surgery).

Prescribing information: 5-HT3 receptor antagonists
There are many regimens. Ondansetron is given as an example.

Postoperative nausea and vomiting
Prevention
Several regimens are available. Discuss with the anaesthetist which is the most 
appropriate for the proposed surgery.

By mouth, 16 mg 1 hour before anaesthesia• 
By mouth, 8 mg 1 hour before anaesthesia, followed by 8 mg for two further • 
doses at intervals of 8 hours
By intramuscular or slow intravenous injection, 4 mg at induction of • 
anaesthesia

Treatment
By intramuscular or slow intravenous injection, 4 mg.• 

Severely emetogenic chemotherapy (fi rst 24 hours)
By intramuscular or slow intravenous injection, 8 mg immediately before • 
treatment.
Followed by:• 

Either intramuscular or slow intravenous injection, 8 mg for further 2 • 
doses at intervals of 2–4 hours
Or intravenous infusion 1 mg hourly for 24 hours• 

Severely emetogenic chemotherapy (for next 5 days maximum)
By mouth, 8 mg every 12 hours.• 
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Postoperative nausea and vomiting

The decision on when to use prophylactic or interventional therapy depends on a 
number of variables, and postoperative nausea and vomiting (PONV) provides a 
good test case. The key questions are:
1.  How likely is the patient to develop PONV (e.g. strabismus surgery, previous 

bad experience)?
2.  How effective is the antiemetic in reducing this risk when given prophylactically?
3.  How effective are interventional agents in stopping further episodes of PONV 

once it has occurred?
4.  Would the development of PONV in this patient be particularly hazardous 

(e.g. following maxillofacial surgery)?

The management of PONV has improved in recent years largely because of avoid-
ance of provocative factors, such as inhalational anaesthetics and excessive use of 
opioids, and through the development of less invasive surgery. Drugs, although widely 
used, are not particularly effective against PONV. Serotonin 5-HT3 receptor antago-
nists have become regarded as the most effective prophylactic antiemetic agents, but 
they protect only 1 in 5 patients against PONV. If antiemetics (including serotonin 
5-HT3 receptor antagonists) are used as interventional agents after a single episode of 
PONV, 1 in 4 patients will not suffer further problems compared with placebo. It is 
clear therefore that antiemetic drug therapy should only be used prophylactically in 
very high-risk groups or when PONV would be particularly hazardous.

Treatment of emesis associated with 
chemotherapy 

Prevention and pretreatment are important, as anticipatory symptoms (symptoms 
that occur in advance of a course of treatment) are diffi cult to treat once they have 
developed

Risk of nausea

Low Medium High

Examples Fluorouracil, 
etoposide, vinca 
alkaloids, 
methotrexate, 
abdominal 
radiotherapy

Doxorubicin, 
cyclophosph-
amide, high-dose 
methotrexate, 
mitoxantrone

Cisplatin, 
dacarbazine, 
cyclophosphamide

Pretreatment Metoclopramide or 
dexamethasone or 
prochlorperazine 

5-HT3 receptor 
antagonist, 
dexamethasone, 
and lorazepam

5-HT3 receptor 
antagonist, 
dexamethasone, lora-
zepam, and NK1 
receptor antagonist 
(e.g. aprepitant)

Duration of 
treatment

24 hours after 
chemotherapy 

24 hours after 
chemotherapy

Usually 3 days

Delayed symptoms Dexamethasone plus either metoclopramide or prochlorpera-
zine; 5-HT3 receptor antagonists are less effective.

Anticipatory symptoms Diffi cult to treat; consider lorazepam 1–2 mg orally.

TEACHING 
POINT

TEACHING 
POINT
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A pharmacological approach to the 
treatment of arrhythmias
The following is intended as a general guide to the acute management of 
cardiac arrhythmias. See relevant pages for guidance on the use of the drugs 
suggested. Seek expert advice on the long-term management of arrhythmias. 
Remember that, with the exception of digoxin, all agents used in the manage-
ment of tachyarrhythmias are negatively inotropic to a greater or lesser extent; 
if they fail to terminate the rhythm, dangerous hypotension can occur. With 
the exception of beta-blockers, all antiarrhythmic drugs are also potentially 
proarrhythmic and combinations of drugs even more so. This especially applies 
to drugs in Class 1.

Fig. 2.1 is based on guidance from the European Society of Cardiology. See 
M http://www.escardio.org/Pages/index.aspx for more information.

Regular

Tachycardia

Irregular

Bradycardia

See b p. 231

Atrial fibrillation
Broad complexNarrow complex

SVT: vagal

manoeuvres; iv

adenosine or iv

verapamil/diltiazem; or

iv beta-blocker

If paroxysmal

- No treatment required

 if asymptomatic

- If recurrent

 anticoagulate

- If symptomatic

 consider drug

 treatment

If permanent

- Anticoagulate

- Rate control if

 symptomatic

- Consider

 cardioversion

 (drug +/- DC

 shock)

If haemodynamically

unstable: DC

cardioversion

If haemodynamically

stable: iv sotalol or

iv lidocaine or

iv amiodarone (in

patients with poor

LV function)

Measure serum potassium

urgently and correct if

needed; aim for > 4 mmol/L

Drugs used to induce pharmacological

cardioversion (and maintain sinus rhythm)

Drugs used to control heart rate (only) in

patients with atrial fibrillation

- No heart disease or hypertension with no

 LVH: sotalol or flecainide

- Hypertension with LVH: amiodarone

- Coronary artery disease: sotalol

- Heart failure: amiodarone

- Beta-blockers or diltiazem or verapamil

- In patients with accessory pathways:

 amiodarone

- In patient with heart failure: digoxin/

 amiodarone

Fig. 2.1 Arrhythmias—a pharmacological approach.
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Adenosine
Antagonist at purine A2 receptors

Adenosine

Peripheral adeno-

sine (type 2)

receptors.

Vascular smooth

muscle relaxation,

vasodilatation

Cardiac adenosine 

(type 1) receptors.

Negative inotropic

and chronotropic

effect (slowing of

conduction via SA

and AV node).

0 - Termination of supraventricular 
tachycardia (SVT).
To help distinguish SVT with aberrant • 
conduction from ventricular tachycardia 
(VT) (both broad-complex tachycardias).
To cause vasodilatation and hence increase cardiac work in patients • 
undergoing diagnostic cardiac nuclear imaging who are unable to 
exercise (specialist use).

1 - 2nd or 3rd-degree heart block, or the sick sinus syndrome (unless the 
patient has a pacemaker).
Asthma: adenosine can cause bronchospasm; verapamil may be a • 
better choice.
Consider another drug if the patient has atrial fi brillation (AF) or • 
fl utter with an accessory pathway (conduction down the anomalous 
pathway may increase).
The safety of adenosine in pregnancy has not been established; avoid • 
pharmacological treatment whenever possible, but the benefi t usually 
outweighs the risk of harm if the patient is compromised by an 
arrhythmia.
Dosage adjustments are not required in hepatic or renal insuffi ciency.• 

4 Termination/diagnosis of SVT
Adenosine works by causing temporary complete sinoatrial (SA) and • 
atrioventricular (AV) block. This allows normal sinus rhythm, initiated 
in the SA node, to resume.
Obtain a 12-lead electrocardiogram (ECG) before treatment, to • 
confi rm the diagnosis; this may help distinguish an SVT with aberrant 
conduction from VT.
If the patient is haemodynamically compromised and you suspect VT, • 
do not delay treatment by using adenosine for diagnostic purposes.
Ensure that there are adequate facilities for resuscitation, and that the • 
patient has continuous cardiac monitoring.
Adenosine is given by intravenous bolus only. See later notes for a • 
suggested regimen.

Drugs used for SVT

First-line
- Adenosine

For termination of • 
SVT

- Verapamil
- Beta-adrenoceptor 

antagonists

Other options
- Amiodarone
- Flecainide
- Quinidine
- Cardiac glycosides

Will only control • 
the heart rate; will 
not terminate the 
arrhythmia



87CHAPTER 2 Cardiovascular system

6 - The pharmacological action of adenosine on the heart is associated 
with a sensation often described as a ‘thump’ within the chest. A few 
patients even feel as if they are ‘about to die’. However, the duration 
of action of adenosine is very short (10–20 seconds), and so this 
feeling is short-lived. Warn the patient that they may experience 
unpleasant sensations but that they will not last.
Other reported effects include fl ushing and headache, owing to • 
vasodilatation.
Adenosine can cause bronchospasm.• 
Patients who have had a heart transplant are very sensitive to the • 
actions of adenosine; reduce the initial dose to 3 mg.

7  - Dipyridamole (an antiplatelet drug) inhibits the uptake of adenosine 
into cells. This is the main route by which adenosine is cleared from 
the plasma. Coadministration of dipyridamole will therefore greatly 
increase the effect of adenosine. Reduce the initial dose of adenosine 
to 0.5–1 mg.
The effect of adenosine will be enhanced if the patient is already taking • 
another antiarrhythmic drug; start treatment at a lower dose.
There is a risk of ventricular arrhythmias when adenosine is given with • 
drugs that prolong the QT interval (e.g. antipsychotic drugs).
Treatment with theophylline increases the dose of adenosine required • 
to convert a SVT.

8  Safety and effi cacy
Ensure that adequate resuscitation facilities are immediately available.• 
The patient should have continuous cardiac monitoring during • 
administration of adenosine.
Obtain a 12-lead ECG before and after treatment.• 

9 - The action of adenosine on the heart causes a sensation like a thump 
within the chest. This is transient, and may be mild, but can be very 
frightening for patients. Warn patients that they may experience this 
sensation, and assure them that it will not last long. Warn them also 
that they will experience fl ushing and increased breathing.

Case history
- A 66-year-old man presented to the emergency department complaining of 

palpitation. His ECG showed a narrow-complex SVT at 150 beats per minute 
and a decision was made to use intravenous adenosine to aid diagnosis. The 
patient’s only previous medical history of note was of three transient ischaemic 
attacks 2 years earlier, for which he was continuing to take a statin, aspirin, and 
dipyridamole. Despite an initial dose of 3 mg of adenosine, he developed 
prolonged ventricular standstill, lost consciousness, and suffered a seizure. 
Fortunately, both he and the junior doctor involved emerged unscathed from 
the experience and the atrial fl utter resolved spontaneously some hours later.

Dipyridamole inhibits the uptake of adenosine into platelets. This combination should 
be avoided or the initial dosage of adenosine should be reduced to 0.5 mg.
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Prescribing information: Adenosine
Termination/diagnosis of SVT

By intravenous injection•  into a central or large peripheral vein, 6 mg over 
2 seconds with cardiac monitoring. If this is ineffective give 12 mg after 
1–2 minutes.

Follow each dose with a large (10–20 mL) saline fl ush to ensure rapid • 
delivery to the heart.
Do not increase the dose if high-degree AV block develops at any dose.• 
If adenosine is ineffective after 12 mg, stop and consider another drug • 
(see drugs used for SVT box at start of topic) or direct current (DC) 
cardioversion.

Myocardial nuclear imaging (specialized use)
By continuous intravenous infusion. Suggested dosage 140 micrograms/kg/min • 
for 6 minutes.
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Loss of consciousness and fi tness to drive
- The legal basis of fi tness to drive lies in the EC directives on driver licensing, the 

Road Traffi c Act 1988, and subsequent regulations, including in particular the 
Motor Vehicles (Driving Licences) Regulations 1999.

- Because this is the subject of legislation, prescribers should take care to limit 
themselves to advising the patient of the rules, and not to try to interpret them. 
The DVLA rules apply to anyone who is at risk of losing consciousness whatever 
the cause. Cardiac causes are responsible for 50% of cases of loss of 
consciousness.

- See b p. 301 for information on epilepsy and driving.
- It is the responsibility of the patient to inform the DVLA about their medical 

condition. Respect for patient confi dentiality usually prohibits healthcare 
professionals from disclosing information about a patient to a third party such 
as the DVLA. Recent changes in the case law in the UK, however, allow this 
confi dence to be broken if you have reason to suspect that a patient is driving 
when they should not. The need to protect the public overrides the individual’s 
rights in this case.

- The rules below apply to Group 1 drivers; the rules for Group 2 drivers 
(e.g. heavy goods vehicles, passenger service vehicles) are much more strict; 
seek advice from the DVLA.

- Remind patients that they should contact their insurance company as well as the 
DVLA; failure to do so could invalidate their insurance.

Assessment of loss of consciousness

Presumed 
diagnosis

Investigations Likelihood of 
recurrence

Duration of 
driving ban

Simple faint Normal Low None

‘Unexplained 
syncope’

Normal ECG, 
neurological and 
cardiovascular 
examination

Low 4 weeks

Syncope Can be normal or 
abnormal

High If the cause is 
identifi ed, can 
drive 4 weeks 
after treatment.

If no cause is 
identifi ed, 
driving banned 
for 6 months.

Possible epileptic 
seizure

History includes any 
of the following 
features: amnesia, 
injury, tongue 
biting, inconti-
nence, confusion, 
or headache

Unknown 1 year

Loss of conscious-
ness with no 
clinical pointers

Normal Unknown 6 months

For more information see M http://www.dft.gov.uk/dvla/onlineservices.aspx

TEACHING 
POINT
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Flecainide
Antiarrhythmic drug

-  In the Vaughan–Williams classifi cation, 
fl ecainide is a class Ic antiarrhythmic 
drug. All of these drugs have complex 
actions on the electrophysiology of 
cardiac tissues.

- At the simplest level, fl ecainide inhibits the fast 
depolarizing sodium channels.

- The effect is to broaden the QRS complex, but
there is no effect on the action potential duration.

- As with all these drugs, it can be diffi cult to 
correlate the electrophysiological actions with the 
clinical effects.

0 - Flecainide can be used for the treatment of 
SVT and VT, but its principal use is for the 
termination of acute AF.

It can be used in patients with Wolff–• 
Parkinson–White syndrome.
See • b Adenosine, p. 86 for more informa-
tion on treatment of SVT.

1 - Avoid fl ecainide after myocardial infarction and in patients with heart 
failure or structural cardiac abnormalities; it can precipitate VT by 
prolonging the QT interval.
Patients with cardiac pacemakers, especially if they are pacemaker • 
dependent, are at risk of harm, as fl ecainide can increase the 
stimulation threshold for pacing.
Flecainide should not be used for the conversion of long-standing AF; • 
it is unlikely to be effective.
Hypokalaemia (a common adverse effect of diuretics) reduces the • 
effi cacy of fl ecainide and predisposes to cardiac arrhythmias, 
particularly torsade de pointes. Correct hypokalaemia as a matter of 
urgency in patients at risk of arrhythmias.
Avoid fl ecainide in patients with 2• nd- or 3rd-degree heart block or sinus 
node disease.
Avoid fl ecainide in pregnancy; toxicity has been observed in animal • 
studies.
Reduce the dose or avoid in severe hepatic insuffi ciency. The • 
manufacturer advises that the initial dose should be 100 mg in patients 
with renal insuffi ciency, and that the plasma concentration should be 
measured, although that is not usually available.

4 - Flecainide is most useful for terminating AF in patients without 
ischaemic or structural heart disease. Many of these patients have par-
oxysmal AF.

For this indication fl ecainide is given by intravenous injection, with • 
continuous cardiac monitoring.
Some patients with paroxysmal AF gain benefi t from a single dose of • 
fl ecainide when symptoms occur (the so-called ‘pill in the pocket’).

Drugs in this class
- These drugs inhibit 

the fast inward 
sodium current.

- Class Ia: drugs that 
prolong the action 
potential (quinidine, 
procainamide, 
disopyramide, 
propafenone).

- Class Ib: drugs that 
shorten the action 
potential (lidocaine, 
mexiletine, tocainide).

- Class Ic: drugs that do 
not alter the action 
potential duration 
(fl ecainide).
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Flecainide can be given by mouth for long-term prophylaxis against • 
paroxysmal AF, but see the notes on the CAST trial1 in the box. The 
treatment of paroxysmal AF is complex, especially in the absence of 
ischaemic heart disease. An assessment of cardiac structure and 
function is required. Pharmacological treatment is not always the most 
appropriate choice; seek a specialist opinion for your patient.
Flecainide, given as a single dose by mouth, has also been used as a • 
‘pill-in-the-pocket’ approach for treating infrequent symptoms or 
paroxysms of AF. This approach should not be used except in carefully 
selected patients, i.e. in patients in whom structural heart disease and 
coronary artery disease have been excluded and in those with a low 
risk of proarrhythmia (drug-induced arrhythmias).

Flecainide and the CAST trial1

Ventricular extra beats in patients with ischaemic heart disease are a risk factor for 
the development of sustained ventricular arrhythmias. Class Ic antiarrhythmic drugs 
suppress this abnormal electrical activity. The Cardiac Arrhythmia Suppression 
Trial (CAST) was designed to ascertain whether treatment with these drugs (encai-
nide, fl ecainide, moricizine) improved outcome in patients with ectopic activity 
after myocardial infarction (with left ventricular impairment). However, the study 
showed that those taking Class Ic antiarrhythmic drugs had a 3.6 fold greater 
chance of arrhythmia-related death than those taking placebo.
It is always diffi cult, and potentially hazardous, to extrapolate fi ndings from a 
clinical trial to everyday clinical practice, but most doctors would not recommend 
the use of fl ecainide in patients with ischaemic heart disease, whatever the 
indication.

6 - All drugs that block fast sodium channels can interfere with 
neuronal conduction in the CNS. This can cause toxicity.

This is characterized by lightheadedness initially, followed by • 
sedation and twitching. If severe it can progress to seizures and 
coma

As well as suppressing arrhythmias, fl ecainide can cause them, by • 
prolonging the QT interval.
Rare adverse effects of fl ecainide include reduced haemopoiesis, • 
corneal deposits, and a photosensitive rash.
Flecainide is metabolized in the liver by the cytochrome P450 • 
isoenzyme CYP2D6; see teaching point box, b p. 93.

7  - Flecainide prolongs the QT interval; avoid giving it with other drugs 
that prolong the QT interval (see b Teaching point in antihistamines, 
p. 691, for a list).
Flecainide is subject to pharmacokinetic interactions with several • 
drugs. Avoid it in patients taking amiodarone, fl uoxetine, quinidine, 
and ritonavir; the plasma concentration will be increased.
Take care in patients taking diuretics; hypokalaemia reduces the • 
effi cacy of fl ecainide and increases the risk of cardiac arrhythmias, 
particularly torsade de pointes.
Avoid giving fl ecainide with other negatively inotropic drugs • 
(e.g. beta-blockers and some calcium channel blockers).



92 ANTIARRHYTHMIC DRUGS BNF Reference 2.3.2

8 Safety and effi cacy
The manufacturer advises that the target plasma concentration of • 
fl ecainide is 0.2–1 mg/L. This is of limited use, as the assay is not avail-
able in most hospitals.
Measure the plasma potassium concentration and correct it urgently if • 
it is low.

9 - If the patient has paroxysmal AF, try to identify and avoid any 
precipitating factors (e.g. caffeine, alcohol).

Prescribing information: Flecainide
Long-term prophylaxis of supraventricular and ventricular arrhythmias 
(specialist use only)

By mouth, for ventricular arrhythmias, initially 100 mg twice daily. Maximum • 
dose 400 mg daily in exceptional cases.
By mouth, for supraventricular arrhythmias, 50 mg twice daily, increased if • 
required to a maximum of 300 mg daily.
Termination of acute supraventricular arrhythmias, especially AF.• 
By slow intravenous injection, 2 mg/kg over 10–30 minutes. Maximum dose • 
150 mg.
Can be followed by infusion at a rate of 1.5 mg/kg/hour for 1 hour, • 
subsequently reduced to 100–250 micrograms/kg/hour for up to 
24 hours, if required.

Maximum cumulative dose in fi rst 24 hours, 600 mg• 

Reference
1 CAST trial investigators. Preliminary report: effect of encainide and fl ecainide on mortality in 

a randomized trial of arrhythmia suppression after myocardial infarction. N Engl J Med 1989; 
329:406–12.
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Cytochrome P450 isoenzyme 2D6 
(CYP 2D6)

- Liver drug metabolism is of two types:
1. Oxidative reactions.• 
2. Conjugation reactions.• 

- Oxidative reactions are of several types, catalysed by a group of enzymes called 
cytochrome P450.

- Important isoenzymes of cytochrome P450 include CYP3A4, CYP2D6, and 
CYP2C9.

- Most drugs that are metabolized by the liver are metabolized by several 
pathways, usually including the cytochrome P450 isoenzyme 3A4 (see b p. 402).

- If a drug is metabolized by several pathways it is less likely to be subject to drug 
interactions, as effects on one pathway may be compensated for by another 
pathway.

- A small number of drugs (listed at end of box) are almost exclusively 
metabolized by CYP2D6.

- CYP2D6 is polymorphic; reduced activity of this isoenzyme is inherited in a 
homozygous recessive manner. It affects 9% of patients in Caucasian populations. 
They metabolize the listed drugs much more slowly and are at considerably 
increased risk of adverse effects. It has been suggested that identifi cation of 
these patients by genomic technologies could be a means of tailoring treatment 
to the individual and of reducing the incidence of serious adverse effects.

Drugs metabolized by CYP 2D6
Captopril Flecainide Perhexiline Propafenone

Codeine Metoprolol Phenacetin SSRIs

Debrisoquine Nortriptyline Phenformin Timolol

TEACHING 
POINT
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Cardiac glycosides (digitalis)
Inhibitors of Na+/K+-ATPase (the Na+/K+ pump)

Myocardium: Positive

   inotropic action

Vagus and atrioventricular

   (AV) node: Reduced

    AV conduction

Inhibited

by cardiac

glycosides

Cell

Na
+

K
+

0 - Rate control for supraventricular arrhythmias, 
especially AF.
Symptom relief in some patients with heart • 
failure; digoxin also reduces the number of 
hospital admissions in these patients.

1 - Digoxin slows conduction via the AV node. It should therefore be 
avoided in:

Intermittent complete heart block.• 
2• nd-degree AV block.

Digoxin does not slow conduction via accessory pathways. It should • 
therefore be avoided in:

SVT associated with the Wolff–Parkinson–White syndrome and • 
related accessory pathway syndromes. Blocking the AV node allows 
the alternative pathway to conduct at the atrial rate, with cata-
strophic consequences

The risk of arrhythmias is greatly increased by hypokalaemia.• 
Always check the plasma potassium concentration before starting • 
digoxin.
If there is hypokalaemia, give potassium supplements before starting • 
digoxin; during treatment for heart failure the potassium-sparing 
effects of an ACE inhibitor and spironolactone will usually suffi ce.

Digoxin is not contraindicated in pregnancy, but should only be used • 
under specialist supervision.
Digoxin is excreted by the kidneys; see later notes for dosage • 
adjustments according to renal function.

4 Atrial fi brillation (AF)
Digoxin will only provide rate control in AF; it will not cause reversion • 
to sinus rhythm. If there is reversion to sinus rhythm the diagnosis is 
paroxysmal AF and the digoxin should be withheld.
Digoxin is not effective in paroxysmal AF.• 
Digoxin does not control heart rate effectively during exercise; it • 
should only be considered fi rst-line in those who are sedentary or 
who have heart failure.

Choice of cardiac 
glycoside
- We prefer digoxin 

to other cardiac 
glycosides, such as 
digitoxin.

- Digitoxin has a 
very long half-life 
which can make it 
diffi cult to use.

- Digitoxin also 
differs from 
digoxin in that it is 
metabolized by the 
liver and is highly 
protein bound.
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Always consider alternative measures, such as cardioversion by DC • 
shock or pharmacological cardioversion (e.g. amiodarone, fl ecainide), 
especially in AF of recent onset.
When starting digoxin, and if a rapid effect is required, a loading dose • 
should be given (see below).
Digoxin is excreted via the kidneys.• 

Renal function is therefore the major determinant of the • 
maintenance dosage (usual range 62.5–250 micrograms daily; very 
occasionally a higher dose may be needed, guided by plasma 
concentrations)
Use the plasma digoxin concentration to determine the optimal • 
dose
Once the patient is established on a dosage, regular monitoring is • 
not usually required, unless circumstances change (see monitoring 
below)

Heart failure
Digoxin is used for its small positive inotropic effect.• 
It should be used in addition to, not instead of, diuretics, an • 
ACE inhibitor and a beta-blocker.
Patients treated with digoxin sometimes feel better, but treatment • 
does not prolong life.
A loading dose is not usually required.• 

Usual range of maintenance doses 62.5–125 micrograms per day, • 
according to plasma concentrations (see prescribing information 
section); occasionally a higher dose may be needed.

6 Early
Over-rapid infusion of digoxin can cause cardiac arrhythmias, heart • 
block, and hypertension.
Follow the regimen given in the prescribing information section.• 
Beware hypokalaemia in patients taking digoxin; the risk of arrhythmias • 
is greatly increased.

Be especially careful in those taking diuretics.• 
Check the plasma potassium concentration and give potassium • 
supplements or a potassium-sparing diuretic when required; in heart 
failure the potassium-sparing effects of an ACE inhibitor and 
spironolactone will usually suffi ce.
Aim to keep the plasma potassium concentration >4 mmol/L.• 

Digoxin is renally excreted, so expect to use a lower maintenance • 
dose in renal insuffi ciency and in elderly people, who often have 
impaired renal function, even if their serum creatinine concentration is 
within the reference range.
Elderly people are especially susceptible to digoxin toxicity, partly • 
because of renal impairment and partly because their tissues are more 
sensitive to its actions.

The features of acute toxicity are non-cardiac (nausea and vomiting, • 
diarrhoea and abdominal pain, visual disturbances, confusion, and 
delirium, especially in elderly people) and cardiac (arrhythmias, heart 
block, and often a combination, for example, SVT with block)
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For patients with severe digoxin toxicity, consider treatment with • 
antidigoxin antibody Fab fragments (Digibind®). If the plasma 
potassium rises above 5 mmol/L, Fab fragments should be used. The 
dose of antibody should be calculated as shown in the box. It should 
be infused over 20 minutes, and in some cases an extra dose may 
have to be given if the fi rst dose is not completely effective. It starts 
to act from before the end of the infusion to about 30 minutes after.

Calculating the appropriate dose of antidigoxin antibody fragments to treat 
digoxin overdose 

When the dose of digoxin is known:

Dose (number of vials) = 
total body load (mg)

  0.5

When the plasma (or serum) digoxin concentration is known:

Dose (number of vials) = 
serum digoxin concentration (ng/mL) x weight (kg)

  100

7  - The introduction of drugs that impair renal function can affect the 
plasma digoxin concentration (e.g. ACE inhibitors, NSAIDs).
Diuretics can cause hypokalaemia, resulting in digoxin toxicity without • 
a change in plasma concentration.
Digoxin may need to be combined with another antiarrhythmic drug • 
for optimal rate control of ventricular rate in AF, but be aware that 
the effect of the combination is often much greater than either alone. 
Be prepared to reduce the dose as required.

Drugs that are used in these circumstances include beta-blockers, • 
amiodarone, verapamil, and diltiazem.

Drugs that reduce digoxin renal clearance include amiodarone, • 
propafenone, quinidine, spironolactone, and verapamil.

8  Effi cacy
In AF, count the ventricular rate at the apex; it should ideally be • 
80–90 beats per minute, to ensure a good average stroke volume, 
and should not be <60.
Once the desired clinical effect has been achieved, confi rm that • 
the plasma digoxin concentration is in the target range—usually 
0.8–2.0 micrograms/L (1.0–2.6 nmol/L).

Safety
Measure the plasma digoxin concentration:• 

Whenever the dose of digoxin is changed.• 
After a drug that may affect digoxin elimination is introduced or • 
stopped.
Whenever toxicity is suspected.• 

The risk of toxicity increases greatly at plasma digoxin concentrations • 
>2.0 micrograms/L (2.6 nmol/L).
Digoxin has a long half-life.• 

40 hours when renal function is normal• 
Nearly 5 days when there is no renal function.• 
Wait 4 days after changing the dose before checking the plasma • 
concentration; times to steady state are given in the prescribing 
information.
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ECG lead II rhythm strips from two different patients suffering from digitalis 
toxicity. Both show a junctional rhythm, but differing ventricular rates. Digitalis 
treatment often causes sagging ST segment depression (seen in both examples 
here); this is an effect of digitalis but it does not necessarily indicate digitalis 
toxicity.

II

II

Digitalis toxicity can cause almost any type of dysrhythmia or conduction distur-
bance. Common digitalis toxic rhythms include:
- Ventricular extra beats - AF with a regular ventricular response
- Paroxysmal atrial tachycardia  - Junctional tachycardia

with block - Complete heart block

Collect blood samples for plasma digoxin concentration at least • 
6 hours and preferably 12 hours after the last dose was taken.

Tell the patient to take the dose in the evening; a blood sample • 
taken the next day will then be suitable.

Toxicity is more likely in elderly people and in the presence of • 
hypokalaemia.

9 - Warn the patient that loss of appetite, nausea, or vomiting may be 
early signs of toxicity and that they should seek medical attention.

Prescribing information: Digoxin
Loading dose in AF

Rapid digitalization by mouth: 15 micrograms/kg lean body weight in • 
3 divided doses over 12 hours.

For example, a 60-kg man would be given 1 mg (as 0.5 mg, 0.25 mg, and • 
0.25 mg at 6-hourly intervals), monitoring before the 2nd and 
3rd doses for clinical evidence of acute toxicity.
If a therapeutic effect has not occurred and there is no evidence of • 
toxicity, give another 5 micrograms/kg lean body weight as a 4th dose.
Note: The loading dose may need to be reduced if digoxin has been given • 
at some time in the preceding 2 weeks.
See • b p. 587, for more information on calculating drug dosages by body 
weight.

Maintenance dose
62.5–500 micrograms/day (usually in a single dose, but doses can be divided • 
to avoid nausea). Adjust the dose according to renal function (see Table 2.1) 
and, in AF, according to ventricular rate response; usual range 125–250 
micrograms daily (a lower dose is sometimes appropriate in elderly people).
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Table 2.1 shows an example of maintenance dose alteration according to • 
renal function in a patient whose usual maintenance dose with normal renal 
function would be 250 micrograms/day.

Table 2.1 Adjusting the dose of digoxin in renal impairment

Creatinine 
clearance 
(mL/min)

Ratio of 
usual dose 
to renal 
impairment 
dose

Exact 
maintenance 
dose 
(micrograms/
day)

No. of 
tablets 
(to 
nearest 
tablet 
size)

Half-
life (h)

Approximate 
time to new 
steady state 
(days)

100 1 250 1 x 250 
micro-
grams

40 6

50 3:4 187 3 x 62.5 
micro-
grams

60 9

10 3:6 125 1 x 125 
micro-
grams

90 13

0 3:8 94 1 x 62.5 
micro-
grams

110 15

Note: these doses are a fi rst approximation; always check the plasma • 
digoxin concentration for further adjustments.
Remember that an elderly patient with a serum creatinine • 
concentration in the reference range (up to 150 micromol/L) probably has 
no more than 50% of normal renal function.

Intravenous administration
If the patient cannot swallow, give digoxin elixir by nasogastric tube if • 
possible.
Use intravenous digoxin only if there is no alternative; it does not act • 
signifi cantly quicker than oral digoxin.
Do not use intravenous digoxin in the hope of producing a more rapid • 
response than by oral administration.
Suggested intravenous regimen• : 5 micrograms/kg lean body weight in 
50 mL of 0.9% saline or 5% glucose, over at least 2 hours; repeat after 
6 hours; if this is ineffective, another 3 micrograms/kg can be given 
6 hours later.
Intravenous ouabain offers no major advantages over digoxin.• 

Do not give digoxin intramuscularly
It is painful.• 
It causes muscle damage.• 
It is slowly and unreliably absorbed.• 
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Case history
- A 78 year old woman with permanent AF was prescribed digoxin 

62.5 micrograms a day and given a 3-month supply of tablets. On review 
4 weeks later, her apical heart rate was still 120 and her plasma digoxin 
concentration was 0.7 nmol/L. She was advised to take 2 tablets a day, in the 
expectation that this would achieve a steady-state concentration of 
approximately 1.4 nmol/L. After another month she went to renew her 
prescription and was given 125 microgram tablets, but because no one explained 
the change to her she continued to take 2 tablets a day instead of 1. Three 
weeks later she developed xanthopsia and nausea and had a bradycardia of 
40/minute as a result of digitalis toxicity.

Always give clear, unambiguous advice when altering drug therapy and give written 
instructions whenever possible.
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Disopyramide
Antiarrhythmic drug acting mainly on ventricular tissues

-  In the Vaughan–Williams classifi cation, 
disopyramide is a class Ia antiarrhythmic 
drug. All of these drugs have complex 
actions on the electrophysiology of 
cardiac tissues.

- At the simplest level disopyramide inhibits the fast 
depolarizing sodium channels.

- The effect is to reduce automaticity, decrease the 
rate of depolarization and conduction velocity, and 
increase the refractory period.

- In addition, disopyramide has potent 
anticholinergic effects and is negatively inotropic.

- As with all antiarrhythmic drugs, it can be diffi cult 
to correlate the electrophysiological actions with 
the clinical effects.

0 - Major use is for the treatment of VT after 
myocardial infarction.

Not a treatment for ventricular fi brillation • 
or torsade de pointes.
Lidocaine is the fi rst-line treatment • 
for VT.

Can be used for the treatment of SVT, but consider other drugs fi rst • 
(see b Adenosine, p. 86, for more information).
Disopyramide has a specialist use in patients with • 
hypertrophic cardiomyopathy.

1 - Disopyramide is negatively inotropic; avoid it in patients with, or who 
are at risk of developing, heart failure.
Disopyramide has anticholinergic effects; avoid it in patients with • 
prostate enlargement or closed-angle glaucoma.
Hypokalaemia (a common adverse effect of diuretics) reduces the • 
effi cacy of disopyramide and predisposes to arrhythmias. Correct 
hypokalaemia as a matter of urgency in patients at risk of arrhythmias.
Avoid disopyramide in patients with 2• nd- or 3rd-degree heart block or 
sinus node disease.
Avoid disopyramide in pregnancy; it can induce labour.• 
Halve the dose of disopyramide in renal insuffi ciency. Reduce the dose • 
in hepatic insuffi ciency.

4 - Disopyramide is given by intravenous injection (followed by infusion 
when necessary) for the treatment of ventricular arrhythmias.
Avoid over-rapid infusion, as this can precipitate or worsen heart • 
failure.
Disopyramide should only be given with continuous cardiac • 
monitoring and when resuscitation facilities are immediately available.
Only specialists should use disopyramide for long-term prophylaxis.• 

Class I antiarrhythmic 
drugs
- Ia Drugs that prolong 

the action potential
(quinidine, procainamide, 
disopyramide, 
propafenone)

- Ib Drugs that shorten 
the action potential
(lidocaine, mexiletine, 
tocainide)

- Ic Drugs that leave the 
action potential 
duration unchanged
(fl ecainide)

Disopyramide is an 
example of a drug that is 
highly protein bound. See 
teaching point, b p. 102, 
for more information
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6 - The anticholinergic adverse effects of disopyramide include dry mouth, 
blurred vision, exacerbation of glaucoma, constipation, and urinary 
retention.
Less common adverse effects include nausea, vomiting, and diarrhoea.• 
Hypoglycaemia has been reported rarely.• 

7  - Disopyramide prolongs the QT interval; avoid giving it with other 
drugs that prolong the QT interval (e.g. amiodarone); see also 
b Teaching point box in Antihistamines, p. 691 for a list.
Avoid giving disopyramide with other negatively inotropic drugs • 
(e.g. beta-blockers and some calcium channel blockers).
Avoid giving disopyramide with other drugs with anticholinergic • 
actions (e.g. tricyclic antidepressants).
Take care in patients taking diuretics; hypokalaemia reduces the • 
effi cacy of disopyramide and increases the risk of arrhythmias, 
particularly torsade de pointes.

8  Safety and effi cacy
Do not give intravenous disopyramide unless continuous cardiac • 
monitoring is available.
Measure the plasma potassium concentration and correct it urgently • 
if it is low.

9 - If disopyramide is to be used in the long term warn the patient about 
anticholinergic adverse effects.

Prescribing information: Disopyramide
Treatment of ventricular arrhythmias after myocardial infarction

By slow intravenous injection,•  2 mg/kg over at least 5 minutes to a maximum 
of 150 mg.

See • b p. 587 for more information on giving drug dosages by body 
weight.

Followed immediately by:• 
Either 200 mg by mouth, then 200 mg every 8 hours for 24 hours.• 
Or 400 micrograms/kg/hour by intravenous infusion.• 

Maximum dosages are 300 mg in the fi rst hour and 800 mg daily.• 

Long-term prophylaxis (specialist use only)
By mouth• , 300–800 mg daily in divided doses.
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Plasma protein binding of drugs
- Many drugs are bound to circulating proteins. Acidic drugs bind to albumin and 

basic ones to acid glycoproteins. Only the fraction of drug that is not bound to 
proteins is available to produce its pharmacological actions.

- Changes in protein binding can be important, but only if:
The proportion of drug that is bound to protein is high. If only 10% of a drug • 
is protein-bound, a halving of the bound fraction to 5% will only increase 
the unbound (free) fraction from 90% to 95%. But if 95% of the drug is 
protein-bound, a fall to 90% increases the unbound fraction from 5% to 10% 
(a two-fold increase).
The drug is not widely distributed to the tissues (i.e. has a small volume of • 
distribution). If a drug is widely distributed, any increase in unbound drug in 
the plasma will rapidly be ‘mopped up’ by the tissues.

- Examples of drugs that are highly protein-bound and have a low volume of 
distribution: phenytoin, tolbutamide, warfarin.

Note: the protein binding of disopyramide is saturable at therapeutic doses; the 
fraction of disopyramide bound varies between 35% at high therapeutic doses and 
95% at low therapeutic doses. This means that small increases in the dose of 
disopyramide can produce disproportionately large changes in effect.

TEACHING 
POINT
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Amiodarone
Antiarrhythmic drug acting on atrial and ventricular tissues

-  Amiodarone has a complex mechanism of action that is incompletely 
understood, but is probably mediated through effects on cardiac 
potassium channels.

-  Amiodarone prolongs the action potential and refractory period 
homogeneously throughout the heart.

- The principal ECG change is a prolongation of the QT interval.
- Amiodarone is a class III antiarrhythmic drug in the Vaughan–Williams 

classifi cation.

0 - Amiodarone should be introduced under hospital or specialist 
supervision.
Used for the treatment of:• 

Paroxsysmal supraventricular, nodal, and ventricular tachycardias.• 
AF and fl utter.• 

Emergency treatment of refractory ventricular fi brillation (VF) or • 
pulseless VT (cardiac arrest).

1 - Amiodarone can be used for terminating sustained VT (without 
cardiac arrest). If the patient is haemodynamically unstable, electrical 
cardioversion is the treatment of choice.
Amiodarone slows the heart rate and AV conduction. It is contraindi-• 
cated in sinus bradycardia, SA disease, and heart block.
Bolus intravenous administration is used in cardiac arrest; otherwise • 
avoid bolus intravenous administration, especially in severe heart 
failure and cardiomyopathy, as this may lead to a precipitous fall in BP.
Amiodarone is contraindicated in those who are sensitive to iodine.• 
Contraindicated in pregnancy; it may affect the fetal thyroid gland.• 
Contraindicated in breastfeeding.• 
Amiodarone interacts with many other drugs (see later section).• 
Dosage adjustments are not usually required in hepatic or renal • 
insuffi ciency.

4 - Amiodarone is an effective antiarrhythmic drug and has the advantage 
of causing relatively little cardiac depression. It is, however, associated 
with a signifi cant risk of adverse effects, especially in the long term. It is 
reserved for those patients in whom other antiarrhythmic drug 
therapy has been either ineffective or poorly tolerated.
An implantable cardioverter defi brillator is more effective than • 
amiodarone for the treatment of ventricular arrhythmias.
Patients who have had VT after myocardial infarction are at greater • 
long-term risk of death. NICE has issued guidance about the patients 
who are most likely to benefi t from an implantable cardioverter 
defi brillator.
Amiodarone has a very long half-life (50 days; see teaching point box, • 
b p. 108). When taken by mouth it takes weeks to have its full effect. 
If a rapid effect is required, amiodarone can be given by 
intravenous infusion.

Intravenous amiodarone is very irritant to veins and should be given • 
via a central line. In an emergency it can be given via a large-bore 
peripheral cannula, but ensure that this is fully patent and fl ushed 
through well.
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If it is anticipated that amiodarone therapy is to continue in the long • 
term after intravenous administration, it is recommended that the 
patient should also receive amiodarone in a loading dose by mouth 
at the same time as the intravenous dose.

Amiodarone is widely distributed throughout the body, and a loading • 
dose is usually given when beginning treatment.

This is usually 200 mg tds for 1 week, then 200 mg bd for 1 week, • 
then 200 mg daily.
This regimen can be altered depending on the clinical circumstances, • 
and especially if amiodarone is being used in combination with 
another antiarrhythmic drug; seek expert advice in each case.
The maintenance dose should be the lowest effective dose, usually • 
100–200 mg daily.
Review the need for amiodarone every 6 months.• 

Emergency use in cardiopulmonary resuscitation.• 
Amiodarone 300 mg (pre-fi lled syringe) should be considered • 
after adrenaline to treat VF or pulseless VT that is refractory to 
defi brillation.

6 - Adverse effects from amiodarone are much more common if the 
maintenance dose is 400 mg or more daily.
Note that owing to the drug’s long half-life, adverse effects can • 
become apparent weeks, or even months, after the drug is stopped 
and can take as long to resolve.
Most patients taking amiodarone will develop corneal lipofuscin • 
microdeposits.

In most cases these are not a problem and are reversible on • 
stopping the drug. They cause a visual fl are effect, especially when 
driving at night, in about 2% of patients.

Treatment with amiodarone makes the skin sensitive to sunlight.• 
Advise patients to use a high SPF sun cream with UVA and UVB • 
protection.
Amiodarone can cause a persistent slate-grey skin discoloration.• 

Amiodarone can cause a pneumonitis (in about 2% of patients). This • 
is a steroid-responsive pulmonary lipofuscin alveolitis and it can be 
severe. Have a high index of suspicion if the patient develops 
breathlessness.
Amiodarone can cause a reversible peripheral neuropathy; this is • 
thought to be demyelinating in origin.
Amiodarone contains a great deal of iodine (37.5 mg iodine per • 
100 mg of amiodarone). It can have complex effects on thyroid 
function. This affects about 4% of patients. See box, b p. 107.
Rare but important adverse effects include:• 

Hepatotoxicity, characterized by raised transaminases; can be • 
severe; raised liver transaminases occur in about 1% of patients; 
frank toxicity is much rarer; rarely, acute hepatitis can follow an 
intravenous loading dose.
Hypersensitivity phenomena and vasculitis.• 
Haemolytic or aplastic anaemia.• 



106 ANTIARRHYTHMIC DRUGS BNF Reference 2.3.2 and 2.7.3

7  Amiodarone interacts with many drugs
Warfarin•  Amiodarone inhibits the metabolism of warfarin. Measure 
the INR and be prepared to reduce the dose of warfarin.
Digoxin•  Amiodarone inhibits renal P glycoprotein; this reduces the 
excretion of digoxin. Measure the plasma digoxin concentration and 
be prepared to reduce the dose of digoxin. A dosage reduction of 
about one-third is often required. Measure the plasma digoxin 
concentration again once a steady state has been achieved 
(3–4 months later).
Any drug that prolongs the QT interval•  Avoid using these drugs with 
amiodarone:

Antiarrhythmic drugs: quinidine, disopyramide, procainamide, sotalol.• 
Antibiotics: co-trimoxazole, intravenous erythromycin.• 
Antipsychotic drugs.• 
Antidepressants: lithium and tricyclic antidepressants.• 
Antiepileptic drugs: phenytoin.• 
Grapefruit juice (• see b p. 401).
Any drug that also reduces the heart rate. Avoid combining amio-• 
darone with these drugs.
Calcium channel blockers: diltiazem and verapamil.• 

8 Safety
Before starting treatment, assess baseline thyroid function (TSH, T4, • 
and T3), liver transaminases, and an ECG. Obtain a chest X-ray 
and lung function tests (including gas transfer (DLCO)) to allow 
comparison if the patient should develop evidence of pneumonitis.
Measure thyroid function and liver function every 6 months.• 
Ensure that the patient has continuous cardiac monitoring if • 
administering amiodarone intravenously.
Perform an ECG if the patient’s symptoms worsen; measure the • 
QT interval.
Regular eye examinations are not usually recommended, but they • 
should be performed if the patient has visual symptoms.

Effi cacy
The measures of effi cacy will depend on the arrhythmia being treated, • 
but review should include a consideration of whether the benefi ts of 
continued treatment outweigh the risks of adverse effects.

9  - Advise patients that they may become more sensitive to the sun, and 
that they should use a high SPF sun cream.
Warn them about the possibility of persistent slate-grey skin • 
discoloration.
Advise them to seek immediate medical advice if they become • 
breathless (pneumonitis).
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Amiodarone and thyroid function
- Thyroid dysfunction related to treatment with amiodarone affects about 4% of 

patients.
- Amiodarone contains a great deal of iodine (37.5 mg iodine per 100 mg of 

amiodarone).
- Amiodarone can cause symptoms of hyperthyroidism or hypothyroidism.
- Amiodarone reduces the peripheral conversion of T4 to T3. T4 may therefore 

be raised without symptoms of hyperthroidism; measure TSH and T3 as well.
- Amiodarone can cause hyperthyroidism by two mechanisms.

Type 1—iodine-induced excessive synthesis of thyroid hormone (occurs par-• 
ticularly in patients with underlying thyroid disease). If amiodarone is essential, 
consider treatment with antithyroid drugs.
Type 2—amiodarone-induced destructive thyroiditis. If amiodarone is essen-• 
tial, consider treatment with corticosteroids.

- Amiodarone-induced hyperthyroidism can be refractory to conventional 
antithyroid drugs.

- If hypothyroidism develops, replacement therapy can be given; the amiodarone 
can be continued if it is essential.

Prescribing information: Amiodarone
Treatment by mouth:• 

200 mg 3 times daily for 1 week reduced to 200 mg twice daily for a • 
further week.
Maintenance dose, usually 200 mg daily or the minimum required to • 
control the arrhythmia.

Treatment by intravenous infusion (in glucose 5%):• 
Via a central line, 5 mg/kg over 20–120 minutes with ECG • 
monitoring; maximum 1.2 g in 24 hours.

Emergency treatment during cardiopulmonary resuscitation:• 
VF or pulseless VT, 300 mg by intravenous injection as a bolus • 
(pre-fi lled syringe).
A further dose of 150 mg can be given for recurrent or refractory VF/VT, • 
followed by an infusion of 900 mg over 24 hours.
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Drugs with a long half-life—onset and offset 
of action

- Amiodarone is an example of a drug with a very long half-life (about 50 days). 
The half-life of a drug is the time taken for the plasma concentration of the drug 
to fall by half, and is a measure of how quickly the drug is eliminated from the 
body.

- When a second dose of a drug is taken, its pharmacokinetic profi le is 
superimposed on that of the fi rst dose, and so on for subsequent doses. For a 
given dose, the pattern of plasma concentrations that results will depend upon 
two factors: the dosage interval and the half-life of the drug. A consequence of 
fi rst-order pharmacokinetics (essentially exponential decay) is that during 
repeated administration drug accumulation occurs. This is because the higher 
the plasma concentration is, the faster it falls. Eventually, during a dosage 
interval, the plasma concentration falls as fast as it rises. At this point a steady 
state is reached (after about four half-lives of administration, provided that the 
dosage interval is not excessively long). Before such a steady state has been 
reached one cannot say that the drug has reached its maximum effect.

- The practical consequence of this is that the maximum effect of amiodarone is 
not reached until about 4 half-lives have elapsed, i.e. about 200 days, unless a 
loading dose is given.

- It is unwise to declare that a drug is not effective until a steady state has been 
reached. Prematurely increasing the dose may lead to excessive accumulation 
and toxicity.

- In the same way as it takes a very long time for amiodarone to have its 
maximum effect, it takes a very long time for amiodarone to be eliminated from 
the body once it has been stopped. Adverse effects and drug interactions can 
occur weeks after amiodarone has been stopped.

Drugs with long half-lives

Alfacalcidol 14 days Gold salts
 Auranofi n
 Sodium aurothiomalate

6 days
21 days

Amiodarone 50 days Hydroxychloroquine 18 days

Bisphosphonates Years (in bone) Levothyroxine 7 days

Cardiac glycosides:
 Digitoxin
 Digoxin

5 days
40 hours

Phenytoin Variable, up 
to 60 hours 
or more

Chloroquine 48 days Warfarin (S enantiomer) 24 hours

Fluoxetine 48 hours

TEACHING 
POINT
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Heparins (unfractionated and 
low molecular weight)
Anticoagulants

Unfractionated heparin (UFH) has penta-

saccharides along its length. These bind to

antithrombin III and increase its activity.

This then forms a ternary complex with

thrombin (upper arrow) deactivating it.

In addition, heparin binds factor X (lower

arrow) and deactivates it.

Anti-thrombin III

Penta-saccharide

Heparin

Factor Xa

Thrombin

Low molecular weight heparins (LMWH)

cannot form the ternary complex (upper

arrow), because they are shorter. They

can only deactivate factor X (lower arrow).

LMWH are often more effective

anticoagulants because they have more

predictable kinetic properties. 

UFH

UFH and

LMWH

0 - Parenteral anticoagulant drugs.
Used in full anticoagulant doses • 
whenever rapid anticoagulation is 
required; for example:

Thromboembolic disease.• 
Acute coronary syndromes and • 
myocardial infarction.

Used in lower doses as prophylaxis • 
against thromboembolic disease, 
especially during the perisurgical period 
and in high-risk medical inpatients.
Used to prevent blood clotting in • 
extracor.
poreal circuits (dialysis membranes, • 
cardiopulmonary bypass) and intravenous 
lines (e.g. Hickman lines).

Sodium chloride is as effective as • 
heparinized saline for maintaining the 
patency of peripheral venous catheters 
and carries no risk of heparin-induced 
thrombocytopenia

1 - Heparins can only be given parenterally; they are therefore not 
suitable for long-term treatment, unless there is no alternative 
(e.g. pregnancy, see later notes).
The decision to anticoagulate a patient should always involve • 
assessment of benefi t and harms. There are certain situations in which 
anticoagulation would not be recommended, as the risks of harms are 
considered very great:

Haemophilia and inherited disorders of coagulation.• 

Note on heparinoids

Danaparoid is a factor X 
antagonist. It can be 
used in patients who 
require anticoagulation 
but have developed 
immune-mediated 
thrombocytopenia with 
conventional heparins.

Drugs in this class
- UFH
- LMWH

Certoparin• 
Bemiparin• 
Dalteparin• 
Enoxaparin• 
Reviparin• 
Tinzaparin• 
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Patients with thrombocytopenia, who have a very high risk of • 
bleeding; note that heparins can cause thrombocytopenia (see later 
notes).
Patients with severe hepatic disease, who have disordered • 
coagulation, but are also at increased risk of thrombosis; these 
patients may have oesophageal varices; seek expert advice before 
giving heparin.
Elderly and debilitated patients, who are at greater risk of bleeding.• 
Recent severe trauma or surgery; this will depend on the site and • 
nature of the injury; for example, anticoagulation would not be rec-
ommended after trauma to the eye or brain:
—avoid in patients with recent cerebral haemorrhage (subarachnoid 

or stroke).
Severe renal insuffi ciency increases the risk of bleeding; furthermore, • 
low-molecular-weight heparins (LMWHs) are cleared by the 
kidneys, and when the GFR falls below 25 mL/min it may be 
necessary to monitor factor Xa activity.
Avoid in patients with active peptic ulcer unless the indication is • 
overwhelming. The decision is more diffi cult in patients with a 
history of peptic ulcer; assess the potential benefi ts carefully.
Severe or uncontrolled hypertension increases the risk of bleeding.• 

Pregnant women:• 
Take care if you have to use heparin during pregnancy; there is a risk • 
of bleeding.
Oral anticoagulants (e.g. warfarin) are contraindicated in the 1• st tri-
mester of pregnancy (because of teratogenicity) and the last few 
weeks (because of the risk of placental and neonatal haemorrhage), 
so heparins have to be used if anticoagulation is indicated.

Do not give these drugs by intramuscular injection; there is a risk of • 
haematoma.

4 - Heparins are most effective for venous thrombosis and that associated 
with sluggish blood fl ow (so called ‘red clot’). Antiplatelet drugs are 
more effective for arterial clots that are composed mainly of platelets 
(‘white clot’).
Unfractionated heparin (UFH) shows a great deal of variation in its • 
pharmacokinetic and pharmacodynamic properties. This is true 
whether given it is by intravenous infusion or by subcutaneous 
injection, making it diffi cult to use. LMWHs have much more 
predictable actions. When given by subcutaneous injection they 
provide reliable anticoagulation based on body weight, without the 
need for routine measurement of blood clotting. They have largely 
replaced UFH for the major indications. UFH, given intravenously, is 
still used when anticoagulation is required but needs to be stopped for 
a period (e.g. during a surgical procedure; see b Teaching point box 
in warfarin, p. 131).

Both LMWH and UFH are given in low doses for prophylaxis against • 
thromboembolic disease.

If parenteral anticoagulation is to be followed by oral anticoagulation • 
(e.g. warfarin) the heparin should be continued for 5 days, or until the 
INR has been in the target range (usually 2.5 9 0.5) for 2 days, 
whichever is the longer.
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Low-molecular-weight heparins (LMWHs)
These drugs are licensed to be given by subcutaneous injection only.• 
The dose is calculated according to body weight (see Table 2.2). It can • 
be given either once a day or twice a day in divided doses. If the 
patient is perceived to be at risk of bleeding, give it twice daily.
The dose given for thromboembolic disease is slightly different from • 
that given in acute coronary syndromes. This is a quirk of the doses 
used in clinical trials. Refer to your local protocol, but the difference is 
not likely to be important clinically.
Because these drugs have a predictable action, routine measurement • 
of clotting parameters is not required. See monitoring section for 
special arrangements if monitoring is required.

Unfractionated heparin (UFH)
UGH is used much less commonly nowadays.• 
To anticoagulate a patient using intravenous infusion, give an initial • 
bolus dose followed by a continuous infusion (see prescribing 
information for doses).The only advantage of this method is that the 
effect of the drug will disappear quickly once it has been stopped 
(e.g. during surgery or interventional radiological procedures).

Many thrombolytic protocols call for anticoagulation with UFH after • 
thrombolysis although some protocols suggest using a LMWH as an 
alternative. Follow your local policy.
Find out the local policy regarding the use of LMWH in patients who • 
may need cardiac catheterization.
UFH is still widely used to prevent clotting in extracorporeal • 
circuits. Remember that in most cases the patient will be exposed 
to at least a proportion of this heparin.

UFH may be used to anticoagulate a patient by subcutaneous injection. • 
The degree of anticoagulation is unpredictable; consider using LMWH 
instead.

UFH is still occasionally used in low doses for prophylaxis against • 
thromboembolic disease; this is because it is considerably less 
expensive than LMWH.

6 - The greatest risk from these drugs is haemorrhage (LMWH, major 
bleeding risk 0–3% in clinical trials).

Consider the patient factors listed earlier.• 
b•  See the teaching point box, p. 116, for treatment 
of bleeding; see b p. 131 for assessment of excessive 
anticoagulation and anticoagulation during surgery.
Remember, heparins do not usually cause bleeding but make what • 
would ordinarily be trivial bleeding worse; always investigate the 
cause of the bleeding.

These drugs cause thrombocytopenia in about 5% of patients.• 
It is usually immune-mediated; the risk is greater if treatment is for • 
>5 days.
Stop the drug if the platelet count falls by >50%.• 
Seek expert haematological guidance.• 
Consider alternative treatment with a heparinoid (see • b p. 110) or 
one of the newer anticoagulants.
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These are large molecules and can cause hypersensitivity, • 
characterized by urticaria, angio-oedema, and anaphylaxis.
These drugs inhibit aldosterone secretion. This can cause • 
hyperkalaemia. Those at greatest risk include:

Patients with renal insuffi ciency.• 
Patients given heparin for >7 days.• 
Patients with diabetes mellitus.• 
Patients also taking potassium-sparing diuretics or ACE inhibitors.• 

These drugs can cause osteoporosis during long-term use. This is a • 
problem in women who are pregnant and require heparin, because 
warfarin is contraindicated. These patients should be managed by a 
specialist.
Rarely, heparins can cause hair loss.• 

7  - Take care when giving heparin to patients taking other drugs that also 
increase the risk of bleeding: NSAIDs, antiplatelet drugs (e.g. aspirin), 
and corticosteroids.

In some cases the increased risk will be justifi ed, but ensure that you • 
have considered it before prescribing the drug.
Consider giving a PPI or misoprostol.• 

8 Effi cacy
When given in a low dose for prophylaxis against thromboembolic • 
disease, neither UFH nor LMWH affects the APTT.

Look for evidence of venous thrombosis, even if prophylaxis has • 
been given.

LMWH•  Routine monitoring is not usually required. LMWH only 
affects the APTT to a moderate degree; this cannot be used to 
measure the adequacy of anticoagulation. If there is a need to measure 
the degree of anticoagulation (e.g. in very obese patients), measure the 
antifactor Xa activity. This is a special assay, and you will need to 
arrange it with the laboratory.
UFH•  Measure the APTT 6 hours after starting an infusion and every 
12 hours thereafter. Aim for the APTT to be 2–3 x normal (control).

Safety
Measure the platelet count and clotting parameters before starting • 
treatment. Measure the platelet count if treatment is likely to continue 
for >5 days or if bruising appears.
Measure the plasma potassium if the patient is at risk of hyperkalaemia • 
(see earlier notes). Explain that these drugs can cause bleeding; this 
risk has to be balanced against the potential benefi ts.

9 - Advise the patient that these drugs can cause bruising around injection 
sites, but that they should report any large or unexpected bruises 
immediately (measure the clotting parameters and platelet count).
Advise the patient to avoid over-the-counter formulations containing • 
aspirin or NSAIDs (e.g. ibuprofen).
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Prescribing information: Heparins
Unfractionated heparin
Full anticoagulation

By intravenous infusion, initial bolus of 5000 units (10 000 units in severe • 
pulmonary embolism), followed by an infusion of 15–25 units/kg/hour. 
Adjust the rate according to the APTT.
By subcutaneous injection, initially 15 000 units every 12 hours. • 
Adjust the dose according to the APTT.

Thromboprophylaxis
By subcutaneous injection, 5000 units 2 hours before surgery, followed • 
by 5000 units every 8–12 hours for 7 days, or until the patient is 
ambulant. Monitoring is not usually required (see earlier section).

Dalteparin
Several types of LMWH are available (see boxed list at start of topic); dalteparin 
is given as an example.

Full anticoagulation
By subcutaneous injection once daily for treatment of venous thromboem-• 
bolism, 200 units/kg (see Table 2.2).

Table 2.2 Dose of dalteparin for full anticoagulation

Body weight (kg) Daily dose (may be divided)

<46 7500 units

46–56 10 000 units

57–68 12 500 units

69–82 15 000 units

83 and over 18 000 units

Maximum daily dose 18000 units

By subcutaneous injection 12-hourly for treatment of unstable coronary • 
artery disease (including non-ST-segment-elevation myocardial infarction), 
120 units/kg.

Maximum dose is 10 000 units/12 hours.• 
Treatment may continue for up to 8 days if considered of benefi t.• 

Thromboprophylaxis
By subcutaneous injection.• 

Surgical patients at moderate risk:•  2500 units 2 hours before surgery, 
followed by 2500 units every 24 hours for 7 days, or until the patient is 
ambulant.
Surgical patients at high risk:•  2500 units 2 hours before surgery, 
followed by 5000 units every 24 hours for 7 days, or until the 
patient is ambulant.
Medical patients:•  5000 units every 24 hours.
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Thromboprophylaxis
- Patients should be assessed to identify their susceptibility factors for venous 

thromboembolism (VTE). They should be advised about the risks and 
effectiveness of prophylaxis.

- Mechanical prophylaxis:
Inpatients having surgery should be given properly fi tted thigh-length • 
graduated compression/antiembolism stockings. Knee-length stockings 
can be used if thigh-length ones do not fi t.
The stockings should be worn from the time of admission to hospital and staff • 
should ensure that they are worn properly.
Contraindications to the use of these stockings include established • 
peripheral arterial disease and diabetic neuropathy.
Intermittent pneumatic compression or foot impulse devices can be used as • 
alternatives.
Patients should mobilize as soon as possible after surgery.• 

- Pharmacological prophylaxis:
Patients at increased risk of VTE should be offered LMWH.• 
Fondaparinux, within its licensed indications, can be used as an alternative to • 
LMWH.
LMWH or fondaparinux therapy should be continued for 4 weeks after hip • 
fracture surgery.

- Regional anaesthesia reduces the risk of VTE compared with general anaesthesia 
and should be considered with the anaesthetist.

- Medical patients, especially elderly people, are at higher risk of VTE than many 
surgical patients. Ensure that all admissions are assessed for the risk of VTE.

Susceptibility factors for venous thromboembolism
Patient-related
- Age >60 years.
- Continuous travel for >3 hours about 4 weeks before or after surgery.
- Immobility (for example, paralysis or limb in plaster).
- Obesity (body mass index �30 kg/m2).
- Pregnancy or puerperium.
- Varicose veins with associated phlebitis.
- A personal or family history of VTE.
- Inherited thrombophilias, for example:

High concentrations of coagulation factors (for example, factor VIII).• 
Hyperhomocysteinaemia.• 
Activated protein C resistance (for example, factor V Leiden).• 
Protein C, protein S, and antithrombin defi ciencies.• 
Prothrombin 2021A gene mutation.• 

Related to disease
- Active cancer or treatment for cancer (including myeloproliferative disease).
- Active cardiac or respiratory failure.
- Infl ammatory bowel disease (for example, Crohn’s disease or ulcerative colitis).
- Renal disease (especially nephrotic syndrome).
- Acute medical illness (including severe infection).
- Antiphospholipid syndrome.
- Behçet’s disease.

Related to medical therapy and drugs
- Central venous catheter in situ.
- Use of oral contraceptives or hormone replacement therapy.
- Use of antipsychotic drugs.
- Orthopaedic surgery.

TEACHING 
POINT
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Treatment of bleeding in patients given 
anticoagulant drugs 

- Patients may bleed because:
They are at high risk (see earlier notes). Consider the risk carefully before • 
starting anticoagulant treatment.
The degree of anticoagulation is excessive. The risk of bleeding increases • 
greatly once the APPT is >3 x normal or if the INR is >3.
They have been given a drug that may cause them to bleed (e.g. an antiplatelet • 
drug (such as aspirin) or NSAID). Anticoagulation makes this bleeding worse.

- Resuscitate the patient if required.
- Treat the bleeding locally, if possible. For example, apply local pressure to a 

cannula site or arrange endoscopic intervention for a bleeding peptic ulcer.
- Reverse the anticoagulation if required. Assess which is the greater danger, 

bleeding or thrombosis. For example, it would be inappropriate to reverse 
anticoagulation fully in a patient with severe pulmonary embolism on account of 
minor cannula site bleeding.

The reversal treatment depends on the anticoagulant drug:
- UFH:

Use protamine; 1 mg of protamine reverses the effect of 100 units of heparin. • 
The maximum dose of protamine is 50 mg. Protamine is given by slow iv 
injection over 10 minutes.

- LMWHs:
Protamine is less effective for these drugs (about 50%). However, the dose is • 
the same.

- Warfarin:
Use vitamin K. Full reversal 5–10 mg iv. Use lower doses (0.5–2.0 mg iv) if • 
complete reversal is not desired. Adjust the dose according to the response. 
Note that it may be very diffi cult to re-anticoagulate the patient after giving 
vitamin K.
If bleeding is severe or reversal is inadequate, consider giving prothrombin • 
complex concentrate (contains clotting factors) 30–50 units/kg or, if this is not 
available, use fresh frozen plasma 15 mL/kg.

- In the most severe cases, consider cryoprecipitate, pooled platelets, and whole 
blood. Seek specialist haematological guidance.

TEACHING 
POINT
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Direct thrombin inhibitors
Direct thrombin inhibitors

Direct thrombin
inhibitors

Fibrinogen

Fibrin

Thrombin

Platelet
aggregation

+
+

–

0 - Oral anticoagulant drug.
Currently licensed only for: • 

Primary prevention of venous thromboembolic events in adults who • 
have undergone elective total hip replacement surgery or total knee 
replacement surgery. 

1 - This is a new class of drug. Clinical experience is limited.
Avoid in patients with severe renal insuffi ciency. Take care in patients • 
with less severe degrees of renal insuffi ciency as there is limited 
experience.
Another drug in this class (ximelagatran) was associated with liver • 
toxicity. Do not use in patients with hepatic insuffi ciency or raised 
aminotransferase (transaminase) activities (>2 x ULN).
The decision to anticoagulate a patient should always involve • 
assessment of the balance of benefi t and harm. There are certain 
circumstances in which anticoagulation would not be recommended, 
as the risks are considered very great:

Haemophilia and inherited disorders of coagulation.• 
Patients with thrombocytopenia, who have a very high risk of • 
bleeding. 
Elderly and debilitated patients, who are at greater risk of bleeding.• 
Patients with recent cerebral haemorrhage (subarachnoid or • 
stroke)—avoid.
Patients with active peptic ulcer—avoid unless the indication is • 
overwhelming; the decision is more diffi cult in patients with a 
history of peptic ulcer—assess the potential benefi ts carefully.
Severe or uncontrolled hypertension, which increases the risk of • 
bleeding.
Patients with indwelling (especially epidural) catheters.• 

Pregnant women—avoid these drugs; there is a risk of bleeding, and • 
toxicity has been observed in animals.

4 - The principal benefi t of these drugs is that there is a close relation 
between exposure (dose) and anticoagulant effect. Monitoring 
anticoagulant activity is therefore not required.

Drugs in this class
- Dabigatran
- Others in 

development
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Dabigatran has a rapid onset of action. • 
The recommended duration of treatment is 10 days after knee • 
replacement and 1 month after hip replacement. 
The effi cacy of dabigatran is appears broadly similar to that of LMWH.• 
NICE has recommended dabigatran as an option for use within its • 
licensed indications. 

6 - The greatest risk from these drugs is haemorrhage (major bleeding risk 
1–2 % in clinical trials).

Consider the patient factors listed earlier.• 
There is no antidote to dabigatran. If serious bleeding occurs, • 
surgical haemostasis or transfusion of fresh frozen plasma should be 
considered.

These drugs can cause thrombocytopenia rarely.• 
7  - Dabigatran should not be given with other anticoagulant or 

antiplatelet drugs.
Take care when giving dabigatran to patients taking other drugs that • 
also increase the risk of bleeding: NSAIDs and corticosteroids.
Dabigatran is a substrate for P glycoprotein. Take care when giving it • 
with inhibitors of P glycoprotein (e.g. verapamil, clarithromycin).

Reduce the dose of dabigatran to 150 mg daily in patients taking or • 
who have recently taken amiodarone
Quinidine should not be given with dabigatran• 

8 Effi cacy
Routine monitoring is not usually required. • 

Safety
Measure the platelet count and clotting parameters before surgery.• 
Measure AlT activity before surgery. Dabigatran is not recommended • 
for those with an ALT >2 x ULN. 

9 - Explain that these drugs can cause bleeding; this risk has to be 
balanced against the potential benefi ts.
Advise the patient to report any large or unexpected bruises • 
immediately (measure the clotting parameters and platelet count).
Advise the patient to avoid over-the-counter formulations containing • 
aspirin or NSAIDs (e.g. ibuprofen).

Prescribing information: Direct thrombin inhibitors

Dabigatran
Prophylaxis of venous thromboembolism after orthopaedic surgery:

110 mg by mouth 1–4 hours after surgery.• 
Then 220 mg once daily:• 

For 9 days after total knee replacement.• 
For 27–34 days after total hip replacement.• 
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Fondaparinux sodium
Factor X inhibitor

Fondaparinux sodium

A pentasaccharide

inhibitor of activated

factor X

Activated factor X

Procoagulant

0 - Prophylaxis of VTE.
In medical patients.• 
In patients undergoing major orthopaedic surgery of the lower limbs• 
In patients undergoing abdominal surgery• 

Treatment of deep vein thrombosis and pulmonary embolism.• 
Treatment of unstable angina or non-ST segment elevation myocardial • 
infarction (UA/NSTEMI) in patients for whom urgent (< 120 minutes) 
invasive management (PCI) is not indicated.
Treatment of ST segment elevation myocardial infarction (STEMI) in • 
patients who are managed with thrombolytic drugs or who are initially 
to receive no other form of reperfusion therapy.

1 - Fondaparinux can only be given parenterally; it is therefore not 
suitable for long-term treatment.
The decision to anticoagulate a patient should always involve • 
assessment of the balance of benefi t and harm. In certain 
circumstances anticoagulation is not recommended, as the risks are 
considered very great:

Haemophilia and inherited disorders of coagulation.• 
Patients with thrombocytopenia, who have a very high risk of • 
bleeding. Note that heparins can cause thrombocytopenia (see later 
notes).
Patients with severe hepatic disease, who have disordered • 
coagulation, but are also at increased risk of thrombosis. These 
patients may have oesophageal varices. See expert advice before 
giving fondaparinux.
Elderly and debilitated patients, who are at greater risk of bleeding.• 
After recent severe trauma or surgery. This will depend on the site • 
and nature of the injury. For example, anticoagulation would not be 
recommended after trauma to the eye or brain.
Patients with recent cerebral haemorrhage (subarachnoid or • 
stroke)—avoid.

Severe renal insuffi ciency increases the risk of bleeding. • 
Fondaparinux should not be used in patients with creatinine • 
clearance <20 mL/min. The dose should be reduced to 1.5 mg 
once daily in patients with creatinine clearance of 20–50 mL/min. 
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No dosage reduction is required for patients with mild renal 
impairment.

Avoid in patients with active peptic ulceration, unless the indication is • 
overwhelming. The decision is more diffi cult in patients with a history 
of peptic ulcer; assess the potential benefi ts carefully.
Severe or uncontrolled hypertension increases the risk of bleeding.• 
Pregnant women.• 

Avoid fondaparinux whenever possible; there is a risk of bleeding.• 
Do not give fondaparinux by intramuscular injection—there is a risk of • 
haematoma.

4 - Fondaparinux is given by deep subcutaneous injection while the 
patient is lying down. 

Sites of administration should alternate between the left and the • 
right anterolateral and left and right posterolateral abdominal wall. 

For prophylaxis of VTE, the initial dose should be given 6 hours after • 
surgical closure, provided that haemostasis has been established. 

Treatment should be continued until the risk of VTE has diminished, • 
usually until the patient is ambulant, at least 5–9 days after surgery. 
In patients undergoing hip fracture surgery, the use of prolonged • 
prophylaxis with fondaparinux should be considered for up to an 
additional 24 days.

For treatment of venous thrombosis and pulmonary embolism, • 
treatment should be continued for at least 5 days and until adequate 
oral anticoagulation is established (INR 2–3).
The regimen used in acute coronary syndromes is specialized; refer to • 
your local guidelines.
Fondaparinux has not been formally studied for treatment of • 
heparin-induced thrombocytopenia (see teaching point box, b p. 122, 
for treatments licensed for this indication).

6 - The greatest risk from fondaparinux is haemorrhage:
Consider the patient factors listed previously.• 
See•  b p. 116 for treatment of bleeding.
Remember, fondaparinux does not usually cause bleeding but can • 
make what would ordinarily be trivial bleeding worse; always 
investigate the cause of the bleeding.
There is no known antidote to fondaparinux.• 

7  - Take care when giving fondaparinux to patients who are taking other 
drugs that also increase the risk of bleeding: NSAIDs, antiplatelet drugs 
(e.g. aspirin), and corticosteroids.

In some cases the increased risk will be justifi ed, but ensure that you • 
have considered it before prescribing the drug.

8 - Fondaparinux does not affect routine coagulation tests:
 APTT, PT, INR, bleeding time, fi brinolytic activity. • 

9 - Explain that fondaparinux can cause bleeding; this risk has to be 
balanced against the potential benefi ts.
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Advise the patient that fondaparinux can cause bruising around • 
injection sites, but that they should report any large or unexpected 
bruises immediately.
Advise the patient to avoid over-the-counter formulations containing • 
aspirin or NSAIDs (e.g. ibuprofen). 

Prescribing information: Fondaparinux sodium
To avoid the loss of medicinal product when using the pre-fi lled syringe • 
do not expel the air bubble from the syringe before the injection. 
The whole length of the needle should be inserted perpendicularly into a • 
skin fold held between the thumb and the forefi nger; the skin fold should be 
held throughout the injection. 
Prophylaxis of venous thromboembolism and use in acute coronary syn-• 
dromes.
The recommended dose of fondaparinux is 2.5 mg once daily.• 

Treatment of venous thromboembolism
For patients < 50 kg the recommended dose is 5 mg once daily.• 
For patients 50–100 kg the recommended dose is 7.5 mg once daily.• 
For patients > 100 kg, the recommended dose is 10 mg once daily.• 

Parenteral anticoagulants
- Heparins, unfractionated and fractionated (low molecular weight), are the most 

widely used.
See • b Heparins, p. 110, for detailed information.

- There are alternatives with different mechanisms of action. Some have 
specialized uses.

- Heparinoids:
Danaparoid. Can be used for prophylaxis of deep venous thrombosis. Also • 
has a role in patients with heparin-induced thrombocytopenia requiring 
anticoagulation, although there can be cross-reactivity. Monitor by 
measurement of anti-factor Xa activity.

- Hirudins:
Lepirudin is a recombinant hirudin. It is licensed for anticoagulation in patients • 
with heparin-induced immune thrombocytopenia (type II). Monitor the APTT.
Bivalirudin is a hirudin analogue that inhibits thrombin. It is licensed for use in • 
percutaneous coronary intervention. It should be used in conjunction with a 
glycoprotein IIb/IIIa inhibitor (see b p. 144).

- Factor X inhibitor:
Fondaparinux is an inhibitor of activated factor X. • 
Indicated for prophylaxis and treatment of VTE.• 

TEACHING 
POINT
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Warfarin
Coumarin anticoagulant

Vitamin K-
dependent γ-
carboxylation

Precursors of 
prothrombin
and clotting 
factors II, VII,
IX, and X

Inhibited by warfarin.
Warfarin will prolong
the prothrombin
time (PT). This is
standardized as
the international
normalized ratio
(INR).

Half-lives of clotting
factors
-Factor II 60 hours
-Factor VII 4–6 hours
-Factor IX 24 hours
-Factor X 48–72 hours
Because warfarin only
inhibits the formation
of new clotting factors,
it takes time to act.

Carboxylation
allows these
molecules to
bind calcium and
so form active
complexes

 

0 - Oral anticoagulant 
drug.
Used whenever • 
long-term 
anticoagulation 
is required, for 
example:

Prophylaxis and treatment of • 
thromboembolic disease (e.g. AF, pros-
thetic heart valves, ventricular clot)

1 - Warfarin is slow to act; use another drug 
(heparin) if rapid anticoagulation is required.
The decision to anticoagulate a patient should • 
always involve an assessment of risk and benefi t. There are certain cir-
cumstances in which anticoagulation would not be recommended, as 
the risks are considered very great:

Haemophilia and inherited disorders of coagulation.• 
Patients with thrombocytopenia, who are at very high risk of • 
bleeding.
Patients with severe hepatic disease, who have disordered • 
coagulation but are also at increased risk of thrombosis; these 
patients may have oesophageal varices; seek expert advice before 
giving warfarin.
Elderly and debilitated patients, who are at greater risk of bleeding.• 
Recent severe trauma or surgery; this will depend on the site and • 
nature of the injury; for example, anticoagulation would not be 
recommended after trauma to the eye or brain; avoid in patients 
with recent cerebral haemorrhage.
Severe renal insuffi ciency increases the risk of bleeding.• 

Other oral 
anticoagulants
- Acenocoumarol

(nicoumalone)
- Phenprocoumon
- Phenindione

Risk factors for 
venous 
thromboembolism
- Malignancy (may be 

occult)
- Prolonged 

immobilization 
(car and aeroplane 
journeys)

- Surgery and trauma, 
especially of the pelvis 
and lower limb

- Oral contraceptive 
use

- Smoking
- Obesity
- Severe heart failure
- Pregnancy
- Polycythaemia/severe 

dehydration
- Previous thrombosis

Patients taking 
anticoagulants who 
require surgery

See b p. 131
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Avoid in patients with active peptic ulcer; the decision is more • 
diffi cult in patients with a history of peptic ulcer; assess the potential 
benefi ts carefully.
Severe or uncontrolled hypertension, in which the risk of bleeding is • 
increased.

Pregnant women.• 
Warfarin is teratogenic; do not use it during the 1• st trimester of 
pregnancy and in the last few weeks before term (see b Heparin, 
p. 110).
Advise women taking long-term anticoagulation to seek medical • 
advice before they become pregnant, so that appropriate 
arrangements can be made.

4 - Warfarin is most effective for venous thrombosis and that associated 
with sluggish blood fl ow (so-called ‘red clot’). Antiplatelet drugs are 
more effective for arterial clots that are composed mainly of platelets 
(‘white clot’). Warfarin can be considered in patients who have a 
myocardial infarction but are intolerant of aspirin and clopidogrel.
Treatment with warfarin can be started de novo (e.g. in patients with • 
AF, to reduce their risk of stroke), but it is most commonly given after 
initial treatment with heparin for medium- to long-term treatment of 
thromboembolic disease (see later notes for suggested durations of 
treatment).
Treatment with warfarin is often started at the same time as heparin, • 
in order to shorten the length of time a patient has to stay in hospital. 
If parenteral anticoagulation is to be followed by warfarin the heparin 
should be continued for 5 days, or until the INR has been in the target 
range (usually 2.5 9 0.5) for 2 days, whichever is the longer.
Warfarin is subject to a large number of drug interactions; these are • 
most likely to occur whenever interacting drugs are started or 
stopped.

Starting warfarin
There are several regimens; the following is offered as an example of a • 
simple practical method.

Measure the INR before starting treatment.• 
Give 10 mg daily*; measure the INR (see next section) daily from • 
the 2nd day onwards. Once the INR has reached 2, count the 
number of days since treatment started. This number, converted 
into milligrams is the approximate maintenance dose. (For example, 
the INR is 2.1 after 3 days at 10 mg daily; the estimated maintenance 
dose is 3 mg).
Fine tuning of the dosage thereafter is usually required to maintain • 
the INR at the usual target value (2.5).
*If the patient is at high risk, is taking interacting drugs, or has • 
hepatic or cardiac disease, consider reducing this to 5 mg daily. In 
this case the maintenance dose calculation is halved as well.

If anticoagulation is not urgent, initiation with a low dose (2 mg daily), • 
gradually adjusted as required, is an alternative.
Genetic factors have a substantial effect on the maintenance dose of • 
warfarin.

Patients with variants of the CYP2C9 enzyme responsible for metab-• 
olism of warfarin require much lower doses.
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Variants in the gene encoding vitamin K epoxide reductase complex • 
1 (VKORC1), an enzyme complex that recycles reduced vitamin K, 
are associated with resistance to warfarin

Target INR and duration of treatment
(Based on British Society for Haematology guidelines: M http://www.
bcshguidelines.com)
Always set a target for the duration of anticoagulation. Arrange to • 
review the patient after this period. Consider whether any risk factors 
persist (see box at start of topic, b p. 124) and whether anticoagula-
tion treatment should continue beyond the initial period.
Venous thromboembolism:•  the duration of therapy depends on: 

First pulmonary embolism or proximal vein thrombosis: INR 2.5 for • 
6 months.
Recurrence while taking warfarin: increase INR to 3.5.• 
First recurrence after stopping warfarin: treat again as previously; • 
look for persistent susceptibility factors.
Second recurrence on or off warfarin: consider long-term treatment • 
and seek expert advice.

Inherited thrombophilia:• 
No clinical episodes. Long-term anticoagulation is not recom-• 
mended. Remember prophylaxis for risk periods.
First clinical episode: treat as earlier notes. Consider long-term • 
treatment; seek expert advice.

Atrial fi brillation
Permanent AF: INR 2.5. Long-term treatment required.• 
Cardioversion: INR 2.5 for 3 weeks before and 4 weeks after cardio-• 
version.
Paroxysmal AF: seek expert advice; depends on the risk of embolism.• 

Prosthetic heart valves
Mechanical valve: INR 3.5.• 
Bioprosthetic valves: anticoagulation not usually required in the • 
absence of AF.

6 - The greatest risk from warfarin is haemorrhage. Other adverse effects 
are uncommon.

Consider the patient factors listed previously.• 
See the teaching point box, • b p. 131 for treatment of excessive 
anticoagulation; see b p. 116 for treatment of bleeding.
Remember that warfarin does not usually cause bleeding but makes • 
what would ordinarily be trivial bleeding worse; always investigate 
the cause of the bleeding.

Warfarin can rarely cause hypersensitivity, characterized by a maculo-• 
papular rash.
Other adverse effects include alopecia, diarrhoea, hepatic dysfunction, • 
pancreatitis, and skin necrosis.

7  - Warfarin is affected by a large number of other drugs (see Table 2.3).
Also remember that the risk of bleeding is increased when warfarin is • 
given with drugs that can cause gastrointestinal ulceration.

NSAIDs, antiplatelet drugs (e.g. aspirin), and corticosteroids.• 
In some cases this increased risk will be justifi ed, but ensure that you • 
have considered it before prescribing the drug.
Consider giving a PPI or misoprostol.• 
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Foods vary in their contents of vitamin K. Some enteral feeds contain • 
vitamin K. Advise against crash diets or ‘binge’ eating. Measure the INR 
more frequently if the patient changes their diet signifi cantly.
Excess alcohol can adversely affect INR control; therefore advise • 
patients not to take more than moderate amounts of alcohol.

Table 2.3 Drugs that interact with warfarin

Drugs that enhance the 
anticoagulant effect

Drugs that reduce the 
anticoagulant effect

- Alcohol, anabolic steroids - Antiepileptic drugs: carbamazepine, 
phenobarbital, phenytoin, primidone

- Antiarrhythmic drugs: amiodarone, 
propafenone, and quinidine

- Anti-infective drugs: rifampicin, 
griseofulvin

- Anti-infective drugs: macrolides 
(e.g. erythomycin, clarithromycin), 
some quinolones 
(e.g. ciprofl oxacin), sulfonamides

- St John’s wort

- Antifungals: drugs ending 
in ‘–conazole’

- Disulfi ram
- Hormone antagonists: danazol, 

fl utamide, tamoxifen
- Lipid-regulating drugs: statins and 

fi brates
- Testosterone
- Thyroid hormones
- Ulcer-healing drugs: omeprazole, 

cimetidine

8  Effi cacy and safety
Measure the prothrombin time and other clotting parameters before • 
starting anticoagulation treatment. If these are abnormal at baseline, 
seek expert advice and reconsider treatment or reduce the initial 
dose.
Warfarin prolongs the prothrombin time; this is compared with an • 
internationally agreed standard to produce the INR. An INR of 2.0 
means that the prothrombin time is twice the control value.
Measure the INR daily when beginning treatment. Once the patient is • 
stabilized, the time between INR measurements can be increased. The 
maximum recommended time between measurements during stable 
therapy is 12 weeks.
Aim for smooth control of the INR. Do not make frequent large • 
changes to the dose; this will lead to great variations in the INR. Many 
anticoagulation clinics use computer programs that examine the 
pattern of a patient’s INR in relation to daily dose and recommend 
dosage adjustments accordingly.
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Remember that the INR will vary with time of day and from day today. • 
For this reason, a target INR is given; if the actual INR is within 9 0.5 
units of the target, that is acceptable.
Remember that the INR is a continuous variable. An INR of 1.9 does • 
not confer zero protection, and an INR of 2.1 does not confer 
complete protection. Once the INR rises above 3.0 the risk of 
bleeding increases markedly. For this reason, the target INR is usually 
around 2.5 (see earlier notes). This seems to provide the best ratio 
between benefi t and risk; however, in some cases that balance is 
altered (e.g. recurrent thrombosis).

9 - Explain that warfarin can cause bleeding, and that the risk has to be 
balanced against the potential benefi ts.
Advise the patient that warfarin can cause bruising but that they should • 
report any large or unexpected bruises immediately (measure blood 
clotting).
Advise the patient to avoid over-the-counter formulations containing • 
aspirin or NSAIDs (e.g. ibuprofen).
Advise the patient to take the warfarin tablets at the same time of day; • 
this will improve the smoothness of control.
Warfarin is supplied as tablets of differing strengths and colours. • 
Ensure that the patient knows which is which, so that they can safely 
adjust their dose when advised to (see prescribing information). Some 
clinics only supply one strength of tablet (e.g. 1 mg) if there is any 
confusion over strengths and colours.
Give the patient an anticoagulant card/booklet.• 
Tell the patient to remind any prescriber who intends to give them a • 
new drug that they taking warfarin.

For the management of coumarin-induced overanticoagulation see b p. 131.

Case history
Warfarin has a low therapeutic ratio. Over-anticoagulation is dangerous, poten-
tially serious food–drug and disease–drug interactions occur, and warfarin enzy-
matic metabolism is subject to both induction and inhibition. Furthermore, dosage 
requirements vary greatly between individuals and therapeutic monitoring of the 
INR is mandatory.
- A psychiatrist, with a lot of experience in the use of antidepressants, prescribed 

citalopram for an elderly patient who had become depressed following an 
embolic stroke. The psychiatrist was unaware of the possibility that citalopram 
might interact with warfarin and that the patient was eating poorly because she 
was depressed. As a result he did not suggest more intensive monitoring of the 
INR after the introduction of the SSRI. The patient’s INR rose to over 7 and she 
developed a large retroperitoneal haematoma, from which she ultimately died.

Always check the BNF for potential drug interactions, especially when dealing with 
combinations of drugs beyond your day-to-day experience.

Prescribing information: Warfarin
See earlier notes for treatment targets and advice on starting warfarin.

By mouth, usual daily dose in the range of 2–9 mg.• 
0.5 mg tablets are white.• 
1 mg tablets are brown.• 
3 mg tablets are blue.• 
5 mg tablets are pink.• 
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Pharmacogenetic tests

Our understanding of the effects of genetic factors on responses to drugs and the 
risk of adverse effects has expanded substantially in the past few years.

Patients may have concerns about ‘genetic testing’. These concerns usually relate 
to population-based studies looking for disease susceptibility factors. They should 
be made aware that while pharmacogenetic tests are undoubtedly genetic tests, 
the way in which they are used and their purpose is different. These tests are used 
in a targeted population to determine the likelihood of a given response to a spe-
cifi c drug or the risk of a specifi c adverse effect. Used appropriately, in a few cases 
they can enhance patient safety and should not adversely infl uence other aspects of 
the patient’s life (e.g. insurance). The table gives some examples of clinically rele-
vant pharmacogenetic tests. These tests are not universally available, but their use 
is increasing; fi nd out which are available to you. 

Examples of pharmacogenetic tests

Genetic target Drug Clinical relevance

HLA B*5701 Abacavir Severe hypersensitivity reactions to 
abacavir are linked to the HLA-B*5701 
allele, present in up to about 10% of 
potential patients; avoidance of abacavir 
in patients with this allele markedly 
reduces the risk of such reactions 

HLA B*1502 Carbamazepine Dangerous or even fatal skin reactions 
associated with carbamazepine are 
signifi cantly more common in patients 
(almost exclusively with Asian ancestry) 
with HLA-B*1502; screen patients with 
ancestry from this region before starting 
carbamazepine and avoid using it in 
those with the HLA-B*1502 allele

VKORC1/
CYP2C9 

Warfarin Variants in the gene encoding vitamin K 
[ep]oxide reductase complex 1 
(VKORC1), an enzyme complex that 
recycles reduced vitamin K, are associ-
ated with resistance to warfarin; patients 
with variants of the CYP2C9 enzyme 
responsible for metabolism of warfarin 
require much lower doses; however, 
together with age and sex, these variables 
explain only 50% of the variation in 
warfarin dosage requirements

CYP2C19 Voriconazole CYP2C19 is a polymorphically expressed 
enzyme, and 2.2% of the Caucasian 
population are poor metabolizers, who 
have a 3-fold increase in exposure to 
voriconazole and therefore an increased 
risk of adverse effects

CYP2D6 Thioridazine 
(withdrawn 
in UK)

Exposure to thioridazine is related to the 
number of functional CYP2D6 genes 
(1-3); see also b teaching point on 
CYP2D6, p. 93

TEACHING 
POINT



130 ANTICOAGULANTS BNF Reference 2.8.2

Genetic target Drug Clinical relevance

TPMT Azathioprine 1 in 10 of the population is heterozygous 
for a polymorphism that halves the 
activity of thiopurine methyl transferase 
(TPMT); 1 in 300 are homozygous and at 
severe risk of marrow suppression; 
measure TPMT activity before starting 
treatment; treatment with low-dose 
azathioprine in heterozygotes is safe and 
highly effective; very low doses of 
azathioprine (5 mg on alternate days) 
may be an option in homozygous 
defi ciency

G6PD Sulfonamides, 
quinolone 
antibiotics, 
most antima-
larial drugs

Patients with G6PD defi ciency are at 
increased risk of haemolytic anaemia 
(see b p. 449 for more information)

UGT1A1*28 Irinotecan The (UGT1A1)*28 polymorphism reduces 
UGT1A1 enzyme activity (and is associ-
ated with a raised pre-treatment bilirubin 
concentration); patients who take the 
usual dose are at risk of severe toxicity 
(neutropenia, diarrhoea); dosage 
reduction to account for reduced 
enzyme activity does not seem to 
adversely affect the therapeutic response

SLCO1B1 Statins The risk of rhabdomyolysis is increased in 
individuals with the SLCO1B1 variant of 
a gene coding for an organic anion-
transporting polypeptide (OATP) that 
regulates hepatic uptake of statins; this is 
too rare to be useful as a predictive test
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Treatment of excessive anticoagulation due 
to warfarin

- See b ‘treatment of bleeding’ in heparin, p. 116, for management of severe 
bleeding.

- Remember that warfarin does not usually cause bleeding but makes what would 
ordinarily be trivial bleeding worse. If there is bleeding, investigate the cause.

- Excessive anticoagulation is usually the result of a failure to take account of a 
factor that will enhance the anticoagulant effect of warfarin:

The patient has a severe intercurrent illness and the dose of warfarin is not • 
reduced.
A drug that enhances the action of warfarin is started.• 
A drug that reduces the effect of warfarin is stopped.• 
The maintenance dose is incorrect, but the INR has not been measured.• 

- INR >8.0:
No bleeding. Stop warfarin and restart at a lower dose once the INR is <5.0.• 
If the patient is at high risk of bleeding consider giving 0.5 mg vitamin K• 1 iv or 
5 mg by mouth.

- INR 5.0–8.0:
No bleeding. Stop warfarin and restart at a lower dose once the INR is <5.0.• 

- INR >0.5 units above target but <5.0:
No bleeding. Continue warfarin at a lower dose.• 

TEACHING 
POINT

Anticoagulation and surgery
- If you can delay surgery until the patient is no longer taking an anticoagulant, do 

so. Make sure that the patient’s risk factors have been thoroughly investigated 
and modifi ed before surgery is planned.

- In most cases, the risk of bleeding from anticoagulation is greater than the risk 
of thrombosis, even for patients at moderately high risk.

- Anticoagulation should therefore be stopped 3 or 4 days before major surgery. 
It may be restarted 48–72 hours after the operation. If the patient is unable to 
take medications by mouth, initial treatment with heparin will be required.

- Make sure that the patient receives adequate thromboprophylaxis (compression 
stockings, low-dose heparin, early mobilization).

- Guidelines suggest that it is safe to operate if the INR is <2.5, but this will 
depend on the procedure (e.g. neurosurgical procedures often require a lower 
INR). Make sure that you know the target INR before the day of operation.

- Use vitamin K very cautiously if the INR needs to be brought down (dosages 
of 0.5 mg iv); large doses will make it very diffi cult to anticoagulate the patient 
again after the operation.

- A few patients are at very high risk of thromboembolism; these patients may 
require interim treatment with heparin once the INR falls below 3.0.

For example, patients with ball-and-cage prosthetic heart valves and patients • 
with adenocarcinoma who have previously suffered a thrombotic event.

TEACHING 
POINT
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Acetylsalicylic acid (aspirin)
Irreversible inhibitor of cyclo-oxygenase

0 - Primary and secondary prevention of 
complications of atherosclerotic disease.

Angina.• 
Myocardial infarction.• 
Stroke.• 
Peripheral vascular disease.• 

Analgesia.• 
Anti-infl ammatory drug for rheumatoid • 
arthritis (high doses only; specialist use).

1 - Aspirin can cause bleeding; avoid using it 
in patients who are at a high risk of 
bleeding or in whom the consequences of bleeding could be 
catastrophic:

Active peptic ulceration.• 
Uncontrolled/accelerated phase hypertension.• 
Severe renal or hepatic insuffi ciency.• 
Haemophilia.• 
Pregnant women—risk of intrauterine bleeding and closure of • 
ductus arteriosus in utero.

Aspirin can cause asthma and worsen the control of intrinsic asthma.• 
Aspirin’s active metabolite, salicylate, is renally excreted. Avoid large • 
(anti-infl ammatory) doses in renal insuffi ciency.
Avoid if the patient has G6PD defi ciency.• 
Aspirin can cause Reye’s syndrome. Avoid it in children under the • 
age of 16.

4 - Antiplatelet drugs are most effective for arterial clots that are 
composed mainly of platelets (‘white clot’). Anticoagulant drugs are 
more effective for venous thrombosis and that associated with 
sluggish blood fl ow, so called (‘red clot’).

As an antiplatelet drug
NICE recommends that aspirin is offered to all patients after a • 
myocardial infarction and should be continued indefi nitely.

There is a case for combination therapy with clopidogrel in some • 
patients with acute coronary syndromes, see b Clopidogrel, p. 138 
for more information

Antiplatelet drugs
- Aspirin

Inhibits cyclo-• 
oxygenase

- Clopidogrel
ADP antagonist• 

- Dipyridamole
Inhibits adenosine • 
reuptake

- GPIIb/IIIa antagonists
Inhibit the fi nal • 
common pathway of 
platelet aggregation

- Epoprostenol 
(prostacyclin)

Given into dialysis • 
circuit to prevent 
clot formation when 
heparin is 
contraindicated.
Given by continuous • 
intravenous infusion 
for the treatment of 
pulmonary arterial 
hypertension.
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The antiplatelet action of aspirin is achieved by small daily doses • 
(75 mg daily or less). Increasing the dose does not increase protection. 
If aspirin prophylaxis proves to be ineffective, consider adding another 
drug rather than increasing the dose.
Aspirin is effective in the secondary treatment of atherosclerotic • 
disease. It is also effective in primary prevention, particularly for those 
aged over 55. Do not use antiplatelet drugs indiscriminately. If the risk 
is low, the risk of bleeding (gastrointestinal and intracranial) will 
outweigh the potential benefi t.
Once started appropriately, treatment with aspirin should be lifelong.• 
Uncontrolled hypertension increases the risk of bleeding on aspirin. • 
Ensure that the BP is controlled before starting an antiplatelet drug.
Aspirin is considerably less effective than anticoagulation (with • 
warfarin) for the prevention of stroke in patients with AF (see teaching 
point box, b p. 135).
Early aspirin treatment saves lives in acute ischaemic stroke. Most • 
strokes are ischaemic rather than haemorrhagic. There is some 
debate whether it is always necessary to confi rm this before starting 
treatment, but most doctors wait until the brain has been imaged (see 
teaching point box).
Early treatment with aspirin in patients with myocardial infarction • 
saves as many lives as thrombolysis.
Although aspirin is usually effective, a proportion of patients do not • 
derive benefi t. The term ‘aspirin resistance’ is often used. Although 
true aspirin resistance can occur and may have a genetic basis related 
to PIA/A2, consider other causes for treatment failure. These include 
non-adherence to treatment and reduced absorption.

Analgesia
Aspirin is an effective simple analgesic and is a component of many • 
proprietary compound formulations.
Dispersible (soluble) formulations act more quickly.• 

Anti-infl ammatory
Aspirin has little anti-infl ammatory action at daily doses <3 g.• 
Aspirin used to be the treatment of choice for symptom relief in • 
rheumatoid arthritis, but other NSAIDs are now preferred.

6 - Aspirin treatment (low dose) will cause four major extracranial bleeds 
and two intracranial bleeds per 1000 patients treated per year. This 
risk needs to be set against any potential benefi ts of treatment (see 
earlier notes).

The risk of bleeding with aspirin is constant; it does not diminish • 
with time.
Enteric-coated formulations do not reduce the risk.• 
Concurrent therapy with a PPI is often used in patients taking aspirin • 
who are at high risk of gastrointestinal bleeding.
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Gastrointestinal disturbance (other than bleeding) and tinnitus are • 
common at high dosages.
Hypersensitivity is variously reported as occurring in 1–50% of • 
patients. It is characterized by rash, urticaria, and angio-oedema.
Aspirin can cause bronchospasm, and aspirin and NSAIDs can • 
precipitate asthma; patients in whom this happens sometimes also 
have nasal polyps.
Aspirin causes thrombocytopenia rarely.• 

7  - Take care when giving aspirin to patients taking drugs that 
increase their risk of bleeding: warfarin, other antiplatelet drugs, 
corticosteroids.

In some cases this increased risk will be justifi ed, but ensure that • 
you have considered it before prescribing the drug.
There is a case for combination antiplatelet therapy in acute cornary • 
syndromes. See b Clopidogrel, p. 138 for details.

Aspirin can antagonize the action of diuretics and cause fl uid retention • 
(especially at higher dosages).
Some NSAIDs (e.g. ibuprofen, but not diclofenac) inhibit the • 
antiplatelet action of aspirin. It is wise to avoid these drugs, especially 
if the patient has unstable cardiac disease.
Aspirin reduces the excretion of methotrexate, increasing the risk of • 
toxicity.

8 Safety and effi cacy
Routine monitoring is not required.• 
Advise patients to seek immediate medical attention if they have • 
blood in the stool or dark, tarry stools.

9 - See teaching point, b p. 135.

Prescribing information: Acetylsalicylic acid
Antiplatelet action

Aspirin has an antiplatelet action at low dosages (75 mg daily or less), but • 
many of the clinical trials used higher dosages (150–300 mg daily). Most clini-
cians use 75 mg daily for long-term treatment, but check local protocols.
An immediate one-off dose of 300 mg is recommended (dispersible or • 
chewed) for patients who present with acute coronary syndrome.

Analgesia
By mouth, 300–900 mg every 4–6 hours. Maximum of 4 g daily.• 

Anti-infl ammatory (specialized use)
By mouth, 0.3–1 g every 4 hours after food.• 
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Concepts of benefi t and harm
- Treatment with aspirin for its antiplatelet action illustrates one of the major 

challenges of modern medicine—explaining the concept of the benefi t/harm 
balance.

- Giving a patient penicillin for pneumococcal pneumonia is a fairly straightforward 
decision. Untreated, the condition may well be fatal, but treated the prognosis is 
good. There is a risk that the patient may be allergic to the drug, but set against 
the almost certain benefi t, this is a reasonable risk to take.

- Early treatment with aspirin after an acute ischaemic stroke will save 9 vascular 
events per 1000 patients treated per year. The 9 events are made up of 
4 non-fatal strokes and 5 deaths from a vascular cause. This needs to be set 
against the risk: aspirin treatment will cause 4 major extracranial and 
2 intracranial bleeds per 1000 patients treated per year.

- There are many diffi culties in interpreting this for the patient, not least that 
these fi gures are derived from clinical trials and so may not apply to the patient 
sitting in front of you. Even if the fi gures do apply, you do not know if your 
patient will be one in whom an event will be saved, one who suffer a serious 
adverse event, or neither. Communicating this uncertainty to patients can be 
very diffi cult.

- No prescriber will see a thousand patients with acute ischaemic stroke in a year, 
so the concept of events saved per 1000 treated is diffi cult to comprehend. 
Figures like ‘number needed to treat (or harm)’ or ‘percentage risk’ are a little 
more user-friendly, but still require the prescriber and patient to take a wider 
view.

- Faced with the individual patient, it is all too easy to default to giving the drug in 
the hope that the patient will derive benefi t and not harm. When the benefi ts 
are measured in small numbers of events per 1000 treated, this will not always 
be so.

There are no easy answers, but it is especially important to assess the risk and • 
benefi t as accurately as you can. Calculators such as the 10-year cardiovascular 
risk tables go some way to providing more objective evidence to inform your 
decision. The benefi ts of drugs are often well defi ned by clinical trials, but 
information on the associated risks is much more diffi cult to fi nd.

TEACHING 
POINT

Treatment of stroke

Prevention
- Stroke can be fatal, but in terms of healthcare and social resources it is a better 

recognized major cause of severe morbidity. Because the resultant disability can 
be severe and none of the treatments is particularly effective, prevention of 
stroke is more important than treatment.

Risk factors for stroke
- Hypertension is the single most important risk factor, and most of the long-term 

benefi ts of antihypertensive therapy are in reducing the risk of stroke. See 
b p. 176 for guidance on the treatment of hypertension.

- Atrial fi brillation is associated with an annual risk of stroke of 7%; this can be 
reduced to about 2% with anticoagulation with warfarin. Anticoagulation can cause 
severe haemorrhage; in most cases this risk is justifi ed by the reduction in risk of 
stroke, but make sure that you have assessed your patient’s risk and taken any 
action required to minimize this. See b Warfarin, p. 124 for more information. 
Treatment with aspirin is less effective than anticoagulation but should be 
considered if the patient cannot take warfarin or is at very high risk of haemorrhage.

TEACHING 
POINT
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- Hypercholesterolaemia Treatment with a statin reduces the risk of stroke.
- Carotid stenosis Carotid endartectomy is indicated in some patients; those most 

likely to benefi t are those with a stenosis of 60–99%, a low surgical risk (less 
than 3% risk of death), and a life expectancy greater than 5 years. Seek expert 
advice.

Primary and secondary prevention
- Patients at high risk and those who have already had an event (a stroke or a TIA) 

should be given antiplatelet therapy with aspirin. Adding dipyridamole confers 
additional protection for patients who have a further event while taking aspirin. 
See b Aspirin, p. 132 and Dipyridamole p. 142 for more information.

- Clopidogrel can be considered as an alternative to aspirin.

Treatment
- Confi rm the diagnosis (haemorrhage or infarction) using a CT scan of the brain.

Specifi c treatments for acute stroke
- Thrombolytic therapy Some patients benefi t from thrombolysis with alteplase if 

they present within 3 hours; the diagnosis must be confi rmed with a CT scan. 
Very few patients present and can be investigated within this period, and 
alteplase can cause major haemorrhage. For these reasons, this treatment 
remains fairly limited but has increased in availability over the past few years; see 
b Fibrinolytic drugs, p. 146 for more information.

- Antiplatelet therapy Aspirin, given within 48 hours of cerebral infarction, reduces 
mortality and the risk of recurrent stroke. This is a small but statistically signifi cant 
effect.

- Anticoagulation Early anticoagulation following stroke should not be given 
routinely. The risks outweigh the benefi ts, except in some circumstances:

Stroke due to cardiac emboli with a high risk of recurrence (e.g. AF, • 
endocarditis).
Established thrombophilia.• 
Symptomatic dissection of extracranial and intracranial arteries.• 
Symptomatic internal carotid stenosis before operation.• 
Crescendo TIAs.• 
Venous sinus thrombosis.• 

Supportive treatments
- Protect the airway and provide adequate oxygenation.
- Do not treat hypertension in the initial phase after a stroke unless the systolic BP is 

>220 mmHg or the diastolic pressure is >140 mmHg on repeated measures. The 
BP is often labile and hypotension can cause more cerebral damage. If drug 
treatment is required, seek expert advice. See p. 164 for more information on the 
emergency treatment of hypertension.

- Electrolyte and blood glucose disturbances are common; correct them.
- If the patient is immobile, consider thromboprophylaxis with low-dose heparin. 

Early full anticoagulation with heparin or warfarin after an acute stroke is not 
recommended (see earlier notes).

Rehabilitation
- Rehabilitation after a stroke requires a multidisciplinary approach. Nursing the 

patient on a dedicated stroke unit improves survival and rehabilitation.
- Ensure that the patient has a pressure-relieving mattress and chair.
- Attend to the patient’s nutritional needs; some patients require feeding through 

a nasogastric tube.
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Clopidogrel
Adenosine diphosphate (ADP) receptor antagonist

Adenosine

diphosphate

(ADP)

These drugs are ADP receptor antagonists. They competitively

inhibit binding of ADP to its receptor on the surface of

platelets. In this way platelet aggregation is inhibited.

ADP receptor

on platelets

Platelet

aggregation

0 - Secondary prevention of the complications 
of atherosclerotic disease.

Angina.• 
Myocardial infarction.• 
Stroke.• 
Peripheral vascular disease.• 

Acute coronary syndromes and following • 
percutaneous transluminal coronary 
angioplasty (PTCA).

1 - Clopidogrel can cause bleeding; avoid it in 
patients who are at a high risk of bleeding 
or in whom the consequences of bleeding 
could be catastrophic:

Active peptic ulceration.• 
Uncontrolled/accelerated phase hypertension.• 
Severe renal or hepatic insuffi ciency.• 
Haemophilia.• 
Pregnant women; risk of intrauterine bleeding.• 

4 - Antiplatelet drugs are most effective for arterial clots that are 
composed mainly of platelets (‘white clot’). Anticoagulant drugs are 
most effective for venous thrombosis and that associated with sluggish 
blood fl ow (‘red clot’).

As an antiplatelet drug
Clopidogrel is an effective antiplatelet drug and in one large trial was • 
slightly more effective than aspirin. However, this effect is very small 
 (relative risk reduction of 8%, see teaching point box, b p. 140) and 
so is very costly.

Clopidogrel is sometimes used in combination with aspirin (see later • 
notes). NICE does not recommend the routine use of clopidogrel as 
fi rst-line monotherapy in myocardial infarction.

Consider clopidogrel for patients who are:• 
Hypersensitive to aspirin.• 
Unable to tolerate aspirin (severe dyspepsia with low-dose aspirin).• 

Clopidogrel does cause gastrointestinal bleeding, but less often than • 
aspirin. If a patient has had a bleed from aspirin, and antiplatelet 
treatment is still required, options include:

Adding a PPI.• 

Note on ticlopidine

Ticlopidine is another ADP antagonist 
that has been used following PTCA.
It can cause agranulocytosis and so its 
use is not recommended.

Antiplatelet drugs
- Aspirin

Inhibits cyclo-• 
oxygenase.

- Clopidogrel
ADP antagonist.• 

- Dipyridamole
Inhibits adenosine • 
reuptake.

- GPIIb/IIIa antagonists
Inhibit the fi nal • 
common pathway of 
platelet aggregation.

- Epoprostenol 
(prostacyclin)

Given into dialysis • 
circuit to prevent 
clot formation when 
heparin is 
contraindicated.
Given by continuous • 
intravenous infusion 
for the treatment of 
pulmonary arterial 
hypertension.
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Adding misoprostol.• 
Switching to clopidogrel.• 
If the patient is intolerant of aspirin and clopidogrel consider • 
anticoagulation instead.

Uncontrolled hypertension increases the risk of bleeding from • 
clopidogrel. Ensure that the BP is controlled before starting an 
antiplatelet drug.

Acute coronary syndromes
Clopidogrel improves outcome when added to existing aspirin • 
treatment in patients with acute coronary syndromes.

NICE recommends treatment with clopidogrel in combination with • 
low-dose aspirin for 12 months after the most recent acute episode 
of non-ST segment elevation acute coronary syndrome. Thereafter, 
treatment with low-dose aspirin alone is recommended, unless 
there are other indications to continue dual antiplatelet therapy

NICE advises that after a STEMI combination therapy with aspirin and • 
clopidogrel is not routinely recommended, but that in those who have 
been given both during the fi rst 24 hours after the infarction, this 
treatment should continue for at least 4 weeks. Thereafter, low-dose 
aspirin should be given, unless there are other indications to continue 
dual antiplatelet drug therapy.
Clopidogrel is also used in addition to aspirin for the fi rst 28 days after • 
PTCA, whether elective or emergency. Duration of therapy depends 
on the type of stent used; treatment is recommended for 28 days after 
the insertion of a bare-metal stent and for 1 year after a drug-eluting 
stent.

6 - Clopidogrel can cause bleeding. The relative risk reduction for gas-
trointestinal bleeding compared with aspirin is 25% (there is probably 
no difference in the number of intracranial bleeds). This translates into 
a very small number of actual events saved. (See teaching point box, 
b p. 140.)

This risk needs to be set against any potential benefi ts of treatment.• 
Clopidogrel can cause abdominal pain and nausea.• 
Rare adverse effects include dizziness, vertigo, paraesthesia, and • 
hepatic and biliary damage.

7  - Adding clopidogrel to aspirin treatment increases the antiplatelet 
effect but also markedly increases the risk of bleeding. This combina-
tion should only be used when the risk is outweighed by the potential 
benefi t (e.g. acute coronary syndromes).
Take care when giving clopidogrel to patients taking drugs that • 
increase their risk of bleeding: warfarin, other antiplatelet drugs, 
corticosteroids.

In some cases this increased risk will be justifi ed, but ensure that you • 
have considered it before prescribing the drug

8 Safety and effi cacy
Routine monitoring is not usually required. The key to successful treat-• 
ment with clopidogrel is ensuring appropriate patient selection in the 
fi rst place.

9 - See b teaching point box, p. 140.



140 ANTIPLATELET DRUGS BNF Reference 2.9

Prescribing information: Clopidogrel
Prevention of atherosclerotic events

By mouth, 75 mg once daily.• 

Acute coronary syndrome (without ST-segment-elevation)
By mouth, 300 mg initially then 75 mg once daily.• 

Clopidogrel

Clopidogrel is a prodrug that needs to be converted to an active metabolite in 
order to exert its benefi cial effects in preventing atherothrombotic events. The 
conversion of clopidogrel to its active metabolite occurs through the enzyme 
CYP2C19. This enzyme is subject to signifi cant polymorphism, and reduced-function 
alleles are found in 30% of whites, 40% of blacks, and 55% of East Asians. In carriers 
of a reduced-function allele, the generation of the active metabolite is 32% lower 
than in non-carriers. Platelet inhibition is 25% lower in carriers than non-carriers 
and carriers are subject to a higher rate of major adverse cardiovascular events.

In addition to the genetic polymorphism, drugs that inhibit the action of CYP2C19 
may also reduce the effi cacy of clopidogrel. PPIs are commonly prescribed for patients 
who also take clopidogrel, but this combination is associated with an increased risk of 
adverse cardiovascular outcomes compared with clopidogrel alone and current 
advice is to avoid the combination of PPI and clopidogrel whenever possible.

TEACHING 
POINT

Relative and absolute risk reductions
- Promotional material and reports of clinical trials commonly quote the relative 

risk reduction associated with a particular treatment. For example, patients who 
took treatment A only had half as many events as those in the control group, a 
relative risk reduction of 50%. This sounds very impressive, and in terms of 
effi cacy for many drugs would be very impressive. The piece of information that 
is missing is the background incidence of these events. If the event affects 50 out 
of 100 patients, then a relative risk reduction of 50% will mean that a further 
25 events per 100 patients are avoided. This is an absolute risk reduction of 
25%—a very effective intervention. If, however, the incidence of the event is 
only 2 in 100, a 50% relative risk reduction will only reduce the incidence to 
1 in 100, an absolute risk reduction of 1%.

- Clopidogrel is an effective antiplatelet drug. Treatment with clopidogrel in the 
CAPRIE trial1 resulted in a relative risk reduction of 8.7% for the primary end-point 
(ischaemic stroke, myocardial infarction, or vascular death) compared with aspirin. 
The annual event rate was 5.83% in the aspirin group and 5.32% in the clopidogrel 
group. This is an absolute risk reduction of 0.5%. You would have to treat 200 
patients with clopidogrel rather than aspirin to save one additional event. 
Clopidogrel is not very expensive (about £30 per month), but aspirin is very cheap. 
This means that the incremental cost to save those additional events is very high.

- When faced with information about relative risk reduction, put it in context by 
considering:

What is the background incidence of this event—is it common or rare?• 
What is the absolute risk reduction?• 
How many patients would need to be treated to save an additional event (the • 
number needed to treat)?
Is there a signifi cant difference in cost between the two interventions?• 
Do the interventions carry different risks of adverse events?• 

TEACHING 
POINT
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Reference
1 CAPRIE Steering Committee. A randomised, blinded, trial of clopidogrel versus aspirin in 

patients at risk of ischaemic events (CAPRIE). Lancet 1996, 348:1329–39. 
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Dipyridamole
Antiplatelet drug

The mechanism of action of dipyridamole is not 
fully understood. It probably acts by inhibiting the 
reuptake of adenosine into platelets and so 
reduces ADP-induced aggregation.

0 - Secondary prevention of stroke after 
a stroke or transient ischaemic attack 
(TIA).
Adjunct to oral anticoagulation for • 
prophylaxis of thromboembolism 
associated with prosthetic heart valves.

1 - Dipyridamole can cause bleeding, but less 
commonly than other antiplatelet drugs. 
Avoid it in patients who are at a high risk 
of bleeding, or in whom the consequences 
of bleeding could be catastrophic:

Active peptic ulceration.• 
Uncontrolled/accelerated phase • 
hypertension.
Severe renal or hepatic insuffi ciency.• 
Haemophilia.• 

Although there is no formal evidence of • 
its safety, dipyridamole has been used in 
pregnancy without adverse effects.

4 - Antiplatelet drugs are most effective for 
arterial clots that are composed mainly of platelets (‘white clot’). 
Anticoagulant drugs are most effective for venous thrombosis and that 
associated with sluggish blood fl ow (‘red clot’).

As an antiplatelet drug
Used alone, diypridamole is a weak antiplatelet drug and its use is not • 
generally recommended.
If the patient is at a high risk of bleeding and antiplatelet treatment is • 
required consider:

aspirin with either a PPI or misoprostol• 
clopidogrel• 

Dipyridamole provides additional protection when given with aspirin • 
to patients who have had either a stroke or TIA.

The relevant trials used a 200 mg modifi ed-release formulation• 
NICE recommends that modifi ed-release dypyridamole and aspirin • 
be given for 2 years after an ischaemic stroke or TIA, thereafter 
reverting to low-dose aspirin monotherapy

6 - Dipyridamole can cause bleeding, but this is less common than with 
other antiplatelet drugs.
Gastrointestinal disturbance is probably the most common adverse • 
effect.

Antiplatelet drugs
- Aspirin

Inhibits cyclo-• 
oxygenase

- Clopidogrel
ADP antagonist• 

- Dipyridamole
Inhibits adenosine • 
reuptake

- GPIIb/IIIa antagonists
Inhibit the fi nal • 
common pathway of 
platelet aggregation

- Epoprostenol 
(prostacyclin)

Given into dialysis • 
circuit to prevent clot 
formation when 
heparin is 
contraindicated.
Given by continuous • 
intravenous infusion 
for the treatment of 
pulmonary arterial 
hypertension.
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Dipyridamole can cause vasodilatation; this in turn causes hot fl ushes, • 
headache, and tachycardia.
Hypersensitivity reactions are rare.• 

7  - Dipyridamole will greatly enhance the effect of adenosine. Avoid giving 
adenosine to patients taking dipyridamole.
Take care when giving dipyridamole to patients taking drugs that • 
increase their risk of bleeding: warfarin, other antiplatelet drugs, 
corticosteroids.

In some cases this increased risk will be justifi ed, but ensure that you • 
have considered it before prescribing the drug

Safety and effi cacy
8 - Routine monitoring is not usually required. The key to successful treat-

ment with dipyridamole is appropriate patient selection in the fi rst 
place.

9 - Warn the patient to report any unusual bleeding or bruising 
immediately.

Prescribing information: Dipyridamole
Secondary prevention of stroke

By mouth, 200 mg modifi ed-release bd; in combination with aspirin.• 

Adjunct to oral anticoagulation for prophylaxis of thromboembolism 
associated with prosthetic heart valves

By mouth, 300–600 mg daily in 3 or 4 divided doses before food.• 
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Glycoprotein IIb/IIIa antagonists
Antagonists at the platelet GPIIb/IIIa receptor

Fibrinogen

These drugs inhibit the final common pathway of

platelet aggregation, the binding of fibrinogen to

the GPIIb/IIIa receptor. They are very powerful

antiplatelet drugs.

Platelet

aggregation

GPIIb/IIIa

receptor

on platelets

Abciximab is a monoclonal antibody raised 
against the GPIIb/IIIa receptor.
Eptifi batide and tirofi ban are non-peptide 
antagonists at the GPIIb/IIIa receptor.

0 - Adjunctive treatment of UA and NSTEMI 
(specialist use only).
Adjunctive treatment to PTCA (specialist • 
use only).

1 - These drugs can cause severe bleeding; 
avoid them in patients who are at a high risk 
of bleeding, or in whom the consequences 
of bleeding could be catastrophic. 
Different manufacturers vary in their 
recommendations for exclusion. The 
following is not an exhaustive list; assess 
each patient individually.

Active peptic ulceration.• 
Uncontrolled/accelerated phase • 
hypertension.
Severe renal or hepatic insuffi ciency.• 
Haemophilia.• 
Pregnant women; risk of intrauterine bleeding.• 
Intracranial neoplasm or other neoplasm at risk of causing severe • 
bleeding.
Major or cranial surgery within 2 months.• 
Recent trauma.• 
Recent stroke (recommendations vary between 30 days and • 
2 years).
Arteriovenous malformations.• 
Aortic dissection.• 
Thrombocytopenia.• 
Vasculitis.• 
Retinopathy (hypertensive or diabetic).• 

4 - These drugs should only be given under specialist supervision.
Remember that they are adjunctive, and are intended to be given with • 
aspirin and an anticoagulant (heparin).
All are given by intravenous infusion; the regimens vary considerably. • 
Consult your local protocol for details.

Antiplatelet drugs
- Aspirin

Inhibits cyclo-• 
oxygenase

- Clopidogrel
ADP antagonist• 

- Dipyridamole
Inhibits adenosine • 
reuptake

- GPIIb/IIIa antagonists
Inhibit the fi nal • 
common pathway of 
platelet aggregation

- Epoprostenol 
(prostacyclin)

Given into dialysis • 
circuit to prevent 
clot formation when 
heparin is 
contraindicated.
Given by continuous • 
intravenous infusion 
for the treatment of 
pulmonary arterial 
hypertension.
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NICE has recommended that these drugs should be given to:• 
Patients with high-risk UA or NSTEMI• 
As an adjunct to PTCA if:• 
—the procedure is indicated, but delayed
—the patient has diabetes mellitus
—the procedure is complex.

Patients receiving these drugs should be monitored closely (e.g. in a • 
coronary care unit).
Stop the infusion if emergency surgery or arterial balloon pump • 
insertion is required.
It can take 12 hours or more for platelet function to be restored after • 
stopping the infusion.

6 - Glycoprotein IIb/IIIa antagonists can cause severe bleeding. This is 
most common at the site of femoral puncture for PTCA, and can be 
severe. Estimates of the incidence vary depending on the defi nition of 
severe bleeding, but overall it is probably twice as common in patients 
given glycoprotein IIb/IIIa antagonists.

Take care to make a clear assessment of the risks and potential • 
benefi ts before starting treatment with a glycoprotein IIb/IIIa 
antagonist; only those at a high risk of infarction are likely to benefi t.

These drugs can cause thrombocytopenia.• 
Other adverse effects include hypotension, headache, fever, and • 
hypersensitivity reactions.
Abciximab is a monoclonal antibody; it should only be used once, as • 
neutralizing antibodies form.

7  - These drugs should be used with anticoagulants and antiplatelet drugs, 
but remember that these combinations increase the risk of bleeding.

8 Safety
Measure the PT, APTT, haemoglobin concentration, platelet count, • 
and haematocrit at baseline. Do not give the drug if these are 
abnormal.
Measure the haemoglobin concentration and haematocrit at 12 and • 
24 hours.
Measure the platelet count at 4 and 24 hours.• 

9 - Many of the drugs used for acute coronary syndromes increase the 
risk of bleeding. Warn the patient about this. A small amount of 
bleeding around cannula sites may seem trivial but can be very 
frightening for patients.

Prescribing information: Glycoprotein IIb/IIIa antagonists
These drugs should only be given under specialist supervision.• 
Regimens vary according to the drug used and the indication. • 
Use your local protocols.
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Fibrinolytic drugs
Activators of plasmin

Fibrin

Plasmin

Fibrin

degradation

products

Plasminogen

Streptokinase combines with

plasminogen to form an active

complex.  Derived from

haemolytic streptococci.

Alteplase, reteplase,

tenecteplase bind to plasmin

that is already bound to fibrin,

activating it. 

0 - These drugs are used when there is an urgent need to break down a 
fi brin clot, for example:

Acute myocardial infarction.• 
Acute stroke.• 
Life-threatening venous thrombosis and pulmonary embolism.• 

These drugs are also used less acutely when fi brin deposition is a • 
clinical problem, for example:

In unblocking venous catheters (e.g. Hickman lines).• 
In unblocking thrombosed arteriovenous shunts.• 
To deslough wounds by topical application of streptokinase.• 

1 - These drugs can cause bleeding; avoid using them in patients who are 
at a high risk of bleeding or in whom the consequences of bleeding 
could be catastrophic. The following list of contraindications is offered 
as a guide. In some cases the benefi ts may outweigh the risk of harm; 
treat each patient as an individual.

Active peptic ulceration.• 
Uncontrolled/accelerated phase hypertension (systolic • 
BP >180 mmHg or diastolic BP >100 mmHg).
Severe renal or hepatic insuffi ciency (oesophageal varices).• 
Haemophilia.• 
Pregnancy, postpartum, and menstruation.• 
Previous haemorrhagic stroke or any stroke within the last • 
6 months.
Surgery or trauma within last 2 weeks.• 
Laser therapy for retinopathy within the last week (proliferative • 
diabetic retinopathy).
Pericarditis, infective endocarditis.• 
Pulmonary disease with cavitation.• 
Acute pancreatitis.• 

Anticoagulant and antiplatelet drugs are important components of the • 
treatment of diseases such as acute myocardial infarction, but they 
increase the risk of bleeding from fi brinolytic drugs.
Patients who have been given streptokinase in the past may form • 
neutralizing antibodies. If they require fi brinolytic therapy again, they 
should be given an alternative drug, such as alteplase.

Fibrinolytic drugs
- Streptokinase
- Alteplase (tPA)
- Reteplase
- Tenecteplase
- Urokinase
No longer available
- Anistreplase



147CHAPTER 2 Cardiovascular system

4 Acute myocardial infarction
There is increasing evidence that immediate percutaneous intervention • 
(primary PCI) is more effective than thrombolysis. The availability of 
angiographic intervention varies widely; seek advice from a cardiologist 
and consult your local policy.
Fibrinolytic drugs reduce mortality in acute myocardial infarction by • 
about 2–3%.
They act on fi brin; however, early arterial clots are composed mainly • 
of platelets (‘white clot’). Early treatment with antiplatelet drugs 
(aspirin) saves as many lives as thrombolysis in myocardial infarction.
They are more effective the earlier they are given. There is little • 
benefi t from thrombolysis if it is begun more than 12 hours after the 
start of the event.
The UK National Service Framework demands a call-to-needle time of • 
<60 minutes. This requires a streamlined admission and assessment 
procedure for patients at risk of myocardial infarction.
Although it is important to give these drugs early, this should not be at • 
the expense of proper assessment of the patient and the risks. See 
earlier notes for a list of contraindications.

It is especially important to try to distinguish myocardial infarction • 
from acute dissection of the aorta; giving a fi brinolytic drug in the 
latter case could be catastrophic.

There are differences between these drugs (see adverse effects), • 
but NICE has advised that careful assessment of the patient is more 
important than the choice of fi brinolytic drug.
Hypertension increases the risk of bleeding from these drugs. The BP • 
should be reduced to <180/100 mmHg using a nitrate infusion before 
thrombolysis starts.
Treatment with alteplase, tenecteplase, and reteplase, but not • 
streptokinase, should be followed by heparin.
Cardiac arrhythmias are common as the myocardium reperfuses. • 
Ensure that resuscitation facilities, including defi brillation equipment, 
are immediately available. These patients should ideally be nursed in a 
coronary care unit or high-dependency area.

Acute stroke (see also b teaching point in aspirin, p. 135)
There is evidence that alteplase is effective in acute stroke, but only in • 
specifi c circumstances. NICE recommends the use of tPA as follows:

The potential for neurological rescue falls steeply over time, and • 
treatment should therefore be given as soon as possible after the 
necessary assessment of the patient (including brain imaging and 
laboratory tests).
Thrombolytic treatment with tPA should only be given within • 
3 hours of the onset of stroke symptoms if haemorrhage has been 
defi nitively excluded and if the patient is in a specialist centre with 
appropriate experience and expertise. Further trials are attempting 
to determine if there is any benefi t beyond the 3-hour window (up 
to 4.5 hours), although the current guidance remains as given.

Thrombolytic therapy signifi cantly increases symptomatic and fatal • 
intracranial haemorrhage. These risks are offset by a reduction in 
disability in survivors, so that there is, overall, a signifi cant net reduction 
in the proportion of patients dead or dependent in activities of daily 
living.1
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Alteplase is currently licensed for this indication in the UK. It is • 
becoming more commonly used in hospital practice by physicians 
trained and experienced in the management of acute stroke.

Life-threatening venous thromboembolism or 
pulmonary embolism
The use of thrombolytic therapy for VTE remains controversial.• 
Patients who are cardiovascularly unstable may be considered for this • 
treatment.

An alternative is surgical thrombectomy.• 
Patients with massive ileofemoral clot seem to be those with the most to • 
gain from this treatment, but only if it is given within 1 week of the incident.
Seek expert guidance before staring this treatment.• 

Thrombolysis for loculated pleural effusions and empyemas
Previously, antifi brinolytic drugs were used in patients with a • 
para-pneumonic effusion or empyema. The drugs were instilled into 
the pleural cavity to break down fi brin walls and aid pleural drainage. 
A large trial has now reported that this practice does not reduce 
mortality or the need for surgery in such patients. This practice is 
therefore not routinely recommended.

Topical streptokinase
Streptokinase can be used topically on ulcers to remove slough and • 
clot. Remember to address the underlying cause of the ulcer in order 
to promote wound healing.
Alternatives include benzoic acid, hydrogen peroxide, and the use of • 
sterile larvae (maggots).
Be aware that application of this drug to an open area will lead to • 
systemic absorption and possible adverse effects.

6 - The principal risk from these drugs is that of bleeding. See cautions 
noted earlier to identify those at particular risk.

See • b Heparins, p. 116 for general advice on the management of 
major bleeding.
The action of fi brinolytic drugs cannot usually be reversed.• 

The risk of bleeding is best established when they are used for • 
myocardial infarction.

The absolute risk of haemorrhagic stroke from streptokinase is • 
about 0.5–1%.
The risk from the other drugs (alteplase, reteplase, tenecteplase) is • 
higher.
This increased risk must be set against the other risks from • 
streptokinase.

Streptokinase commonly causes hypotension when given for acute • 
myocardial infarction. This adverse effect is less common with 
alteplase, reteplase, and tenecteplase.

For streptokinase, hypotension is related to the rate of infusion. If • 
hypotension occurs, stop the infusion until the BP recovers, then 
restart it at a lower rate.
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Allergic reactions to streptokinase are relatively common. It can also • 
cause heart failure. These adverse effects are rare with the other 
thrombolytic drugs.

Allergy is characterized by rash, fl ushing, and uveitis. Stopping the • 
infusion and restarting it a slower rate reduces these effects. 
Anaphylaxis is rare.

Nausea and vomiting are common adverse effects of these drugs.• 
7  - Take care when giving these drugs to patients taking drugs that increase 

their risk of bleeding: warfarin, antiplatelet drugs, corticosteroids.
In many cases this increased risk will be justifi ed, but ensure that you • 
have considered it before prescribing the drug.

8 Safety and effi cacy
Patients receiving fi brinolytic drugs should have continuous cardiac • 
monitoring and frequent measurements of pulse and BP. Examine the 
patient for signs of bleeding.
Resolution of acute ECG changes is usually used to assess the • 
effectiveness of the fi brinolytic treatment. If the pain continues, or if 
the ECG evolves, seek cardiological advice.

9 - Warn patients that, although you have assessed them and feel that the 
potential benefi ts outweigh the risks, there is still a risk of bleeding, 
including stroke.
Always ask the patient if they have received streptokinase in the past. • 
If they have, use another thrombolytic drug.

Prescribing information: Fibrinolytic drugs
Most of the information given here relates to the use of these drugs in acute 
myocardial infarction. Seek expert advice for other indications.

Streptokinase
1 500 000 units by iv infusion over 1 hour.• 

Alteplase
Myocardial infarction accelerated regimen:• 

15 mg by iv injection, followed by• 
50 mg by iv infusion over 30 minutes, followed by• 
35 mg by iv infusion over 60 minutes.• 
Note: dose may need to be reduced in patients less than 65 kg.• 

Acute stroke 900 micrograms/kg (maximum 90 mg) by iv route; initial 10% • 
by iv injection, remainder by iv infusion.

Reteplase
10 units by iv injection over 2 minutes, followed 30 minutes later by 10 units • 
by iv injection.

Tenecteplase
By iv injection, 500–600 micrograms/kg (30–50 mg) over 10 seconds.• 

Reference
1 Wardlaw JM, et al. Thrombolysis for acute ischaemic stroke (Cochrane Review). In: The Cochrane 

Library 2003; 1. Oxford: Update Software.
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Pharmacology of drugs used to treat 
acute coronary syndromes, including 
myocardial infarction

Drugs used to treat
the underlying
pathophysiology
(intracoronary clot)

Antiplatelet drugs reduce platelet
aggregation.
- Aspirin (given long-term)
- Clopidogrel (may be given long-term)
- Glycoprotein IIb/IIIa antagonists (e.g.
   abciximab, tirofiban)

- Fibrinolytic drugs break down formed
   clot.
- Anticoagulant drugs stop new clot
   forming. 

B-adrenoceptor antagonists (beta-
blockers) reduce myocardial oxygen
demand; block neurohormonal
activation (given long term).

Symptomatic
treatment

Glyceryl trinitrate—vasodilates,
improving haemodynamics.

Morphine—relieves pain and vasodilates
(reduces sympathetic activation). 

Drugs used for
secondary prevention

ACE inhibitors, angiotensin receptor
antagonists, and eplerenone block
neurohormonal activation (given long term).

Lipid-lowering drugs (statins).

Smoking cessation (nicotine replacement therapy).

Antiarrhythmic drugs in those with established
arrhythmias (see b Amiodarone, p. 104).

Patients with poor left ventricular function are
at risk of embolus formation; they may benefit
from anticoagulation.
Patients should be advised to consume at least 7 g
of omega 3 fatty acids per week from 2–4 portions
of oily fish. For patients who have had a myocardial
infarction within 3 months and who are not
achieving an intake of 7 g of omega 3 fatty
acids per week, consider providing at least 1 g
daily of omega-3-acid ethyl esters (treatment
licensed for secondary prevention after myocardial
infarction for up to 4 years). Initiation of
omega-3-acid ethyl esters supplements is not
routinely recommended for patients who have
had a myocardial infarction >3 months earlier.

-

Fig. 2.2 Drugs used to treat acute coronary syndromes.
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Pharmacology of drugs used to treat 
heart failure
Symptomatic treatment Loop diuretics cause salt and water

loss. This alleviates breathlessness

and oedema due to fluid overload,

but stimulates the renin-angiotensin

system.

Cardiac glycosides (e.g. digoxin)

have a positive inotropic effect,

and can improve symptoms. They

have not been shown to prolong life.

Drugs used to treat the

underlying pathophysiology

(neurohormonal activation)

- ACE inhibitors block the formation

 of angiotensin II.

- Angiotensin receptor blockers block

 the action of angiotensin II.

B-adrenoceptor antagonists (beta-

blockers) block the actions of the

activated sympathetic nervous

system.

Spironolactone blocks the action of

aldosterone in the kidney.

Drugs used for secondary 

prevention.

Heart failure is usually the

result of ischaemic heart

disease.

Antiplatelet drugs (aspirin).

Lipid-lowering drugs (statins).

Smoking cessation (nicotine replacement

therapy).

Antiarrhythmic drugs in those with established

arrhythmias (see b Amiodarone, p. 104).

Patients with poor left ventricular function are

at risk of embolus formation. They may benefit

from anticoagulation.

Notes

- Nitrates are given for the relief of angina. They can also be given with the

 vasodilator hydralazine for the treatment of severe intractable heart failure

   (specialist use).

- Phosphodiesterase III inhibitors (milrinone and enoximone) can improve

 symptoms in the short term, but they increase mortality during

 long-term therapy.

Fig. 2.3 Drugs used to treat heart failure.
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Nitrate drugs
Nitric oxide donors

Arterial and 

venous dilatation

Nitrate

drugs

Venous dilatation

reduces cardiac

workload

Vascular smooth

muscle cells

Donation of nitric

oxide (NO)

Coronary

vasodilatation

Relief of

angina

0 - Treatment and prevention of angina.
Treatment of acute left ventricular failure.• 

1 - Nitrates are fi rst-line treatments for the symptoms of angina but do 
not affect the course of the underlying disease.
They cause vasodilatation; this can be hazardous in some patients:• 

Patients who are hypovolaemic (severe hypotension).• 
Patients with cardiac disease such as hypertrophic cardiomyopathy • 
or mitral stenosis.
Patients with bleeding (e.g. following head trauma or cerebral • 
haemorrhage).

No dosage adjustment is usually required in renal or hepatic • 
insuffi ciency.
Avoid these drugs during pregnancy; the effects on BP can affect • 
placental blood fl ow.

4 Treatment of angina (see teaching point box, b p. 155)
Glyceryl trinitrate is given as sublingual tablets or spray for the • 
symptomatic relief of angina. It acts within a few minutes and lasts for 
20–30 minutes.

If there is predictable angina on exertion, the patient can take the • 
glyceryl trinitrate beforehand to prevent angina.

If the fi rst dose of glyceryl trinitrate does not relive the angina, advise • 
the patient to take a second dose after 5 minutes. If this does not 
relieve the symptoms, they should seek urgent medical attention.
Glyceryl trinitrate can relieve symptoms of angina at rest or on • 
minimal exertion, but these are symptoms of unstable disease; advise 
the patient to seek urgent medical attention.
Glyceryl trinitrate is most useful for intermittent symptoms. Glyceryl • 
trinitrate is relatively unstable; the sublingual tablets have a limited 
shelf-life. Advise the patient to dispose of any unused tablets after 
3 months and to obtain a fresh supply. The spray formulation lasts 
longer, but check the expiry date.
If the patient has frequent symptoms, a modifi ed-release formulation • 
that acts over a longer period may be suitable. Remember that nitrates 
do not affect the disease process; ensure that the patient has been 
adequately investigated.

Drugs in this class
- Glyceryl trinitrate
- Isosorbide 

mononitrate*
- Isosorbide dinitrate*

*Available in modifi ed-
release formulations
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If nitrates are given repeatedly, patients rapidly become tolerant to • 
their effects (within 24 hours). It is important to have a nitrate-free 
period of at least 4–8 hours during the day.

Immediate-release formulations, when used regularly, should usually • 
be given at 08.00 and 14.00, to give a nitrate-free period overnight. 
The timing of the doses can be altered to coincide with the patient’s 
symptoms, but there should be a nitrate-free period.
Modifi ed-release formulations are usually formulated to provide • 
relief over an 18-hour period.
Remove nitrate patches to provide a nitrate-free period (usually • 
overnight).
Avoid giving intravenous glyceryl trinitrate for long periods.• 

Nitrates by intravenous infusion are used in the treatment of acute • 
coronary syndromes for symptomatic relief and because they lower 
BP. Intravenous nitrates are sometimes given to control severe 
hypertension before thrombolysis.

Acute left ventricular failure
Diuretics are the mainstay of treatment of acute left ventricular failure, • 
but they require adequate renal function to work. They also take time 
to act. Intravenous nitrates can be given to reduce cardiac preload.

Intravenous nitrates are particularly useful if the patient has poor or • 
absent renal function, as diuretics may not work. It takes time to 
arrange dialysis to remove fl uid.
Intravenous nitrates cannot be used if the patient has cardiogenic • 
shock; a further reduction in BP may be fatal.

6 - The adverse effects of nitrates are related to their vasodilator 
properties.

The most common is a throbbing headache; this may improve with • 
time.
Other common adverse effects include dizziness, postural • 
hypotension, and tachycardia.
Hypotension is the most serious adverse effect; take care to titrate • 
the dose to minimize the risk of falls.

Prolonged intravenous administration can cause methaemoglobinaemia; • 
this is rare.
Avoid prolonged intravenous administration; the patient will become • 
tolerant to the effects of the drug.

7  - Drug interactions are uncommon.
Nitrates potentiate the actions of other drugs that lower BP.• 

Do not give sildenafi l (Viagra• ®) or similar drugs (tadalafi l, vardenafi l) to 
patients taking nitrates; there is a risk of severe hypotension.

Nitrates can increase the excretion of heparin; this may reduce its effect.• 
Drugs with antimuscarinic effects, causing a dry mouth, will reduce the • 
absorption of nitrates that are given sublingually.

8  Safety and effi cacy
Review the patient’s clinical status regularly. Patients with severe • 
angina may be very limited by their disease. An assessment of their 
ability to carry out activities of daily living is often of more use than 
how far they can walk.
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Symptomatic treatment is only one aspect of the treatment of angina; • 
see prescribing information.
Measure the lying and standing BPs regularly.• 

9  - Make sure that the patient knows that this treatment is for acute chest 
pain.
Make sure that the patient knows to seek medical attention urgently • 
if the symptoms change or are unrelieved by a nitrate.
Warn the patient that nitrates can cause a headache.• 
Explain the importance of storing these drugs correctly. Glyceryl • 
trinitrate tablets should be kept in a dark bottle with a foil-lined lid. 
The bottle should not contain cotton wool (which absorbs the drug). 
Obtain a fresh supply of tablets every 8 weeks.

Prescribing information: Nitrate drugs
Many modifi ed-release formulations of these drugs are available; the following 
immediate-release formulations are given as examples.

Treatment of angina
Glyceryl trinitrate sublingual tablet, 500 micrograms, as required. (Also • 
available in 300 microgram and 600 microgram tablets).
Isosorbide mononitrate tablet, initially 10 mg bd (see earlier notes for • 
timings).

Usual maintenance dose 20–40 mg bd.• 
Can be increased to 120 mg, in divided doses.• 
Can be reduced to 5 mg bd if the patient develops a headache.• 

Isosorbide dinitrate tablet, initially 10 mg bd.• 
May be increased to 120 mg, in divided doses.• 

Intravenous formulations
Glyceryl trinitrate 50 mg in 50 mL of 0.9% saline (‘normal saline’).• 
Or isosorbide dinitrate 0.1% (1 mg/mL) (also available as 0.05% • 
(0.5 mg/mL)).
Infuse at 0.5–10 mL/hour according to the BP and symptoms.• 

Start the infusion slowly and increase gradually to achieve the optimal • 
effect.
Usually maintain the systolic BP at about 90–100 mmHg.• 
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Treatment of angina

Risk factors for coronary artery
- Smoking - Hyperlipidaemia
- Hypertension - Diabetes mellitus

- Angina is the symptom experienced when the myocardium is ischaemic, usually 
as a result of coronary artery disease. Classically, angina is a dull, tight, central 
chest pain that can radiate to the neck and left arm. Some patients do not have 
classical symptoms, but recognize other symptoms as angina.

- The fi rst-line treatment for angina is a beta-blocker taken regularly, and a nitrate 
taken as required to relieve the pain.

- Coronary artery disease is usually the cause of angina; patients need to be 
advised how to adjust their lifestyle to modify their risk factors (e.g. smoking, 
diet, exercise). Patients with angina should also be given an antiplatelet drug 
(e.g. aspirin) and a cholesterol-lowering drug (e.g. a statin).

- Once a diagnosis of angina has been made, the patient should have the risk of 
myocardial infarction assessed. This is usually by means of an exercise tolerance 
test with electrocardiographic monitoring. An alterative is a cardiac nuclear 
perfusion scan.

- Those at high risk should be assessed for coronary angiography, with a view to 
percutaneous intervention or bypass grafting. Some patients are at low risk, and 
others do not have lesions amenable to intervention. For these patients 
optimization of pharmacotherapy, in combination with lifestyle changes, is 
indicated.

- Many patients are adequately treated with a beta-blocker or a nitrate alone. 
Beta-blockers are recommended, as they have benefi cial effects on vascular 
growth and function.

- Some patients are unable to take a beta-blocker, or their symptoms are 
inadequately controlled. Consider a calcium channel blocker for these patients. 
The most commonly prescribed are the dihydropyridines (e.g. amlodipine, 
nifedipine). Verapamil and diltiazem lower heart rate; this may be benefi cial if 
tachycardia is a feature. Verapamil should not be given to patients taking 
beta-blockers (risk of severe hypotension and asystole). Another alternative for 
patients who are unable to take a beta-blocker is ivabradine, which lowers heart 
rate by its action on the sinus node.

- Reassess patients with severe, intractable symptoms. Is the diagnosis correct and 
treatment optimal? 

- For those with persistent symptoms who need symptomatic relief, consider a 
long-acting (modifi ed-release) nitrate formulation and/or nicorandil.

TEACHING 
POINT
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Nicorandil
Potassium channel activator

Efflux of

potassium

leading to

repolarization

of the cell

Nicorandil Relaxation of

vascular

smooth muscle

Vascular smooth

muscle cells

Opening of 

potassium

channels

K+ Coronary

vasodilatation

Relief of angina

K+

K+

0 - Treatment and prevention of angina.

1 - Nicorandil is not a treatment for acute 
angina or acute coronary 
syndromes.
Avoid nicorandil in patients with acute myocardial infarction or acute • 
heart failure.
Avoid nicorandil in patients with hypotension; it can lower the BP.• 
No dosage adjustment is usually required in renal or hepatic • 
insuffi ciency.
There is no information as to the safety of nicorandil during pregnancy; • 
avoid it unless absolutely essential.

4 - Nicorandil is of similar effi cacy to other drugs used to treat angina, but 
it is not thought to alter the underlying disease process.

Nicorandil is not recommended to reduce cardiovascular risk after • 
myocardial infarction (NICE guidance).

Its place in the treatment of chronic angina is still being established. It • 
is most commonly used for patients who have symptoms despite 
maximal fi rst-line and second-line antianginal treatment.

Make sure that these patients do not have coronary lesions • 
amenable to surgical intervention or angioplasty.

6 - Nicorandil is usually well tolerated.
Headache is common early in treatment, but tolerance often develops.• 
Nicorandil can also cause nausea, fl ushing, and vomiting.• 
In high dosages, nicorandil can cause hypotension and tachycardia.• 
Rare adverse effects include oral ulceration, myalgia, and • 
hypersensitivity (e.g. angio-oedema).
Nicorandil can also be associated with ulceration at any point in the • 
gastrointestinal tract. Ulceration can be severe and responds only to 
withdrawal of nicorandil.

7  - Drug interactions are uncommon.
Patients taking nicorandil should not also take sildenafi l (Viagra• ®) or 
related drugs, as this combination can cause severe hypotension.

Treatment of angina

See nitrate drugs, 
b p. 155
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8  Safety and effi cacy
Review the patient’s clinical status regularly. Patients with severe • 
angina may be very limited by their disease. An assessment of their 
ability to carry out activities of daily living is often of more use than 
how far they can walk.
Measure the lying and standing BP regularly.• 

9 - Make sure the patient knows that this treatment is for the long-term 
control of their angina, rather than an acute treatment for chest pain.

Prescribing information: Nicorandil
Treatment and prevention of angina

By mouth, initially 10 mg bd.• 
Can be reduced to 5 mg bd if the patient develops a headache• 

Titrate the dose to optimal effect.• 
Usual daily dose 10–20 mg bd, but can be increased to 30 mg bd• 
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Beta-adrenoceptor antagonists 
(‘beta-blockers’)
Competitive antagonists at beta-adrenoceptors

-  These drugs are classifi ed according to their relative selectivity for 
B1 adrenoceptors. Selective B2 antagonists are not clinically useful, as they 
block bronchodilatation.

-  The actions of beta-adrenoceptor agonists are illustrated below. Antagonists 
will block these actions. Some of these drugs exhibit partial agonist activity; this 
is called intrinsic sympathomimetic activity. The Table 2.1 gives guidance on the 
selection of a beta-blocker drug.

B1 agonists B2 agonists
Arteries and veins
Dilatation, mainly in skeletal 

muscle

Bronchial muscle 
Relaxation

Gastrointestinal tract
Relaxation

Liver and pancreas
Glycogenolysis, gluconeogenesis, 

lipolysis

Uterus
Relaxation

Detrusor muscle 
Relaxation

Heart
Increased force

and rate of 
contraction

0 - Treatment of hypertension:
Used for the treatment of essential hypertension (• for hypertension 
guidelines see b p. 176).
Specialist use in the medical treatment of aortic dissection (labetalol).• 
Specialist use with alpha-adrenoceptor antagonists in the • 
preoperative treatment of phaeochromocytoma.

Coronary artery disease.• 
Prophylaxis against angina.• 
Adjunct to the treatment of and after myocardial infarction.• 

Treatment of arrhythmias.• 
Especially after myocardial infarction.• 
SVT and AF.• 

Treatment of stable heart failure.• 
Symptomatic relief of hyperthyroidism (• see b Carbimazole, p. 482).
Symptomatic relief of severe anxiety/panic.• 
Prophylaxis against migraine headache.• 
Treatment of glaucoma (topical).• 
Treatment of benign essential tremor.• 

1 - Selectivity for receptor subtypes is always relative, and these drugs 
should not be given to patients with asthma.
Note that many patients with COPD do not have a reversible • 
(bronchospastic) component to their disease. Do not deny them 
treatment with beta-blockers without formally assessing whether they 
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have a reversible component. Record the results of lung function tests 
clearly, so that they are available if an acute event occurs (e.g. UA).
Do not give these drugs to patients with 2• nd- or 3rd-degree heart 
block.
Do not give these drugs to patients with acute or unstable heart • 
failure.
These drugs are not contraindicated in patients with diabetes, but they • 
can mask the physiological responses to hypoglycaemia. They do not 
block sweating, which can be the only sign of hypoglycaemia in a 
diabetic patient taking a beta-blocker. Avoid giving them to patients 
who have frequent episodes of hypoglycaemia.
Do not give these drugs with verapamil; there is a risk of asystole or a • 
catastrophic fall in cardiac output.
Avoid giving these drugs to women who are pregnant, unless • 
absolutely necessary. They can cause intrauterine growth retardation, 
fetal bradycardia, and hypoglycaemia. Labetalol can be used 
intravenously to control hypertensive crises.

4 - There are many beta-blockers, and the choice can seem daunting. 
The main choice is between those that are relatively selective for 
B1 adrenoceptors (sometimes called cardioselective) and those that 
are not. Table 2.4 is offered as a general guide.
Do not stop treatment with a beta-blocker suddenly. Rebound • 
symptoms can be severe, including precipitation of an acute coronary 
syndrome.

Hypertension
Current guidelines suggest choosing an ACE inhibitor, a calcium • 
channel blocker, or thiazide diuretic as fi rst-line treatment of essential 
hypertension (M http://www.bhsoc.org).

A beta-blocker may be suitable for patients with other risk factors • 
for coronary artery disease.
Beta-blockers can be considered in younger people, particularly in • 
women of child-bearing potential or in those with evidence of 
increased sympathetic drive.

See teaching point box, • b p. 164, for information on the emergency 
treatment of hypertension.

Prophylaxis against angina
Nitrate drugs relieve the symptoms of angina, but antiplatelet drugs • 
(e.g. aspirin) and beta-blockers provide prophylaxis against the 
pathophysiological basis of the disease.
Assess the patient’s risk. This can be done by an exercise tolerance • 
test, stress echocardiography, or non-invasive nuclear imaging.

Myocardial infarction
Beta-blockade can be an important adjunct to thrombolytic and • 
antiplatelet drugs in the treatment of acute coronary syndromes, but 
see later note.
Beta-blockers have an established important role in the prevention of • 
cardiac and vascular remodelling after myocardial infarction.
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NICE recommends that early after an acute myocardial infarction, all • 
patients without left ventricular systolic dysfunction or with left 
ventricular systolic dysfunction (symptomatic or asymptomatic) should 
be offered treatment with a beta-blocker.

Patients who have had a previous myocardial infarction but have • 
preserved LV function and are asymptomatic need not be offered a 
beta-blocker unless they are consider at high risk of future events.

Table 2.4 Properties of beta-blockers

Non-
selective 
beta-
blockers

B1-selective 
beta-blockers

Relatively 
water-
soluble 
drugs1

Drugs with 
peripheral 
vasodilator 
properties2

Partial 
agonists3

Propranolol Atenolol, 
betaxolol, 
bisoprolol, 
metoprolol, 
nebivolol

Atenolol, 
celiprolol,
nadolol,
sotalol

Labetalol, 
bisoprolol, 
carvedilol, 
celiprolol, 
nebivolol

Acebutolol, 
celiprolol 
oxprenolol, 
pindolol

Drugs used 
for stable 
heart failure

Drugs 
commonly used 
for arrhythmias

Drugs 
commonly 
used after 
myocardial 
infarction

Drugs used 
topically in 
glaucoma

Emergency 
control of BP 
(see teaching 
point box, 
b p. 164)

Bisoprolol, 
carvedilol, 
celiprolol

Esmolol (short-
acting, used intra-
venously); sotalol 
(also has class III 
antiarrhythmic 
actions) 

Atenolol, 
metoprolol

Betaxolol, 
carteolol, 
levobunolol, 
metipranolol,
timolol

Labetalol 
(also has alpha-
adrenoceptor 
blocking 
actions)

1  These penetrate the CNS poorly, so cause fewer vivid dreams and less sleep disturbance. 
They are excreted by the kidneys, so the dose must be reduced in renal insuffi ciency.

2 The clinical importance of these properties has not been clearly established.
3  These drugs cause less bradycardia; the clinical importance of this has not been clearly 
established.

Heart failure
Used correctly, beta-blockers can prolong life and improve symptoms • 
in heart failure of all grades of severity.
Like ACE inhibitors, beta-blockers act by inhibiting neurohormonal • 
activation. Unless contraindicated, the patient should already be taking 
an ACE inhibitor.
The initial dosages of beta-blockers are much lower than those for • 
other indications.
Only start this treatment when the patient is stable. Do not start • 
treatment with beta-blockers if the patient has symptomatic brady-
cardia or hypotension.
Vasodilatory beta-blockers (e.g. bisoprolol, celiprolol, carvedilol) are • 
to be preferred in heart failure.
See recommended procedure in teaching point box, • b p. 164.
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Treatment of arrhythmias
Beta-blockers can be useful in the treatment of (tachy)arrhythmias in • 
the peri-infarction period.
A short-acting beta-blocker, such as esmolol, can be used for the • 
treatment of acute SVT. See b Adenosine, p. 86 for alternatives.

Longer-acting drugs have a role in prophylaxis against SVT.• 
Beta-blockers reduce the heart rate in patients with AF.• 

Always consider whether cardioversion would be more appropriate. • 
This can be electrical cardioversion (DC shock) or chemical 
cardioversion (options include fl ecainide, verapamil, amiodarone).
If the patient has established AF, or if cardioversion has been • 
ineffective, there are several other options for rate control. These 
include digoxin and a calcium channel blocker (e.g. diltiazem).

Sotalol also has class III antiarrhythmic actions (• see b Amiodarone, 
p. 104); it is only used for treating arrhythmias.

It is more effective than lidocaine for the treatment of sustained • 
ventricular tachycardia.
It will prolong the QT interval, and so carries a risk of inducing the • 
arrhythmia torsade de pointes (see b Antihistamines, p. 688).

Hyperthyroidism
A non-selective beta-blocker can provide symptomatic relief in severe • 
hyperthyroidism, but is not a treatment for the underlying disease.

When the diagnosis is thyroiditis, treatment with a beta-blocker until • 
the infl ammation has subsided may be all that is required.

Prophylaxis against migraine
There are many choices for prophylaxis against migraine headache; • 
a beta-blocker can be useful in some patients.
Seek specialist assessment for patients who require regular • 
prophylaxis.

Treatment of glaucoma (see b p. 683 for guidance)
Topical beta-blockers are a fi rst-line treatment for glaucoma; those • 
that are effective probably act by local vasodilatation via calcium 
channel blockade rather than by beta-blockade.

Systemic absorption of these drugs can be signifi cant and can cause • 
adverse effects (e.g. bronchospasm).
The prostaglandin analogue latanoprost is an alternative fi rst-line • 
choice (see b Prostaglandins, p. 526).

6 - The most important adverse effect of these drugs is bronchoconstric-
tion, and they are contraindicated in patients with asthma. If treatment 
with a beta-blocker is absolutely essential, use one of the B1-selective 
drugs, although selectivity is always a relative term (see b teaching 
point in adrenoceptor agonists, p. 224). This should only be initiated in 
hospital and with very close monitoring.
Common adverse effects are cold limbs and peripheries (including • 
Raynaud’s phenomenon), and a feeling of tiredness. These may be 
intolerable for some patients.
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There has been concern that beta-blockers worsen diabetic • 
control, but there is little objective evidence of this. The burden of 
cardiovascular disease is very great in these patients so this potential 
disadvantage is usually outweighed by the cardiovascular benefi ts. 
However, they mask some of the symptoms of hypoglycaemia and may 
not be helpful in patients with a high risk of attacks of hypoglycaemia.
Beta-blockers have an important trophic role in chronic heart failure; • 
however, they are negatively inotropic and can precipitate or worsen 
heart failure. Follow the guidance given earlier.
Beta-blockers that penetrate the CNS will cause sleep disturbance and • 
vivid dreams.
These drugs can cause erectile impotence, but so do many of the • 
diseases for which they are used. Discuss this with your patient so that 
you can identify whether the drug is likely to be responsible or not.
Labetalol can cause liver damage. This risk is usually acceptable if it is • 
used for the emergency control of BP; it is rarely used for long-term 
treatment.

7  - Do not use beta-blockers with verapamil; there is a risk of asystole or 
a catastrophic reduction of cardiac output. Do not give intravenous 
verapamil for at least 8 hours after a beta-blocker was last given.
Beta-blockers will augment the action of any other drugs that lower • 
heart rate or BP.
Sotalol prolongs the QT interval. Avoid giving it with other drugs that • 
prolong the QT interval.

8  Safety and effi cacy
Measure the pulse and BP to avoid overtreatment or undertreatment.• 

Do this at rest and after mild exercise (e.g. running on the spot for • 
10 seconds); beta-blockers prevent exercise-induced tachycardia and 
rise in BP.
Patients given beta-blockers intravenously should have continuous • 
cardiac monitoring.

The treatment target should be the maximum tolerated dose; take • 
special care in heart failure (see teaching point box, b p. 164).
The outcome measure for most indications is the prevention of future • 
events. This can be diffi cult to monitor, so careful assessment of the 
risks of harms versus benefi ts before treatment begins is essential.

9  - Warn the patient that they may experience tiredness and cold hands, 
but that this may improve with time, if they can tolerate it.
Warn the patient of the risk of erectile impotence.• 

There is no evidence that warning patients of this adverse effect • 
makes it more likely to occur.
These drugs can cause impotence, but so do many of the diseases • 
for which they are used. Discuss this with your patient before treat-
ment so that you can identify whether the drug is likely to be 
responsible or not.
Since the introduction of inhibitors of phosphodiesterase type V, • 
such as sildenafi l (Viagra®), patients are more willing to talk about 
impotence.
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Prescribing information: Beta-blockers
There are many beta-blockers; the following are given as examples.

Atenolol
Hypertension, treatment of angina, arrhythmias.• 

By mouth, 25–50 mg daily.• 

Propranolol
Thyrotoxicosis (adjunct).• 

By mouth, initially 40 mg 3 or 4 times daily; higher doses may be required. • 
Modifi ed-release preparations are available for once-daily administration.

Anxiety with symptoms such as palpitation, sweating, and tremor.• 
40 mg once daily, increased to 40 mg 3 times daily if necessary.• 

Metoprolol
Early intervention within 12 hours of myocardial infarction.• 

By intravenous injection, 5 mg every 2 minutes to a maximum of 15 mg.• 
Followed after 15 minutes by 50 mg by mouth, every 6 hours for • 
48 hours.
Maintenance, 200 mg daily in divided doses. Modifi ed-release • 
formulations are available for once daily administration.

Sotalol
Treatment of arrhythmias:• 

By mouth• , initially 80 mg daily in 1 or 2 divided doses.
Increase gradually at intervals of 2–3 days to a usual dose of 160–320 mg • 
daily in 2 divided doses.
Higher doses (480–640 mg daily) can be given under specialist supervision • 
for life-threatening ventricular arrhythmias.

Timolol
Treatment of glaucoma:• 

Eye drops, apply twice daily to affected eye(s).• 
Note that there are two different concentrations, 0.25% and 0.5%.• 
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Procedure for starting a beta-blocker in 
heart failure (bisoprolol is given as an 
example)

- Unless contraindicated, the patient should already be taking an ACE inhibitor.
- Patients should be stable. They should not need inotropic support and should 

have no signs of marked fl uid retention.
- Start with a very low dose.
- Initially 1.25 mg once daily (in the morning ) for 1 week.
- Titrate slowly up to the maintenance dose.

2.5 mg once daily for 1 week, then 3.75 mg once daily for 1 week, then 5 mg • 
once daily for 4 weeks, then 7.5 mg once daily for 4 weeks, then 10mg once 
daily.

- The maximum dose is 10 mg daily.
- Transient worsening of heart failure, hypotension, or bradycardia can occur. 
- Observe the patient for 2–3 hours after initiation and each dose increase.
- Reduce the dose if symptoms develop. Reconsider titrating upwards once the 

patient has stabilized again.
- If the drug has to be stopped, aim to do this over 1-2 weeks, if possible

TEACHING 
POINT

Emergency treatment of hypertension

It is rarely necessary to reduce BP very rapidly. Indeed, very rapid reduction can 
precipitate watershed ischaemia in the CNS (causing a stroke).

Accelerated phase (malignant) hypertension
- If the patient has accelerated phase hypertension, the diastolic BP is typically 

130–140 mmHg or more. Bedrest alone is effective. Begin treatment by mouth 
with either a B1 beta-blocker (e.g. 5 mg of bisoprolol) or a calcium channel 
blocker (e.g. 5 mg of amlodipine).

- The aim is to reduce diastolic BP by 20–30 mmHg in the fi rst week. The target 
diastolic BP of 80–85 mmHg can be achieved over the coming months.

- Very occasionally, BP needs to be reduced urgently. Indications for this include:
Hypertensive encephalopathy. • 
Eclampsia (pre-eclampsia with fi ts); deliver the baby if possible. See also • 
b Magnesium, p. 626).
Acute hypertensive left ventricular failure. • 
Dissecting aortic aneurysm.• 

Management
- Labetalol by iv infusion is the drug of choice, but do not give for 

phaeochromocytoma (see b Alpha-adrenoceptor blockers, p. 218).
Initially, 2 mg/min. Adjust rate of infusion according to response.• 

- Sodium nitroprusside is an alternative, but requires continuous arterial BP 
monitoring because of its short half-life and unpredictable effects on BP.

TEACHING 
POINT
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Angiotensin converting enzyme 
inhibitors (ACE inhibitors)
Inhibitors of dipeptidyl carboxypeptidase enzymes (e.g ACE, kininase)

ACE

Renin

Angiotensin II

receptors

(type 1)

Vasoconstriction and trophic effects

(includes hypertrophy of cardiac and

vascular myocytes)

Aldosterone 

release

Angiotensin I

Angiotensinogen

Angiotensin II

Salt and

water

reabsorption

Blocked by ACE inhibitors.

Note these drugs also

inhibit the breakdown

of other peptides

(e.g. bradykinin).

0 - Treatment of hypertension.
Prevention of cardiac remodelling after myocardial infarction.• 
Treatment and prevention of diabetic nephropathy (in diabetes).• 
Treatment of heart failure.• 

1 - Contraindicated in pregnancy; blocking the effect of angiotensin can 
cause birth defects.
Can cause severe renal impairment in patients with renovasular • 
disease—avoid.
ACE inhibitors cause vasodilatation and can precipitate a fall in BP in • 
patients with a fi xed cardiac output: aortic stenosis, mitral stenosis, 
and hypertrophic cardiomyopathy. Seek expert advice before using in 
these groups.
ACE inhibitors that are given as prodrugs (see list in box) require • 
transformation to their active metabolites in the liver. These drugs 
may be less effective in patients with hepatic insuffi ciency (see later 
notes).

Notes on the use of ACE inhibitors
4 - The ACE inhibitors have been available for considerably longer than 

the angiotensin receptor blockers (ARBs), and have a larger evidence 
base. An ACE inhibitor would usually be the fi rst choice for the 
indications given earlier.

NICE recommends that and ACE inhibitor be offered early to all • 
patients who present with a myocardial infarction.

ACE inhibitors also inhibit bradykinin metabolism. This is thought to • 
be responsible for the persistent dry cough that causes some patients 
to be unable to tolerate an ACE inhibitor. ARBs only block the 
angiotensin receptor, so they do not usually cause a cough.
The evidence from clinical trials is that higher doses of these drugs are • 
more effective than lower ones. Aim to titrate the dose at 1–2 week 
intervals to the maximum that is well tolerated. Take responsibility for 
doing this; do not assume that others will.

Aminosalicylates
- Captopril
- Enalapril*
- Lisinopril
- Ramipril*
- Trandolapril*
- Fosinopril*
- Cilazapril*
- Imidapril*
- Moexipril*
- Quinapril*
- Perindopril*

*Prodrugs. See teaching 
point, b p. 171.
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Although these drugs have benefi ts that may be independent of • 
BP, they do lower the BP. If the systolic BP is <100 mmHg, consider 
carefully whether these potential benefi ts outweigh the risk of 
hypotension.

Hypertension
British Hypertension Society guidelines suggest that an ACE inhibitor, • 
calcium channel blocker, or thiazide diuretic should be fi rst-line 
choices for the treatment of hypertension.
ACE inhibitors are less likely to be effective in low-renin hypertension, • 
which is common among African-Caribbean patients.
An ACE inhibitor may be a particularly good choice for patients with • 
diabetes (see later notes).
Titrate the dose to the desired reduction in BP. Note that in clinical • 
trials most patients required a second drug (usually a thiazide diuretic) 
in order to achieve their target BP.

Treatment following myocardial infarction
There is good evidence that treatment with an ACE inhibitor reduces • 
detrimental cardiac and vascular remodelling after myocardial infarction.
Begin treatment as soon as is practicable after infarction (see notes on • 
heart failure).

Heart failure
ACE inhibitors are pivotal to the treatment of heart failure; they • 
improve symptoms and prolong life.
The introduction of an ACE inhibitor in a patient who is unstable or • 
undergoing a heavy diuresis is potentially hazardous. Stabilize the 
patient fi rst; if the patient has severe heart failure, admit to hospital 
for initiation of ACE inhibitor treatment.
It is recommended that diuretics be withdrawn for 24–48 hours before • 
an ACE inhibitor is started. They can be restarted once treatment has 
been initiated, but note that diuretic requirements may be lower.
Give a small initial dose (e.g. captopril 6.25 mg, enalapril 2.5 mg). Give • 
this when the patient is in bed and measure the BP. This fi rst dose can 
be associated with a transient fall in BP, which can be cardiovascularly 
signifi cant. This usually occurs within 4 hours of the dose.
The fi rst dose of an ACE inhibitor is not a ‘test dose’ (a term that is • 
commonly used) and hypotension is not a contraindication to further 
treatment, but it should be a warning to proceed carefully.
Increase the dose, at intervals of 1–2 weeks, to achieve the maximum • 
tolerated.
Blood biochemistry (urea, creatinine, and electrolytes) should be • 
measured after the start of treatment and after each dosage increment 
(NICE guidance).
ACE is not the only enzyme than can convert angiotensin I to • 
angiotensin II. Some patients treated with ostensibly adequate doses 
of ACE inhibitors show evidence of reactivation of the renin/
angiotensin system, and they have a poor prognosis. The best 
therapeutic intervention for these patients has not been established, 
but is the subject of clinical trials.
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Treatment and prevention of diabetic nephropathy
ACE inhibitors have a benefi cial effect in delaying the progression of • 
nephropathy in patients with type I diabetes. This effect seems to be 
independent of their effects on BP, but this is controversial.
There is debate about the extent to which these results also apply to • 
patients with type II diabetes. Trials of angiotensin receptor blockers 
have shown effi cacy in type II diabetes, but most clinicians do not 
distinguish between type I and type II diabetes for this purpose, 
because the cause of the damage is thought to be very similar. It is 
therefore recommended to use ACE inhibitors to patients with type II 
diabetes and nephropathy (raised urine albumin:creatinine ratio).

Patients at high risk of vascular disease
The detrimental trophic effects of angiotensin have been highlighted by • 
the HOPE trial.1 This showed that treatment with an ACE inhibitor 
conferred considerable benefi t on patients who were at a high risk of 
vascular disease but who had not yet had an event.
The drug used in the HOPE trial was ramipril, but there is no evidence • 
that this drug has any special properties that other drugs in the class 
do not share. The most important factor is the maximum dose 
tolerated.

6 - The most common adverse effect is hypotension, particularly if the 
intravascular volume has been depleted by diuretics. If possible, stop 
diuretic treatment 2 days before starting an ACE inhibitor.
A small deterioration in renal function is often seen on starting these • 
drugs. The long-term benefi ts usually outweigh this disadvantage. 
Patients with renovascular disease are at risk of severe progressive 
renal impairment, leading to insuffi ciency. Measure the renal function 
and stop the drug if it continues to deteriorate.
These drugs can cause hyperkalaemia; this is rare if they are used on • 
their own, but see interactions noted later.
Hypersensitivity, characterized by angio-oedema can be caused by • 
these drugs but is rare.

They can cause non-IgE-mediated anaphylactic (anaphylactoid) • 
reactions (see b Acetylcysteine, p. 703) during dialysis with high-
fl ux polyacrylnitrile membranes, or low density lipoprotein apheresis 
with dextran sulfate. Withhold the drug during these treatments.

Dry cough is common (about 20% of patients). It is thought to result • 
from reduced breakdown of bradykinin in the bronchial mucosa. This 
can be intolerable; see patient information section.

7  - ACE inhibitors potentiate the actions of other drugs that lower BP.
These drugs can cause hyperkalaemia; the risk is greater if the patient • 
is given a potassium-sparing diuretic. Although this combination should 
usually be avoided, there is a special case for the use of epleronone or 
low-dose spironolactone with ACE inhibitors in patients with heart 
failure. See b Spironolactone and epleronone, p. 214.
Avoid NSAIDs; they antagonize the hypotensive action of these drugs • 
and can cause renal impairment.
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Treatment with diuretics increases the risk of hypotension (especially • 
severe fi rst-dose hypotension) due to ACE inhibitors. See earlier 
notes for advice on the safe use of these drugs in heart failure.

8  Safety
Measure renal function before and 1–2 weeks after starting these • 
drugs.
Measure renal function 1 week after any increase in dosage and at least • 
annually thereafter.
Measure the plasma potassium if the patient is also taking a potassium-• 
sparing drug. See interactions noted earlier.
Measure the BP.• 

Effi cacy
9 - This will depend on the indication. Aim to achieve the maximum toler-

ated dose.
Advise the patient about the importance of attending for blood tests • 
to measure renal function.
These drugs can cause a persistent dry cough. This can be intolerable • 
for some, but many are able to tolerate it if they know the benefi ts 
these drugs have. If the patient cannot tolerate the cough, consider 
treatment with an angiotensin receptor blocker instead. Sodium cro-
moglicate occasionally relieves the cough caused by ACE inhibitors.

Prescribing information: Angiotensin converting enzyme inhibitors
Many drugs are available; captopril, enalapril, lisinopril, and ramipril are given as 
examples.

Captopril
By mouth, initial dose 6.25 mg.• 
Needs to be given three times daily to give 24-hour cover.• 
Can be increased to 12.5 mg tds, 25 mg tds, and a maximum of 50 mg tds.• 
Consider a once-daily drug for long-term treatment.• 

Enalapril
By mouth, inital dose 2.5 mg• 
Should be given twice daily for 24-hour cover.• 
Can be increased to 5 mg, 10 mg, 20 mg, and a maximum of 40 mg daily, in • 
divided doses.

Lisinopril
By mouth, initially 2.5 mg daily.• 
Can be increased to 10 mg, 20 mg, and a maximum of 80 mg daily • 
(in hypertension).
Usual maintenance dose 10–20 mg daily.• 

Ramipril
By mouth, initially 2.5 mg daily.• 
Can be increased to 5 mg, then to a maximum of 10 mg daily.• 
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Class effects

What do we mean by a class effect and how do we know when one exists? There 
are currently 11 chemically distinct ACE inhibitors licensed in the UK and listed in 
the BNF, so how do you choose which one to use in which circumstance?

Drug Licensed indications

Captopril Hypertension heart failure, myocardial infarction, diabetic 
nephropathy (IDDM with micoalbuminuria)

Cilazapril Hypertension and heart failure

Enalapril Hypertension, heart failure (treatment, and prevention in 
patients with asymptomatic LV dysfunction)

Fosinopril Hypertension, heart failure

Imidapril Hypertension

Lisinopril Hypertension, heart failure, myocardial infarction, diabetic neph-
ropathy (normotensive IDDM and hypertensive NIDDM)

Moexipril Hypertension

Perindopril Hypertension, heart failure, myocardial infarction or 
revascularization

Quinapril Hypertension, heart failure

Ramipril Hypertension, heart failure, myocardial infarction, prevention of 
myocardial infarction, stroke, cardiovascular death or need for 
revascularization in susceptible patients >55 years old

Trandolapril Hypertension, myocardial infarction with LV dysfunction

Apart from some differences in pharmacokinetics and cost, there are probably few 
important differences between these ACE inhibitors and the licensed indications 
are almost certainly a refl ection of the portfolio of supporting clinical trials that the 
manufacturers have amassed rather than the unique properties of the different 
agents. Saying that with any degree of confi dence is very diffi cult, and it only comes 
after many years of experience with a number of drugs that act at the same site and 
have the same benefi cial and adverse effects both qualitatively and quantitatively. 
Do not rush into believing that a class effect exists in order to justify the use of a 
new drug before there is widespread experience

TEACHING 
POINT
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Prodrugs
- Prodrugs are drugs that are not pharmacologically active in the form in which 

they are administered (usually by mouth).
- A prodrug must undergo some form of chemical conversion to form the active 

drug. The most common pathway of activation is by cytochrome P450 enzymes 
in the liver, but see in the table for other examples (for more information on 
cytochrome P450 enzymes see b Flecainide and erythromycin, p. 93 and p. 401).

- Advantages and disadvantages of prodrugs are summarized in the table.

Disadvantages Advantages

The requirement for activation in the 
liver can slow the onset of action of 
the drug.

The distribution of the prodrug may be 
better.

For example, dopamine given by mouth is 
of no value in treating Parkinson’s 
disease—it does not enter the brain. Its 
precursor L-dopa does enter the brain, 
where it is metabolized to dopamine.

Other drugs may interact with the 
cytochome P450 enzymes 
responsible for the activation of 
the drug.

For example, the antiplatelet drug 
clopidogrel is a prodrug. It is 
metabolized by CYP 3A4 to 
produce the active form. A 
metabolite of atorvastatin acid, 
competes with clopidogrel for 
occupation of the enzyme-binding 
site in CYP 3A4, reducing the 
activation of clopidogrel. In this 
way, atorvastatin reduces the 
aniplatelet action of clopidogrel in 
a dose-dependent manner.

The prodrug may be better absorbed than 
the drug. 

For example, the antiviral drug aciclovir 
is relatively poorly and unreliably 
absorbed when taken by mouth. The 
prodrug valaciclovir is better 
absorbed, resulting in more 
predictable plasma concentrations 
when it is given by mouth.

Organ insuffi ciency (e.g. liver cirrhosis) 
can reduce activation and render 
prodrugs ineffective.

A prodrug can be used to target the site 
of action.

For example, olsalazine is a dimer of 
5-aminosalicyclic acid; it is cleaved by 
bacteria in the lower bowel to release 
5-aminosalicyclic acid.

TEACHING 
POINT

Reference
1 Yusuf S, et al. Effects of an angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular 

events in high-risk patients. N Engl J Med 2000; 342:145–53.
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Angiotensin receptor antagonists/
blockers (ARBs)
Antagonists at angiotensin II receptors (subtype 1)

ACE

Renin

Angiotensin II

receptors

(type 1)

Vasoconstriction and trophic effects

(includes hypertrophy of cardiac and

vascular myocytes)

Aldosterone 

release

Angiotensin I

Angiotensinogen

Angiotensin II

Salt and

water

reabsorption

Blocked by angiotensin

receptor antagonists

0 - Treatment of hypertension.
Treatment and prevention of diabetic nephropathy.• 
Can be used as an alternative to ACE inhibitors in the treatment of • 
heart failure.

1 - Contraindicated in pregnancy; blocking the effect of angiotensin can 
cause birth defects.
Can cause severe renal impairment in patients with renovascular • 
disease—avoid.
ARBs cause vasodilatation and can precipitate a fall in BP in patients with • 
a fi xed cardiac output: aortic stenosis, mitral stenosis, and hypertrophic 
cardiomyopathy. Seek expert advice before using in these groups.
Dosages of valsartan, losartan, and candesartan should be reduced in • 
hepatic insuffi ciency (see later notes).

4 Notes on the use of ARBs
The ACE inhibitors also block the actions of angiotensin; they have • 
been available for considerably longer than ARBs, and have a larger 
evidence base. An ACE inhibitor would usually be the fi rst choice for 
the indications given previously.
ACE inhibitors also inhibit bradykinin metabolism and this is thought • 
to be responsible for the dry persistent cough that some patients fi nd 
intolerable. ARBs only block the angiotensin receptor, so they do not 
usually cause a cough.
The major use of ARBs is in patients who are unable to tolerate an • 
ACE inhibitor owing to cough. It has also been suggested that they 
may have a role in combination with ACE inhibitors for some 
indications, but this has yet to be demonstrated in large-scale 
clinical trials.

Drugs in this class
- Candesartan
- Eprosartan 
- Irbesartan 
- Losartan
- Olmesartan
- Telmisartan
- Valsartan
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Hypertension
British Hypertension Society guidelines suggest that an ACE inhibitor, • 
calcium channel blocker, or thiazide diuretic should be fi rst-line 
choices for the treatment of hypertension (M http://www.bhsoc.org).
ARBs are less likely to be effective in low-renin hypertension; this is • 
common among African-Caribbean patients.
An ACE inhibitor or ARB may be a particularly good choice for • 
patients with diabetes (see later notes).
Titrate the dose to the desired reduction in BP. Note that in clinical • 
trials most patients required a second drug (usually a thiazide diuretic) 
in order to achieve the target BP.

Treatment and prevention of diabetic nephropathy
Several studies have shown benefi t from angiotensin II antagonists in • 
diabetic nephropathy, which, like the ACE inhibitors, delay the 
progression of renal disease. This effect may be independent of their 
effects on BP. There is most evidence for irbesartan and losartan.
Titrate the dose to the maximum tolerated. Aim for 100 mg losartan • 
daily or 300 mg irbesartan daily.

Heart failure
The VALHEFT trial failed to show a mortality advantage from the • 
addition of valsartan to existing heart failure therapy when that 
therapy included an ACE inhibitor or beta-blocker.1

However, subgroup analysis did suggest benefi t in those not taking an • 
ACE inhibitor or beta-blocker. An ARB, such as valsartan, may be 
useful in patients unable to tolerate an ACE inhibitor. Aim for the 
highest tolerated dose, such as valsartan 160 mg twice daily. 
Similar trials have been published investigating the use of candesartan • 
as add-on therapy to ‘traditional’ heart failure therapy (CHARM-added 
trial). There may be an added benefi t of such a combination through 
reductions in cardiovascular events.
The precautions that apply to the initiation of ACE inhibitors in • 
patients with heart failure also apply to the initiation of ARB treatment 
(see starting an ACE inhibitor section).

6 - The most common adverse effect is hypotension, particularly if the 
intravascular volume has been depleted by diuretics. If possible, stop 
diuretic treatment 2 days before starting these drugs.
A small deterioration in renal function is often seen on starting these • 
drugs. The long-term benefi ts usually outweigh this disadvantage. 
Patients with renovascular disease are at risk of severe progressive 
renal impairment leading to failure. Measure renal function and stop 
the drug if it continues to deteriorate.
These drugs can cause hyperkalaemia; this is rare if they are used on • 
their own, but see interactions listed later.
Hypersensitivity, characterized by angio-oedema, can be caused by • 
these drugs, but is rare. Patients who have experienced angio-oedema 
with ACE inhibitors may also exhibit a similar reaction with ARBs, 
therefore substitution to an ARB after a hypersensitivity reaction 
should be carefully considered.

7  - ARBs will potentiate the actions of other drugs that lower BP.
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These drugs can cause hyperkalaemia; the risk is greater if the patient • 
is given a potassium-sparing diuretic. Although this combination should 
usually be avoided, there is a special case for the use of low-dose 
spironolactone or epleronone with ARBs in patients with heart failure. 
See b Spironolactone and epleronone, p. 214.
Avoid NSAIDs; they antagonize the hypotensive action of ARBs and • 
can cause renal impairment.
Treatment with diuretics increases the risk of hypotension.• 

8  Safety
Measure renal function 4 days and 2 weeks after starting these drugs. • 
Measure renal function 1 week after increasing the dose. Measure 
the plasma potassium concentration if the patient is also given a 
potassium-sparing drug (see interactions noted earlier).
Measure the BP.• 

Effi cacy
9  - This will depend on the indication. Aim to achieve the maximum 

tolerated dose.
Advise the patient of the importance of attending for blood tests to • 
measure renal function.

Prescribing information: Angiotensin receptor antagonists
Many drugs are available; losartan, irbesartan, candesartan, and valsartan are 
given as examples.

Losartan
By mouth, 50 mg daily.• 
Can be increased in increments of 25 mg daily to a maximum of • 
100 mg daily.
Reduce the initial dose to 25 mg daily in renal or hepatic insuffi ciency, or in • 
patients >75 years.

Irbesartan
By mouth, 150 mg daily.• 
Can be increased to a maximum of 300 mg daily.• 
Reduce the initial dose to 75 mg daily in renal insuffi ciency, • 
haemodialysis patients, and patients >75 years.

Candesartan
By mouth, initially 4 mg daily; increase to 8 mg daily if tolerated.• 
Can be increased to a maximum of 32 mg daily.• 
Reduce the initial dose to 2 mg daily in renal or hepatic insuffi ciency.• 

Valsartan
By mouth, initially 80 mg daily.• 
Can be increased to a maximum of 160 mg daily.• 
Reduce the initial dose to 40 mg daily in renal or hepatic insuffi ciency, or • 
patients >75 years.

Reference
1 Cohn et al. A randomized trial of the angiotensin-receptor blocker valsartan in chronic heart 

failure. N Engl J Med 2001; 345:1667–75.



This page intentionally left blank 



176 HYPERTENSION BNF Reference 2.5

An approach to the treatment of 
hypertension

Based on the Joint British Hypertension Society/ NICE Guidelines • 
(M http://www.nice.org.uk/CG034guidance).
BP is a continuous variable. Guidelines suggest various cut-offs for • 
treatment. These are practically useful, but remember that they are 
artifi cial.
Hypertension is an important contributing factor to cardiovascular • 
disease including stroke and renal impairment.
Both the systolic and diastolic BPs contribute to the risk. The pulse • 
pressure (systolic pressure–diastolic pressure) may prove to be the 
most important determinant of risk.
Drug treatment is recommended for:• 

Patients with a sustained systolic BP >160 mmHg or a diastolic • 
pressure >100 mmHg.
Isolated systolic hypertension (systolic BP of >160 mmHg).• 
BP >140/90 mmHg and 10-year cardiovascular disease risk of at least • 
20%, or existing cardiovascular disease or target organ damage.

Patients with a sustained systolic pressure between 140 and 150 • 
mmHg or a diastolic pressure between 90 and 99 mmHg should be 
assessed regularly and considered for drug treatment, depending on 
their cardiovascular risk.
Treatment targets are a systolic pressure <140 mmHg and a diastolic • 
pressure <85 mmHg (in diabetic patients the diastolic target is 
<80 mmHg).
Measure the BP on at least three separate occasions with two • 
measurements on each visit before deciding on treatment, unless the 
patient has features of accelerated phase hypertension:

Grade III retinopathy (haemorrhages and exudates).• 
Microscopic haematuria.• 
Microangiopathic features on the blood fi lm (fragmented red blood • 
cells and a low platelet count).
A sustained diastolic BP of >130 mmHg.• 
Clinical features of encephalopathy or heart failure.• 

See • b Beta-blockers, p. 164 for guidance on the emergency treat-
ment of hypertension.

Treatment
Non-pharmacological interventions:• 

Reduce weight if the patient is obese.• 
Avoid excess alcohol intake (BP increases linearly with alcohol • 
intake over 20 units/week).
Reduce salt intake (advise the patient to avoid very salty foods • 
(e.g. junk foods and some processed foods) and adding salt in 
cooking or at the table).
Take regular exercise (defi ned as 20 minutes of exercise suffi cient • 
to cause sweating, 3 times per week).
Offer smokers advice and help to stop smoking.• 
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Choice of drug
The British Hypertension Society suggests that an ACE inhibitor, • 
calcium channel blocker, or diuretic should be the fi rst-line choice.
Beta-blockers are no longer preferred as a routine initial therapy for • 
hypertension. This is because they are associated with a 30% excess of 
new cases of diabetes compared with alternative treatments.
Some patients may still benefi t from a beta-blocker:• 

Those with symptomatic angina or a previous myocardial infarction.• 
Women of childbearing potential.• 
Patients with evidence on increased sympathetic drive.• 
Patients with intolerance of or contraindications to ACE inhibitors • 
and angiotensin-II receptor antagonists.

Certain drugs may be indicated in some patients, for example:• 
ACE inhibitors and angiotensin receptor antagonists in patients with • 
diabetic renal disease.
Alpha-adrenoceptor antagonists in patients with refractory • 
hypertension.
Calcium channel blockers in patients of African–Caribbean origin • 
with low-renin hypertension.
Methyldopa for hypertension during pregnancy.• 

See individual articles for more information on these drugs.• 
See • b Metformin, p. 473 for more information on the treatment of 
hypertension in patients with diabetes mellitus.
Assess the patient’s overall cardiovascular risk and treat as necessary; • 
consider:

Smoking cessation.• 
Lipid profi le (statin treatment).• 
Antiplatelet therapy (aspirin).• 

Fig. 2.4 is provided as a general guide.• 

Patient <55

years

A+C or A+D

A+C+D

Step 1

Step 2

Step 3

Step 4

Patient ≥ 55 years or of

African or Caribbean

descent of any age

                   C or D

C = Calcium channel blocker

or

D = Thiazide-type diuretic

                    A

A = ACE inhibitor (consider

angiotensin-II receptor

antagonist if intolerant of

ACE inhibitor)

Add

• further diuretic therapy, or

• alpha-blacker, or

• beta-blocker

Seek specialist advice

Fig. 2.4 Pharmacology of drug treatments for hypertension (M http://www.nice.org.
uk/CG034guidance).
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Methyldopa (alpha-methyldopa)
Centrally-active antihypertensive drug

Methyldopa Central A2−
adrenoceptors

Converted to

methylnoradrenaline

Reduced

sympathetic

outflow

Reduced

blood

pressure

0 - Treatment of hypertension.
Usually reserved for the • 
treatment of hypertension 
during pregnancy.

1 - Patients with renal insuffi ciency 
are more sensitive to the 
sedative and hypotensive effects 
of methyldopa; begin treatment 
with a lower dose.
Avoid methyldopa in patients • 
with active liver disease.
Do not give methyldopa to • 
patients with depression.
Do not give methyldopa to • 
patients with porphyria or a 
phaeochromocytoma (can 
precipitate a hypertensive 
crisis).

4 - Methyldopa is not a preferred 
treatment for hypertension, 
owing to its adverse effects profi le.
It continues to be used for the chronic treatment of hypertension • 
during pregnancy, as it is known not to affect the fetus. Most of the 
other antihypertensive drugs are contraindicated (e.g. diuretics, most 
beta-blockers, ACE inhibitors).

Labetalol is preferred for acute treatment of severe hypertension • 
or pre-eclampsia during pregnancy (see b Emergency treatment 
of hypertension in beta blockers, p. 164) 

Treatment of hypertension with methyldopa should be under the • 
direction of a specialist.
Begin treatment with a low dose and gradually increase it.• 
Do not stop methyldopa suddenly; it can cause rebound hypertension.• 

6 - Adverse effects are less common if the total daily dose is <1 g.
Sedation and tiredness are very common. Tolerance can develop, but • 
not in all patients.
Methyldopa causes a dry mouth in 40% of patients.• 
Methyldopa can cause diarrhoea.• 
Methyldopa can cause a positive direct Coombs’ test in 20% of • 
patients; however, autoimmune haemolytic anaemia is less common 
(about 2%). Take care as this can interfere with cross-matching of 
blood.
Rare but serious adverse effects include:• 

Hepatitis; this is most common during the fi rst 4 weeks of • 
treatment.
A lupus-like syndrome (• see b Penicillamine, p. 714).

Note on other centrally-acting 
antihypertensive drugs

Moxonidine An imidazoline 
receptor antagonist. It acts in 
the ventral medulla to reduce 
sympathetic outfl ow. It can be 
used when other drugs are 
inappropriate or have not 
achieved the target blood 
pressure reduction.

Others
Clonidine•  A2-adrenoceptor 
agonist.

Reserpine•  inhibits reuptake of 
amine neurotransmitters, 
reducing sympathetic 
outfl ow.

 These are no longer widely used, 
as they are poorly tolerated.
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7  - Methyldopa enhances the effect of other drugs that lower the BP.
Do not give it with MAOI antidepressants and take care with other • 
antidepressants; the hypotensive effect is enhanced.
Do not give with lithium; this can cause neurotoxicity without changing • 
the plasma lithium concentration.
Methyldopa enhances the effects of sympathomimetic drugs (including • 
salbutamol given by infusion).

8  Effi cacy
Women who become hypertensive during pregnancy must be • 
monitored closely.

Measure the BP regularly.• 
Dip the urine for protein.• 

Measure liver function tests if the patient develops any signs or • 
symptoms of hepatitis.

9  - Warn the patient that methyldopa can cause drowsiness that can 
interfere with skilled motor tasks (e.g. driving).
Alcohol enhances the sedative effect of methyldopa.• 

Prescribing information: Methyldopa
Hypertension

By mouth, initially 250 mg tds.• 
Can be gradually increased (every 2 or 3 days) to a usual maximum total • 
daily dose of 1–2 g, although higher doses are sometimes used.
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Calcium channel blockers (see also 
individual sections)
Inhibitors of the infl ux of calcium into cells

The contraction of vascular smooth 
muscle cells depends on infl ux of calcium 
into the cell in response to depolariza-
tion. Inhibition of this infl ux of calcium 
causes vasodilatation. These drugs have 
differential effects on the heart and 
peripheral vasculature, depending on 

their chemical structures (see box).

The three classes of calcium channel blockers 
are listed in the box. Each class is discussed in 
its own separate section:

Dihydropyridines, • b p. 182.
Phenylalkylamines, • b p. 188.
Benzothiazepines, • b p. 186.

Groups of calcium channel 
blockers

Dihydropyridines
- Typifi ed by nifedipine
- Principally affect the 

peripheral vasculature

Phenyalkylamines
- Typifi ed by verapamil
- Principally affect the heart

Benzthiazepines
- Typifi ed by diltiazem
- Affect the heart and 

peripheral vasculature
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Modifi ed-release formulations: advantages 
and disadvantages 

- Many drugs are removed rapidly from the body, either by metabolism in the 
liver or excretion via the kidneys. As a result, their duration of action is short. In 
many cases, one wants a drug to act throughout the day (e. g. in the treatment 
of hypertension). In order to give 24-hour cover, the drug will have to be taken 
several times throughout the day (see later notes). Ideally, the dose should be 
evenly spaced, but this is often impractical, and so the drug is taken at mealtimes.

- Patients are less likely to take their medicines correctly if they need to be taken 
several times daily. Many drugs are presented as modifi ed-release formulations 
to reduce the frequency of administration.

- The drug is released slowly and evenly over the course of the day from a modifi ed-
release formulation and so only needs to be taken once or twice daily (see fi gure).

This advantage needs to be weighed against the potential disadvantages.• 
- It takes time for a steady state to be achieved with a modifi ed-release 

formulation.
- It is therefore generally good practice to start treatment with an immediate-release 

formulation and to use this to titrate to the optimal dose for that patient.
- Having defi ned the optimal dose you may want to consider changing to a 

modifi ed-release formulation for maintenance treatment.
- This is not always straightforward, as the milligram doses of immediate-release 

and modifi ed-release formulations are rarely equivalent.
- Similarly, modifi ed-release formulations differ from manufacturer to 

manufacturer, so one cannot assume that the same milligram doses of two 
modifi ed-release formulations will have the same pharmacodynamic effect.

For example, lithium, theophylline, and nifedipine modifi ed-release • 
formulations are not interchangeable.
Prescribe these drugs by brand name to be sure of consistency.• 

- Switching to a modifi ed-release formulation may require a further period of 
dosage adjustment to optimize treatment.

- Once you have given a patient a modifi ed-release formulation of a drug, the 
effects will last for many hours. This is potentially hazardous if toxicity occurs.

- It is worth noting that most modifi ed-release formulations are under patent and 
may be more expensive than immediate-release alternatives.
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) Nifedipine capsules. Two 10 mg capsules.

Nifedipine GITS modified-release. One 60 mg tablet.

Nifedipine Cordaflex modified-release. One 20 mg tablet.

Plasma nifedipine concentrations following oral dosage with three different formu-
lations of nifedipine (one normal formulation and two different modifi ed-release 
formulations). The drug in each case is the same, but the pharmacokinetic charac-
teristics of each formulation are very different. See also b p. 185.
(Redrawn from data in Chung M et al. Am J Med 1987; 83(6B):10–14. and Nemes 
et al. Int J Clin Pharm Ther 1998; 36:263–9).

TEACHING 
POINT
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Dihydropyridines (nifedipine-like)
0 - Treatment of hypertension.

Prophylaxis of angina.• 
Symptomatic treatment of Raynaud’s syndrome.• 
Prophylaxis of migraine (specialized use, • 
unlicensed).
Nimodipine is used for the prevention and • 
treatment of ischaemic neurological defi cits 
after subarachnoid haemorrhage.

1 - Avoid in pregnancy and breastfeeding 
(teratogenic in animals; excreted in breast milk). 
Nifedipine can be used in breastfeeding 
mothers, as the amount excreted in breast milk is too small to be 
harmful.
These drugs are vasodilators; they can cause severe hypotension in • 
patients with a fi xed cardiac output (e.g. aortic stenosis, mitral 
stenosis).
Do not use soon after myocardial infarction (within 1 month) or if the • 
patient has unstable/uncontrolled angina.
Reduce the dose in severe hepatic insuffi ciency.• 

4 - Use a once-daily (modifi ed-release) formulation of nifedipine. The 
immediate-release formulation can cause an exaggerated fall in BP and 
refl ex tachycardia (see teaching point box, b p. 185).
Nicardipine, amlodipine, felodipine, and modifi ed-release nifedipine • 
may be a better choice in patients with heart failure, as they do not 
reduce myocardial contractility.

Treatment of hypertension
Calcium channel blockers are among the fi rst-line drugs advised in the • 
British Hypertension Society Guidelines (M http://www.nice.org.uk/
CG034).
Calcium channel blockers are useful in the treatment of low-renin • 
hypertension; this is more common in patients of African-Caribbean 
origin.
Many branded modifi ed-release formulations of these drugs are • 
available; to avoid confusion, and to ensure continuity, these should 
be prescribed by brand name.
These drugs are available in combination formulations with • 
beta-blockers. Combination formulations are not generally 
recommended, unless the patient has been stabilized on each fi rst 
(see b teaching point in misoprostol, p. 40).
There are very few circumstances in which very rapid control of BP is • 
required; it carries the risk of stroke caused by over-zealous BP 
reduction. Do not use crushed nifedipine to control BP. If rapid 
control is really required (e.g. accelerated phase hypertension with 
encephalopathy, aortic dissection), use a drug intravenously so that 
it can be carefully titrated. (See b teaching point in beta-blockers, 
p. 164).

Drugs in this class
- Amlodipine
- Felodipine
- Isradipine
- Lacidipine
- Lercanidipine
- Nicardipine
- Nifedipine
- Nimodipine
- Nisoldipine
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Prophylaxis of angina
Calcium channel blockers in this class are effective for the prophylaxis • 
of angina. However, they should not be used when the problem is 
unstable (angina or heart failure), as the vasodilating action may make 
matters worse.

Nimodipine following subarachnoid haemorrhage
Start treatment as soon as possible after the haemorrhage.• 
Available as an intravenous infusion if the patient is unable to take • 
tablets. The infusion needs to be given via a central line. An alternative 
may be to place a nasogastric tube, if safe to do so, and administer the 
nimodipine via the tube (see manufacturer’s guidance).
Monitor the BP closely during treatment, especially when giving • 
nimodipine intravenously.
Treatment should continue for a minimum of 5 days and a maximum • 
of 21 days.

6 - Adverse effects that are the result of vasodilatation are common 
(1–10% of patients): fl ushing, headache, and peripheral oedema.

Diuretics can be used for the peripheral oedema, but one should • 
reconsider treatment when having to prescribe one drug to treat an 
adverse effect of another.

These drugs cause gum hyperplasia rarely.• 

8 Safety and effi cacy
Measure the BP. The frequency required will depend on the clinical • 
circumstances (see earlier nimodipine section).
Be aware that the maximum effect on BP may not occur for some days • 
or weeks after a maintenance dosage has been established, especially 
with modifi ed-release formulations.
These drugs will augment the effect of other drugs that lower BP. • 
Take care when adding them to existing treatment.

7  - These drugs increase plasma digoxin and ciclosporin concentrations; 
to avoid this, measure plasma digoxin and ciclosporin concentrations 
after achieving a maintenance dose.
The metabolism of these drugs (except amlodipine) is affected • 
by grapefruit juice. Advise the patient to avoid grapefruit juice 
(see b p. 401).

9  - Warn the patient about the possibility of ankle swelling or headache. 
Explain that these effects may improve over time.
Advise the patient to avoid drinking grapefruit juice, as it may increase • 
the risk of adverse effects.

Prescribing information: Dihydropyridines
Many drugs and formulations are available; nifedipine, amlodipine, felodipine, 
and nimodipine are given as examples.

Nifedipine
Immediate-release nifedipine is not recommended (see teaching point box, • 
b p. 185).
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Many modifi ed-release formulations are available for the treatment of • 
hypertension. Doses are not equivalent between different modifi ed-release 
formulations. See individual manufacturers’ information for dosage ranges.

Amlodipine
Treatment of hypertension or angina.• 

By mouth, initially 5 mg once daily; increase to a maximum of • 
10 mg once daily.

Felodipine
Treatment of hypertension.• 

By mouth, initially 5 mg (elderly 2.5 mg) daily in the morning.• 
The usual maintenance dose is 5–10 mg daily.• 
Dosages above 20 mg daily are rarely needed.• 

Prophylaxis of angina.• 
By mouth, initially 5 mg daily in the morning; increase if necessary • 
to 10 mg daily.

Nimodipine for prevention and treatment of ischaemic neurological 
defi cits after subarachnoid haemorrhage

Prevention.• 
By mouth, 60 mg every 4 hours, starting within 4 days of subarachnoid • 
haemorrhage and continued for 21 days.

Treatment.• 
By intravenous infusion via central catheter. 1 mg/hour initially, increased • 
after 2 hours to 2 mg/hour, provided there is no severe fall in BP.
Patients with unstable BP, or who weigh <70 kg, should begin with • 
500 micrograms/hour.
Continue intravenous infusion for at least 5 days (maximum 14 days).• 
In the event of surgical intervention during treatment continue for • 
at least 5 days after surgery.
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Immediate-release nifedipine and excess 
mortality 

- Immediate-release nifedipine is rapidly absorbed; after an oral dose it has its 
maximal effect on BP within 1–2 hours. It is also rapidly metabolized in the liver 
and so has a rapid offset of action.

- To achieve 24-hour BP control immediate-release nifedipine needs to be given 
three times daily.

- Long-term clinical trials have shown that despite ostensibly good BP control, 
treatment with immediate-release nifedipine is associated with excess mortality. 
This is because the rapid onset and offset of action leads to oscillations in the 
BP when measured over the whole day. Rapid falls in BP cause a refl ex 
tachycardia. The rapidly changing heart rate and BP lead to an excess of 
cardiovascular events because many of these patients have underlying coronary 
disease.

- Nifedipine is a useful drug for the treatment of hypertension, but it should be 
given as a modifi ed-release formulation. Modifi ed-release formulations are not 
associated with excess mortality.

- Crushed immediate-release formulations have been used to lower BP rapidly. 
This is potentially hazardous and should not be done. Once the dose has 
been given, you have no control over the rate and extent of the BP fall. If the 
BP needs to be lowered rapidly give a rapidly-acting drug (e.g. a nitrate or 
labetalol) by intravenous infusion so that the effect can be carefully titrated 
(see b teaching point in beta-blockers, p. 164).

TEACHING 
POINT
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Benzothiazepines (diltiazem)
0 - Prophylaxis and treatment of angina.

Treatment of hypertension.• 
1 - Avoid in pregnancy and breastfeeding (experimental evidence of 

teratogenicity; enters breast milk).
Diltiazem is negatively inotropic; avoid using in patients with heart • 
failure.

4 - Diltiazem also affects cardiac conduction; avoid using it in patients with 
2nd- or 3rd-degree heart block or sick sinus syndrome.
Begin with lower doses if the patient has liver or renal insuffi ciency.• 
Diltiazem combines the features of the other classes of calcium • 
channel blockers. It is a vasodilator and slows intracardiac conduction.
The major use of diltiazem is in the treatment of angina. The negative • 
chronotropic effect can be especially useful in patients with ischaemic 
heart disease.

Treatment of angina
Although diltiazem is negatively inotropic, this effect is less marked • 
than that of verapamil. It is uncommon for diltiazem to precipitate 
heart failure.
To give 24-hour cover, immediate-release diltiazem needs to be given • 
3 times daily. Many modifi ed-release formulations that give 24-hour 
cover are available. To avoid confusion, and to ensure continuity of 
reproducible therapy, these should be prescribed by brand name.

6 - Adverse effects that are the result of vasodilatation are common 
(1–10% of patients): fl ushing, headache, and peripheral oedema.
Hypotension can result from the negative inotropic and vasodilatory • 
actions of diltiazem. Begin treatment with a low dose and titrate 
upwards. This will also reduce the risk of severe bradycardia.

8 Safety and effi cacy
When diltiazem is given intravenously the patient should have • 
continuous cardiac monitoring and frequent measurement of BP.
When giving diltiazem by mouth, measure the BP and heart rate • 
before increasing the dose.

7  - Diltiazem will augment the effect of other drugs that lower BP or 
reduce heart rate. Take care when adding it to existing treatments.
Take care when considering co-prescribing diltiazem with • 
beta-blockers, there is a risk of a signifi cant reduction in cardiac 
output.
Diltiazem increases plasma digoxin concentrations by inhibiting its • 
renal secretion by P glycoprotein; to avoid this, measure plasma 
digoxin concentrations after achieving a maintenance dose.

The dose of digoxin will usually need to be reduced by 25%.• 
Diltiazem also inhibits the metabolic activity of CYP3A4. This is • 
important in the clearance of statins, with which it is likely to be 
co-prescribed, and ciclosporin. If these drugs are used together it is 
advisable to reduce the doses of statins and ciclosporin by about 50%.

9 - Warn the patient that diltiazem can cause swelling of the ankles.
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Prescribing information: Diltiazem
Treatment of angina.• 

60 mg 3 times daily (elderly, initially twice daily).• 
Can be increased if necessary to 360 mg daily.• 

Modifi ed-release formulations.• 
See individual manufacturers’ material for doses.• 
The same milligram dose of two different modifi ed-release formulations • 
may not be pharmacodynamically equivalent, so prescribe by brand name 
to ensure continuity of effect.
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Phenylalkylamines (verapamil)
0 - Treatment and prevention of SVT.

Treatment of hypertension.• 
Prophylaxis of angina.• 

1 - Take care in pregnancy and breastfeeding (but no clear evidence of 
harm).
Verapamil is negatively inotropic; avoid it in patients with known left • 
ventricular impairment or heart failure (even if they are currently 
stable).
The major action of verapamil is on cardiac conduction; avoid it in • 
patients with 2nd- or 3rd- degree heart block or sick sinus syndrome.
Do not co-prescribe verapamil with beta-blockers; there is a risk of • 
severe reduction of cardiac output or asystole (see drug interactions 
section for details).
Reduce the dose in severe liver impairment.• 

4 - Although verapamil can be used for the treatment of hypertension and 
angina, there are more appropriate choices for these indications.
The major use of verapamil is for the treatment and prevention of • 
SVT.

Treatment of SVT
Verapamil can be given intravenously to terminate SVT.• 

It should be given as a slow bolus injection over 2–3 minutes.• 
Ensure that adequate resuscitation facilities are immediately to hand • 
and that the patient has continuous cardiac monitoring.

See • b Adenosine, p. 86 for guidance on the choice of drug to 
terminate SVT.

Verapamil can be useful in patients with asthma, in whom adenosine • 
and beta-blockers should not be used.

The decision about prophylactic (oral) treatment against paroxysmal • 
SVT is a complex one. First-line treatment is currently electrophysio-
logical ablation, avoiding long-term drug treatment. For those in whom 
this is not suitable, the frequency and severity of the SVT needs to be 
balanced against drug effi cacy and tolerability. Seek expert advice 
before committing a patient to long-term drug treatment.

6 - The negative inotropic effect of verapamil can worsen cardiac failure; 
avoid it in patients with impaired left ventricular function.
Hypotension can result from the negative inotropic and vasodilatory • 
actions of verapamil. Begin treatment with a low dose and titrate 
upwards. This will also reduce the risk of severe bradycardia.
Gynaecomastia and gingival hyperplasia can occur during long-term • 
treatment.

8 Safety and effi cacy
When verapamil is administered intravenously the patient should have • 
continuous cardiac monitoring and frequent measurement of BP.
When giving verapamil by mouth, measure the BP and heart rate • 
before increasing the dose.
Ask the patient to keep a diary of episodes of SVT, so that you can • 
assess the effi cacy of treatment.
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7  - Verapamil will augment the effects of other drugs that lower BP or 
reduce heart rate. Take care when adding it to existing treatments.
Do not co-prescribe verapamil with beta-blockers; there is a risk of • 
severe reduction of cardiac output or asystole. Do not give intrave-
nous verapamil for at least 8 hours after a beta-blocker was last given.
Verapamil increases plasma digoxin and ciclosporin concentrations; to • 
avoid this, measure plasma digoxin and ciclosporin concentrations 
after achieving a maintenance dose.

The dose of digoxin will usually need to be reduced by 25%.• 
The dose of ciclosporin will usually need to be reduced by 40%.• 

The metabolism of verapamil is affected by grapefruit juice (• see b 
p. 401).

9 - Advise the patient to avoid drinking grapefruit juice, as it increases the 
risk of adverse effects.

Prescribing information: Verapamil
Supraventricular arrhythmias
Termination

Treatment by slow intravenous injection over 2 minutes (3 minutes in • 
elderly people), 5–10 mg.
Give a further 5 mg after 5–10 minutes if required.• 

Prophylaxis
Treatment by mouth, 40–120 mg 3 times daily.• 

Angina (but see earlier notes)
80–120 mg 3 times daily.• 

Hypertension (but see earlier notes)
240–480 mg daily in 2–3 divided doses.• 
Modifi ed-release formulations: see individual manufacturers’ material for • 
doses.
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Crystalloid solutions for intravenous 
infusion

Table 2.5 Crystalloid solutions for intravenous infusion

Solution Sodium 
content

Glucose 
(dextrose) 
content

Other 
electrolytes

Comment

0.9% Sodium 
chloride

150 mmol/L 4% ‘Normal 
saline’ (i.e. isotonic 
saline)

0.45% Sodium 
chloride

75 mmol/L 2.5% or 5% ‘Half normal 
saline’

0.18% Sodium 
chloride

30 mmol/L 4%

Ringer’s 
solution

147 mmol/L Calcium 
2.2 mmol/L, 
potassium 
4 mmol/L

Hartmann’s 
solution; 
Ringer-lactate 
solution 

131 mmol/L Potassium 
5 mmol/L, 
calcium 
2 mmol/L, 
lactate 
29 mmol/L

NOTE that 
sodium lactate 
solution 
containing 
167 mmol/L 
sodium and 167 
mmol/L lactate is 
not recommended 
as it can precipi-
tate lactic 
acidosis

Glucose 
(dextrose mono-
hydrate) 5%

5% 
(50 mg/mL)

‘5% dextrose’

Glucose 
(dextrose 
monohydrate) 
10%

10% 
(100 mg/mL)

‘10% dextrose’

Glucose 
(dextrose 
monohydrate) 
20%

20% 
(200 mg/mL)

‘20% dextrose’

Glucose 
(dextrose 
monohydrate) 
50%

50% 
(500 mg/mL) 

25 and 50 mL 
ampoules. Used 
for treatment of 
hypoglycaemia

Potassium 
chloride and 
glucose 
intravenous 
Infusion

5% 0.3% = 
40 mmol/L 
potassium
0.15% = 
20 mmol/L 
potassium

2 strengths 
available 
containing 
different amounts 
of potassium
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Table 2.5 (Contd.)

Solution Sodium 
content

Glucose 
(dextrose)
content

Other 
electrolytes

Comment

Potassium 
chloride and 
sodium chloride 
intravenous 
infusion

150 mmol/L 0.3% = 
40 mmol/L 
potassium
0.15% = 
20 mmol/L 
potassium

2 strengths avail-
able containing 
different amounts 
of potassium

Potassium 
chloride, sodium 
chloride, and 
glucose 
intravenous 
infusion

0.45% (75 
mmol/L) or 
0.18 % (30 
mmol/L)

5% 10–40
mmol/L*

2 strengths avail-
able containing 
different amounts 
of sodium. 
*Amount of 
potassium to be 
specifi ed by the 
prescriber

0 - Intravenous fl uids are indicated whenever oral replacement of fl uids is 
impractical or likely to be too slow.
Some fl uids have specialized use (see later notes).• 

1 - Do not use the parenteral route when oral administration can be used. 
Some patients may require help to drink. Use a fl uid chart to monitor 
intake.
Fluid management in the acutely ill patient is complex. Seek expert • 
advice.
Consider the type of fl uid lost. Intravenous fl uids have little • 
oxygen-carrying capacity; red cell replacement may be important in 
patients who have lost large volumes of blood. Also consider replace-
ment of coagulation factors.

4 - Secure patent intravenous access is important. Two separate sites are 
recommended during resuscitation. 
The larger the bore of the cannula, the faster fl uid can be administered.• 
Central venous lines have considerable resistance, owing to their length. • 

This makes this route less suitable for very rapid fl uid administration. • 
However, central venous administration is preferred for hypertonic • 
solutions (e.g. 20% glucose) and solutions containing >20 mmol/L 
potassium.

Regular reassessment is an important component of fl uid management; • 
avoid prescribing fl uids for long periods of time without review.

Selection of solution for infusion
Consider whether the fl uid loss is: electrolyte rich (e.g. ascites, ileus), • 
water (dehydration), or both (e.g. diabetic ketoacidosis) to guide your 
choice of fl uid.
Sodium chloride 0.9% may be inappropriate in the early postoperative • 
period, because of salt and water retention caused by the metabolic 
response to stress.
Glucose (dextrose) 5% is poor in electrolytes and should generally be • 
considered as water replacement. The amount of glucose in a 5% 
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solution is relatively small and it should not be considered an adequate 
source of nutrition. 

Seek expert advice in patients who require parenteral nutrition.• 
Stronger solutions of glucose are generally reserved for treatment • 
of hypoglycaemia and hyperkalaemia.

Some prefer to use sodium lactate solution in place of 0.9% (isotonic) • 
sodium chloride, claiming that it is more physiological.  
Potassium replacement by intravenous administration is potentially • 
hazardous. 

Avoid giving more than 20 mmol potassium (thoroughly mixed in • 
500 mL) in <2–3 hours. Consider using a controlled infusion system 
to avoid rapid infusion. In very severe cases more potassium may be 
given, but this should be in an intensive care setting with close 
monitoring. 
Initial potassium replacement therapy should not involve glucose • 
infusions, because glucose can cause a further reduction in the 
plasma potassium concentration.

The rationale for the use of colloids has been that they may retain • 
more water in the intravascular space. Several meta-analyses have 
shown that there is no evidence from randomized controlled studies 
that resuscitation with colloids reduces the risk of death, compared 
with resuscitation with crystalloids, in patients with trauma or burns, 
or after surgery.

6 - Inadequate fl uid replacement may result in cardiovascular collapse, 
owing to an inadequate intravascular volume.
Excessive fl uid replacement can also cause cardiovascular collapse, • 
owing to overexpansion of intravascular volume, leading to cardiac 
decompensation.

It can also cause oedema (and heart failure).• 
Injudicious use of solutions such as sodium chloride 0.18% and glucose • 
5% can cause dilutional hyponatraemia. 

The elderly and children are at greater risk. • 
Hypernatraemia is usually a sign of inadequate water replacement, but • 
in an adequately fi lled patient can be the result of excessive use of 
electrolyte-rich solutions (e.g. sodium chloride 0.9%).
Excessive use of electrolyte-rich solutions can cause hyperchloraemic • 
acidosis.
Excessive or rapid infusion of potassium can cause cardiac arrest; • 
follow the advice given earlier.  
Hypertonic solutions can cause venous irritation and phlebitis; • 
consider central venous administration. 
Intravenous lines are the single most frequent cause of MRSA and • 
MSSA bacteraemia in hospital. Never put a line in ‘just in case’, date all 
line insertions, record them in the notes, and inspect them regularly. 
Remove any line that is not in active use. 

7  - Always check which type of solution is suitable before mixing a drug 
for intravenous infusion (BNF Appendix 6). 
Addition of drugs to incompatible solutions can cause precipitates to • 
form or chemical alteration of the drug.
Only add one drug to an infusion bag, as two drugs in solution may • 
undergo chemical interaction.
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In general, do not add drugs to blood and blood product infusions.• 
8  - Assess and record the patient’s fl uid status at baseline. 

Monitor intake and output with a fl uid chart.• 
Consider central venous pressure monitoring in severely ill patients • 
and those with impaired renal or cardiac function. 

9 - Tell the patient to seek attention immediately if the infusion becomes 
painful, if there are signs suggestive of extravasation, or signs of 
leakage.

Prescribing information: Crystalloid solutions for intravenous infusion
Be precise about the choice of fl uid when prescribing; a wide variety of dif-• 
ferent solutions is available.
Specify the volume and duration of infusion. If the duration is critical, specify • 
that a controlled administration system must be used.
Take particular care with solutions containing drugs and those • 
containing potassium.
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Colloid solutions for intravenous 
infusion
Examples of colloid solutions for intravenous infusion

Albumin or plasma 
protein fraction

4.5 and 5% solutions available (isotonic)

Concentrated (hypertonic)solutions (20% and 25%) are 
also available

Plasma substitutes

Hydroxyethyl starch
Hexastarch
Pentastarch

Several brands available. Check the electrolyte 
composition. Most are in 0.9% (isotonic) sodium 
chloride (150 mmol/L sodium)

Modifi ed gelatin Several brands. Check the electrolyte composition; 
e.g. gelofusine contains sodium  154 mmol/L; haemaccel 
contains sodium 145 mmol/L and potassium 5.1 mmol/L

Dextran Dextran 40 and Dextran 70 available. Available in 
glucose 5% and sodium chloride 0.9% solutions—see 
crystalloids for information on electrolyte composition.
Dextan 70 is most commonly used for resuscitation

The rationale for the use of colloid solutions is that the large molecules they 
contain (average 40 and 70 kDa) are more readily retained within the intravas-
cular space, where they have an osmotic effect, causing retention of intravascular 
fl uid.

The clinical importance of this has been challenged recently—see later notes. 
0 - Colloid solutions are used for fl uid resuscitation. They should not be 

used for routine fl uid/electrolyte replacement.
Albumin can be used after the acute phase of illness to correct a • 
plasma volume defi cit in patients with salt and water retention and 
oedema.

Hypoalbuminaemia alone is not an appropriate indication.• 
Concentrated albumin solutions may also be used to obtain a diuresis • 
in hypoalbuminaemic patients (e.g. in hepatic cirrhosis).

1 - Fluid management in the acutely ill patient is complex. Seek expert 
advice.
Consider the type of fl uid lost. Intravenous fl uids have little oxygen-• 
carrying capacity; red cell replacement may be important in patients 
who have lost large volumes of blood. Also consider replacement of 
coagulation factors.
Do not use plasma substitutes for subacute and chronic treatment of • 
burns and peritonitis. Replacement of plasma proteins (especially 
albumin) is required.
Dextrans can interfere with cross-matching or biochemical • 
measurements. Take blood samples for these before administering 
colloids whenever possible. 

4 - There has been much debate about the role of colloid solutions in 
resuscitation.
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The rationale for the use of colloids has been that they may retain • 
more water in the intravascular space. Several meta-analyses have 
shown that there is no evidence from randomized controlled studies 
that resuscitation with colloids reduces the risk of death, compared 
with resuscitation with crystalloids, in patients with trauma, burns, 
or after surgery.
Colloids are substantially more expensive than crystalloids and can • 
cause hypersensitivity reactions. Consider whether a colloid is 
required.

Secure patent intravenous access is important. Two separate sites are • 
recommended during resuscitation. 
The larger the bore of the cannula, the faster fl uid can be • 
administered.
Central venous lines have considerable resistance, owing to their • 
length. 

This makes this route less suitable for very rapid fl uid administration. • 
Regular reassessment is an vital component of fl uid resuscitation; do • 
not prescribe colloids for long periods of time without review.
Human albumin solution is expensive and it is not necessary to use it • 
for acute resuscitation under most circumstances.

See earlier notes for advice on suitable uses of human albumin • 
solution.
There has been a revaluation of the utility of albumin in the past few • 
years. Several meta-analyses yielded the unexpected conclusion that 
use of human albumin solution was not benefi cial and was associated 
with increased mortality. More recent evidence has not supported 
these conclusions. This debate reinforces the importance of well 
conducted clinical studies to evaluate medical interventions. An 
intervention may appear to make physiological sense yet not be 
benefi cial or even be harmful (see b CAST trial under Flecainide, 
p. 91).

6 - Inadequate fl uid replacement can result in cardiovascular collapse, 
owing to an inadequate intravascular volume.
Excessive fl uid replacement can also cause cardiovascular collapse, • 
owing to overexpansion of the intravascular volume, leading to cardiac 
decompensation.

It can also cause oedema (and heart failure).• 
Large volumes of plasma substitutes can increase the risk of bleeding, • 
owing to depletion of coagulation factors. Limit the use of plasma 
substitutes to 1–2 litres whenever possible. 
Colloid solutions contain complex molecules. These can cause • 
hypersensitivity reactions, including anaphylactoid (non-IgE-mediated) 
reactions (see b teaching point in acetylcysteine, p. 703). 

7  - Colloid solutions should not be use for the intravenous administration 
of drugs.

In general, do not add drugs to blood and blood product infusions.• 
8  - Assess and record the patient’s fl uid status at baseline. 

Monitor intake and output with a fl uid chart.• 
Consider central venous pressure monitoring in severely ill patients • 
and those with impaired renal or cardiac function. 
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Do not allow the haematocrit concentration to fall to <25–30%; • 
oxygenation may be impaired. 

9 - Tell the patient to seek attention immediately if the infusion becomes 
painful, if there are signs suggestive of extravasation, or signs of 
leakage.

Prescribing information: Colloid solutions for intravenous infusion
Be precise about the choice of fl uid when prescribing; a wide variety of dif-• 
ferent solutions is available.
Specify the volume and duration of infusion. If the duration is critical, specify • 
that a controlled administration system must be used.
Take particular care with solutions containing potassium.• 

Case history
- A 77-year-old man underwent a transurethral resection of the prostate and 

during the procedure received 1 L of colloid. Shortly after he developed 
urticaria and vasodilatation, and his BP fell to 83/54 mmHg. He was resuscitated 
with crystalloids and vasopressor agents, but the procedure had to be 
abandoned and he spent 12 hours in the ICU. The evidence for using colloids 
over and above crystalloids is weak and this reaction was avoidable.
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Sites of action of diuretics
Diuretic drugs have different clinical uses, depending on their sites and mecha-
nisms of action. See individual articles for guidance on the choice and appropriate 
use of diuretic drugs. Not all the drugs listed in Fig. 2.5 are used therapeutically.

Potassium-sparing diuretics

inhibit sodium reabsorption in

the distal convoluted tubule.

  Amiloride

  Triamterene

Thiazide diuretics inhibit

sodium reabsorption in the

distal convoluted tubule.

  Bendroflumethiazide

  Chlortalidone

Loop diuretics inhibit salt and

hence water reabsorption in the

ascending limb of the loop of Henle.

  Furosemide

  Bumetanide

Osmotic diuretics

  Mannitol

  Glucose acts as an osmotic

  diuretic in uncontrolled

  diabetes mellitus

Carbonic anhydrase

inhibitors inhibit bicarbonate

secretion in the proximal

convoluted tubule.

  Acetazolamide
Drugs that inhibit the

release of antidiuretic

hormone (ADH)

  Alcohol

Spironolactone inhibits the

action of aldosterone in the

distal convoluted tubule;

it is potassium-sparing.

Fig. 2.5 Sites of action of diuretics

Notes on mannitol
- A hexahydric alcohol, related to mannose. It is fi ltered by the renal glomerulus, 

but is not reabsorbed; it therefore acts as an osmotic diuretic.
- Acts rapidly and is used in the emergency treatment of cerebral oedema and 

acute closed-angle glaucoma, but is not suitable for long-term treatment.
- Given by intravenous infusion; take care to avoid extravasation, as this can cause 

infl ammation and thrombophlebitis.
- Emergency treatment of cerebral oedema (see b p. 494 for more information):

1 g/kg (5 mL/kg of a 20% solution) by rapid intravenous infusion.• 
- Emergency treatment of glaucoma before surgery:

20% by slow intravenous infusion until the intraocular pressure has fallen to an • 
acceptable value. The usual maximum total volume of mannitol that should be 
infused is 500 mL. This is a very specialized use; seek expert advice.
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Treatment of pulmonary oedema
The cardinal symptom of pulmonary oedema is severe breathlessness, • 
due to fl uid in the lung parenchyma. The volume of fl uid can vary 
considerably. If the pulmonary oedema is acute, a small volume of fl uid 
(about 100 mL) can be enough to cause severe symptoms; if however, 
the fl uid has accumulated over several days or weeks, the volume in 
the lungs and pleural cavities can be very large (several litres).
The priority of treatment is to provide adequate oxygenation of the • 
blood. Immediate treatment is symptomatic, but if possible treat the 
underlying cause (see later notes).

Symptomatic treatments
Sit the patient up. This improves ventilation–perfusion matching in the • 
lungs.
Give a high concentration of inspired oxygen by face mask, unless • 
the patient is known to have chronic obstructive airways disease 
(see b Oxygen, p. 242).
Diuretics•  A loop diuretic (e.g. furosemide 40–80 mg) given by slow 
intravenous injection is often effective. Higher doses may be required 
if the patient has been taking large doses for long periods, as diuretic 
resistance can develop. The rapid initial action is due to pulmonary 
vasodilatation rather than diuresis, which comes later.

Remember that diuretics can only remove fl uid from the • 
intravascular space. It takes time for extravascular fl uid to move 
into the intravascular space. Excessive doses of diuretics can cause 
hypotension, without relieving oedema.
Diuretics can only produce a diuresis if the patient has functioning • 
kidneys. If diuretics do not work (e.g. in chronic severe renal 
insuffi ciency or after acute tubular necrosis), a vasodilator drug 
(e.g. a nitrate) will temporarily relieve symptoms until fl uid can be 
removed (e.g. by dialysis/haemofi ltration). See b Nitrates, p. 152 
for prescribing information

If the patient has bronchospasm, give an inhaled short-acting • 
B2-adrenoceptor agonist (e.g. salbutamol).

Treatments for causes of pulmonary oedema
If pulmonary oedema is due to left ventricular failure and if left • 
ventricular function can be improved by treatment of the precipitating 
factor, the pulmonary oedema can be transient.

Common causes of acute left ventricular failure
Myocardial infarction and ischaemia.• 

Acute left ventricular failure is a poor prognostic feature. • See 
b p. 150 for an approach to the treatment of myocardial infarction
Opiate drugs (e.g. morphine) have a vasodilator action; in addition • 
to relieving pain, they can relieve the symptoms of pulmonary 
oedema.
Inotropic drugs, such as dobutamine, can improve left ventricular • 
function in the short term, but may not affect the prognosis.
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Arrhythmias.• 
A patient with impaired left ventricular function who develops • 
AF can in turn develop acute left ventricular failure. Chemical or 
electrical cardioversion may be all that is required to relieve the 
symptoms.

Valvular heart disease.• 
Acute valvular insuffi ciency can precipitate acute left ventricular • 
failure. Causes include myocardial infarction and infective 
endocarditis; emergency surgical intervention may be required.
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Loop diuretics
Inhibitors of the Na+/K+/Cl– co-transporter

Proximal
convoluted

tube

The Na+/K+/Cl
-
 co-transporter

is widely distributed in cells

in the body. However, the

pharmacological effect is only

manifest in the thick ascending

limb of the loop of Henle.

Acting from within the lumen

of the nehphron, loop diuretics

are potent inhibitors of Na+and

K+ reabsorption.

Lumen

Na+

K+

2Cl
-

Inhibited by loop

diuretics from the

luminal surface

Cell

Distal
convoluted

tube

Collecting
duct

Descending
limb

Loop
of

Henle

Bowman's
capsule

Ascending
limb

0 - Loop diuretics are potent and act rapidly. They are used whenever a 
rapid diuresis is required, and in long-term therapy.

The most common indication is for the control of oedema, usually • 
due to heart failure.
Note that diuretics improve symptoms in heart failure but do not • 
reduce mortality.
They may also be used to promote a diuresis in acute renal • 
insuffi ciency, but it is essential to ensure that the patient is 
adequately hydrated before using a diuretic in such cases.

1 - Loop diuretics act from within the lumen of the nephron. They will 
not work if the patient is anuric.
Diuretics can cause severe hypokalaemia and hyponatraemia. Measure • 
serum electrolytes before giving these drugs.

Avoid in people with hypokalaemia, or in whom hypokalaemia could • 
have serious consequences (e.g. those taking digoxin).
Hypokalaemia can precipitate coma in patients with hepatic • 
insuffi ciency.

Loop diuretics are not useful in most cases of hypertension. They are • 
used if there is coexistent heart failure or if the hypertension is 
resistant to other therapies. Consider a thiazide diuretic instead.
Loop diuretics can precipitate gout. Avoid in people with a history • 
of gout. If treatment with a diuretic is necessary, give the patient 
allopurinol fi rst.
Can precipitate type II diabetes mellitus or worsen glucose control in • 
diabetes mellitus. Consider using an alternative drug.
Coadministration with a loop diuretic results in a profound diuresis. • 
This may be desirable in refractory heart failure, but the combination 
should be avoided in other circumstances.
These drugs are not used usually during pregnancy, because of the risk • 
of volume depletion.

Drugs in this class
- Bumetanide
- Furosemide (frusemide)
- Torasemide

Furosemide is poorly 
absorbed, and bumetanide 
or torasemide may be 
preferable for long-term 
oral administration.

Etacrynic acid is an 
obsolete loop diuretic 
that has also been studied 
for its potential benefi cial 
effects in the treatment 
of tumours.
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Oedema
(See b Glucocorticoids and Mannitol, p. 494 and p. 197 for treatment 
of cerebral oedema.)

4 - Remember that in oedematous states most of the fl uid is 
extravascular. Fluid can only be mobilized from these sites at a certain 
rate. Excessive diuresis will empty the intravascular space, leading to 
dehydration and hypotension.

The usual maximum target rate of fl uid loss is 1 litre (1 kg) per day.• 
Patients with severe peripheral oedema also have an oedematous gut. • 
This impairs absorption of these drugs, particularly furosemide.

Bumetanide and torasemide are better absorbed than furosemide, • 
and may be better choices for oral administration in patients with 
severe oedema.
For patients with severe oedema, a continuous intravenous infusion • 
will be more effective than a bolus dose.

Patients become resistant to loop diuretics over time. The mechanism • 
of this is complex, and may involve the hypertrophy of cells in the 
distal nephron. In practical terms, you may have to increase the dose 
over time to achieve the same effect. Patients taking diuretics in the 
long term may need high doses when they present acutely. By the 
same token, diuretic-naïıve patients presenting with, for example, acute 
heart failure due to myocardial infarction, may only need small doses.

Titrate the dose according to the clinical effect, not how unwell the • 
patient is.

Coadministration of a small dose of a thiazide or thiazide-like diuretic • 
(usually metolazone) with a loop diuretic can produce a powerful 
diuresis in patients with oedema that is refractory to loop diuretics 
alone.

This requires close monitoring of electrolytes and fl uid balance to • 
avoid excessive diuresis.

Renal insuffi ciency
These drugs have a role in oliguric renal insuffi ciency.• 

High doses are required.• 
Ensure that oliguria is not due to a pre-renal or post-renal cause.• 

6 Early or late
Excessively rapid infusion of large doses of intravenous loop diuretics • 
can cause ototoxicity, particularly if the patient has renal failure; 
furosemide is more ototoxic than bumetanide.

Rapid infusion does not improve the clinical effect, and slow infusion • 
is often more effective.
Furosemide should be infused at a rate of no more than • 
4 mg/minute.

Measure the plasma potassium concentration before initiating diuretic • 
therapy.
Other adverse effects include gastrointestinal disturbance, • 
precipitation of attacks of gout, and rash.
Loop diuretics can cause postural hypotension by reducing the • 
circulating volume.
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7  - Prior treatment with diuretics increases the risk of fi rst-dose 
hypotension when starting treatment with ACE inhibitors 
(see b ACE inhibitors, p. 166).
Loop diuretics reduce the excretion of lithium.• 

Serum concentrations of lithium can rise.• 
Reduce the dose of lithium by a half initially and monitor serum • 
lithium concentrations.

Hypokalaemia resulting from diuretic treatment increases the risk of • 
toxicity from digoxin and antiarrhythmic drugs.
The risk of hypokalaemia is increased in patients taking theophylline.• 

8  Safety
Ensure that the patient is not hypovolaemic before starting diuretic • 
therapy.
Measure plasma electrolytes before starting therapy, and regularly • 
while the patient is being stabilized on these drugs. There is very little 
evidence to suggest how often to measure the serum electrolytes of 
patients taking diuretics. The following is suggested as a practical 
approach.

Measure serum electrolytes before starting therapy and correct any • 
hypokalaemia.
Measure the electrolytes again after 3–4 days and weekly thereafter, • 
until the patient is stabilized on a dosage regimen.
If the patient is stable, it may be only necessary to measure • 
electrolytes every 6 months thereafter.
Some patients require more frequent monitoring. In particular, • 
increase the frequency of monitoring if a change in therapy is 
required or if the patient suffers an intercurrent illness or has renal 
impairment.
Patients receiving intravenous diuretic therapy should have their • 
serum electrolytes measured every other day; some will require 
daily measurements.

Effi cacy
Monitor the patient’s weight daily, as a measure of fl uid loss.• 

9 - Compliance with diuretic therapy can be a problem; many patients 
fi nd that the diuresis interferes with their daily activities. The diuretic 
action of these drugs lasts for about 6 hours. Discuss this with the 
patient and fi nd the most convenient time for them to take their 
diuretics; this may not be fi rst thing in the morning.
Patients on established diuretic therapy are often able to adjust the • 
dose according to their clinical status. This is helpful, as it encourages 
the patient to take the minimum effective dose.

Prescribing information: Loop diuretics
Furosemide

By mouth.• 
Oedema • Initially 40 mg in the morning; maintenance 20 mg daily or 40 mg 
on alternate days; increase in resistant oedema to 80 mg daily or more.
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Do not give twice a day.• 
—the kidney is refractory for 6–8 hours after an effective dose.
—a second dose after 12 hours causes a diuresis overnight.
—if the patient has an indwelling urinary catheter, twice-daily administra-

tion (12 hours apart) may be acceptable.
Oliguria•  Initially 250 mg daily; if necessary larger doses, increasing in steps 
of 250 mg, can be given every 4–6 hours to a maximum single dose of 2 g 
(rarely used).

By intramuscular injection or slow intravenous injection.• 
Initially 20–50 mg.• 

By•  intravenous infusion (by syringe pump if necessary)
Oliguria•  Initially 250 mg over 1 hour (rate not exceeding 4 mg/minute). If a 
satisfactory urine output is not obtained in the subsequent hour, give a 
further 500 mg over 2 hours, then if there is no satisfactory response 
within the next hour, give a further 1 g over 4 hours. If there is still no 
response, dialysis will probably be required. An effective dose (up to 1 g) 
can be repeated every 24 hours.

Bumetanide
By mouth.• 

1 mg in the morning; severe cases, increased up to 5 mg or more daily.• 
In elderly patients, 500 micrograms daily may be suffi cient.• 

By intravenous injection.• 
1–2 mg, repeated after 20 minutes.• 

By intravenous infusion.• 
2–5 mg over 30–60 minutes.• 

Torasemide
By mouth.• 

Oedema•  5 mg once daily, preferably in the morning, increased if required 
to 20 mg once daily; usual maximum 40 mg daily.
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Postural hypotension
- Remember that the BP can be normal when measured with the patient sitting 

or lying. The principal feature of postural hypotension is that the BP falls 
signifi cantly on standing. 

- Drugs are commonly responsible; examples include:
Drugs that cause dehydration (e.g. loop diuretics).• 
Drugs that lower BP (e.g. thiazide diuretics, beta-blockers, ACE inhibitors, • 
calcium channel blockers, alpha-blockers, centrally-acting antihypertensive 
drugs).
Vasodilators (e.g. nitrate drugs).• 
Drugs that cause adrenal insuffi ciency (e.g. abrupt corticosteroid withdrawal • 
after long-term therapy).
Drugs that can affect CNS control of BP (e.g. antipsychotic drugs, • 
antidepressants).
Drugs that are sedative (e.g. antihistamines).• 
Elderly patients are most susceptible to this adverse effect of drugs.• 

- Other causes:
Autonomic neuropathy due to diabetes mellitus. • 
Venous insuffi ciency in the legs.• 

Treatment
- Identify the cause whenever possible. Withdraw or reduce the dose of any 

causative or contributory drugs.
- Advise the patient to stand up slowly, and in stages. 
- Venous compression stockings can be of use if venous insuffi ciency is the cause. 
- Reserve treatment with mineralocorticoids (fl udrocortisone) for the most 

severely affected in whom other measures have been ineffective.
Fludrocortisone 50–300 micrograms by mouth, daily.• 

TEACHING 
POINT
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Potency of drugs
- A drug that is more potent than another exerts its pharmacodynamic effect at 

a lower concentration. A more potent drug does not necessarily have a larger 
maximum effect than a less potent drug. For example, bumetanide is a more 
potent inhibitor of sodium reabsorption in the ascending loop of Henle than 
furosemide (compare their oral doses), but the maximum diuretic effects of 
these drugs are the same. Conversely, bumetanide and bendrofl umethiazide 
are about equally potent as diuretics, but dose for dose bumetanide produces 
a larger effect.

- Usually the relative potency of two drugs is less important than their relative 
effi cacy (see b Effi cacy of drugs, p. 15). However, sometimes a drug is more 
potent as a cause of adverse effects than another drug with equal therapeutic 
effi cacy. For example, two antihistamines may have the same therapeutic 
effi cacy in reducing the symptoms of hay fever, but at equivalent therapeutic 
doses one may produce more drowsiness than the other.

Drug A is more potent than 
drug C, but they have the same 
maximal effi cacy.
Drug A is as potent as drug B, 
but they have different maximal 
effi cacies.

B

A C

R
e
s
p
o

n
s
e

Dose

TEACHING 
POINT
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Thiazide and thiazide-like diuretics
Inhibitors of the Na+/Cl– co-transporter

The thiazides block sodium

reabsorption in the distal

convoluted tubule of the

nephron.This results in a

moderately potent diuretic

action. The mechanism of

their antihypertensive

action is not understood.
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0 - Treatment of hypertension.
In combination with loop diuretics for the control of severe oedema in • 
chronic heart failure.

This requires close monitoring.• 
Specialized use in the treatment of nephrogenic diabetes insipidus.• 

1 - Thiazides can cause hypokalaemia.
Avoid in people with hypokalaemia, or in whom hypokalaemia could • 
have serious consequences (e.g. those taking digoxin).
Hypokalaemia can precipitate encephalopathy in patients with • 
hepatic insuffi ciency.

Thiazides can precipitate gout.• 
Avoid in people with a history of gout. If treatment with a thiazide is • 
necessary, start the patient on allopurinol fi rst.

Thiazides can precipitate type II diabetes mellitus or worsen glucose • 
control in diabetes mellitus.

Consider using an alternative drug.• 
Coadministration with a loop diuretic results in a profound diuresis.• 

This may be desirable in refractory heart failure, but the combina-• 
tion should be avoided in other circumstances.

Thiazides are ineffective in people with poor renal function (creatinine • 
clearance or glomerular fi ltration rate <30 mL/min) because they 
act from within the tubular lumen; in renal insuffi ciency, the fall in 
glomerular fi ltration rate reduces the access of thiazides to their site 
of action.
Thiazides can cause neonatal thrombocytopenia if given during • 
pregnancy.

Hypertension
4 - Although their mechanism of action is not understood, thiazides are 

effective in hypertension.
They are recommended as one of the fi rst-line choices in essential • 
hypertension for patients aged 55 or older or black patients of any age, 
unless there is a contraindication or a compelling indication for 
another drug (M http://www.nice.org.uk/CG034).

Drugs in this class

Thiazides
- Bendrofl umethiazide
- Chlorothiazide
- Hydrochlorothiazide 

There are no important 
differences among these 
diuretics.

Thiazide-like
- Chlortalidone
- Indapamide
- Metolazone
- Xipamide
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Low doses are as effective as higher doses. Higher doses have a higher • 
incidence of adverse effects.
If the BP is not adequately controlled by a low dose of a thiazide, a • 
second agent should be considered, rather than increasing the dose. 
Several combination products are available for the treatment of 
hypertension that contain a thiazide diuretic with another class of 
agent (e.g. an ACE inhibitor or angiotensin receptor antagonist).

Less than half of patients with hypertension will be adequately • 
controlled with one drug.

Non-cardiac oedema
Thiazides reduce oedema. However, they are not the best choice • 
when a signifi cant diuresis is required; a loop diuretic is a better 
choice.
Do not use diuretics in idiopathic oedema; initial benefi t is usually • 
offset by tolerance and worsening oedema.

Heart failure
Coadministration of a small dose of a thiazide or a thiazide-like • 
diuretic (e.g. metolazone) with a loop diuretic can produce a powerful 
diuresis in patients with oedema refractory to loop diuretics alone.
This requires close monitoring of electrolytes and fl uid balance to • 
avoid excessive diuresis.

Diabetes insipidus
Thiazide and thiazide-like diuretics have a paradoxical antidiuretic • 
action in nephrogenic diabetes insipidus.

Specialized use.• 
Suggested dose, chlortalidone 100 mg/day initially, reduced to • 
50 mg/day for maintenance.

6 Early
All of these diuretics have the potential to cause hyponatraemia and • 
hypokalaemia.
Thiazides can precipitate acute attacks of gout.• 
Thiazides can raise plasma lipid concentrations.• 
Rashes are common, but usually mild.• 
An allergic vasculitis is well described but rare.• 

Long-term
Long-term treatment can cause hyperglycaemia and worsening of • 
diabetic control.
Thiazides can cause erectile impotence.• 
Thrombocytopenia occurs rarely, owing to a direct effect on the bone • 
marrow.

7  - NSAIDs interfere with the antihypertensive effect of thiazides.
Note that prior treatment with diuretics increases the risk of • 
fi rst-dose hypotension when starting treatment with ACE inhibitors.

Suspend the diuretic for 2 days before starting an ACE inhibitor, and • 
give the fi rst dose of the ACE inhibitor when the patient is lying 
down (e.g. on going to bed); if this is not possible, admit the patient 
to hospital in order to start the ACE inhibitor.
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Thiazides reduce the excretion of lithium salts.• 
Serum concentrations of lithium can rise.• 
Reduce the dose of lithium by a half initially and monitor serum • 
lithium concentrations.

Hypokalaemia resulting from diuretic treatment increases the risk of • 
toxicity from digoxin and antiarrhythmic drugs.
The risk of hypokalaemia is increased in patients taking theophylline.• 

8 Safety
Ensure that the patient is not hypovolaemic before starting diuretic • 
therapy.
Check plasma electrolytes before starting therapy and on a regular • 
basis while the patient is being stabilized on these drugs. See b Loop 
diuretics, p. 200.

Effi cacy
Measure the patient’s weight daily (as a measure of fl uid loss) during • 
the early stages of therapy for heart failure.
Measure the BP. The frequency of measurement when used as therapy • 
for hypertension will depend on the clinical circumstances.

9 - Compliance with diuretic therapy can be a problem. Many patients 
fi nd that the diuresis interferes with their daily activities. Discuss this 
with the patient and fi nd the most convenient time for them to take 
their tablets. These drugs have durations of action that vary from 12 to 
24 hours.

Effects of thiazides on electrolytes and 
organ function

Thiazide diuretics make some things go up and others down, and it is important 
to monitor patients after introducing any thiazide diuretic. Unfortunately, evidence 
suggests that fewer than 1 in 3 patients have a plasma electrolyte measurement 
within 6 months of the start of thiazide therapy.

Up Down

Uric acid Sodium

Glucose Potassium

Lipids Magnesium

Calcium Blood pressure

Serum lithium Erectile function



209CHAPTER 2 Cardiovascular system

Case history
Diuretic combinations
- A 79-year-old woman with chronic heart failure developed severe peripheral 

oedema, shortness of breath, and lethargy. She was admitted from the clinic in 
order to adjust her therapy and reduce the fl uid retention. Despite an increase 
in the dose of ramipril to 5 mg bd and furosemide to 120 mg/day she remained 
very oedematous and daily weights showed little change. She did achieve some 
improvement with the addition of spironolactone 25 mg/day and with restriction 
of her fl uid intake to 1 litre a day. However, 8 days later she was still very 
oedematous and metolazone was added at a dose of 2.5 mg/day. This 
combination of diuretic and ACE inhibitor therapy cleared the oedema, although 
her creatinine rose from 128 to 154 micromol/L. The metolazone was 
withdrawn and she was discharged. She was monitored carefully, visiting the 
local community hospital weekly, and she did not re-develop signifi cant fl uid 
retention.

Short-term judicious use of a thiazide-like diuretic, such as metolazone, as an 
adjunct to a loop diuretic can be very effective in severe heart failure, but it is 
important to monitor renal function, electrolytes, and BP very carefully.

Prescribing information: Thiazide diuretics
Many thiazides are available. Only three (the best-established) are listed here.

Bendrofl umethiazide (bendrofl uazide)
Oedema:•  initially 5–10 mg in the morning, daily or on alternate days; mainte-
nance 5–10 mg 1–3 times per week.
Hypertension:•  2.5 mg in the morning; higher doses are rarely necessary.

Chlortalidone
Oedema:•  up to 50 mg daily for a limited period.
Hypertension:•  25 mg in the morning; increasing the dose to 50 mg is rarely 
necessary.
Heart failure:•  25–50 mg in the morning, increased if necessary to 100–200 mg 
daily.

Metolazone
Oedema:•  5–10 mg in the morning, increasing if necessary to 20 mg daily in 
resistant oedema; maximum 80 mg daily.
Hypertension:•  initially 5 mg in the morning; maintenance dose 5 mg on 
alternate days.
Heart failure:•  suggested starting dose 2.5 mg 3 times per week, in 
combination with a loop diuretic; increase cautiously to desired effect.
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Potassium-sparing diuretics 
(amiloride and triamterene)
Inhibitors of Na+ channels in the distal convoluted tubule

Both drugs inhibit the Na
+

channels in the apical

membrane of the late distal

tubule and collecting duct.

Because K
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and H
+
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0 - Although these drugs have diuretic 
action, their major use is in 
combination with thiazide or loop 
diuretics in order to conserve 
potassium in patients with 
hypertension or heart failure.

1 - Potassium-sparing diuretics are not 
the most appropriate treatment for 
oedema; a loop diuretic is a better 
choice.
Many patients given diuretics will not require a potassium-sparing • 
diuretic. Do not give one unless the patient has or is at risk of 
hypokalaemia.
Patients with renal insuffi ciency are at risk of hyperkalaemia. • 
Potassium-sparing diuretics are not usually recommended in this 
group.
Diuretics are best avoided in pregnancy; there is a risk of volume • 
depletion.

4 - Consider for patients who develop, or are at risk of, hypokalaemia.
Often as a result of treatment with loop or thiazide diuretics, • 
particularly in patients taking digoxin.
The potassium-sparing dose of these drugs is low.• 

Many patients, particularly those with heart failure, will not require • 
a potassium-sparing diuretic, as they should also be taking an ACE 
inhibitor, which has a potassium-sparing effect.
Note that the aldosterone antagonists eplerenone and spironolactone • 
(see b p. 214), which have potassium-sparing effects, improve 
outcome in patients with heart failure when added to a diuretic 
and ACE inhibitor. The potassium-sparing diuretics amiloride and 
triamterene do not have this effect—they do not affect aldosterone.

Combination formulations
Potassium-sparing diuretics with thiazides.• 

The routine addition of a potassium-sparing diuretic is not usually • 
required for the treatment of hypertension, but may be useful in 
those who develop hypokalaemia with thiazide treatment.

Drugs in this class
- Amiloride
- Triamterene
- (Spironolactone—see 

b p. 214)

There are no important 
therapeutic differences between 
these two drugs.

Several combination formulations 
contain a potassium-sparing 
diuretic plus a loop diuretic or a 
thiazide diuretic. These include 
co-amilofruse (amiloride plus 
furosemide), co-amilozide 
(amiloride plus hydrochloro-
thiazide), and co-triamterzide
(triamterene and
hydrochlorothiazide).

Note ACE inhibitors also have a 
potassium-sparing effect.
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Potassium-sparing diuretics with loop diuretics.• 
Patients should be established on a loop diuretic fi rst; a potassium-• 
sparing diuretic should only be added if required. If the patient is 
stable on a particular dose of a loop and a potassium-sparing 
diuretic, a combination product may be appropriate.
The disadvantage of these combination products is that they are less • 
fl exible; changing the dose of one component will also alter the 
dose of the other component. For this reason they are really only 
suitable for patients who are stable on a fi xed dose. (See b 
Misoprostol, p. 40 and b Co-phenotrope p. 45 for more 
information).

6 Early
These drugs are usually well tolerated, but hypersensitivity reactions • 
are reported uncommonly.

Late
Triamterene inhibits dihydrofolate reductase and can cause folate • 
defi ciency, particularly in those with hepatic cirrhosis.

Consider spironolactone instead.• 
For the same reason, triamterene is not recommended in women • 
who are pregnant or wish to become pregnant.

Triamterene rarely causes an interstitial nephritis.• 
Be aware that renal function may deteriorate over time, leading to • 
hyperkalaemia in patients who were previously stable.

7  - There is a particular risk of hyperkalaemia when potassium-sparing 
diuretics are co-prescribed with:

ACE inhibitors or angiotensin receptor antagonists; this can be • 
severe.
Ciclosporin and tacrolimus.• 
Heparins.• 
NSAIDs, especially indometacin, which can worsen renal function • 
and so cause hyperkalaemia.
Trimethoprim, which has potassium-sparing actions very like those • 
of amiloride; use another suitable antibiotic.
Potassium supplements; do not co-prescribe.• 

Triamterene has antifolate actions, avoid co-prescribing with:• 
Methotrexate.• 
Phenytoin.• 

8 Safety and effi cacy
Measure the plasma potassium concentration when starting a • 
potassium-sparing diuretic, not only to ensure that it does not rise 
excessively, but also to ensure that the drug has the desired effect if 
the potassium was low (see also b Loop diuretics, p. 200). Taking a 
potassium-sparing diuretic is not a guarantee against hypokalaemia.

9 - Triamterene can cause the urine to fl uoresce blue.
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Case history
Combination formulations containing a loop diuretic and a potassium-sparing 
diuretic are commonly used in managing the symptoms of heart failure and help to 
reduce the burden of taking a lot of individual tablets. However, if more diuretic 
effect is required a fi xed combination product is infl exible, as the following example 
demonstrates.
- An elderly man with heart failure took lisinopril 15 mg/day, co-amilofruse 

(amiloride 5 mg/day + furosemide 40 mg/day), and bisoprolol 1.25 mg bd. As his 
heart failure worsened he doubled the dose of co-amilofruse on his GP’s advice, 
but although this achieved the desired effect in lessening his peripheral oedema, 
a blood test 2 weeks later showed that his plasma potassium was signifi cantly 
raised at 6.6 mmol/L.

Prescribing the two components (amiloride and furosemide) separately would have 
made it possible to increase the dose of furosemide to 80 mg/day while keeping the 
amiloride at 5 mg/day.

Prescribing information: Potassium-sparing diuretics
Amiloride

With other diuretics, in congestive heart failure and hypertension, • 
initially 5–10 mg daily.
Cirrhosis with ascites, initially 5 mg daily.• 

Triamterene
Initially 150–250 mg daily, reducing to alternate days after 1 week; taken in • 
divided doses after breakfast and lunch; lower the initial dose when given 
with other diuretics.
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Spironolactone and eplerenone
Aldosterone receptor antagonists

Spironolactone, acting in the distal

convoluted tubule, blocks the action

of the mineralocorticoid, aldosterone.

This results in deactivation of the

Na/K pump, leading to sodium loss

and potassium retention.
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Spironolactone
0 - Control of ascites and oedema resulting from hepatic cirrhosis.

Control of malignant ascites.• 
Symptomatic relief in the nephrotic syndrome.• 
As a potassium-sparing diuretic in heart failure.• 
Diagnosis and treatment of primary hyperaldosteronism.• 

Spironolactone and eplerenone
As an adjunctive treatment in heart failure.• 

1 - Avoid in severe renal insuffi ciency.
Measure the serum potassium concentration before giving • 
spironolactone or eplerenone.

Avoid in pregnancy and breastfeeding.• 
Avoid in Addison’s disease.• 
Do not combine with other potassium-sparing diuretics.• 

4 Ascites and oedema in hepatic cirrhosis
Spironolactone is particularly useful for the secondary • 
hyperaldosteronism that is associated with hepatic cirrhosis.

Exclude other causes of ascites (e.g. infection, malignancy).• 
Begin with a dose of 50 mg twice daily; build up gradually; • 
maintenance doses in the range 200–400 mg/day.
Institute a low-salt diet (<0.5 g/day) and fl uid restriction • 
(<1.5 L/day).
Stop treatment if encephalopathy develops.• 

Malignant ascites
Begin with a dose of 50 mg twice daily; build up gradually; maintenance • 
doses in the range 200–400 mg/day.

Heart failure
Spironolactone can be used as a potassium-sparing diuretic for patients • 
taking loop diuretics who develop, or are at risk of developing, 
hypokalaemia.

Other potassium-
sparing diuretics
- Amiloride
- Triamterene

Note ACE inhibi-
tors also have a 
potassium-sparing 
effect
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The antialdosterone actions of spironolactone and epleronone have • 
particular benefi ts for patients with heart failure. Used in a low dose, 
in combination with loop diuretics and ACE inhibitors, they reduce 
mortality in patients with heart failure.

The dose of spironolactone is much lower than that used for a • 
straightforward diuretic effect: 25 mg daily.
Increasing the dose increases the risk of hyperkalaemia in these • 
patients greatly, almost all of whom should also be taking an ACE 
inhibitor, which also has potassium-sparing effects. The risk of 
hyperkalaemia appears lower with epleronone.

For patients who have had an acute myocardial infarction and who • 
have symptoms and/or signs of heart failure, NICE recommends the 
use of epleronone within 3–14 days of the infarction, preferably after 
ACE inhibitor therapy has been started.

Nephrotic syndrome
Spironolactone is not a treatment for the underlying processes that • 
cause the nephrotic syndrome. It should therefore only be used to 
alleviate oedema in patients for whom glucocorticoid treatment alone 
is insuffi ciently effective.

Primary aldosteronism (Conn’s syndrome)
Conn’s syndrome is a rare cause of secondary hypertension, • 
characterized by hypokalaemia; 75% of cases are due to a unilateral 
adrenal adenoma producing aldosterone.
The antialdosterone action of spironolactone makes this drug useful as • 
a diagnostic tool, as part of presurgical treatment, and for symptom 
palliation.
This is a specialized use; seek expert advice.• 

Hirsutism
This is an unlicensed specialized use; seek expert advice.• 

7  - Avoid giving spironolactone with other drugs that conserve potassium 
(e.g. potassium-sparing diuretics).
Avoid giving potassium supplements to patients taking spironolactone.• 
There is an increased risk of hyperkalaemia if ciclosporin and • 
spironolactone are given together.
NSAIDs can impair renal function and precipitate hyperkalaemia in • 
patients taking spironolactone.
The effect of digoxin is enhanced by spironolactone, which inhibits the • 
renal excretion of digoxin.
The excretion of lithium is inhibited by spironolactone.• 

8 Early
Only use spironolactone in low doses (25 mg/day) in those also taking • 
ACE inhibitors. Higher doses are associated with a high risk of 
hyperkalaemia.
Introduce and increase the dose gradually in those with hepatic • 
cirrhosis. Avoid excessive diuresis, as this may lead to decompensation 
of liver function and hepatic encephalopathy.
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Nausea and abdominal discomfort are common with high doses, and it • 
is often necessary to give doses of over 100 mg/day as two separate 
doses.

Late
Spironolactone can cause painful gynaecomastia in men and breast • 
enlargement in women. This effect usually resolves on stopping the 
drug. Eplerenone rarely causes gynaecomastia as it demonstrates 
reduced progesterone and androgen effects compared with 
spironolactone. It may be substituted in patients who develop 
spironolactone-induced gynaecomastia.
Occasionally, spironolactone in high doses can cause gastric ulceration.• 

9 Effi cacy
In patients with ascites, aim for a mild diuresis, monitored by a weight • 
reduction of no more than 0.5 kg/day.

Safety
Measure the serum potassium concentration when starting • 
spironolactone or eplerenone, not only to ensure that it does not rise 
excessively, but also to ensure that it has the desired effect if the 
potassium is low. Taking a potassium-sparing diuretic is not a 
guarantee against hypokalaemia.

Prescribing information: Spironolactone and eplerenone
Spironolactone

Ascites and oedema in hepatic cirrhosis, by mouth: Begin with a dose of • 
50 mg twice daily. Build up gradually. Maintenance doses in the range 
200–400 mg/day.
Malignant ascites, by mouth: Begin with a dose of 50 mg twice daily. Build up • 
gradually. Maintenance doses in the range 200–400 mg/day.
Heart failure, by mouth: 25 mg daily.• 

Eplerenone
Heart failure after myocardial infarction, by mouth: initially 25 mg daily, • 
increased within 4 weeks to 50 mg daily.
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Adrenoceptor agonists 
(sympathomimetics)
Agonists at A and B adrenoceptors

The body produces catecholamines peripherally from 
the adrenal medulla and sympathetic nerves. Dopamine 
and noradrenaline are also neurotransmitters in the 
CNS. Catecholamines have a large number of effects, 
characterized by the ‘fi ght or fl ight reaction’. Synthetic 
sympatho mimetics have differential effects by exploiting 
selectivity for different receptor subtypes (see teaching 
point, b p. 224).

B1 adrenoceptors

Heart Increased 
force and rate of 
contraction

B2 adrenoceptors

Arteries and 
veins
Dilatation

Bronchial muscle 
Relaxation

Gastrointestinal 
tract
Relaxation

Liver and 
Pancreas
Glycogenolysis,
gluconeogenesis, 
lipolysis

Uterus
Relaxation

Detrusor muscle 
Relaxation

A1 adrenoceptors

Arteries and 
veins
Constriction

A1 and A2 
adrenoceptors

Liver and 
Pancreas
Glycogenolysis,
gluconeogenesis, 
lipolysis

Uterus
Contraction

Bladder 
sphincter
Contraction

Pupil
Dilatation

Angio-oedema can be a manifestation of anaphylaxis. It may be life • 
threatening if it involves the larynx. In hereditary angio-oedema a 
prophylactic C1 esterase inhibitor should be given before invasive 
procedures.
The patient may require cardiovascular support with intravenous • 
fl uids.
Patients with anaphylaxis should be given high concentration oxygen • 
using a mask with an oxygen reservoir. If patients have evidence of 
respiratory compromise with wheeze, nebulized salbutamol should 
also be administered.

Drugs in this 
class
- Drugs acting on 

both A and
B adrenoceptors: 
adrenaline, 
ephedrine

- Drugs acting 
predominantly on
A adrenoceptors: 
noradrenaline, 
metaraminol, 
methoxamine

- Drug acting
on B1 and B2 
adrenoceptors: 
isoprenaline

- Drugs acting 
predominantly on
B1 adrenoceptors: 
dopamine, 
dobutamine

- Drugs acting 
predominantly on
B2 adrenoceptors: 
salbutamol, 
terbutaline, 
salmeterol
(see b p. 250)

- Drugs acting 
predominantly
in the CNS: 
amphetamines
and anorectics 
(not considered 
further here)
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0 - Treatment of shock.
Includes cardiopulmonary resuscitation and anaphylaxis.• 
Shock as a result of other pathological processes (e.g. myocardial • 
infarction, sepsis); it is essential to treat these as well.

Case history
It is important to distinguish between anaphylaxis and angio-oedema. Adrenaline is 
indicated for anaphylaxis but will not improve angio-oedema and may even put the 
patient at risk.
- A 52-year-old woman developed a frightening episode of lip and tongue swelling 

and later recalled that she had panicked. A paramedical crew was called. They 
thought she had anaphylaxis and gave her intramuscular adrenaline. However, 
30 minutes later she developed heavy central chest pain and on arrival in hospital 
had the electrocardiographic changes of an inferior myocardial infarction. She 
received thrombolysis and recovered. It subsequently became clear that she had 
had three previous similar but less severe episodes of tongue swelling and one of 
facial swelling—all since starting an ACE inhibitor 2 years before.

This was angio-oedema, not anaphylaxis, and it may be that her myocardial infarc-
tion was caused by the adrenaline.

1 - Pregnancy. Remember that there are two circulations to consider, the 
mother’s and the child’s. The decision to use these drugs will depend 
on an assessment of the potential benefi ts and harms.
Do not use these drugs to ‘normalize the numbers’; use functional out-• 
comes (e.g. urine output, level of consciousness).
Avoid using sympathomimetics in patients with a phaeochromo-cy-• 
toma; they can induce a ‘catecholamine storm’.
These drugs always require individual dose titration, but there are no • 
specifi c adjustments for renal or hepatic insuffi ciency.

4 Shock
Selection of the most appropriate drug depends on the predominant • 
clinical features. At its most basic level, shock can result from 
inadequate cardiac output (e.g. myocardial infarction) or from 
excessive peripheral vasodilatation (e.g. sepsis syndrome).
An inotropic sympathomimetic is the most appropriate choice for the • 
former case, and a vasoconstrictor sympathomimetic for the latter.
All these drugs are given by intravenous injection or infusion. The • 
duration of action of the synthetic drugs is often longer than that of 
the endogenous catecholamines. Give small doses initially and titrate 
the dose to optimal effect.
It is easy to make mistakes when calculating and drawing up dosages • 
on a mg/kg basis. Always check your calculations with someone else; 
use local dosage charts if these are available.
For more information on giving drugs by variable rate intravenous • 
infusion, see b Oxytocin, p. 531.
These drugs should only be used when there is adequate medical and • 
nursing supervision, such as in intensive care or coronary care wards.
Use a central venous catheter when possible.• 
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Adrenaline/epinephrine acts on both A and B adrenoceptors
It is used on ICUs for its inotropic effects.• 
It can be used for severe asthma unresponsive to selective • B2 agonists 
(e.g. salbutamol).
Adrenaline is used intravenously for cardiopulmonary resuscitation.• 
Adrenaline, given intramuscularly, is fi rst-line treatment for • 
anaphylaxis. The intravenous route is potentially hazardous and should 
not be used for this indication, unless there is expert supervision with 
adequate invasive monitoring; the subcutaneous route is unreliable 
because of variable absorption (see later notes).

Inotropic sympathomimetics
The most common reason for hypotension is an inadequate • 
intravascular volume. It is essential to ensure that the patient is 
adequately fi lled before giving these drugs.
Dobutamine•  is selective for B1 receptors in cardiac muscle; it increases 
contractility with little effect on heart rate.
Dopamine•  given in low doses (5 micrograms/kg/min) causes 
vasodilatation and increases renal perfusion. It has traditionally been 
used in the treatment of incipient renal failure, but its effi cacy has been 
questioned. Higher doses lead to vasoconstriction and can exacerbate 
heart failure.
Dopexamine•  acts on B2 receptors in cardiac muscle to produce a 
positive inotropic effect, and on peripheral dopamine receptors to 
increase renal perfusion; it is reported not to cause vasoconstriction.
Isoprenaline•  is less selective and increases both heart rate and 
contractility. It is used only as a short-term emergency treatment of 
heart block or severe bradycardia. (see b Atropine, p. 226) for 
emergency treatment of bradycardia).

Vasoconstrictor sympathomimetics
These drugs will make the BP rise, but perfusion of vital organs (espe-• 
cially the kidney) can fall. BP alone is not a direct measure of tissue 
perfusion.
Remember other simple interventions, such as raising the foot of the • 
bed.
Noradrenaline•  is relatively selective for A-adrenoceptors. Its main use 
is in intensive care for the treatment of sepsis syndromes. Never give 
it through a peripheral vein, as it can cause severe ischaemia.
Methoxamine•  and metaraminol are selective for A-adrenoceptors. 
Their principal use is in the treatment of hypotension that can result 
from spinal or epidural anaesthesia.
Ephedrine•  is less selective and acts on both A and B adrenoceptors; it 
is therefore not commonly used but may be useful for treating of 
hypotension after spinal or epidural anaesthesia associated with 
bradycardia.

6 - Drugs in this class are classifi ed according to their selectivity for 
receptor subtypes. Selectivity is always a relative term (see teaching 
point box, b p. 224). All of these drugs will produce effects through 
their actions on the other adrenoceptor subtypes, especially when 
used in high doses. See box at start of topic for the actions of adreno-
ceptor agonists.
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7  - Catecholamines are metabolized by monoamine oxidase. Their actions 
will be greatly enhanced if the patient is taking a non-selective MAOI 
(for depression). Note that the antibiotic linezolid is a non-selective 
MAOI.
Tricyclic antidepressants inhibit the reuptake of catecholamines into • 
sympathetic neurons. Use very small doses of adrenoceptor agonists in 
patients taking these drugs.
If a patient taking a beta-blocker is given a vasconstrictor sympatho-• 
mimetic or mixed A and B adrenoceptor agonist (adrenaline), the 
A adrenoceptor actions will be unopposed, causing severe 
hypertension. Use very small doses in these patients and consider 
using a B2 adrenoceptor agonist (e.g. intravenous salbutamol) as well. 
An alternative is to give glucagon; this increases cyclic AMP but does 
not act via adrenoceptors. This is an unlicensed indication and requires 
expert supervision (e.g. on the ICU). See also b Glucagon, p. 462.

8 Safety and effi cacy
The level of monitoring will depend on the clinical circumstances. The • 
absolute minimum would be continuous cardiac monitoring and 
regular BP measurement, but would usually include measurement of 
cardiac output and peripheral resistance with invasive haemodynamic 
monitoring.
Be clear about the clinical outcomes you are aiming for (e.g. urine • 
output). These drugs have desirable and undesirable actions; do not 
use them to simply make the BP reading ‘normal’.

9 - Patients in critical care situations may be sedated or have a reduced 
level of consciousness. However, do not forget that they may still be 
able to hear and to feel pain. Explain what you are doing and take care 
to avoid unnecessary discomfort to the patient.

Prescribing information: Adrenoceptor agonists
Inotropic sympathomimetics

Dobutamine.• 
2.5–10 micrograms/kg/min by intravenous infusion, adjusted according to • 
response.

Dopamine.• 
2–5 micrograms/kg/min by intravenous infusion. Higher doses not recom-• 
mended (see earlier notes).

Dopexamine.• 
500 nanograms/kg/min by intravenous infusion into a central or • 
large peripheral vein.
Can be increased to 1 microgram/kg/min, and further up to • 
6 micrograms/kg/min in increments of 0.5–1 microgram/kg/min at intervals 
of not less than 15 minutes.

Isoprenaline.• 
0.5–10 micrograms/minute by intravenous infusion, adjusted according to • 
response.

Adrenaline.• 
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Cardiac arrest
1 in 10 000 (100 micrograms/mL), a dose of 10 mL by intravenous injection, • 
preferably through a central line.
If injected through a peripheral line, the drug must be fl ushed with • 
at least 20 mL of sodium chloride 0.9% (to aid entry into the central 
circulation).
Higher doses (5–15 mg) are associated with associated with a greater • 
incidence of return of spontaneous circulation but not of survival and are 
therefore not recommended.

Anaphylaxis
500 micrograms (0.5 mL adrenaline injection 1 in 1000).• 
The dose is repeated if necessary at 5-minute intervals according to BP, • 
pulse, and respiratory function.
A pre-fi lled syringe containing 300 micrograms (0.3 mL adrenaline injection • 
1 in 1000) can be given to patients at risk of anaphylaxis for immediate self-
administration. Make sure that the patient and their family/carers know how 
and when to use it.

Vasoconstrictor sympathomimetics
Ephedrine.• 

For reversal of hypotension from spinal or epidural anaesthesia. Slow • 
intravenous injection of a solution containing ephedrine hydrochloride
3 mg/mL, 3–6 mg (maximum 9 mg) repeated every 3–4 minutes to a 
maximum of 30 mg.

Metaraminol.• 
For reversal of hypotension from spinal or epidural anaesthesia, • 
15–100 mg by intravenous infusion, adjusted according to response.
In emergency, 0.5–5 mg by intravenous injection followed by • 
15–100 mg by intravenous infusion, adjusted according to response.

Noradrenaline.• 
Intravenous infusion, via a central venous catheter, of a solution containing • 
noradrenaline acid tartrate 80 micrograms/mL (equivalent to noradrena-
line base 40 micrograms/mL) at an initial rate of 0.16–0.33 mL/minute, 
adjusted according to response.
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Drug names
- Drugs have several names, including a chemical name, a non-proprietary name, 

and one or more proprietary names.
- The recommended International Non-proprietary Name (rINN) is the name of 

the drug compound that is usually preferred. Many countries used to have their 
own names for drug compounds, some of which are more familiar than the 
recommended name (e.g. lignocaine is the old British Approved Name for 
lidocaine). 

- Drugs are often grouped together in classes that share a similar name, to aid 
identifi cation. For example, most beta-blocking drugs have the ending -olol (but 
beware, stanozolol is an anabolic steroid). Sometimes the chemical class name is 
cumbersome (e.g. thiazolidinediones); in these cases, the drug class referred to 
may be a nickname (e.g. ‘the glitazones’).

- Proprietary manufacturers give their drugs a brand name. This name need not 
refl ect the drug class or chemical compound. In some cases, these brand names 
are more familiar than the rINN (e.g. Lasix®), but confusion can arise from 
similar sounding names. For this reason, prescribers are encouraged to use the 
rINN. The exception to this is when different formulations of the same drug 
have very different properties (e.g. modifi ed-release formulations of lithium, 
theophylline, and nifedipine; see b p. 181). In these cases, the brand should be 
specifi ed as well as the rINN.

TEACHING 
POINT

Treatment of anaphylaxis 
- Anaphylaxis is a rare but potentially fatal hypersensitivity reaction to various 

triggers including food, venom, and drugs.
- It is IgE-mediated (see also b Anaphylactoid reactions, p. 703). The IgE 

crosslinks to mast cells, causing them to degranulate, releasing large amounts of 
infl ammatory mediators, such as histamine. This sets off a cascade that leads to a 
very rapid infl ammatory response, characterized by hypotension, rash, wheeze, 
and oedema—although not all may be present. This reaction usually occurs 
shortly after the drug has been given, but delayed reactions have occurred after 
up to 24 hours. Always think of anaphylaxis if a patient becomes unwell after 
they have been given a drug.

- The fi rst-line treatment for anaphylaxis is 0.5 mg of adrenaline (0.5 mL of a 
1:1000 solution) given by intramuscular injection into the lateral thigh. This can 
be repeated after 5 minutes, if required. Subcutaneous administration and 
administration into the arm is not recommended because of unreliable 
absorption.

- The patient may require cardiovascular support with intravenous fl uids.
- Corticosteroids (e.g. 200 mg hydocortisone iv) and antihistamines (e.g. 

chlorphenamine (Piriton®) 10–20 mg iv) are useful adjunctive treatments, but are 
not life-saving.

- Do not forget to stop the drug if it is being given by infusion.
- Intravenous adrenaline can cause cardiac ischaemia; it should not be used unless 

adequate facilities are available (e.g. on the ICU). If it is used, intravenous 
adrenaline should be given as a dilute solution (e.g. 4 mg in 50 mL of saline), so 
that the dose can be titrated appropriately.

- Take note of the interactions of adrenaline with tricyclic antidepressants and 
beta-blockers, outlined earlier.

TEACHING 
POINT
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‘Selectivity’ 

A drug that is highly selective for a particular receptor subtype will bind to that 
receptor subtype at a much lower concentration (usually several orders of 
magnitude) than to other receptor subtypes. An appropriate concentration of 
drug will stimulate one receptor subtype but not the other. This is easy to achieve 
in an organ bath, but much less easy in the whole body. As you increase the 
concentration of a drug in order to achieve a larger effect, effects due to actions 
of the drug on the other receptor subtype will be seen. This is illustrated in the 
fi gure, using a B2 selective adrenoceptor agonist as an example. At concentration 
X the drug binds only to B2 adrenoceptors, but the effect (bronchodilatation) is 
only two-thirds of the maximum. If the patient is very unwell, you will need to 
increase the dose to increase the bronchodilatation. At this higher concentration 
(Y) the B1 adrenoceptors are also stimulated, causing tachycardia.

Selectivity is always relative and concentration-dependent. Whether you can 
achieve selectivity in a patient will depend on your ability to achieve a drug concen-
tration that distinguishes between receptor subtypes in that patient, allowing for 
interindividual variability in the sensitivities of the different receptor subtypes. This 
is easier to achieve with an intravenous infusion than oral administration.

Note on ‘affi nity’
High-affi nity drugs bind to receptors at low concentrations. Remember that the 
overall effect of the drug also depends on the potency of the drug (the ratio of 
signal to effect) and the interplay of other pharmacological and physiological 
control mechanisms. High affi nity does not always mean that the drug will have a 
large effect.
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Muscarinic acetylcholine receptor 
antagonists (atropine and related 
compounds)
Antagonists at muscarinic acetylcholine receptors

These drugs are direct antagonists at the 
muscarinic receptor; they therefore have 
parasympatholytic actions.

    Relaxation of the smooth muscle 
in the bowel and bladder

   Stimulation of bladder 
sphincter

  Pupil dilatation

   Reduced secretions: 
sweat, bronchi, mouth

  Increased heart rate

  Bronchiolar dilatation

   Stimulation of the CNS (except 
hyoscine)

0 - All of these drugs have similar 
actions, but the routes of delivery 
and kinetic properties can be used 
to achieve different effects.
See box list for examples of the • 
different uses.

1 - Successful use of these drugs is 
always a balance between their 
desired and adverse effects. 
Whether an effect is considered 
desired or adverse will depend on 
the indication.
Remember the effect that these drugs can have on the heart; avoid • 
them in patients with acute myocardial infarction, hyperthyroidism, or 
heart failure.
These drugs are contraindicated in paralytic ileus and pyloric stenosis. • 
Their effects on the bowel also make them unsuitable in gastro-
oesophageal refl ux disease, ulcerative colitis, and other causes of 
diarrhoea.
Avoid them in patients with prostatic enlargement and closed-angle • 
glaucoma.
These drugs should not be given to patients with myasthenia gravis, • 
except to treat acute adverse effects caused by anticholinesterase 
inhibitors.

Drugs in this class
- Used for relaxation of smooth 

bowel: e.g. hyoscine 
butylbromide, propantheline 
bromide, dicicloverine 
(dicyclomine).

- Used to dilate pupils:
e.g. tropicamide, cyclopentolate.

- Used to reduce secretions 
perioperatively: e.g. atropine, 
hyoscine (scopolamine).

- Used to reduce secretions in 
palliative care: e.g. hyoscine 
hydrobromide and hyoscine 
butylbromide.

- Used to increase heart rate:
e.g. atropine, glycopyrronium.

- Used as bronchodilators:
e.g. ipratropium, oxitropium, 
tiotropium (see separate
article, b p. 258).

- Used for urinary incontinence: 
oxybutynin, tolterodine, 
fl avoxate, propantheline.

- Used for motion sickness:
e.g. hyoscine.

- Used in the treatment of 
poisoning: e.g. atropine.

- Used in the treatment of 
Parkinsonism and dystonias:
e.g. trihexyphenidyl 
hydrochloride, procyclidine, 
benzatropine, biperiden, 
orphenadrine.
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People with Down syndrome, the elderly, and children are more • 
susceptible to the adverse effects of these drugs.

4 Relaxation of intestinal smooth muscle
The quaternary amines hyoscine butylbromide and propantheline • 
bromide are favoured for this indication. They are less lipid soluble, 
so cause fewer CNS effects. Because they are less lipid soluble, 
they are poorly absorbed when given by mouth and are given 
parenterally (usually intravenously). Their major use is during 
radiological investigations to relieve spasm and improve the quality 
of the examination.
Dicycloverine, hyoscine butylbromide, and propantheline are given • 
orally to relieve bowel spasm associated with irritable bowel 
syndrome. Evidence for their effi cacy is limited. Other muscarinic 
antagonists are not recommended, as they have marked systemic 
adverse effects.

Dilatation of pupils
Relatively weak antimuscarinic drugs, such as tropicamide and • 
cyclopentolate, are used topically to dilate the pupil as an aid to 
fundoscopy. Avoid using these drugs if the patient has had a head 
injury or requires neurological observation.
Atropine 1% is given as eye drops to dilate the pupil and reduce the • 
incidence of posterior synechiae in patients with uveitis.

Reduction of secretions
This action of antimuscarinic drugs is • 
useful during surgical procedures and 
the perioperative period. They can 
also reduce hypotension 
caused by anaesthetic drugs 
such as 
suxamethonium, halothane, 
and propofol. Hyoscine 
(scopolamine) has sedative 
and antiemetic actions. 
Make sure that the patient 
has adequate cardiovascular 
monitoring when these 
drugs are given.
Antimuscarinic drugs are • 
also given to reduce 
secretions in palliative care.

To increase heart rate 
(see teaching point box, 
b p. 231)
Atropine and • 
glycopyrronium can be used 
to increase the heart rate in 
symptomatic bradycardia.
Do not treat the heart rate • 
alone; if the patient is 
asymptomatic and has a 
heart rate >40 beats per 
minute, no treatment is 
usually necessary.

Acute drug-induced dystonias
- Acute dystonias can be caused by 

antipsychotic, antiemetic, and 
antidepressant drugs.

- Other risk factors include young age, 
male sex, use of cocaine, and a history 
of acute dystonias.

Treatment
- Give biperiden 5 mg or procyclidine 

5 mg.
- Intravenous administration is only 

necessary if the dystonia is life-
threatening.

- Intramuscular administration is usually 
effective within 20 minutes. If it is not 
effective, second or third injections may 
be given at half-hour intervals.

- If the patient has an oculogyric crisis 
that does not respond to anti-
cholinergic drugs, clonazepam 0.5–4 mg 

iv may be benefi cial.
- After the dystonia has resolved, anti-

cholinergic drugs should be given 
prophylactically for 4–7 days; the dose 
should be reduced gradually.
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These drugs are of most use for the temporary bradycardias that can • 
follow myocardial infarction, but a temporary pacemaker may be 
preferred.
These drugs are not effective in all cases (if the cause is unrelated to • 
the actions of the vagus nerve).
Urgently investigate the cause of the bradycardia. If the cause is • 
2nd- or 3rd-degree heart block, consider inserting a temporary pacing 
wire. Isoprenaline by infusion can be used to stabilize the patient 
while the wire is inserted (see teaching point box, b p. 231).

Treatment of dystonias and Parkinsonism (especially 
drug-induced)
Biperiden and procyclidine can be given parenterally for emergency • 
treatment of acute dystonias. Procyclidine is also given to reduce the 
extrapyramidal adverse effects of antipsychotic drugs. It is not effective 
for tardive dyskinesia (see b Antipsychotic drugs, p. 336).
These drugs (listed previously) are occasionally used for the treatment • 
of Parkinson’s disease, especially in those with mild symptoms in 
whom tremor predominates. There are no important differences 
between the drugs that are used for this indication.

Treatment of travel/motion sickness
Hyoscine hydrobromide is the most effective of the commonly • 
available treatments for motion sickness. It is available over the 
counter. A transdermal patch is also available on prescription. 
Remember that this needs to be applied several hours before travel 
and that hyoscine is sedative. Patients may feel drowsy for 24 hours 
after the patch has been removed. Advise patients not to drive after 
taking this drug.
See teaching point in • b Prochlorperazine, p. 75 for more 
information.

Treatment of poisoning
Organophosphorus insecticides and so-called ‘nerve agent’ gases are • 
irreversible acetylcholinesterase inhibitors. Atropine can be given as an 
antidote. Take care to avoid exposing yourself to these drugs. Seek 
advice from the National Poisons Service on decontamination and 
treatment.
Acetylcholinesterase inhibitors are given to reverse the effects of • 
non-depolarizing muscle relaxants after anaesthesia (these drugs act 
on nicotinic acetylcholine receptors). Atropine and glycopyrronium 
are given to reduce the cardiovascular effects of the acetylcholineste-
rase inhibitors. Note that atropine has a shorter duration of action 
than several acetylcholinesterase inhibitors; continue to monitor the 
heart rate in the recovery room.
Acetylcholinesterase inhibitors are used in the treatment of • 
myasthenia gravis. These drugs should not be given to patients with 
myasthenia gravis, except to treat adverse effects of acetylcholineste-
rase inhibitors.

Treatment of urinary incontinence
Antimuscarinic drugs are effective for the treatment of detrusor • 
instability, but not for stress incontinence. Stress incontinence is 
treated using non-pharmacological methods.

Antimuscarinic drugs act by increasing bladder capacity and reducing • 
involuntary contractions of the bladder.
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Adverse effects are common and usually dose-limiting.• 
Begin treatment with a low dose and increase gradually to the • 
maximum tolerated.
The effi cacy data are most robust for oxybutynin and tolterodine. • 
Modifi ed-release oxybutynin has similar effi cacy to tolterodine.

6 - Adverse effects are almost inevitable (see earlier for list of actions).
The most common are blurred vision, constipation, and urinary • 
retention.
These drugs usually cause tachycardia and ‘stimulant’ CNS symptoms • 
(confusion, hallucinations, and restlessness), but hyoscine 
hydrobromide reduces heart rate and causes sedation.
These drugs reduce sweating; this can interfere with temperature • 
control.

8 Safety and effi cacy
These drugs are given for short periods for most of their indications, • 
and patients should be closely observed. Measure the patient’s heart 
rate during long-term treatment.

7  - Many other drugs have antimuscarinic actions, which will be enhanced 
if the patient is also given an antimuscarinic drug. Drugs with 
marked antimuscarinic actions include tricyclic antidepressants, 
some antihistamines, and some antipsychotic drugs.
These drugs antagonize the actions of some other drugs (e.g. the • 
gastrointestinal effects of metoclopramide and domperidone).
These drugs cause a dry mouth; this will impede the administration of • 
drugs that are dissolved in the mouth (e.g. sublingual nitrates and 
‘melt’ formulations of other drugs).

9 - Warn the patient about the common adverse effects of these drugs 
(see earlier list).
Advise the patients that hyoscine hydrobromide can cause sedation, • 
and that they should not drive after taking it.
Patients who have had their pupils dilated will have blurred vision and • 
should not drive until this has resolved.

Prescribing information: Muscarinic acetylcholine receptor 
antagonists
Atropine for bradycardia associated with anaesthesia (for emergency 
treatment see teaching point box, b p. 231)

By intravenous injection, 300–600 micrograms.• 
Increase the dose by 100 micrograms to achieve the desired effect.• 
The dose can be repeated after 5 minutes if the initial response is • 
inadequate.
A dose of 3 mg is given as part of the algorithm for the treatment of non-VF/• 
VT cardiac arrest (asystole and pulseless electrical activity with a heart rate 
of <60/min).

Glycopyrronium for reduction of the cardiac effects of 
acetylcholinesterase inhibitors

By intravenous injection, 200 micrograms per 1 mg of neostigmine.• 
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Hyoscine hydrobromide for motion sickness
By mouth, 150–300 micrograms 30 minutes before travel.• 
Repeat the dose every 6 hours up to a total daily dose of • 
900 micrograms.
This drug is available over the counter.• 

Palliative care
Hyoscine • hydrobromide 0.6–2.4 mg over 24 hours by subcutaneous infusion. 
This drug reduces respiratory secretions and has a sedative effect (but occa-
sionally causes paradoxical agitation).
Hyoscine • butylbromide (note different drug and dose) 20–60 mg 
over 24 hours by subcutaneous infusion. This drug is less effective for secre-
tions but is less sedative and relieves bowel spasm.

Pupil dilatation
Tropicamide or cyclopentolate 0.5% eye drops, one drop.• 

Procyclidine for dystonia
By mouth, 2.5 mg 3 times daily.• 
Increased gradually (in steps of 2.5–5 mg) to a usual maximum of • 
30 mg daily.
In exceptional circumstances the maximum dose is 60 mg daily.• 

Biperiden for acute dystonia
By intramuscular injection, 5 mg.• 
See earlier box for more information.• 

Treatment of poisoning with organophosphorus insecticides and 
nerve gases

Take care to avoid exposing yourself to the poisoning drug.• 
Seek expert advice from the National Poisons Information Service.• 

Oxybutynin for detrusor instability
By mouth, 5 mg 2 or 3 times daily.• 
Increase gradually to a maximum of 5 mg 4 times daily.• 
Elderly people are more sensitive to the adverse effects of these drugs. • 
Increase the dose more gradually and limit the maximum dose to 5 mg 
twice daily.
By mouth, modifi ed-release formulation.• 

Initially 5 mg daily, increased at weekly intervals to 20 mg daily.• 

Tolterodine for detrusor instability
By mouth, 2 mg twice daily.• 
Reduce the dose to 1 mg twice daily in the elderly or to minimize adverse • 
effects.
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Emergency treatment of bradycardia
- Heart rate is a continuous variable; the absolute rate is not the only factor you 

should consider. Ask if the heart rate is adequate to perfuse the body and 
maintain an adequate blood pressure.

- Transient symptomatic bradycardia is common after myocardial infarction. 
Intermittent atropine treatment is suitable for this, but if there is a less 
transient cause (e.g. 2nd- or 3rd- degree heart block) more defi nitive treatment 
will be required.

Symptomatic bradycardia
- Atropine is the initial treatment of choice.

Give 500 micrograms by intravenous injection.• 
The dose may be repeated after 5 minutes if the initial response is • 
inadequate. The maximum total recommended dose is 3 mg.

- Some patients will not respond; others will have recurrent episodes of bradycardia. 
These patients should have a temporary transvenous pacing wire inserted.

- This can take time to arrange and insert. If required, start an isoprenaline 
infusion or begin external cardiac pacing (this is uncomfortable) to support the 
cardiac output.

Isoprenaline infusion (now seldom used)
- Add isoprenaline 5 mg to 500 mL of dextrose (5%) or isotonic saline.
- Initially, infuse at a rate of 1 mL/min (10 micrograms/min).
- Adjust the rate of infusion to maintain the heart rate above 50 beats per 

minute.
- Isoprenaline acts on both B1 and B2 adrenoceptors; it carries a high risk of 

arrhythmia and is only suitable for short-term use while more defi nitive 
treatment is arranged.

TEACHING 
POINT
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Endothelin receptor antagonists

Endothelin receptors

Located predominantly on vascular

smooth muscle cells and cardiac myocytes

- ETB receptor subtype

- Agonist activity results

 in mediated production

 of the vasodilators nitric

 oxide and prostacyclin

- ETA receptor subtype

- Agonist activity results

 in vasoconstriction and

 smooth muscle cell

 proliferation

Endothelin receptor

antagonists block 

the actions of

endothelin. See box

for selectivity of

available molecules.

The clinical

importance of

selectivity is

currently unknown

0 - Treatment of pulmonary arterial hypertension (PAH). Effi cacy in 
clinical studies has been shown in idiopathic PAH and PAH associated 
with connective tissue disease.
Endothelin receptor antagonists have been evaluated in the treatment • 
of heart failure but have not been shown to be benefi cial.

1 - Treatment of PAH should be under the direction of a specialist.
These drugs are teratogenic, as a result of their mechanism of action. • 
Women of child-bearing potential must use adequate contraception.
Women should not breastfeed while taking these drugs.• 
Do not use these drugs in patients with moderate to severe hepatic • 
impairment and those with aminotransferase (transaminase) activities 
over 3 x ULN at baseline.
Do dosage adjustment is usually required in renal impairment.• 
These drugs commonly cause a modest reduction in haemoglobin; • 
avoid them in patients who are anaemic.
These drugs can cause fl uid retention; take particular care in patients • 
in whom this could result in cardiovascular decompensation (e.g. those 
with left ventricular impairment).

4 - These drugs are used to improve exercise capacity in patients with 
PAH.
There is some evidence they slow the progression of the disease, but • 
they are not curative.
Patient evaluation, treatment selection, and monitoring should be • 
under the direction of a specialist.
Combination targeted therapy in PAH is increasingly common, but is • 
not currently supported by large scale clinical trials.

6 - These drugs are vasodilators. The most common adverse effects are 
consistent with this mechanism of action: e.g. fl ushing, headache, 
nasopharyngitis. They can also cause hypotension, although this is less 
common.
Bosentan and sitaxentan are associated with a small but signifi cant • 
risk of hepatotoxicity. This is preceded by a rise in hepatic 
aminotransferases (transaminases); monthly monitoring of liver 
function tests is required.

Drugs in this class
- Ambrisentan: ETA 

selective 
antagonist.

- Bosentan: ETA 
and ETB 
antagonist.

- Sitaxentan: ETA 
selective 
antagonist.
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Ambrisentan is in a different chemical class and in clinical studies was • 
associated with a lower risk of abnormal aminotransferases; however, 
clinical experience is limited and regular liver function test monitoring 
is still required. 
Endothelin receptor antagonists are associated with a modest • 
(approximately 1 g/dL) non-progressive reduction in haemoglobin in 
many patients. Larger falls occur in about 6% of patients and may be 
symptomatic and require withdrawal of the drug. 
Endothelin receptor antagonists can cause fl uid retention. The most • 
common manifestation of this is peripheral oedema. Fluid retention 
can also be a sign of worsening right ventricular function as a result of 
disease progression. Promptly investigate patients with evidence of 
worsening fl uid retention and consider stopping the drug in severe 
cases.  

7  - Bosentan is an inducer of CYP3A4 (see b Carbamazepine, p. 285 for 
a list of drugs metabolized by CYP3A4) and can therefore cause many 
drug interactions. The following are the most important:

Bosentan can make oral and other hormonal contraceptives ineffec-• 
tive. Because endothelin receptor antagonists are teratogenic, 
women should use other forms of contraception.
Doses of warfarin and related drugs may need to be increased. • 
Increase the frequency of monitoring.
Avoid using with glibenclamide whose effi cacy may be reduced.• 
There is potential for interaction with antiretroviral drugs in patients • 
with PAH secondary to HIV. Monitor the control of HIV disease 
closely.

Sitaxentan is an inhibitor of CYP3A4 (• see b Erythromycin, p. 402 for 
more information) and can therefore cause many drug interactions. 
The following are the most important:

Reduce the dose of warfarin when used with sitaxentan.• 
Sitaxentan increases oestrogen exposure when given • 
concomitantly with oral contraceptives—this increases the risk of 
thromboembolism.

Ambrisentan does not appear to be involved in drug–drug • 
interactions.
Avoid using ciclosporin with bosentan or sitaxentan, as the plasma • 
concentrations of both drugs rise substantially. At the time of writing 
there was no information on the interaction of ciclosporin with 
ambrisentan—check before co-prescribing.  

8 - Monthly measurement of liver aminotransferases (AST and AlT) is 
required for the duration of therapy. Stop the drug if there are 
clinically signifi cant rises or symptoms of liver dysfunction.
Measure haemoglobin at baseline, after 1 month, 3 months, and • 
periodically thereafter. Consider stopping the drug if a clinically 
signifi cant fall occurs.
Monthly pregnancy tests are recommended in women of childbearing • 
potential. 

9 - Mandatory supplementary educational materials are provided for 
these drugs (in the EU).
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Advise patients of the importance of regular blood tests (see earlier • 
notes).
Advise women of childbearing potential (and their partners) of the • 
importance of avoiding pregnancy while taking endothelin receptor 
antagonists. 

Prescribing information: Endothelin receptor antagonists
Bosentan•  By mouth, 62.5 mg bd for 4 weeks followed by 125 mg bd.
Sitaxentan•  By mouth, 100 mg od.
Ambrisentan•  By mouth, 5 mg od. In those who tolerate 5 mg well, 
10 mg may be used for those who require greater effi cacy.
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Treatment of pulmonary arterial 
hypertension (PAH) 

- PAH is rare. Estimates of prevalence are in the range of 15 per million. It is most 
commonly idiopathic (IPAH) and it can be associated with connective tissue 
diseases; less commonly it can be associated with HIV infection, and ‘phen-fen’ 
weight loss drugs. Conditions such as left ventricular failure and COPD can 
cause pulmonary hypertension, but this is secondary and from the evidence 
available is less responsive to targeted treatment.

- Investigation and treatment should be under the direction of a specialist. The 
diagnosis should be confi rmed by right heart catheterization.

- A small proportion of patients have vasoreactive disease, which can be treated 
with calcium channel antagonists. These patients have a relatively good 
prognosis. 

- For most patients, despite targeted therapy, the disease is progressive. The most 
common cause of death is right ventricular failure. 

- Guidelines for investigation and treatment have been produced by the European 
Society for Cardiology.1

- Oxygen relieves breathlessness in those who are hypoxic but does not affect the 
underlying pathophysiological processes. 

- For more severely affected patients digoxin and other positive inotropic drugs 
are sometimes used for the amelioration of symptoms. 

- Oedema resulting from progressive right ventricular dysfunction is treated with 
diuretics. 

- Anticoagulants are an important adjunctive therapy in some patients (especially 
those with IPAH), but do not affect the vasoconstrictive and remodelling aspects 
of the disease.

- Targeted therapies are now available:
Prostanoids•  These mimic the action of endogenous prostaglandins. Intravenous, 
subcutaneous, and inhaled formulations are available. Because of the 
challenges of administration this class is usually reserved for patients with the 
most severe disease (WHO/NYHA class III or IV symptoms).
Endothelin receptor antagonists•  These drugs form the mainstay of therapy for 
patients with class III symptoms. There is emerging evidence that they are of 
benefi t in patients with less severe (class II) symptoms.
Phosphodiesterase (type V) inhibitors•  Originally developed for erectile 
dysfunction (e.g. sildenafi l), this class of drugs has emerging effi cacy in PAH. 
Their safety profi le is more favourable than that of endothelin receptor 
antagonists, and they are being increasingly widely used.

TEACHING 
POINT

Reference
1 Galie N, et al. Guidelines on diagnosis and treatment of pulmonary arterial hypertension. The 

Task Force on Diagnosis and Treatment of Pulmonary Arterial Hypertension of the European 
Society of Cardiology. Eur Heart J 2004; 25:2243–78.
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Phosphodiesterase type V inhibitors
Inhibitors of phosphodiesterase type V (e.g. sildenafi l)

Sexual 
stimulation

Relaxation of smooth muscle in corpus
cavernosum, allowing increased blood flow,
resulting in an erection

Broken down by
phosphodiesterase V

Increased formation
of cyclic GMP

Release of 
nitric oxide

Inhibited by sildenafil

0 - Treatment of erectile dysfunction.
Sildenafi l is also licensed for the treatment • 
of pulmonary arterial hypertension 
(specialist use).

1 - Inhibitors of phosphodiesterase type V 
have the potential to cause cardiovascular 
effects. Indeed, sildenafi l was originally 
investigated as a potential treatment for 
angina. Avoid them if the patient has 
unstable cardiovascular disease, for example, recent myocardial infarc-
tion (within 6 months), recent stroke, or hypotension (<95/50 mmHg), 
is taking nitrate drugs (see later notes), or if sexual intercourse is 
inadvisable.
Avoid them in patients who are at risk of priapism (leukaemia, • 
multiple myeloma, sickle cell disease).
Take care if the patient has a physical deformity of the penis • 
(e.g. fi brosis, Peyronie’s disease).
Halve the dose in patients with moderate hepatic insuffi ciency; avoid it • 
if the insuffi ciency is severe.
Patients with renal insuffi ciency should be given half the usual dose.• 
Do not combine drug treatments for erectile dysfunction.• 
Inhibitors of phosphodiesterase type V are taken recreationally by men • 
and women. There is no information about their safety in women who 
are pregnant.
They should not be given to men with certain inherited retinal • 
disorders (see later notes).

4 - Inhibitors of phosphodiesterase type V require sexual stimulation in 
order to work (see mechanism of action box).
Investigate the cause of erectile dysfunction and if possible treat the • 
underlying cause.
Prescribing of these drugs in the NHS is limited; a specialist assessment • 
is recommended (see box later in topic, b p. 238).
Begin with a low dose and increase this according to the response.• 
Do not continue treatment if there is no response. Seek specialist • 
advice.
Remember that the maximum dose is no more than one tablet every • 
24 hours.

Drugs that can cause 
priaprism
- Alprostadil (PGE1)
- Apomorphine
- Inhibitors of 

phosphodiesterase 
type V 

- Sildenafi l (Viagra®)
- Tadalafi l
- Vardenafi l

There are restrictions on 
the prescription of these 
drugs on the NHS in the 
UK. See later teaching 
point box, b p. 238.
- Papaverine*
- Phentolamine*
*Unlicensed indication; 

specialist use only.
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There is evidence that inhibitors of phosphodiesterase type V alleviate • 
the symptoms of PAH. Only sildenafi l is licensed for this indication; it 
is given regularly (3 times daily). Sildenafi l should only be given under 
the direction of a specialist for this indication.
Sildenafi l is not currently indicated for women. Remember that • 
sildenafi l is a treatment for erectile dysfunction, not an aphrodisiac.

6 - The most common adverse effects are headache (15% of patients), 
fl ushing (10%), and dyspepsia (5%).
Phosphodiesterase type V is present in the eye. High doses of these • 
drugs can cause a coloured tinge to the vision. They can also cause 
painful red eyes.

Do not give them to patients with inherited disorders of • 
phosphodiesterase that cause retinal degeneration.
In rare cases an increase in intraocular pressure can occur.• 
Rare cases of non-arteritic anterior ischaemic optic neuropathy • 
have been reported; stop the drug immediately if there is sudden 
impairment of vision.

Sildenafi l has been associated with cardiovascular events. It has been • 
diffi cult to establish causality, because the patients in whom it is used 
are at a high risk of such events. Note the cautions listed above before 
prescribing inhibitors of phosphodiesterase type V.
These drugs can rarely cause priapism (erection duration >4 hours) • 
(see teaching point box, b p. 240 for treatment).

7  - The combination of nitrates (and nicorandil) with these drugs carries a 
risk of severe hypotension. Deaths have occurred as a result, and the 
combination should be avoided. The use of alpha-blockers within 
4 hours of use of an inhibitor of phosphodiesterase type V can also 
cause severe hypotension and should be avoided.
Drugs that inhibit cytochrome P450 enzymes (e.g. erythromycin, • 
ritonavir, cimetidine) increase the plasma concentration of inhibitors 
of phosphodiesterase type V. Give half the usual dose initially.

8 Safety and effi cacy
Assess the patient carefully before giving these drugs.• 
Review the patient and adjust the dose as appropriate.• 
Stop the drug if it is not effective.• 

9 - Grapefruit juice can increase the plasma concentrations of these 
drugs; warn the patient to avoid grapefruit juice.
Advise the patient that the drug should be taken 1 hour before • 
intercourse and that food will delay the onset of action.
Warn patients for whom you prescribe a nitrate not to take any of • 
these drugs—they can be purchased via the Internet.
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Prescribing information: Inhibitors of phosphodiesterase type V
Sildenafi l

By mouth, initial dose 50 mg.• 
Can be increased up to 100 mg if required.• 
Only one dose to be taken in 24 hours.• 
Note the dosage reductions mentioned earlier.• 

Tadalafi l
By mouth, initial dose 10 mg.• 
Can be increased up to 20 mg if required.• 
Only one dose to be taken in 24 hours.• 

Vardenafi l
By mouth, initial dose 10 mg (5 mg in elderly people).• 
Can be increased up to 20 mg if required.• 
Only one dose to be taken in 24 hours.• 

    Lifestyle treatments

Although new treatments are emerging all the time, the overall productivity of the 
pharmaceutical industry has fallen over the past decade. Line extensions (e.g. the 
use of individual stereoisomers, such as esomeprazole, escitalopram) and new for-
mulations (e.g. modifi ed-release formulations) have always formed part of pharma-
ceutical development. However, these strategies have taken on a new importance 
in this environment. Drugs with a well-established mechanism of action will also 
commonly be used in all conditions in which that mechanism is thought to play a 
role. This has led to the development of a number of treatments for conditions 
that are not generally considered medically serious but rather an inconvenience.

The emergence of a new treatment and the infl uence of marketing departments of 
pharmaceutical companies (‘disease awareness campaigns’) will tend to highlight the 
condition. This can sometimes be to the detriment of other perhaps more serious 
conditions for which there is no new treatment. The challenge for the practitioner 
is to make a sound judgement. For example in its most severe forms the restless 
legs syndrome can be disabling, but the number of such case is small. Do not jump 
to treat every patient who complains of restless legs or an unsettled night. 

In order to be granted a licence a drug must show a positive benefi t to harm 
balance in the population, but always consider whether such a balance is positive 
for the individual patient. The potential risk must be very small compared with the 
potential benefi ts for a condition that is not medically serious. Also consider 
whether the condition is something that really requires pharmacological interven-
tion at all—would an alternative approach be more suitable?

The term ‘lifestyle treatment’ is somewhat pejorative and is ill defi ned in the NHS. 
There have always been such drugs—for example, oral contraceptives are widely 
used, and acne, erectile dysfunction, and infertility are all at the borders of condi-
tions that need to be treated—but because they are widely in demand and because 
their fi nancial impact on the NHS has often been relatively small they have largely 
been ignored. In recent years we have seen the emergence of treatments for condi-
tions such shyness, baldness, vague dyspepsia, obesity, and restless legs, which have 
posed a greater threat to prescribing budgets and which have all been labelled as 
lifestyle drugs. A recent Minister for Health said ‘Impotence is in itself neither life 
threatening, nor does it cause physical pain. It can in exceptional circumstances 
cause psychological distress. On current information, I do not therefore consider it 
to be a priority for any additional expenditure compared with say … cancer, heart 
disease and mental health.’ Others have different views.

TEACHING 
POINT
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The term ‘lifestyle drug’ is in common usage but it is perjorative and highly conten-
tious. The crux of the debate is whether a drug or intervention improves health-
specifi c quality of life rather than quality of life in general, and hence whether 
it should be funded by Health Services. A holiday in the Bahamas may demonstrably 
improve your quality of life but you, rather than the Health Service, will have to 
pay for it.
- The following are circumstances in which health services (either nationally or 

locally) have put restrictions in place to limit funding for drugs based on the 
belief that they are not addressing signifi cant medical needs.

Drugs for erectile dysfunction (outside specifi c exclusions).• 
Finasteride for male-pattern baldness.• 
Orlistat for weight reduction in mild obesity (now available over the counter).• 
Paroxetine for social phobia.• 
Efl ornithine for facial hirsutism in women.• 
Terbinafi ne for fungal toenail infection in otherwise healthy individuals.• 
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Notes on erectile dysfunction

Causes
- Psychogenic, neurogenic, vascular, endocrine, and drug-induced.
- Drugs commonly cause erectile dysfunction:

Antihypertensive drugs:• 
—especially thiazide diuretics and beta-blockers.
Drugs that act on the CNS:• 
—tricyclic antidepressants, SSRIs, antipsychotic drugs;
—drugs used to treat Parkinson’s disease.
Antihistamines.• 
Opioid drugs.• 
Cancer chemotherapy drugs.• 
Antiandrogen drugs (includes spironolactone) and LHRH receptor agonists.• 

Remember that many of the diseases that these drugs are used to treat (e.g. heart 
failure) also cause erectile dysfunction. Treat the underlying cause whenever possible.

Limitations on prescribing in the NHS
- The UK government recommends that prescribing of drug treatments for 

erectile dysfunction in the NHS be limited to specialists within hospitals or 
primary care. The following groups may receive drug treatment for erectile 
dysfunction in the NHS:

Patients with diabetes mellitus, multiple sclerosis, Parkinson’s disease, • 
poliomyelitis, prostate cancer, severe pelvic injury, single-gene neurological 
disease, spina bifi da, or spinal cord injury.
Patients receiving dialysis for renal insuffi ciency.• 
Patients who have had radical pelvic surgery, prostatectomy, kidney • 
transplantation.
Patients suffering severe distress, with disruption to normal social and • 
occupational activities, a marked effect on mood, and disruption of 
interpersonal relationships.

TEACHING 
POINT

Treatment of priapism
- This is defi ned as an erection that persists for more than 4 hours. 
- Seek expert surgical advice.
- Try cooling the penis using ice packs, but do not apply ice directly to the skin.
- Consider aspiration using a 19–21-gauge butterfl y needle inserted into the 

corpus cavernosum. Aspirate 20–50 mL of blood carefully.
- If this is unsuccessful, consider intracavernosal injections of very small amounts 

of a sympathomimetic, such as adrenaline. 
This must be done very carefully, because systemic exposure to the drug can • 
cause severe vasoconstriction in the coronary and cerebral vessels. 

- Inject 10–20 micrograms of adrenaline into the corpus cavernosum. 
To do this,•  dilute 0.1 mL of the 1:1000 adrenaline in 5 mL of isotonic 
saline; inject only 0.5–1 mL at a time (10–20 micrograms). 

- The injection can be repeated after 5–10 minutes. If this is unsuccessful, refer the 
patient for emergency surgical intervention.

Drugs that can cause priapism
- Alprostadil.  - Hydralazine.
- Apomorphine.  - Papaverine.
- Chlorpromazine.  - Phentolamine.
- Heparin.   - Trazodone.
- Inhibitors of phosphodiesterase 

type V (e.g. sildenafi l).

TEACHING 
POINT
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Oxygen
An essential element

-  Oxygen is an essential requirement 
for aerobic tissue respiration.

-  Delivery depends on adequate 
ventilation, gas exchange, and 
circulatory distribution. A failure of 
any one of these causes tissue 
hypoxia and irreversible damage 
within 4 minutes.

Respiratory failure

A general term that describes ineffective gas exchange across the lungs by the 
respiratory system. The arterial blood gas measurement should be used to 
determine the presence of respiratory failure. A PaO2 <8.0 kPa and/or PaCO2 >6.6 
kPa indicates respiratory failure.
- Type I respiratory failure is characterized by hypoxaemia with a low or 

normal PaCO2. Examples of diseases that cause this pattern include pneumonia, 
and pulmonary embolism.

- Type II respiratory failure is characterized by hypoxaemia with a high PaCO2. 
The most common cause of this pattern is chronic obstructive pulmonary disease.

- Do not forget non-respiratory causes of hypoxaemia; for example:
Reduced capacity of the blood due to anaemia.• 
Right to left shunting of blood in Eisenmenger’s syndrome.• 
Low inhaled oxygen concentration at high altitude. • 

0 - Oxygen is indicated for the acute treatment of arterial hypoxaemia 
from any cause. Oxygen should be given if the PaO2 falls below 
8.0 kPa. Examples include:

Acute asthma.• 
Acute myocardial infarction.• 
Sickle cell crisis.• 
Carbon monoxide poisoning.• 
Venous thromboembolism.• 
Fibrosing alveolitis.• 

Long-term oxygen therapy should also be considered for some • 
patients with chronic hypoxaemia (see later notes).
Oxygen is a medicine and should be prescribed.• 

1 - Do not give oxygen near a naked fl ame or cigarette; there is a risk of 
explosion.
Oxygen must be given in a controlled manner if the patient has type II • 
respiratory failure (due to e.g. COPD, neuromuscular disorders). 
See later notes for more information.
Patients should stop smoking before long-term oxygen therapy is • 
started.

4 - Oxygen therapy can be life saving, but remember that it is not usually a 
specifi c treatment for the underlying cause of hypoxaemia; treat this as 
well.
Guidelines for the use of emergency oxygen in adults are available • 
from the British Thoracic Society (M http://www.brit-thoracic.org.uk).
Oxygen can be given by a simple face mask or nasal cannulae, but the • 
inspired oxygen fraction varies with the rate and depth of the patient’s 

Conversion of 
kiloPascals (kPa) to 
mmHg and vice versa

1 kPa = 7.5 mmHg
1 mmHg = 0.1333 kPa
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respiration; whenever possible use a face mask with a Venturi 
attachment, so that the inspired concentration of oxygen can be regu-
lated precisely.

Nasal cannulae will deliver a lower than expected inspired • 
concentration of oxygen if the patient breathes through the mouth.

If a high concentration of oxygen is required, use a mask fi tted with a • 
reservoir. It is not usually possible to deliver an inspired concentration 
of oxygen that is consistently above 60% without assisted ventilation 
(continuous positive airways pressure (CPAP) ventilation or mechanical 
ventilation).
Intermittent short bursts of oxygen can be given for symptom relief • 
(only), but this should not be used to delay the start of other therapy.
Long-term oxygen therapy prolongs life in some patients with chronic • 
hypoxia due to COPD. Oxygen therapy should be given for at least 
15 hours a day for this indication. The patient must be stable when 
assessed (not sooner than 4 weeks after an exacerbation), and arterial 
blood gas tensions should be measured on two occasions at least 
3 weeks apart, while the patient is breathing air. Long-term oxygen 
therapy should be considered if:

The PaO• 2 is <7.3 kPa.
The PaO• 2 is 7.3–8 kPa and the patient has polycythaemia or 
evidence of pulmonary hypertension.

Long-term oxygen therapy should also be considered for patients with:• 
Pulmonary malignancy with disabling dyspnoea.• 
Heart failure with a • 
daytime PaO2 
<7.3 kPa.
Other lung diseases • 
(e.g. cystic fi brosis, 
interstitial lung 
disease, pulmonary 
arterial 
hypertension) with 
hypoxaemia. Seek 
specialist advice.

6 - At high concentra-
tions oxygen is toxic 
to tissues. Inspiration 
of a high concentra-
tion of oxygen (>80%) 
for more than 24 
hours can cause 
tracheobronchitis and 
parenchymal lung 
damage. Use the 
lowest concentration 
of oxygen that 
maintains the patient’s 
arterial oxygen 
concentration in the 
target range.
Patients who have • 
type II respiratory 
failure have chronic 
hypoxia. The rate and 

Oxygen delivery systems

Method Flow rate Inspired
   oxygen 
   concen-
   tration
Low-fl ow mask* 6–10 L/min Up to 60%
Nasal prongs* 1–2 L/min 24–30%
High-fl ow, jet- Depends  24–60%
  mixing    on the 
  (Venturi)    equipment
  mask
Non-   Up to 90%
  rebreathing
  reservoir
  mask
Anaesthetic   Up to 100%
  face mask or 
  endotracheal
  tube
*Note that the inspired concentration delivered by these 
methods depends on the ventilatory minute volume. 

Suggestions for initial oxygen dose
- Cardiac or respiratory arrest 100%
- Hypoxaemia with  40–60%

  PaCO2 <5.3 kPa
- Hypoxaemia with  24% initially

  PaCO2 >5.3 kPa
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depth of their ventilatory effort are principally determined by the 
arterial oxygen concentration, rather than the carbon dioxide 
concentration (as they are in healthy people). If they are given a high 
inspired concentration of oxygen their respiratory effort will be 
suppressed. The arterial concentration of carbon dioxide rises and the 
patient develops narcosis and may become apnoeic.
Patients with type II respiratory failure must be given oxygen by a • 
method that allows the inspired concentration to be controlled 
(e.g. by mask with a Venturi attachment). If they are given unregulated 
oxygen (e.g. nasal cannulae, standard face mask), the inspired 
concentration of oxygen increases as the patient’s ventilatory effort 
falls, producing a vicious circle that leads to narcosis and apnoea.

These patients should usually be given either 24% or 28% oxygen, • 
depending on their requirements and sensitivity to the increase in 
inspired oxygen concentration.
Remember that these patients are chronically hypoxic; it is • 
unnecessary and potentially hazardous to try to raise their arterial 
oxygen concentration to normal. Take expert advice, but an oxygen 
saturation of 90–92% is usually suffi cient, and even around 85% may 
be adequate.
Not all patients with chronic obstructive airways disease have type II • 
respiratory failure. Progressive severe narcosis from a high inspired 
concentration of oxygen can be avoided if the patient is monitored 
clinically and with arterial blood gas measurements. If you see a 
patient who is hypoxic and you do not know whether they have 
type II respiratory failure or not, give them enough oxygen to raise 
their arterial oxygen concentration to normal, do not leave them 
unattended, and measure their arterial blood gas concentrations to 
guide therapy.

8 Safety and effi cacy
In many circumstances pulse oximetry is adequate to monitor oxygen • 
therapy. However, it is not suitable in the following circumstances:

Carbon monoxide poisoning • The oximeter cannot distinguish 
oxyhaemoglobin from carboxyhaemoglobin, so the meter reading is 
misleading. Measure the arterial blood gas and carboxy-haemoglobin 
concentration. This is also true for methaemoglobinaemia.
Type II respiratory failure • The pulse oximeter will measure arterial 
oxygenation, but it is also essential to know the arterial carbon 
dioxide concentration; this requires measurement of arterial blood 
gas concentrations.

An oxygen saturation of 93% is approximately equivalent to an arterial • 
oxygen concentration of 8 kPa. The oxygen concentration in blood 
falls rapidly at saturations <92%, because the steep part of the 
haemoglobin oxygen dissociation curve lies below this value.

Unless the patient is known to have structural lung disease, the • 
oxygen saturation should always be >92% and ideally should be 
100%.
Acute asthma with an oxygen saturation <92% at any time is an • 
indication for assessment in the ICU; it signals that the patient is 
tiring or that current treatment is ineffective.

Oxygen therapy should be stopped when arterial oxygenation is ade-• 
quate with the patient breathing room air (PaO2 >8 kPa; SaO2 >90%), 
as long as the acid–base status and clinical assessment is consistent 
with adequate tissue oxygenation.
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9 - Warn the patient of the dangers of oxygen and naked fl ames. Ensure 
that no one in the room smokes while oxygen is in use. Patients with 
arterial hypoxaemia who intend to fl y should discuss their require-
ments with the airline well in advance of any proposed travel.

Case history
Remember that high-fl ow oxygen is potentially highly dangerous in patients with 
type II respiratory failure, who retain CO2. Like any other medications, oxygen 
should always be prescribed on a prescription form, and the mode of delivery, 
inspired oxygen concentration, and target oxygen saturations should be stipulated.
- An elderly woman with long-standing severe COPD suffered a prolonged 

seizure at home and an ambulance was called. In the ambulance her level of 
consciousness remained low and the pulse oximeter showed an oxygen 
saturation of 80%. She was given high-fl ow oxygen and on arrival in hospital she 
was moribund, with the following blood gas results: pH = 6.89; PaO2 = 28.6 kPa; 
PaCO2 = 14.3 kPa; lactate = 12 mmol/L; HCO3 = 11.8 mmol/L. This was a 
combination of a metabolic acidosis, arising from a prolonged seizure and tissue 
anoxia, and a respiratory acidosis, arising from inappropriate use of high-fl ow 
oxygen in a patient with chronic type II respiratory failure. She recovered after 
initially being manually bagged on air and then non-invasively ventilated on 24% 
oxygen. The lactate concentration resolved spontaneously within 4 hours.

Prescribing information: Oxygen
Acute oxygen therapy

Specify the target oxygen saturation, the range of inspired oxygen • 
concentrations allowed, and the mode of delivery.

Long-term oxygen therapy
Oxygen concentrators are more economical for long-term treatment.• 
Ambulatory oxygen cylinders are often also supplied for patients who need • 
to be away from home and can also facilitate the provision of oxygen during 
some activities of daily living.
The components of the system and accessories (e.g. face mask, • 
humidifi er) have to be prescribed. In England and Wales there is a regional 
tendering service that will need to be contacted. Seek advice from a 
respiratory specialist or your health authority if you are 
considering long-term oxygen therapy.
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Pharmacology of drugs used to 
treat asthma

Drugs used to treat the

underlying pathophysiology

(airway inflammation)

Long-acting β2-

adrenoceptor agonists

(may have some anti-

inflammatory activity) 

Leukotriene receptor

antagonists

Symptomatic treatment: 

direct bronchodilatation

Drugs that interfere with bronchoconstriction.

The main effect is bronchodilatation. Not considered

to have significant anti-inflammatory actions

Inflammatory cytokines

Glucocorticoids

Sympathetic nervous system

bronchodilates (noradrenaline

acting via cyclic AMP)

Airway inflammation

Theophylline

(phosphodiesterase

inhibitor)

Antimuscarinic drugs (e.g.

ipratropium bromide)

Cromones (minor role)

β2 adrenoceptor agonists 

(short- and long-acting)

Parasympathetic nervous system

bronchoconstricts (acetylcholine

on muscarinic receptors)

Other measures
- Smoking cessation
- Allergen desensitization

Fig. 3.1 Drugs used to treat asthma.

Guidelines for the prevention of asthma
- Global Initiative for Asthma:

M•  http://www.ginaasthma.com
- British Thoracic Society Guidelines:

See clinical Information at • M http://www.brit-thoracic.org.uk 

See also b Glucocorticoids, p. 488.
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BTS asthma guidelines

Table 3.1 BTS asthma guidelines

Step 1 Mild intermittent 
asthma

Inhaled short-acting B 2 agonist as required

Step 2 Regular preventer 
therapy

Add an inhaled steroid 
200–800 micrograms/day* 

400 micrograms is an appropriate starting dose 
for many patients

Start at the dose of inhaled steroid appropriate 
to the severity of the disease

Step 3 Initial add-on 
therapy

1. Add an inhaled long-acting B 2 agonist (LABA)
2. Assess control of asthma: 
- Good response to LABA—continue LABA
- Benefi t from LABA but control still inade-

quate—continue LABA and increase inhaled 
steroid dose to 800 micrograms/day* (if not 
already taking this dose) 

- No response to LABA—stop LABA and 
increase inhaled steroid to 800 micrograms/ 
day.* If control still inadequate, try another 
therapy—a leukotriene receptor antagonist or 
modifi ed-release theophylline

Step 4 Persistent poor 
control

Consider trials of: 
- Increasing inhaled steroid up to 

2000 micrograms/day*
- Addition of a fourth drug, e.g. a leukotriene 

receptor antagonist, modifi ed-release 
theophylline, an oral B2 agonist

Step 5 Continuous or 
frequent use of 
oral steroids

Use a daily oral steroid in the lowest dose that 
provides adequate control 

Maintain high-dose inhaled steroid at 
2000 micrograms/day* 

Consider other treatments to minimize the use 
of an oral steroid; refer for specialist care

* Beclometasone or equivalent.
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An approach to the treatment of 
chronic obstructive pulmonary 
disease (COPD)

Global Initiative for Chronic Obstructive Lung Disease (GOLD). • 
Guidelines at M http://www.goldcopd.com
COPD is characterized by airfl ow limitation that is not fully reversible.• 
COPD is preventable in the majority of cases; • see b Nicotine, p. 274 
for advice on smoking cessation.
Lung function tests show that:• 

FEV• 1/FVC is <70%.
The FEV• 1 after a bronchodilator is <80% of predicted.

The most common cause of the infl ammation that leads to COPD is • 
exposure to tobacco smoke, although occupational exposures can also 
be important.
The hallmark of COPD is a relentlessly progressive decline in lung • 
function, owing to infl ammation of the airways. No current drug 
therapy prevents this and so therapy is directed at reducing symptoms 
and complications.
Smoking cessation is the only strategy that reduces this decline in lung • 
function and must be a key treatment goal. see b Nicotine, p. 274 for 
advice on smoking cessation.
All patients benefi t from exercise training.• 
There are four components to the treatment of COPD:• 

Assess and monitor the disease.• 
Reduce risk factors.• 
Manage stable COPD.• 
Manage exacerbations.• 

Symptomatic treatments
Inhaled short-acting bronchodilating muscarinic receptor antagonists • 
(e.g. ipratropium) and B2 adrenoceptor agonists (e.g. salbutamol) are 
the mainstays of treatment.

Long-acting inhaled - B2 adrenoceptor agonists (e.g. salmeterol) or 
muscarinic receptor antagonists (e.g. tiotropium) are more effective 
and convenient than short-acting ones, but are more expensive. 
They are recommended in patients who remain symptomatic 
despite short-acting treatment or in those who have two or more 
exacerbations in a year.

Theophylline is used as an additional bronchodilator in patients with • 
more severe disease; it may have some anti-infl ammatory action.
Inhaled corticosteroids are not very effective and are only • 
recommended in those with a FEV1 <50% of predicted and those with 
repeated exacerbations.

Recent studies with combination inhalers (a corticosteroid + a • 
long-acting B2 adrenoceptor agonist) have shown some benefi t.
Avoid long-term treatment with oral corticosteroids; the benefi t/• 
harm balance is unfavourable.
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Other treatments
Oxygen therapy has an important role in patients with severe disease • 
and hypoxaemia; see b Oxygen, p. 242 for more information.
Patients with COPD should receive infl uenza and pneumococcal • 
vaccines every year to reduce the frequency of exacerbations.
In some with COPD and productive cough, mucolytics can reduce • 
exacerbations.
Mucolytic drugs: carbocisteine, erdosteine, mecysteine • 
(methylcysteine) (most common adverse effect: peptic ulceration).
Dornase alfa (DNase; human deoxyribonuclease 1); only for patients • 
with cystic fi brosis.
Antibacterial treatment is required when the sputum becomes • 
purulent or there are other signs of respiratory tract infection.
Antioxidant treatments may have a role, but this is still being • 
evaluated.
Cough can be troublesome, but is an important mechanism for mucus • 
clearance; avoid antitussives..
Respiratory stimulants are not useful in the chronic treatment of • 
COPD; see b Doxapram, p. 272 for more information.
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Short-acting B2 adrenoceptor agonists
Selective agonists at B2 adrenoceptors

Agonist action at B2 receptors 
has a number of actions (see b 
 Adrenoceptor agonists, p. 218). 
The clinically important actions 
are bronchodilatation and 
relaxation of the uterus. 
When used at higher doses, B2 
selectivity is lost, resulting in 
 tachycardia and tremor.

0 - Relief of bronchospasm, both acute and 
chronic.
Tocolytic (to halt premature labour).• 

1 - There are no specifi c contraindications.
Allergy to short-acting • B2 agonists is rare.
These drugs can be used for the relief of • 
reversible airways obstruction in patients with 
COPD. The reversible component of this 
disease is often small (<15%), so these drugs 
have limited effect. When the patient is well, 
perform lung function tests and determine the 
degree of reversibility.
These drugs can be used during pregnancy. • 
Note the tocolytic actions.
No dosage adjustment is usually required in hepatic or renal • 
insuffi ciency.

4 Acute bronchospasm
Nebulized therapy is used most commonly, but a metered-dose • 
inhaler (MDI) with a large-volume spacer device (e.g. 500 mL) can be 
used. See teaching point box, b p. 253, for guidance on the treatment 
of acute asthma. See b Ipratropium, p. 258 for more information on 
large-volume spacer devices.
Advantages of nebulized therapy:• 

Allows simultaneous oxygen therapy to be given.• 
Allows high doses to be given.• 
Allows continuous therapy, if required.• 

Also available for intravenous/subcutaneous use in severe cases • 
(in the ICU).

Chronic asthma
A MDI is the most cost-effective initial choice.• 

Advise the patient to use it as required• 
Monitor use and adjust therapy accordingly (see British Thoracic • 
Society/Scottish Intercollegiate Guidelines Network Guidelines 
for details, see clinical information section at M http://www.
brit-thoracic.org.uk).

Drugs in this class

Used for relief or 
 bronchospasm
- Salbutamol
- Terbutaline
Others
- Bambuterol
- Fenoterol
- Rimiterol

There are no 
important 
 differences among 
these drugs. 
Salbutamol and 
 terbutaline are the 
most commonly 
used.

Used to inhibit 
 premature labour
- Salbutamol
- Ritodrine
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Administration via a large-volume spacer reduces systemic exposure • 
and increases the proportion of drug delivered to the lungs.
B• 2 adrenoceptor agonists are also available in a number of patented 
delivery devices and in dry-powder formulations. These may be 
suitable for patients who are unable to use a MDI correctly, but they 
are more expensive.
Ensuring that patients can use their inhalers correctly is very • 
important; see b Correct use of a metered-dose inhaler, p. 256 for 
the correct method.
The oral route of administration is not recommended. It can be used • 
in elderly people and children when the inhaled route is impractical.

Tocolytic
Indicated for the inhibition of uncomplicated labour at 24–33 weeks.• 
Given by intravenous infusion. Only initiate under specialist • 
supervision.
There is no evidence of benefi t beyond 48 hours; maintenance • 
treatment is not recommended with B2 agonists.
The greatest benefi t is probably to allow time for corticosteroids to • 
be given and for transfer to a specialist unit.
Alternatives include an oxytocin receptor antagonist (atosiban) or an • 
NSAID (indometacin). Seek specialist advice.

6 Early adverse effects
The doses delivered by MDIs cause adverse effects only rarely. • 
Nebulizers deliver much higher doses; a considerable proportion is 
absorbed through the nasal and buccal mucosae and is swallowed and 
absorbed. Selectivity at receptors is always relative; the large doses 
delivered by nebulizers or intravenously can cause tremor and 
tachycardia by actions on B1 adrenoceptors. In some patients, such as 
those with ischaemic heart disease, tachyarrhythmias can occur.
Combining bronchodilators may improve effi cacy and reduce the risk • 
of adverse effects associated with high doses of a single drug.
Note that nebulizer solutions are acidic and can cause paroxysmal • 
bronchospasm rarely.
High doses are associated with a risk of hypokalaemia. Monitor plasma • 
potassium in severe asthma.

Late adverse effects
Increasing use of bronchodilators is a warning of worsening asthma. • 
Review therapy before there is a crisis.
The need for 10–12 puffs/day or >2 MDI canisters per month is a • 
marker of poor control.

7  - Take care with other sympathomimetic drugs. Some of these 
(e.g. ephedrine) are available over the counter and may be a 
component of some herbal remedies (e.g. the Chinese preparation 
ma huang).

8 Effi cacy
Use peak expiratory fl ow rate (PEFR), pulse rate, and respiratory rate • 
to guide the frequency of administration.
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9 - Short-acting B2 agonists only relieve the symptoms of asthma; they do 
nothing for the underlying pathology. In contrast, corticosteroids alter 
the course of the disease. Patients should be told that the short-acting 
adrenoceptor agonists are ‘relievers’ and that corticosteroids are 
‘preventers’, in order to stress the different roles of these drugs in the 
treatment of asthma.
Ensure that the patient knows how to use an inhaler device correctly. • 
Ask them to show you how they use it. See b Correct use of a 
metered-dose inhaler, p. 256 for correct inhaler technique.
Ensure that the patient has a ‘rescue plan’, in case their symptoms • 
worsen or they become unwell. Patients should be warned to seek 
medical help if they fi nd that they need increasing doses of inhaled 
drugs to relieve symptoms.

Prescribing information: Short-acting B2 adrenoceptor agonists
Salbutamol is given as an example

Aerosol inhalation•  100–200 micrograms (1–2 puffs) taken as required; for 
persistent symptoms up to 3–4 times daily. Review use regularly in those 
with increasing requirements.

Most inhalers are now available as CFC-free aerosol devices; when • 
switching treatment warn patients that these may feel and taste 
different from their previous CFC containing inhalers.

Available in a number of dry-powder formats. Refer to the individual manu-• 
facturers’ recommendations for correct use.
Inhalation of nebulized solution•  Severe acute asthma, 2.5 mg or 5 mg, 
repeated as required to control symptoms. Review the treatment and clin-
ical progress regularly.

Also used for chronic bronchospasm unresponsive to conventional • 
therapy; seek specialist advice before starting long-term nebulizer therapy 
and warn patients to seek medical advice if they fail to respond to the 
usual dose of nebulized solution.

Intravenous infusion
Acute asthma•  Specialized use. Ensure adequate supervision and monitoring. 
Usually reserved for use in high dependency units or intensive care units. 
Initially, 5 micrograms/minute, adjusted according to response and heart 
rate; usually in the range 3–20 micrograms/minute.
Treatment of premature labour•  Specialized use. Initially, 10 micrograms/
minute, rate increased gradually according to response at 10-minute 
intervals until contractions diminish, then increase the rate slowly until 
contractions cease (maximum rate 45 micrograms/minute); maintain rate for 
1 hour after contractions have stopped, then gradually reduce by 50% every 
6 hours; then by mouth, 4 mg every 6–8 hours (maintenance treatment not 
recommended, see earlier notes).
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Treatment of acute severe asthma in adults

(Also see British Thoracic Society/Scottish Intercollegiate Guidelines Network 
guidelines; see clinical information section at M http://www.brit-thoracic.org.uk.) 
Features of acute severe asthma include: PEFR 33–50% of best; a respiratory rate 
>25 breaths/minute; heart rate >110 beats/minute; patient unable to complete 
sentences in one breath; arterial oxygen saturations �92%.
- Give high-fl ow oxygen; nebulized therapy should be driven using oxygen.
- Give a short-acting B2 agonist by nebulizer (e.g. salbutamol 2.5–5.0 mg). If a 

nebulizer is not available, use a metered-dose inhaler with a spacer device. 
Adjust the frequency of administration according to the response. If the PEFR is 
<50%, continuous therapy may be required initially.

- If response is poor, give ipratropium bromide by nebulizer (500 micrograms 
every 4–6 hours).

- Give systemic steroids (e.g. hydrocortisone 100 mg iv). Make sure that you 
repeat the dose every 6–8 hours until the patient can take treatment by mouth 
(e.g. 40–50 mg prednisolone daily for at least 5 days).

- The routine use of antibiotics is not recommended.
If the response to these initial treatments is poor seek expert advice; consider 
giving magnesium sulphate (1.2–2.0 g over 20 minutes by iv infusion). Refer the 
patient for assessment by ICU if any of the following features are present:
- Poor respiratory effort/exhaustion (includes drowsiness and confusion).
- Worsening PEFR despite treatment.
- Arterial blood gas measurements show hypercapnia, hypoxia, or acidosis.

TEACHING 
POINT
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Long-acting B2 adrenoceptor agonists
Selective agonists at B2 adrenoceptors

-  Like their short-acting counterparts, these 
drugs are selective agonists at B2 
adrenoceptors. They bind with high affi nity 
and remain bound, resulting in a long 

duration of action. There is a debate as to whether 
these drugs have any clinically important anti-
infl ammatory action. In vitro this may be so, but it is 
important that patients understand that these drugs 
are for the relief of symptoms rather than prevention 
of disease.

- These drugs are not usually 
used in high doses, but if 
they are B2 selectivity is lost, 
resulting in tachycardia and 
tremor.

0 - Relief of chronic bronchospasm.
Formoterol can also be used for symptomatic relief.• 

1 - These drugs take too long to act to have a role in the treatment of 
acute asthma (see b Short-acting B2 agonists, p. 250).
To ensure safe use, long-acting • B2 agonists should not be added to 
treatment unless regular standard doses of inhaled corticosteroids 
have failed to control asthma adequately.
These drugs can be used for the relief of reversible airways • 
obstruction in patients with COPD. The reversible component of 
this disease is often small (<15%), so these drugs will be limited in 
their effect. When the patient is well, perform lung function tests and 
determine the degree of reversibility.
B• 2 agonists have tocolytic actions. Avoid the long-acting versions in 
pregnancy, unless the benefi t outweighs the risk (see b Short-acting 
B2 agonists, p. 250).
No dosage adjustment is usually required in hepatic or renal insuffi ciency.• 

4 Chronic asthma
The addition of a long-acting • B2 agonist is recommended in adults who 
have an inadequate response to low-dose inhaled steroids (equivalent 
of 200–400 micrograms beclometasone daily).

Stage 3 of the British Thoracic Society/Scottish Intercollegiate • 
Guidelines Network guidelines; see clinical information section at 
M http://www.brit-thoracic.org.uk.
The CHM does not recommend that that they be used in those with • 
rapidly deteriorating asthma.

If the response is inadequate, increase the dosage of inhaled steroid • 
(equivalent of 800 micrograms beclometasone daily).
These drugs suppress symptoms, but steroid therapy should not • 
be withdrawn, as its anti-infl ammatory action is still required for 
long-term control.

Drugs in this class
- Salmeterol
- Formoterol

Salmeterol has an 
onset of action that is 
slower than that of 
formoterol.
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A degree of tolerance can occur, owing to agonist-induced receptor • 
down-regulation. Symptom control is usually maintained in chronic 
asthma, but it can reduce the effi cacy of short-acting B2 agonists if the 
patient acutely deteriorates.

This effect can be mitigated by giving intravenous steroids. In • 
addition to their intracellular actions on protein synthesis, they 
increase the numbers of adrenoceptors on the surfaces of cells.

A MDI is the most cost-effective initial choice.• 
Administration via a large-volume spacer reduces systemic exposure • 
and increases the proportion delivered to the lungs.
Long-acting • B2 adrenoceptor agonists are also available in a number 
of patented delivery devices and in dry-powder formulations. These 
may be suitable for patients who cannot use a MDI correctly, but 
they are more expensive.
Ensuring that patients use their inhalers correctly is very important; • 
see teaching point box, b p. 256, for the correct method.
These drugs are available as combination inhalers with inhaled • 
corticosteroids. These inhalers may be convenient but should not be 
used unless the patient requires both drugs and has previously been 
stabilized on a dosage regimen that is deliverable by the combination 
inhaler. See b Combination formulations, p. 40 for a discussion of 
the advantages and disadvantages of combination formulations.

6 Early adverse effects
The doses delivered by MDIs cause adverse effects only rarely.• 

Selectivity at receptors is always relative, so avoid large doses of • 
these drugs, which can cause tremor and tachycardia by actions on 
B1 adrenoceptors. In some patients, such as those with ischaemic 
heart disease, these drugs can cause tachyarrhythmias.

Note that these drugs can cause paroxysmal bronchospasm rarely.• 

Late adverse effects
Increasing need for bronchodilators is a warning of worsening asthma. • 
Review therapy before there is a crisis.

7  - Take care with other sympathomimetic drugs. Some of these 
(e.g. ephedrine) are available over the counter and may be 
components of some herbal remedies (e.g. the Chinese formulation 
ma huang).

8 Effi cacy
Use PEFR and symptom scores to assess the effectiveness of your • 
treatment regimen.

For example, ask whether asthma symptoms interfere with sleep or • 
daily activities and whether the patient has symptoms every day

Consider stepping down therapy if the patient has good long-term • 
control.

9 - Long-acting B2 agonists should not be used for acute symptoms.
Ensure that the patient also has a short-acting • B2 agonist inhaler for 
use as required.
Ensure that the patient knows how to use an inhaler device correctly.• 
Ensure that the patient has a ‘rescue plan’, in case symptoms worsen • 
or they become unwell. Patients should be warned to seek medical 
help if they fi nd that they need increasing doses of inhaled drugs to 
relieve symptoms.
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Prescribing information: Long-acting B2 adrenoceptor agonists
Salmeterol

Aerosol inhalation 50 micrograms (2 puffs) bd taken regularly. Can be • 
increased to 100 micrograms bd if required.

Formoterol
Dry powder inhalation 12 micrograms bd taken regularly. Can be increased • 
to 24 micrograms bd if required.

Correct use of a metered-dose inhaler
- Remove the cap from the mouthpiece and shake the inhaler vigorously.
- If you haven’t used the inhaler for a week or more, or if it is the fi rst time you 

have used it, spray it into the air fi rst to check that it works.
- Sit up straight or stand up, open the mouth, and lift the chin to open the airways.
- Take a few deep breaths and then breathe out gently. Immediately place the 

mouthpiece in your mouth and put your teeth around it (not in front of it and 
do not bite it), and seal your lips around the mouthpiece, holding it between 
your lips.

- Start to breathe in slowly and deeply through the mouthpiece. As you breathe 
in, simultaneously press down on the inhaler canister to release the medicine. 
One press releases one puff of medicine.

- Continue to breathe in deeply to ensure that the medicine gets into your lungs.
- Hold your breath for 10 seconds, or for as long as you comfortably can, before 

breathing out slowly.
- If you need to take another puff, wait for 30 seconds, shake your inhaler again, 

then repeat the previous fi ve steps.
- Replace the cap on the mouthpiece.

TEACHING 
POINT
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Bronchodilatory muscarinic receptor 
antagonists
Antagonists at muscarinic acetylcholine receptors

-  The parasympathetic nervous system has 
a tonic bronchoconstricting action in the 
lungs. Therefore antagonists at muscarinic 
receptors have a bronchodilatory action. 

Systemic administration of anticholinergic drugs 
causes many adverse effects (see b atropine, p. 226). 
These drugs are antagonists at M2  and M3 muscarinic 
receptors and are delivered directly to the lungs by 
inhalation. In addition, they are highly polar 
molecules; this reduces systemic absorption and 
associated adverse effects.
- The degree of bronchodilatation caused by these 

drugs is less than that from B2 agonists. However, 
the relative contribution of the cholinergic system 
in COPD is greater than that in asthma. These 
drugs can therefore be particularly useful for 
symptomatic relief in COPD.

0 - Relief of acute and chronic bronchospasm.

1 - These drugs take time to act. They have a role in the treatment of 
acute bronchospasm, but must be used in conjunction with 
short-acting B2 agonists.
They can be used for relief of reversible airways obstruction in • 
patients with COPD. The reversible component of this disease is often 
small (<15%), so they will be limited in their effect. When the patient 
is well, perform lung function tests and determine the degree of 
reversibility.
Although systemic exposure with these drugs is limited, take care in • 
patients with urinary retention or closed-angle glaucoma.
Not known to be harmful in pregnancy.• 
No dosage adjustment is usually required in hepatic or renal • 
insuffi ciency.

4 Chronic asthma
Muscarinic receptor antagonists are indicated at Stage 4 of the British • 
Thoracic Society guidelines for the treatment of chronic asthma. At 
this stage, the choice of additional treatment should be made by a 
specialist. There are several other options (long-acting B2 agonists, 
leukotriene receptor antagonists, methylxanthines). The most 
appropriate choice will depend on the individual’s symptoms and 
disease (British Thoracic Society/Scottish Intercollegiate 
Guidelines Network guidelines; see clinical information section at 
M http://www.brit-thoracic.org.uk).
These drugs suppress symptoms, but steroid therapy should not • 
be withdrawn, as its anti-infl ammatory action is still required for 
long-term control.
A MDI is the most cost-effective initial choice.• 

Drugs in this class
- Ipratropium
- Oxitropium
- Tiotropium

These drugs have 
different onsets of 
action. See text.
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Administration via a large-volume spacer reduces systemic exposure • 
and increases the proportion delivered to the lungs.
Muscarinic receptor antagonists are also available in a number of • 
patented delivery devices and in dry-powder formulations. These 
may be suitable for patients unable to use a MDI correctly, but they 
are more expensive.
Ensuring that patients can use their inhalers correctly is very • 
important; see b Correct use of a metered-dose inhaler, p. 256 for 
the correct method.
These drugs are available as combination inhalers with inhaled • 
B2 agonists. These inhalers may be convenient, but should only be 
used if the patient requires both drugs regularly and has previously 
been stabilized on a dosage regimen that is deliverable by the 
combination inhaler. See b Misoprostol, p. 38 for a discussion of 
the advantages and disadvantages of combination formulations.

Acute bronchospasm
These drugs have a role in the treatment of acute bronchospasm. • 
However, because they take time to act and cause less 
bronchodilatation than B2 agonists, they should not be given on 
their own.
Nebulized therapy is used most commonly, but a MDI with a • 
large-volume spacer device can be used. See b Short-acting B2 
agonists, p. 250 for guidance on the treatment of acute asthma. See 
teaching point box, b p. 261, for more information on large-volume 
spacer devices.
Because the parasympathetic nervous system has a tonic action, there • 
is little advantage to giving these drugs more often than 6-hourly.

COPD
The contribution of the parasympathetic nervous system to • 
bronchospasm in this disease is said to be greater than in asthma. 
These drugs can therefore be particularly useful in patients with 
COPD.
Nevertheless, much of the lung damage in COPD is irreversible, and • 
drugs may be limited in their effects.
Tiotropium (a long-acting muscarinic antagonist), is used as inhaled • 
treatment in COPD and may reduce hospital admissions and acute 
exacerbations. It is not suitable for the relief of acute bronchospasm 
and is not given concurrently with short-acting muscarinic antagonists 
(e.g. ipratropium bromide).

Onset and duration of action of bronchodilatory muscarinic receptor 
antagonists

Ipratropium and oxitropium  Onset of action is over 30–60 minutes; 
duration of action 3–6 hours; usually given 
3 times daily.

Tiotropium  Onset of action is over 30–60 minutes; 
duration of action 24 hours; usually given 
once daily.
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6 Early
The doses delivered by MDIs cause adverse effects only rarely.• 

These drugs can cause systemic anticholinergic adverse effects • 
(e.g. blurred vision, dry mouth, urinary retention, glaucoma).
Note that these drugs can cause paroxysmal bronchospasm rarely.• 

Pupillary dilatation and acute angle-closure glaucoma have been • 
reported with nebulized ipratropium. Protect the eyes when giving by 
nebulizer.

Late
Increasing use of bronchodilators is a warning of worsening asthma. • 
Review therapy before there is a crisis.

7  - Take care with other anticholinergic drugs; these may potentiate the 
systemic adverse effects of these drugs.

8 Effi cacy
Use PEFR and symptom scores to assess the effectiveness of your • 
treatment regimen.

9 - Muscarinic receptor antagonists should not be used alone for acute 
symptoms.
Ensure that the patient also has a short-acting • B2 agonist inhaler for 
use as required.
Ensure that the patient knows how to use an inhaler device correctly. • 
Ask them to show you how they use the inhaler. See b Correct use 
of a metered-dose inhaler, p. 256 for more information.
Ensure that the patient has a ‘rescue plan’ in case their symptoms • 
worsen or they become unwell. Patients should be warned to seek 
medical help if they fi nd that they need increasing doses of inhaled 
drugs to relieve symptoms.

Prescribing information: Bronchodilatory muscarinic receptor antagonists
Ipratropium bromide

Aerosol inhalation 20–40 micrograms (1–2 puffs) tds taken regularly.• 
Can be increased to a maximum of 80 micrograms qds, if required.• 
Ensure that the patient derives additional benefi t from higher doses, as • 
they are more likely to cause adverse effects.

Tiotropium
Delivered by a proprietary dry-powder device; 18 micrograms once daily.• 
Aerosol solution delivered by proprietary inhaler device; 5 micrograms once • 
daily.

Case history
A 69-year-old man with an acute exacerbation of COPD was given ipratropium by 
nebulizer. Half an hour after the nebulizer had fi nished the nurse looking after him 
noticed that his right pupil was fi xed and maximally dilated, although he was feeling 
somewhat better. The pupil returned to normal over the next 3 hours and the 
patient later pointed out that he had temporarily moved the nebulizer mask over to 
the right side of his face so that he could drink his tea. Ipratropium is an anticholinergic 
drug and was responsible for the papillary changes.
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Large-volume spacer devices 
- MDIs are the most cost-effective delivery devices, but only 7–20% of the 

delivered dose reaches the lungs. About 80% is deposited in the oropharynx. 
Any drug in the oropharynx will not improve symptoms, but it can be 
systemically absorbed and cause adverse effects (e.g. urinary retention from 
muscarinic receptor antagonists, fungal infection in the oropharynx from 
steroids).

- A large-volume spacer device offers several benefi ts:
It provides a holding chamber so that the patient does not have to breathe in • 
at the very instant of pressing the MDI.
The jet of drug is delivered into the chamber and the aerosol is inhaled, rather • 
than hitting the back of the throat. It is well established that the proportion of 
drug delivered to the lungs is increased when a large-volume spacer device is 
used.
Large particles that would not reach the lungs are deposited in the spacer • 
device rather than in the oropharynx.
Any regular medication, especially inhaled corticosteroids, should be given via • 
a large-volume spacer device.

- These devices are bulky and may be diffi cult to carry around all day. Advise the 
patient to use the large-volume spacer at home for their regular medication. For 
example, it can be kept at the bedside for twice-daily corticosteroid 
administration. If they are out, an extension device (a smaller alternative) will 
slow the aerosol jet and improve delivery to the lungs, but not as effectively as 
a large-volume spacer.

- Some patients cannot manage MDIs despite adequate instruction. There are 
proprietary devices and dry-powder devices that may be easier to use. 
Remember that these are considerably more expensive, and deposition on the 
oropharynx with dry-powder devices is still around 60%. Reserve them for 
patients who really cannot manage a MDI.

- Large-volume spacer devices can accumulate static charge, causing too much 
drug to stick to their sides. Advise the patient to wash the device every 4 weeks 
with washing-up liquid, and allow it to dry without wiping. Large-volume spacers 
should be replaced every 6–12 months.

A metered-dose inhaler attached
to a large-volume spacer device A metered-dose inhaler with

an extension device  

TEACHING 
POINT
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Leukotriene receptor antagonists
Antagonists at leukotriene LTC4, LTD4, and LTE4 receptors

-  The process of infl ammation that characterizes 
asthma involves the release of metabolites of 
arachidonic acid. This includes the leukotrienes. 

- The degree to which leukotrienes contribute to the 
infl ammation in asthma varies between individuals. It seems 
to be particularly important in the pathogenesis of aspirin-
induced and exercise-induced asthma, but not other more 
common forms. 

- These drugs are antagonists of the leukotrienes LTC4, 
LTD4, and LTE4. They are helpful in the control of chronic 
asthma, but they are less effective than corticosteroids. 
Whether they can be considered truly  anti-infl ammatory is 
a subject of debate. At present they should be considered 
as ‘relievers’.

0 - Prophylaxis of asthma.
Symptomatic relief of seasonal allergic rhinitis in • 
patients with asthma (license for montelukast only).

1 - These drugs take time to act and have no role in the treatment of 
acute asthma; see b Treatment of acute severe asthma in adults, 
p. 253.
These drugs are not currently licensed for the relief of reversible • 
airways obstruction in patients with COPD.
No dosage adjustment is usually required in mild renal insuffi ciency.• 
Evidence is limited in hepatic insuffi ciency; avoid in patients with • 
established cirrhosis.
These drugs have not been shown to be safe in pregnancy; avoid them • 
unless essential.

4 Chronic asthma
The optimal use of these drugs in the treatment of asthma has been • 
diffi cult to determine.
In general, long-acting beta-adrenoceptor agonists seem to be more • 
effective, and there is little evidence that steroids can be tapered 
when they are used.
Leukotriene receptor antagonists are most commonly used as an • 
option at Stage 4 of the British Thoracic Society guidelines for the 
treatment of chronic asthma. At this stage, the choice of additional 
treatment should be made by a specialist. There are several other 
options (long-acting B2 agonists, muscarinic receptor antagonists, 
methylxanthines). The most appropriate choice will depend on the 
individual’s symptoms and disease (British Thoracic Society/Scottish 
Intercollegiate Guidelines Network guidelines; see clinical information 
section at M http://www.brit-thoracic.org.uk).
Leukotriene receptor antagonists suppress symptoms, but steroid • 
therapy should not be withdrawn, as its anti-infl ammatory action is still 
required for long-term control.
Unlike other treatments for asthma, these drugs are given by mouth. • 
This may be convenient, but they should not be used in preference to 
other treatments that have better effi cacy.

Drugs in 
this class
- Montelukast
- Zafi rlukast

Zileuton is a 
leukotriene 
synthesis 
inhibitor. It is 
available in 
some markets 
for prophylaxis 
of asthma, but 
is associated 
with a risk of 
hepatotoxicity
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Leukotriene receptor antagonists are not steroid-sparing.• 
6 - These drugs are usually well tolerated but can cause gastrointestinal 

disturbance.
Churg–Strauss syndrome.• 

This syndrome, characterized by asthma, a systemic eosinophilic • 
vasculitis, rhinitis, and sinusitis, has been associated with the use of 
these drugs; they probably unmask existing disease rather than 
causing it, but a causative effect has not been excluded and 
precautions must be taken (see patient advice and monitoring 
sections).

Hypersensitivity phenomena, including angio-oedema, rash, and raised • 
transaminase activities, are rare.
Very rarely these drugs cause agranulocytosis.• 

7  - They can enhance the action of warfarin.

8 Effi cacy
Use PEFR and symptom scores to assess the effectiveness of your • 
treatment regimen.
Measure a full blood count (with differential white cell count), • 
infl ammatory markers, and liver function tests if the patient develops 
symptoms that could be due to Churg–Strauss syndrome.

9 - Patients should be told that these drugs are for long-term prevention 
of asthma, and that they should not be used for acute symptoms.

Ensure that the patient also has a short-acting • B2 agonist inhaler for 
use as required.

Advise the patient to report immediately symptoms that could be due • 
to the Churg–Strauss syndrome, for example:

A [vasculitic] rash.• 
Worsening of asthma symptoms.• 

Ensure that the patient has a ‘rescue plan’, in case their symptoms • 
worsen or they become unwell. Patients should be warned to seek 
medical help if they fi nd that they need increasing doses of inhaled 
medicines to relieve symptoms.

Prescribing information: Leukotriene receptor antagonists
Montelukast

By mouth, 10 mg daily, at bedtime.• 

Zafi rlukast
By mouth, 20 mg twice daily.• 
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Cromones

The membrane

stabilizing action

may also reduce

axon reflexes

within the

bronchial tree

This reduces the

release of

histamine and

other messenger

molecules from

mast cells  

Reduced

allergic

responses,

especially in

the bronchial

tree (asthma)

and gut (food

intolerance)

The cromones

stabilize cell

membranes  

0 - Limited role in the prophylaxis of asthma in children.
Prophylaxis against allergic rhinitis, allergic conjunctivitis.• 
As an adjunct to avoidance in the treatment of food allergy.• 

1 - Cromones have no place in the treatment of acute asthma or 
anaphylaxis.
Some formulations of these drugs contain benzalkonium chloride, to • 
which some patients are allergic.
There is no specifi c information on the safety of cromones in • 
pregnancy.
No dosage adjustment is usually required in renal or hepatic • 
insuffi ciency.

4 Asthma
These drugs reduce the frequency and severity of attacks when used in • 
combination with inhaled B2 adrenoceptor agonists (e.g. salbutamol) 
and inhaled steroids.

This effect is greater in children than adults, in whom they are not • 
recommended.
These drugs can prevent exercise-induced asthma if they are taken • 
half an hour before exercise.

Cromones have no role in the acute treatment of asthma.• 

Allergic rhinitis and conjunctivitis
These drugs are available over the counter for treatment of these • 
conditions.
They provide some symptomatic relief, but ensure that the diagnosis • 
is correct.

Food allergy
These drugs can have a role in genuine food allergy when the allergen • 
is diffi cult to avoid.
Ensure that the diagnosis is allergy and not intolerance or irritable • 
bowel syndrome.

6 - Adverse effects are rare.
A bitter taste is the most common adverse effect.• 

Drugs in this 
class
- Cromoglicate
- Nedocromil
- Ketotifen is 

supposed to 
have this 
action; 
however, it is 
primarily an 
antihistamine.
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As with any inhaled drug, these drugs can cause paradoxical • 
bronchoconstriction.
Some formulations of these drugs contain benzalkonium chloride, to • 
which some patients are allergic.

7  - No clinically important drug interactions have been identifi ed.

8 Effi cacy
Ensure that patients with asthma have regular follow-up and that they • 
understand what to do if an exacerbation occurs.
Review after 6 weeks to assess whether there has been a therapeutic • 
effect.

9 - Make sure patients and their carers (e.g. parents) understand the role 
of cromones in the treatment plan (preventer only).
Ensure that the patient knows how to use an inhaler device correctly. • 
Ask them to show you how they use the inhaler. See b Correct use 
of a metered-dose inhaler, p. 256 for more information.

Prescribing information: Cromones
Sodium cromoglicate

Asthma prophylaxis•  By aerosol inhalation, 10 mg (2 puffs) 4 times daily.
Exercise-induced asthma•  By aerosol inhalation, 10 mg (2 puffs) half an hour 
before exercise.
Allergic conjunctivitis and rhinitis•  Available over the counter as eye drops 
and nasal spray.
Food allergy•  By mouth, 200 mg 4 times daily, before meals.

Nedocromil sodium
Asthma prophylaxis•  By aerosol inhalation, 4 mg (2 puffs) 4 times daily.
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Xanthine derivatives
Non-selective phosphodiesterase inhibitors

-  The xanthine derivatives are inhibitors of 
phosphodiesterase. They reduce the 
breakdown of cyclic AMP, promoting 
bronchodilatation.

- This effect is not thought to account fully 
for the actions of theophylline. For 
example, theophylline also stimulates respiratory 
effort and is a purine receptor antagonist.

- Theophylline is subject to a large number of 
metabolic drug interactions and has a narrow 
therapeutic range. This limits its clinical usefulness.

0 - Treatment of reversible airways obstruction.

1 - Xanthines can be used for the relief of revers-
ible airways obstruction in patients with COPD. The reversible com-
ponent of this disease is often small (<15%), so they will have limited 
effi cacy. When the patient is well, perform lung function tests and 
determine the degree of reversibility.
Xanthines can cause cardiac arrhythmias; take particular care in • 
patients with existing cardiac disease.
Xanthines lower the seizure threshold; avoid them in patients with • 
epilepsy.
Xanthines are metabolized by the liver; reduce the dose in hepatic • 
insuffi ciency.
There is no specifi c dosage reduction in renal insuffi ciency but take • 
care if it is severe. These patients are at greater risk of seizures.
Xanthines have not been shown to be safe in pregnancy; avoid giving • 
them unless essential. Use in the 3rd trimester can cause neonatal 
irritability and apnoea.
Theophylline is subject to large number of drug–drug interactions • 
involving drug metabolism; take care to check for these.

4 Acute bronchospasm
Short-acting • B2 agonists are the fi rst-line treatment of acute 
bronchospasm (see b p. 250).
Intravenous aminophylline has been used for the treatment of • 
bronchospasm that is not responding rapidly to nebulized short-acting 
B2 agonists, although systematic evidence of benefi t is lacking.

Both drugs cause hypokalaemia, and the combination carries a high • 
risk; measure the plasma potassium concentration and be prepared 
to give potassium chloride.
Intravenous aminophylline is usually given as a loading dose followed • 
by a continuous infusion; see later notes for dosage adjustments.
Aminophylline is too irritant to be given by intramuscular injection.• 
Do not give the loading dose if the patient has been taking oral • 
theophylline.
The patient must have close cardiac, biochemical, and clinical • 
monitoring.

Drugs in this class
- Theophylline
- Aminophylline*

*Aminophylline is 80% 
theophylline mixed 
with 20% ethylene 
diamine; this increases 
the solubility of 
theophylline, making it 
more suitable for 
intravenous injection.
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Chronic reversible airways obstruction
These drugs are indicated at Stage 4 of the British Thoracic Society • 
guidelines for the treatment of chronic asthma. At this stage, the 
choice of additional treatment should be made by a specialist. There 
are several other options (long-acting B2 agonists, leukotriene 
receptor antagonists, muscarinic antagonists). The most appropriate 
choice will depend on the individual’s symptoms and disease 
(British Thoracic Society/Scottish Intercollegiate Guidelines 
Network guidelines; see clinical information section at M http://www.
brit-thoracic.org.uk).
Theophylline commonly causes gastrointestinal adverse effects. These • 
can be reduced by giving a modifi ed-release formulation.

Modifi ed-release formulations, given at night, can provide good • 
symptom control in nocturnal asthma.
Prescribe modifi ed-release formulations of theophylline by brand • 
name, as they vary in their kinetics.

These drugs suppress symptoms, but steroid therapy should not be • 
withdrawn, as its anti-infl ammatory action is still required for 
long-term control.
Theophylline has a narrow therapeutic range. Plasma concentration • 
monitoring is required; see teaching point box, b p. 270.

COPD (see b p. 248)
Theophylline is used as an additional bronchodilator in patients with • 
severe disease, and may have some anti-infl ammatory action.

6 - CNS stimulant effects may be the fi rst to appear. These include 
nervousness, fi ne tremor, and anxiety.
Gastrointestinal adverse effects, typically nausea and vomiting, are very • 
common.
High doses can cause cardiac arrhythmias. This effect is potentiated by • 
concomitant use of B2 agonists.
Higher doses can cause convulsions.• 

7  - See b p. 269 for a list of drugs that affect the plasma 
theophylline concentration.
Note that the plasma theophylline concentration can be very variable • 
in smokers.
There is an increased risk of arrhythmias and hypokalaemia when • 
xanthines are given with B2 agonists and other sympathomimetics.
There is an increased risk of convulsions when xanthines are given • 
with antibiotics that lower the seizure threshold (e.g. quinolones).

8 Safety
Measure the plasma theophylline concentration:• 

During acute treatment:• 
—when the patient has a history of prior therapy with theophylline 

and you are contemplating intravenous treatment for an acute 
ex acerbation; do not give a loading dose; use the concentration 
to calculate the infusion rate;

—if the response to treatment is inadequate; the purpose is to guide 
the rate of infusion.
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During chronic therapy when control is inadequate or toxicity is • 
suspected.

The target range is 10–20 micrograms/mL (55–110 micromol/L); see • 
teaching point box, b p. 270 for more information on the 
measurement of plasma concentrations of drugs.
Sampling time:• 

During intravenous infusion take the sample after 8–12 hours, but • 
stop the infusion for 15 minutes before the sample is taken, to allow 
plasma concentration equilibration. Do not forget to restart the 
infusion while you are waiting for the result.
During chronic therapy, take the sample 8–12 hours after the last • 
dose.

Relation between dose and plasma concentration:• 
During intravenous treatment, an additional loading dose of 1 mg/kg • 
will raise the plasma concentration by about 2 micrograms/mL.
During oral treatment, an additional daily dose of 200 mg will raise • 
the plasma concentration by about 5 micrograms/mL.

Effi cacy
If used acutely, measure the PEFR, pulse, and respiratory rate to guide • 
the rate of administration.
If used chronically, measure the PEFR and symptom scores to assess • 
the effectiveness of your treatment regimen.

9 - When xanthines are used chronically, patients should be told that they 
are for long-term prophylaxis against asthma, and that they should not 
be used for acute symptoms.

Ensure that the patient also has a short-acting • B2 agonist inhaler for 
use as required.

Ensure that the patient has a ‘rescue plan’, in case their symptoms • 
worsen or they become unwell. Patients should be advised to seek 
medical help if they fi nd that they need increasing doses of inhaled 
drugs to relieve symptoms.

Case history
- A 69-year-old woman who was taking theophylline 250 mg twice daily for 

COPD developed a urinary infection. Because she was allergic to penicillin her 
GP prescribed ciprofl oxacin for 5 days. The GP was unaware that ciprofl oxacin 
inhibits theophylline metabolism and that this combination is likely to precipitate 
theophylline toxicity. There is also a pharmacodynamic interaction, in that 
ciprofl oxacin lowers the seizure threshold, and this, combined with the rising 
theophylline plasma concentration, was suffi cient to cause her to have a seizure, 
during which she suffered a crush fracture of several thoracic vertebrae. 
The theophylline plasma concentration taken 20 hours after the seizure was 
115 micromol/L (usual target range 55–110).
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Prescribing information: Xanthine derivatives
Theophylline (Table 3.2)

By mouth, given as modifi ed-release formulations (see individual • 
manufacturers’ material for details); prescribe by brand name as they vary in 
their kinetics. See earlier notes for monitoring information.

The amount of drug per tablet varies with formulation.• 

Aminophylline
Loading dose (see earlier notes) by intravenous injection over • 
20 minutes, 5 mg/kg.
To avoid giving an overdose in those who are obese, base the dose • 
calculation on the ideal body weight.
Continuous intravenous infusion, usual initial dose • 
500 micrograms/kg/hour.

Adjust according to response and plasma concentration (see earlier • 
notes).

The following are suggested alternative rates of continuous infusion for • 
common clinical situations:

Co-existing COPD•  600 micrograms/kg/hour.
Hepatic insuffi ciency•  100–500 micrograms/kg/hour.
Concomitant drugs that increase plasma theophylline concentrations•  
300 micrograms/kg/hour.

Table 3.2 Drugs and other factors that affect plasma theophylline 
concentration

Drugs and factors that increase 
plasma theophylline concentration

Drugs and factors that decrease 
plasma theophylline concentration

- Acute illness (e.g. infection, cardiac 
failure)

- Cigarette smoking
- Antiepileptic drugs (phenytoin, 

carbamazepine, barbiturates)
- Antiretroviral drugs (e.g. ritonavir)
- St John’s wort

- Cimetidine
- Ciprofl oxacin (quinolone antibiotics) 
- Erythromycin/clarithromycin 

(macrolide antibiotics)
- Oral contraceptives
- Fluvoxamine (SSRI)
- Antifungal drugs (itraconazole, 

ketoconazole)
- Calcium channel blockers 

(e.g. diltiazem, verapamil)
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Plasma drug concentration target ranges
- Measurement of the plasma concentration of drugs is only of practical use in 

certain circumstances:
When there is diffi culty in evaluating therapeutic or toxic effects clinically; for • 
example, it is simpler and clinically more helpful to measure the blood 
pressure when a beta-blocker is given for hypertension.
When there is a clear relation between plasma concentration and effect; for • 
example, toxicity from phenytoin is almost universal at plasma concentrations 
above 80 micromol/L; in contrast, the plasma concentration of sodium 
valproate correlates poorly with its antiepileptic effect.
When the drug has a low toxic to therapeutic ratio.• 
When the drug is not metabolized to active metabolites; if the • drug has active 
metabolites, the plasma concentration is not interpretable.

- The target concentration range gives an indication of the concentrations over 
which the drug is likely to be therapeutic, or over which adverse effects are less 
common. A plasma drug concentration within this range is not a guarantee of 
therapeutic effi cacy or absence of adverse effects. The plasma concentration 
must be used in conjunction with clinical observations to individualize a patient’s 
therapy.

- Some patients are more susceptible to the adverse effects of drugs (e.g. elderly 
people); the target range for these patients may well be lower than for others.

- Remember that the plasma concentration is a dynamic measure that depends on 
the pharmacokinetic properties of the drug. This has practical implications:

Plasma concentrations measured before a steady state has been reached can • 
be misleading (see b Amiodarone, p. 108 for more information about steady 
state and the half-life of a drug).
The time at which the sample is taken is important; see • b p. 268 for more 
information.

- See b Table 4.1, p. 307 gives examples of drugs for which plasma concentration 
measurement is of proven benefi t; see individual articles for more information.

TEACHING 
POINT



This page intentionally left blank 



272 RESPIRATORY STIMULANTS BNF Reference 3.5.1

Doxapram
Non-specifi c CNS stimulant (analeptic drug)

At low doses, doxapram stimulates

the carotid chemoreceptors and

the respiratory centre in the

medulla oblongata   

Increase in rate and

depth of respiration 

0 - Limited role in the short-term treatment of ventilatory failure in 
patients with COPD.
Doxapram has no role in the treatment of asthma.• 

1 - Doxapram is not an appropriate treatment when intubation and 
mechanical ventilation is indicated.
Do not use doxapram if there is physical airway obstruction.• 
Avoid this drug in pregnancy, unless absolutely essential.• 
Doxapram is a non-specifi c stimulant; avoid it in patients with • 
coronary artery disease or uncontrolled hypertension.

4 - Doxapram will only make the patient breathe more. It has largely 
been replaced by mechanical and assisted ventilation (IPPV, NIPPV, 
and CPAP).
Doxapram is not likely to be useful unless there is an acute problem • 
that may improve:

When ventilatory failure is due to hypercapnia; as ventilation • 
increases, so the CO2 will fall and the patient’s own ventilatory 
effort will increase.
When there is ventilatory failure due to bronchial secretions; the • 
improvement in ventilatory effort may allow the patient to cough 
these up.
Do not use this drug when there is no real possibility of • 
improvement.

Doxapram has no role in the treatment of chronic ventilatory failure.• 
Doxapram is not the most appropriate choice for ventilatory failure • 
after anaesthesia. Reverse the cause (e.g. opiate toxicity) rather than 
stimulating respiration.

Doxapram can be useful for the treatment of buprenorphine • 
poisoning, since buprenorphine is an opioid partial agonist and the 
opioid antagonist naloxone is less effective.
Doxapram can be used to stimulate respiratory effort until the • 
effects of buprenorphine wear off.

Doxapram should not be given unless there is close supervision and • 
monitoring of the patient.

6 - Doxapram is a non-specifi c stimulant; adverse effects are dose-related 
and common and fall into two categories:

Cardiac: tachycardia and arrhythmias.- 

CNS: dizziness, restlessness, tremor, and convulsions.- 

7  - The action of doxapram is potentiated by other CNS stimulants 
(e.g. MAOIs).
Theophylline can potentiate the CNS actions of doxapram.• 
Avoid sympathomimetic drugs; the combination can cause severe • 
hypertension.
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8 Safety and effi cacy
These patients should be closely supervised. Measure the respiratory • 
rate and oxygen saturation frequently. Supplement this with arterial 
blood gas measurements to tailor the treatment. Change the rate of 
infusion to achieve a balance between the respiratory and non-specifi c 
stimulant actions.

As the patient begins to improve, slow the rate of infusion.• 
9 - These patients are critically ill and doxapram is rarely life-saving. 

Ensure that the patient is comfortable.

Prescribing information: Doxapram
Acute ventilatory failure

By intravenous infusion, 1.5–4.0 mg/minute, adjusted according to response.• 
This drug is available ready mixed in a 500 mL infusion bag (doxapram • 
hydrochloride 2 mg/mL in glucose 5%).
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Nicotine
Agonist at nicotinic acetylcholine receptors

Nicotine products 
provide a replacement 
for the nicotine in 
tobacco. They reduce 
some of the cravings 

associated with stopping smoking. 
Once the patient has stopped 
smoking, nicotine replacement 
therapy can be withdrawn slowly.

0 - An adjunct to motivational support in patients who want to stop 
smoking.
Patients should stop smoking before starting nicotine therapy.• 

1 - Take care if the patient has cardiovascular disease, although the risk 
from 
nicotine replacement therapy is much lower than that from smoking.
Take care if the patient has diabetes mellitus or hyperthyroidism.• 
Nicotine crosses the placenta. It is not recommended during • 
pregnancy, although it may be less harmful than continuing to smoke; 
women should be encouraged to stop without pharmacological 
intervention.
Avoid nicotine replacement in patients with phaeochromocytoma; it • 
can precipitate a crisis.

4 Smoking cessation
Nicotine replacement therapy can be bought over the counter without • 
prescription.
NICE recommends that it should not be given on prescription except • 
to those who commit to a quit date. Treatment should be reviewed 
after 2 weeks and the prescription renewed only in those who remain 
abstinent. No new prescriptions should be given within 6 months of a 
failed attempt.
Nicotine replacement therapy is an adjunct to motivational support in • 
smoking cessation, not a replacement for it. Assess the patient’s level 
of motivation and social support.
The following is offered as a general guide:• 

Ask • about tobacco use.
Advise • about stopping smoking.
Assess • willingness to quit.
Assist • (counselling, social support, drug therapy).
Arrange • follow-up.

The effectiveness of nicotine replacement therapy is similar to that of • 
bupropion, but because it is safer it is preferred.
Nicotine replacement therapy will not abolish cravings; nor will it • 
address the social aspects of smoking behaviour.

Note on varenicline
- A selective nicotine partial agonist.
- An option for treatment but not 

fi rst line.
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Nicotine replacement therapy is available as chewing gum, a • 
transdermal patch, an inhaler, a nasal spray, lozenges, and sublingual 
tablets.
The use of gum is best established.• 

If the patient smokes <20 cigarettes/day use 2 mg of gum.• 
If the patient smokes >20/day use 4 mg of gum.• 
Chew the gum as required. Usual usage is around 8–12 gums daily.• 
Reduce the amount of gum chewed as able.• 

Treatment is usually for a maximum of 3 months.• 
7  - Nicotine is not subject to any major drug interactions.

6 - Serious adverse effects are rare.
Nicotine replacement therapy can cause angio-oedema and urticaria.• 
It can rarely precipitate atrial fi brillation.• 
Nicotine patches can cause local hypersensitivity reactions.• 

8 Safety and effi cacy
Suitable patient selection is essential; motivational support is vital.• 

9 - Explain that nicotine helps with smoking cessation but will not abolish 
cravings.

Prescribing information: Nicotine
Smoking cessation

Available over the counter.• 
See earlier notes for a suggested regimen.• 

Varenicline
- Varenicline is a partial agonist at A4B2 neuronal nicotinic acetylcholine receptors.
- It has agonist activity, but with lower intrinsic effi cacy than nicotine, and 

therefore acts as an antagonist in the presence of nicotine.
- Should be used as part of a programme of behavioural support.
- It most common adverse effects are nausea and vomiting. There is evidence 

from clinical trials and systematic reviews that varenicline is superior to nicotine 
replacement therapy and bupropion in achieving continuous abstinence.

- Suicidal thoughts and behaviour have been reported with this drug, patients with 
a history of psychiatric illness should be monitored closely.

- Contraindicated in pregnancy, owing to toxicity in animals.
- NICE has recommended varenicline as a treatment option for patients who have 

set a quit date. In common with other therapies, it should normally be 
prescribed only as part of a programme of behavioural support.

- Start the drug 2 weeks before stopping smoking.
- The dose is 500 micrograms for 3 days, 500 micrograms bd for 4 days, and 

1000 micrograms bd for 11 weeks thereafter.
- Varenicline is a new medicine; report any adverse events you observe in a 

patient taking it.
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Bupropion (amfebutamone)
Inhibitor of the re-uptake of noradrenaline and dopamine in central 
monoaminergic neurons

Amfebutamone, an  amphetamine  derivative, was originally 
developed as an atypical antidepressant drug. The  mechanism by 
which it aids smoking  cessation is not known. It probably involves 
an  adaptive response within the brain to changes in monoaminergic 
neurotransmission. 

Nicotine replacement therapy is fi rst-line treatment for smoking cessation 
(see b p. 274).

0 - An adjunct to motivational support in patients who want to stop 
smoking.

1 - Bupropion is contraindicated in patients with:
Epilepsy (it lowers the seizure threshold); take care in those at risk • 
of seizures (e.g. those who drink excess alcohol).
Eating disorders.• 
CNS tumours.• 

Limit the daily dose to 150 mg in those with hepatic or renal • 
insuffi ciency.
The safety of bupropion in pregnancy has not been established; it is • 
not recommended.

Women who smoke should be encouraged to stop before becoming • 
pregnant; if they are already pregnant, encourage them to give up 
without pharmacological intervention.

4 Smoking cessation
Bupropion is an adjunct to motivational support in smoking cessation, • 
not a replacement for it. Assess the patient’s level of motivation and 
social support.
NICE offers the following advice for the use of bupropion.• 

It should be offered only to those who commit to a specifi c quit • 
date.
Initial treatment should be for 3–4 weeks; treatment should not be • 
continued unless the patient is not smoking.
There is no evidence to recommend combining bupropion with • 
nicotine replacement therapy.

Treatment with bupropion increases the number of patients abstinent • 
at 1 year from about 9% to 19%.
The effectiveness of nicotine replacement therapy is very similar, but • 
because it is safer it is preferred.

7  - Avoid giving bupropion with any drugs that lower the seizure 
threshold: antidepressant drugs, antimalarial drugs, antipsychotic drugs, 
quinolone antibiotics, theophylline, sedative antihistamines, systemic 
corticosteroids, excess alcohol, tramadol.
Adverse effects are common and can be serious.• 

6 - CNS effects are common.
Insomnia is very common; advise the patient not to take bupropion • 
during the late evening.
Other effects include agitation and anxiety.• 
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Bupropion can cause seizures and hallucinations; these are rare • 
(1 in 1000 patients), but remember that this drug is given to 
individuals who would be considered ‘healthy’.

Hypersensitivity reactions occur in 3% of patients. They are severe in • 
0.1% (including the Stevens–Johnson syndrome).
Bupropion can cause hypertension.• 

8 Safety and effi cacy
Suitable patient selection is essential. Do not expose patients • 
who are unlikely to succeed in stopping smoking to the potential 
risks from this drug.
Motivational support is essential.• 

9 - Explain that bupropion helps with smoking cessation but will not 
abolish cravings.
Make sure that the patient knows bupropion can cause seizures. • 
Smoking causes long-term morbidity and mortality, but a seizure can 
have a major effect on a patient’s ability to live and work today. The 
risk may well be justifi ed, but the patient must be aware of it before 
treatment starts.
Bupropion can cause drowsiness that will interfere with skilled motor • 
tasks (e.g. driving).

Prescribing information: Bupropion
Smoking cessation

Start bupropion 2 weeks before the agreed quit date. Initially 150 mg daily • 
by mouth. Increase to 150 mg twice daily after 6 days. Treat for 7–9 weeks.
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General guidance on selection of antiepileptic drugs
In complex cases, selection of antiepileptic drugs should be under the direction of a 
specialist. The following is offered as a general guide and is based on recommenda-
tions from NICE.

First-line drugs:
- Valproate or carbamazepine.

If these prove ineffective, are likely to result in drug–drug interactions (e.g. with 
oral contraceptives), or are associated with adverse effects, consider the following:
- Monotherapy:

Lamotrigine, oxcarbazepine, topiramate.• 
- As part of combination therapy:

Gabapentin, levetiracetam, tiagabine, vigabatrin.• 
There is insuffi cient evidence to rank or compare the drugs in these groups. NICE 
recommends a cost minimization approach to drug selection.
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Carbamazepine
Anticonvulsant

Carbamazepine is 
structurally 
related to the 
tricyclic  

 antidepressants. Its precise 
mechanism of action is 
unknown, but it opens 
potassium channels and 
prolongs the time that the 
fast sodium channels are in 
the inactive state. This 
 stabilizes  membranes, 
reducing the  initiation and 
propagation of action 
potentials. These effects are 
seen in the brain and 
 peripheral nervous system.

0 - Treatment of epilepsy. 
Drug of choice for:

Simple and complex • 
partial seizures.
Tonic–clonic • 
secondary 
generalized 
seizures.

Treatment of • 
trigeminal neuralgia.
Prophylaxis of manic-• 
depressive illness 
(specialized use).
Symptomatic • 
treatment of 
postherpetic neuralgia 
and diabetic 
neuropathy 
(unlicensed uses).

0 - Pregnancy
There is an • 
increased risk of 
neural tube defects 
in the children of 
mothers taking 
carbamazepine. Counsel women about this and seek specialist 
advice for women with epilepsy who are considering pregnancy.
Give folic acid supplements (5 mg/day).• 
There is a risk of neonatal bleeding with carbamazepine; • 
prophylactic vitamin K1 is recommended for the mother before 
delivery (as well as for the neonate).

Patients with liver disease metabolize carbamazepine more slowly.• 

Treatment of epilepsy (based on NHS 
Prodigy guidelines 
M http://www.prodigy.nhs.uk)

See b p. 313 for acute treatment of seizures.

Treatment of partial seizures (simple, 
complex, with or without secondary 
 generalization)
- Preferred monotherapy Carbamazepine, sodium 

valproate, or lamotrigine (more costly).
- Alternative monotherapy Phenytoin, 

phenobarbital, or primidone. These are less 
often used, owing to their poor adverse effects 
profi le, and to dose titration diffi culties with 
phenytoin.

- If combination drug treatment is necessary,
the current options are combination of the 
preferred monotherapies or use of the newer 
drugs (gabapentin, tiagabine, topiramate, or 
vigabatrin). 

Treatment of generalized seizures 
(primary generalized tonic-clonic seizures, 
myoclonic seizures, absences)
- Preferred monotherapy Sodium valproate is 

effective against all the generalized seizures. 
Myoclonic and absence seizures are made 
worse by carbamazepine. 

- Alternative monotherapies Depend on seizure 
type. 

Primary generalized tonic-clonic•  
Carbamazepine or lamotrigine (more 
costly). 
Absence•  Ethosuximide or lamotrigine 
(unlicensed use). 
Myoclonic•  Clonazepam or lamotrigine 
(unlicensed use). 

- If combination drug treatment is necessary,
this is usually with those drugs used for 
monotherapy. Of the newer antiepileptic 
drugs, only lamotrigine and topiramate are 
currently licensed for add-on treatment of 
primary generalized tonic-clonic seizures.
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Avoid in porphyria (see • b p. 284).
Avoid in patients with a history of bone marrow depression • 
(see adverse effects).
Do not use intravenously in people with evidence of heart block • 
(2nd-degree or higher), unless the patient has a pacemaker.
When using carbamazepine for epilepsy, avoid drugs that lower the • 
seizure threshold (e.g. bupropion, tricyclic antidepressants, MAOIs, 
SSRIs).

4 Epilepsy
Carbamazepine is given by mouth for the long-term control of • 
seizures. It is not used for acute control of seizures. See b p. 313 for 
guidance on this.
Begin treatment with a low dose and increase gradually • 
(100–200 mg every 2 weeks).
Different formulations have different properties; avoid switching • 
formulations.
Use the plasma drug concentration to help you determine the • 
optimal maintenance dose.

Carbamazepine induces its own metabolism (see • b p. 285).
In practical terms, this means that a dose that was adequate on • 
day 1 may not be adequate on day 14.
It takes about 2 weeks for carbamazepine to reach a new steady state • 
after a dosage change. Any plasma drug concentration you measure 
before 2 weeks is likely to be lower than the eventual steady-state 
concentration.

If monotherapy is ineffective at maximum tolerated doses, introduce • 
an alternative drug slowly without tapering the fi rst. If the patient has a 
good response to the second drug, gradually withdraw the original 
drug. Only 10% of patients require two or more drugs to control their 
epilepsy.
Avoid abrupt withdrawal of carbamazepine, as this can precipitate • 
rebound seizures.

If the drug needs to be withdrawn, taper the dose over a period of • 
weeks under cover of another antiepileptic drug.

Trigeminal neuralgia (see also b p. 760 for treatment of 
neuropathic pain)
Begin with a low dose to minimize the incidence of adverse effects.• 
If used early, carbamazepine reduces the severity and frequency of • 
attacks.
Use the lowest effective dose.• 
Can be combined with a tricyclic antidepressant.• 

Bipolar disorder
Carbamazepine can be effective in the treatment of bipolar disorder in • 
patients who are unresponsive to lithium. It seems to be especially 
useful in those with rapidly cycling disease (>4 episodes per year). 
This is a specialized use and it should not be instituted except under 
expert supervision.
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6 - Adverse effects are common; these can be reduced by giving the drug 
in divided doses, giving a modifi ed-release formulation, and by altering 
the times at which the patient takes the tablets.
Carbamazepine can cause leucopenia. This can be severe and • 
progressive. It affects about 6% of patients, usually within the fi rst few 
months of treatment. Withdraw the drug if the patient develops 
leucopenia.
The most common adverse effect is a generalized erythematous rash; • 
this is usually transient, but it can be intolerable.

There is a risk of Stevens–Johnson syndrome in those with the • 
HLA-B*1502 polymorphism, particularly in Han Chinese and 
those from Hong Kong and Thailand; screen these patients before 
giving carbamazepine. Avoid carbamazepine in those with the 
polymorphism.

CNS adverse effects (drowsiness, impaired balance, and paraesthesia) • 
affect half of patients given carbamazepine.
Visual symptoms (diplopia and blurred vision) are common when the • 
daily dose exceeds 1200 mg.
Carbamazepine can cause SIADH (• see b Vasopressin, p. 552, for 
more information).
All antiepileptic drugs are associated with an increased risk of suicidal • 
thoughts (affects 0.43%). There is no evidence that the risk is different 
for different drugs. Seek expert advice if it occurs. There is no 
evidence to support switching drugs.

7  - Carbamazepine interacts with many drugs (see teaching point boxes); 
the most important are given here.
Carbamazepine can lower the plasma concentration of many other • 
antiepileptic drugs (see teaching point boxes). Most patients do not 
need two drugs for control of epilepsy (see how to use noted earlier).
Carbamazepine increases the rate of metabolism of oestrogens and • 
progestogens; this can render oral contraceptives ineffective. Advise 
women to use additional (barrier) methods of contraception, although 
for chronic treatment a contraceptive method that is unaffected by 
drug interactions should be considered.
Carbamazepine increases the rate of metabolism of immune • 
modulators such as ciclosporin and tacrolimus. Measure the plasma 
concentrations of these drugs to ensure that they remain within the 
target range (see teaching point box, b p. 285).
Carbamazepine increases the rate of metabolism of warfarin, reducing • 
its anticoagulant effect. Measure the INR more regularly until a new 
steady state has been established.
Avoid co-prescribing with St John’s wort, which is an enzyme inducer.• 

8 Effi cacy
The usual target plasma concentration for optimum response is • 
13–42 micromol/L (4–10 microgram/mL).
Remember that this is target concentration range; it will not apply to • 
all patients and is not a guarantee of success. Ask the patient to keep a 
record of any seizures.
Take the blood sample immediately before the next dose is due.• 
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Wait 2 weeks after a dosage change before taking a sample for plasma • 
concentration measurement (see b p. 270).

Safety 
The manufacturers recommend monitoring blood counts and liver • 
function tests. However, the adverse effects that this will detect are 
uncommon, and a monitoring regimen with an adequate detection rate 
has not been devised. Advise the patient to report immediately any 
symptoms consistent with leucopenia (see later notes). Have a low 
threshold for measuring a full blood count.

9 - Always ensure that the patient is aware of the law regarding seizures 
and driving (see b Lamotrigine, p. 301).
Advise the patient to seek immediate medical attention if symptoms • 
such as fever, sore throat, mouth ulcers, unexplained bruising, or 
bleeding develop.
Warn the patient that carbamazepine can interact with many • 
medicines; advise them to check with their prescriber before starting 
or stopping any medication.
Warn women of child-bearing age that the oral contraceptive may • 
not be effective and that they must take additional contraceptive 
precautions.

Prescribing information: Carbamazepine
Treatment of epilepsy

Initially, 100–200 mg by mouth, 1–2 times daily.• 
Increase slowly to usual maintenance dose of 0.8–1.2 g daily, in divided doses • 
(in some cases 1.6–2.0 g daily may be needed).
Modifi ed-release formulations are available but still require once- • 
or twice-daily dosing; avoid changing formulations unnecessarily, as prepara-
tions vary in systemic availability.
An oral solution and suppository formulation are also available (see the • 
manufacturer’s literature for dosage information).

Trigeminal neuralgia
Initially, 100 mg 1 or 2 times daily.• 
Increase gradually according to response; the usual dose is 200 mg • 
3 or 4 times daily.

Prophylaxis of bipolar disorder unresponsive to lithium (specialized use)
Initially, 400 mg daily in divided doses.• 
Increase until symptoms are controlled; the usual dosage range is • 
400–600 mg daily.
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Drugs and porphyria
- The porphyrias are a group of rare disorders of haem biosynthesis. Each type is 

associated with an abnormality of an enzyme in the haem biosynthetic pathway.
- Many drugs can trigger an attack of porphyria; other precipitating factors include:

Alcohol.• 
Malnourishment.• 
Infection.• 

- Drugs that precipitate porphyria are inducers of cytochrome P450 in the liver. 
Cytochrome P450 contains haem. Induction leads to an exaggerated response of 
δ-amino laevulinic acid synthase and overproduction of porphobilinogen and its 
metabolic products.

Drugs to avoid in porphyria
This is not an exhaustive list; check individual articles and the BNF before prescribing 
any drug for a patient with porphyria.
- Some ACE inhibitors
- Alcohol
- Some anaesthetic gases (e.g. halothane)
- Some antibiotics (e.g. rifampicin, sulfonamides)
- Barbiturates
- Carbamazepine
- Co-trimoxazole
- Dapsone
- Female sex hormones (oestrogens, progestogens)
- Furosemide
- Methyldopa
- Some NSAIDs
- Sulfonylureas
- Theophylline.
- Triazole antifungal drugs

TEACHING 
POINT
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Drugs that induce their own metabolism 
- Carbamazepine is metabolized in the liver by the group of cytochrome P450 

isoenzymes called CYP3A4. This is the largest and most important of the 
isoenzyme groups, and it is responsible for the metabolism of many drugs.

- Carbamazepine induces this group of isoenzymes over a period of about 
2 weeks. With repeated administration, the rate of metabolism of 
carbamazepine increases as the amount of metabolizing enzymes increases. 
The half-life of carbamazepine is around 65 hours after a single dose, but falls 
to around 20 hours during long-term administration.

- If the patient takes a fi xed daily dose of carbamazepine, the plasma 
concentration will fall with time. A dose that adequately controls a patient’s 
seizures may not be adequate 2 weeks later (see fi gure).

- This process is very complex, and a kinetic model would need to take into 
account the changing kinetics of the drug and changing kinetics of the 
metabolizing isoenzymes. In practice it is not possible to generate such models 
for the individual; it is therefore necessary to have more empirical guidance.

- From a practical point of view, one needs to ask two questions:
Will the dose of the inducing drug still be adequate once steady state has • 
been reached?
Will the inducing drug affect the metabolism of another drug, such that it • 
might become ineffective?

- Measure the plasma carbamazepine concentration 2 weeks after starting the 
drug or changing the dose. This will usually give suffi cient time for a steady state 
to be reached.

- Several other drugs are also metabolized by CYP3A4. Be prepared to increase 
the doses of these drugs. Take particular care with the oral contraceptive, 
immune modulators, and drugs used to treat HIV infection. Unfortunately there 
is no simple rule that tells you by how much the dose will need to be altered.
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Drugs that are metabolized by CYP3A4

Drugs that induce their own metabolism by CYP3A4
- Barbiturates
- Carbamazepine
- Phenytoin
- Rifampicin
- St John’s wort.

Drugs that are metabolized by 
CYP3A4 (These drugs are subject to 
interactions when co-prescribed with 
drugs that induce or inhibit CYP3A4)

Examples

Macrolide antibiotics Erythromycin, clarithromycin 
(not azithromycin)

Antiarrhythmic drugs Quinidine

Benzodiazepines Diazepam, midazolam

Immune modulators Ciclosporin, tacrolimus

HIV protease inhibitors Indinavir, ritonavir, saquinavir

Calcium channel blockers Amlodipine, nifedipine, felodipine, 
diltiazem, verapamil

HMG CoA reductase inhibitors Simvastatin. atorvastatin 
(not fl uvastatin, pravastatin)

Anticoagulants Warfarin

TEACHING 
POINT
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Phenytoin
Sodium channel blockade; modulation of GABAergic neurotransmission

-  In the brain, phenytoin inhibits the 
initiation and propagation of action 
potentials. The exact mechanism is 
unknown, but it involves sodium channel 
blockade and potentiation of GABA-
ergic pathways. This results in seizure 
control, but also CNS depression.

-  In the heart, the blockade of fast 
sodium currents has a lidocaine-like 
antiarrhythmic effect.

0 - Treatment and prevention of generalized 
tonic–clonic seizures and partial seizures.
Used rarely as second-line treatment for • 
trigeminal neuralgia.

1 - Caution in pregnancy.
There is an increased risk of neural tube • 
defects in children of mothers taking 
phenytoin, because of the antifolate effect 
of phenytoin.
Counsel women about this, seek spe-• 
cialist advice for women. 
considering pregnancy, and ensure folic acid supplementation 
(5 mg/day).
There is a risk of neonatal bleeding with phenytoin; prophylactic • 
vitamin K1 is recommended for the mother before delivery (and for 
the neonate).

Toxic effects occur at lower doses in patients with liver disease.• 
Avoid abrupt withdrawal of phenytoin; it can precipitate rebound • 
seizures.
Phenytoin can cause coarse facies, acne, hirsutism, and gingival • 
hyperplasia.

Consider alternatives in young patients who may have to take the • 
drug for many years.
Good oral and dental hygiene reduces the risk of gingival hyperplasia.• 

Avoid in porphyria.• 
Do not use intravenously in those with heart block (2• nd-degree 
or complete).

4 Epilepsy
Used orally for the long-term control of seizures.• 
Used intravenously in patients in whom rapid control is required • 
(e.g. status epilepticus).
Do not give phenytoin intramuscularly; it precipitates at the site of • 
injection and is poorly absorbed.

Note on fosphenytoin
- Fosphenytoin is a 

prodrug of phenytoin. 
It can be given more 
rapidly by intravenous 
infusion than 
phenytoin. 

- Intravenous infusion 
requires close cardiac 
monitoring.

- Seek expert advice 
before using this drug.

- Note that the 
prescription should 
state the dose in terms 
of phenytoin sodium 
equivalents 
(fosphenytoin 
1.5 mg approximately  
equivalent to 
phenytoin 1 mg).
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Phenytoin has non-linear kinetics (for explanation, see teaching point • 
box, b p. 292).

In practical terms, this means that relatively small increases in dose • 
can lead to large increases in plasma concentrations, and therefore 
effect.
Increase the dose infrequently and in small steps; measure the • 
plasma concentration to guide you (see below).

The initial dose is usually 150–300 mg daily (3–4 mg/kg).• 
Increase gradually (in 25–50 mg steps) to a usual maintenance dose • 
of 200–500 mg daily.
Do not increase the dose more often then every 2–3 weeks.• 

Intravenous infusion for status epilepticus: 20 mg/kg infused slowly • 
(less than 50 mg per minute).

Maintenance doses of 100 mg required every 6–8 hours.• 
Use the plasma concentration to guide dose and frequency.• 

Fosphenytoin is a prodrug of phenytoin, used parenterally when oral • 
phenytoin therapy is not possible; seek specialist advice (see box, 
b p. 288).

6 Early
Acute toxicity is associated with slurred speech, nystagmus, blurred • 
vision, nausea, vomiting, and mental confusion.
Phenytoin blocks sodium channels and can therefore cause • 
cardiovascular and CNS depression, especially when given 
intravenously. Ensure that the patient has close nursing support 
and cardiac monitoring.
Intravenous phenytoin causes local venous irritation; give it into an • 
adequately large (e.g. antecubital) vein or via a central line.
Phenytoin can cause a number of skin problems, ranging from a mild • 
measles-like rash to the Stevens–Johnson syndrome. Phenytoin must 
be withdrawn and not restarted if the more severe effects are 
observed. Careful reintroduction is possible if the rash is mild.
At high doses phenytoin can interfere with insulin release, resulting in • 
hypoglycaemia (and hence seizures).

Phenytoin can precipitate non-ketotic hyperglycaemia (so-called • 
hyperosmolar hyperglycaemic non-ketotic coma, HONK).

Haematological effects include megaloblastic anaemia, leucopenia, • 
thrombocytopenia, agranulocytosis, and aplastic anaemia.

The manufacturers recommend regular blood tests, but these have • 
not been shown to be predictive.
Teach the patient to recognize the symptoms; check a full blood • 
count if suspicious.

Late
Long-term treatment can result in coarse facies, acne, hirsutism, and • 
gingival hyperplasia.
Phenytoin can interfere with the metabolism of vitamin D, resulting in • 
rare cases of rickets and osteomalacia.
Phenytoin has an antifolate effect (see above).• 
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All antiepileptic drugs are associated with an increased risk of suicidal • 
thoughts (affects 0.43%). There is no evidence that the risk is different 
for different drugs. Seek expert advice if it occurs. There is no 
evidence to support switching drugs.

7  - See box for list of drug interactions. See also teaching point box, 
b p. 293, about protein binding interactions.
Phenytoin is an inducer of liver enzymes (• see b teaching point box in 
carbamazepine, b p. 286). It can therefore increase the metabolism of 
other drugs.

The induction of liver enzymes by phenytoin occurs over • 
10–14 days, after which a new equilibrium develops; measure the 
plasma concentration 2 weeks after a change in the drug regimen.

The metabolism of phenytoin can be affected by other drugs.• 
These metabolic drug–drug interactions occur at the time the other • 
drug is introduced and can occur even before a new equilibrium is 
established.

Always check before stopping or starting a drug in a patient taking • 
phenytoin.

The most common and important drug interactions are marked in bold. Other 
antipepileptic drugs are in italics.

Drugs that can increase serum phenytoin concentrations 
(increased risk of toxicity)
- Amiodarone, aspirin, antifungal agents (e.g. itraconazole), cimetidine, 

chloramphenicol, chlordiazepoxide, diazepam, diltiazem, isoniazid, 
metronidazole, methylphenidate, nifedipine, omeprazole, oestrogens, 
phenothiazines, phenylbutazone, salicylates, sulfonamides, tolbutamide, 
trazodone.

Drugs that decrease serum phenytoin concentrations 
(risk of seizures)
- Carbamazepine, sucralfate, vigabatrin.

Drugs that can increase or decrease serum phenytoin 
concentrations
- Phenobarbital, sodium valproate, antineoplastic agents, ciprofl oxacin.

Other interactions
- Many antidepressants lower the seizure threshold.
- Antifolate effect increased by pyrimethamine, co-trimoxazole, 

trimethoprim; this can cause anaemia.

Drugs whose effects are altered by phenytoin
- Reduced effect of: antifungal agents, antineoplastic agents, antiviral agents, 

ciclosporin, clozapine, corticosteroids, doxycycline, ethosuximide, furosemide, 
methadone, oestrogens, oral contraceptives, quinidine, rifampicin, repaglinide, 
sertindole, theophylline, thyroxine, vitamin D.

- The effect on warfarin is variable; monitor the INR closely.
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8 Effi cacy
The usual target plasma concentration for an optimum response is • 
40–80 micromol/L (10–20 mg/L); see b p. 307 for more information 
on the measurement of the plasma concentration of drugs.
The target is lower in chronic renal insuffi ciency (as low as • 
20–40 micromol/L in severe renal insuffi ciency) because of reduced 
protein binding.

Safety
Be aware that small changes in dose, the introduction or withdrawal • 
of other drugs, and missed doses can result in signifi cant changes in 
plasma concentration.

This can cause a loss of therapeutic effect (seizures) if the • 
concentration falls, or toxic features if the concentration rises.

Have a low threshold for checking a full blood count if any • 
haematological abnormality is suspected.

9 - Always ensure that the patient is aware of the law regarding seizures 
and driving (see b Lamotrigine, p. 301).
Advise the patient to seek immediate medical attention if symptoms • 
such as fever, sore throat, mouth ulcers, unexplained bruising, or 
bleeding develop.
Advise good oral hygiene, which will reduce the risk of gingival • 
hyperplasia.
Warn the patient that phenytoin can interact with many other • 
medicines; advise them to check with their prescriber before starting 
or stopping any medication.

Prescribing information: Phenytoin
By mouth

Initially, 3–4 mg/kg/day • or 150–300 mg/day (as a single dose or in 
2 divided doses).
Increase gradually as necessary (with plasma phenytoin concentration moni-• 
toring).
Usual dose 200–500 mg/day (exceptionally, higher doses can be used).• 
An oral suspension is also available (see manufacturer’s information for dose • 
information).

By slow intravenous injection or infusion for status epilepticus
20 mg/kg at a rate not exceeding 50 mg/minute, as a loading dose (this rec-• 
ommendation may differ from that in the product literature).
With BP and ECG monitoring.• 
Maintenance doses of about 100 mg should be given thereafter at intervals • 
of every 6–8 hours, monitored by measurement of plasma concentrations; 
rate and dose should be reduced according to weight.
To avoid local venous irritation each injection or infusion should be pre-• 
ceded and followed by an injection of sterile 0.9% (‘normal’) saline through 
the same needle or catheter.
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Non-linear kinetics (zero-order kinetics)
- Phenytoin is metabolized in the liver by hydroxylation. The enzyme system 

responsible becomes saturated at concentrations of phenytoin within the target 
range. An increase in dose can therefore result in an unexpectedly large rise in 
plasma concentration (hence the term ‘non-linear kinetics’; see fi gure), as the 
liver cannot increase the rate at which it metabolizes the drug. The rate of 
elimination of phenytoin changes with changing concentration and so the usual 
concept of half-life does not apply.

- In order to avoid these problems, the daily dose of phenytoin should be 
increased gradually (in steps of 25–50 mg) and the plasma concentration should 
be checked once a new equilibrium has been reached (usually 
14 days after the last dosage change).

- Note that starting or stopping another drug that alters the metabolism of 
phenytoin can have the same effect as changing the dose. Always check before 
changing the medication of a patient taking phenytoin, and measure the serum 
phenytoin concentration 5–7 days later.

- Drugs that have non-linear kinetics are diffi cult to administer safely. However, 
phenytoin is the only example of a commonly prescribed drug with these kinetic 
properties within or near the therapeutic dosage range.

- Alcohol also has non-linear kinetics, and is eliminated at a rate of about 
6 g/hour at almost all doses. This explains why the blood alcohol concentration 
may still be above the legal limit for driving the morning after a bout of heavy 
drinking.

20

40

60

80

100

120

140

50 100 150 200 250 3000

0

Usual target range

(40–80 micromol/L)

225 mg 285 mg

Daily dose of phenytoin (mg)

S
e
r
u
m

 p
h
e
n
y
t
o

in
 c

o
n
c
e
n
t
r
a
t
io

n
 (

m
ic

r
o

m
o

l/
L
)

The relation between the serum phenytoin concentration and the daily dose. In 
this patient, the range of doses associated with the target range of serum concen-
trations (40–80 micromol/L) was 225–285 mg/day.
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Plasma protein binding displacement drug 
interactions

- A drug that has a higher affi nity for protein binding sites than another drug can 
displace the other drug, leading to a sudden rise in the unbound fraction of the 
second drug and possible toxicity.

- In practice, such interactions are almost never seen, because the plasma 
concentration of the displacing drug would have to rise very quickly (e.g. by 
rapid intravenous injection), and because redistribution and an increase in the 
rate of clearance of the displaced drug usually compensate for the protein 
displacement.

- However, such interactions can lead to misinterpretation of plasma drug 
concentrations.

Phenytoin is highly protein bound; it also has a low hepatic extraction ratio. • 
This means that the proportion of the drug that is cleared from the blood by 
each passage through the liver is small (other examples include warfarin and 
tolbutamide). The rate of clearance of the drug depends on the unbound 
fraction of the drug. By contrast, if a drug has a high hepatic extraction ratio, 
the rate of blood fl ow through the liver is the rate-limiting factor.
If phenytoin is displaced from its protein binding sites by another drug, the • 
unbound fraction in the plasma increases, but so does the rate of metabolism 
of the drug. Over time a new equilibrium will be reached; the unbound 
fraction will remain higher, but the total concentration of drug in plasma will 
be lower, so the unbound concentration will be the same as it was before the 
interaction occurred.

- In common with most plasma drug assays, the assay for phenytoin measures the 
total phenytoin concentration; it does not distinguish between bound and 
unbound fractions. The total phenytoin concentration after the addition of the 
second drug will be lower; this could be misinterpreted as subtherapeutic if the 
plasma concentration is taken in isolation. It is essential to interpret plasma 
concentrations according to the patient’s condition; in this case it would be 
expected that the patient would be stable, so the dose does not need to be 
changed. So, when measuring plasma phenytoin concentrations, also measure 
the plasma albumin concentration and renal function, since hypoalbuminaemia 
and chronic renal insuffi ciency reduce the protein binding of phenytoin.

TEACHING 
POINT
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Sodium valproate
Anticonvulsant

The exact mechanism of action of 
 valproate is not known. Valproate 
enhances GABA-ergic neurotransmis-
sion by several mechanisms. For 
example, it reduces GABA breakdown 

and, by inhibiting GABA transaminase, increases the 
sensitivity of GABA receptors.

0 - Treatment of epilepsy. Indicated for all 
forms, but particularly useful for:

Primary generalized seizures.• 
Myoclonic seizures.• 

Can also be used for:• 
Atypical absence seizures.• 
Atonic and tonic seizures.• 

1 - Caution in pregnancy. There is up to a 7% 
risk of neural tube defects, abnormalities 
of the face, and limb abnormalities in 
children of mothers taking valproate.

Counsel women about this.• 
Seek specialist advice in women • 
considering pregnancy.
Ensure folic acid supplementation • 
(5 mg daily).

Sodium valproate can cause liver toxicity; • 
avoid it in patients with acute or chronic 
liver disease.
Reduce the dose in patients with any • 
degree of renal insuffi ciency.

4 Epilepsy
Valproate is given orally for the long-term • 
control of seizures.

It can be given intravenously for acute • 
control of seizures, as an alternative to a phenytoin infusion.
For guidance on this, • see b Treatment of status epilepticus, 
p. 313.
See prescribing information.• 

Begin treatment with a dose of 300 mg twice daily.• 
The dose can be titrated rapidly upwards, increasing by 200 mg • 
daily at intervals of 3 days.
The usual maintenance dose is 1• –2 g daily (see also prescribing 
information).

If monotherapy is ineffective at maximum tolerated doses, introduce • 
an alternative drug slowly without tapering the fi rst. If the patient has a 
good response to the second drug, gradually withdraw the original 
drug. Only 10% of patients require two or more drugs to control their 
epilepsy.

Treatment of 
epilepsy
- See b Teaching point 

under benzodiazepines, 
p. 313 for treatment of 
acute seizures.

- See b Carbamazepeine 
p. 280 for more 
information.

Note on related 
drugs

Valproic acid
This has a 1:1 dose 
relation with  valproate. 
In addition to its use in 
the treatment of 
epilepsy, valproic acid 
has a licence for the 
treatment of acute 
mania associated with 
bipolar disorder. This is 
a specialized use; seek 
expert guidance.

Divalproex sodium 
(valproate 
semisodium)
This drug is indicated for 
the treatment of manic 
episodes  associated with 
bipolar disorder. Seek 
expert advice.
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Avoid abrupt withdrawal of valproate, as this can precipitate rebound • 
seizures.

If valproate needs to be withdrawn, taper the dose over a period of • 
weeks under cover of another antiepileptic drug.
Emergency withdrawal may be necessary if serious skin or • 
haematological adverse effects occur.

6 - Adverse effects are common.
Gastrointestinal adverse effects are very common, usually • 
characterized by nausea and vomiting.

These are most common early in treatment and can be mitigated by • 
using an enteric-coated formulation and giving the drug with or just 
after food.
These adverse effects usually improve with time.• 

Sodium valproate causes oedema and weight gain; warn the patient.• 
Valproate can cause liver toxicity; this is rare but potentially fatal.• 

Young patients and those with organic or degenerative brain disease • 
are at greatest risk.
Follow the monitoring guidance noted later.• 

Adverse effects due to excessive dosage include ataxia, tremor, and • 
reduced coordination.
Rare but serious adverse effects include thrombocytopenia (and other • 
blood disorders) and pancreatitis.
Sodium valproate can cause transient hair loss; note that the regrowth • 
may be curly.
All antiepileptic drugs are associated with an increased risk of suicidal • 
thoughts (affects 0.43%). There is no evidence that the risk is different 
for different drugs. Seek expert advice if it occurs. There is no 
evidence to support switching drugs.

7 - Valproate interacts with fewer drugs than some other antiepileptic 
drugs.
Valproate can interact with phenytoin and the effect is unpredictable; • 
avoid the combination when possible.
Valproate increases the effect of phenobarbital and primidone.• 
Antipsychotic drugs, chloroquine, and antidepressant drugs reduce the • 
effect of valproate.

8 Effi cacy
Plasma concentration measurement is not routinely recommended, as • 
there is a poor correlation with clinical effect. It can be used to 
confi rm that the patient is taking the drug if control is poor.
Effi cacy must be judged on the basis of seizure frequency.• 

Safety
Measure liver function tests before treatment and then every• 
2 months for the fi rst 6 months. If these are abnormal, withdraw 
the drug. Prothrombin time may be the most relevant monitoring 
test.
Have a low threshold for measuring a full blood count. Advise the • 
patient to report immediately any symptoms consistent with bone 
marrow toxicity (see later notes).
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Ensure that the patient is aware of the law regarding seizures and • 
driving (see b Lamotrigine, p. 298).

9 - Advise the patient to seek immediate medical attention if symptoms 
such as fever, sore throat, mouth ulcers, unexplained bruising, or 
bleeding develop.
Advise the patient to seek immediate medical attention if jaundice • 
occurs.
Advise women of child-bearing age to seek advice before trying to • 
become pregnant, so that an expert opinion can be sought.

Prescribing information: Valproate
Treatment of epilepsy

By mouth, initially 300 mg bd.• 
Increase by 200 mg daily at intervals of 3 days.• 
The usual maintenance dosage is 1–2 g daily (20–30 mg/kg), in divided doses; • 
this may be increased to 2.5 g daily if required.

Treatment of status epilepticus
See • b Benzodiazepines, p. 308 for guidance.
By intravenous injection over 3–5 minutes, 400–800 mg (up to 10 mg/kg).• 
Followed by an intravenous infusion of up to 2.5 g daily.• 
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Epilepsy, antiepileptic drugs, and 
teratogenicity

- Most women with epilepsy will have a normal pregnancy and delivery, an 
unchanged seizure frequency, and a >90% chance of a normal baby.

If a mother with epilepsy is not taking treatment, there is a small increase in • 
the incidence of abnormalities such as cleft palate and spina bifi da.
Infants born to women taking anticonvulsant drugs have at least double the • 
risk of being born with an anomaly or malformation.

- Most malformations are minor and form part of what appears to be a fetal 
anticonvulsant syndrome.

The incidence varies from approximately 4% with 1 drug to 6.3% with 2 drugs, • 
compared with 0.9% in those not taking any drugs.
The most common features include hypertelorism, an abnormal midface, • 
epicanthic folds, microcephaly, transverse palmar creases, and minor skeletal 
abnormalities.
More serious malformations include spina bifi da and congenital heart disease; • 
the latter can be detected in utero using ultrasound.

- All the older antiepileptic drugs (carbamazepine, sodium valproate, phenytoin, 
phenobarbital) are teratogenic. Some newer antiepileptic drugs (e.g. gabapentin 
and lamotrigine) have not been shown to be teratogenic, but experience is 
limited.

- Anticonvulsant drugs may be teratogenic for several reasons. Some have actions 
on folate metabolism; others form epoxides, free radical intermediates, and 
arene oxides.

- The risk of an abnormal fetus is related to the number and dosages of the 
anticonvulsant drugs. The risk is increased signifi cantly if the mother is taking 
several drugs, especially if sodium valproate forms part of the combination.

- Carbamazepine therapy carries a slightly lower risk compared with valproate, 
phenytoin, or phenobarbital. However, if seizure control is good, it is probably 
best to leave the treatment unchanged, provided a single anticonvulsant is used.

- High-dose folate supplements should be given before conception and 
throughout the pregnancy.

- Always seek expert advice if a woman with epilepsy is considering becoming 
pregnant.

TEACHING 
POINT
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Lamotrigine
Anticonvulsant

The exact mechanism of action of 
 lamotrigine is not known. It is 
thought to act as a use-dependent 
blocker of voltage-gated sodium 
channels, thus inhibiting the release 
of exitatory  neurotransmitters 
(e.g. glutamate).

0 - Treatment of epilepsy. Can be used as monotherapy for:
Partial seizures.• 
Tonic–clonic primarily generalized seizures.• 
Tonic–clonic secondary generalized seizures.• 
Seizures associated with Lennox–Gastaut syndrome.• 

Prevention of relapse in bipolar disorder.• 
Treatment of trigeminal neuralgia (unlicensed indication).• 

1 - Pregnancy.
Experience with lamotrigine is limited.• 
In general, good control of epilepsy outweighs the risks.• 
Counsel women about this; seek specialist advice for women • 
considering pregnancy.

Halve the dose in patients with moderate hepatic insuffi ciency. Reduce • 
to a quarter if the insuffi ciency is severe.
Metabolites of lamotrigine can accumulate and cause adverse effects in • 
patients with moderate to severe renal insuffi ciency.

4 Epilepsy
Lamotrigine is given orally for the long-term control of seizures.• 

It is not used for control of acute seizures; • see b Benzodiazepines, 
p. 308 for guidance on this.

Begin treatment with a low dosage and increase gradually (25–50 mg • 
every 2 weeks).
If monotherapy is ineffective at maximum tolerated doses, introduce • 
an alternative drug slowly without tapering the fi rst. If the patient has 
a good response to the second drug, gradually withdraw the original 
drug. Only 10% of patients require two or more drugs to control their 
epilepsy.
Avoid abrupt withdrawal of lamotrigine, as this can precipitate • 
rebound seizures.

If the drug needs to be withdrawn, taper the dose over a period of • 
weeks under cover of another antiepileptic drug.
Emergency withdrawal may be necessary if serious skin or • 
haematological adverse effects occur.

Bipolar disorder
Lamotrigine increases the amount of time between episodes of mania • 
or depression. The effect is greater on depressive episodes.

6 - Adverse effects are common.

Treatment of epilepsy
- See b Teaching point 

under benzodiazepines 
p. 313 for treatment of 
acute seizures.

- See b Carbamazepine, 
p. 280.
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Skin reactions are common and usually occur within the fi rst 8 weeks • 
of treatment. A maculopapular erythematous rash occurs in 10% 
of patients. The drug should be withdrawn if this occurs, especially if 
there are systemic (fl u-like) symptoms. This is because more 
serious reactions also occur (1 in 1000 patients); these include 
Stevens–Johnson syndrome and a syndrome of fever, malaise, 
eosinophilia, and arthralgia.
Lamotrigine can cause bone marrow toxicity; this is rare but can be • 
serious (aplastic anaemia).
CNS adverse effects are common. These include dizziness, • 
nervousness, tremor, and confusion.
Specifi c effects on the eye include diplopia, blurred vision, and a painful • 
red eye.
Gastrointestinal adverse effects are also common, usually • 
characterized by nausea and vomiting.
All antiepileptic drugs are associated with an increased risk of suicidal • 
thoughts (affects 0.43%). There is no evidence that the risk is different 
for different drugs. Seek expert advice if it occurs. There is no 
evidence to support switching drugs.

7  - Other antiepileptic drugs:
Lamotrigine can raise the plasma concentration of carbamazepine; • 
the risk of adverse effects is increased.
Sodium valproate increases the lamotrigine concentration; halve the • 
initial dose and dosage increments.
Enzyme-inducing antiepiletic drugs lower lamotrigine concentrations • 
(see b p. 286 for more information); double the initial dose.

Tricyclic antidepressant drugs and mefl oquine antagonize the • 
anticonvulsant action of lamotrigine; avoid these combinations.

8 Effi cacy
Plasma concentration measurement is not used.• 
Effi cacy must be judged on the basis of seizure frequency.• 

Safety
Monitoring of blood counts, blood clotting, and liver function tests has • 
been recommended. However, the adverse effects that this will detect 
are uncommon, and a regimen with an adequate detection rate has 
not been devised. Advise the patient to report any symptoms 
consistent with bone marrow toxicity immediately (see patient 
information section). Have a low threshold for measuring a full 
blood count.

9 - Always ensure that the patient is aware of the law regarding seizures 
and driving (see b p. 301).
Advise the patient to seek immediate medical attention if symptoms • 
such as fever, sore throat, mouth ulcers, unexplained bruising, or 
bleeding develop.
Advise the patient to seek immediate medical attention if a rash • 
occurs.
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Warn the patient that lamotrigine can interact with many other • 
medicines; advise them to check with their doctor or pharmacist 
before starting or stopping any medication.
Advise women of child-bearing age to seek advice before trying to • 
become pregnant, so that an expert opinion can be sought.

Prescribing information: Lamotrigine
Treatment of epilepsy

By mouth, initially 25 mg daily for 14 days.• 
Increase to 50 mg daily for 14 days.• 
Increase by 50–100 mg at intervals of 14 days, to a usual maintenance dose • 
of 100–200 mg daily, in divided doses.
In rare cases, doses of 500 mg daily have been used.• 

If combined with valproate, halve these doses.• 
If combined with enzyme-inducing drugs, twice the dose may be required, • 
but take care with the titration.
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Epilepsy and fi tness to drive 
- The legal basis of fi tness to drive is described in the EC Directives on driver 

licensing, the UK Road Traffi c Act 1988, and subsequent regulations, including in 
particular the Motor Vehicles (Driving Licences) Regulations 1999.

- Those outside the UK should consult their own country’s legislation.
- Because this is the subject of legislation, prescribers should take care to limit 

themselves to advising their patients of the rules, and not to try to interpret 
them. Epilepsy is the most common cause of collapse while driving, but there are 
rules governing loss of consciousness from any cause (see b Adenosine, p. 89).

- In the UK it is the responsibility of patients to inform the DVLA about their 
medical condition. Respect for patient confi dentiality usually prohibits healthcare 
professionals from disclosing information about patients to a third party such as 
the DVLA. However, recent changes in the case law in the UK allow this 
confi dence to be broken if you have reason to suspect that a patient is driving 
when they should not. The need to protect the public overrides the individual’s 
rights in this case.

- The rules below apply to Group 1 drivers; the rules for Group 2 drivers 
(e.g. heavy goods vehicles, passenger service vehicles) are much stricter; seek 
advice from the DVLA.

- Remind patients that they should contact their insurance company as well as the 
DVLA. Failure to do so could invalidate their insurance.

The current epilepsy regulations for Group 1 entitlement
- A person who has suffered an epileptic attack while awake must refrain from 

driving for 1 year from the date of the attack before a driving licence may be 
issued.

OR
- A person who has suffered an attack while asleep must also refrain from driving 

for 1 year from the date of the attack, unless they have had an attack while 
asleep more than 3 years ago and have not had any awake attacks since that 
attack.

AND
- In any event, the driving of a vehicle by such a person should not be likely to 

cause danger to the public.
- The listed recommendations are still relevant even if, for example, a patient has 

suffered from a seizure as the result of omitting medication due to admission to 
hospital for another condition.

- It is clearly recognized that the withdrawal of antiepileptic medication is 
associated with a risk of seizure recurrence. It is recommended that patients do 
not drive from the time of withdrawal and thereafter for a period of 6 months 
after cessation of treatment.

- For more information see M http://www.dvla.gov.uk.

TEACHING 
POINT
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Other antiepileptic drugs
Vigabatrin
A selective irreversible inhibitor of GABA transaminase, an enzyme • 
responsible for the breakdown of GABA.
Used in combination with other antiepileptic drugs for patients with • 
resistant partial epilepsy with or without secondary generalization.
Only to be used under the direction of a specialist.• 
Visual fi eld defects are common during long-term use (up to 1 in • 
3 patients) and may be irreversible.

Perimetry must be carried out before therapy and every 6 months • 
during therapy.

Eliminated by the kidneys—take care in patients with renal • 
insuffi ciency.
The usual maintenance dose is 1–1.5 g twice daily. • 

Topiramate
Licensed as monotherapy for generalized tonic–clonic seizures or • 
partial seizures with or without secondarily generalized seizures.

Also licensed for use as adjunctive therapy in resistant cases. • 
Also licensed for prophylaxis of migraine (specialized use).• 

NB: not licensed for acute treatment of migraine.• 
Important adverse effects:• 

Acute myopia with secondary angle-closure glaucoma, typically • 
occurring within 1 month of starting treatment. Seek specialist 
advice and stop topiramate as rapidly as feasible.
Hyperchloraemic, non-anion gap, metabolic acidosis. • 
Increased risk of nephrolithiasis—ensure adequate hydration.• 

Subject to hepatic metabolism and renal excretion—take care in those • 
with hepatic or renal insuffi ciency.
Usual monotherapy maintenance dose 100 mg daily in two divided • 
doses.
Usual adjunctive therapy maintenance dose 200 mg daily in two • 
divided doses. 

Usual starting dose is 25 mg once daily. • 

Levetiracetam
Mechanism of action not fully understood, but may involve inhibition • 
of calcium currents and reduced release of calcium from intraneuronal 
stores.
Licensed for monotherapy and adjunctive treatment of partial seizures • 
with or without secondary generalization, and for adjunctive therapy 
of myoclonic seizures and primarily generalized tonic–clonic seizures.
Available as tablets, oral solution, and solution for intravenous • 
infusion.

Oxcarbazepine
The therapeutic effect of oxcarbazepine is thought to be mediated by • 
an active metabolite that blocks voltage-sensitive sodium channels.
Monotherapy and adjunctive treatment of partial seizures with or • 
without secondarily generalized tonic–clonic seizures.

Also used for trigeminal neuralgia (unlicensed indication).• 
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Halve the starting dose in patients with renal impairment (creatinine • 
clearance <30 mL/min) and avoid in those with severe hepatic 
insuffi ciency. 
Important adverse effects:• 

Serious rashes, including Stevens–Johnson syndrome.• 
Hyponatraemia (2.7% of patients).• 
Fluid retention (can lead to heart failure).• 
Rare cases of agranulocytosis.• 

Oxcarbazepine induces hepatic enzymes to a lesser extent than • 
carbamazepine, but it can still render oral contraceptives ineffective.
The usual initial dose is 300 mg twice daily. Usual maintenance dosage • 
600–2400 mg daily in divided doses.

Rufi namide
Rufi namide modulates the activity of sodium channels, prolonging their • 
inactive state.
Adjunctive therapy in the treatment of seizures associated with • 
Lennox–Gastaut syndrome (a severe form of epilepsy starting in 
childhood).
Should be given under the direction of a specialist.• 

Tiagabine
Potent and selective inhibitor of both neuronal and glial GABA uptake, • 
increasing GABAergic activity in the brain.
Adjunctive therapy in the treatment of adult patients with partial • 
seizures, with or without secondary generalization.
Antiepileptic drugs that induce hepatic enzymes (e.g. phenytoin, • 
carbamazepine, phenobarbital, and primidone) enhance the 
metabolism of tiagabine. Larger doses may be required.
Usual starting dose is 5–10 mg; usual maintenance dose 30–45 mg • 
daily.

Zonisamide
Exact mechanism of action not known. In cultured neurons zonisamide • 
blocks repetitive fi ring of voltage-sensitive sodium channels and 
reduces voltage-sensitive T-type calcium currents without affecting 
L-type calcium currents. It is also a weak inhibitor of carbonic 
anhydrase.
Adjunctive therapy in the treatment of adult patients with partial • 
seizures, with or without secondary generalization.
Important adverse effects• 

Contains a sulfonamide group (• see b Sulfur allergy, p. 408).
Serious rashes, including Stevens–Johnson syndrome.• 
Hyperthermia.• 
Nephrolithiasis—ensure adequate hydration.• 
Pancreatitis; stop the drug if this occurs.• 
Limited experience in patients with renal or hepatic impairment.• 

Usual starting dose 25 mg twice daily; usual maintenance dose • 
300–500 mg in divided doses.

Pregabalin
See • b Pregabalin, p. 762.
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Barbiturates
CNS depressants

GABA is an inhibitory

neurotransmitter 

Barbiturates prolong the duration

that chloride channels open after

stimulation by gamma aminobutyric

acid (GABA)
Antiepileptic action

The basis of their

anaesthetic action is

not known  

-

-

0 - These drugs are now very limited in use.
Only thiopental for induction of anaesthesia is • 
widely used.
Intermediate-acting barbiturates are only • 
used for severe intractable insomnia in 
patients who are already taking barbiturates.

Patients should not be started on these • 
drugs de novo.

Long-acting barbiturates have a limited role in • 
the treatment of epilepsy.
Primidone can be used for benign essential tremor.• 

1 - With the exception of thiopental and primidone, these drugs are all 
controlled drugs.
Dependency and tolerance readily occur with long-term use of these • 
drugs. They are also dangerous in overdose. For these reasons they 
are not usually recommended.
Avoid them in people with respiratory disease; they can cause • 
respiratory depression.
Avoid barbiturates in people with hepatic insuffi ciency; they can • 
precipitate decompensation and coma.
Avoid barbiturates in severe renal insuffi ciency.• 
These drugs should not be given during pregnancy:• 

They can cause congenital defects and vitamin K defi ciency in • 
neonates; the latter can cause haemolytic disease of the newborn.
Neonates can also suffer withdrawal symptoms.• 

Avoid these drugs in porphyria.• 

4 Thiopental for anaesthesia
This is an effective anaesthetic, but it has no analgesic actions.• 
It acts for a short time, because it is rapidly distributed around the • 
body; redistribution occurs later because of release from fat stores.
It is irritant; make sure the vein for injection is patent.• 

Phenobarbital for epilepsy
Phenobarbital has a limited role in the treatment of epilepsy. • 
Primidone is largely metabolized to phenobarbital. These drugs are 
effective for both tonic–clonic and partial seizures, but there are safer 
alternatives.
Barbiturates are not fi rst-line treatment for their other indications; • 
there are safer alternatives.
But do not stop these drugs suddenly:• 

This can cause rebound insomnia, anxiety, tremor, and convulsions.• 
The withdrawal syndrome can be fatal.• 

Drugs in this class

Short-acting
- Thiopental

Intermediate-acting
- Amobarbital 
- Butobarbital
- Secobarbital 

(quinalbarbital)

Long-acting
- Phenobarbital
- Primidone 

(metabolized to 
phenobarbital)
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6 - Most of the adverse effects of these drugs are the result of long-term 
use and do not apply to single doses of thiopental.
Tolerance to these drugs develops rapidly. They also commonly cause • 
dependence.
Barbiturates have a hangover effect.• 
The most common adverse effects are dizziness and ataxia.• 
Excessive doses can accumulate, causing respiratory depression.• 
High dosages can also cause paradoxical excitement and confusion.• 
Long-term use of these drugs can cause a megaloblastic anaemia.• 

Treat this with folic acid.• 
These drugs are very dangerous in overdose, owing to respiratory • 
depression.
Hypersensitivity phenomena, including skin blisters, are relatively • 
common.

7  - Barbiturates are subject to a large number of drug interactions, 
because they are potent inducers of liver enzymes (see 
b Carbamazepine, p. 286).
Barbiturates can lower the plasma concentrations of many other • 
antiepileptic drugs.
Barbiturates increase the rate of metabolism of oestrogens and • 
progestogens; this can render the oral contraceptive pill ineffective. 
Advise women to use a contraceptive method that is unaffected by 
drug interactions.
Barbiturates can increase the rate of metabolism of immune • 
modulators, such as ciclosporin and tacrolimus. Measure the plasma 
concentrations of these drugs to ensure that they remain within the 
target range (see Table 4.1).
Barbiturates can increase the rate of metabolism of warfarin, reducing • 
the anticoagulant effect. Measure the INR more regularly until a new 
steady state has been established.
Avoid co-prescribing with St John’s wort.• 

8 Safety and effi cacy
Plasma concentration measurement is recommended if phenobarbital • 
is given long term.

The target plasma concentration is 15–40 mg/L (60–80 micromol/L); • 
see Table 4.1 for more information about measurement of the 
plasma concentration of drugs.
This is limited in its usefulness because patients become tolerant to • 
the effects of barbiturates.
Primidone is metabolized to phenobarbital; measure the • 
phenobarbital concentration.

9 - Warn the patient that these drugs cause drowsiness, which can 
interfere with skilled motor tasks (e.g. driving).

Patients with epilepsy must be made aware of the law regarding • 
driving (see b p. 301).

Warn patients that the effect of alcohol is enhanced by barbiturates.• 
Warn female patients that these drugs may render the oral • 
contraceptive pill ineffective, and that they must take additional 
contraceptive precautions.
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Prescribing information: Barbiturates
The use of thiopental for anaesthesia is specialized.• 
Barbiturates are not generally recommended for their other indications. • 
Detailed prescribing information is not given.
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Table 4.1 Measurement of drug plasma concentrations

Drug Sample timing Reason for plasma concentration 
measurement

Target 
concentration range

Carbamazepine 2 weeks after changing the dose Carbamazepine induces its own metabolism 
(see b Carbamazepine, p. 286)

17–42 micromol/L 
(4–10 mg/L)

Phenytoin 14 days after a dose change Pheyntoin has zero-order (non-linear) 
kinetics (see b Phenytoin, p. 292)

40–80 micromol/L 
(10–20 mg/L)

Digoxin At least 6 hours after the last dose Digoxin is excreted by the kidneys; renal 
function can vary with intercurrent iIlnesses 
or concomitant medications (e.g. NSAIDs)

1.0–2.6 nmol/L 
(0.8–2.0 microg/L)

Ciclosporin Immediately before a dose Low concentrations increase the risk of 
transplant rejection; high concentrations 
cause nephrotoxicity

104–166 nmol/L 
(125–200 ng/mL) 
(whole blood)

Lithium Exactly 12 hours after the previous dose Lithium excretion is affected by sodium 
balance

0.4–0.8 mmol/L

Theophylline During chronic therapy; 8–12 hours after the 
previous dose

Theophylline has a narrow therapeutic range; 
drug interactions are common

55–110 micromol/L 
(10–20 mg/L)
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Benzodiazepines
Hypnotics and anxiolytics

GABA receptor

Enhanced GABA-ergic

neurotransmission

- Anxiolytic action

- Sedative action

- Antiepileptic

Benzodiazepines

bind to a site

adjacent to the

GABA receptor and

potentiate its action

0 - Treatment of anxiety, and 
premedication before operations and 
procedures.
Short-term use for night sedation.• 
Sedation for procedures.• 
Treatment of seizures.• 
Skeletal muscle relaxant to relieve • 
muscle spasm.
Adjunct to the treatment of alcohol • 
withdrawal.

1 - The sedative effect can be dangerous in 
patients with respiratory 
insuffi ciency, sleep apnoea syndrome, or myasthenia gravis.
Benzodiazepines can precipitate decompensation in patients with • 
hepatic insuffi ciency.
They can be subject to abuse. Temazepam gel-fi lled capsules can be • 
melted and injected and cannot be prescribed in the NHS. Temazepam 
and fl unitrazepam (Rohypnol®) are subject to special legal constraints. 
A controlled drug prescription is required for fl unitrazepam, but not 
for temazepam. Think carefully whether another drug would be 
appropriate before prescribing these drugs.
Avoid regular use of these drugs in pregnancy; they can cause • 
withdrawal symptoms in neonates.

4 Anxiety
The smallest possible dose should be used for the shortest possible • 
time. Benzodiazepines are not an appropriate treatment for mild 
anxiety.
Benzodiazepines do not have an antidepressant action and are not • 
a treatment for psychosis.
Shorter-acting drugs, such as oxazepam or lorazepam, may be • 
preferred over longer-acting ones; they have less of a hangover effect. 
However, these drugs carry a greater risk of withdrawal 
symptoms—see teaching point box, b p. 312.

Drugs in this class (with 
approximately 
equivalent dosages)

Long-acting 
- Diazepam 5 mg
- Lorazepam 0.5 mg
- Nitrazepam 5 mg
- Chlordiazep- 15 mg

oxide

Short-acting
- Oxazepam 15 mg
- Temazepam 10 mg
- Lormetazepam  0.5–1.0 

mg
- Loprazolam  0.5–1.0 

mg
- Midazolam  2.5 mg

Used for epilepsy
- Clobazam
- Clonazepam
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Insomnia
Benzodiazepines should not be used unless the insomnia is severe, • 
disabling, or subjecting the patient to extreme distress.
Chronic insomnia is rarely helped by benzodiazepines. They are more • 
effective for:

Transient insomnia in those who normally sleep well but are subject • 
to a disrupting event (e.g. an operation or jet lag); only give a 
prescription for one or two doses of a short-acting benzodiazepine.
Short-term insomnia associated with a specifi c event (e.g. illness • 
or bereavement); note that benzodiazepines may inhibit the 
psychological adjustment in bereavement; keep treatment to 
<1 week.

Do not take more than one dose per night.• 

Seizures
Benzodiazepines are fi rst-line treatment for the termination of seizures • 
and status epilepticus. See teaching point box, b p. 313.
Most benzodiazepines are not suitable for the long-term control of • 
epilepsy; their effect wears off rapidly (tachyphylaxis).
Benzodiazepines are used for the treatment and prophylaxis of febrile • 
convulsions. This is a specialized use; seek expert advice.
Clonazepam and clobazam are used for the long-term treatment of • 
tonic–clonic seizures, partial seizures, or as adjunctive treatment. This 
a specialized use and their effect abates with time.

Premedication and sedation
Diazepam and lorazepam have long durations of action. They are not • 
the most suitable choices for premedication, especially for day-case 
surgery. Consider temazepam instead.
Midazolam has amnesic properties and can produce profound • 
sedation. This can be used to advantage for some procedures and for 
sedation on intensive care, but take care when mild sedation is all that 
is required.
Intravenous diazepam can be used for the severely agitated, such as • 
those withdrawing from alcohol (see alcohol withdrawal section).
See • b p. 341 for guidance on the management of the acutely agitated 
patient.

Treatment of muscle spasm
Benzodiazepines have a limited role in the treatment of muscle spasm. • 
See b Baclofen, p. 666.
Benzodiazepines are not appropriate for acute muscle spasm • 
associated with an acute injury.

Alcohol withdrawal
Chlordiazepoxide is the benzodiazepine of choice for treatment of • 
alcohol withdrawal. It is safer than clomethiazole, which is rarely used 
in current practice.
Use a rapidly-reducing dosage regimen (see prescribing information), • 
but titrate the dose to the patient’s clinical state.
Do not give benzodiazepines if the patient is still drinking alcohol.• 
Intravenous diazepam can be used for severe agitation if withdrawal is • 
taking place in hospital (see prescribing information). Diazepam should 
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not be used if the patient has hepatic encephalopathy, cirrhosis, or 
alcoholic hepatitis; in such cases it can induce coma.

6 - Benzodiazepines can cause respiratory distress and even arrest, 
especially when given intravenously.

Ensure that adequate resuscitation facilities are available.• 
Do not use the benzodiazepine antagonist fl umazenil when • 
diazepam has been used for control of seizures; it can cause 
intractable seizures.

CNS adverse effects are common: ataxia, confusion, and drowsiness. • 
In a few patients benzodiazepines cause paradoxical aggression.
Dependency, both psychological and physical, is common with • 
prolonged use. Avoid prolonged treatment.

7  - Benzodiazepines potentiate the effect of any other CNS depressant 
(including alcohol).
Drugs such as erythromycin, ketoconazole, fl uconazole, and itracon-• 
azole inhibit the metabolism of benzodiazepines, and so potentiate 
their action.

Case history
- A 60-year-old physician was admitted to hospital with melaena after treating 

himself with aspirin for an infl uenza-like illness. He knew he would require an 
upper gastrointestinal endoscopy but was anxious that his long-standing low 
threshold for gagging with any sort of pharyngeal stimulation would make 
endoscopy both diffi cult and very unpleasant. His colleague reassured him and 
gave midazolam 2 mg intravenously. After the procedure, which was entirely 
uneventful and which showed a bleeding ulcer in a duodenal diverticulum, the 
sedation was reversed with fl umazenil. The patient was pleasantly surprised to 
learn how easy the procedure had been and that he had remained conscious 
throughout, but he still has no recollection of what occurred.

The sedative and amnesic properties of benzodiazepines are extremely helpful 
in many outpatient procedures, although care has to be taken in avoiding over-
sedation, and patients should be warned that they must not drive for 24 hours 
afterwards.

8 Safety and effi cacy
Ensure that adequate resuscitation facilities are available whenever • 
giving a benzodiazepine intravenously.

9 - Benzodiazepines are very useful drugs when used selectively for short 
periods. Prescribe only short courses and review the patient rather 
than issue a repeat prescription.
Warn the patient about the sedative effects and if affected to avoid • 
driving or operating machinery.
When using benzodiazepines to aid alcohol withdrawal, make sure • 
that patients understand that they must not drink alcohol while taking 
these drugs; it is dangerous and defeats the purpose of giving them.
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Prescribing information: Benzodiazepines
Diazepam

Anxiety•  By mouth, 2 mg 3 times daily, increased if necessary to 
15–30 mg daily in divided doses. Use half the adult dose in elderly people.
Severe agitation, especially in those withdrawing from alcohol•  10–20 mg intrave-
nously over 1–2 minutes. Repeated if necessary with 5 mg every 5 minutes 
until the patient is calm. An emulsion formulation is available and is often 
preferred for intravenous injection as it is less irritant to veins.
Seizures • By intravenous injection, 10–20 mg at a rate of 0.5 mL 
(2.5 mg) per 30 seconds.
Seizures•  By rectal solution, 500 micrograms/kg. Tubes available contain 2.5 
mg, 5 mg, 10 mg, and 20 mg, depending on the manufacturer.

Lorazepam
Seizures•  By intravenous injection, 2–4 mg.

Temazepam
Insomnia (short-term use)•  10–20 mg at bedtime.

Nitrazepam
Insomnia (short-term use)•  5–10 mg at bedtime.

Chlordiazepoxide
Alcohol withdrawal•  By mouth, 10–50 mg 4 times daily, gradually reducing over 
7–14 days.
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Guidelines for the withdrawal of 
benzodiazepines

- Abrupt withdrawal can cause confusion, convulsions, and psychosis in severe 
cases.

- The more common withdrawal syndrome is one of insomnia, anxiety, sweating, 
appetite loss, disturbed sleep, and vivid dreams.

- These symptoms are very similar to those for which the benzodiazepine may 
have been prescribed in the fi rst place, and are commonly misinterpreted as a 
recurrence of symptoms, leading to a repeat prescription for benzodiazepines.

- Withdrawal symptoms can occur within a few hours for short-acting drugs, but 
up to 3 weeks after cessation for the long-acting ones.

- For patients who have been taking benzodiazepines for a long time, it is advised 
that the dose be reduced by 2.0–2.5 mg (diazepam equivalents) every 2 weeks.

If symptoms occur, maintain the current dose until the patient improves. This • 
can take weeks.
The process can take a very long time (months) and you should warn the • 
patient of this.
Beta-blockers should only be used if other measures fail.• 
Antidepressants should not be used unless there is a clear diagnosis of • 
depression or panic disorder.
Do not use antipsychotic drugs during benzodiazepine withdrawal.• 

TEACHING 
POINT
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Treatment of status epilepticus
- Status epilepticus is defi ned as a seizure that lasts for >30 minutes, or when 

repeated seizures occur over 30 minutes without full recovery in between.
- Whenever a seizure continues for longer than a few seconds you should aim to 

stop it as soon as possible.
- Give intravenous 10–20% glucose 1–2 mL/kg if the seizure is due to 

hypoglycaemia.
If the patient is withdrawing from alcohol, give intravenous B vitamins fi rst • 
(e.g. Pabrinex® 1 pair of ampoules).

- A benzodiazepine is the fi rst-line drug treatment, but do not forget other basic 
measures such as securing the airway (place the patient in the recovery position; 
do not put anything in their mouth) and giving oxygen.

- Give either:
Lorazepam 0.07 mg/kg (usually 4 mg in adults) by intravenous injection over • 
2 minutes. Repeat the dose once after 10 minutes, if required.
Diazepam 10–20 mg by injection over 2–4 minutes. Maximum dose 40 mg.• 
If intravenous access is not possible, diazepam is available as a solution for • 
rectal administration or midazolam can be given in liquid form into the buccal 
cavity (unlicensed use).
Note that the emulsion formulation (Diazemuls• ®) is less irritant than other 
formulations for intravenous administration.

- Ensure that adequate resuscitation facilities are available; in particular, be 
prepared to deal with respiratory compromise as a result of benzodiazepine use.

- If the seizure continues beyond 10 minutes, give intravenous phenytoin.
If the patient has not been taking phenytoin, the loading dose is 20 mg/kg • 
(usual adult dose 1.0–1.5 g) by intravenous infusion (50 mg/min); fl ush the line 
after infusion.
If the patient has been taking phenytoin consider either:• 
—a lower loading dose (10 mg/kg; 500 mg to 1 g total) or another drug, such 

as sodium valproate.
- If this is unsuccessful, transfer to ITU and seek expert advice.

TEACHING 
POINT
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Chlordiazepoxide dosage regimen for 
alcohol withdrawal in hospital 

- Patients should begin treatment as soon as they are able to tolerate oral 
medication. This regimen sedates for 1–2 days (the period of greatest risk), but 
then rapidly tails off over the next 3–4 days.

- There is a risk of fi ts as the dose is reduced.
- Do not sedate for too long; patients sedated for >2 days are at risk of lower 

respiratory tract infections.
- Some of these patients will have liver dysfunction. Review the dose carefully 

(twice daily) to avoid over-sedation.
- A maximum of 24 hours’ supply may be prescribed on discharge.

Day Regular dose As required

- Day 1 20 mg qds 10 mg, max 200 mg daily
- Day 2 20 mg qds 10 mg, max 200 mg daily
- Day 3 20 mg tds
- Day 4 20 mg bd
- Day 5 20 mg bd
- Day 6 STOP

Some hospital protocols prefer to treat alcohol withdrawal with titrated benzodi-
azepines as required, according to patients’ symptoms and signs. Regular assess-
ment using a scoring system (CIWA score) and careful nursing care is required with 
this approach. There is some evidence that the overall requirements for benzodi-
azepines and length of hospital stay may be lower using this approach. See local 
policies to guide treatment choice.

TEACHING 
POINT
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Benzodiazepine-like hypnotics
These drugs are not benzodiazepines chemically, but bind to the same 
receptor

GABA receptor

Hypnotic action
Enhanced GABA-ergic

neurotransmission

Benzodiazepines

receptor

These drugs bind

here

0 - Short-term treatment of insomnia.

1 - These hypnotics are not effective for the other indications for which 
benzodiazepines are used.
The sedative effect can be dangerous in patients with respiratory • 
insuffi ciency, sleep apnoea syndrome, or myasthenia gravis.
Halve the dose in elderly people.• 
Pregnancy and breast feeding—insuffi cient evidence to • 
recommend use.
Avoid in those with a history of drug or alcohol misuse, there is a • 
higher risk of misuse.

4 Insomnia
Chronic insomnia is rarely helped by treatment with hypnotics. They • 
are more effective for:

Transient insomnia in those who normally sleep well but are subject • 
to a disrupting event (e.g. an operation or jet lag); give a prescription 
for no more than one or two doses.
Short-term insomnia associated with a specifi c event (e.g. illness or • 
bereavement); keep treatment to less than 1 week.

These drugs are not licensed for long-term treatment.• 
Take a single dose at night if unable to sleep.• 
NICE advises that there is little evidence to support a difference • 
between drugs in this class. Use the least expensive.

If one drug in this class is ineffective there is little evidence to • 
support switching to another in the same class.

6 - Reported adverse effects include drowsiness, headache, weakness, and 
dizziness.
These drugs can cause confusion in the elderly; halve the dose.• 
There is emerging evidence of dependence with long-term use in • 
some patients; do not use long term.

7 -  Drugs such as erythromycin, ritonavir, and cimetidine inhibit 
the metabolism of these drugs and so potentiate their action. See 
b Erythromycin, p. 402 for more information.

Drugs in this class

All are short-acting 
- Zaleplon
- Zolpidem
- Zopiclone
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8 Safety and effi cacy
These may be useful drugs when used selectively for short periods. • 
Only prescribe short courses and review the patient rather than issue 
a repeat prescription.

9 - Warn the patient about the sedative effects and that drowsiness can 
persist the next day. If affected, advise patients to avoid driving or 
operating machinery.

Prescribing information: Benzodiazepine-like hypnotics
Zaleplon

Insomnia•  By mouth, 10 mg at night. Halve the dose in elderly people.

Zolpidem
Insomnia•  By mouth, 10 mg at night. Halve the dose in elderly people.

Zopiclone
Insomnia•  By mouth, 7.5 mg at night. Halve the dose in the elderly.
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Tricyclic antidepressants
Inhibitors of the reuptake of noradrenaline (norepinephrine) and 
serotonin (5-HT) in central monoaminergic neurons

- Although the pharmacological 
actions of these drugs are well 
described, the mechanism by which 
they have an antidepressant effect is 
not fully understood. It appears to 
involve adaptive responses within 
the brain to the changes in 
monoaminergic neurotransmission. 

- These drugs also have central and 
peripheral anticholinergic effects. 
These are responsible for many of 
the adverse effects caused by 
tricyclic antidepressants.

-  Some tricyclic antidepressants are 
also H1 histamine receptor 
antagonists. This may be responsible 
for the drowsiness caused by some 
of these drugs.

0 - Treatment of depression (especially of the endogenous type).
Treatment of panic disorder.• 
Treatment of nocturnal enuresis (unlicensed indication).• 
Treatment of painful diabetic neuropathy (unlicensed indication).• 
Prophylaxis against migraine headache (unlicensed indication).• 

1 - Do not use with MAOIs, especially tranylcypromine.
Wait 2–3 weeks after stopping an MAOI before starting a tricyclic • 
antidepressant, and vice versa.

Tricyclic antidepressants have anticholinergic effects; consider alterna-• 
tives in patients with prostatic enlargement or closed-angle glaucoma.
Be aware that tricyclic antidepressants lower the seizure threshold.• 
Take care if the patient has hepatic insuffi ciency; the sedative effects of • 
these drugs are enhanced.
No dosage reduction is usually required if the patient has renal • 
insuffi ciency.
These drugs are used during pregnancy, but they can cause neonatal • 
tachycardia and irritability.

4 Depression
All of these drugs take about 2 weeks before they begin to work. • 
Consider additional emergency treatment, such as electroconvulsive 
therapy, if this delay poses an unacceptable risk to the patient.
Given that these drugs are thought to act by adaptive effects, rather • 
than via a direct pharmacological action, combination formulations and 
modifi ed-release formulations are not recommended.

Tricyclic 
antidepressants and 
related drugs

Sedative
- Amitriptyline
- Clomipramine
- Dosulepin (dothiepin)
- Doxepin*
- Maprotiline
- Mianserin*
- Trazodone*
- Trimipramine

Less sedative
- Amoxapine
- Imipramine
- Lofepramine*
- Nortriptyline 

*Drugs with fewer 
 anticholinergic effects.
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Choose a sedative or less sedative drug depending on how agitated • 
the patient is.
Advise patients to take their tablets last thing at night; this will • 
minimize the impact of anticholinergic effects.
Improvement in sleep is often the fi rst benefi t of treatment; other • 
symptoms take longer to improve.
These drugs are potentially fatal in overdose; limit the quantities • 
prescribed on each occasion and review the patient before issuing a 
repeat prescription. (See teaching point box, b p. 322 for treatment 
of tricyclic antidepressant overdose.)

Amoxapine, desipramine, and dothiepin appear to be associated • 
with the highest risk of death when taken in overdose.1

Evidence of effi cacy for tricyclic antidepressants in children has not • 
been established.
Withdraw these drugs slowly:• 

Over 4 weeks if the patient has taken a short course.• 
Over 6 months after long-term maintenance treatment.• 

Treatment of panic disorder
Starting treatment with a tricyclic antidepressant can cause a • 
transient worsening of symptoms. Start with a low dose and increase 
gradually.

Treatment of noctural enuresis (imipramine, amitriptyline, 
nortriptyline)
Note that the use of an enuresis alarm is fi rst-line treatment.• 
Do not use in children <7 years old.• 
Treatment is not usually continued for >3 months.• 

Treatment of painful diabetic neuropathy—see b p. 760 
for more information
Duloxetine, gabapentin, and pregabalin are all used for the treatment • 
of painful neuropathy in diabetes and are effective in at least some 
people. However, there appears to be no advantage to these newer 
drugs over tricyclic agents.

Prophylaxis against migraine
This is a second-line option.• 
Note that this is a prophylactic treatment. Other drugs are required • 
once the headache has occurred.

6 - Anticholinergic adverse effects are common: dry mouth, blurred 
vision, constipation, diffi culty with micturition.

Tolerance to these effects develops; it is worth encouraging patients • 
to persevere with treatment if possible.

Tricyclic antidepressants are associated with cardiac toxicity, especially • 
in overdose.

This is characterized by tachycardia, ventricular arrhythmias, and • 
heart block; prolongation of the QT interval correlates well with the 
severity of toxicity.

Tricyclic antidepressants lower the seizure threshold.• 
Hypotension occurs in up to 20% of patients treated with tricyclic • 
antidepressants.
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Tricyclic antidepressants can cause the syndrome of inappropriate • 
ADH secretion, resulting in hyponatraemia with confusion.

The elderly are especially likely to develop this adverse effect.• 
7  - These drugs enhance the sedative effect of other drugs (e.g. alcohol, 

antihistamines, opioids).
They increase the risk of arrhythmias when given with drugs that • 
prolong the QT interval (e.g. amiodarone, sotalol, antipsychotic drugs).
Do not give these drugs with MAOIs (unless under specialist • 
supervision).
Take care when giving tricyclic antidepressants with other drugs that • 
stimulate the CNS (e.g. entacapone, selegiline, sibutramine).
Take care if the patient has epilepsy; tricyclic antidepressants lower • 
the seizure threshold and increase the metabolism of common 
antiepileptic drugs.
Tricyclic antidepressants can cause the serotonin syndrome, especially • 
when they are co-prescribed with other drugs that affect serotonin 
metabolism (see b SSRIs, p. 329).
Do not give these drugs with the antimalarial drugs lumefantrine and • 
Artemisia derivatives.

8 Safety
Pharmacological intervention is only part of the treatment for • 
depression. Regular clinical assessment is important to ensure that 
the patient is improving.
Measure the plasma electrolytes if the patient becomes confused; • 
tricyclic antidepressants can cause hyponatraemia through 
inappropriate ADH secretion.

Effi cacy
10–20% of patients fail to respond. Treatment with an inadequate dose • 
is responsible for a proportion of these. Review the dose if the patient 
is not responding.

The caveat to this is that elderly people may not be able to tolerate • 
large doses, owing to the anticholinergic effects.

9 - Explain to the patient that these drugs will not work instantly, that it 
may take weeks before the fi rst benefi ts are seen, and that it may be 
some months before they recover.
Warn the patient about anticholinergic adverse effects. Explain that • 
many patients become tolerant to these after a short period, allowing 
them to continue treatment.
Explain that the tablets are only part of the treatment; psychological • 
support is also important.
These drugs may cause drowsiness that will interfere with skilled • 
motor tasks (e.g. driving).
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Prescribing information: Tricyclic antidepressants
There are many drugs in this class; the following are given as examples.

Amitriptyline
Depression•  Initially 75 mg (elderly and adolescents 30–75 mg) daily in divided 
doses or as a single dose at bedtime, increased gradually as necessary to 
150–200 mg.
Nocturnal enuresis•  Children 7–10 years, 10–20 mg; 11–16 years, 
25–50 mg at night.
Other indications•  See how to use section.

Clomipramine
Depression•  Initially 10 mg daily, increased gradually as necessary to 
30–150 mg daily in divided doses or as a single dose at bedtime; maximum 
250 mg daily. Elderly, initially 10 mg daily, increased carefully over about 
10 days to 30–75 mg daily.
Phobic and obsessional states•  Initially 25 mg daily (elderly 10 mg daily), 
increased over 2 weeks to 100–150 mg daily.

Imipramine
Depression•  Initially up to 75 mg daily in divided doses, increased 
gradually to 150–200 mg (up to 300 mg in hospital patients). Up to 
150 mg may be given as a single dose at bedtime. Elderly, initially 
10 mg daily, increased gradually to 30–50 mg daily.
Nocturnal enuresis•  Children 7 years, 25 mg; 8–11 years, 25–50 mg; over 
11 years, 50–75 mg at bedtime.

Lofepramine
Depression•  140–210 mg daily in divided doses. Elderly people may respond 
to lower doses.

Reference
1 Buckley NA, McManus PR. Fatal toxicity of serotoninergic and other antidepressant drugs: 

analysis of United Kingdom mortality data. BMJ 2002, 325:1332–3.
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Treatment of tricyclic antidepressant 
overdose 

- Deliberate overdose of tricyclic antidepressants is common and is responsible 
for a signifi cant proportion of the fatal overdoses in the UK.

- The toxicity of tricyclic antidepressants in overdose is principally related to their 
effects on the heart.

Adrenergic and anticholinergic effects (tachycardia and arrhythmias).• 
Quinidine-like delays in cardiac conduction (prolonged QT interval).• 
Direct myocardial depression.• 

Clinical features of tricyclic antidepressant overdose
- Anticholinergic features: hot dry skin, dry mouth and tongue, dilated pupils, and 

urinary retention.
- Cardiac features: the most common fi nding is a sinus tachycardia. ECG features 

include prolongation of the PR and QT intervals; in very severe poisoning the 
ECG may be bizarre.

- CNS features: drowsiness is common and can very rapidly progress to coma 
with respiratory arrest. Twitching and myoclonic jerks are seen. Generalized 
seizures occur in >5% of cases.

Management summary (refer to your local poisons centre for the latest 
guidelines)
- Be prepared to intubate and ventilate the patient if necessary. Institute 

continuous cardiac monitoring.
- Give activated charcoal (50 g) by mouth or nasogastric tube if more than 

4 mg/kg has been ingested within 1 hour, provided the airway can be protected. 
A second dose of charcoal (50 g) should be considered after 2 hours in patients 
with central features of toxicity. Give multiple-dose activated charcoal if a 
modifi ed-release formulation has been ingested.

- Forced diuresis, haemodialysis, and haemoperfusion are of no proven value.
- Resist the temptation to treat arrhythmias with drugs. Arrhythmias are best 

treated by correction of hypoxia and acidosis.
- Even in the absence of acidosis, sodium bicarbonate 50 mmol should be given iv 

to an adult with arrhythmias or signifi cant ECG abnormalities (500 mL of 1.26% 
sodium bicarbonate contains 75 mmol, and 50 mL of 8.4% contains 50 mmol). 
Bicarbonate alters the binding of tricyclic antidepressants to the myocardium. 
Further doses may be required, depending on the clinical response.

- Control convulsions with intravenous diazepam (0.1–0.3 mg/kg) or lorazepam 
(4 mg). Do not use phenytoin.

TEACHING 
POINT
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Selective serotonin reuptake 
inhibitors (SSRIs)
Inhibitors of the reuptake of serotonin (5-HT) in central 
monoaminergic neurons

-  Although the pharmacological actions 
of these drugs are well described, the 
mechanism by which they have an 
antidepressant effect is not fully 

understood. It appears to involve an adaptive 
response within the brain to the changes in 
serotoninergic neurotransmission. 

- Unlike the related tricyclic antidepressants, these 
drugs do not have marked central and peripheral 
anticholinergic effects.

0 - Treatment of depression (especially of the endogenous type).
Treatment of panic disorder (paroxetine, citalopram) and social • 
phobias (paroxetine).
Treatment of obsessive–compulsive disorder (fl uoxetine, fl uvoxamine, • 
paroxetine, sertraline).
Treatment of bulimia nervosa (fl uoxetine).• 
Treatment of generalized anxiety and post-traumatic stress disorder.• 

1 - Do not use with MAOIs, especially tranylcypromine
Wait 2–3 weeks after stopping an MAOI before starting an SSRI, and • 
vice versa

SSRIs can have a stimulant effect; they are contraindicated in bipolar • 
depression and mania.
Although the SSRIs have few anticholinergic effects, take care in • 
patients with prostatic enlargement or closed-angle glaucoma.
The use of SSRIs is not recommended in patients receiving electrocon-• 
vulsive therapy, but this is a benefi t/harm decision that should be taken 
by the specialist treating the patient. SSRIs lower the seizure threshold.
The manufacturers advise that these drugs should not be given during • 
pregnancy unless they are essential. There is no evidence of toxicity.
The use of SSRIs in patients with a history of bleeding disorders • 
(especially gastrointestinal bleeding) is not recommended (see later 
notes).
Halve the dose or avoid these drugs in severe hepatic or renal • 
insuffi ciency.

4 Depression
SSRIs are no more effective antidepressants than tricyclic drugs, but • 
they are better tolerated. In addition, they are considerably less car-
diotoxic in overdose.
Like the tricyclic antidepressants, they take about 2 weeks before they • 
begin to work. Consider additional emergency treatment, such as 
electroconvulsive therapy, if this delay poses an unacceptable risk to 
the patient (but see cautions noted earlier).

Drugs in this class
- Fluoxetine
- Paroxetine
- Fluvoxamine
- Sertraline
- Citalopram

Escitalopram is the • 
S (+) isomer of 
citalopram
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The differences between the SSRIs are not great, but the following • 
factors may be taken into account:

Rapid onset of action required: avoid fl uoxetine; fl uoxetine has a • 
slower onset of action than the other SSRIs; however, the long 
half-life may be an advantage when compliance is erratic.
Paroxetine and fl uvoxamine are slightly less well tolerated than the • 
other SSRIs.
When there are concomitant medications that have the potential to • 
interact, citalopram or sertraline may be the best choice.

Other indications
The other indications for the use of SSRI should be reserved for • 
specialist use following a thorough assessment and consideration of 
other therapeutic options. SSRIs are not appropriate for mild anxiety 
or shyness.

6 - Adverse effects are very common (57% of patients), but in most cases 
they are mild and transient.
Gastrointestinal adverse effects are common: nausea, constipation, • 
diarrhoea, dry mouth, and dyspepsia.
Headache.• 
SSRIs can cause CNS symptoms: agitation, anxiety, tremor, akathisia • 
(‘inner restlessness’), nervousness, and insomnia.
Hyponatraemia caused by a syndrome of inappropriate ADH secretion • 
(SIADH) is more common than with tricyclic antidepressants and is 
especially likely in elderly people.
Hypersensitivity phenomena and vasculitis are rare.• 
The SSRIs can cause the serotonin syndrome; this is uncommon when • 
they are used on their own, but is much more common when the 
patient is taking another drug that affects serotonin metabolism (see 
teaching point box, b p. 329).
A meta-analysis of placebo-controlled clinical trials of antidepressant • 
drugs in adult patients with psychiatric disorders showed an increased 
risk of suicidal behaviour with antidepressants compared with placebo 
in patients <25 years old.

Patients with increased risk factors for suicide should be carefully • 
evaluated for the presence or worsening of suicide-related 
behaviour.
Only provide 2 weeks’ supply of drug at a time to reduce the risk • 
from overdose in those at risk.

Withdrawal reactions are relatively common, particularly with • 
paroxetine.

Withdraw over 4 weeks if the patient has taken a short course.• 
Withdraw over 6 months if they have been on long-term • 
maintenance treatment.

There is some evidence that SSRIs increase the risk of gastrointestinal • 
bleeding. The risk is small but increased in those aged >80 years and 
those also taking NSAIDS, anticoagulants, and other drugs that 
increase the risk of bleeding.

7  - Do not give SSRIs with a MAOI (unless under specialist supervision).



326 DEPRESSION BNF Reference 4.3.3

Take care when giving these drugs with other drugs that can stimulate • 
the CNS (e.g. 5-HT1 receptor agonists (‘triptans’), entacapone, 
selegiline, sibutramine, lithium, tramadol).
Take care if the patient has epilepsy; SSRIs lower the seizure threshold • 
and can increase the metabolism of common antiepileptic drugs.
Do not give these drugs with the antimalarial drugs lumefantrine and • 
Artemisia derivatives.
The SSRIs interact with the cytochrome P450 enzymes. This is greatest • 
for fl uoxetine, fl uvoxamine, and paroxetine; less for sertraline; and 
least for citalopram.
SSRIs can cause the serotonin syndrome, especially when they are • 
co-prescribed with other drugs that affect serotonin metabolism 
(see teaching point box, b p. 329).

Case history
- A 46-year-old university lecturer with severe depression was initially treated 

with fl uoxetine but became very agitated and was instructed to stop the 
fl uoxetine and take amitriptyline instead; later risperidone was added. After 
6 weeks he remained depressed and the selective type A MAOI moclobemide 
was started. 5 days later he was admitted to hospital comatose, with myoclonus, 
sweating, pyrexia, dehydration, hypotension, and renal failure. At this point his 
medication was amitriptyline 75 mg/day, risperidone 1 mg/day, and moclobemide 
150 mg bd. It later transpired that he had been anxious about stopping the 
fl uoxetine and had continued with it until only a few days before starting the 
moclobemide. The admitting team were concerned to differentiate between 
neuroleptic malignant syndrome and serotonin syndrome. The lack of muscle 
rigidity, the presence of myoclonus, the rapidity of onset, multiple serotonergic 
drugs used, and the autonomic features all pointed to this being the serotonin 
syndrome precipitated by the overlap between fl uoxetine, amitriptyline, and 
moclobemide therapy.

8 Safety and effi cacy
Pharmacological intervention is only part of the treatment for • 
depression. Regular clinical assessment is important to ensure that 
the patient is improving.
Measure the plasma electrolytes if the patient becomes confused. • 
SSRIs can cause hyponatraemia.

9 - Explain to the patient that these drugs will not work instantly; it can 
take weeks before the fi rst benefi ts are seen, and some months before 
they recover.
Explain that the tablets are only part of the treatment; psychological • 
support is also important.
Warn the patient that adverse effects are common, but are usually • 
mild and transient.
These drugs may cause drowsiness that will interfere with skilled • 
motor tasks (e.g. driving).
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Case histories
- A previously fi t 79-year-old woman was found by her GP to be mildly 

hypertensive and was given bendrofl umethiazide 2.5 mg/day. A year later she 
also developed depression and was given citalopram 20 mg/day. Some months 
later she became very confused and lethargic and was treated for a chest 
infection but did not improve. Plasma electrolytes showed a sodium of 
109 mmol/L and she was admitted to hospital, where she gradually improved 
with withdrawal of the thiazide and citalopram and treatment of pneumonia.

Symptomatic hyponatraemia is often multifactorial and drugs are commonly impli-
cated—in this case the combination of the thiazide diuretic and SSRI could well 
have been responsible. Respiratory infections can also be associated with SIADH.

- A 52-year-old man, who was taking fl uoxetine for depression, developed a 
painful right knee. He went to his local pharmacy, purchased ibuprofen tablets 
over the counter, and took 200 mg three times a day for 2 weeks. At the end of 
this time he felt lethargic and on one occasion was light-headed on getting out 
of bed. The next day he developed melaena and was subsequently found to have 
a bleeding duodenal ulcer and his haemoglobin had fallen to 7.9 g/dL.

NSAIDs increase the risk of upper gastrointestinal bleeding, but observational 
studies suggest that SSRIs are also associated with a doubling of the background 
risk of upper gastrointestinal bleeding, and if they are used in combination with 
NSAIDs the risk is increased >6-fold.
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Prescribing information: SSRIs
The information here relates to the use of these drugs in depression. 
Seek expert advice for other indications.
Fluoxetine

Depression•  20 mg daily, increased after 3 weeks up to 60 mg maximum daily, 
if necessary.

Citalopram
Depression•  20 mg daily as a single dose in the morning or evening, increased 
if necessary to a maximum of 60 mg daily. In elderly people, maximum 40 mg 
daily.

Fluvoxamine
Depression•  Initially 50–100 mg daily in the evening, increased if 
necessary to a maximum of 300 mg daily. If giving over 100 mg, divide the 
dose.

Paroxetine
Depression•  Usually 20 mg each morning; if necessary increased 
gradually in steps of 10 mg to a maximum of 50 mg daily. In elderly people, 
maximum 40 mg daily.

Sertraline
Depression • Initially 50 mg daily. This is also the usual maintenance dose, but it 
can be increased if necessary by increments of 50 mg over several weeks to 
a maximum of 200 mg daily.



329CHAPTER 4 Central nervous system

The serotonin syndrome

The serotonin syndrome is a potentially fatal 
consequence of excessive serotonergic 
neurotransmission. It can be confused with 
the neuroleptic malignant syndrome, as 
there are some features in common, 
but as the table shows there are 
some key differences.

Feature Serotonin 
syndrome

Neuroleptic 
malignant 
syndrome

Neuroleptic 
drugs

0 +++

Serotonergic 
drugs

+++ 0

Hyperactivity +++ 0

Clonus +++ 0

Tremor +++ +

Shivering +++ 0

Hyper-refl exia +++ 0

Rapid onset +++ 0

Leaden rigidity 0 +++

Bradykinesia 0 +++

Stupor/mutism 0 +++

Creatine 
kinase activity

++ +++

Hallucinations + ++

- The serotonin syndrome is rare when only one serotonergic drug is used, 
but the risk is greatly increased when two or more are used. A list is given next 
to the table; note that some are not obvious and so are more likely to be 
co-prescribed. 

- Management is largely supportive.
There is little trial evidence to guide management in more severe cases; • 
contact your local poisons information centre for specifi c advice.
Treat fi ts with diazepam. • 
Dantrolene and cooled iv fl uids may be used for the features of malignant • 
hyperthermia. 
Other treatments, such as chlorpromazine, cyproheptadine, and propranolol, • 
are more controversial. Seek expert advice before using these drugs.

TEACHING 
POINT

Drugs that can cause 
the syndrome
- SSRIs
- Serotonin precursors 

(tryptophan)
- Serotonin agonists (the 

‘triptans’, buspirone, and 
LSD)

- Serotonin releasers 
(MDMA/ecstasy, 
amphetamines, 
amphetamine-like 
compounds, sibutramine)

- MAOIs 
- Others (chlorphenamine, 

pethidine, cocaine, 
tramadol, levodopa, 
bromocriptine, lithium, 
St John’s wort)



330 DEPRESSION BNF Reference 4.3.4

Venlafaxine
Inhibitor of the reuptake of serotonin (5-HT) and noradrenaline

-  Although the pharmacological actions 
of this drug are well described, the 
mechanism by which it has an 
antidepressant effect is not fully 
understood. It appears to involve an 
adaptive response within the brain to 
the changes in neurotransmission.

- Venlafaxine has fewer anticholinergic adverse 
effects than tricyclic antidepressant drugs. 

0 - Treatment of depression (especially of the 
endogenous type).
Treatment of generalized anxiety and social • 
anxiety disorder.

1 - Do not use with MAOIs, especially 
tranylcypromine.
Wait 2–3 weeks after stopping a MAOI • 
before starting venlafaxine, and vice versa.
Although venlafaxine has few anticholinergic • 
effects, take care in patients with prostatic 
enlargement or closed-angle glaucoma.
Venlafaxine lowers the seizure threshold.• 
Avoid venlafaxine in patients with severe hypertension, recent • 
myocardial infarction, or unstable cardiac disease.
There is no information on the safety of venlafaxine in pregnancy; • 
avoid it.
Avoid venlafaxine in severe hepatic or renal insuffi ciency.• 

4 Depression
Venlafaxine is not usually used as fi rst-line treatment of depression. • 
Consider a tricyclic antidepressant or SSRI.
Venlafaxine is increasingly used as adjunctive therapy in severe or • 
resistant cases. Seek a specialist opinion before using it in this way.
Avoid abrupt withdrawal.• 

6 - Gastrointestinal adverse effects are common, especially nausea.
Venlafaxine can cause hypertension.• 
Hypersensitivity phenomena (e.g. urticaria) are uncommon, but can be • 
severe. Stop the drug if they occur.
Venlafaxine can cause the serotonin syndrome; this is uncommon • 
when it is used on its own, but is much more common when the 
patient is taking another drug that affects serotonin metabolism (see 
b teaching point in SSRIs, p. 329).

7  - Take care if the patient has epilepsy; venlafaxine lowers the seizure 
threshold and increases the metabolism of some antiepileptic drugs.
Venlafaxine can cause the serotonin syndrome, especially when it is • 
co-prescribed with other drugs that affect serotonin metabolism.

Other antidepressant 
drugs
- Tricyclic 

antidepressant drugs
- Selective serotonin 

reuptake inhibitors 
(SSRIs)

- Mirtazapine* 
(presynaptic A2 
antagonist)

- Nefazodone* 
(SSRI and serotonin  
receptor antagonist)

- Reboxetine* 
(noradrenaline 
reuptake inhibitor)

- Tryptophan* 
(amino acid)

*Specialist use; not 
 considered further here.
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Avoid giving venlafaxine with sibutramine; there is an increased risk of • 
CNS toxicity.
A meta-analysis of placebo-controlled clinical trials of antidepressant • 
drugs in adult patients with psychiatric disorders showed an increased 
risk of suicidal behaviour with antidepressants compared with placebo 
in patients <25 years old.

Patients with increased risk factors for suicide should be carefully • 
evaluated for the presence or worsening of suicide-related 
behaviour.
Only provide 2 weeks’ supply of drug at a time to reduce the risk • 
from overdose in those at risk.

8 Safety and effi cacy
Pharmacological intervention is only part of the treatment of • 
depression. Regular clinical assessment is very important to ensure 
that the patient is improving.
Measure the BP if the daily dose exceeds 200 mg.• 

9 - Explain to the patient that venlafaxine will not work instantly; it may 
take weeks before the fi rst benefi ts are seen, and it may be some 
months before recovery is complete.
Explain that the tablets are only part of the treatment; psychological • 
support is also important.
Advise the patient to seek medical advice if they develop a rash while • 
taking this drug.
Venlafaxine may cause drowsiness that will interfere with skilled • 
motor tasks (e.g. driving).

Prescribing information: Venlafaxine
The information here relates to the use of this drug in depression. 
Seek expert advice for other indications.
Depression

Dosing information relates to standard formulations; for modifi ed-• 
release formulations consult the manufacturers’ information.
By mouth, 37.5 mg twice daily.• 
Can be increased to 75 mg twice daily after several weeks, if required.• 
The maximum dose in severe cases is 375 mg daily (in divided doses), but • 
the patient should not be maintained on this dose.
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Monoamine oxidase inhibitors (MAOIs)
Inhibitors of the enzyme monoamine oxidase

Amine neurotransmitters

(e.g. 5HT, catecholamines,

dopamine)  

Monoamine oxidase (MAO)

MAO has two isoforms:

- MAO
A

 is principally found in the liver and gut

- MAO
B
 is principally found in the brain

Monoamine oxidase

inhibitors (MAOIs)

Inactive 

metabolites

0 - Second-line treatment of depression 
(non-selective inhibitors and moclobemide).

Especially if there are phobic or other atypical • 
symptoms (e.g. hysteria).

Treatment of Parkinson’s disease (selegiline and • 
rasagiline).

1 - Avoid these drugs in patients with 
cerebrovascular disease, who are more 
susceptible to their adverse effects.
Avoid them in patients with established cardiac • 
disease, hypertension, or arrhythmias.
They can cause CNS stimulation; avoid them in • 
patients with a history of psychotic illness.
The non-selective MAOIs can cause idiosyncratic liver damage; avoid • 
them in patients with hepatic insuffi ciency.
There is little evidence of harm from these drugs during pregnancy, • 
but use them only when the likely benefi ts are compelling.
MAOIs are potentially hazardous; see adverse effects noted later. • 
Their use is usually restricted to patients unresponsive to other 
treatments. For these reasons they should be initiated and monitored 
by a specialist.
Phenelzine and isocarboxazid cause less CNS stimulation than • 
tranylcypromine and iproniazid.

4 - It takes 2–3 weeks for an effect of these drugs to be apparent, and 
4–6 weeks for the effect to be maximal.
Although little used nowadays, they are sometimes used in • 
combination with other antidepressant drugs (tricyclic drugs and 
SSRIs); this increases the incidence of serious adverse effects and 
should not be done except under the supervision of a specialist.

Wait 14 days after stopping an MAOI before starting another • 
antidepressant drug, and vice versa.

When withdrawing these drugs, do so slowly.• 

Parkinson’s disease (selegiline and rasagiline)
Treatment with MAOIs has become controversial, because of • 
evidence that it can increase mortality during long-term treatment. 
This remains a subject of debate and should be balanced against any 
potential benefi t from improved symptomatic control that may result 
from treatment.
Selegiline and rasagiline are used with levodopa to reduce the end-of-• 
dose deterioration in control.

When selegiline is used in combination, the dose of levodopa must • 
be reduced by 10–50%; no dose reduction is required with rasagiline.

Drugs in this class
- Non-selective 

MAOIs
Phenelzine, • 
isocarboxazid, 
tranylcypromine, 
iproniazid

- Inhibitor of MAOA
Moclobemide • 
(reversible)

- Inhibitor of MAOB
Selegiline• 
Rasagiline• 

Note that linezolid
(an antibiotic) is also
a non-selective, 
reversible MAOI.
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Selegiline and rasagiline are also used early in treatment to delay the • 
time when levodopa is required.

There is little evidence that early treatment with MAOIs has any • 
effect on the overall progression of the disease.

6 - Adverse effects from these drugs are very common.
CNS effects include dizziness, over-stimulation, insomnia, agitation, • 
and anxiety.
They may also have autonomic effects: dry mouth, blurred vision, • 
postural hypotension, and blurred vision.
Gastrointestinal adverse effects include nausea and vomiting.• 
They can cause hyponatraemia, resulting in confusion and seizures.• 
They can cause the tyramine (‘cheese’) reaction.• 

Note that selegiline and rasagiline do not cause this adverse effect, • 
and that it is less common with moclobemide.
The tyramine reaction is characterized by severe hypertension, • 
headache, palpitation, sweating, nausea, and vomiting; it can be fatal
It occurs as a result of ingestion of tyramine-rich foods or • 
coadministration of other drugs that potentiate aminergic 
neurotransmission (see box in prescribing information, b p. 334).
This reaction makes these drugs potentially hazardous and limits • 
their clinical use.

7  - The incidence of adverse effects is more common when these drugs 
are given with other antidepressant drugs. This should only be done 
under specialist supervision.
These drugs can cause the serotonin syndrome (• see b SSRIs, p. 329) 
when given with other drugs that potentiate serotonin 
neurotransmission; these include pethidine, sibutramine, bupropion 
(amfebutamone), and 5-HT1 agonists (the triptans). Avoid these 
combinations.
They can potentiate the action of oral hypoglycaemic drugs • 
(mechanism unknown); avoid the combination.
Coadministration of certain drugs and foods can result in the tyramine • 
reaction. Avoid these drugs. See box in prescribing information, 
b p. 334, for a list.

8 Safety and effi cacy
Depression.• 

It is recommended that patients taking these drugs be reviewed • 
every 1–2 weeks initially and then every 4 weeks for the duration of 
treatment (usually 6 months).
If the patient becomes confused or has a seizure, measure the • 
plasma sodium concentration.

Parkinson’s disease.• 
Initial dose titration will require regular review, especially if the • 
patient is also taking levodopa.

Warn patients that these drugs can interfere with skilled motor tasks, • 
especially driving.
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9 - Give patients taking non-selective MAOIs a warning card containing 
advice on how to avoid the tyramine reaction.

Prescribing information: MAO inhibitors
Depression

Moclobemide•  Initially 150 mg bd; increased as required, up to 600 mg daily.
Although phenelzine and isocarboxazid are preferred over tranylcypromine • 
and iproniazid, they should only be used by specialists; detailed prescribing 
information is not given.

Parkinson’s disease
Selegiline•  By mouth, either 10 mg daily, or 5 mg at breakfast and 5 mg at 
midday. Consider an initial dose of 2.5 mg in elderly people.
Rasagiline•  By mouth, 1 mg daily with or without levodopa.

Drugs and foods that can precipitate the tyramine reaction in 
patients taking non-selective MAOIs (not selegiline, rasagiline, or 
moclobemide)

Drugs
- Other amine drugs

Ephedrine, pseudoephedrine (note • 
that these are common 
components of many decongestant 
cough and cold cures)

- Dopamine receptor agonists
Levodopa, pergolide, ropinirole, • 
cabergoline, apomorphine

- Direct sympathomimetics
Beware lidocaine with adrenaline• 

- Indoramin (alpha-adrenoceptor 
antagonist)

Tyramine-rich foods
- Cheese (especially cheddar)

Not cottage or cream cheeses• 
- Meat and yeast extracts

E.g. Oxo• ®, Bovril®, Marmite®, 
Vegemite®

- Some red wines 
- Hung game and poultry
- Pickled herring
- Broad beans
- Alcoholic and dealcoholized 

beverages
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Antipsychotic/neuroleptic drugs
Dopamine receptor antagonists

These drugs are

dopamine receptor

type 2 (D2)

antagonists.   

This is probably the basis of their acute

sedative/tranquillizing effect. The antipsychotic

effect is probably an adaptive response to the  

antidopaminergic actions. 

These drugs also have anticholinergic, antihistaminic, and A-adrenergic actions.

The contribution of these to their antipsychotic effect is not known, but they

do cause adverse effects.   

0 - Sedative and tranquillizing effects.
Treatment of severe anxiety, acute mania, • 
or psychosis.
Sedation in acute confusional states.• 
Premedication before general anaesthesia.• 
As an adjunct to analgesia in palliative • 
care.
See • b Prochlorperazine, p. 70 for 
antiemetic actions.

Treatment of chronic schizophrenia.• 
Occasionally used for intractable hiccup.• 

1 - Do not use sedative drugs inappropriately. 
They are not suitable for patients you fi nd 
diffi cult or who suffer with dementia. Elderly 
people are particularly sensitive to the effects 
of these drugs; give small initial dosages.
Do not give these drugs to patients with • 
reduced consciousness.
Antipsychotic drugs have anticholinergic • 
effects; avoid them in patients with urinary 
retention or closed-angle glaucoma.
Antipsychotic drugs can cause cardiac • 
arrhythmias, usually by 
prolonging the QT interval. The risk is 
greatest with droperidol, 
haloperidol, and thioridazine (now withdrawn owing to this risk).
Do not use these drugs in patients with hepatic insuffi ciency; they can • 
induce hepatic coma.
Patients with renal insuffi ciency are more sensitive to the actions of • 
these drugs; use smaller initial doses.
Do not use antipsychotic drugs in patients with Parkinsonian • 
symptoms; the antidopaminergic actions can worsen these.
Antipsychotic drugs can lower BP; avoid them in patients with • 
hypotension.
Do not use antipsychotic drugs in patients with phaeochromocytoma; • 
they can precipitate a hypertensive crisis.

Example drugs in 
this group
- Phenothiazines

Chlorpromazine• 
Prochlorperazine• 
Thioridazine • 

- Thioxanthenes
Flupentixol• 
Zuclopenthixol• 

- Butyrophenones
Haloperidol• 

- Atypical 
  antipsychotic
  drugs

Risperidone• 
Clozapine• 
Olanzapine• 
Quetiapine• 
Sertindole• 
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4 - Antipsychotic drugs vary in the degree of sedation they cause. Those 
that cause less sedation tend to have more marked extrapyramidal or 
anticholinergic effects.

Very sedative (e.g. chlorpromazine).• 
Less sedative but marked extrapyramidal actions • 
(e.g. prochlorperazine).
Haloperidol—high risk of extrapyramidal effects but causes less • 
hypotension.

Acute treatment
The doses of these drugs are lower when they are given by • 
intramuscular injection than by mouth. This is particularly true if 
patients are very physically active (agitated), as this will increase the 
speed of absorption from the muscle.
Review the dose daily to avoid oversedation.• 
Antipsychotic drugs are more effective for the acute psychotic • 
symptoms of schizophrenia, rather than chronic symptoms.
They are a specifi c treatment for schizophrenia, but not for any other • 
diagnoses. They can provide a window of time in which to assess and 
investigate an acutely unwell patient. Always consider the underlying 
cause for the patient’s symptoms and treat that, if it is possible.
See teaching point box, • b p. 341, for guidance on the management of 
the acutely agitated patient.

Anaesthesia
These drugs have been used for premedication, but benzodiazepines • 
are now preferred.

Hiccup
Remember that hiccup is a symptom of diaphragmatic irritation, not a • 
diagnosis.
Ideally the cause should be treated, but when this is not possible, • 
consider a small dose of haloperidol or chlorpromazine.

Use of antipsychotic drugs in palliative care (see also b p. 736)
- Haloperidol can be used in a dose of 1.5 mg daily by mouth, or twice daily 

if required. Haloperidol is effective for most chemical causes of vomiting 
(e.g. hypercalcaemia, renal failure). Haloperidol can also be used in a 
subcutaneous infusion at a dose of 5–15 mg/24 hours.

- Levomepromazine (methotrimeprazine) causes sedation in about 50% of patients. 
It can be given as a subcutaneous infusion of 25–200 mg/24 hours. Lower doses 
(5–25 mg/24 hours) can be effective and cause less sedation.

Treatment of chronic schizophrenia
The choice of drug for long-term treatment should be made by a • 
specialist.
NICE has recommended that atypical antipsychotic drugs should be • 
considered for newly diagnosed patients, patients with intolerable 
adverse effects from conventional antipsychotic drugs, and those who 
relapse on conventional antipsychotic drugs.
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Treatment is often by depot injection, which improves compliance but • 
can be associated with a higher risk of extrapyramidal adverse effects 
than treatment by mouth.
Depot injections release the drug slowly; they are not appropriate for • 
the treatment of acute symptoms. See b Calcium channel blockers, 
p. 181 for more information on modifi ed-release formulations.

Zuclopentixol is used for patients with aggression and agitation.• 
Note that several of the depot injections contain sesame oil; check • 
that the patient is not allergic to this.

Some patients benefi t from a dose of antipsychotic drug that is above • 
the licensed maximum. The Royal College of Psychiatrists offers the 
following guidance:

Antipsychotic drugs above their licensed maximum dose should only • 
be used under the direct supervision of a specialist.
Consider alternative or adjuvant treatments fi rst.• 
Do not increase the dose more rapidly than weekly.• 
If there has been no additional benefi t after 3 months at the higher • 
dose, reduce the dose and consider alternatives.
Patients are at greater risk of adverse effects at these higher dosages; • 
they should have formal monitoring of body temperature, BP, pulse, 
and ECG.

Do not withdraw antipsychotic drugs suddenly.• 
6 - All of these drugs cause sedation to a greater or lesser degree. 

Tolerance to this can develop with time.
Antipsychotic drugs can cause the neuroleptic malignant syndrome.• 

This is characterized by fever, rigidity, reduced consciousness, and • 
autonomic disturbances (labile BP, tachycardia, hyperthermia); it can 
be fatal.
Stop the drug immediately. There are no established effective • 
treatments, but cooling, bromocriptine (a dopamine receptor 
agonist), and dantrolene (see b p. 668) can be helpful.
The syndrome usually lasts 5–7 days.• 

Extrapyramidal (antidopaminergic) adverse effects are common.• 
Acute dystonias can develop after only a few doses.• 
Akathisia tends to develop if large initial dosages are used.• 
Parkinsonian symptoms develop gradually.• 
This group of symptoms can be treated with anticholinergic drugs, • 
such as procyclidine.
Tardive dyskinesia is most commonly associated with prolonged use, • 
but can occur after short-term treatment.
This is characterized by involuntary dyskinetic movement of the jaw, • 
lips, and trunk.
It can persist despite withdrawal of the drug.• 
There are no established effective treatments, but some manufac-• 
turers suggest that the effect can be mitigated by withdrawal of the 
drug as soon as the fi rst symptoms appear.
The young, elderly, and debilitated are at greatest risk.• 

The antidopaminergic actions can also cause prolactin release, leading • 
to galactorrhoea, gynaecomastia, and menstrual disturbances.
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The anticholinergic actions can cause dry mouth, blurred vision, and • 
urinary retention.
Antipsychotic drugs can cause dizziness, but are also used to treat • 
acute vertigo (see b Prochlorperazine, p. 75).
Hypersensitivity phenomena, such as photosensitive rash, are • 
common.
These drugs can cause cardiac arrhythmias, usually by prolonging the • 
QT interval. The risk is greatest with droperidol, haloperidol, and 
thioridazine.
Antipsychotic drugs can cause hypotension, especially in hypovolaemic • 
patients. Take care postoperatively.
Antipsychotic drugs can lower body temperature.• 
Antipsychotic drugs increase the risk of thromboembolism about • 
3-fold, probably through an action on platelets.
Rare adverse effects include blood dyscrasias and liver toxicity • 
(jaundice).

Clozapine carries a particular risk of agranulocytosis (see later • 
notes).

Long-term treatment can cause corneal opacities and pigmentation of • 
the cornea, conjunctiva, and retina.

7  - Antipsychotic drugs antagonize the effects of anticonvulsant drugs 
increasing the risk of seizures.
Antipsychotic drugs potentiate the actions of other sedating drugs • 
(e.g. alcohol).

Case history
Paradoxical adverse drug reactions
- A 42-year-old alcoholic man was admitted to hospital after a series of seizures. 

He was given intravenous B vitamins and a reducing dose of chlordiazepoxide in 
an attempt to minimize the symptoms of acute alcohol withdrawal. 24 hours 
after admission he became very aggressive, disoriented, and violent, and because 
he was a danger to himself and others he was sedated, despite not having given 
his consent, with intravenous lorazepam. However, despite repeated doses of 
2 mg every 10 minutes he became even more agitated. When the cumulative 
dose of lorazepam reached 12 mg he was given haloperidol 10 mg by 
intramuscular injection and that achieved suffi cient sedation for him to be 
nursed safely.

People who consume excessive alcohol may tolerate much higher than average 
doses of benzodiazepines, but the increasing agitation that this patient suffered sug-
gests that he may also have experienced paradoxical benzodiazepine stimulation, 
which is an unusual adverse effect but well described.

Many other paradoxical adverse drug reactions have been described, although 
most are uncommon. One of the commonest is the proarrhythmic effects of 
antiarrhythmic drugs, which has been reported in about 10% of cases in large 
studies. Allopurinol, used in the long-term treatment of gout, can paradoxically 
precipitate gout in the fi rst few days of therapy; this can be prevented by the 
concomitant prescription of a non-steroidal anti-infl ammatory drug.



340 PSYCHOSES AND BIPOLAR DISORDER BNF Reference 4.2

Antipsychotic drugs potentiate the actions of other drugs that lower • 
the BP.
Avoid giving them to patients taking other drugs that can prolong the • 
QT interval (this includes tricyclic antidepressant drugs). See 
b p. 690.
The risk of neurotoxicity from lithium is increased when it is given with • 
these drugs.
Avoid giving these drugs with other drugs that can cause • 
agranulocytosis.
Avoid giving them with other drugs that increase the risk of • 
thromboembolism (e.g. oestrogens).

8  - Record an ECG before starting treatment with antipsychotic drugs. 
Measure the QT interval and consider if it is prolonged. Note the 
guidance on monitoring given earlier if the patient is given a dose 
above the licensed maximum.
Consider thromboprophylaxis if the patient is at increased risk • 
(e.g. admitted to hospital for surgery).
Measure a full blood count, liver function tests, and creatine kinase • 
(CK) if the patient develops an unexplained fever or infection.

Special precautions for the use of clozapine
- Clozapine is a useful atypical antipsychotic drug, but it is associated with a 

signifi cant risk of agranulocytosis.
- All patients taking clozapine must be enrolled in a monitoring scheme 

(Clozaril® Patient Monitoring Scheme).
- Patients must have a full blood count weekly for the fi rst 18 weeks of 

treatment, every fortnight up to 1 year, and monthly thereafter.

9  - Warn the patient that these drugs cause sedation, which can interfere 
with skilled motor tasks (e.g. driving).
Warn the patient of the risk of a photosensitive rash; advise them • 
to use a sun-block.
Advise the patient to seek medical attention if they develop an • 
unexplained fever or infection.
Chlorpromazine can cause contact sensitization. Advise patients • 
and carers not to crush the tablets, and to avoid unnecessary 
handling of the drug.

Prescribing information: Antipsychotic drugs
Many drugs are available; chlorpromazine and haloperidol are given as exam-• 
ples.
See • b Prochlorperazine, p. 70 for antiemetic actions of these drugs.
Detailed information is not given for the chronic treatment of • 
schizophrenia; this should be under the direction of a specialist.

Chlorpromazine
Schizophrenia and other psychoses, mania, short-term adjunctive • 
management of severe anxiety, psychomotor agitation, excitement, and 
violent or dangerously impulsive behaviour.

By mouth, initially 25 mg 3 times daily.• 
The usual maintenance dose is 75–300 mg daily.• 
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Up to 1 g daily may be required in psychoses.• 
By intramuscular injection, 25–50 mg every 6–8 hours.• 
20–25 mg chlorpromazine hydrochloride by intramuscular injection is • 
equivalent to 40–50 mg of chlorpromazine by mouth.
Halve the initial dose in elderly or debilitated patients.• 

Intractable hiccup.• 
By mouth, 25–50 mg 3 or 4 times daily adjusted according to the response.• 

Haloperidol
Schizophrenia and other psychoses, mania, short-term adjunctive • 
management of psychomotor agitation, excitement, and violent or danger-
ously impulsive behaviour.

By mouth, initially 0.5–3 mg 2 or 3 times daily.• 
3–5 mg 2 or 3 times daily in severely affected or resistant patients.• 
In resistant schizophrenia up to 30 mg daily may be needed.• 
By intramuscular or intravenous injection, initially 2–10 mg.• 
Then every 4–8 hours, according to the response.• 
The total maximum dose is 18 mg.• 
Halve the initial dose in elderly or debilitated patients.• 

Intractable hiccup.• 
By mouth, 1.5 mg 3 times daily adjusted according to the response.• 

Guidelines for pharmacological intervention 
for severely disturbed behaviour in adult 
in-patients

The following is intended as a guide only; seek expert assistance.
- Your fi rst priority is your own safety and the safety of other staff. Summon 

suffi cient help and do not intervene when you are at risk.
- In many cases non-drug interventions, such as talking-down, distraction, or 

seclusion will suffi ce.
- If this is unsuccessful consider:

Lorazepam, 2–4 mg by mouth; if the patient is unwilling to take oral • 
medication, lorazepam can be given by intramuscular or intravenous injection.
Lorazepam may be repeated, but allow at least 30 minutes between doses; the • 
usual maximum is 16 mg in 24 hours.
If the patient has psychotic symptoms, consider giving haloperidol, 5–10 mg by • 
intramuscular injection; this should not normally be repeated.

- Ensure that adequate resuscitation facilities are available, including facilities for 
mechanical ventilation.

- The purpose of these interventions is to calm the patient, so that they can be 
adequately assessed, not to render them unconscious.

- Avoid the long term use of drugs in those with behavioural disturbance, 
especially those with dementia. There is little evidence of benefi t and it may 
worsen cognitive defi cits.

TEACHING 
POINT
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Atypical antipsychotic drugs
Dopamine receptor antagonists  

Antipsychotic drugs act by interfering with dopaminergic 
transmission in the brain, by antagonism at dopamine 
receptors, particularly D2 receptors. Their therapeutic 
effect is thought to occur by this mechanism. Some 
antipsychotic drugs also affect acetylcholine, histamine, 
and serotonin receptors, and alpha-adrenoceptors. 

Antipsychotic (neuroleptic) drugs are generally subdi-
vided into two classes: the older ‘typical’ agents, such as 
haloperidol and chlorpromazine, and the newer ‘atypical’ 
agents. The pharmacological parameters for the separa-
tion of these two classes are not clearly defi ned or 
agreed. In general the older (typical) drugs are associ-
ated with a greater propensity to cause extrapyramidal 
adverse effects and to increase prolactin. Atypical drugs 
tend to show greater effi cacy in individuals with schizo-
phrenia who are resistant to treatment and have some 
effi cacy against negative symptoms.

0 - Treatment of acute and chronic schizophrenia.
Consider as fi rst-line treatment in newly diagnosed schizophrenia.• 
Consider using in patients with intolerable adverse effects who are • 
already receiving conventional antipsychotic drugs.
Consider using in patients who relapse on conventional • 
antipsychotic drugs.

Clozapine is considered highly effective; however, it can cause • 
agranulocytosis and its use is restricted to patients unresponsive to, or 
intolerant of, conventional antipsychotic drugs; patients must be 
registered with a clozapine monitoring service and white cell counts 
should be measured regularly.
Sertindole is restricted to patients who are enrolled in clinical studies • 
and who are intolerant of at least one other antipsychotic drug, 
because it is associated with arrhythmias.
Treatment of mania (quetiapine, olanzapine, risperidone).• 
Risperidone has specialist use for short- term (up to 6 weeks) treat-• 
ment for persistent aggression in patients with Alzheimer’s dementia.

1 - Atypical antipsychotic drugs are not associated with as much sedation 
as conventional drugs and are not used for this purpose (e.g. in pallia-
tive care, anaesthesia).

Do not give these drugs to patients with a lowered level of • 
consciousness.

Drugs in this 
class
- Amisulpride
- Aripiprazole
- Clozapine
- Olanzapine
- Paliperidone
- Quetiapine
- Risperidone
- Sertindole
- Zotepine
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Atypical antipsychotic drugs (except sertindole) are not generally • 
associated with signifi cant prolongation of the QT interval, but take 
care if the patient is taking other drugs that may prolong the QT 
interval (see b p. 690).
Olanzapine and risperidone are associated with an increased risk of • 
stroke in elderly patients with dementia. Do not use these drugs for 
control of behaviour in patients with dementia except in the short-
term specialized use of risperidone (see b p. 342).
Do not use these drugs in patients with hepatic insuffi ciency; they can • 
cause hepatic encephalopathy.
Patients with renal insuffi ciency are more sensitive to the actions of • 
these drugs; use smaller initial doses.
Although these drugs are associated with fewer Parkinsonian • 
symptoms than conventional drugs, avoid them in patients with 
existing Parkinsonian symptoms; their antidopaminergic actions can 
worsen these.
Antipsychotic drugs can lower the BP; avoid them in patients with • 
hypotension.
Do not use antipsychotic drugs in patients with phaeochromocytoma; • 
they can precipitate a hypertensive crisis.
Most antipsychotic drugs are best avoided during pregnancy, unless • 
essential, and it is advisable to discontinue breastfeeding during 
treatment. Lethargy and extrapyramidal symptoms have been reported 
in neonates. 

Treatment of schizophrenia
The choice of drug for long-term treatment should be made by a • 
specialist.
The doses of these drugs are lower when they are given by intramus-• 
cular injection than by mouth. This is particularly true if patients are 
very physically active (agitated), as this will increase the speed of 
absorption from the muscle.

A risk assessment should be performed by the clinician responsible • 
for treatment and the multidisciplinary team regarding adherence to 
medications, and depot formulations should be prescribed when 
appropriate.

Atypical antipsychotic drugs are more effective than conventional • 
drugs for the ‘negative’ symptoms of schizophrenia.
They are specifi c for schizophrenia, not for any other diagnoses. They • 
can provide a window of time during which to assess and investigate 
an acutely unwell patient. Always consider the underlying cause for the 
patient’s symptoms and treat that, if possible.

See • b p. 341 for guidance on the management of acutely agitated 
patients.

These drugs take several weeks to reach maximum effect; consider • 
adding other antipsychotic drugs rather than resorting to the use of 
higher than standard doses.
In individuals with evidence of treatment-resistant schizophrenia, • 
clozapine should be introduced at the earliest opportunity. 
Treatment-resistant schizophrenia is suggested by a lack of satisfactory 
clinical improvement despite the sequential use of the recommended 
doses for 6–8 weeks of at least two antipsychotic drugs, at least one of 
which should be an atypical drug.
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Do not withdraw antipsychotic drugs suddenly; there is a risk of • 
withdrawal symptoms and acute relapse.

6 - The most common adverse effects are weight gain, dizziness, postural 
hypotension (especially during initial dose titration), which can be 
associated with syncope or refl ex tachycardia in some patients.
 All of these drugs cause some degree of sedation, although it is less • 
marked than with ‘typical’ drugs. Tolerance to this can develop with 
time.
These drugs are associated with weight gain (amisulpride, risperidone, • 
and sertindole).

In addition, hyperglycaemia and sometimes diabetes can occur, • 
particularly with clozapine and olanzapine.
They may also raise plasma triglyceride and cholesterol • 
concentrations.

Antipsychotic drugs can cause the neuroleptic malignant syndrome • 
(rare).

This is characterized by fever, anorexia, rigidity, reduced conscious-• 
ness, and autonomic disturbances (tachycardia, hyperthermia); it can 
be fatal.
Stop the drug immediately. There are no established effective • 
treatments, but cooling, bromocriptine (a dopamine receptor 
agonist), and dantrolene (see b Dantrolene, p. 668) have been 
suggested.
The syndrome usually lasts 5–7 days.• 

Extrapyramidal (antidopaminergic) adverse effects are common.• 
Atypical drugs cause fewer movement disorders than typical • 
antipsychotic drugs.
Symptoms usually respond to dosage reduction or to an • 
antimuscarinic drug (e.g. procyclidine).
Tardive dyskinesia is occasionally associated with prolonged use, but • 
can occur after short-term treatment.
Stop the drug if symptoms develop (involuntary dyskinetic • 
movement of the jaw, lips, and trunk).

These drugs can cause prolactin release, leading to galactorrhoea, • 
gynaecomastia, and menstrual disturbances.
The anticholinergic actions can cause dry mouth, blurred vision, and • 
urinary retention. In some cases they seem to be less common than 
with typical antipsychotic drugs.
Antipsychotic drugs can cause dizziness, but are also used to treat • 
acute vertigo (see b Prochlorperazine, p. 75).
Olanzapine and risperidone are associated with an increased risk of • 
stroke in elderly patients with dementia. Consider (and treat) other 
risk factors for stroke if treatment of elderly patients is required.
Hypersensitivity phenomena, such as photosensitive rashes, are • 
common.
These drugs can cause cardiac arrhythmias, usually by prolonging the • 
QT interval. The risk is greatest with clozapine and sertindole.
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Antipsychotic drugs can cause hypotension, especially in hypovolaemic • 
patients; take care postoperatively.
Antipsychotic drugs increase the risk of thromboembolism. • 
Rare adverse effects include blood dyscrasias and liver toxicity • 
(jaundice).
Use of these drugs is associated with an increased risk of stroke • 
(about 3x) and a small (1–2%) increased risk of death in elderly people 
with dementia.
Clozapine is associated with particular risks:• 

Neutropenia and potentially fatal agranulocytosis.• 
Fatal myocarditis (most commonly in the fi rst 2 months) and • 
cardiomyopathy. Investigate patients with persistent tachycardia.
Patients must be enrolled in a monitoring programme (see earlier • 
notes).

7  - Antipsychotic drugs antagonize the effects of anticonvulsant drugs, 
increasing the risk of seizures.
Antipsychotic drugs potentiate the actions of other sedating drugs • 
(e.g. alcohol).
Antipsychotic drugs potentiate the actions of other drugs that lower • 
the BP.
Avoid giving them to patients taking other drugs that can prolong the • 
QT interval (this includes tricyclic antidepressants). See b p. 690.
Avoid giving these drugs with other drugs that can cause neutropenia • 
or agranulocytosis.

8 - Perform an electrocardiogram before starting treatment with antipsy-
chotic drugs. Measure the QT interval and consider if it is prolonged. 
Note the guidance on monitoring given earlier if the patient is given a 
dose above the licensed maximum.
Monitor weight and blood glucose to identify those who develop • 
hyperglycaemia.
Consider thromboprophylaxis if the patient is at increased risk of • 
thromboembolic disease (e.g. admitted to hospital for surgery).
Measure full blood count, liver function tests, and CK if the patient • 
develops an unexplained fever or infection.
Clozapine.• 

Leucocyte and differential blood counts must be normal before • 
starting treatment.
Monitor counts every week for 18 weeks then at least every • 
2 weeks if clozapine is continued.
If stable at 1 year can reduce frequency to every 4 weeks. • 
Stop the drug and refer to haematologist if the leucocyte count falls • 
below 3.0 x 109/L or if the absolute neutrophil count falls below 
1.5 x 109/L.

9 - Warn the patient that these drugs cause sedation, which can interfere 
with skilled motor tasks (e.g. driving).
Warn the patient of the risk of a photosensitive rash; advise the use of • 
a sun-block.
Advise the patient to seek medical attention if an unexplained fever or • 
infection occurs (especially with clozapine).
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Prescribing information: Atypical drugs
Detailed information is not given; treatment should be under the direction of a 
specialist.

Quetiapine
By mouth; there is an initial titration regimen. The usual effective dose range • 
is 300–450 mg/day. During long term treatment the dose may be adjusted 
within the range 150–750 mg/day.

Olanzapine
By mouth; the usual dose is 10 mg daily.• 
Also available for intramuscular injection for short term use.• 

Risperidone
By mouth; there is an initial titration regimen. The usual daily dose is 4–6 mg • 
daily. 
Also available as a depot injection.• 
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Lithium
Alkali metal element

Mood

stabilization 

Alterations in trans-

membrane ion flux

Reduction in

phosphatidylinositide

turnover  

The mechanism

of action of 

lithium is not

known. It may

include:    

Oral therapy (lithium carbonate or 
lithium citrate)

0 - Treatment of mania.
To reduce mood swings in bipolar • 
disorder.

Adjunctive treatment of resistant, • 
recurrent depression.
Prophylaxis against cluster headache • 
(unlicensed use).

1 - Lithium can cause sodium depletion. Avoid 
it in patients with cardiac disease or 
Addison’s disease.
Lithium is excreted by the kidneys. Its use • 
in patients with mild or moderate renal insuffi ciency requires close 
monitoring (see later notes). Avoid lithium if the patient has severe 
renal insuffi ciency.
Lithium is possibly teratogenic (congenital heart disease). This risk • 
must be weighed against the effect of severe mood swings. Avoid 
lithium when mothers are breastfeeding.
Avoid lithium if the patient has hypothyroidism.• 

4 - The decision to treat with lithium and subsequent supervision should 
be under the direction of a specialist.
In general the effect of lithium is greater on prevention of mania than • 
depressive episodes. The NNT is estimated to be 4–14.
The systemic availability of lithium differs from different formulations; • 
prescribe lithium by brand name and do not switch between 
formulations.
Lithium is given initially in divided doses but a once-daily formulation is • 
favoured for long-term treatment.
Diarrhoea, vomiting, and intercurrent illnesses can alter the excretion • 
of lithium. Be prepared to reduce the dose or to suspend treatment if 
these occur.
Suspend treatment with lithium 24 hours before major surgical proce-• 
dures.
When withdrawing lithium, do so slowly, over a period of weeks. This • 
reduces the risk of relapse.

6 - Adverse effects from lithium are common. These include 
gastrointestinal disturbance and fi ne tremor.

Treatment of mania
- Initial treatment with 

benzodiazepines.
- If severe, consider 

neuroleptic and 
atypical antipsychotic 
drugs.

- Lithium takes several 
days (7–10) to act.

It may be started • 
once the patient is 
stable, or during the 
initial phase under 
neuroleptic ‘cover’.

- Other drugs used for 
prophylaxis against 
mania:

Carbamazepine.• 
Valproic acid.• 
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Lithium is excreted by the kidney and can cause impairment of urine • 
concentration by blocking the action of antidiuretic hormone (ADH) 
and by long-term tubulointerstitial damage. This nephrogenic diabetes 
insipidus causes polydipsia and poluria.

In some cases, this will cause weight gain and oedema.• 
Lithium can exacerbate psoriasis.• 
Lithium can cause a goitre; hypothyroidism is more common than • 
hyperthyroidism.
Long-term use increases the risk of thyroid dysfunction and can cause • 
mild cognitive and memory impairment.
Intoxication by lithium is characterized by blurred vision, worsening • 
gastrointestinal symptoms, drowsiness, ataxia, and a coarse tremor. 
Suspend the drug and measure the serum concentration.
Features of severe toxicity (usual serum concentration >2 mmol/L) • 
include hyper-refl exia, convulsions, psychosis, syncope, and renal 
insuffi ciency. This can be fatal; see teaching point box, b p. 350, for 
guidance.

7  - Lithium toxicity is more common if body sodium is depleted; take 
great care if lithium is given with diuretics.
Combination with high doses of neuroleptic drugs can cause a neuro-• 
toxic syndrome.
Lithium can cause the serotonin syndrome, especially when given with • 
MAOIs or SSRIs; (see b SSRIs, p. 329).
The renal clearance of lithium is reduced by drugs that impair renal • 
function (e.g. ACE inhibitors, angiotensin receptor antagonists, and 
NSAIDs).
Methyldopa increases the risk of toxicity from lithium.• 

8 Safety
The usual target serum concentration of lithium is 0.4–1.0 mmol/L; • see 
b Barbiturates, p. 307 for more information on the measurement of 
the plasma concentration of drugs.

The target may be lower in the elderly.• 
Lithium takes about 3 days to reach a new steady state after a dosage • 
change.

Measure the concentration exactly 12 hours after the last dose; use • 
clotted blood—lithium heparin is used as an anticoagulant in blood 
collection tubes.
A result from a sample taken at another time after the dose may not • 
be comparable.
Once the patient is stable, many psychiatrists measure the serum • 
concentration every 3 months.
However, another school of thought advises measuring the serum • 
concentration only when it is likely to change (e.g. at times of 
sodium depletion or intercurrent illness).
Choose your method of monitoring depending on how well the • 
patient can be expected to recognize when problems arise.

If the patient is given lithium long-term, thyroid function should be • 
measured every 6–12 months.
Treatment for >3–5 years is not usually recommended, unless there • 
are clear benefi ts.
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9 - Give the patient a lithium advice card.
Warn the patient that changes in dietary sodium (salt) can affect the • 
lithium concentration. Advise them to avoid large changes in dietary 
salt intake and to maintain an adequate fl uid intake.

Patients with diarrhoea or vomiting should suspend their lithium.• 

Prescribing information: Lithium
Systemic availability varies between formulations. Prescription of lithium • 
should be under the direction of a specialist.
Detailed prescribing information is not given.• 

Case history
- A 62-year-old woman with a bipolar affective disorder had taken lithium for 

several years. Regular monitoring showed that on a stable dosage of lithium she 
normally had a serum lithium concentration of around 0.6–0.8 mmol/L. On a 
routine visit to her GP she was found to have a BP of 165/105 mmHg and was 
given an ACE inhibitor; 2 weeks later she became tremulous, and over the next 
few days became unsteady on her feet and began to slur her words. She was 
admitted to hospital when she became confused and more ataxic. The GP was 
aware of the dangers of using thiazide diuretics with lithium but was unaware of 
the possibility that ACE inhibitors might also reduce lithium excretion and 
result in toxicity. The serum lithium concentration was 2.4 mmol/L. She 
recovered rapidly with rehydration and withdrawal of the lithium and ACE 
inhibitor. 2 weeks later lithium was reintroduced at the previous dosage and 
her BP was controlled with amlodipine.

Treatment of poisoning by lithium
- Prevention is important; monitor the serum lithium concentration (see earlier 

notes).
- Symptoms and signs of moderate toxicity (lithium concentration >1.5 mmol/L): 

blurred vision, worsening gastrointestinal symptoms, drowsiness, ataxia, and a 
coarse tremor.

- Symptoms and signs of severe toxicity (lithium concentration >2 mmol/L): 
hyper-refl exia, convulsions, psychosis, syncope, and renal insuffi ciency.

- Lithium toxicity can be fatal.
- Most cases of toxicity are due to a change in the handling of lithium in patients 

taking long-term lithium.
See drug interactions and patient advice notes.• 

- Most of the treatment is supportive.
Activated charcoal does not adsorb lithium.• 
Consider haemodialysis or whole bowel irrigation for severe cases.• 
Discuss your treatment plan with your local poisons information service.• 

TEACHING 
POINT
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Pharmacology of drugs used to treat 
Parkinson’s disease
The triad that is clinically known as parkinsonism (tremor, rigidity, and hypo-
kinesia) results from defi cient dopaminergic neurotransmission in the nigro-
striatal tracts. In Parkinson’s disease this is due to loss of dopaminergic cells in 
the substantia nigra. Chemicals such as the pethidine (meperidine) analogue 
MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) can destroy dopamin-
ergic cells. Drugs can cause parkinsonism by direct effects on dopaminergic 
neurotransmission (e.g. antipsychotic drugs) or by modulating other systems 
that in turn affect dopaminergic systems (e.g. the striatal cholinergic system).

Drug treatment for Parkinson’s disease is based on four principles:
Replacing dopamine (levodopa, in combination with an inhibitor of dopa • 
decarboxylase).
Mimicking the actions of dopamine (dopamine receptor agonists, including • 
apomorphine).
Inhibiting the metabolic breakdown of dopamine by inhibiting • 
monoamine oxidase type B (rasagiline, selegiline).
Modulating cholinergic neurotransmission (acetylcholine receptor • 
antagonists).

Drug treatments for Parkinson’s disease are depicted in Fig. 4.1.

Levodopa

Entacapone

Inactive

metabolites 

Dopamine

receptor

agonists  

Nigrostriatal

tracts 

Peripheral dopa

decarboxylase 

inhibitors (carbidopa or 

benserazide) 

Dopamine

Dopamine

Selegiline

_

_

_

Apomorphine

Release

Monoamine oxidase

Catechol-O-methyl

transferase 

Central nervous

system

Fig. 4.1 Drug treatments for Parkinson’s disease
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Levodopa (L-dopa)
Dopamine precursor

Levodopa

Inhibited by dopa

decarboxylase inhibitors

(benserazide and carbidopa);

these do not cross the blood

brain barrier   

Peripheral conversion

to dopamine  

Basal ganglia 

Blood brain barrier

Dopamine

Increased

dopaminergic

neurotransmission

Nausea and vomiting,

cardiac arrhythmias,

polyuria, incontinence 

Relief of symptoms 

of Parkinson’s

disease 

−

0 - Treatment of Parkinson’s disease.
Levodopa should not be used for • 
parkinsonism caused by neuroleptic drugs or 
other dopamine receptor antagonists (see 
b Procyclidine, p. 226).

1 - Levodopa can only be benefi cial if the patient 
still has a reasonable number of functioning 
dopaminergic neurons. It is less effective in 
elderly people, those with postencephalitic 
Parkinson’s disease, and those with long-standing 
disease.
Do not give levodopa alone.• 
Avoid levodopa in patients with psychiatric disease or dementia. • 
Elderly people are at particular risk of confusion caused by levodopa.
Levodopa can be arrhythmogenic; avoid it in patients with established • 
cardiac or cerebrovascular disease.
Avoid levodopa in patients with glaucoma.• 
No dosage adjustment is usually required for patients with renal or • 
hepatic insuffi ciency.
Levodopa has shown toxicity in animal studies of pregnancy; avoid it in • 
pregnant women whenever possible.

4 - Levodopa is most effective for bradykinesia and rigidity; it has relatively 
little effect on tremor.
Because dopaminergic neuron loss is usually progressive, the effect of • 
levodopa diminishes with time. Some patients are less likely to benefi t 
from levodopa; see earlier notes.
10–20% of patients are unresponsive to levodopa.• 
Begin treatment with a low dose; increase this every 2–3 days until the • 
optimal effect is achieved.
‘End-of-dose effect’.• 

The benefi t from levodopa lasts for a shorter and shorter time with • 
subsequent doses. Consider giving a modifi ed-release formulation, 
more frequent administration, or reducing dietary protein intake 
(amino acids compete with levodopa for uptake in the ileum).

Drugs in this 
class
- Levodopa
- Levodopa plus 

  benserazide 
Co-beneldopa • 
(Madopar®)

- Levodopa plus 
carbidopa

Co-careldopa • 
(Sinemet®)

Administration of 
 levodopa alone is 
not recommended, 
because of periph-
eral adverse effects. 
Formulations that 
contain a periph-
eral dopa-decar-
boxylase inhibitor 
(co-careldopa or 
co-beneldopa) 
should be used.
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‘On/off effect’.• 
This refers to debilitating fl uctuations in performance that some • 
patients experience. The ‘off’ periods of akinesia can last 2–4 hours 
and are unrelated to the dose of levodopa. Consider treatment with 
apomorphine, a dopamine receptor agonist given by subcutaneous 
injection/infusion (seek specialist advice).

6 - Adverse effects are common and are due to the effects of dopamine 
on the CNS and periphery.
CNS effects are commonly dose-limiting.• 

Confusion, especially in the elderly.• 
Involuntary movements.• 
Psychiatric effects: euphoria, agitation, anxiety.• 

Peripheral effects (reduced but not abolished by peripheral dopa • 
decarboxylase inhibitors).

Nausea and vomiting. This can be reduced by taking levodopa with • 
meals. If severe consider giving domperidone (a dopamine receptor 
antagonist that does not cross the blood–brain barrier).
Cardiac arrhythmias and hypotension.• 
Diffi culty with micturition, polyuria, incontinence.• 

7  - The effect of levodopa is enhanced by non-selective MAOIs, which 
should be withdrawn 2 weeks before starting levodopa. There is an 
increased risk of adverse effects if levodopa is used with the 
monoamine oxidase type A inhibitor moclobemide.
Neuroleptic drugs are dopamine receptor antagonists; they reduce the • 
effect of levodopa; do not treat parkinsonism due to neuroleptic drugs 
with levodopa.
There is a risk of cardiac arrhythmias if the patient is given volatile • 
liquid anaesthetics, such as halothane.
Levodopa enhances the effect of any drugs that lower BP.• 
Avoid giving with bupropion (amfebutamone); there is an increased • 
risk of serious adverse effects.

8 Safety and effi cacy
The fi nal dose of levodopa is usually a compromise between motor • 
performance and the tolerability of adverse effects.
Levodopa has a gradual onset of action over 6–18 months. There may • 
then be a period of relative stability lasting 1–2 years, followed by a 
gradual decline.
Measure the BP; take care to avoid hypotension.• 
Depression is common in patients with Parkinson’s disease; ask the • 
patient about mood and treat appropriately.

9 - Advise the patient that improvements will be gradual.
Levodopa may interfere with the performance of certain skilled tasks, • 
such as driving. Patients with Parkinson’s disease should contact the 
DVLA and their insurers.
Some patients taking levodopa fi nd they fall asleep very quickly (‘sleep • 
attacks’); they should be warned about this as it can be hazardous.
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Prescribing information: Levodopa
Levodopa

Giving levodopa alone is not recommended.• 

Co-beneldopa (levodopa plus benserazide)
By mouth, initially 50 mg of levodopa 3 times daily (tablet size is 62.5 mg, as • 
it contains 12.5 mg of benserazide). Increase by 100 mg levodopa once or 
twice weekly to usual maintenance dose of 400–800 mg of levodopa daily, in 
divided doses (after meals).

Co-careldopa (levodopa plus carbidopa)
By mouth, initially 50 mg of levodopa 3 times daily (tablet size is 62.5 mg as it • 
contains 12.5 mg of carbidopa). Increase by 100 mg levodopa once or twice 
weekly to usual maintenance dose of 400–800 mg of levodopa daily, in 
divided doses (after meals).

A daily dose of 70–100 mg of carbidopa is required to inhibit peripheral • 
dopa decarboxylase fully.
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Dopamine receptor agonists
Agonists at postsynaptic dopamine D2 receptors

Selective D2

dopamine

receptor

agonist  

Peripheral dopamine receptors

are principally of the D1 type, so

these drugs have less effect  

Basal ganglia 

Blood brain barrier

Dopamine D2

receptors

Increased

dopaminergic

neurotransmission

Nausea and vomiting, cardiac

arrhythmias, polyuria, incontinence 

Relief of symptoms 

of Parkinson’s

disease 

0 - Treatment of Parkinson’s disease.
These drugs should not be used for • 
parkinsonism caused by neuroleptic 
drugs (see b Procyclidine, p. 226).

Bromocriptine has other specialized uses; • 
see box.
Amantadine has a limited role in the • 
treatment and prophylaxis of infl uenza 
infection; (see b Guanosine derivatives, 
p. 426).
Ropinirole has a specialized use for treat-• 
ment of moderate to severe cases of 
idiopathic restless legs syndrome (see 
teaching point box, b p. 361).

1 - These drugs are not usually fi rst-line choices 
for the treatment of Parkinson’s disease; 
consider levodopa instead.
Avoid dopamine receptor agonists in • 
patients with psychiatric disease or 
dementia. The elderly are at particular 
risk of confusion.
Dopamine receptor agonists can be arrhythmogenic; avoid them in • 
patients with established cardiac or cerebrovascular disease.
Reduce the dose of ropinirole and cabergoline in patients with severe • 
hepatic insuffi ciency.
Reduce the dose of amantadine in patients with moderate renal • 
insuffi ciency; avoid ropinirole in patients with severe renal 
insuffi ciency.
Avoid these drugs in women who are pregnant; there is some • 
evidence of toxicity in animals for some of these drugs. The manufac-
turers of pergolide advise that it should only be used if the potential 
benefi t outweighs the risk.

4 - These drugs are usually reserved for patients:
With long-standing disease.• 
Unresponsive to levodopa.• 
Unable to tolerate levodopa.• 
With severe on/off reactions.• 
As an adjunct to levodopa.• 

Drugs in this 
class
- Ergotamine 

derivatives 
Bromocriptine• 
Cabergoline• 
Lisuride• 
Pergolide• 

- Related drugs
Ropinirole• 
Apomorphine • 
(D1, D2 agonist)
Amantadine• 
Rimantadine• 
Pramipexole • 
(D2, D3 agonist)

Note on 
bromocriptine
- Reduces prolactin 

release from the 
pituitary in 
hyperprolactinaemia.

- Paradoxical action in 
acromegaly reduces 
the release of growth 
hormone.

- These are specialized 
uses; seek expert 
advice.
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Initially give small doses frequently; this reduces adverse effects.• 
Apomorphine should only be given by specialists. It is given for • 
disabling ‘on/off’ symptoms.

Treatment needs to be initiated as an inpatient.• 
Give domperidone for 2 days before starting apomorphine.• 
Hypotension is very common at the start of treatment.• 
Apomorphine can be given by subcutaneous injection or infusion.• 

6 - Adverse effects are common and are due to the effects of dopamine 
on the CNS and periphery.
CNS effects; these are commonly dose-limiting.• 

Confusion, especially in the elderly.• 
Involuntary movements.• 
Psychiatric effects: euphoria, agitation, anxiety.• 

Peripheral effects.• 
Nausea and vomiting; this can be reduced by taking these drugs with • 
meals; if severe consider giving domperidone (a dopamine receptor 
antagonist that does not cross the blood–brain barrier).
Cardiac arrhythmias and hypotension.• 
Hypotension is particularly common.• 
Diffi culty with micturition, polyuria, incontinence.• 

All the ergotamine derivatives (see earlier box) can cause pulmonary, • 
retroperitoneal, and pericardial fi brosis.
Apomorphine can cause haemolytic anaemia.• 
Dopamine agonists have been associated with somnolence and epi-• 
sodes of sudden sleep onset, particularly in patients with Parkinson’s 
disease. If this becomes a problem for the patient consider dose 
reduction or stopping the treatment.

7  - Neuroleptic drugs are dopamine receptor antagonists; they will reduce 
the effects of these drugs.
These drugs will enhance the effect of any drugs that lower BP.• 
Avoid giving with bupropion (amfebutamone); there is an increased • 
risk of serious adverse effects.
Metoclopramide antagonizes the effects of these drugs.• 
Oestrogens increase prolactin secretion; avoid oestrogen-containing • 
contraceptives if the patient has hyperprolactinaemia.
Ropinirole is metabolized by CYP1A2. Inhibitors of this enzyme (e.g. • 
ciprofl oxacin, fl uvoxamine, and cimetidine) increase plasma concentra-
tions of ropinirole. Avoid concomitant use whenever possible.

8 Safety and effi cacy
Patients taking ergotamine-derivative dopamine agonists ‘should be • 
monitored for progressive fi brotic disorders’.
In practical terms we suggest:• 

Measure the ESR, urea, and electrolytes and perform a chest X-ray • 
before treatment.
Consider lung function tests if the patient has a history of lung • 
disease or is a smoker.
Repeat the tests if there is any change in the patient’s condition.• 

If the patient is given apomorphine, it is recommended that they have • 
a blood fi lm examination and measurement of bilirubin every 6 
months.
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The fi nal dose is usually a compromise between motor performance • 
and the tolerability of adverse effects.
Measure the BP; take care to avoid hypotension.• 
Depression is common in patients with Parkinson’s disease; ask the • 
patient about mood and treat appropriately.

9 - These drugs may interfere with the performance of certain skilled 
tasks, such as driving. Patients with Parkinson’s disease should contact 
the DVLA and their insurer.
Warn patients there is a risk of sudden sleep attacks. Patients should • 
take care if planning to drive or use machinery. If an episode occurs, 
they must not drive or operate machinery while they continue to take 
the drug.
These drugs, particularly pramipexole, are associated with an • 
increased risk of pathological gambling.

Case history
- A 65-year-old retired psychiatric nurse with a history of Parkinson’s disease was 

visited by a friend, who found her slumped at a table and apparently unrousable. 
She gradually appeared to recover and seemed well but unaware of what had 
happened to her. She was brought to hospital, where various unhelpful 
investigations were carried out. Her drug treatment on admission consisted of 
citalopram, cabergoline, omeprazole, and diclofenac. She reported that although 
the cabergoline had relieved the symptoms of Parkinson’s disease, she had 
become increasingly drowsy during the day and had at times suffered from 
sudden onset of deep sleep, which was very abrupt and unpredictable.

Up to 5% of patients treated with dopamine agonists experience hypersomnolence, 
which can be severe, and can suffer attacks of sudden-onset sleep.

Prescribing information: Dopamine receptor agonists
Bromocriptine and pergolide are given as examples.

Bromocriptine
Parkinson’s disease, by mouth with food.• 

Initially, 1.25 mg at night for 1 week.• 
Increase to 2.5 mg daily for second week.• 
Increase to 2.5 mg twice daily for third week.• 
Increase to 2.5 mg 3 times daily for fourth week.• 
Increase dose by 2.5 mg every 3–14 days as tolerated. Usual maintenance • 
dose 10–30 mg daily, in divided doses.

Acromegaly.• 
Usual maintenance dose 20 mg daily; note how much larger the dose is • 
than that used in Parkinson’s disease.

Pergolide
By mouth, take with food.• 

Initially, 50 micrograms at night on day 1.• 
Then 50 micrograms twice daily on days 2–4.• 
Increase by 100–250 micrograms daily every 3 or 4 days (given as 3 divided • 
doses), up to 1.5 mg by day 28.
May be increased by 250 micrograms daily, up to a maintenance dose of • 
2.0–2.5 mg daily (in divided doses).
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Lifestyle treatments

Although new treatments are emerging all the time, the overall productivity of the 
pharmaceutical industry has fallen over the past decade. Line extensions (e.g. the 
use of individual stereoisomers, such as esomeprazole, escitalopram) and new for-
mulations (e.g. modifi ed-release formulations) have always formed part of pharma-
ceutical development. However, these strategies have taken on a new importance 
in this environment. Drugs with a well-established mechanism of action will also 
commonly be used in all conditions in which that mechanism is thought to play a 
role. This has led to the development of a number of treatments for conditions 
that are not generally considered medically serious but rather an inconvenience.

The emergence of a new treatment and the infl uence of marketing departments of 
pharmaceutical companies (‘disease awareness campaigns’) will tend to highlight the 
condition. This can sometimes be to the detriment of other perhaps more serious 
conditions for which there is no new treatment. The challenge for the practitioner 
is to make a sound judgement. For example in its most severe forms the restless 
legs syndrome can be disabling, but the number of such case is small. Do not jump 
to treat every patient who complains of restless legs or an unsettled night. 

In order to be granted a licence a drug must show a positive benefi t to harm 
balance in the population, but always consider whether such a balance is positive 
for the individual patient. The potential risk must be very small compared with the 
potential benefi ts for a condition that is not medically serious. Also consider 
whether the condition is something that really requires pharmacological interven-
tion at all—would an alternative approach be more suitable?

The term ‘lifestyle treatment’ is somewhat pejorative and is ill defi ned in the NHS. 
There have always been such drugs—for example, oral contraceptives are widely 
used, and acne, erectile dysfunction, and infertility are all at the borders of condi-
tions that need to be treated—but because they are widely in demand and because 
their fi nancial impact on the NHS has often been relatively small they have largely 
been ignored. In recent years we have seen the emergence of treatments for condi-
tions such shyness, baldness, vague dyspepsia, obesity, and restless legs, which have 
posed a greater threat to prescribing budgets and which have all been labelled as 
lifestyle drugs. A recent Minister for Health said ‘Impotence is in itself neither life-
threatening, nor does it cause physical pain. It can in exceptional circumstances 
cause psychological distress. On current information, I do not therefore consider it 
to be a priority for any additional expenditure compared with say … cancer, heart 
disease and mental health.’ Others have different views.

TEACHING 
POINT
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Entacapone
Inhibitor of catechol-O-methyl transferase

Monoamine

oxidase 

Dopamine

Main pathway of

dopamine

metabolism  

Catechol-O-methyl

transferase 

Inactive

metabolites

COMT inhibitor

(e.g. entacapone) 

Monoamine oxidase

inhibitors (b see p. 332)

0 - Adjunctive treatment of Parkinson’s disease.
Should not be used for parkinsonism caused by neuroleptic drugs • 
(see b Procyclidine, p. 226).

1 - This drug is not a fi rst-line choice for the treatment of Parkinson’s 
disease; consider levodopa instead.
Avoid entacapone in patients with phaeochromocytoma; it can precipi-• 
tate a hypertensive crisis.
Avoid entacapone in patients with severe hepatic insuffi ciency.• 
No dosage reduction is usually required if the patient has renal insuffi -• 
ciency.
There is no evidence about the safety of this drug during pregnancy.• 

4 - Entacapone is usually reserved for patients with debilitating ‘end-of-
dose’ effects (see b Levodopa, p. 354) and those whose disease is 
poorly controlled by levodopa.

The dose of levodopa will usually need to be reduced by 10–30% if • 
the patient is taking entacapone.

6 - Adverse effects are common and are due to the effects of dopamine 
on the CNS and periphery.
CNS effects, including dizziness, are commonly dose-limiting.• 
Peripheral effects include nausea and vomiting.• 
Entacapone can cause hepatitis; this is rare.• 

7  - The effect of warfarin is increased by entacapone (mechanism not 
known).
The effect of sympathomimetic drugs is increased.• 
The risks of adverse effects due to MAOIs, tricyclic antidepressants, • 
and SSRIs are increased.

8 Safety and effi cacy
Patients taking entacapone usually have severe symptoms; they should • 
therefore have regular clinical review to adjust their treatment 
regimen.
Depression is common in patients with Parkinson’s disease; ask the • 
patient about mood and treat appropriately.

9 - Entacapone can interfere with the performance of certain skilled tasks, 
such as driving. Patients with Parkinson’s disease should contact the 
DVLA and their insurers.
Warn the patient that entacapone may colour the urine red/brown.• 
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Prescribing information: Entacapone
Parkinson’s disease• 

200 mg with each dose of levodopa (with a dopa decarboxylase inhibitor).• 
Maximum dose 2 g daily.• 
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Acetylcholinesterase inhibitors
Inhibitors of the breakdown of acetylcholine

-  These drugs increase cholinergic 
neurotransmission, both muscarinic 
and nicotinic.

-  In the brain, this increases cholinergic 
neurotransmission.

-  The smooth muscle of the bowel is 
stimulated and the sphincters of the 
bowel and bladder relax.

-  In the eye, they cause pupillary 
constriction and open the canal of 
Schlemm. 

-  Skeletal muscle is depolarized 
(contracts).

-  Secretions are increased (sweat, saliva, 
and bronchial).

Memantine
- Memantine is a voltage-dependent, uncompetitive 

N-methyl-D-aspartate (NMDA) receptor 
antagonist; it blocks the effects of pathologically 
raised tonic concentrations of glutamate, which can 
cause neuronal dysfunction.

- It is used in the treatment of people with moderate 
to severe Alzheimer’s disease.

- The recommended maintenance dosage is 10 mg 
twice daily.

- The most common adverse effects are: dizziness, 
headache, constipation, and somnolence.

- Reduces prolactin release from the pituitary in 
hyperprolactinaemia.

0 - The drugs in this class are not interchange-
able; see the how to use section for 
information on drug selection.
Diagnosis and treatment of myasthenia • 
gravis.
Treatment of Alzheimer’s-type dementia.• 
Reversal of curare-like muscle block in • 
anaesthesia.
Reversal of pupillary dilatation after the use • 
of drugs such as cyclopentolate.
Relief of postoperative urinary retention and • 
neurogenic bladder due to upper motor neuron lesions.

1 - Note that organophosphates (e.g. parathion) are irreversible 
acetylcholinesterase inhibitors.
Avoid systemic treatment (tablets) in pregnancy and breast feeding, • 
asthma/COPD (increased secretions and bronchospasm), and 
cardiovascular disease (bradycardia and hypotension).
Dosage adjustments are not usually required in hepatic or renal • 
insuffi ciency.

Drugs in this class

The treatment of 
Alzheimer’s disease
- Donepezil
- Rivastigmine
- Galantamine

The treatment of 
myasthenia gravis
- Neostigmine
- Distigmine
- Edrophonium
- Pyridostigmine

Lambert-Eaton 
Myasthenic 
Syndrome (LEMS)

- A syndrome clinically 
similar to myasthenia 
gravis caused by 
autoantibodies against 
voltage-gated calcium 
channels. 

- 60% of patients with 
this syndrome have 
a non-small-cell lung 
cancer; surgical 
removal of the 
tumour can improve 
symptoms temporarily.

- Immunosuppressive 
drugs are usually not 
indicated.

- 3,4-diaminopyridine 
enhances the release 
of acetylcholine from 
the presynaptic nerve 
terminals by inhibiting 
voltage-gated 
potassium channels; it 
has a role in the 
symptomatic 
treatment of LEMS. 
Seek specialist advice.
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4 Myasthenia gravis (edrophonium, neostigmine, 
pyridostigmine, distigmine)
Edrophonium lasts for only 5 minutes and is no longer used in the • 
diagnosis of myasthenia, having been largely superseded by testing for 
antibodies against acetylcholine receptors.
Neostigmine lasts for 4 hours. It can be given parenterally (sc or im), in • 
which case one-tenth of the oral dose should be given.
Pyridostigmine is less potent, but it has a long duration of action. It can • 
be especially useful for weakness experienced on waking.
Distigmine has the longest duration of action, but it also carries the • 
greatest risk of a cholinergic crisis and is rarely used.

Treatment of Alzheimer’s-type dementia (donepezil, 
rivastigmine, galantamine)
See NICE guidance in the box in prescribing information.• 
Benefi t is seen in about half the patients treated.• 

Anaesthesia (edrophonium, neostigmine)
Used to reverse neuromuscular block due to non-depolarizing • 
neuromuscular blockers (neostigmine).
Neostigmine lasts for 20–30 minutes. Ensure that the patient is closely • 
monitored, as the effect of the non-depolarizing blocker can outlast 
the effect of the acetylcholinesterase inhibitor.
Premedicate the patient with atropine or glycopyrronium to avoid • 
bradycardia and increased bronchial secretions.
Edrophonium is used to differentiate myasthenia gravis from dual • 
(depolarizing and non-depolarizing) block (e.g. due to 
suxamethonium). It will reverse any non-depolarizing component. If 
there is signifi cant improvement with edrophonium, give neostigmine.

Neurogenic bladder (distigmine)
Not recommended for relief of postoperative acute urinary retention, • 
as cardiac adverse effects can be hazardous.
Can be benefi cial for neurogenic bladder due to upper motor neuron • 
lesions (specialized use).

6 - The adverse effects of these drugs are related to their cholinergic 
actions.

Muscarinic: abdominal cramps, bradycardia, sweating, hypersaliva-• 
tion, and increased bronchial secretions.
These effects can be reversed by atropine; have it available when • 
starting treatment for myasthenia.
Nicotinic: muscle cramps.• 

The incidence of adverse effects can be minimized by starting at a low • 
dose and gradually titrating up.
An excessive dose can lead to a ‘cholinergic crisis’, characterized by • 
depolarizing muscle block.
Treatment with these drugs increases the risk of convulsions (central • 
cholinergic effect).
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7  - Several drugs antagonize the action of neostigmine and pyridostigmine: 
aminoglycoside antibiotics, clindamycin, chloroquine, hydroxychloro-
quine.

8 Effi cacy
Myasthenia gravis. Treatment is usually limited by the patient’s ability • 
to tolerate the adverse effects.
Alzheimer’s disease. See NICE guidance box for details.• 

9 - Myasthenia gravis. Ensure that the patient understands the treatment, 
so that they are able to titrate the dose to achieve the maximum ther-
apeutic effect.
Alzheimer’s disease. Ensure that the patient is likely to be able to • 
comply with treatment, as it will not be effective with intermittent 
administration. The benefi ts from therapy are modest; ensure that the 
patient, family, and carers understand this.

Case history
- An 82-year-old woman with ischaemic heart disease and moderate dementia 

was given donepezil. A few months later she reported episodes of near syncope 
and her daughter found her to have a very slow pulse rate. An ECG showed 
intermittent complete heart block. Neither the daughter nor the patient was 
convinced that the donepezil had improved the burden of the dementia, and 
when the donepezil was withdrawn the near syncopal attacks ceased. 
Monitoring with 24-hour electrocardiography showed that she had persistent 
bradycardia. In time she may require a pacemaker.

Acetylcholinesterase inhibitors should be used with caution in patients with cardiac 
disease, who may have underlying conduction abnormalities.
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Prescribing information: Acetylcholinesterase inhibitors
The following are offered as examples.

NICE guidance on the use of acetylcholinesterase inhibitors and 
memantine as adjunctive treatment for Alzheimer’s disease
- NICE recommends the use of donepezil, galantamine, and rivastigmine for mild 

to moderate Alzheimer’s disease.
- Memantine is recommended for moderate to severe Alzheimer’s disease.
- The benefi ts of these drugs for patients with other forms of dementia (for 

example vascular dementia or dementia with Lewy bodies) have not been 
assessed in this guidance.

- Three acetylcholinesterase inhibitors (donepezil, galantamine, and rivastigmine) 
are recommended as options in the management of people with Alzheimer’s 
disease of moderate severity only (that is, those with a Mini Mental State 
Examination (MMSE) score of 10–20 points) and under the following conditions:

Only specialists should initiate treatment.• 
Carers’ views on the patient’s condition at baseline should be sought.• 
Patients should be reviewed every 6 months by MMSE score and global, • 
functional, and behavioural assessments; carers’ views on the patient’s 
condition at follow-up should be sought.
The drug should not be continued unless the patient’s MMSE score remains at • 
or above 10 points and their global, functional, and behavioural condition 
remains at a level where the drug is considered to be having a worthwhile 
effect.
Memantine is not recommended as a treatment option for people with • 
moderate to severe Alzheimer’s disease, except as part of well-designed 
clinical studies.

Myasthenia gravis
Edrophonium•  Diagnosis of myasthenia gravis, by intravenous injection, 2 mg 
followed after 30 seconds (if no adverse reaction has occurred) by 8 mg.

In adults without suitable veins, b• y intramuscular injection, 10 mg.
Neostigmine bromide•  15–30 mg by mouth at suitable intervals throughout the 
day; total daily dose usually 75–300 mg.

By sc or im injection, • neostigmine metilsulfate 1.0–2.5 mg at suitable inter-
vals throughout the day (usual total daily dose 5–20 mg).

Alzheimer’s disease
Donepezil•  5 mg once daily at bedtime, increased if necessary after 1 month 
to 10 mg daily. Maximum 10 mg daily.
Galantamine•  Initially 4 mg twice daily for 4 weeks, increased to 8 mg twice daily 
for 4 weeks. Maintenance dosage usually 8–12 mg twice daily.
Rivastigmine•  Initially 1.5 mg twice daily, increased in steps of 1.5 mg twice 
daily at intervals of at least 2 weeks according to response and tolerance. 
Usual dosage range 3–6 mg twice daily. Maximum 6 mg twice daily.

Anaesthesia
Edrophonium•  Brief reversal of neuromuscular blockade in diagnosis of dual 
block. By intravenous injection over several minutes, 500–700 micrograms/kg 
(after or with atropine sulphate 600 micrograms).
Neostigmine•  Reversal of non-depolarizing neuromuscular blockade. By intra-
venous injection over 1 minute, 2.5 mg repeated if necessary (maximum 5 
mg) after or with atropine sulphate 0.6–1.2 mg.

Neurogenic bladder
Distigmine•  5 mg daily or on alternate days, half an hour before breakfast 
(specialized use).
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Serotonin 5-HT1 receptor agonists 
(‘triptans’)
Antimigraine drugs

5-HT1

agonist 

Relief of

migraine 

5-HT1 receptors are found predominantly

in cranial blood vessels. They mediate

vasoconstriction.    

Dilatation of and/or oedema of cranial vessels

is thought to contribute to the mechanism of

migraine in man.  

0 - Treatment of acute migraine headache.
These drugs are the recommended treatment for • 
patients who do not respond to simple analgesia.
See teaching point box at the end of this topic, • b p. 371.

One of these drugs (sumatriptan) is useful in the treatment of cluster • 
headache (see later notes).

1 - Triptans cause vasoconstriction. Do not give them to patients with 
coronary artery disease, uncontrolled hypertension, or a previous 
stroke or transient ischaemic attack (TIA). They are contraindicated in 
familial hemiplegic migraine.
Triptans are excreted by both the kidneys and liver. Do not give them • 
to patients with severe hepatic or renal insuffi ciency.
There is little information about the safety of these drugs in pregnancy.• 
Some of the drugs in this class (almotriptan, naratriptan, and suma-• 
triptan) contain a sulfonamide component. Do not give them to 
patients with hypersensitivity to sulfonamides.

4 - Triptans are effective in the treatment of acute migraine headache, but 
they are not routinely used for prophylaxis against migraine (see 
teaching point box, b p. 371).
Do not give these drugs to patients in whom the diagnosis is not • 
known.
These drugs should be taken as soon as symptoms begin to develop.• 

Several formulations are available: tablets, sublingual melts, intra-• 
nasal spray, and subcutaneous injection.
Administration by subcutaneous injection is the most effective route, • 
but this is very expensive and not usually justifi ed.
Take care to avoid intravenous injection, which can cause coronary • 
ischaemia.

A second dose can be taken after 2 hours if the response to the fi rst • 
dose is incomplete.
If the patient does not obtain • any relief at all from the fi rst dose, it 
should not be repeated. Consider alternatives.
Cluster headache does not usually respond to conventional analgesics.• 

Sumatriptan, given by subcutaneous injection, is effective for acute • 
cluster headache. An alternative is 100% oxygen, given at the start of 
an attack.

Patients with frequent headaches should be assesed by a specialist.• 

Drugs in this 
class
- Almotriptan
- Eletriptan
- Frovatriptan
- Naratriptan
- Rizatriptan
- Sumatriptan
- Zolmitriptan
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The following advice is provided on drug selection.1 
For those who have failed analgesics or NSAIDs:

First tier—sumatriptan 50 mg or 100 mg, rizatriptan 10 mg, almotriptan • 
12.5 mg, eletriptan 40 mg, zolmitriptan 2.5 mg (all tablets).
For slower effect or better tolerability—naratriptan 2.5 mg, frovatriptan • 
2.5 mg (tablets).

For those with nausea or diffi culty taking tablets:
Sumatriptan 20 mg nasal spray, zolmitriptan 5 mg nasal spray, rizatriptan • 
10 mg dissolvable wafer, zolmitriptan 2.5 mg dispersible tablet.

For those with early vomiting:
Sumatriptan 25 mg suppository, sumatriptan 6 mg subcutaneous • 
injection.

For those with headache that recurs:
Naratriptan 2.5 mg tablet, eletriptan 80 mg tablet.• 

For those who tolerate acute treatments poorly:
Naratriptan 2.5 mg, frovatriptan 2.5 mg (tablets).• 

For those whose symptoms develop rapidly:
Sumatriptan 6 mg subcutaneous injection.• 

Headache related to menstruation:
Prevention—oestrogen patches.• 
Treatment—triptans.• 

6 - These drugs cause vasoconstriction. This can lead to:
Transient rises in BP.• 
Coronary artery constriction. Do not give these drugs to patients • 
with coronary artery disease or Prinzmetal’s (variant) angina 
(coronary vasospasm).

These drugs can cause sensations of tingling, heat, heaviness, fl ushing, • 
and weakness.
They can also produce a sense of pressure in various part of the body • 
(e.g. throat or chest). This may be related to their vasoconstrictive 
effects; beware coronary vasoconstriction.
Hypersensitivity reactions are rare.• 

7  - Ergotamine compounds also cause vasoconstriction. They have been 
used for the treatment of migraine but are no longer recommended. 
Do not give triptans together with ergotamine derivatives.
Some triptans are in part metabolized by monoamine oxidase. Do not • 
give sumatriptan, rizatriptan, or zolmitriptan to patients taking a 
non-selective MAOI or moclobemide.
The following drugs inhibit the metabolism of the triptans; avoid these • 
combinations:

Erythromycin, clarithromycin.• 
Antifungal drugs such as itraconazole and ketoconazole.• 
HIV protease inhibitors such as indinavir and ritonavir.• 
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8 Effi cacy
Ensure that the diagnosis is migraine and review the patient to ensure • 
that the treatment has been effective. If the treatment was ineffective 
or only partially effective, consider another drug or formulation.

9 - Warn the patient that both migraine and these drugs can cause 
dizziness that may interfere with skilled motor tasks (e.g. driving). 
Patients should not drive when they have a migraine headache.

Prescribing information: 5-HT1 receptor agonists
There are several options: sumatriptan, naratriptan, and rizatriptan are given 
here as examples.

Sumatriptan
By mouth, 50 mg. Can be repeated after not less than 2 hours. Maximum • 
dose 300 mg in 24 hours.
By subcutaneous injection, 6 mg. Can be repeated once after not less than • 
1 hour.
By intranasal spray, 10–20 mg into one nostril. Can be repeated once after • 
not less than 2 hours.

Naratriptan
By mouth, 2.5 mg as soon as possible after onset. Can be repeated after • 
4 hours. Maximum dose 5 mg in 24 hours.

Rizatriptan
By mouth, 10 mg. Can be repeated once after not less than 2 hours.• 

Reference
1 Goadsby PJ. Recent advances in the diagnosis and management of migraine. BMJ 2006; 

332:25–9.
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Treatment and prevention of migraine 
headache 

Treatment of acute migraine headache
- First-line treatment is simple analgesia.

Consider paracetamol, aspirin, or an NSAID.• 
An antiemetic, such as metoclopramide or domperidone, can be useful if • 
nausea and vomiting are prominent features.

- In many cases this will be suffi cient, especially if the patient recognizes early 
symptoms and responds.

- First-line treatment is insuffi cient in some patients. Others develop symptoms 
very rapidly, before conventional analgesics can act.

Consider a 5-HT• 1 receptor agonist for these patients.
If the drug is effective, they should take it as the migraine develops (e.g. when • 
the aura occurs), not try simple analgesia fi rst.

- Ergotamine drugs have been used for the treatment of migraine. They are 
effective but carry a very high risk of adverse effects. They are no longer 
generally recommended, but they are used by some specialists in rare cases.

Prevention
- Advise patients to avoid triggers (e.g. tiredness, certain foods).
- Drug treatment is not required in most cases. If required, drug selection should 

be made by a specialist.
- The following treatments are used:

Usual dose Common or important 
adverse effects

Beta-blocker 
(propranolol)

40–120 mg bd Reduced energy, tiredness, 
postural symptoms; 
contraindicated in asthma

Tricyclic antidepressants 
(e.g. amitriptyline, 
dosulepin, 
nortriptyline) 

Depends on drug Drowsiness (some patients are 
very sensitive); dry mouth; 
may precipitate glaucoma or 
urinary retention

Pizotifen 0.5–2 mg daily Weight gain, drowsiness

Anticonvulsant drugs:

Valproate 250–500 mg bd Drowsiness, weight gain, tremor, 
hair loss, fetal abnormalities, 
haematological or liver 
abnormalities

Topiramate 25–100 mg bd Paraesthesia, cognitive 
dysfunction, weight loss, renal 
stones, glaucoma

Gabapentin 300–2400 mg 
daily

Dizziness, sedation

Methysergide 1–4 mg daily Drowsiness, leg cramps, hair loss, 
retro-peritoneal fi brosis 
(a 1-month drug holiday is 
required every 6 months)

Flunarizine 5–10 mg daily Drowsiness, weight gain, 
depression, parkinsonism  

TEACHING 
POINT

(Continued)
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Usual dose Common or important 
adverse effects

Other drugs with some evidence for effi cacy 

ACE inhibitors (lisinopril) 10–20 mg daily Cough

Angiotensin receptor 
antagonists 
(e.g. candesartan)

16 mg daily

Note that the following drugs have been found not to be effective in clinical 
trials: nimodipine, clonidine, fl uoxetine.
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Penicillins
Beta-lactam antibiotics

Penicillins Different side-chains alter:

-The spectrum of activity

-Resistance to penicillinase

  (B-lactamase) 

Inhibition of

bacterial cell

wall synthesis

Bactericidal action

Inhibit peptido-

glycan cross-linking

B-lactamase

confers bacterial

resistance

0 - Widely-used antibiotics with good 
penetration of body tissues and fl uids.

Relatively poor penetration of the CSF, • 
unless the meninges are infl amed (e.g. 
meningococcal meningitis).

Flucloxacillin is given for infections due to sta-• 
phylococci, as most produce beta-lactamase.

Commonly used for the treatment of - 

endocarditis and cellulitis.
The broad-spectrum penicillins cover • 
Gram-positive bacteria (e.g. enterococci) and 
some Gram-negative bacteria, but are 
susceptible to beta-lactamase.

Commonly used for respiratory tract and • 
urinary tract infections.
Resistance to these drugs is common • 
amongst staphylococci and Escherichia coli.
Co-amoxiclav has better coverage of these • 
resistant bacteria.

The antipseudomonal penicillins (carboxypen-• 
icillins) should be reserved for the treatment 
of infections due to Pseudomonas aeruginosa.

They may be used in combination with an • 
aminoglycoside antibiotic, as they have 
synergistic actions.
Commonly used for the treatment of • 
neutropenic sepsis and endocarditis.

1 - Allergy to penicillin is common (around 3% 
of patients).
Always ask about a history of allergy when • 
prescribing an antibiotic; take a complete 
history if the patient says that they are 
allergic—sometimes they are not allergic 
when they think they are.

Those with a history of true allergy to pen-• 
icillin should not be given any beta-lactam 
antibiotic, including cephalosporins, carbapenems, and co-amoxiclav.
A non-confl uent rash affecting only a small area or occurring • 
>72 hours after starting the penicillin does not usually represent an 
allergic reaction; cephalosporins and carbapenems are not 
subsequently contraindicated.

Drugs in this class
- Penicillinase 

(B-lactamase)-
sensitive penicillins

Benzylpenicillin • 
(penicillin G, 
parenteral)
Penicillin V • 
(phenoxymethyl 
penicillin, oral)

- Penicillinase-
resistant penicillins

Flucloxacillin• 
- Broad-spectrum 

penicillins
Ampicillin• 
Amoxicillin• 
Co-amoxiclav • 
(amoxicillin plus 
clavulanic acid; 
Augmentin®)

- Antipseudomonal 
penicillins

Piperacillin (with • 
tazobactam; 
Tazocin®)
Ticarcillin (plus • 
clavulanic acid)

Clavulanic acid and 
tazobactam

These are inhibitors of 
B-lactamase. 
Compound 
 formulations with a 
penicillin can 
 overcome 
B-lactamase-mediated 
resistance.
However, not all 
 resistance is 
B-lactam-mediated. 
For example, 
 penicillin-resistant 
pneumococci and 
 gonococci have other 
 resistance mechanisms.
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The ampicillin rash is not evidence of allergy but can be hard to dis-• 
tinguish from true allergy; it is a maculopapular rash on the legs and 
can spread to the buttocks, trunk, and arms, occurring 10–14 days 
after the start of therapy; type III allergy to penicillins can cause a 
similar rash after 7–10 days.

Penicillins accumulate in renal insuffi ciency. High dosages can cause • 
cerebral irritation.

Antibiotic solutions for intravenous injection contain large amounts • 
of electrolytes (Na+ and K+); these will also accumulate in renal 
insuffi ciency.
Avoid intrathecal injection of penicillins.• 

Penicillins are not known to be harmful in pregnancy, but avoid clavu-• 
lanic acid, unless it is essential.

4 - Always consider the likely causative organisms when treating infection 
empirically.
Avoid using a broad-spectrum drug when one with a narrow spectrum • 
will cover the causative organism.
Using a broad-spectrum antibiotic increases the risk of antibiotic-• 
associated diarrhoea (see b Cephalosporins, p. 383).

Meticillin-resistant Staphylococcus aureus (MRSA)
- MRSA commonly causes hospital-acquired infection and is increasingly common 

in the community as well.
- It is resistant to all beta-lactams, including fl ucloxacillin.
- Consider MRSA as a causative organism if a patient becomes unwell in hospital 

or does not respond to conventional treatment.
- To avoid infection of other patients, discuss appropriate eradication and 

treatment regimens and precautions with your microbiology and infection 
control teams.

6 - Hypersensitivity is relatively common. An urticarial rash occurs in 
about 3% of patients. Anaphylactic reactions are much less common 
(0.05% or less).

A signifi cant number of patients develop a rash that is not directly • 
due to the penicillin. This may be due to the disease or a viral 
infection (e.g. Epstein–Barr virus).

Penicillin hypersensitivity
- IgE antibody-mediated reactions Reactive degradation products of the penicillin 

molecule combine with a protein carrier and act as haptens. The clinical 
spectrum that results ranges from a mild local reaction to anaphylactic shock.

- Non-IgE antibody-mediated reactions Modifi cation of erythrocyte surface 
components due to binding of beta-lactams or their metabolic products can 
cause the formation of antierythrocyte antibodies, resulting in a Coombs’-
positive haemolytic anaemia.

- Immediate hypersensitivity reactions to penicillins can be life threatening and will 
recur on subsequent exposure. All patients should be asked about a history of 
drug hypersensitivity and every drug chart should state clearly all known drug 
hypersensitivities (commonly referred to as ‘drug allergy’). If there are none then 
the chart should state ‘no known medicine allergy’. The UK’s National Patient 
Safety Agency (M www.npsa.nhs.uk) recommends that you ‘do not prescribe, 
dispense or administer medicines to patients if you do not know their medicine 
or allergy history and it has not been documented’.
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Penicillins can cause cerebral irritation and convulsions. The use of • 
high dosages in patients with renal insuffi ciency increases the risk.
Eradication of the patient’s normal fl ora can cause:• 

Superinfection by • Candida in the oropharynx; this is most common 
in the elderly and debilitated.
Antibiotic-associated diarrhoea; avoid broad-spectrum drugs unless • 
essential.

Penicillins commonly cause diarrhoea by different mechanisms (• see 
b Cephalosporins, p. 383).
Penicillins can cause cholestatic jaundice. The risk is greatest with fl u-• 
cloxacillin and formulations containing clavulanic acid.

Elderly patients and those treated for >2 weeks are at greatest risk.• 
The jaundice can appear several weeks after the drug has been • 
stopped.
Rare adverse effects include:• 
—Coombs’-positive haemolytic anaemia and thrombocytopenia.
—interstitial nephritis.
—hypernatraemia and hyperkalaemia in patients with renal 

insuffi ciency (see earlier notes).
7  - Diarrhoea due to a penicillin may reduce the effectiveness of the oral 

contraceptive owing to reduced absorption; warn the patient.
Penicillins reduce the excretion of some NSAIDs by reducing their • 
tubular secretion.

8  Safety and effi cacy
Measures of clinical improvement are the most important, but infl am-• 
matory markers, such as the ESR and CRP, are often helpful; 
remember that very occasionally penicillins cause fever.
Whenever possible, take cultures before staring antibiotic treatment. • 
Check the sensitivities of the causative organism. Discuss any unusual 
results with a microbiologist.
Measure the patient’s renal function and liver function tests, especially • 
if long-term treatment is required (>7 days).

9  - Warn the patient of the risk of a rash and other hypersensitivity 
phenomena.
Warn female patients that if they develop diarrhoea the oral contra-• 
ceptive may be ineffective.

Prescribing information: Penicillins
There are many formulations of these drugs. The following are given as 
examples. Dosages and duration of treatment will depend on the indication. 
Check your local antibiotics policy.

Benzylpenicillin
By intramuscular injection or slow intravenous injection/infusion, usual • 
dosage range 2.4–4.8 g daily in 4 divided doses.

Flucloxacillin
By mouth, 250–500 mg every 6 hours. Give at least 30 minutes before food.• 
By intramuscular injection, 250–500 mg every 6 hours.• 
By slow intravenous injection/infusion, 0.25–2.0 g every 6 hours.• 
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Ampicillin
By mouth, 0.25–1.0 g every 6 hours. Give at least 30 minutes before food.• 
By intramuscular injection, 500 mg every 4–6 hours.• 
By slow intravenous injection/infusion, 500 mg every 4–6 hours.• 

Amoxicillin
By mouth, 250–500 mg every 8 hours.• 
By intramuscular injection, 500 mg every 8 hours.• 
By slow intravenous injection/infusion, 0.5–1.0 g every 8 hours.• 

Co-amoxiclav (Augmentin®)
By mouth, 250 mg amoxicillin and 125 mg clavulanic acid in a single tablet; 1 • 
tablet 3 times daily.
Double the dose of amoxicillin (but not clavulanic acid) in severe infections.• 

Piperacillin (with tazobactam)
By slow intravenous injection/infusion, usually 4.5 g every 6–8 hours.• 
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Carbapenems
Beta-lactam antibiotics

Membrane-bound
transpeptidase 

Carbapenems These drugs have a very 
broad spectrum of action,
but they do not cover 
meticillin-resistant
Staphylococcus aureus

Inhibition of
bacterial cell
wall synthesis

Bactericidal action

0 - These drugs have a very broad spectrum 
of activity.

Aerobic and anaerobic, Gram-positive and • 
Gram-negative organisms
The spectrum includes • Pseudomonas spp.
They do not cover meticillin-resistant • 
Staphylococcus aureus (MRSA).
Meropenem has slightly better Gram-• 
negative activity.

1 - Those with a history of allergy to penicillin 
should not be given any beta-lactam 
antibiotic, including cephalosporins, carbapenems, and co-amoxiclav. 
The incidence of cross-reaction is about 50% in those who have had a 
type I reaction, such as anaphylactic shock or urticaria.

A non-confl uent rash affecting only a small area or occurring >72 • 
hours after starting the penicillin does not usually represent an 
allergic reaction.

These drugs accumulate in renal insuffi ciency.• 
The dose of imipenem or meropenem should be reduced as follows:• 
—mild insuffi ciency, reduce the frequency from every 8 hours to 

every 12 hours.
—moderate insuffi ciency, halve the usual dose and give every 

12 hours.
—severe insuffi ciency, halve the usual dose and give every 24 hours.
Antibiotic solutions for intravenous injection contain a large amount - 

of electrolytes (Na+ and K+); these will also accumulate in renal 
insuffi ciency

Avoid these drugs if the patient has epilepsy; the risk of fi ts is greater • 
with imipenem.
These drugs are not known to be safe in pregnancy. There is some • 
evidence of toxicity from imipenem in animals.

4 - Always consider the likely causative organisms when treating infections 
empirically.
Avoid using a broad-spectrum drug when one with a narrow spectrum • 
will cover the causative organism.

Drugs in this class
- Imipenem

Use in • 
combination with 
cilastatin, which 
blocks the renal 
metabolism of 
imipenem, 
increasing its 
duration of action

- Meropenem
- Ertapenem
- Doripenem

Related B-lactam
- Aztreonam 

(a monobactam). 
Specialist use only. 
Gram-negative but 
not Gram-positive 
cover.
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Using a broad-spectrum antibiotic increases the risk of antibiotic-• 
associated diarrhoea (see b Cephalosporins, p. 383). It also selects 
for resistant organisms (see b Glycopeptides, p. 387).
These drugs have a very broad spectrum, but they are not appropriate • 
in most settings when the likely causative organisms are known.

Most hospitals restrict their use to places where infection by a wide • 
range of resistant organisms is possible (e.g. on the ICU).
Do not forget that these drugs do not cover MRSA.• 
Discuss the case with a specialist in infections before using these • 
drugs.

6 - Hypersensitivity is relatively common. This is usually characterized by 
a rash, which can be severe.
Carbapenems lower the seizure threshold. The risk is greater with • 
imipenem, which is not recommended for the treatment of meningitis.

They can also cause confusion.• 
Carbapenems can cause antibiotic-associated diarrhoea (• see b 
Cephalosporins, p. 383).
Carbapenems can cause abnormalities of liver function tests.• 
Carbapenems can cause a positive Coombs’ test; haemolytic anaemia • 
is rare.

7  - The risk of seizures is increased if imipenem is given with ganciclovir; 
avoid this combination.

Safety and effi cacy
Measures of clinical improvement are the most important, but • 
infl ammatory markers, such as the ESR and CRP, are often helpful.
Whenever possible, take cultures before starting antibiotic treatment. • 
Check the sensitivities of the causative organism. Discuss any unusual 
results with a microbiologist.
Measure the patient’s renal function and liver function. Reduce the • 
dose as outlined earlier in renal insuffi ciency.

9   - Check that the patient is not allergic to penicillins before giving these 
drugs.

Prescribing information: Carbapenems
Dosages and duration of treatment will depend on the indication. Check your 
local antibiotics policy.

Imipenem (with cilastatin)
By intravenous infusion, usual dose 500 mg (of imipenem) tds or qds.• 
See earlier notes for dosage adjustments in renal insuffi ciency.• 
Higher doses may be required; seek microbiological advice.• 

Meropenem
By intravenous infusion, 500 mg tds.• 
See earlier notes for dosage adjustments in renal insuffi ciency.• 
Higher doses may be required; seek microbiological advice.• 
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Cephalosporins and cephamycins
Beta-lactam antibiotics

Cephalosporins

and cephamycins  

Inhibition of

bacterial cell

wall synthesis

Bactericidal action

Inhibit peptido-

glycan cross-linking
See notes for

spectrum of activity

0 - Widely-used antibiotics with good 
penetration of body tissues and fl uids.

Relatively poor penetration to CSF, unless • 
the meninges are infl amed.
See box and • b Penicillins, p. 374.
Cefotaxime is commonly used as a fi rst-• 
line drug for the treatment of meningitis 
(a notifi able disease—see b 
Antituberculosis drugs, p. 421 for more 
information).
Commonly used for surgical prophylaxis • 
(see b p. 411).

1 - Those with a history of allergy to penicillin 
should not be given any beta-lactam 
antibiotic, including cephalosporins, 
carbapenems, and co-amoxiclav.

A non-confl uent rash affecting only a small • 
area or occurring more than 72 hours after 
starting the penicillin does not usually 
represent an allergic reaction.

These drugs can accumulate in renal • 
insuffi ciency.

Antibiotic solutions for intravenous • 
injection contain a large amount of 
electrolytes (Na+ and K+); these will also 
accumulate in renal insuffi ciency.
As a rule of thumb, give the usual initial • 
dose but reduce subsequent doses by half 
in renal insuffi ciency.

These drugs are not known to be harmful in • 
pregnancy, but avoid them unless they are 
essential.
Avoid these drugs if the patient has porphyria.• 

4 - The term ‘kef ’ is commonly used to describe these drugs. Do not do 
this. Be specifi c about the cephalosporin to which you are referring. 
These antibiotics do not all have the same spectrum of activity and 
mistakes have been made.
Always consider the likely causative organisms when treating infection • 
empirically.

Drugs in this class

First-generation
- Principally Gram-

positive cover 
(but not Enterococcus 
spp.)

cefradine, cefazolin, • 
cefalexin, cefadroxil

Second-generation
- Improved Gram-

negative cover but at 
the expense of Gram-
positive cover

cefuroxime, • 
cefaclor, 
cefamandole, 
cefprozil

Third-generation
- Greater Gram-

negative cover, but 
less Gram-positive 
cover, especially 
Staphylococcus aureus

cefotaxime and • 
ceftriaxone
ceftazidime (covers • 
Pseudomonas but 
has minimal Gram-
positive cover)

Other cephalosporins
cefpirome• 
cefi xime• 
cefpodoxime, • 
covers respiratory 
tract pathogens

Cephamycin
cefoxitin (has some • 
anaerobic activity)
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Avoid using a broad-spectrum drug when one with a narrow spectrum • 
will cover the causative organism.

Cephalosporins are probably some of the most inappropriately used • 
antibiotics.

Using a broad-spectrum antibiotic increases the risk of antibiotic-• 
associated diarrhoea (see below).

Cephalosporins are now the most common cause of antibiotic-• 
associated diarrhoea.
See notes below; limit intravenous treatment to the shortest • 
possible time.

6 - Hypersensitivity is relatively common. An urticarial rash occurs in 5% 
of patients. Anaphylactic reactions are much less common.
Eradication of the patient’s normal fl ora can cause:• 

Superinfection by • Candida in the oropharynx; this is most common 
in elderly and debilitated people.
Antibiotic-associated diarrhoea; avoid broad-spectrum drugs unless • 
essential; cephalosporins commonly cause diarrhoea by different 
mechanisms (see teaching point box, b p. 383).

Cephalosporins can cause abnormalities of liver function tests, and • 
frank hepatitis.
Rare adverse effects include:• 

Coombs’-positive haemolytic anaemia.• 
Bone marrow suppression (thrombocytopenia).• 
Interference with the action of clotting factors, causing haemor-• 
rhage.
Hypernatraemia and hyperkalaemia in patients with renal insuffi -• 
ciency (see earlier notes).

7  - The risk of drug interactions is small.
Cephalosporins can potentiate the effect of warfarin, but the effect is • 
inconsistent. Some can cause bleeding disorders.
Antacids may reduce the absorption of these drugs given by mouth.• 

8 Safety and effi cacy
Measures of clinical improvement are the most important, but infl am-• 
matory markers, such as the ESR and CRP, are often helpful.
Whenever possible, take cultures before starting antibiotic treatment. • 
Check the sensitivities of the causative organism. Discuss any unusual 
results with a microbiologist.
Measure the patient’s renal function and liver function tests, especially • 
if long-term treatment is required (>7 days).
Cephalosporins can give a false-positive urine glucose test and • 
Coombs’ test.

9  - Warn the patient of the risk of a rash and other hypersensitivity 
phenomena.
Warn female patients that if they develop diarrhoea the oral • 
contraceptive pill may be ineffective.
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Prescribing information: Cephalosporins and cephamycins
There are many drugs and formulations. Their uses and spectra of activity are 
not equivalent. The following are given as examples. Dosages and duration of 
treatment will depend on the indication. Check your local antibiotics policy.

Cefalexin•  for urinary tract, respiratory tract, sinus, skin, and soft tissue 
infections by sensitive organisms.

By mouth, 250 mg qds or 500 mg bd.• 
Cefuroxime• , second-generation drug, commonly used for surgical 
prophylaxis.

By slow intravenous injection/infusion, 1.5 g at induction (surgical • 
prophylaxis) or 750 mg tds for other indications.
Dose can be doubled in severe infections.• 

Ceftriaxone• , third-generation drug, commonly used for treatment of 
meningitis.

By slow intravenous injection/infusion, 2 g bd for meningitis, otherwise • 
once daily.
Lower doses may be appropriate.• 

Ceftazidime• , a third-generation drug with activity against Pseudomonas.
By slow intravenous injection/infusion, 1 g tds.• 
Dose may be doubled in severe infections.• 

Cefotaxime• , a third-generation drug with a broad spectrum.
By slow intravenous injection/infusion, 1 g bd.• 
Can be increased up to 12 g daily (in divided doses in severe infection).• 
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Antibiotic-associated diarrhoea
- Antibiotics can cause diarrhoea in several ways:

They alter bowel fl ora, which can cause diarrhoea.• 
Alteration of the bowel’s normal fl ora can allow overgrowth of other • 
organisms, such as Clostridium diffi cile; this overgrowth can cause a diarrhoeal 
illness ranging in severity up to pseudomembranous colitis.
Some antibiotics (penicillins) can cause diarrhoea due to a hypersensitivity • 
reaction; this is rare.

- The increasing use of broad-spectrum antibiotics has made this condition very 
common in hospitals. Clindamycin was the fi rst antibiotic to be associated with 
pseudomembranous colitis, but cephalosporins are now the most common 
cause of diarrhoea due to Clostridium diffi cile. Consider carefully whether a 
narrow-spectrum antibiotic would suffi ce, before you prescribe a 
broad-spectrum antibiotic.

Elderly and debilitated people are at greatest risk; the risk increases with • 
prolonged courses of antibiotics, but it can appear after only a single dose.
The most severe form of antibiotic-associated diarrhoea, pseudomembranous • 
colitis, is not a trivial disease; it can be fatal, especially in those who are 
already frail; furthermore, it prolongs hospital stays by up to 10 days, 
increasing the risk of other hospital-acquired infection and placing a 
considerable burden on resources.
Clostridium diffi cile•  is diagnosed by identifi cation of its toxin in the stool; the 
toxin can be present after the diarrhoea has subsided, and presence of the 
toxin alone is not grounds for treatment; however, infection control 
procedures should be followed.

Prevention is as important as treatment
- Review the current antibiotic regimen.

Avoid broad-spectrum drugs, unless they are essential.• 
Limit intravenous antibiotic treatment to the shortest possible time.• 

- Follow universal precautions when attending to and examining patients.
- Take care to avoid cross-contamination from those known to be infected.

Treatment
- Supportive measures are essential. Ensure that the patient has an adequate fl uid 

intake.
- Follow infection control procedures carefully.
- Oral metronidazole is the fi rst-line treatment.

By mouth, 400 mg tds for 7 days.• 
- If this is ineffective, consider treatment with oral vancomycin (even in those in 

whom intravenous vancomycin has been the cause).
By mouth, 125 mg every 6 hours, for 10–14 days.• 

- In a small number of severe cases this will not be suffi cient. Seek expert advice. 
Options include re-establishment of the normal gut fl ora with lactobacillus 
(although trial evidence of effi cacy is poor).

TEACHING 
POINT
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Glycopeptide antibiotics
Antibiotics

Inhibition of

bacterial cell

wall synthesis

Inhibit formation of

peptidoglycan by

steric hindrance  Principally

bacteriostatic

Glycopeptides

0 - Treatment of infection by Gram-positive cocci, especially 
multiresistant staphylococci (e.g. MRSA).

These drugs have no activity against Gram-negative bacteria.• 
Given into the peritoneal cavity for the treatment of peritonitis in • 
patients receiving peritoneal dialysis (CAPD) (unlicensed indication).
Treatment of antibiotic-associated diarrhoea (vancomycin, given by • 
mouth).

1 - Glycopeptides are not absorbed in signifi cant amounts when given 
by mouth. They must be given by intravenous infusion if systemic 
exposure is required.

Systemic administration is not suitable for the treatment of • 
antibiotic-associated diarrhoea; in that case give by mouth

Glycopeptides are excreted by the kidney. They are given to patients • 
with renal insuffi ciency, but close serum concentration monitoring is 
required.
Glycopeptides are not known to be safe in pregnancy; avoid using • 
them parenterally unless essential.

4 - Always consider the likely causative organisms when treating infections 
empirically.
Reserve glycopeptides for treatment of infections either known to be, • 
or suspected to be, due to multiresistant organisms (see teaching point 
box, b p. 387).
The standard vancomycin dose of 1 g twice daily is often excessive in • 
elderly patients; reduce to 750 mg twice daily and measure the serum 
concentration early (see later notes).
Rapid intravenous injection can cause the ‘red man syndrome’ due to • 
histamine release, characterized by fever, chills, rash, and hypotension. 
Give glycopeptides by intravenous infusion over 60–90 minutes.

Antibiotic-associated diarrhoea
Vancomycin is a second-line treatment, usually reserved for those • 
patients who have failed to respond to a course of treatment with 
metronidazole. See b Cephalosporins, p. 383 for guidance on the 
treatment of antibiotic-associated diarrhoea.

6 - Glycopeptides are excreted by the kidney and can be nephrotoxic. 
Take particular care and monitor the serum concentration closely in 
patients with renal insuffi ciency.

Glycopeptides can also be ototoxic.- 

Drugs in this class
- Vancomycin
- Teicoplanin

Treatment of 
multiresistant 
bacteria

See teaching point, 
b p. 387.
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Excessively rapid infusion can cause the ‘red man syndrome’ (• see 
b p. 384). Give these drugs by slow infusion.
Hypersensitivity is relatively common. This is most commonly • 
characterized by a rash, which can be severe.
Occasionally glycopeptides can cause neutropenia, agranulocytosis, or • 
thrombocytopenia.

7  - The risk of nephrotoxicity and ototoxicity is increased if these drugs 
are given with aminoglycosides, loop diuretics (e.g. furosemide), or 
ciclosporin.
Colestyramine antagonizes the action of vancomycin when it is given • 
by mouth.

8 Safety and effi cacy
Measures of clinical improvement are the most important, but • 
infl ammatory markers, such as the ESR and CRP are often helpful.
Whenever possible, take cultures before starting antibiotic treatment. • 
Check the sensitivities of the causative organism. Discuss any unusual 
results with a microbiologist.
Measure the patient’s renal function before and during treatment. • 
Measure a full blood count especially if long-term treatment is 
required (>7 days).

Serum concentration measurement
The information given relates to vancomycin serum concentrations. • 
Teicoplanin concentrations are not routinely measured, but they can 
be used in some cases to optimize treatment.
Trough concentrations are most helpful; aim for a trough • 
concentration of 5–10 mg/L.

If renal function is normal, take the sample after the third dose.• 
Plan when you will be taking serum samples for measurement and • 
liaise with your laboratory to ensure that they will be able to process 
the samples at the times you request. This is especially important at 
weekends.
If the patient’s renal function is normal give the dose after taking the sample • 
for measurement. Use the result to adjust the size of the next dose.
If the patient’s renal function is not normal, wait for the result before • 
giving the next dose of vancomycin.
If you are unsure, take advice about dosage adjustment. Vancomycin • 
acts by time-dependent killing, so it is usually better to reduce the 
dose than to increase the dosage interval.

9  - Warn the patient of the risk of rash and other hypersensitivity 
phenomena.
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Note on time-dependent versus concentration-dependent antibacterial 
action
- The mechanisms of action of antibiotics vary considerably. The ways in which 

they act may depend on the peak concentration of antibiotic (concentration-
dependent killing) or on the length of time over which the bacteria are exposed 
to the drug (time-dependent killing).

- The aminoglycosides are examples of the former, the glycopeptides of the latter.
- This is why the dosage regimens and associated monitoring are very different for 

these two classes of antibiotics. See the monitoring sections for further 
information.

Prescribing information: Glycopeptide antibiotics
The following are given as examples. Dosages will depend on the indication 
and renal function. Check your local antibiotics policy.

Vancomycin
By intravenous infusion over 60–90 minutes; usual dose 1 g every 12 hours.• 

Take note of advice above and adjust according to serum trough • 
concentration.

By mouth, for antibiotic-associated diarrhoea, 125 mg every 6 hours for • 
10–14 days.

Teicoplanin
By slow intravenous infusion, 400 mg every 12 hours.• 

Take note of advice above and adjust according to serum trough • 
concentration.
Dose may be reduced to 200 mg every 12 hours after 3 doses.• 
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Multiresistant organisms 
- The emergence of multiresistant organisms is a major public health challenge. 

They are most common in hospitals, where broad-spectrum antibiotics are 
widely used (e.g. in intensive care units), but there is an increasing incidence of 
multiresistant organisms in the community.

- Some of these organisms are resistant to all classes of antibiotics.
- The ability to treat multiresistant organisms can give the impression that 

antibiotics such as vancomycin are better and more powerful than conventional 
drugs, such as the penicillins. This impression is false; these antibiotics have a 
limited spectrum of activity and are relatively diffi cult to use. If your patient has a 
penicillin-sensitive organism, a penicillin is a much better and safer choice. 
Selection of resistant organisms is driven by the use of broad-spectrum 
antibiotics. Use a narrow-spectrum antibiotic if you know the causative 
organism. Reserve drugs such as vancomycin for those patients at risk from 
multiresistant organisms; inappropriate use will drive the selection of more and 
more resistant organisms. For example, vancomycin-resistant enterococci (VRE) 
and staphylococci (VRSA) are emerging.

- Infection control procedures (isolation, hand washing, etc.) are as important as 
the appropriate antibiotic selection in the fi ght against multiresistant organisms.

Other antibiotics used for the treatment of multiresistant organisms.
- Always discuss the case with a microbiologist before using these drugs.

Linezolid
- An oxazolidinone antibiotic.
- Has activity against MRSA and VRE.
- This drug is a reversible MAOI; see b MAOIs, p. 332 for further information.
- Linezolid can cause myelosuppresion; monitor the full blood count closely.

TEACHING 
POINT
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Tetracyclines
Antibiotics

30s bacterial

ribosome 
Inhibition of

bacterial protein

synthesis.

Blocks DNA

translation

into RNA  

Tetracyclines also inhibit

sebum production Treatment of acne

Bacteriostatic

Tetracyclines

Non-antimicrobial uses of tetracyclines
- Doxycycline at sub-antimicrobial doses is an inhibitor of collagenase activity.
- This effect is used therapeutically in the treatment of adult periodontitis. This is 

a specialized use and is an adjunct to supragingival and subgingival scaling and 
root planning. It should be given with oral hygiene instruction and carried out by 
a dental practitioner or hygienist, as appropriate.

- The usual dose is 20 mg twice daily.
- Collagenase is one of a large family of matrix metalloproteinases. 
- Tetracyclines inhibit other metalloproteinases, but the therapeutic potential of 

these other actions has not been established.
- Because of these actions, chemically modifi ed tetracyclines, with greatly reduced 

antimicrobial activity but increased inhibitory effects on matrix metalloproteases 
have been developed for use in conditions such as diabetic proteinuria, 
periodontitis, and tendinopathy.

0 - These drugs have a broad spectrum, but their clinical usefulness is now 
limited by widespread resistance. However, they are still the drugs of 
choice for infection by intracellular organisms:

Chlamydiae (non-specifi c urethritis, psittacosis, trachoma).• 
Rickettsiae (e.g. Q fever).• 
Brucellae (with streptomycin or rifampicin).• 
Spirochaetes (• Borrelia burgdorferi—Lyme disease).

Tetracyclines are also used to treat acne.• 
Demeclocycline is used to treat the syndrome of inappropriate ADH • 
(SIADH); see also b Lithium, p. 348.
Doxycycline is used in prophylaxis against malaria (• see b Antimalarial 
drugs, p. 444).

1 - Avoid tetracyclines in patients with myasthenia gravis or systemic 
lupus erythematosus; they can worsen muscle weakness.
Avoid tetracyclines if the patient has diabetes insipidus; they can exac-• 
erbate it.
Tetracyclines can worsen hepatic and renal function; avoid them in • 
patients with renal or hepatic insuffi ciency.

Do not give tetracyclines to children; they are deposited in teeth • 
and can cause dental yellowing and hypoplasia.

For the same reason, do not give these drugs to women who are preg-• 
nant or who are breastfeeding.

Tetracyclines can be deposited in the bones and teeth of women • 
and children.

Drugs in this class
- Tetracycline
- Oxytetracycline
- Doxycycline
- Minocycline
- Demeclocycline
- Chlortetracycline
- Lymecycline
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4 - The absorption of tetracyclines is markedly inhibited by divalent and 
trivalent cations, with which they form chelates. The following should 
be avoided:

Milk and milk products.• 
Zinc, iron, magnesium, and aluminium (for example in antacids or • 
supplements).
Take tetracyclines with plenty of water 30 minutes or more before • 
food.

Diagnosis of the listed infections may require specialized investigations; • 
seek advice from a microbiologist or infectious diseases specialist.
Demeclocycline reduces the sensitivity of the collecting ducts to ADH; • 
this induces diabetes insipidus. This effect is sometimes used to treat 
SIADH. See b Lithium, p. 348 for diagnostic criteria.

Treatment of acne (see teaching point box, b p. 392)
Tetracyclines can be given by mouth or by topical application for this • 
indication.
Topical application has lower systemic exposure and so a lower risk of • 
effects on bones and teeth.
Bacterial resistance is increasing, so limit the use of tetracyclines to • 
patients with moderate acne with an infl ammatory component.

Use a non-antibiotic antimicrobial (e.g. benzoyl peroxide) when • 
possible

Do not use different oral and topical antibiotics at the same time.• 
Tetracyclines improve acne but take time to act and do not abolish it.• 

Some improvement may be seen within 4–6 weeks, but it can take • 
8–12 weeks before full improvement is seen.

6 - Adverse effects are more common with systemic than with topical 
administration.
Nausea and vomiting are common. Tetracyclines can cause oesopha-• 
geal irritation; they should be taken with plenty of water (not milk).
Tetracyclines are excreted by the kidneys and can cause • 
nephrotoxicity. Avoid them if the patient has renal insuffi ciency. 
Nephrotoxicity is more likely if the patient is dehydrated from 
vomiting or diuretics. Ensure that the patient remains well hydrated.

Doxycycline does not cause nephrotoxicity.- 

Demeclocycline can cause nephrogenic diabetes insipidus (see • 
earlier notes).
Some of the breakdown products of tetracyclines are nephrotoxic; • 
do not use out-of-date drugs.
Tetracyclines can cause a rise in the blood urea concentration • 
without a rise in creatinine; take care; this can falsely suggest that the 
patient has renal insuffi ciency.

Hypersensitivity to tetracyclines is relatively common. Demeclocycline • 
commonly causes a photosensitive rash.

Tetracyclines can cause irreversible pigmentation of the skin; this is • 
seen especially with minocycline and is more common with 
prolonged use.
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Tetracyclines are deposited in developing teeth, causing yellowing. • 
They can also cause dental hypoplasia.
Tetracyclines can cause ‘benign’ intracranial hypertension • 
(‘pseudotumor cerebri’). This is rare but potentially serious; the term 
‘benign’ is misleading. 

Ask the patient about headache and visual disturbance and withdraw • 
the drug if these occur.

Tetracyclines can cause blood disorders (anaemia, thrombocytopenia), • 
but these are rare.
Minocycline can cause a systemic lupus erythematosus-like syndrome; • 
this is rare.

7  - Avoid milk and minerals that chelate tetracyclines (see earlier notes 
for a list).
Drugs that induce cytochome P450 enzymes increase the metabolism • 
of tetracyclines, reducing their action. See b Carbamazepine, p. 285 
for more information.
Tetracyclines increase the effect of warfarin; measure the INR and • 
reduce the warfarin dose if appropriate.
Doxycycline increases blood ciclosporin concentrations.• 
Do not give tetracyclines with retinoids (also used for acne); the risk • 
of intracranial hypertension is increased.

8 Safety and effi cacy
Measures of clinical improvement are the most important, but • 
infl ammatory markers such as the CRP and ESR are often helpful if 
these drugs are used to treat infection.
Whenever possible, take cultures before starting antibiotic treatment. • 
Some of the organisms that tetracycline are used to treat require 
special culture conditions; discuss this with a microbiologist. Check the 
sensitivities of the causative organism.
Measure the patient’s renal function (urea and creatinine), taking note • 
of the factors discussed earlier.
If treatment is to extend beyond 6 months, measurement of liver • 
function tests is recommended. Examine the patient, looking for 
irreversible skin pigmentation.

9  - Warn the patient that topical tetracyclines can stain clothing.
Warn the patient to avoid milk, mineral supplements, and some other • 
drugs (see earlier list) while taking tetracyclines.
Advise the patient to report promptly any persistent headaches or • 
visual disturbances.
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Prescribing information: Tetracyclines
There are many formulations of these drugs. The following are given as 
examples. Dosages and duration of treatment will depend on the indication. 
Check your local antibiotics policy.

Tetracycline for infection
By mouth, 250 mg every 6 hours.• 
May be increased to 500 mg every 6 hours.• 

Demeclocycline for treatment of SIADH
By mouth, initially 0.9–1.2 g daily, in divided doses.• 
Usual maintenance dose 600–900 mg.• 

Minocycline for acne
By mouth, 100 mg daily (dose may be divided).• 
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Treatment of acne
- Acne occurs when excess oil (sebum) production combined with dead skin cells 

clogs pores. Bacterial growth in the pores causes red infl amed pimples, pus-fi lled 
whiteheads, or blackheads.

- Acne is more common:
In adolescents.• 
In men.• 
In greasy skin.• 
In unwashed skin.• 
During menstruation.• 
If anabolic steroids are used.• 
If pores are blocked by cosmetics.• 

- Simple measures, such as regular washing (antibacterial soaps do not increase effi cacy) 
and exposure to natural sunlight, may be all that is required for mild acne.

- Acne can be scarring; severe acne should be treated early to prevent severe 
scarring.

- All treatments take time to act.

Mild or moderate acne
- Topical treatment is usually suffi cient. A non-antibiotic antimicrobial agent, such 

as benzoyl peroxide or azelaic acid, is usually preferred, owing to increasing 
emergence of antibiotic resistance.

Consider treatment with a topical antibiotic if there has been no response • 
after 2 months of treatment

- Topical antibiotics (erythromycin, clindamycin, or tetracycline) should be 
reserved for patients with an infl ammatory component.

Adverse effects from these topical formulations are uncommon• 
- If these treatments are ineffective, consider treatment with a topical retinoid.

These take several months to act and are likely to cause redness of the skin • 
and peeling.
Do not apply these drugs to large areas of the skin.• 
Avoid exposure to UV light; use a sunscreen if exposure to the sun is • 
unavoidable.

- These drugs are contraindicated during pregnancy; see b Retinoids, p. 692 for 
more information.

Moderate to severe acne
- A proportion of patients do not respond to topical treatments.
- Consider systemic treatment in these cases.
- First-line choices are oral antibacterial drugs, such as tetracyclines (see earlier 

notes) or erythromycin. Erythromycin can be used in younger patients, but 
bacterial resistance is widespread. Topical anticomedonal treatment (e.g. 
benzoyl peroxide) can be continued, but do not use different topical and 
systemic antibiotics at the same time (increases resistance).

Trimethoprim is a second-line option for resistant acne; treatment should be • 
supervised by a specialist.
Co-cyprindiol (an antiandrogen plus an oestrogen) is a second-line option for • 
women with acne. It is contraindicated in pregnancy and increases the risk of 
thromboembolism; the antiandrogen action may ameliorate hirsutism

- Oral retinoids are reserved for treatment of the most severe acne. They can 
only be prescribed by consultant dermatologists. See b Retinoids, p. 692 for 
more information.

TEACHING 
POINT
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Aminoglycoside antibiotics
Antibiotics

30s bacterial

ribosome 

Aminoglycosides Neomycin is too toxic to be given

parenterally but is used orally in the

treatment of hepatic encephalopathy.

- It reduces urea production by

  bacteria in the gut.

- It may also reduce protein absorption 

  from the gut.

Inhibition of bacterial

protein synthesis 

Blocks DNA

translation into

RNA  

Bactericidal

0 - These drugs are most commonly given for 
serious Gram-negative infections.
They have some action against some • 
Gram-positive bacteria. For example, they 
act synergistically with penicillins in the 
treatment of staphylococcal endocarditis. 
The penicillin breaks the cell wall, allowing 
the aminoglycoside to enter.

Gentamicin is the usual drug of choice.• 
Amikacin is usually reserved for • 
gentamicin-resistant Gram-negative bacteria.
Tobramycin is given by nebulizer for treatment of • Pseudomonas 
aeruginosa in patients with cystic fi brosis.
Neomycin is too toxic for parenteral administration; it is given orally • 
for gut clearance (sterilization) (e.g. as part of the treatment of 
hepatic encephalopathy).
These drugs penetrate the chest and abscesses poorly.• 

1 - Aminoglycosides can interfere with neuromuscular transmission; avoid 
them in patients with myasthenia gravis.
Aminoglycosides are excreted by the kidney. They are given to • 
patients with renal insuffi ciency, but close serum concentration 
monitoring is required if repeated doses are used.
Avoid aminoglycosides during pregnancy whenever possible; there is a • 
risk of damage to the baby’s vestibular and auditory nerves.

4 - Aminoglycosides are not absorbed from the gut; they must be given 
parenterally.

Tobramycin can be given by nebulized solution.• 
Aminoglycosides are given in two ways:• 

As a single large dose, usually once daily according to the regimen • 
outlined in later notes.
For their synergistic action with another antibiotic (see earlier notes) • 
(e.g. in the treatment of endocarditis). In this case, the drug is given 
as a smaller dose 2 or 3 times daily.

6 - Hypersensitivity is relatively common. A rash occurs in 5% of patients.
Streptomycin can cause contact dermatitis; wear gloves when • 
handling it.

Drugs in this class
- Gentamicin*
- Neomycin
- Tobramycin*
- Amikacin*
- Streptomycin

Used almost • 
exclusively for the 
treatment of 
Mycobacterium 
tuberculosis (TB). 
See 
Antituberculosis 
drugs, b p. 418.

*Drugs with activity 
against Pseudomonas 
aeruginosa
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Aminoglycosides can be ototoxic and nephrotoxic. The risk is related • 
to the trough concentration rather than the peak concentration. Make 
sure the serum concentration has fallen below 2 mg/L before giving 
another dose.
Aminoglycosides can have a neuromuscular blocking action, especially • 
when given in large doses.
Neomycin can cause superinfection of the pharynx and gut with yeasts • 
and fungi.
Aminoglycosides can cause antibiotic-associated diarrhoea, but this is • 
uncommon.
Tobramycin can cause bronchospasm and haemoptysis when given by • 
nebulizer (pretreatment inhaled bronchodilators can be given).

7  - The risk of nephrotoxicity is increased if aminoglycosides are 
given with loop diuretics (e.g. furosemide), antifungal drugs 
(e.g. amphotericin), cytotoxic drugs, and ciclosporin.
Neomycin reduces vitamin K absorption, potentiating the effect of • 
warfarin. Neomycin also reduces the absorption of digoxin.
Aminoglycosides potentiate the effects of neuromuscular blocking • 
drugs.

8 Safety and effi cacy
Measures of clinical improvement are the most important, but • 
infl ammatory markers, such as the ESR and CRP, are often helpful.
Whenever possible, take cultures before starting antibiotic treatment. • 
Check the sensitivities of the causative organism. Discuss any unusual 
results with a microbiologist.
Measure the patient’s renal function (even when giving tobramycin by • 
nebulizer).

Gentamicin
Plan when you will be taking serum samples for measurement, and • 
liaise with your laboratory to ensure that they will be able to process 
the samples at the times you request. This is especially important at 
weekends.
Measure the serum concentration and adjust the dose and dosage • 
interval as appropriate. For twice or three times daily dosing:

Measure the serum concentration after 3 doses if renal function is • 
normal. If renal function is abnormal, measure the concentration 
earlier. The peak concentration should be taken 1 hour after the 
dose has fi nished being given, and should be in the range 5–10 mg/L.
The trough concentration should be taken just before the next dose • 
and should be <2 mg/L.
A nomogram for once-daily dosing is given on • b p. 397.

Seek advice for target ranges of other aminoglycosides.• 
9  - Warn the patient of the risk of a rash and other hypersensitivity 

phenomena.
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Prescribing information: Aminoglycoside antibiotics
There are many formulations of these drugs. The following are given as exam-
ples. Dosages will depend on the indication and renal function. Check your 
local antibiotics policy. See b Azathioprine, p. 587 for more information on 
giving drug dosages by body weight.

Gentamicin
Once daily regimen, see ‘Once-daily gentamicin’ box, • b p. 397.
Twice or three times daily regimen. By intramuscular injection or slow • 
intravenous injection/infusion, usual dosage range 60–80 mg twice daily.

Amikacin
By intramuscular injection or slow intravenous injection/infusion, 15 mg/kg • 
daily in 2 divided doses.
Can be increased to 22.5 mg/kg daily in 3 divided doses in severe infections.• 

Tobramycin
By intramuscular injection or slow intravenous injection/infusion, 3 mg/kg • 
daily in 3 divided doses.
By nebulizer, 300 mg twice daily, usual treatment course is 28 days.• 

Case history
Prolonged administration of aminoglycoside antibiotics
- A 60-year-old man with infective endocarditis was given a combination of 

penicillin and gentamicin for 4 weeks. Frequent serum gentamicin peak and 
trough concentrations throughout the 4 weeks were satisfactory and he made a 
good recovery. However, he became unsteady on his feet and formal testing 
confi rmed impaired auditory and vestibular function.

Administration of aminoglycoside antibiotics for more than a week, despite careful 
monitoring, is potentially hazardous, since the drug continues to accumulate in the 
tissues despite steady serum concentrations. Cumulative ototoxic damage can 
therefore occur in the absence of overtly toxic serum concentrations.
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Once-daily gentamicin
- The rationale for pulse dosing of aminoglycosides is based on the following 

observations:
Aminoglycosides exhibit a signifi cant post-antibiotic effect. An antibacterial effect • 
is detectable beyond the time that the drug is detectable in the serum.
The bactericidal action of aminoglycosides is concentration dependent. The • 
higher the ratio between the peak aminoglycoside concentration and 
minimum inhibitory concentration (MIC), the higher the kill rate. The multiple 
daily dosing regimen usually results in relatively low peak/MIC ratios (<5). 
When the same total daily dose is given as a single bolus (infused over 
30-60 minutes), much higher ratios are obtained (>10).
Aminoglycoside uptake into renal tubule cells and the inner ear appears to be • 
saturated at relatively low serum concentrations, suggesting that higher peaks 
do not necessarily result in a greater risk of toxicity.

Exclusion criteria for once-daily aminoglycoside dosing
- Pregnancy - Severe renal disease (creatinine 
- Severe liver disease (e.g. ascites) clearance < 30 mL/min)
- Neutropenia - Patients with enterococcal 
- Extensive burns (>20% of   endocarditis

body surface area)
- Patients with Gram-positive 

infection (when the aminoglycoside is used for synergy)

Dosage
- The single dose for gentamicin is 7 mg per kg body weight, unless the patient is 

more than 20% heavier than the ideal body weight. For obese patients, calculate 
a dosing weight:

Dosing weight =  ideal body weight (in kg) + 0.4 x 
(actual body weight – ideal body weight)

- The calculated dose is diluted in 100 mL of isotonic saline and infused over 
1 hour.

- Measure the serum concentration at 7–12 hours after the dose (take a careful 
note of the actual time).

- Use the nomogram (see diagram) to calculate the frequency of dosing.
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Macrolide antibiotics
Antibiotics

50S subunit of

bacterial ribosome

Macrolides Inhibition of

bacterial

protein

synthesis   

Stimulation of gut motility,

but can result in nausea

and vomiting  Erythromycin

Motilin receptors

Exact mechanism

unclear 

0 - These drugs have an antibacterial spectrum 
that is similar to that of simple penicillins 
(e.g. benzylpenicillin).

They are commonly used if the patient is • 
allergic to penicillins.
They do not penetrate the CNS, so • 
cannot be used for meningitis.

They are also active against the bacteria • 
that cause atypical pneumonias (e.g. 
Mycoplasma, Chlamydia, Legionella).
Azithromycin has a slightly different • 
spectrum from erythromycin:

It covers • Haemophilus infl uenzae.
It can be given as single dose for treat-• 
ment of chlamydial and non-gonococcal urethritis.

Clarithromycin is commonly used as part of • Helicobacter pylori eradica-
tion regimens (see b Proton pump inhibitors, p. 36).
Erythromycin is used topically for the treatment of acne.• 
Erythromycin stimulates motilin receptors in the gut; this increases gut • 
motility and is used therapeutically on the ICU and in patients with 
diabetic autonomic neuropathy.

1 - Avoid macrolides in hepatic insuffi ciency; the risk of hepatotoxicity is 
increased.

They can also cause idiosyncratic heptatotoxicity.• 
Avoid macrolides if the patient has porphyria.• 

Reduce the dose if the patient has renal insuffi ciency.• 
Halve the dose of clarithromycin in mild renal insuffi ciency.• 
Limit the total daily dose to 1.5 g of erythromycin in mild renal • 
insuffi ciency.

Macrolides are not known to be harmful in pregnancy, but the • 
manufacturers advise that they should be avoided unless essential.
Macrolides can prolong the QT interval; avoid them in patients with • 
known cardiac conduction abnormalities or in those taking other drugs 
that can prolong the QT interval.

4 - Always consider the likely causative organisms when treating infections 
empirically.
Avoid using a broad-spectrum drug when one with a narrow spectrum • 
will cover the causative organism.
Using a broad-spectrum antibiotic increases the risk of antibiotic-• 
associated diarrhoea (see b Cephalosporins, p. 383).

Drugs in this class
- Erythromycin
- Azithromycin
- Clarithromycin
- Telithromycin 

(a ketolide)
- Spiramycin*

*Specialized use, for treat-
ment of toxoplasmosis 
during pregnancy.

Related drugs
- Clindamycin. 

Commonly causes 
antibiotic-associated 
diarrhoea. Specialist 
use for bone 
infection. Used in 
combination with 
other antibiotics.
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Erythromycin commonly causes nausea and vomiting; this can be • 
reduced by giving a lower dose (e.g. 250 mg qds).

The higher dose is required if • Legionella pneumophila could be the 
causative organism.
Clarithromycin and azithromycin cause less vomiting but are more • 
expensive.

Intravenous erythromycin can cause thrombophlebitis; only give it into • 
a large vein via a free-fl owing cannula.
Erythromycin is used for the treatment of acne (• see b Tetracyclines, 
p. 392 for more information).

Bacterial resistance is increasing, so limit its use to patients with • 
moderate acne with an infl ammatory component.
Use a non-antibiotic antimicrobial (e.g. benzoyl peroxide) when • 
possible.
Erythromycin can be given systemically for moderate to severe acne, • 
but resistance is widespread. More commonly it is given topically for 
moderate acne.
Do not use different oral and topical antibiotics at the same time.• 

6 - Nausea and vomiting are the most common adverse effects of these 
drugs; see earlier notes for advice on how to mitigate this.
Macrolides can cause a rash, which may be severe.• 
Macrolides can prolong the QT interval; take care in patients who are • 
cardiovascularly unstable.
Macrolides can cause cholestatic jaundice.• 
Eradication of the patient’s normal fl ora can cause antibiotic-associated • 
diarrhoea; see b Cephalosporins, p. 383 for guidance.

7  - Erythromycin and clarithromycin inhibit cytochrome P450 enzymes in 
the liver. This will reduce the metabolism of other drugs, increasing 
their effect. See teaching point box, b p. 401.
Clarithromycin reduces the absorption of zidovudine.• 

8 Safety and effi cacy
Measures of clinical improvement are the most important, but • 
infl ammatory markers such as the CRP and ESR are often helpful.
Whenever possible, take cultures before staring antibiotic treatment. • 
Check the sensitivities of the causative organism. Discuss any unusual 
results with a microbiologist.
Measure liver function tests, especially if long-term treatment is • 
required (>7 days).
Measure the QT interval on an ECG, especially if the patient is • 
cardiovascularly unstable.

9  - Warn the patient of the risk of nausea and vomiting.
Warn women that if they develop diarrhoea the oral contraceptive pill • 
may be ineffective.
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Case history
- A 15-year-old boy with epilepsy had good seizure control with carbamazepine 

400 mg bd. In the past he had developed a rash after taking amoxicillin, so when 
he went to his GP with a productive cough he was given erythromycin for 5 
days. At the end of the course he had become drowsy and was slurring his 
words. Carbamazepine toxicity was confi rmed, with a plasma concentration of 
78 micromol/L (usual target range 13–42).

Erythromycin inhibits the drug metabolizing enzyme CYP3A4 and is impli-
cated in a number of important drug-drug interactions.

Prescribing information: Macrolide antibiotics
There are many formulations of these drugs. The following are given as 
examples. Dosages and duration of treatment will depend on the indication. 
Check your local antibiotics policy.

Erythromycin
Several salts of erythromycin are available; the estolate is best absorbed when 
given by mouth and causes less nausea, vomiting, and anorexia; however, 
because systemic exposure is greater it is more likely to cause jaundice.

By mouth, 250–500 mg every 6 hours, or 0.5–1 g every 12 hours.• 
By intravenous infusion, 50 mg/kg by continuous infusion, or in divided doses • 
every 6 hours.

Azithromycin
By mouth, 500 mg daily for 3 days.• 

Uncomplicated chlamydial infections and non-gonococcal urethritis, 1 g • 
single dose

Clarithromycin
Eradication of H. pylori; see b Proton pump inhibitors, p. 36.

By mouth, 250 mg bd.• 
By intravenous infusion, 500 mg bd.• 

Telithromycin
By mouth, 800 mg daily.• 
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Cytochrome P450

- Cytochrome P450 (CYP) isoforms (previously called mixed function oxidases) 
are critical enzymes responsible for the metabolism of many drugs. Of these 
CYP3A4 is the most abundant and most important. The liver is the most familiar 
location for drug metabolism, but other sites are also important. CYP3A4 is 
expressed in abundance in the gut wall and is responsible for the pre-systemic 
metabolism of several drugs. Pre-systemic metabolism limits the proportion of a 
drug dose that reaches the systemic circulation (bioavailability).

- Components within grapefruit juice (which have not been conclusively 
identifi ed) cause a post-translational reduction in CYP3A4 and CYP3A5 
expression; other isoforms do not seem to be affected. The effect of this is a 
substantial increase in the proportions of certain drugs that reach the systemic 
circulation. The effect is most marked with drugs that undergo substantial 
presystemic metabolism and hence have low bioavailability. The effects can be 
clinically signifi cant. 

- Other mechanisms that involve inhibition of organic anion transporting 
polypeptides have also been postulated, but these seem to be less important. 

- This effect is best described for grapefruit juice, and clinically important 
interactions have been observed following a normal (200–250 mL) intake of 
juice. Other juices including tangerine and star fruit have been implicated, 
although to a lesser extent.

- Advise patients taking the drugs listed in the table to avoid grapefruit juice.
- The list is not exhaustive and new drugs are frequently added; check the BNF 

regularly.

Drugs with potentially clinically signifi cant interactions with grapefruit 
juice

Drug Potential risks associated with 
increased drug exposure

Ciclosporin, sirolimus, tacrolimus Increased risk of renal toxicity

Some statins (atorvastatin, 
simvastatin, lovastatin)

Increased risk of myopathy

Dihydropyridines (e.g. felodipine, 
lacidipine, nicardipine, nifedipine, 
nitrendipine)

Enhanced hypotensive action

Phosphodiesterase inhibitors 
(sildenafi l, tadalafi l, vardenafi l)

Priapism

Some antiviral drugs (efavirenz, 
saquinavir)

Increased risk of toxicity; see prescribing 
information for individual drugs

Amiodarone Increased risk of cardiac arrhythmias

TEACHING 
POINT
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Cytochrome 3A4
- Drugs are metabolized in the liver by cytochrome P450 enzymes (CYPs). The 

isoform called CYP3A4 is responsible for the metabolism of many drugs. 
Erythromycin and clarithromycin (but not azithromycin) are inhibitors of 
CYP3A4. They therefore slow down the metabolism of any other drugs that are 
metabolized by CYP3A4. This can increase the effect of these other drugs.

- The interaction with warfarin is particularly important. The dose of warfarin may 
need to be reduced when these drugs are started. Remember also that the dose 
may need to be increased again when they are stopped. 

Drugs that are metabolized by cytochrome 3A4
These may be affected if they are co-administered with drugs that inhibit CYP3A4 
(see second list).
- Antihistamines - HIV protease inhibitors
- Benzodiazepines - HMG CoA reductase inhibitors (‘statins’)
- Calcium channel blockers - Phenytoin
- Carbamazepine - Quinidine
- Ciclosporin - Saint John’s wort
- Clarithromycin - Sildenafi l
- Clozapine - Tacrolimus
- Corticosteroids - Theophylline
- Ergotamine - Warfarin
- Erythromycin

Drugs that inhibit CYP3A4
- Amiodarone - Fluvoxamine
- Cimetidine - Grapefruit juice
- Clarithromycin - HIV protease inhibitors
- Diltiazem - Itraconazole

TEACHING 
POINT
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Sulfonamides and trimethoprim 
(including co-trimoxazole)
Antimicrobial drugs that act by interfering with bacterial folate 
metabolism

Trimethoprim

inhibits  

Sulfonamides

act as false

substrates

Inhibition of bacterial

purine synthesis 

Bacterial 

dihydro-folate

reductase 

Bacteriostatic

The human (eukaryotic) form of

dihydrofolate reductase is much

less sensitive to the effects of

these drugs. In this way a degree

of selectivity is achieved.  

Precursors of

folic acid

(p-aminobenzoic

acid) 

Tetrahydro-

folate

0 - Trimethoprim is most commonly used for 
the treatment of urinary tract infections.

It can also be used for the treatment of • 
prostatitis, shigellosis, and invasive 
Salmonella infections. Seek specialist advice.

Co-trimoxazole is associated with rare but severe and potentially • 
serious adverse effects. For this reason, its use should be restricted to 
the following indications.

Drug of choice for • Pneumocysitis jirovecii (carinii) pneumonia.
Also given for toxoplasmosis and nocardiasis (seek specialist advice).• 

Sulfadiazine is used for the treatment of toxoplasmic encephalitis.• 
It is also used for the prevention of recurrence of rheumatic fever • 
(specialized use).
Silver sulfadiazine is used topically for prevention of infections in • 
wounds (commonly after burns).

1 - Avoid all these drugs if the patient has severe hepatic or renal 
insuffi ciency.
These drugs can cause crystalluria; ensure an adequate fl uid intake in • 
all patients, but especially those with any degree of renal insuffi ciency.
Avoid all these drugs if the patient has an existing haematological • 
disease; they can suppress the bone marrow.
All these drugs should be avoided during pregnancy—trimethoprim is • 
teratogenic during the 1st trimester; sulfonamides cause fetotoxic 
effects in the 3rd trimester.
Avoid all these drugs if the patient is folate defi cient.• 
Avoid sulfonamides if the patient has G6PD defi ciency (• see b 
Antimalarial drugs, p. 449) or porphyria (see b Carbamazepine, 
p. 284).
See teaching point box, • b p. 408, if the patient reports an allergy to 
sulphur-containing drugs.

4 Urinary tract infection
Trimethoprim is commonly used empirically for urinary tract • 
infections, but resistance is increasing and nitrofurantoin is an 
alternative. Check your local guidelines for empirical therapy.

Examples of 
sulfonamides
- Sulfamethoxazole
- Sulfadiazine

Silver sulfadiazine • 
(Flamazine®)

- Co-trimoxazole
Trimethoprim plus • 
sulfamethoxazole 
(Septrin®)
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Always consider the likely causative organisms when treating infections • 
empirically.
Trimethoprim is sometimes given long term. In this case special • 
monitoring is required; see later notes.

Pneumocystis jirovecii (carinii)
Treatment of toxoplasmic encephalitis and • Pneumocystis jirovecii 
(carinii) should be under the direction of a specialist. These infections 
are sometimes the fi rst presentation of AIDS. Consider these diag-
noses in patients at risk from HIV infection and AIDS.
Co-trimoxazole is the drug of choice for prophylaxis and treatment of • 
Pneumocystis jirovecii infection.
Pneumocystis is an opportunistic pathogen and is usually only a cause • 
of disease in immunocompromised patients; the largest group are 
those with AIDS.

Prophylaxis is usually given to those patients with a white cell CD4 • 
count <200 x 106/L

Toxoplasmic encephalitis
This serious infection occurs most commonly in patients with AIDS.• 
Sulfadiazine is used in combination with pyrimethamine (a folate antag-• 
onist), although it is unlicensed for this indication.

Alternatives include the combination of a macrolide antibiotic with • 
pyrimethamine (specialist use only)

Topical treatment
Silver sulfadiazine is commonly used in the prophylaxis and treatment • 
of infections in burns wounds. The care of extensive burns requires 
specialized nursing and medical supervision.
Systemic absorption can be signifi cant if this drug is applied over large • 
areas. See adverse effects and interactions notes.

6 - The adverse effects of trimethoprim are similar to those of co-trimox-
azole, but are less common and usually less severe.
The most serious adverse effects are severe rashes and Stevens–• 
Johnson syndrome.
These are hypersensitivity phenomena.• 
Other hypersensitivity phenomena include anaphylaxis, serum sick-• 
ness, systemic vasculitis, and pneumonitis.

Bone marrow depression (usually agranulocytosis) can also occur.• 
An antifolate effect; see mechanism of action earleir; the drug should • 
be withdrawn immediately if this occurs.
Patients with G6PD defi ciency or abnormal haemoglobins are at risk • 
of haemolytic anaemia.
Gastrointestinal disturbances, headache, and drowsiness tend to be • 
dose-related.
Crystalluria can occur, but urinary tract obstruction is uncommon; a • 
high fl uid intake is recommended.
These drugs can cause antibiotic-associated diarrhoea (• see b 
Cephalosporins, p. 383).
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7  Co-trimoxazole
Increased risk of ventricular arrhythmias with amiodarone; avoid con-• 
comitant use.
Effect of warfarin increased.*• 
Antifolate effect and plasma concentration of phenytoin increased.• 
Increase risk of nephrotoxicity when given with ciclosporin.*• 
Increased risk of toxicity when given with other drugs that have an • 
antifolate action.*

Pyrimethamine (includes Fansidar• ®).*
Azathioprine and mercaptopurine.*• 
Methotrexate*.• 
Phenytoin*.• 

Trimethoprim
The interactions earlier marked * also apply to trimethoprim.• 

8  Safety and effi cacy
Measures of clinical improvement are the most important, but • 
infl ammatory markers, such as the ESR and CRP, are often helpful. 
Arterial blood gas measurements indicate the severity of Pneumocystis 
jirovecii (carinii) infection.
Whenever possible, take cultures before staring antibiotic treatment. • 
Advise the laboratory if you suspect that the patient has HIV.

This is to protect the laboratory staff, and to ensure that special • 
cultures for opportunistic organisms are set up.
Check the sensitivities of the causative organism. Discuss any • 
unusual results with a microbiologist.

No specifi c monitoring is required if trimethoprim is given in a short • 
course for a urinary tract infection.
If used for long-term treatment, patients should be advised how to • 
recognize the symptoms and signs of bone marrow suppression (see 
later notes).
Patients given sulfadiazine and pyrimethamine should also be given • 
folinic acid and should have a full blood count measured at least 
weekly.
Patients given co-trimoxazole for long-term prophylaxis against • 
Pneumocystis jirovecii (carinii) should have a full blood count measured 
monthly.

9 - Advise patients how to recognize the symptoms and signs of bone 
marrow suppression (easy bruising, unexpected sore throat, bleeding). 
Advise them that they should seek immediate medical attention if 
these occur.
Advise patients that they should seek immediate medical attention if • 
they develop a rash.
Warn female patients that if they develop diarrhoea, the oral • 
contraceptive may be ineffective.
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Prescribing information: Sulfonamides and trimethoprim
There are many formulations of these drugs. The following are given as exam-
ples. Dosages and duration of treatment will depend on the indication. Check 
your local antibiotics policy.

Trimethoprim
For urinary tract infections.• 

By mouth, 200 mg bd.• 

Co-trimoxazole
Note: co-trimoxazole contains trimethoprim and sulfamethoxazole in the • 
proportion of 1 part to 5 parts (960 mg of co-trimoxazole contains sulfame-
thoxazole 800 mg and trimethoprim 160 mg).
Prophylaxis against • Pneumocystis jiroveci (carinii) infection.

By mouth, usually 960 mg daily.• 
Treatment of • Pneumocystis jiroveci (carinii) infection.

By mouth or by intravenous infusion, usually 120 mg/kg daily in 2–4 divided • 
doses for 14 days.

Sulfadiazine
Treatment of toxoplasmic encephalitis, seek specialist advice.• 
Prophylaxis and treatment of infection in burns wounds.• 

Cream 1%; apply with sterile applicator.• 
Note earlier cautions about applying to large areas.• 
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Sulphur allergy 

There are two distinct forms of ‘sulphur’ allergy:
- Allergy to sulfonamides.
- Allergy to sulphiting agents; these are present in foods, beverages, and some 

pharmaceutical formulations.

Drugs that contain sulfonamide 
groups

Drugs that are commonly 
formulated with sulfi ting agents

- Antibacterial sulfonamides
- Sulfasalazine
- Sulfonylureas (allergy rare)
- Thiazide diuretics (e.g. hydrochloro-

thiazide; allergy rare)
- Thiazide-like diuretics 

(e.g. chlortalidone; allergy rare)
- Loop diuretics (bumetanide, 

furosemide; allergy rare)
- Acetazolamide (carbonic anhydrase 

inhibitor)
- Celecoxib
- Probenecid
- Sumatriptan

- Adrenaline (epinephrine)
- Amino acids
- Aminoglycosides
- Dexamethasone
- Dopamine
- Isoprenaline
- Phenylephrine

- The risk of cross-reactivity is relatively 
low.

- Patients who are allergic to these 
agents commonly have a history 
of atopy and asthma.

- Re-exposure to the causative drug 
after a period time will not cause a 
reaction in up to 50% of cases, 
especially if the initial reaction was a 
mild rash.

- The risk of cross-reactivity with 
sulfonamides is low.

- However, do not reintroduce the drug 
unless it is absolutely necessary and 
ensure that facilities to treat 
anaphylaxis are available.

- Patients with an allergy to sulfonamides 
do not usually have an allergy to 
 sulphiting agents.

Sulfonamide structure 

NH
2 SO

2
NH

2

Sulfon-amideArylamine

4 1
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Metronidazole and tinidazole
Nitroimidazole antibiotics

Inhibition of

bacterial DNA and

hence protein

synthesis

Damage to

bacterial

DNA  

Bactericidal

Metronidazole

and tinidazole 

Nitro group of the

drug is reduced,

forming reactive

intermediates

0 - Treatment of infection by anaerobic (and 
microaerophilic) bacteria and protozoa.

Prophylaxis and treatment of infection • 
from colonic anaerobes, especially 
Bacteroides fragilis.

Commonly used for prophylaxis during • 
abdominal surgery.
Metronidazole is used for the treatment of • 
antibiotic-associated diarrhoea (Clostridium 
diffi cile).

Treatment of amoebiasis (• Amoeba 
enterohepatica) and amoebic abscess.
Treatment of giardiasis (• Giardia lamblia).
Treatment of tetanus (• Clostridium tetani); specialized use; seek 
expert advice.
Treatment of trichomonal vaginitis and bacterial vaginosis.• 
Metronidazole is a component of several regimens for the eradica-• 
tion of Helicobacter pylori (see b Proton pump inhibitors, p. 36).
Metronidazole can be used topically to reduce the odour from fun-• 
gating tumours.

1 - Dosage adjustment is not usually required in renal insuffi ciency.
These drugs are metabolized by the liver; reduce the dose to one-• 
third and give it once daily in severe hepatic insuffi ciency.
The manufacturers of tinidazole recommend that it should be avoided • 
during the 1st trimester of pregnancy.
The manufacturers of metronidazole recommend that high dosages • 
should be avoided during pregnancy.

4 - Always consider the likely causative organisms when treating infections 
empirically; is an anaerobic organism likely to be the cause?
Advise the laboratory that you suspect an anaerobic infection, to • 
ensure that the samples are cultured appropriately.
Metronidazole is preferably given by mouth or rectum for the treat-• 
ment of antibiotic-associated diarrhoea. Intravenous metronidazole is 
sometimes used in practice, as the excretion of drug into bile and exu-
dation from the infl amed colon may be effective. Seek local antibiotic 
protocols for the preferred treatment options.

6 - These drugs are usually well-tolerated.
Gastrointestinal adverse effects are the most common: nausea and • 
vomiting, unpleasant taste in the mouth.

Drugs in this class
- Metronidazole
- Tinidazole

Similar spectrum of • 
activity to 
metronidazole but 
has a longer 
duration of action

Drugs that are 
effective against 
anaerobic bacteria
- Metronidazole
- Tinidazole
- Tazocin
- Imipenem
- Clindamycin
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A rash can occur and can be severe. Anaphylactic reactions also occur • 
rarely.
Liver function test abnormalities occur occasionally.• 
Prolonged treatment can cause a peripheral neuropathy.• 

Note on prophylactic antibiotic treatment

- The prophylactic use of antibiotics (commonly a cephalosporin plus 
metronidazole) has an important role in the prevention of postoperative 
infection. However, if the patient develops a postoperative infection, it is 
unlikely that the organism responsible will be sensitive to the antibiotics used for 
prophylaxis. Take appropriate cultures and discuss a change in antibiotic regimen 
with a microbiologist or specialist in infection.

- Do not continue prophylactic antibiotic treatment for inappropriately long 
periods.

- Guidelines on the use of prophylactic antibiotics during surgery are provided by 
the Scottish Intercollegiate Guidelines Network (M http://www.sign.ac.uk/
guidelines).

7  - Metronidazole enhances the effect of warfarin; take care to adjust the 
dose when starting or stopping a course of metronidazole.
Metronidazole inhibits the metabolism of phenytoin and fl uorouracil • 
(5-FU), increasing the risk of toxicity.
Both metronidazole and tinidazole can cause a disulfi ram-like reaction • 
(disulfi ram = Antabuse®) if the patient also takes alcohol.

8  Safety and effi cacy
Measures of clinical improvement are the most important, but infl am-• 
matory markers, such as the ESR and CRP, are often helpful.
Whenever possible, take cultures before staring antibiotic treatment. • 
Check the sensitivities of the causative organism. Discuss any unusual 
results with a microbiologist.
Measure liver function tests if long-term treatment is required • 
(>10 days).

9 - Patients taking these antibiotics should be advised to avoid alcohol, 
since they can cause a disulfi ram-like reaction, which is very unpleasant 
and potentially harmful.
Warn women that if they develop diarrhoea, the oral contraceptive • 
may be ineffective.
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Prescribing information: Metronidazole and tinidazole
There are many formulations of these drugs. The following are given as exam-
ples. Dosages and duration of treatment will depend on the indication. Check 
your local antibiotics policy.

Metronidazole
Treatment of anaerobic infections.• 

By mouth, 800 mg initially then 400 mg tds; some recommend 500 mg tds.• 
By rectum, 1 g tds.• 
By intravenous infusion, 500 mg tds.• 

Surgical prophylaxis.• 
By mouth, 400–500 mg 2 hours before surgery. Up to three further doses • 
can be given every 8 hours after high-risk procedures.
By rectum, 1 g 2 hours before surgery. Up to three further doses can be • 
given every 8 hours after high-risk procedures.
By intravenous infusion, 500 mg at induction. Up to three further doses • 
can be given every 8 hours after high-risk procedures.

Treatment of antibiotic-associated diarrhoea.• 
By mouth, 400 mg tds for 10 days (• see also b Cephalosporins, p. 383).
By rectum, 1 g tds.• 

Tinidazole
Treatment of anaerobic infections.• 

By mouth, either 2 g initially then 1 g daily, or 500 mg bd.• 
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Treatment of tetanus

- Tetanus is an acute, often fatal, disease caused by a toxin produced by the 
bacillus Clostridium tetani. The bacterium is found in soil, street dust, and animal 
and human faeces. Infection results from an injury or puncture wound; however, 
these may be trivial or unnoticed cuts/abrasions. Less commonly, it can result 
from injection using contaminated needles.

- Symptoms occur within 3–21 days, usually 8 days, after exposure to tetanus 
spores. Most cases require hospitalization.

Immunization
- The outcome once the disease is established is often poor; prevention is 

therefore particularly important.
- In the UK, children are offered immunization with tetanus toxoid (as part of 

DTaP vaccine). This is a course of 3 injections every 4 weeks, starting at 
2 months of age.

- This is then boosted before school entry (DTaP vaccine) and before leaving 
school.

- In most circumstances, a total of fi ve doses of tetanus vaccine is considered 
suffi cient for long-term protection.

- Give a booster injection to any patient who presents with a potentially 
contaminated wound whose primary immunization is incomplete or whose 
immunization status is unknown.

Clinical features
- Stiffness and contraction of muscles, especially those of the abdomen, back, and 

jaw. This can be painful. Death can result from asphyxiation.
- Symptoms of systemic infection, fever, tachycardia, sweating.

Treatment
- Seek specialist advice.
- Supportive:

Paralysis and mechanical ventilation.• 
Diazepam for muscle spasm.• 

- Specifi c:
Metronidazole.• 
(Anti)tetanus immunoglobulin.• 

TEACHING 
POINT
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Quinolone antibiotics
Antibiotics

Inhibit supercoiling

of DNA

Quinolones

Inhibition of

bacterial DNA

and hence protein

synthesis   

Bactericidal

Bacterial

DNA 

0 - Treatment of infection by both Gram-positive 
and Gram-negative organisms, especially:

Urinary tract sepsis.• 
Biliary tract sepsis.• 
Food poisoning due to • Campylobacter 
(if antibiotics indicated), Shigella, and 
Salmonella species.

Food poisoning is a notifi able disease (• see 
b Antituberculosis drugs, p. 421, for more 
information about notifi able diseases).
Ciprofl oxacin is the only drug currently • 
available that has good activity against 
Pseudomonas aeruginosa and can be given by 
mouth.
Ciprofl oxacin is not active against • 
Streptococcus pneumoniae; levofl oxacin and 
moxifl oxacin give better pneumococcal cover.
All these drugs have relatively poor activity against staphylococci; • 
they are therefore not ideal choices for the treatment of skin and 
soft-tissue infections.

1 - Quinolones are excreted by the kidney; halve the dose in renal 
insuffi ciency.
Quinolones can cause hepatotoxicity; reduce the dose in hepatic • 
insuffi ciency.
Quinolones lower the seizure threshold; avoid them if possible in • 
patients with epilepsy.
Avoid quinolones during pregnancy; there is a theoretical risk of • 
causing an arthropathy in the baby.

Animal studies suggest that children and adolescents are also at risk • 
of arthropathy; avoid these drugs if possible; but short-term use may 
be justifi ed in some circumstances

Quinolones can cause tendon rupture; avoid them if the patient has • 
tendonitis. The elderly and those taking corticosteroids are at 
increased risk.
Avoid quinolones if the patient has G6PD defi ciency. • See b teaching 
point box in Antimalarial drugs, p. 449.

4 - Always consider the likely causative organisms when treating infection 
empirically.

Drugs in this class
- Ciprofl oxacin
- Levofl oxacin
- Ofl oxacin
- Nalidixic acid
- Norfl oxacin
- Moxifl oxacin

Ciprofl oxacin is also 
used:
- For treatment and 

prophylaxis against 
anthrax.

- As a component of 
some regimens for 
the treatment of 
multi-resistant 
Mycobacterium 
tuberculosis (TB) and 
other atypical 
mycobacteria.

- As an alterative to 
rifampicin for 
meningococcal 
disease prophylaxis.
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Avoid using a broad-spectrum drug when one with a narrow spectrum • 
will cover the causative organism.
Quinolones are very well absorbed when given by mouth. Intravenous • 
administration is expensive and usually not justifi ed unless the patient 
cannot take drugs by mouth.

Ciprofl oxacin is available as eye drops/ointment for local application.• 
6 - Gastrointestinal adverse effects are common (8% of patients). These 

are usually nausea, vomiting, and abdominal pain.
A photosensitive rash occurs in 1–2% of patients; it can be severe.• 
Anaphylactic reactions also occur.• 
Liver function test abnormalities occur in 5% of patients. In a small • 
number this will progress to hepatitis.
Quinolones can cause tendon rupture; the risk is greater if there is • 
existing tendonitis, or if the patient is elderly or taking corticosteroids; 
the Achilles tendon is often affected.
Quinolones have effects on the CNS. These include convulsions, • 
restlessness, confusion, and hallucinations. If any of these occur, the 
drug should be withdrawn.
Rare adverse effects include haemolytic anaemia and hypoglycaemia.• 

7  - Quinolones enhance the effect of warfarin.
The risk of nephrotoxicity from ciclosporin is increased if it is given • 
with quinolones.
Quinolones increase the plasma theophylline concentration; dosage • 
reduction may be required.
There is an increased risk of convulsions from quinolones if they are • 
given with NSAIDs.
Antacids signifi cantly reduce the absorption of ciprofl oxacin, • 
levofl oxacin, moxifl oxacin, ofl oxacin, and norfl oxacin.

8 Safety and effi cacy
Measures of clinical improvement are the most important, but • 
infl ammatory markers, such as the ESR and CRP, are often helpful.
Whenever possible, take cultures before staring antibiotic treatment. • 
Check the sensitivities of the causative organism. Discuss any unusual 
results with a microbiologist.
Measure liver function tests, especially if long-term treatment is • 
required (>7 days).

9 - Warn the patient of the risk of a rash and other hypersensitivity 
phenomena.
Warn women that if they develop diarrhoea, the oral contraceptive • 
may be ineffective.
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Prescribing information: Quinolones
There are many formulations of these drugs. The following are given as exam-
ples. Dosages and duration of treatment will depend on the indication. Check 
your local antibiotics policy.

Ciprofl oxacin
By mouth, 250–750 mg twice daily.• 
By intravenous infusion, 200–400 mg twice daily. Infuse over 60 minutes.• 

Levofl oxacin
By mouth, 250–500 mg once or twice daily.• 
By intravenous infusion, 500 mg once or twice daily. Infuse over 60 minutes.• 

Moxifl oxacin
By mouth, 400 mg once daily.• 
By intravenous infusion, 400 mg once daily: infuse over 60 minutes.• 

Nalidixic acid (for urinary tract infections only)
By mouth, 900 mg every 6 hours.• 

Norfl oxacin
By mouth, 400 mg twice daily.• 

Ofl oxacin
By mouth, 200–400 mg once or twice daily.• 
By intravenous infusion, 200–400 mg once or twice daily. Infuse over • 
30–60 minutes.
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Antituberculosis drugs
A group of various anti-infective drugs that are effective against 
Mycobacterium tuberculosis

Isoniazid inhibits synthesis

of long-chain mycolic acids

in the cell wall.

Rifampicin inhibits DNA-

dependent RNA polymerase

in bacterial cells. 

Streptomycin, an

aminoglycoside antibiotic

binds to the bacterial 30s

ribosome subunit and

inhibits bacterial protein

synthesis.

In its enolic form,

cycloserine is 

stereochemically

analogous to D-alanine;

it may act by inhibiting

cell wall synthesis.

Ethambutol may act as a bacterial

metal ion-chelating agent. 

The mechanism of action of

pyrazinamide is unknown. 

0 - Many drugs are available for the treatment of 
Mycobacterium tuberculosis (TB).
Treatment regimens are complex. Seek expert • 
advice.
If the patient is immunocompromised (e.g. HIV • 
infection), infection may be due to atypical 
mycobacteria. Seek expert advice.
Rifampicin is used to treat brucellosis and • 
Legionnaires’ disease.

Always in combination with other drugs.• 
1 - The standard treatment regimen can be given 

during pregnancy, but omitting streptomycin.
Ethambutol and streptomycin are best • 
avoided in renal insuffi ciency.

If their use is essential, measure plasma • 
concentrations to guide the dosage 
regimen.

These drugs can cause liver damage; take • 
care in patients with hepatic insuffi ciency.

4 - Take care to protect yourself and other 
contacts if TB is suspected.

TB is a notifi able disease (see teaching • 
point box, b p. 421).

The principle of standard treatment is that of • 
an initial killing phase (triple therapy) 
followed by a long continuation phase.

The challenge of treating TB is that the • 
bacteria divide slowly, so the kill rate 
is low.
The initial phase is usually for 2 months • 
(after which sensitivities should be 
available).

Bacille Calmette– 
Guérin (BCG) 

Immunization is 
 recommended for:
- Contacts of those 

with active 
respiratory TB

- Immigrants from 
areas of high 
prevalence

- Children aged 10–14
- Healthcare workers
- Laboratory staff
- Veterinary staff
- Prison/hostel workers
- Those staying for 

more than 1 month in 
an area of high 
prevalence

Drugs used in 
the treatment of 
tuberculosis

Fully-sensitive 
 organisms
- Rifampicin
- Isoniazid
- Pyrazinamide
-  (Ethambutol)
-  (Streptomycin;
 specialist used 
 only)

Multidrug-
resistant 
 organisms
- Streptomycin
- Capreomycin
- Cycloserine
- Rifabutin (for 

prophylaxis in 
patients with a 
low CD4 count)
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The continuation phase is usually for 4 months; treatment is • 
required for longer durations in some circumstances 
(e.g. non-pulmonary TB, resistant organisms).

Combination formulations are preferred for long-term treatment.• 
Multidrug resistance is an increasing problem, especially in some • 
Eastern European countries (e.g. Latvia), parts of China, and Iran. Seek 
expert advice immediately.

Prevention of reactivation of latent TB
In those given chemotherapy or who are immunosuppressed.• 
Patients given steroids alone do not need prophylaxis.• 
The usual treatment is isoniazid alone for 6 months, or in combination • 
with rifampicin for 3 months.

Contact prophylaxis
Give this to close contacts of those with established TB and to those • 
who become tuberculin positive on testing.
See prescribing information for a dosage regimen.• 

6 Rifampicin
Commonly causes a transient rise in transaminases.• 
Can cause a number of other recognized syndromes; these are rare.• 

Flu-like syndrome, abdominal and respiratory symptoms, shock, • 
renal insuffi ciency, and thrombocytopenic purpura.

Isoniazid
Can cause a peripheral neuropathy.• 

This is more common in those with HIV infection, with chronic renal • 
failure, who are malnourished, or who drink excess alcohol.
The incidence is reduced by giving pyridoxine 10 mg daily, which • 
should be routine therapy with isoniazid.

Can also cause optic atrophy, convulsions, and psychosis.• 
The incidence can be reduced by giving pyridoxine.- 

Isoniazid can cause hepatitis; this is rare.• 

Pyrazinamide
Can cause rare but serious liver toxicity.• 

Ethambutol
This can damage visual acuity, especially if given in doses >25 mg/kg/• 
day, or if the patient has renal insuffi ciency.

7 -  Rifampicin is a classic example of a drug that induces hepatic enzymes. 
It will induce its own metabolism and that of a large number of other 
drugs.

See • b Carbamazepine, p. 285 for more information and a list.
Bacterial resistance to rifampicin develops very rapidly if it is given • 
on its own; rifampicin should always be given in combination with 
other anti-infective drugs for treatment of active infection.

Isoniazid inhibits the metabolism of carbamazepine, phenytoin, • 
diazepam, and theophylline. This will enhance their effect.

8 Safety and effi cacy
Measures of clinical improvement are the most important.• 
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Whenever possible, take cultures before starting antibiotic treatment. • 
Sensitivities of the causative organism can take a month or more to be 
determined. Discuss your treatment strategy with an expert.
Measure the patient’s liver function tests weekly during the fi rst • 
2 months of treatment, and thereafter only if there is any suggestion of 
liver 
toxicity.
Measure the patient’s visual acuity with a Snellen chart and colour • 
vision using an Ishihara chart before starting treatment with 
ethambutol. Remeasure them if the patient complains of any visual 
symptoms.
Close supervision of patients given antituberculosis therapy is • 
essential. If you think that there is a risk that they will not take the 
medication as directed, consider directly observed therapy (DOT) 
or admission to hospital.
Plasma concentration measurement is recommended for patients with • 
renal insuffi ciency who are taking ethambutol or streptomycin. These 
are specialist assays; liaise with your laboratory before sending 
samples.

Ethambutol target peak concentration 2–6 mg/L (7–22 micromol/L) • 
2–5 hours after the dose; trough <1 mg/L (4 micromol/L).
Streptomycin target peak concentration 15–40 mg/L 1 hour after the • 
dose; trough <5 mg/L.

8 - Warn women that rifampicin reduces the effectiveness of the oral 
contraceptive. They should take additional precautions.
Warn the patient that rifampicin will make their urine and tears orange • 
(and will stain soft contact lenses).
Advise the patient how to recognize the symptoms and signs of liver • 
toxicity: jaundice, vomiting, and malaise. They should seek medical 
attention if any of these develop.

Prescribing information: Antituberculosis drugs
There are many formulations and regimens of these drugs. The following are 
given as examples only. Dosages and duration of treatment will depend on the 
precise clinical circumstances. A frequent cause of treatment failure is incor-
rect dosing by the prescriber. Seek expert advice and supervision.

Standard unsupervised treatment
Initial 2 month phase.• 

Rifampicin, isoniazid, and pyrazinamide, given as combination tablets (e.g. • 
Rifater®); the doses vary according to weight (see product information).
—rifampicin 600 mg daily
—isoniazid 250 mg daily
—pyrazinamide 1.5 g daily
—ethambutol (if given) 15 mg/kg daily.

Continuation phase (4 months).• 
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Rifampicin and isoniazid in combination tablets (e.g. Rifi nah• ®); doses vary 
according to weight (see product information):
—rifampicin 600 mg daily
—isoniazid 300 mg daily.

Prevention of reactivation of latent TB or contact prophylaxis
Isoniazid 300 mg daily for 6 months or• 
Isoniazid 300 mg daily and rifampicin 600 mg daily for 3 months.• 

Supervised treatment (DOT)
This must be observed directly throughout.• 
Patients are given isoniazid, rifampicin, pyrazinamide, and ethambutol (or • 
streptomycin) 3 times a week for the fi rst 2 months, followed by isoniazid 
and rifampicin 3 times a week for a further 4 months.
Doses:• 

Rifampicin 600–900 mg 3 times a week.• 
Isoniazid 15 mg/kg (maximum 900 mg) 3 times a week.• 
Pyrazinamide 2.5 g 3 times a week.• 
Ethambutol 30 mg/kg 3 times a week.• 

Notifi able diseases

Doctors in England and Wales have a statutory duty to notify a ‘proper offi cer’ of 
the local authority of suspected cases of certain infectious diseases. The proper 
offi cers are required every week to give the Communicable Disease Surveillance 
Centre (CDSC) details of each case of each disease that has been notifi ed. The 
CDSC has responsibility for collating these weekly returns and publishing analyses 
of local and national trends. This is important, as it is a method of detecting, and so 
limiting, outbreaks.

List of notifi able diseases under the Public Health (Infectious Diseases) Regulations 
1988: Some of the more common ones are highlighted in bold.

Acute encephalitis
Acute 
 poliomyelitis
Anthrax
Cholera
Diphtheria
Dysentery
Food poisoning
Leptospirosis
Malaria
Measles

Meningitis
 Meningococcal
 Pneumococcal
 Haemophilus infl uenzae
 Viral
 Other specifi ed
 Unspecifi ed
Meningococcal
 septicaemia 
 (without meningitis)
Mumps

Ophthalmia 
 neonatorum
Paratyphoid fever
Plague
Rabies
Relapsing fever
Rubella
Scarlet fever
Smallpox
Tetanus
Tuberculosis

Typhoid fever
Typhus fever
Viral haemorrhagic
 fever
Whooping cough
Viral hepatitis
 Hepatitis A
 Hepatitis B
 Hepatitis C
 Other
Yellow fever

TEACHING 
POINT



422 ANTIVIRAL DRUGS BNF Reference 5.3, 11.3.3, and 13.10.3

Antiviral guanine derivatives
Inhibit the replication of herpesviruses

Guanine derivatives

Intracellular activation by phosphorylation

Incorporation into

viral DNA, leading to

chain termination

Inhibition of viral

DNA polymerase

Susceptibility HSV 1 >HSV 2 >VZV

0 - Treatment and prophylaxis against 
herpesvirus (HSV 1 and 2) infection.
Ganciclovir only: treatment and prophylaxis • 
against cytomegalovirus (CMV) infection.

1 - Avoid the combination of ganciclovir with 
zidovudine, as this can cause profound 
myelosuppression.

The combination of ganciclovir with • 
didanosine is better tolerated.

These drugs are given during pregnancy, • 
but experience is limited. Seek expert 
advice.
No dosage adjustment is usually required in hepatic insuffi ciency.• 
Aciclovir is renally excreted. Reduce the dose in moderate to severe • 
renal impairment.

Aciclovir can crystallize in the renal tubules if the patient is not ade-- 

quately hydrated during treatment.
Ganciclovir:• 

Pregnancy (ensure effective contraception during treatment and • 
barrier contraception for men during and for at least 90 days after 
treatment).
Breastfeeding (until 72 hours after last dose).• 
Caution if the neutrophil or platelet count is low; see adverse effects • 
section.

4 - See later notes for an approach to viral infections and the treatment of 
infl uenza.

Herpesvirus infection
These drugs are effective against HSV, but they do not eradicate the • 
virus and so are only really effective when used early.
Valaciclovir is a prodrug of aciclovir. It is much better absorbed than • 
aciclovir after oral administration.
Famciclovir is a prodrug of penciclovir; it is 70% available after oral • 
administration.
The dosages of these drugs are different for each indication (see • 
prescribing information for details) but they can be used for:

Treatment of:• 
—generalized/systemic HSV infection, including encephalitis
—skin and mucous membrane infections, including shingles and 

genital infection

Drugs in this class
- Aciclovir
- Valaciclovir (prodrug 

of aciclovir)
- Penciclovir
- Famciclovir (prodrug 

of penciclovir)
- Ganciclovir is active 

against 
cytomegalovirus 
(CMV) (the other 
drugs are not) but is 
considerably more 
toxic. It is therefore 
reserved for the 
treatment of CMV 
infections

- Valganciclovir 
(prodrug of 
ganciclovir)
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—chickenpox in adults; not usually necessary in children, in whom 
the disease is milder

—keratitis and corneal ulcer; ganciclovir ophthalmic gel is 
available for acute herpetic keratitis.

Prophylaxis against:• 
—HSV infection in immunocompromised patients
—recurrent HSV infection, especially genital infections.

CMV infection (ganciclovir only)
CMV retinitis in patients with AIDS.• 

Initially, treatment is by intravenous infusion, followed by oral main-• 
tenance therapy.
Slow-release ocular implants containing ganciclovir can be inserted • 
surgically to treat immediate sight-threatening CMV retinitis.
Local treatments do not protect against systemic infection or infec-• 
tion in the other eye.

Oral prophylaxis in liver and renal transplant patients.• 
6 - Ganciclovir is considerably more toxic than the other guanine deriva-

tives.
About one-third of patients need to have the drug withdrawn owing • 
to adverse effects.
Neutropenia is the most frequent adverse effect; suppression of • 
production of the other blood components is also seen; these 
effects are usually reversible on withdrawal of the drug.

Patients who develop neutropenia and require continuing treatment • 
with ganciclovir may benefi t from therapy with G-CSF (granulocyte 
colony-stimulating factor).
5% of patients taking ganciclovir develop neurological adverse effects. • 
These range from headache to confusion, hallucinations, and seizures.
Treatment with the other guanine derivatives is usually associated with • 
few adverse effects.

Aciclovir can cause severe local infl ammation at the site of intrave-• 
nous infusion.
Neurological reactions are rarely seen and are associated with high • 
plasma drug concentrations.

7 - Topical formulations do not usually cause drug interactions.
Ganciclovir is subject to more drug interactions than the other drugs • 
in this class.
Ganciclovir can cause myelosuppression; the risk of this is increased • 
when it is given with other drugs that can cause myelosuppression 
(e.g. didanosine, zidovudine, lamivudine).
Avoid these drugs with Primaxin• ® (imipenem with cilastatin); convul-
sions have been reported.
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8  Safety
Ensure that patients who receive guanine derivatives by intravenous • 
infusion are adequately hydrated.
Measure the full blood count (especially neutrophil and platelet • 
counts) in patients receiving ganciclovir. The greatest risk is during 
intravenous treatment, but patients taking maintenance therapy should 
also have periodic checks.

Effi cacy
Review patients with HSV infection to ensure the episode has • 
resolved.

Consider prophylaxis when the disease is recurrent.• 
Arrange regular expert eye examinations for patients with CMV • 
retinitis.

9 - Teach the patient taking long-term ganciclovir to recognize the signs of 
neutropenia (sore throat, skin infections) and thrombocytopenia 
(unexpected bruising or bleeding).

Prescribing information: Guanine derivatives
The following are given as examples.

Aciclovir
Treatment by mouth:• 

Herpes simplex• , treatment, 200 mg (400 mg in the immunocompromised) 
5 times daily, usually for 5 days.
Herpes simplex• , prevention of recurrence, 200 mg 4 times daily or 400 mg 
twice daily, possibly reduced to 200 mg 2 or 3 times daily, and interrupted 
every 6–12 months.
Herpes simplex• , prophylaxis in the immunocompromised, 200–400 mg 
4 times daily.
Varicella zoster• , treatment, 800 mg 5 times daily for 7 days.

Treatment by intravenous infusion:• 
Treatment•  of herpes simplex in the immunocompromised, severe initial 
genital herpes, and varicella zoster: 5 mg/kg every 8 hours usually for 5 
days, doubled to 10 mg/kg every 8 hours in varicella zoster infection in 
immunocompromised patients and in herpes simplex encephalitis (usually 
given for 10 days in encephalitis).
Prophylaxis•  of herpes simplex in immunocompromised patients, 5 mg/kg 
every 8 hours.

Treatment by topical application:• 
Eye ointment• , aciclovir 3%, apply 5 times daily (continue for at least 3 days 
after complete healing).
Skin cream• , aciclovir 5%, apply to lesions every 4 hours (5 times daily) for 
5–10 days, starting at the fi rst sign of an attack.

Valaciclovir
Oral administration.• 

Herpes zoster• , 1 g 3 times daily for 7 days.
Herpes simplex• , fi rst episode, 500 mg twice daily for 5 days (up to 10 days 
if severe); recurrent infection, 500 mg twice daily for 5 days.
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Herpes simplex• , suppression, 500 mg daily in 1–2 divided doses (in immu-
nocompromised patients, 500 mg twice daily).

Ganciclovir
Intravenous infusion.• 

Initial (induction) treatment, 5 mg/kg every 12 hours for 14–21 days for • 
treatment or for 7–14 days for prevention; maintenance (for patients at 
risk of relapse of retinitis) 6 mg/kg daily on 5 days per week or 5 mg/kg 
daily every day until adequate recovery of immunity; if retinitis progresses, 
initial induction treatment may be repeated.

Oral administration.• 
Maintenance treatment in AIDS patients when retinitis is stable (after at • 
least 3 weeks of intravenous ganciclovir), use valganciclovir 900 mg daily 
with food.
Prevention of CMV disease in liver and kidney transplant patients, use • 
valganciclovir 900 mg daily with food for 100 days.

Topical application for acute herpetic keratitis.• 
Ganciclovir 0.15% gel, apply 5 times daily until complete corneal • 
re-epithelialization, then 3 times daily for 7 days (usual duration of 
treatment 21 days).

The treatment of viral infections

- Most anti-infective drugs exploit the differences between human and infective 
cells; the relative simplicity of viruses and the fact that they incorporate 
themselves into human cells makes them diffi cult to treat.

- For a long time treatment was entirely supportive, relying on the body’s immune 
system to clear the infection. However, better understanding of the processes of 
viral replication and the enzymes involved has led to the identifi cation of several 
novel drug targets. The emergence of HIV infection as a global health problem 
accelerated this process.

- Drugs used to treat viral infections are of several types:
Nucleoside analogues; these are incorporated into viral nuclear material and • 
interfere with replication.
Zidovudine (and other nucleoside reverse transcriptase inhibitors).• 
Aciclovir.• 
Ribavirin.• 
Enzyme inhibitors; these exploit enzymes that are involved in viral replication • 
only.
Non-nucleoside reverse transcriptase inhibitors.• 
Protease inhibitors.• 
Drugs that stimulate immune responses; these augment the body’s own • 
defence processes.
Interferon alfa for hepatitis B.• 
Monoclonal antibodies directed against viral antigens.• 
Palivizumab for respiratory syncytial virus.• 

TEACHING 
POINT
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Treatment of infl uenza 

- Patients often talk about ‘having the fl u’, but this usually refers to infection with 
other viral causes of the common cold (e.g. adenoviruses). Infection with 
infl uenza virus is potentially life-threatening.

Prevention
- Prevention is more effective than treatment.
- Infl uenza virus is antigenically unstable; the haemagglutinin (H) and 

neuraminidase (N) antigens on its surface change frequently. Large changes 
result in an epidemic as most people are not immune. The infl uenza vaccine 
available each year in the UK is different to provide cover for those strains that 
are considered most likely to be prevalent. For these reasons infl uenza vaccine 
cannot provide complete protection and will not control an epidemic. 
Immunization is only recommended for the following groups

Patients with:• 
—chronic respiratory disease, including asthma
—chronic heart disease
—chronic renal failure
—diabetes mellitus.
Patients who are immunosuppressed or who do not have a functioning spleen.• 
In anticipation of an outbreak that is expected to be widespread, key • 
healthcare workers may also be immunized.

- Prophylaxis with amantadine is of limited effi cacy and is no longer 
recommended.

Treatment
- Treatment of infl uenza infection is largely supportive.
- Zanamivir and oseltamivir are inhibitors of neuraminidase. If treatment with 

these drugs is started within 48 hours of the onset of symptoms, the duration of 
symptoms is shortened by 1 day. These drugs have not been convincingly to 
reduce morbidity or mortality. For this reason NICE has recommended that these 
drugs should not be prescribed in the NHS for otherwise healthy adults with 
infl uenza. Zanamivir can be given to patients in the high-risk groups (see earlier 
list) if treatment can be started within 48 hours of the onset of symptoms.

TEACHING 
POINT
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Drugs used to treat human 
immunodefi ciency virus (HIV) infection
Antiviral drugs

Protease

Viral

polyproteins 

Viral DNA

Viral RNA

Viral RNA

Envelope

formation 
Mature virus

HIV invades

human cells 

Nucleoside analogue

reverse transcriptase

inhibitors (NRTI)

Protease inhibitors (PI) 

Non-nucleoside

analogue reverse

transcriptase

inhibitors (NNRTI)

Reverse

transcriptase 

0 - Treatment of infection with HIV.
Remember that these drugs suppress viral • 
replication but do not effect a cure.
They are not a treatment for opportunistic • 
organisms that cause infections in patients 
with AIDS.

1 - In hepatic insuffi ciency.
Avoid abacavir, ritonavir, saquinavir, nelfi -• 
navir, efavirenz, nevirapine, and zalcitabine.
Reduce the dose of indinavir from • 
800 mg tds to 600 mg tds.
Most of the nucleoside analogues can be • 
used.

In renal insuffi ciency.• 
Avoid abacavir, amprenavir, ritonavir, lopinavir.• 
Reduce the dose of the nucleoside analogues.• 

Stavudine: give half the dose in mild to moderate insuffi ciency. Give • 
one-quarter the dose if severe.
Zalcitabine: give two-thirds of the dose in mild insuffi ciency. Give • 
one-third of the dose in moderate insuffi ciency.
Zidovudine: give half the dose in severe insuffi ciency.• 
Dosage reduction may also be required for didanosine and lamivudine.• 
Zidovudine is also known as AZT; avoid this abbreviation, as it can be • 
confused with azathioprine.
These drugs are not recommended during pregnancy. However, they • 
are sometimes given to pregnant women to reduce the risk of trans-
mission of HIV to the baby. This is very a specialized area of practice; 
seek expert advice.

4 - Treatment of HIV infection is complex and should be under the 
direction of a specialist. The following is offered as a general guide. It is 
based on the British HIV Association guidelines (see guidelines section 
at M http://www.bhiva.org).

Groups of drugs

Nucleoside analogues 
(NRTI)
- Abacavir
- Didanosine
- Emtricitabine
- Lamivudine
- Stavudine
- Tenofovir
- Zalcitabine
- Zidovudine

Non-nucleoside 
reverse transcriptase 
inhibitors (NNRTI)
- Efavirenz
- Nevirapine

Protease inhibitors 
(PI)
- Amprenavir
- Indinavir
- Lopinavir plus ritonavir
- Nelfi navir
- Ritonavir
- Saquinavir
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Acute seroconversion should usually be treated aggressively. The virus • 
may be at its most vulnerable and least diverse at this point. However, 
treatment is unlikely to eradicate the virus.
The decision when to treat established infection is not straightforward. • 
On the one hand, HIV is an infectious disease and should be treated 
hard and early. But in the asymptomatic patient this must be balanced 
against the toxicity of treatment, stringencies of the treatment 
regimen, and uncertainty as to whether early treatment will improve 
long-term outcome or simply drive the emergence of resistant virus. 
See box, b p. 430, for current suggested guidelines on when to treat.
There are several highly active antiretroviral treatment regimens • 
(HAART). None has been shown to be defi nitively better than any 
other. See Table 5.1 for guidance about choice of regimen.
It is beyond our scope to discuss the appropriate strategy in the event • 
of virological failure of treatment.

It is generally considered to be better to continue treatment, even if • 
there has been virological failure; withdrawal of drug treatment 
causes a signifi cant rebound in viral replication.

The formulations of these drugs are not interchangeable.• 
Many of these drugs have been developed and licensed on the basis of • 
surrogate rather than clinical outcome data. See teaching point box, 
b p. 433, for a discussion of this.

6 - Adverse effects of these drugs are very common.

Protease inhibitors
As a group, these drugs are associated with metabolic abnormalities.• 

Abnormalities of lipid metabolism, characterized by raised choles-• 
terol and triglycerides; consider switching to a non-protease inhib-
itor, or giving a statin or fi brate as appropriate.
Lipodystrophy, characterized by atrophy and hypertrophy (fat redis-• 
tribution), which can be very distressing; the incidence of this has 
been very variable between studies.
Insulin resistance and worsening of diabetic control; If treatment is • 
required, metformin is preferred.
If the patient is co-infected with hepatitis C virus there is an • 
increased risk of liver abnormalities.
Notes on specifi c drugs:• 
—nelfi navir, mild to moderate diarrhoea
—indinavir, risk of renal stones and crystalluria, hyperbilirubinaemia
—ritonavir, taste changes, nausea, diarrhoea, perioral tingling
—saquinavir, nausea, diarrhoea, abdominal pain, and headache
—amprenavir, nausea, diarrhoea, rash (usually in the fi rst 2 weeks),  

perioral tingling.
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When to start treatment with antiretroviral drugs in HIV infection

Primary HIV infection
- Treat as soon as possible, ideally within 6 months.

Asymptomatic HIV infection
- CD4 count >350 x 106 cells/L: defer treatment.
- CD4 count 200–300 x 106 cells/L: offer treatment.
- CD4 count <200 x 106 cells/L: treatment recommended.

Symptomatic HIV infection
- Treat whatever the CD4 count or viral load.

Table 5.1 Highly active antiretroviral treatment (HAART) regimens

Regimen Advantages Disadvantages

2NTRIs + NNRTI Good surrogate data 
(recommended)

Lack of clinical endpoint 
outcome data

2NRTI + PI Long-term Toxicity common

Complex regimen

2NTRI + 2PI Good surrogate 
outcome data

Lack of clinical endpoint data

Potential for drug interactions

3NRTI Few drug interactions May be less effective

Nucleoside analogues (NRTI)
As a group these can cause:• 

Lactic acidosis, which can be fatal and is most associated with long-• 
term treatment; it is diffi cult to predict those at greatest risk.
Hepatic steatosis.- 

Notes on individual drugs:• 
Abacavir• , life-threatening hypersensitivity (for information on HLA 
B*5701 and pharmacogenetic testing, see b p. 586); pancreatitis.
Didanosine• , pancreatitis.
Lamivudine• , hepatic steatosis.
Stavudine• , peripheral neuropathy.
Tenofovir• , renal impairment and hypophosphataemia.
Zalcitabine• , peripheral neuroathy, pancreatitis.
Zidovudine• , hepatic impairment, anaemia.

Non-nucleoside reverse transcriptase inhibitors
As a group, these drugs are better tolerated than other antiretroviral • 
drugs.

Efavirenz:• 
—can cause dysphoria
—rash, usually in the fi rst 2 weeks and resolving after 1 month; 

withdraw the drug if it is very severe
—hypercholesterolaemia.
Nevirapine:• 
—rash, which can be severe (Stevens–Johnson syndrome)
—hepatitis, which can be fulminant.
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7  - Drug interactions are common, both with drugs for other indications 
and with other HIV drugs. This is not always detrimental. For example, 
ritonavir inhibits the metabolism of other protease inhibitors, 
increasing their effect.

Protease inhibitors
The protease inhibitors are inhibitors of hepatic CYP3A4 (• see 
b Macrolides, p. 402, for more information).
Ritonavir is a particularly potent inhibitor and also increases the effects • 
of opioids, tricyclic antidepressants, SSRIs, triptans, antifungal drugs, 
antipsychotic drugs, and bupropion (amfebutamone).
Ritonavir and some other protease inhibitors increase the metabolism • 
of the oral contraceptive. This may make it less effective. Warn 
women about this.

Nucleoside analogues (NRTI)
Do not give with co-trimoxazole (increases lamivudine concentration).• 
Do not give ganciclovir with zidovudine; this can cause bone marrow • 
suppression.

Non-nucleoside reverse transcriptase inhibitors
These drugs can interact with grapefruit juice; avoid this (• see 
b p. 401).
Enzyme-inducing drugs (• see b Carbamazepine, p. 286); reduce the 
concentrations of these drugs.
These drugs can affect the metabolism of other anti-HIV drugs; use an • 
established regimen.
These drugs increase metabolism of the oral contraceptive. This may • 
make it less effective. Warn women about this.

8 Safety
Zidovudine—measure a full blood count every 2 weeks for the fi rst • 
3 months of treatment, and monthly thereafter.
Tenofovir—measure renal function and the serum phosphate • 
concentration monthly.
Nevirapine—measure liver function tests every 2 weeks for • 
2 months, and every 3–6 months thereafter.
It has been suggested that patients taking long-term nucleoside • 
analogues should have their anion gap, pyruvate, and lactate measured. 
However, it has not been established that this predicts the onset of 
lactic acidosis, so it is not routinely recommended.
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Effi cacy
This is complex. In general, the patient’s CD4 count is more predictive • 
of the outcome in late disease, whereas the viral load (HIV-1 RNA 
copies/mL) is more predictive in early disease.
Plasma drug concentration monitoring is still under development and • 
is not routinely recommended. However, it may be useful, given that 
low plasma concentrations of drugs are associated with failure of 
treatment. At present, consider it for patients with liver insuffi ciency 
and those with adverse effects other than hypersusceptibility reactions 
(b p. 16).

9 - HAART regimens are complex and require considerable self-discipline 
to take correctly. These drugs will not be effective if taken randomly. 
Incorrect administration will promote viral resistance.
These drugs can reduce the effectiveness of the oral contraceptive. • 
Patients infected with HIV should use barrier methods of contracep-
tion to reduce the risk of transmission of HIV.
Nelfi navir, saquinanvir, and lopinovir (with ritonavir) must be taken • 
with food.
Indinavir and didanosine must be taken on an empty stomach.• 
Warn women about interactions with oral contraceptives.• 

Case histories
- A 32-year-old man with HIV infection had been taking zidovudine with 

lamivudine (Combivir®) for 5 years, prescribed by a specialist HIV centre. He 
attended his GP because he felt tired most of the time and the GP requested a 
full blood count. The result showed a borderline anaemia with a haemoglobin 
concentration of 11.2 g/dL, but the mean cell volume (MCV) was markedly 
raised at 119 fl .

Macrocytosis is very common in patients taking zidovudine. It is worth establishing 
that there is no vitamin B12 defi ciency, which can also occur with zidovudine 
therapy, but macrocytosis in this setting usually does not require further investiga-
tion.

- A 26-year-old woman with HIV infection was admitted to hospital with a severe 
generalized maculopapular rash and mucositis. 2 weeks earlier she had started 
to take a single tablet a day of the combination product Atripla®, containing 
efavirenz, emtricitabine, and tenofovir. A drug-induced rash was suspected, and 
because of a concern about Stevens–Johnson syndrome she was admitted to 
hospital. Despite withdrawal of the antiretroviral drugs, the rash showed little 
sign of subsiding 10 days later.

Efavirenz was the most likely culprit in this case. It has a very long half-life, and 
adverse effects can persist for up to a month.

Prescribing information: Drugs used to treat HIV infection
There are many regimens. Seek expert advice.• 
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Surrogate markers in clinical trials

- It is often diffi cult to measure the therapeutic effect of a drug 
directly.

- For example, the effect of an antihypertensive drug on BP may appear to be a 
simple outcome measure. However, it is not the BP per se that we are most 
interested in, but rather the long-term reduction in risk of stroke or 
cardiovascular disease. These cannot be measured directly, and may not appear 
clinically for many years. BP is a useful surrogate, because we know that lowering 
BP lowers the risk of stroke.

- The situation in many other disease states is less clear. Many of the drugs used 
to treat HIV infection were granted licences quickly on the basis of effects on 
CD4 count and viral load rather than long-term clinical outcome. This may be 
appropriate when there are no effective treatments for a fatal disease, but it is 
essential to try to identify surrogates that are clinically relevant. Ideally, these 
should also include some measures of functional outcome, not just changes in 
biochemical markers.

- Another disadvantage of the surrogate approach is that it may not take into 
account the morbidity/mortality effect of late adverse effects of the drug. Drugs 
used to treat HIV carry a considerable risk of serious adverse effects. Always 
consider these along with the potential benefi ts.

- Plasma drug concentration measurement is often neglected in clinical trials, but 
it can give useful information about exposure in individuals who do not respond 
or who develop adverse effects.

TEACHING 
POINT
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Post-exposure HIV prophylaxis

- Based on the UK guidelines from the Department of Health (M http://www.
advisorybodies.doh.gov.uk/eaga).  

- Prevention is more important than post-exposure prophylaxis. HIV is not the 
only virus that can be transmitted (e.g. hepatitis B and C).

- Always follow guidelines when dealing with blood and other potentially 
contaminated material. Note that vomit, faeces, and urine are not considered 
high-risk unless they are blood-stained. Dispose of any sharps yourself. Do not 
expose others to risk by negligent behaviour.

Exposure is defi ned as:
- Percutaneous injury This carries the greatest risk, especially when there is frank 

contamination of the needle by blood. The risk of transmission is about 3 in 
1000.

- Exposure of broken skin Eczema, abrasions.
- Exposure of mucous membranes (e.g. the eyes). The risk of transmission is about 

1 in 1000.

Action
- Encourage any wound to bleed, but do not suck it. Wash with water. Irrigate 

mucous membranes with water. Do not use antiseptics.
- Contact the appropriate person (e.g. microbiologist, infectious diseases 

consultant, virologist) to discuss post-exposure drug treatment. This should 
include a discussion of the risk that the contaminated material poses. If the 
source is known, consider testing for HIV. This request should NOT be made by 
the person who has been exposed. Not all exposures are high-risk and drug 
treatment is not always necessary.

- If drug treatment is deemed appropriate it should be readily available. Ideally, 
this should start as soon as possible after exposure, but it is worth considering 
up to 2 weeks after exposure.

- A typical regimen consists of:
One Truvada• ® tablet—245 mg tenofovir plus 200 mg emtricitabine (FTC) 
once a day.
Plus two Kaletra• ® fi lm-coated tablets (200 mg lopinavir plus 50 mg ritonavir) 
twice a day.

- Make sure that the exposed individual has appropriate follow-up and support 
(e.g. with occupational health).

- Investigate the circumstance of the exposure and change practice if mistakes 
have been made.

TEACHING 
POINT
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Imidazole and triazole antifungal drugs
Inhibitors of fungal ergosterol synthesis

Imidazoles and triazoles inhibit fungal

cytochrome P450 enzymes responsible

for synthesis of ergosterols. Triazoles

are more specific, acting on lanosterol-

α-demethylase.  

Inhibition of fungal

cell membrane

synthesis  

Ergosterols are key

components of the

fungal cell membrane  

0 - Treatment of infection by Candida spp.
Mucosal and skin infections—commonly • 
treated topically.
Invasive infections—fl uconazole fi rst-line; • 
alternatively, give amphotericin with 
fl ucytosine.

Cryptococcal infection• 
Treatment (e.g. meningitis).• 
Prevention in patients with AIDS—• 
fl uconazole; alternatively, give amphoter-
icin with fl ucytosine.

Aspergillus•  infection. Itraconazole is a 
second-line option.
Histoplasmosis (rare in temperate climates).• 

Indolent infection—itraconazole or • 
ketoconazole.
Severe infection—can be life threatening in • 
patients with AIDS; itraconazole, given 
intravenously, is an option.

Fungal skin and nail infections—treatment • 
usually topical.
Prevention of fungal disease in immunocom-• 
promised patients—fl uconazole.

1 - Most of the following cautions apply to 
systemic rather than topical administration of 
these drugs.

Miconazole is given topically for oral infec-• 
tions, but is absorbed systemically and can 
cause drug interactions (see later notes).

Ketoconazole and itraconazole carry a • 
particular risk of liver damage; the risk from 
fl uconazole is much lower.

Itraconazole or ketoconazole should not • 
be used unless the potential benefi ts are 
signifi cant (see earlier notes).
Avoid systemic administration of these • 
drugs if there is a history of liver disease; if 
treatment is essential use lower doses.

If the patient has renal insuffi ciency, avoid • 
giving itraconazole or ketoconazole; give the usual fi rst dose of 
 fl uconazole, but halve subsequent doses if the patient has mild or 
moderate renal insuffi ciency.

Drugs in this class

Triazoles
- Fluconazole
- Itraconazole
- Voriconazole

Imidazoles
- Ketoconazole
- Miconazole

Drugs used topically
- Clotrimazole
- Fenticonazole
- Sulconazole
- Tioconazole

Other antifungal 
drugs
- Polyenes (see 

b p. 440).
- Caspofungin and 

anidulafungin. Belong 
to a group of 
echinocandin 
antifungal agents 
which are lipopeptide 
agents that inhibit 
fungal cell wall growth. 
Caspofungin is active 
against Aspergillus spp., 
and both agents are 
used for the treatment 
of invasive candidiasis.

- Flucytosine. Converted 
to fl uouracil in fungal 
cells. Synergistic with 
amphotericin. Can 
cause bone marrow 
depression. 
Resistance is 
common.

- Griseofulvin. Largely 
replaced by newer 
drugs. Binds to 
keratin, making it 
more resistant to 
fungal infection.

- Terbinafi ne Used for 
fungal nail infections, 
and treatment of 
ringworm. Seek 
specialist advice.
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Long-term use of these drugs can cause congenital abnormalities if • 
given during pregnancy.
Antifungal drugs can precipitate heart failure. Avoid them in patients • 
with cardiac disease, especially if they are taking drugs with negative 
inotropic actions (e.g. calcium channel blockers).

4 - Antifungal drugs are used for two types of clinical problem:
Non-invasive local infections; in this case, topical treatment is usually • 
appropriate.
Invasive disease, often in vulnerable patients (e.g. those with AIDS); • 
in this case, specialist advice and supervision is essential.

Infection by fungi is commonly an indication of immunocompromise.• 
Investigate the underlying cause.• 
Culture and identifi cation of fungi is a specialized procedure.• 
Tell the laboratory if you suspect fungal infection and take advice • 
about what sort of samples to send.

Topical treatment
Genital infection • (especially vaginal candidiasis) Topical treatment with 
a pessary, or fl uconazole by mouth, is appropriate. Recurrence is more 
common in diabetes mellitus. If recurrent, consider the partner as a 
possible source.
Eyes•  Infection is uncommon but can occur after agricultural injuries. 
There are no licensed topical formulations for application to the eye. 
Seek specialist advice. Can also present with metastatic endoph-
thalmitis.
Ears•  For treatment of fungal otitis externa.
Oropharynx•  The decision to treat topically or systemically will depend 
on the extent of the infection.
Skin•  Systemic treatment is usually necessary for scalp or nail 
infections. Seek specialist advice and take skin scrapings to confi rm the 
diagnosis.

6 - The following adverse effects are usually associated with systemic 
administration.

Adverse effects from local administration are rare. The most • 
common is local irritation.

Antifungal drugs can cause a rash and other hypersensitivity • 
phenomena.

Rashes can be severe (including Stevens–Johnson syndrome) and are • 
more common in patients with AIDS.

Antifungal drugs commonly cause nausea, vomiting, and abdominal • 
pain.
Antifungal drugs can cause bone marrow suppression.• 

Antifungal drugs can cause hepatotoxicity; this is characterized by • 
cholestatic jaundice.
The risk is lower with fl uconazole.• 
The risk is increased if treatment exceeds 1 month.• 

Itraconazole can cause heart failure. This risk is increased if it is given • 
in high doses for long periods.
Long-term oral treatment with these drugs can cause hypokalaemia, • 
oedema, and peripheral neuropathy.

7  - Antifungal drugs interact with many other drugs, the following refers 
to systemic administration.

Antifungal drugs inhibit cytochrome P450 enzymes (• see 
b Macrolides, p. 401); this means that they increase the actions of 
many other drugs.
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The absorption of ketoconazole depends on an acid environment in • 
the stomach. Antacids will reduce its absorption.
Ketoconazole can cause a disulfi ram-like (Antabuse• ®) reaction if taken 
with alcohol.

8 Safety and effi cacy
Specifi c monitoring is not usually required for topical treatment, other • 
than appropriate clinical review.
Measures of clinical improvement are the most important, but • 
infl ammatory markers, such as the ESR and CRP, are often helpful.
Whenever possible, take cultures before starting antifungal treatment. • 
Check the sensitivities of the causative organism. Discuss any unusual 
results with a microbiologist.
Long-term treatment with itraconazole or ketoconazole.• 

Measure liver function tests after 14 days of treatment and monthly • 
thereafter.
Measure the full blood count and plasma electrolytes regularly if • 
long-term systemic treatment is required.

8 - Advise the patient to seek urgent medical attention if they develop 
symptoms of:

Liver toxicity (jaundice, pale stools, dark urine).• 
Bone marrow suppression (easy bruising, bleeding).• 

Topical vaginal formulations damage latex condoms and diaphragms.• 

Prescribing information: Antifungal drugs
The following are given as examples. Dosages and durations of treatment will 
depend on the indication. Check your local antibiotics policy.

Fluconazole
By mouth for mucosal candidiasis, 50 mg daily for 7–14 days.• 
By mouth or by intravenous infusion, for invasive candidal infections, initially • 
400 mg daily.

Long-term treatment usually 200 mg daily.• 
By mouth, for prevention of fungal infections in the immunocompromised, • 
50–400 mg daily.

Itraconazole
By mouth or intravenous infusion for systemic aspergillosis, 200 mg twice • 
daily.

Reduced to 200 mg once-daily if responding.• 

Clotrimazole (Canesten®)
1% cream, spray, powder, and solution for topical application for skin • 
infections.
For vaginal candidiasis:• 

Pessary 500 mg, one daily.• 
Vaginal cream 10%.• 
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Balanced prescribing

Safe and effective (balanced) prescribing is all about establishing a balance between 
potential harm and benefi t. It requires a multi-dimensional assessment, which takes 
into account:
- The severity of the underlying disease.
- The size and nature of the benefi t of the treatment proposed.
- The likelihood that the patient will benefi t.
- The extent and nature of harm attributable to the treatment proposed.
- The frequency of adverse outcomes attributable to the treatment.
- The extent to which the information available reliably answers these questions 

in the patient.
- The cost effectiveness of the treatment.

The management of fungal toenail infection with terbinafi ne is a good test case. 
The condition is rarely anything more than a cosmetic problem in non-diabetics 
and non-immunocompromised people. Treatment is usually for at least 3 months, 
and cure rates of around 75% are reported compared with a placebo cure rate of 
20% at best. Minor adverse effects are relatively common (gastrointestinal distur-
bances, headache) and major adverse effects are rare but can be severe (liver tox-
icity and even fulminant liver failure). Treatment costs around £150. It is a diffi cult 
balance to strike, and some Primary Care Trusts have attempted to outlaw its use 
on the grounds that it is a ‘lifestyle’ treatment rather than a medical necessity (see 
also b p. 238). Patients, however, continue to demand treatment and they must 
be given the correct information to make a diffi cult decision.

TEACHING 
POINT
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Polyene antifungal drugs
Antifungal drugs

Polyenes interact

with ergosterols

in fungal cell

membranes,

forming pores

Loss of integrity

of fungal cell 

Fungal

cell death

0 - Nystatin is used only for superfi cial 
infections. Amphotericin is generally used 
for systemic infections.
Treatment of infection by • Candida spp.

Mucosal and skin infections commonly • 
treated topically, nystatin and 
amphotericin.
Invasive infections, intravenous • 
amphotericin plus fl ucytosine.

Cryptococcal infection.• 
Treatment of meningitis, intravenous amphotericin plus fl ucytosine.• 
Aspergillus•  infection, amphotericin fi rst-line.

Histoplasmosis (rare in temperate climates).• 
Severe infection can be life threatening in patients with AIDS; • 
intravenous amphotericin, fi rst-line.

1 - Most cautions apply to systemic rather than topical administration of 
these drugs.

Nystatin and amphotericin are not absorbed systemically when given • 
by mouth.

If the patient has renal insuffi ciency, do not use unless there is no • 
alternative.
These drugs are not known to be harmful during pregnancy, but do • 
not use them unless the potential benefi ts are clear.

4 - These drugs are used for two types of clinical problem:
Non-invasive local infections, for which topical treatment is usually • 
appropriate.
Invasive disease, often in vulnerable patients (e.g. immunosuppressed • 
patients or those in intensive care); in these cases, specialist advice 
and supervision is essential.

Infection by fungi is commonly an indication of immunocompromise.• 
Investigate the underlying cause.• 

Culture and identifi cation of fungi is a specialized procedure.• 
Tell the laboratory if you suspect fungal infection and take advice • 
about what sort of samples to send.

Amphotericin penetrates tissues poorly; the doses required commonly • 
cause nephrotoxicity.

Lipid formulations allow higher doses to be given without toxicity, • 
but are considerably more expensive.

Drugs in this class
- Nystatin
- Amphotericin: 

standard and lipid 
formulations

Lipid and liposomal 
formulations of 
amphotericin
- Amphotericin in a 

lipid complex 
(Abelcet®)

- Amphotericin 
encapsulated in 
liposomes 
(AmBisome®)
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Keeping the patient well hydrated will reduce the risk of • 
nephrotoxicity.
The doses of conventional and lipid formulations vary considerably; • 
serious errors have occurred (see case history box, b p. 443); 
check the dose form and calculation carefully.

Topical treatment
Genital infections • (especially vaginal candidiasis) Topical treatment with 
a nystatin pessary or cream is appropriate. Recurrence is more 
common in diabetes mellitus. If there is recurrence, consider the 
partner as a possible source.

Treatment is usually for 14–28 days.• 
Oral and perioral infections•  The decision to treat topically or systemi-
cally (with an imidazole) will depend on the extent of the infection. 
Nystatin is available as a suspension for local treatment of oral infec-
tions.
Skin infections•  Seek specialist advice and take skin scrapings to confi rm 
the diagnosis. Nystatin is effective for skin infections due to Candida 
spp., but not those due to dermatophytes. See b Imidazoles, p. 436.

6 - Nystatin is too toxic to be given systemically, but adverse effects after 
topical administration are rare. The most common is local irritation.
Adverse effects due to amphotericin given systemically are common.• 

Amphotericin can cause anaphylactic reactions, both IgE-mediated • 
reactions and non-IgE-mediated (i.e. anaphylactoid) reactions (see 
b Acetylcysteine, p. 703.
—give a test dose before starting regular treatment (e.g. 1 mg in 

10 mL of 5% glucose over 30 minutes).
Febrile reactions, nausea, and vomiting are common.• 
Amphotericin can cause rashes, which can be severe (including the • 
Stevens–Johnson syndrome); these reactions can be treated with 
hydrocortisone and antipyretics, which should be reserved for those 
with severe symptoms, as steroids can exacerbate hypokalaemia due 
to amphotericin.
Rapid infusion of amphotericin can cause cardiac arrhythmias; give • 
the dose over 2–4 hours.
Nephrotoxicity is almost universal and usually dose-limiting; it is due • 
to renal vasoconstriction and a direct toxic effect on the renal 
tubules; lipid formulations are less nephrotoxic.
—hypokalaemia and hypomagnesaemia can occur.

Other adverse effects include convulsions, peripheral neuropathy, • 
hearing loss, and hepatotoxicity; amphotericin should be withdrawn if 
these occur.

7  - The following refers to systemic administration of amphotericin.
Avoid giving amphotericin with cytotoxic or other nephrotoxic drugs • 
(e.g. ciclosporin); the risk of nephrotoxicity is very great.
Amphotericin can cause hypokalaemia.• 

Corticosteroids can exacerbate this.• 
Avoid diuretics.• 
Hypokalaemia can precipitate digitalis toxicity.• 
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8 Safety and effi cacy
Specifi c monitoring is not usually required for topical treatment, other • 
than appropriate clinical review.
Measures of clinical improvement are the most important, but infl am-• 
matory markers, such as the ESR and CRP, are often helpful in 
systemic infections.
Whenever possible, take cultures before starting antifungal drug • 
treatment. Check the sensitivities of the causative organism. Discuss 
any unusual results with a microbiologist.
Treatment of a systemic fungal infection often requires a long course.• 
Monitor renal function closely. The manufacturers advise that • 
treatment should be suspended if the serum creatinine rises above 
260 micromol/L.

Monitoring should include electrolytes; treat hypokalaemia, which • 
can be accompanied by hypomagnesaemia.
Measure a full blood count and liver function tests at least weekly; • 
withdraw amphotericin if liver function tests become abnormal.

9 - Topical vaginal creams, but not pessaries, damage latex condoms and 
diaphragms.
Nystatin cream stains clothing yellow.• 

Prescribing information: Polyene antifungal drugs
The following are given as examples. Dosages and durations of treatment will 
depend on the indication. Check your local antibiotics policy.

Amphotericin
Conventional injection form (e.g. Fungizone• ®). By intravenous infusion, for 
systemic fungal infections.

Initially 250 micrograms/kg daily, gradually increased to 1 mg/kg over • 
2–4 days.
Can be increased to a maximum of 1.5 mg/kg daily in severe infections, if • 
tolerated.

Consider lipid formulations if nephrotoxicity is dose-limiting. Seek specialist • 
advice.

Nystatin
For skin infections due to • Candida spp.

Cream or ointment 100 000 units/g, apply 2–4 times daily.• 
For oral or perioral fungal infections.• 

Oral suspension (100 000 units/mL), 100 000 units 4 times daily after food.• 
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Case history
Doses of amphotericin
- In 2007, two patients with cancers were due to be given amphotericin 

intravenously for presumed fungal infections. The prescribing doctor was not 
experienced in the use of amphotericin and tried to get help, but eventually 
prescribed it using the data available in the BNF. What the doctor did not 
know was that whereas the dose of conventional amphotericin (Fungizone®) is 
1 mg/kg, lipid formulations are used in a dose of 5 mg/kg. Confusion arose 
between the products, and Fungizone® was given in a dosage that was 
appropriate for the lipid formulations (i.e. at fi ve times the correct dose).
Both patients died.

Many drugs are available in different formulations, and confusion between them 
can give rise to serious problems. Amphotericin is used in the treatment of sys-
temic fungal infections, but its toxicity is high. Lipid formulations reduce some of 
the toxicity (particularly in the kidneys), but they are expensive and many hospitals 
reserve their use for patients who are unable to tolerate standard formulations or 
who are at a high risk of nephrotoxicity. The dosage regimens are signifi cantly 
different between the formulations, and deaths have occurred when the wrong 
product was prescribed or dispensed.
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Antimalarial drugs

Female

Anopheles

mosquito  

Extra-erythrocytic stage (liver)

Mosquito Human

Schizont Trophozoite

Invade red

blood cells 

Merozoites released into blood 

Sporozoites

in saliva 

Gametocytes develop 

in red blood cells

Parasite 

life cycle

Merozoites

released

into blood  

Schizont within liver cells

(persists with P. vivax and

P. ovale)

0 - Treatment and prophylaxis of infection by:
Plasmodium falciparum• .
Plasmodium vivax• , malariae, and ovale.

See•  b p. 646 and p. 388 for more informa-
tion on chloroquine and doxycycline.

1 - The choice of drug for treatment or proph-
ylaxis depends on the risk and resistance 
patterns for the area of proposed travel.

Patterns of resistance are constantly • 
changing; seek up-to-date advice
The risk of malaria varies widely, • 
depending on the proposed area of travel; 
the risk is often low in large cities; take a 
detailed history of the proposed itinerary 
so that the risk can be evaluated fully

Pregnancy.• 
Quinine is preferred because there is • 
considerable experience of its use.
Do not give doxycycline; it stains the • 
baby’s teeth.
Do not give primaquine during preg-• 
nancy; continue chloroquine until after 
delivery.
If proguanil is required, give it with folic • 
acid 5 mg daily.
Avoid Maloprim• ® (pyrimethamine plus 
dapsone) and Malarone® (proguanil plus 
atovaquone); mefl oquine may be safe.

Epilepsy.• 
Avoid chloroquine and mefl oquine.• 
Doxycycline interacts with some antiepileptic drugs.• 
If pyrimethamine is required, and the patient is taking phenytoin or • 
phenobarbital, give folic acid 5 mg daily.

Drugs in this class

The drugs listed here 
are not interchangeable. 
The choice of drug 
should be directed by a 
specialist familiar with 
resistance patterns.

Drugs used for 
 prophylaxis
(Note the importance of 
protection from bites)
- Chloroquine and 

proguanil
- Mefl oquine (Lariam®)
- Proguanil with 

atovaquone 
(Malarone®)

- Doxycycline

Drugs used for 
 treatment of 
malaria
‘Benign’ malarias P. vivax, 
malariae, and ovale
- Chloroquine followed 

by primaquine
Acute uncomplicated 
falciparum malaria
- Quinine (followed by 

pyrimethamine with 
sulfadoxine 
(Fansidar®) or 
doxycycline

- Artemether with 
lumefantrine

- Mefl oquine
- Proguanil with 

atovaquone
Complicated falciparum 
malaria
- Intravenous quinine
- Intravenous 

artesunate 
(artemisinin 
derivative)

- Intramuscular 
artemether 
(artemisinin 
derivative)
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Mefl oquine lowers the seizure threshold.• 
Renal insuffi ciency.• 

Proguanil is renally excreted; avoid it.• 
Avoid Malarone• ® and chloroquine in 
moderate to severe renal insuffi ciency.
Mefl oquine and doxycycline are usually • 
safe.

G6PD defi ciency.• 
Take care with chloroquine, primaquine, • 
pyrimethamine plus dapsone, and quinine; 
see teaching point box, b p. 449.

Cardiac conduction defects.• 
Avoid quinine and artemether plus • 
lumefantrine; they can prolong the QT 
interval.

4 Malaria prophylaxis
Always seek up-to-date specialist advice, as • 
patterns of malarial resistance are 
constantly changing.
Other measures, such as avoidance, bed • 
nets, and repellent sprays (diethyltolua-
mide/DEET), are as important for the 
prophylaxis of malaria as drug treatment. 
You cannot catch malaria unless you are 
bitten.

Treatment of malaria
Infection by • P. falciparum can be fatal (see 
box on features of severe malaria). In most 
cases, patients suspected of having 
P. falciparum infection should be admitted 
to hospital for investigation and treatment.
Symptoms and signs of malaria may present • 
as early as 7 days after exposure (average 
10–21 days). Longer incubation periods can 
occur in patients who have been taking 
chemoprophylaxis or selected antibacterial 
drugs (e.g. co-trimoxazole, tetracycline, 
macrolides, chloramphenicol, and quinolones). Incubation periods for 
P. falciparum of 6–18 months are unusual, but are on record. Malaria 
due to infections with P. vivax, P. ovale, or P. malariae can take up to 12 
months to the fi rst manifestation.
The presentation of • P. falciparum malaria is very variable and it can 
mimic many other diseases.

Have a high index of suspicion in anyone who has returned from a • 
malarious region.

The diagnosis is usually made from examination of a blood smear.• 
A negative smear does not exclude the diagnosis.• 

The box indicates the suitable treatments, but seek expert advice in • 
each case.

Features of severe 
falciparum malaria

Clinical features
- Impaired 

consciousness, 
convulsions

- Respiratory distress
- Jaundice
- Bleeding
- Shock

Biochemical features
- Renal impairment 

(serum creatinine 
>265 micromol/L or 
urine output 
<400 mL/day)

- Acidosis (plasma 
bicarbonate 
<15 mmol/L)

- Hepatic impairment 
(transaminases 
>3 times normal)

- Hypoglycaemia 
(blood glucose 
<2.2 mmol/L)

- Hypoxia (PO2 <8 kPa 
on room air)

Haematological 
 features
- Parasitaemia >5%
- Haemoglobin <6 g/L 

or haematocrit <20%
- Evidence of 

disseminated 
intravascular 
coagulation (DIC)
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Table 5.2 Adverse effects of antimalarial drugs

Drug

Quinine Mefl oquine Primaquine Proguanil Proguanil plus 
atovaquone

Pyrimethamine 
(commonly 
combined with 
other drugs 
e.g. dapsone, 
sulfadoxine)

Artemisinin 
derivatives

Relatively 
common

‘Cinchonism’ 
(tinnitus, hot fl ushed 
skin, abdominal pain, 
rash)

Sleep disorders 
(insomnia, abnormal 
dreams)

Mouth ulcers, 
stomatitis, hair 
loss

Mouth ulcers, 
stomatitis, hair loss
Abnormal dreams 
and insomnia

Sleep 
disturbances 
Myalgia
Rashes

Rare but 
serious

Angio-oedema
Temporary blindness 
and other visual 
disorders 
Thrombocytopenia 
(can cause DIC)

Neurological 
symptoms (<1%)
Sensory and motor 
neuropathy
Tremor and ataxia 
Anxiety, depression, 
panic, and psychosis
Convulsions
Rashes (urticaria most 
common, but can 
cause Stevens–
Johnson syndrome)

Methaemo-
globinaemia
Haemolytic 
anaemia
Leucopenia

Urticaria and 
angio-oedema 

Urticaria and 
angio-oedema
Visual 
disturbances

Methaemo-
globinaemia
Thrombocytopenia
Psychosis
Jaundice
Eosinophilic 
pulmonary infi ltrates
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6 - These drugs commonly cause nausea, vomiting, and diarrhoea.
Other rarer, but serious adverse effects are summarized in • 
Table 5.2.
See • b p. 646 and p. 388 for chloroquine and doxycycline.

7  - Drugs that prolong the QT interval (quinine and artemether plus 
lumefantrine) should not be given with other drugs that prolong the 
QT interval: antiarrhythmic drugs, some antihistamines (e.g. terfena-
dine), macrolide and quinolone antibiotics, imidazole and triazole 
antifungal drugs, and antipsychotic drugs.
Many of these drugs lower the seizure threshold (see earlier notes); • 
this will reduce the effi cacy of antiepileptic drugs.
Quinine increases the plasma digoxin concentration and can cause • 
digoxin toxicity.

8 Safety
Patients who require quinine for the treatment of malaria are usually • 
very ill.
Measure the blood glucose concentration before and often during • 
treatment. Treat hypoglycaemia.
Measure the patient’s core temperature, respiratory rate, BP, level of • 
consciousness.
Laboratory measurements should include: regular measurement of • 
haemoglobin, glucose, urea and creatinine, electrolytes, liver function, 
and acid–base status.
Monitor fl uid balance carefully. Avoid over- and underhydration. Fluid • 
overload is dangerous; it can precipitate potentially fatal respiratory 
failure. However, hypovolaemia can potentiate renal failure, metabolic 
acidosis, and circulatory collapse. Accurate recording of fl uid input and 
output is essential. Frequent central venous pressure (CVP) moni-
toring is recommended; maintain the CVP at 0–5 cm of water.
Monitor urine output constantly and carefully observe for the appear-• 
ance of haemoglobinuria.
Reduce high body temperatures (>39°C) by vigorous tepid sponging • 
and fanning. Paracetamol can be given as an antipyretic; avoid aspirin-
containing compounds and NSAIDs.

Effi cacy
Measure the parasite density at least daily.• 

9 - Malaria prophylaxis.
Drug treatment alone is not suffi cient. Do not forget to cover up • 
and to use an impregnated bed net and repellent spray.
Report any feverish illness especially within 3 months of return; say if • 
you have been to a malarious region.
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Prescribing information: Antimalarial drugs
The following is offered as a general guide only; seek expert advice in all cases.

Quinine
Treatment of malaria. By mouth, 600 mg tds for 7 days (usually followed by • 
pyrimethamine plus sulfadoxine (Fansidar®)).
Treatment by intravenous infusion for severe malaria.• 

Loading dose of 20 mg/kg over 4 hours.• 
Followed by 10 mg/kg every 8–12 hours (given over 4 hours), until able to • 
take treatment by mouth (or for 7 days).
Usually followed by pyrimethamine plus sulfadoxine (Fansidar• ®).

Pyrimethamine plus sulfadoxine (Fansidar®)
Treatment of malaria, following quinine. Tablets contain pyrimethamine • 
25 mg plus sulfadoxine 500 mg. Give 3 tablets as a single dose.
If resistant to Fansidar• ®, give doxycycline 200 mg for 7 days.

Mefl oquine
Chemoprophylaxis. By mouth, 250 mg once weekly. See earlier notes.• 
Treatment of malaria (now rarely used). Daily dose 20–25 mg/kg given as • 
three doses 8 hours apart.

Proguanil plus atovaquone (Malarone®)
Treatment of malaria. By mouth, 4 tablets once daily, for 3 days.• 

Tablets contain proguanil 100 mg plus atovaquone 250 mg.• 

Proguanil
Chemoprophylaxis. By mouth, 200 mg daily.• 

Given with chloroquine.• 

Primaquine
Adjunct to treatment of • P. vivax and P. ovale (eradication of liver stages). 
By mouth, 30 mg (P. vivax) or 15 mg (P. ovale) daily for 14–21 days, following 
chloroquine treatment.

Artemisinin derivatives
Seek expert advice.• 
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Glucose 6-phosphate dehydrogenase 
(G6PD) defi ciency

- G6PD is an important component of the oxidative pathways in cells. Defi ciency 
is common among people from most of Africa, most of Asia, Oceania, and 
Southern Europe (400 million people affected worldwide).

- These patients are liable to develop an acute haemolytic anaemia when given an 
acute oxidative stress. Severe illness is a cause, as are several drugs.

- Avoid the following drugs in patients with G6PD defi ciency:
Dapsone and other sulfones.• 
Nitrofurantoin.• 
Primaquine (low doses may be safe).• 
Quinolone antibiotics.• 
Sulfonamides (including co-trimoxazole); some sulfonamides (e.g. sulfadiazine) • 
have been tested and found not to be haemolytic in many G6PD-defi cient 
individuals).

- The following drugs carry a possible risk:
Aspirin (acceptable up to a dose of at least 1 g daily in most G6PD-defi cient • 
individuals).
Chloroquine (acceptable in acute malaria).• 
Menadione, water-soluble derivatives (e.g. menadiol sodium phosphate).• 
Quinine (acceptable in acute malaria).• 

- Note. Mothballs containing naphthalene can cause haemolysis.

TEACHING 
POINT
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Insulin
Naturally occurring peptide hormone and its analogues

-  Insulin is produced by the pancreatic 
beta cells in response to food and 
nutrients in the bloodstream.

- In type I diabetes mellitus the 
islet cells are destroyed (this is usually  
immune-mediated). There is an absolute lack of 
insulin; without replacement insulin the patient 
will die.

- Type II diabetes mellitus is more complex. Insulin 
production may be low, medium, or high, but 
because there is peripheral resistance to insulin, it 
is relatively ineffective. Type II diabetes should be 
considered as a complex metabolic syndrome. Its 
features include:

Hyperglycaemia with insulin resistance.• 
Hypertension.• 
Dyslipidaemia (raised LDL cholesterol, low HDL • 
cholesterol, raised triglycerides).
Obesity.• 
Renal impairment.• 

Human insulins

Short-acting
- Insulin lispro (analogue)

Also available mixed with protamine suspension of the same drug, providing a • 
longer duration of action.

- Insulin aspart (analogue).
- Insulin glulisine (analogue).
- Soluble insulin (clear): Actrapid®.

Intermediate-acting
- Isophane insulin (cloudy).

Commonly mixed with soluble insulin.• 
- Insulin zinc suspension.

Long-acting
- Insulin zinc crystalline.
- Insulin glargine (analogue).
- Insulin detemir (analogue).

Soluble, isophane, and zinc insulins all have the same insulin structure—that of 
endogenous insulin. Most patients use human insulin, but bovine and porcine forms 
are also still available. The kinetic differences between these forms of insulin arise 
from the different ways in which they are formulated, which alters the rate of 
absorption from the site of injection.

In contrast, insulin lispro, insulin aspart, insulin glulisine, insulin detemir, and insulin 
glargine are analogues of endogenous insulin, in which two amino acids are dif-
ferent. These insulins have  different rates of absorption and also different rates of 
onset of action.

Actions of insulin
- Promotes transport 

of glucose into cells 
and its utilization 
there

- Increases hepatic 
glycogen formation 
and inhibits 
gluconeogenesis

- Inhibits lipolysis
- Increases protein 

synthesis and 
decreases protein 
breakdown
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0 - Treatment of hyperglycaemic states in diabetes mellitus.
Essential treatment for type I diabetes mellitus.• 
Treatment of some patients with type II diabetes mellitus.• 

1 - Insulin is essential for blood glucose control, but remember that 
dehydration is more likely to kill the patient with diabetic ketoacidosis 
fi rst.
Not all patients with type II diabetes require insulin treatment. Most • 
can be adequately managed using dietary manipulation, sulfonylurea 
drugs and metformin. However, pancreatic beta cell function usually 
deteriorates with time and patients become progressively resistant to 
the actions of sulfonylurea drugs. Once this has occurred, patients with 
type II diabetes may require treatment with insulin.
Insulin is anabolic (see • b p. 452). Treatment with insulin usually 
causes weight gain. Although blood glucose control will be better, 
insulin can worsen some of the other features of the metabolic 
syndrome in type II diabetes.
Oral hypoglycaemic drugs are contraindicated during pregnancy. • 
Pregnant women should be treated with insulin under the close 
supervision of a specialist.

4 Treatment of diabetic ketoacidosis
Establish the diagnosis fi rst.• 

Hyperglycaemia: usually blood glucose is >11 mmol/L.• 
Acidosis: arterial pH <7.3 and/or venous bicarbonate <15 mmol/L.• 
Ketosis: ideally measured in whole blood with a ketone meter, but • 
measure urine or serum ketones if this is not available.

Fluid resuscitation is the fi rst priority.• 
Give isotonic (‘normal’) saline initially; the following regimen is • 
suggested but must be adjusted to individual requirements:
—give 1 L over 30 minutes, followed by 1 L over 1 hour, 1 L over 

4 hours, 1 L over 6 hours, and then 1 L every 8 hours.
Once the blood glucose is below 11 mmol/L, switch to 5% glucose • 
(dextrose) solution.
The aim is to replace the fl uid defi cit within 24 hours.• 

Measure the serum urea and electrolytes at baseline, 2 hours, • 
6 hours, and beyond as indicated. Use these to guide your fl uid and 
potassium replacement regimen. See b Potassium, p. 628.

The insulin regimen is aimed at reducing the blood glucose by • 
6 mmol/L per hour.

Very large doses are not usually required, even if the blood glucose • 
is very high.
More insulin may be required if the patient is very acidotic, as this • 
causes a degree of insulin resistance.

Give an immediate dose of 10 units of soluble insulin intramuscularly.• 
Set up an intravenous insulin sliding scale (• see b p. 461 for scale).

50 units of soluble insulin (e.g. Actrapid• ®) in 50 mL isotonic 
(‘normal’) saline; infuse according to the sliding scale (see b p. 461).
If intravenous access is impossible, insulin can be given intramuscu-• 
larly, 10 units each hour.

Stop intramuscular insulin once the blood glucose falls to <15 mmol/L.• 
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Identify the underlying cause and identify strategies to avoid ketoaci-• 
dosis in the future (see patient advice section).
Switch to a subcutaneous regimen once the patient is clinically well, • 
non-ketotic, non-acidotic, normoglycaemic, and eating normally. Do 
not stop intravenous insulin until 1 hour after the fi rst subcutaneous 
dose.

Case history
- A 17-year-old girl was admitted to hospital with diabetic ketoacidosis. Her initial 

pH was 7.19 and the blood glucose was 26 mmol/L. After active rehydration and 
intravenous insulin her blood glucose had fallen to 9 mmol/L and the pH was 
7.29. Satisfi ed with the fall in the blood glucose the junior doctor reduced her 
insulin infusion to 2 units per hour, according to the sliding scale, and continued 
to infuse isotonic (‘normal’) saline with potassium. 4 hours later she was found 
to be more fl ushed and tachypnoeic and her pH had fallen to 7.1. The reduced 
insulin infusion rate had been suffi cient to reduce the blood glucose but not to 
switch off ketone production.

In the acute stages of diabetic ketoacidosis it is important to infuse 5% dextrose 
once the blood glucose has fallen below 15 mmol/L and 10% dextrose once it is 
below 10 mmol/L in order to be able to administer suffi cient insulin to suppress 
ketone formation. Ketones can be readily measured using a fi nger-prick test, which 
makes management of ketoacidosis much easier.

Treatment of non-ketotic hyperglycaemia, known as 
hyperosmolar non-ketotic coma (HONK)
The clinical picture is usually one of insidious onset, unlike the acute • 
presentation of ketoacidosis.
The mortality from this condition is about 30%; seek help from special-• 
ists and intensive care.
Establish the diagnosis:• 

Hyperglycaemia: the blood glucose is often >40 mmol/L.• 
Hyperosmolarity: usually >340 mosmol/L.• 
Exclude ketosis: patients may have a lactic acidosis owing to sepsis • 
or occasionally due to metformin.

Excessively rapid rehydration can cause cerebral oedema, owing to • 
intracellular hyperosmolarity. Rehydrate the patient with isotonic 
(‘normal’) saline (avoid hypotonic saline). Aim to replace the fl uid 
defi cit over about 48 hours.

Measure the serum urea and electrolytes at baseline, 2 hours, 6 • 
hours, and beyond, as indicated. Use these to guide your fl uid and 
potassium replacement regimen. See b Potassium, p. 628.

Set up an intravenous insulin sliding scale (see box on • b p. 461 for 
scale).

These patients are usually very sensitive to insulin and require lower • 
doses than patients with ketoacidosis.
Aim to reduce the blood glucose by 3 mmol/L each hour.• 

Patients with non-ketotic hyperglycaemia are at risk of VTE; anticoagu-• 
late the patient if there are no contraindications; subcutaneous LMWH 
is probably suffi cient, but some prefer intravenous heparin.
Identify the underlying cause. Infection is the cause in >50% of cases; • 
other causes include furosemide and phenytoin.
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Most patients who present with non-ketotic hyperglycaemia will not • 
require insulin in the long term.

Long-term insulin regimens
Most patients are given recombinant human insulin. A dosage • 
reduction of 10% is usually required if a patient is switched from beef 
to human insulin; no dosage adjustment is usually required for pork 
insulin.
All of these regimens are based on insulin given subcutaneously.• 
Note that soluble insulin given subcutaneously takes 30 minutes to act, • 
so it should be taken 30 minutes before a meal. Newer short-acting 
analogues can be given with meals.
The choice of insulin is often determined by the patient’s preference • 
for delivery device. There are many delivery systems available. 
Familiarize yourself with several of these, and involve a diabetes liaison 
nurse if you have access to one.
The optimal regimen is one that takes account of the patient’s lifestyle. • 
The following are given as examples.

Use of analogues
Use of short-acting analogues is associated with a small fall in HbA• 1c 
concentration compared with conventional insulins.
Long acting analogue insulins are associated with less nocturnal • 
hypoglycaemia than conventional insulins.

Basal-bolus regimen
A long-acting insulin is given once a day, usually at bedtime.• 
A short-acting insulin is given 3 times daily with meals.• 
This regimen has the advantage that it allows fl exibility, taking account • 
of different meal times and meal sizes. It is commonly used for patients 
with type I diabetes. However, it requires a high level of monitoring 
and understanding in order to adjust dosages safely.

Twice-daily biphasic insulin regimen
This regimen is less fl exible but it is suitable for patients who have • 
predictable meal times.
A biphasic insulin is given twice daily, once at breakfast and once with • 
the evening meal.
Biphasic insulins contain soluble insulin and intermediate (isophane) • 
insulin in variable proportions. The number in the name refers to the 
proportion of soluble insulin (e.g. Humulin M3® contains 30% soluble 
insulin and 70% isophane insulin).
The major disadvantage of this regimen is that increasing the dose • 
increases both the short- and intermediate-acting components.
Patients using this regimen will often need to have snacks mid-morning • 
and during the evening.
The insulin dosage will always need to be adjusted to the patient’s • 
requirements. The following is offered as an initial calculation.
Add up the daily requirement while the patient is on a sliding scale, • 
and make sure that they are eating and drinking normally during this 
time.
The average daily requirement is 0.5 units/kg.• 
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Use the two-thirds rule:• 
Use a biphasic insulin containing two-thirds isophane insulin (i.e. 33% • 
soluble insulin).
Give two-thirds of the daily dose in the morning and one-third in the • 
evening (e.g. in a 70-kg man requiring 36 units daily, give 24 units in 
the morning and 12 units in the evening).
See • b Azathioprine, p. 587 for more information on giving drug 
dosages by body weight.

6 - The most common adverse effect is hypoglycaemia.
Tight control reduces microvascular complications of diabetes but • 
increases the incidence of hypoglycaemia.
Patients who have been taking insulin for a long time, or who are • 
taking beta-blocking drugs, may not develop the classical symptoms 
of hypoglycaemia. Beta-blockers do not block sweating, which can 
be the only sign of hypoglycaemia in a diabetic patient taking a 
beta-blocker.
Note that aggressive or disturbed behaviour can be a sign of • 
hypoglycaemia.
Make sure that the patient and the patient’s family/carers know how • 
to recognize and treat hypoglycaemia (see also b Sulfonylureas, 
p. 467).

Discomfort and local reactions around injection sites can be a sign of • 
hypersensitivity. Generalized reactions are uncommon.
Lipodystrophy (atrophy or hypertrophy) can occur around injection • 
sites. This can be minimized by rotating injection sites. It is less 
common with recombinant human insulins.
Insulin is anabolic; treatment with insulin commonly causes weight • 
gain.

7  - Insulin and sulfonylurea drugs should not be combined.
Combinations with other antidiabetic drugs (e.g. metformin) may be • 
benefi cial.

There has been concern that beta-blockers worsen diabetic control, • 
but there is little objective evidence for this. The burden of cardio-
vascular disease is very great in these patients, so this potential 
disadvantage is usually outweighed by the cardiovascular benefi ts.
The effect of insulin is reduced by the actions of corticosteroids and • 
thiazide diuretics.

8 Safety and effi cacy
Teach patients how to measure their own blood glucose. Ideally, they • 
should measure it 4 times daily. Teach them how to adjust their insulin 
on the basis of blood glucose measurements. Remember that a blood 
glucose measurement is affected by the previous dose of insulin, not 
the dose about to be taken.
Review any episodes of hypoglycaemia to fi nd the cause and develop a • 
plan to prevent it in the future.
Long-term control can be estimated by measurement of glycosylated • 
haemoglobin (HbA1c). Evidence suggests that the risk of microvascular 
complications is reduced if the HbA1c is <7%.
Remember to address the other components of the metabolic • 
syndrome in type II diabetes mellitus. Use an ACE inhibitor to protect 
renal function, whether or not the patient has hypertension or heart 
failure.
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9 - Optimal control of diabetes mellitus requires a partnership 
between patient and health-care professionals. There is a vast amount 
of information that a patient needs to assimilate, and education needs 
to be a continual process. Ensure that the patient has someone to 
contact for advice.
Make sure the patient knows how to recognize and treat • 
hypoglycaemia.
Make sure that the patient knows to continue taking insulin during an • 
acute illness, although requirements may change. Drinking fl uids is 
more important than eating. If they cannot drink any fl uids, they should 
seek medical attention early.
Many patients are expert at managing their disease. In hospital show • 
them the insulin you are proposing to use, to allow them to check the 
formulation and dose.
Patients using insulin or other antidiabetic drugs are required by law to • 
tell the DVLA about their medical status. They must also inform their 
insurers.
If the patient drives a heavy goods vehicle or a public service vehicle, • 
they must inform the DVLA, even if they are treated by diet alone.

Prescribing information: Insulin
Table 6.1 gives information about the commonly used human insulins.
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Table 6.1 Commonly used human insulins

Soluble 
insulin 
(clear)

Insulin aspart 
or insulin 
lispro

Isophane insulin 
(cloudy)

Insulin glargine Biphasic insulin: 
isophane + soluble (cloudy)

Time to peak action 
(hours)

2–4 0.5–2 3–8 Slow release Combined profi le

Duration of action (hours) 6–12 4–6 12–20 24+ Combined profi le

Examples Actrapid® Humalog® Insuman® Basal Insulatard® Lantus® Humulin® M3
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Medication errors with insulin 
(see also b p. 5)

Insulin features commonly in reports of prescription errors and administration 
errors.

Common prescription errors
- Never use ‘U’ as an abbreviation for units. When written hurriedly it can look 

like 0, and ‘20U insulin’ can be readily mistaken for ‘200 insulin’, with disastrous 
consequences.

- Always check the formulation of insulin you intend to prescribe. Mistakenly 
writing a prescription for a short-acting insulin when the patient normally 
receives a long-acting formulation can give rise to severe hypoglycaemia.

Preparation errors
Insulin is commonly made up from sterile vials into a larger volume of diluent 
for infusion (often as 1 unit per mL of isotonic saline). The preparation of 
drugs for intravenous use on wards poses a high risk, and many hospitals 
therefore purchase commercially preprepared sterile 50-mL syringes con-
taining 50 units of insulin in isotonic saline to avoid the risk of calculation or 
preparation errors.

Common administration errors
- Never store all insulin products together in the ward refrigerator; it is all too 

easy to pick out the incorrect vial.
- Never keep multidosing vials containing different products in the same area; 

insulin and heparin are both available in superfi cially similar vials and are very 
easily inadvertently substituted.

TEACHING 
POINT
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Management of diabetes mellitus during 
surgery

- Make sure that the surgical, nursing, and anaesthetic teams know that the 
patient has diabetes mellitus and agree a clear management plan.

- Optimize control before elective surgery; delay if control is poor.
- Patients with diabetes should be on a morning list, and fi rst on that list.
- Post-operative control of diabetes is often challenging, especially if the patient is 

still in bed or unwell. Insulin requirements may be higher, and patients with 
diabetes who have previously used oral antibiotic drugs or diet alone may be 
insulin dependent for a period of time. Seek advice from the diabetes specialist 
team when necessary.

Patients with type I or type II diabetes treated with insulin
Minor surgery
- Give the patient’s usual dose of insulin the evening before surgery.
- Fast from midnight and ensure that intravenous access is available.
- Do not give any insulin on the day of surgery.
- Early on the day of the operation start an intravenous infusion of 5% dextrose 

containing potassium chloride 20 mmol/L and give it at a maintenance rate 
(usually 125 mL/hour); this should be continued until the patient is able to eat 
and drink satisfactorily.

- Set up a simplifi ed intravenous sliding scale (see b p. 461).
50 units of soluble insulin (e.g. Actrapid• ®) in 50 mL isotonic (0.9%, ‘normal’) 
saline. Infuse as per the sliding scale (see b p. 461).
Continue the infusion until 1 hour after the patient has eaten and had the fi rst • 
dose of subcutaneous insulin.
Delay giving the insulin until after the mean, to ensure that the patient has • 
been able to eat.

- Some centres prefer to use a glucose-insulin-potassium infusion, although it is 
less suitable in poorly controlled diabetes, in which close monitoring and insulin 
dose adjustment is necessary. Start the infusion at 8.00am on the morning of 
surgery.

To 1 litre of 10% (100 g/L) glucose (dextrose), add 16 units of soluble insulin • 
and 10 mmol of potassium chloride (as long as the patient doesn’t have 
hyperkalaemia).
Infuse this at the maintenance rate.• 
Measure the blood glucose hourly during the infusion.• 
� If the blood glucose is <4 mmol/L, put only 8 units of insulin in the next bag.
� If the blood glucose is 4–15 mmol/L, continue with 16 units of insulin in the 

next bag.
� If the blood glucose is 15–20 mmol/L, put 32 units of insulin in the next bag.
Continue the infusion until 30 minutes after the patient has eaten and had • 
their fi rst dose of subcutaneous insulin.

Type II diabetes
Minor surgery
If the patient has good blood glucose control with oral antidiabetic drugs or diet:

Omit antidiabetic drugs on the morning of surgery.• 
Monitor blood glucose carefully.• 
Restart antidiabetic when eating normally. Restart metformin only after renal • 
function check (see b Metformin p. 470).
Avoid glucose-containing intravenous infusions.• 

TEACHING 
POINT
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Major surgery or unsatisfactory blood glucose control
- Omit antidiabetic drugs on the morning of surgery.
- Start an intravenous insulin sliding scale, together with a constant intravenous 

infusion of glucose containing potassium chloride (as long as the patient is not 
hyperkalaemic) appropriate to the patient’s requirements.

- Some centres prefer to use a glucose-insulin-potassium infusion, although it is 
less suitable in poorly controlled diabetes, in which close monitoring and the 
insulin dose adjustment is necessary. Start the infusion as described above from 
8.00am on the morning of surgery.

- Continue either protocol until 30 minutes after the patient has eaten and had 
the fi rst dose of antidiabetic drugs.

- Aim for blood glucose concentrations of 6.0–10.0 mmol/L (110–180 mg/dL).

An example of a sliding scale

Capillary glucose Soluble insulin infusion rate (units/h)* (mmol/L)

0–2.5 Treat hypoglycaemia

2.6–4.0 0.5

4.1–7.0 1

7.1–11 2

11.1–14 3

14.1–17 4

17.1–20 5

>20 6

*Also mL/h if 50 units in 50 mL isotonic saline.
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Glucagon
Naturally occurring peptide hormone

Increase in

plasma glucose 

Increase in intracellular

cyclic AMP

Exogenous

glucagon 

Hypoglycaemia

Positive

inotropic

action

A-cells in islets

of Langerhans

in the pancreas

Release of glucagon

Mobilization

of liver glycogen

stores

0 - Acute treatment of hypoglycaemia.
Treatment of poisoning by beta-blockers—specialized, unlicensed use.• 

1 - Glucagon acts rapidly but only has a temporary effect.
Glucagon will not work if there is no liver glycogen to mobilize • 
(e.g. starvation, adrenal insuffi ciency).
Glucagon is a peptide hormone and does not cross the placenta. • 
Hypoglycaemia is a greater risk to the fetus.
Avoid glucagon if the patient has a phaeochromocytoma; it can • 
precipitate a crisis.
No dosage adjustment is required if the patient has hepatic or renal • 
insuffi ciency.

4 - Glucagon is a peptide and cannot be given by mouth; it must be given 
by injection, but any route (intravenous, intramuscular, subcutaneous) 
can be used.
Glucagon is effective, but its action is temporary.• 

As soon as possible, give the patient something to eat (e.g. a slice of • 
bread) or set up an intravenous glucose infusion, whichever is more 
appropriate.
Glucagon is not a suitable treatment for chronic hypoglycaemia • 
(e.g. in patients with an insulinoma).

Sympathomimetic drugs (e.g. adrenaline) given to improve cardiac • 
output can cause severe hypertension in patients poisoned by beta-
blockers, owing to unopposed alpha-adrenoceptor action. Glucagon 
increases intracellular cAMP and can have a positive inotropic effect. 
This is a specialized use.

6 - Adverse effects are uncommon, but glucagon can cause nausea and 
vomiting.
Glucagon can cause hypokalaemia.• 

7  - Glucagon is not known to interact with other drugs.

Treatment of 
hypoglycaemia

See sulfonylureas, 
b p. 467.
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8 Safety and effi cacy
Measure the blood or capillary glucose. Note that many meters are • 
inaccurate in the lower range.
Do not leave the patient alone until there is full recovery. Glucagon • 
has only a short duration of action.

9 - Make sure that the patient knows how to avoid hypoglycaemia (e.g. by 
taking a mid-morning snack).
If you prescribe a glucagon injection kit, make sure the patient and the • 
patient’s carers know how to use it in an emergency.
Glucagon is supplied as a dry powder, which must be reconstituted • 
before use.
Make sure that the patient knows what to do after an attack of • 
hypoglycaemia (see b Sulfonylureas, p. 467).

Case history
- A 16-year-old girl who had had type I diabetes since the age of 4 years had been 

unwell over the last 2 years with anorexia nervosa and had required repeated 
admissions to hospital with diabetic ketoacidosis. Following an episode of self-
induced vomiting she became symptomatically hypoglycaemic and lost 
consciousness. The ambulance crew found her fi nger-prick blood sugar reading 
to be 1.9 mmol/L and gave her glucagon intramuscularly, but to no effect. She 
required intravenous dextrose in hospital and recovered without lasting 
complications.

Glucagon exerts its hyperglycaemic action by stimulating gluconeogenesis in the liver. 
In people with very poor liver glycogen stores (starvation or chronic alcoholism) 
there may be insuffi cient glycogen for glucagon to be an effective treatment for 
symptomatic hypoglycaemia.

Prescribing information: Glucagon
By intravenous, intramuscular, or subcutaneous injection, 1 mg.• 
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Sulfonylureas
Oral hypoglycaemic drugs

Sulfonylurea

Lower

plasma

glucose

Binding of the

drug closes the

Trophic

actions of

insulin—

weight

gain

These drugs will work only when there is residual

pancreatic beta cell function

K
ATP

 potassium channel

on pancreatic beta cells.

The cell depolarizes,

increasing the amount

of insulin released.

0 - Treatment of type II diabetes mellitus.

1 - Sulfonylureas will work only when there is adequate pancreatic beta 
cell function.

They will not work for patients with type I diabetes mellitus.• 
Some patients with type II diabetes mellitus no longer have any • 
signifi cant pancreatic beta cell function. These drugs will not work 
for them.

Sulfonylureas are metabolized by the liver. Do not give them to • 
patients with severe hepatic insuffi ciency.
The risk of hypoglycaemia with chlorpropamide is increased if the • 
patient has renal insuffi ciency. Chlorpropamide is no longer 
recommended.
Avoid sulfonylureas in pregnancy. Pregnant women with diabetes, or • 
who develop diabetes during pregnancy, should be treated with 
insulin.
These drugs contain a sulfonamide group. Do not give them to • 
patients with severe hypersensitivity to sulfonamides (see 
b Sulfonamides, p. 408 for more information).
Insulin is almost always required for adequate, safe control of diabetes • 
mellitus in medical or surgical emergencies.

4 - Sulfonylureas should be considered for patients who have not 
responded to a 3-month trial of diet and increased exercise. They 
should be used in addition to these measures, not instead of.
Type II diabetes mellitus is a complex metabolic disease. Sulfonylurea • 
drugs can help control hyperglycaemia, but the patient also needs a 
comprehensive assessment of the cardiovascular risks.
Because sulfonylureas release insulin, they can cause hypoglycaemia; • 
the risk is greatest with long-acting drugs, such as chlorpropamide and 
glibenclamide. Hypoglycaemia can be particularly hazardous in elderly 
patients living alone. Use a short-acting sulfonylurea or an alternative 
drug for these patients.
Release of insulin also causes weight gain, worsening insulin resistance. • 
This reinforces the importance of diet and exercise in the treatment 
regimen.
Pancreatic beta cell function usually deteriorates with time; patients • 
become progressively resistant to the actions of sulfonylurea drugs. 
Once this has occurred, patients may require treatment with insulin.

Drugs in this class
- Gliclazide
- Glipizide
- Tolbutamide
- Glimepiride 

(long-acting)
- Glibenclamide 

(glyburide) 
(long-acting)

- Chlorpropamide 
(very long-acting; 
no longer 
recommended)
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Patients with type II diabetes require regular follow-up to ensure that • 
blood glucose and the metabolic syndrome are managed optimally. 
See b Metformin, p. 473 for advice on the management of 
hypertension in patients with diabetes.

6 - Sulfonylureas can cause hypoglycaemia (also see earlier notes).
Titrate the dose upwards slowly.• 
Take particular care in the elderly and those with renal insuffi ciency.• 

Sulfonylureas usually cause weight gain.• 
Gastrointestinal adverse effects are common (nausea, vomiting, • 
diarrhoea, constipation).
Rare adverse effects include:• 

Hepatotoxicity: jaundice and increased transaminase activity.• 
Hypersensitivity: rashes can be severe and may be related to the • 
sulfur component. Avoid sulfonylureas in known sulfur allergy. See 
b Sulfonamides, p. 408 for a list of sulfur-containing drugs.
Blood dyscrasias, especially anaemia.• 

7  - There has been concern that beta-blockers worsen diabetic control, 
but there is little objective evidence of this. The burden of 
cardiovascular disease is very great in these patients, so this potential 
disadvantage is usually outweighed by the cardiovascular benefi ts.
The effect of sulfonylureas is reduced by the actions of corticosteroids • 
and thiazide diuretics.
Alcohol can cause fl ushing and nausea in patients taking • 
chlorpropamide.
The metabolism of sulfonylurea drugs is inhibited by the antifungal • 
drugs itraconazole and fl uconazole. Avoid these combinations; they 
increase the risk of hypoglycaemia.

8 Effi cacy
Ensure that patients know how to monitor the blood glucose concen-• 
tration. Review the results with the patient and measure the glycated 
haemoglobin (HbA1c). Aim for an HbA1c concentration of <7%.
Cardiovascular risk assessment and treatment is as important as blood • 
glucose control. Also measure the patient’s BP, renal function, and 
lipid profi le as part of your comprehensive assessment.

9 - Optimal control of type II diabetes mellitus requires a partnership 
between patient and healthcare professionals. There is a vast amount 
of information that a patient needs to assimilate and education should 
be continual. Ensure that the patient has someone to contact for 
advice.

Patients taking insulin or other antidiabetic drugs are required by law • 
to tell the DVLA about their medical status. They must also inform 
their insurers.
If the patient drives a heavy goods vehicle or public service vehicle, • 
they must inform the DVLA, even if they are treated by diet alone.
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Case history
- A 78-year-old man with type II diabetes had been managed for several years 

with glibenclamide (glyburide) 5 mg/day and latterly with the addition of 
metformin 500 mg bd. Over this time his renal function had declined, owing to 
hypertension and diabetic nephropathy, and he now had a serum creatinine 
concentration of 205 micromol/L. It was decided that it was advisable at this 
stage to withhold his metformin, because of the risk of lactic acidosis were he 
to develop an intercurrent illness or worsening renal function. Although the 
glibenclamide could have been changed to a shorter-acting agent, such as 
gliclazide, which is subject to less renal clearance than glibenclamide, the 
decision was made to convert him to insulin therapy, as persisting with 
sulfonylureas alone would be unlikely to give adequate glycaemic control. 
His BP was managed more tightly with the addition of amlodipine to his existing 
regimen of lisinopril 20 mg/day. His renal function continued to be monitored 
carefully.

Prescribing information: Sulfonylureas
There are many options; gliclazide and glibenclamide are given here as examples.

Gliclazide (short-acting)
By mouth, initially 40–80 mg, with breakfast.• 
The maximum daily dose is 320 mg. Doses above 160 mg should be divided.• 

Glibenclamide
By mouth, 5 mg with breakfast.• 
The maximum dose is 15 mg daily.• 
Reduce the initial dose to 2.5 mg in the elderly.• 
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Treatment of hypoglycaemia
- Hypoglycaemia is very frightening; many patients tolerate poor control in order 

to avoid the risk of hypoglycaemia.
- Prevention is important.

Teach the patient to recognize early symptoms.• 
Ensure that the patient and the patient’s family/carers know what to look out • 
for and what to do.
Regular meals and snacks can be important.• 
Do not increase dosages of sulfonylurea drugs too quickly.• 
Advise patients to avoid triggers (e.g. tiredness, certain foods).• 

- First-line treatment will depend on the circumstances.
If possible, give 10–20 g of sugar by mouth (equivalent to 2 teaspoons of • 
granulated sugar) or a proprietary glucose-containing drink, such as 
Lucozade®; avoid very large amounts, which will cause hyperglycaemia, then 
give the patient a longer-acting carbohydrate (e.g. a slice of bread).
If the patient is unconscious, this is an emergency; there are several options:• 
—give 50 mL of 20% glucose by intravenous injection;
—give 1 unit (1 mg) of glucagon by intramuscular, intravenous, or 

subcutaneous injection (Hypokit®);
—this can be issued to patients and carers; make sure they know how to use it;
—the action of glucagon is short; make sure that the patient receives glucose 

within 10 minutes;
—if there is no other option, glucose solution (e.g. GlucoGel®) rubbed into 

the buccal mucosa may help.
- Remember that the cause of the hypoglycaemia (e.g. long-acting insulin, 

sulfonylurea drugs) may act for longer than glucose.
- Continue to monitor the patient closely and treat with glucose as necessary. If 

the cause is a sulfonylurea drug, the patient should be admitted to hospital and 
may need an infusion of glucose.

- Once the patient has recovered, discuss why hypoglycaemia occurred, what can 
be done to prevent it in the future, and the action plan if hypoglycaemia should 
happen again.

TEACHING 
POINT
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Meglitinides
Oral hypoglycaemic drugs

These drugs

are not

sulfonylureas,

but they have

the same

mechanism

of action.

These drugs

lower plasma

glucose, and they

have a rapid

onset of action

and short

duration of

action. They are

given with meals

to reduce the

prandial glucose

excursion.

These drugs will only work when there is residual

pancreatic beta cell function.

         Binding of

         the drug

closes the KATP

potassium

channel on

pancreatic beta

cells. The cell

depolarizes,

increasing the

amount of

insulin released.

0 - Adjunct to the treatment of type II diabetes mellitus.
These drugs are not a treatment for type I diabetes mellitus.• 
Some patients with type II diabetes mellitus no longer have any • 
signifi cant pancreatic beta cell function. These drugs will not work 
for them.
These drugs should usually be given in combination with metformin • 
(see later notes).

1 - These drugs are metabolized by the liver. Do not give them to patients 
with severe hepatic insuffi ciency.
Avoid these drugs in pregnancy. Pregnant women with diabetes, or • 
who develop diabetes during pregnancy, should be treated with 
insulin.
Stop these drugs if the patient suffers an intercurrent illness • 
(e.g. infection, trauma, myocardial infarction), since there is a risk of 
hypoglycaemia. Insulin is almost always required for adequate, safe 
control of diabetes mellitus in medical or surgical emergencies.

4 - These drugs are not suitable for all patients with type II diabetes 
mellitus.

They are most useful for those patients whose diabetes is generally • 
well controlled with metformin, but in whom there is a considerable 
increase in blood glucose at around mealtimes.
They do not provide 24-hour control and should not be combined • 
with sulfonylureas.
They are not an appropriate choice for patients who are debilitated • 
or malnourished.

Type II diabetes mellitus is a complex metabolic disease. These drugs • 
can help control hyperglycaemia, but the patient also needs a 
comprehensive assessment of their cardiovascular risks. See b 
Metformin, p. 473 for advice on the management of hypertension in 
patients with diabetes.
Because these drugs release insulin, they can cause hypoglycaemia, • 
which can be particularly hazardous in elderly patients living alone.
The release of insulin causes weight gain. Because these drugs act for a • 
shorter time than sulfonylureas, this effect is less marked. However, do 
not forget the importance of diet and exercise in the treatment regimen.

Drugs in this 
class
- Nateglinide
- Repaglinide
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Pancreatic beta cell function usually deteriorates with time, and • 
patients become progressively resistant to the actions of these drugs. 
Once this has occurred, patients will require treatment with insulin.
Patients with type II diabetes require regular, formal follow-up to • 
ensure that blood glucose and the metabolic syndrome are optimally 
managed.

6 - These drugs can cause hypoglycaemia (also see earlier notes).
Titrate the dose upwards slowly.• 
Take particular care in elderly people.• 

These drugs can cause hypersensitivity. This is characterized by a rash • 
and pruritus.
Gastrointestinal adverse effects include nausea, vomiting, diarrhoea, • 
and constipation.

7  - The effect of these drugs is reduced by the actions of corticosteroids 
and thiazide diuretics.

8 Effi cacy
Ensure that the patient knows how to monitor the blood glucose. • 
Review the results with the patient and measure the glycated haemo-
globin (HbA1c). Aim for an HbA1c concentration of <7%.
Cardiovascular risk assessment and treatment is as important as blood • 
glucose control. Also measure the patient’s BP, renal function, and 
lipid profi le as part of your comprehensive assessment.

9 - Optimal control of type II diabetes mellitus requires a partnership 
between patient and health-care professionals. There is a vast amount 
of information that a patient needs to assimilate and education should 
be continual. Ensure that the patient has someone to contact for 
advice.
Patients taking insulin or other antidiabetic drugs are required by law • 
to tell the DVLA about their medical status. They must also inform 
their insurer.

If the patient drives a heavy goods vehicle or public service vehicle, • 
they must inform the DVLA, even if they are treated by diet alone.

Prescribing information: Nateglinide and repaglinide
Nateglinide

By mouth, initially 60 mg 3 times daily, with meals.• 
The maximum daily dose is 180 mg 3 times daily.• 

Repaglinide
By mouth, 500 micrograms 3 times daily, with meals.• 
The maximum dose is 4 mg 3 times daily.• 
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Biguanides (metformin)
Oral antidiabetic drug

Metformin

has a 

number of

actions

Increases the

action of

insulin at its

peripheral

receptor; this

increases muscle

glucose uptake  

Reduces

gluconeogenesis

in the liver

Decreases

intestinal

absorption

of glucose

Lower

insulin

resistance

and better

glycaemic

control

0 - Treatment of type II diabetes mellitus.
Symptomatic management of polycystic ovarian syndrome (unlicensed • 
and specialized use).

1 - Metformin will work only when there is some pancreatic beta cell 
function; it will not work for patients with type I diabetes mellitus.
Metformin is excreted by the kidney. Do not give it to patients with • 
renal insuffi ciency; there is a risk of lactic acidosis.
Avoid metformin in severe hepatic insuffi ciency.• 
Avoid metformin in pregnancy. Pregnant women with diabetes, or who • 
develop diabetes during pregnancy, should be treated with insulin.
Insulin is almost always required for adequate, safe control of diabetes • 
mellitus in medical or surgical emergencies.

Metformin and radiological examinations 
- Metformin can cause lactic acidosis, which can be fatal.
- It is more common in patients with renal insuffi ciency. Intravenous radiological 

contrast agents in patients taking metformin can cause renal impairment and 
precipitate lactic acidosis.

- Measure the patient’s renal function before any planned investigations involving 
intravenous contrast media.

- Withdraw metformin on the day of examination, and for the following 48 hours.
- Do not delay emergency examinations, but ensure that the patient is well 

hydrated and that renal function is measured after the procedure.

4 - Metformin is not suitable for all patients with type II diabetes mellitus.
It increases peripheral glucose sensitivity, but its effect on blood • 
glucose is less than other drugs (e.g. sulfonylureas, nateglinide, 
repaglinide).
Unlike sulfonylurea drugs, metformin does not cause weight gain, • 
making it particularly useful in obese patients.
If the blood glucose is persistently high, metformin is often used in • 
combination with other drugs.

Drugs in this class
- Metformin
- Buformin and 

phenformin have 
been withdrawn 
because of adverse 
effects.
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Type II diabetes mellitus is a complex metabolic disease. Metformin can • 
help control the metabolic syndrome, but the patient also needs a com-
prehensive assessment of the cardiovascular risks. See later notes for 
advice on the management of hypertension in patients with diabetes.
Patients with type II diabetes require regular, formal follow-up to • 
ensure that blood glucose and the metabolic syndrome are optimally 
managed.

6 - Metformin can cause lactic acidosis. This is due to increased glycolysis 
and inhibition of gluconeogensis from lactate in the liver.

The risk is very low but increases in renal insuffi ciency.• 
Follow the guidelines given earlier for radiological procedures • 
involving intravenous contrast media.

Metformin alone rarely causes hypoglycaemia.• 
This can make it particularly useful in elderly people and those who • 
live alone.

Gastrointestinal adverse effects, including nausea, vomiting, diarrhoea, • 
and constipation, are very common and may be intolerable. Giving the 
drug in divided doses can reduce this.
Metformin can cause an unpleasant metallic taste.• 
Metformin can reduce vitamin B• 12 absorption; this is rarely clinically 
important.

7  - There has been concern that beta-blockers worsen diabetic control, but 
there is little objective evidence for this. The burden of cardiovascular 
disease is very great in these patients, so this potential disadvantage is 
usually outweighed by the cardiovascular benefi ts.
Avoid giving NSAIDs or any other drugs that can worsen reduced • 
renal function in patients taking metformin; this can precipitate lactic 
acidosis.

8 Effi cacy
Ensure that the patient knows how to monitor the blood glucose. • 
Review the results with the patient and measure the glycated haemo-
globin (HbA1c). Aim for an HbA1c concentration of <7%.
Cardiovascular risk assessment and treatment is as important as blood • 
glucose control. Also measure the patient’s BP, renal function, and 
lipid profi le as part of your comprehensive assessment.
Pay particular attention to the patient’s renal function. Withdraw the • 
drug if there is signifi cant impairment.

9 - Optimal control of type II diabetes mellitus requires a partnership 
between patient and healthcare professionals. There is a vast amount 
of information that a patient needs to assimilate and education should 
be continual. Ensure that the patient has someone to contact for 
advice.
Patients taking insulin or other antidiabetic drugs are required by law • 
to tell the DVLA about their medical status. They must also inform 
their insurers.

If the patient drives a heavy goods vehicle or public service vehicle, • 
they must inform the DVLA, even if they are treated by diet alone.



472 DIABETES MELLITUS BNF Reference 6.1.2.2

Metformin and lactic acidosis: practical 
prescribing in the absence of strong 
evidence 

That lactic acidosis occurs in patients taking metformin is indisputable, and most 
physicians would be able to recall individual cases. However, the evidence that 
metformin causes lactic acidosis, except in deliberate overdosage, is very hard to 
fi nd. Patients with type II diabetes who are not taking metformin are already at 
increased risk of developing lactic acidosis, and it has been hard to estimate the 
effect of adding metformin. A meta-analysis published in 2006 of all available pro-
spective trials involving metformin failed to identify any cases of lactic acidosis; 
however, in many of the studies potential susceptibility factors had been exclusion 
criteria. Furthermore, even very large clinical trials are not very good at identifying 
rare but important adverse effects.

In deliberate overdosage metformin can cause lactic acidosis. Because it is 
renally excreted, metformin accumulates in renal impairment and its clear-
ance also appears to be reduced with advancing age, independent of renal 
function. However, very few cases of lactic acidosis attributed to metformin 
have been associated with raised metformin plasma concentrations.

This is a good example of where clinical practice ends up employing a precau-
tionary principle. There is a suspicion, but no proof, that metformin should 
not be used in renal impairment, but it is not possible to defi ne at what point 
it should be discontinued. NICE recommends that the dosage should be 
reviewed if the estimated glomerular fi ltration rate (eGFR) falls below 45 mL/
min/1.73m2 and that it should be discontinued altogether if it falls below 
30 mL/min/1.73m2. This is sensible.

TEACHING 
POINT

Prescribing information: Metformin
By mouth, initially 500 mg with breakfast for at least 1 week.• 
Increase to 500 mg 3 times daily with meals.• 
The usual maximum daily dose is 2 g in divided doses. In rare cases this can • 
be increased to 3 g daily.
A modifi ed-release formulation is available; seek product information for • 
dosing instructions.
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Management of hypertension in diabetics 
- See also b An approach to the treatment of hypertension, p. 176.
- For more information see British Hypertension Society Guidelines.1 
- Type II diabetes is a complex metabolic syndrome, of which hyperglycaemia is 

only a part. 70% of patients with type II diabetes have hypertension. By contrast, 
patients with type I diabetes (without renal disease) have a risk of hypertension 
similar to that of the general population.

- Hypertension is an important contributor to the macrovascular and 
microvascular complications of diabetes.

- The threshold for treatment is lower than that for the general population: 
140/90 mmHg.

- The target of treatment is a BP <140/80 mmHg. Most patients require two or 
more drugs to achieve this.

Type I or type II diabetes without nephropathy
- There is evidence of benefi t from treatment using ACE inhibitors, beta-blockers, 

low-dose thiazide diuretics, and dihydropyridine calcium channel blockers. The 
optimal choice of drug has not yet been established. Lowering BP seems to be 
more important than the drug used.

Type I and type II diabetes with nephropathy
- Blocking the actions of angiotensin using an ACE inhibitor or angiotensin 

receptor blocker reduces the rate of decline of renal function of patients with 
type I and type II diabetes. The differences in the evidence refl ect the fact that 
ACE inhibitors were used for the type I diabetes trials and angiotensin receptor 
blockers for the type II diabetes trials. However, blocking the actions of 
angiotensin seems to be more important than the exact choice of drug.

TEACHING 
POINT

Reference
1 British Hypertension Society guidelines for hypertension management 2004 (BHS-IV): summary. 

BMJ 2004; 328:634–40.
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Thiazolidinediones (‘glitazones’)
Oral antidiabetic drugs

These drugs

are agonists

at the nuclear

PPARG

receptor. This

triggers many

actions that

have not yet

been fully

described.

Improved

glucose

and lipid

metabolism.

Agonist action

at the PPARGg

receptor

increases

transcription

of certain insulin-

sensitive genes,

including those

for lipoprotein

lipase, the fatty

acid transporter,

and the glucose

transporter.

0 - Adjunct to the treatment of type II diabetes mellitus.
Thiazolidinediones are not a treatment for type I diabetes mellitus.• 
NICE has recommended that thiazolidinediones may be used for • 
patients:
—who are unable to tolerate the combination of metformin and a 

sulfonylurea;
—who have inadequate control with metformin and a sulfonylurea.

They can be used in combination with metformin and a sulfonylurea if • 
human insulin is likely to be unacceptable because of lifestyle or other 
personal issues, or if the patient is obese or has metabolic syndrome.

1 - The fi rst of these drugs, troglitazone, was withdrawn because of rare, 
but severe, liver toxicity. Experience to date suggests that rosiglitazone 
and pioglitazone do not cause severe hepatic toxicity (but see the later 
notes).

Nevertheless, avoid these drugs in patients with hepatic • 
insuffi ciency.
Advise the patient to report symptoms of liver impairment (see later • 
notes).
*Rosiglitazone has been withdrawn in the EU and is subject to substantial • 
restrictions in the USA as a result of concerns regarding its cardiovascular 
safety profi le

Avoid thiazolidinediones in pregnancy. Pregnant women with diabetes, or • 
who develop diabetes during pregnancy, should be treated with insulin.
Insulin is almost always required for adequate, safe control of diabetes • 
mellitus in medical or surgical emergencies.
These drugs can cause fl uid retention, which can precipitate heart • 
failure. Avoid giving them to patients with a history of heart failure or 
severely impaired left ventricular function. The incidence of heart 
failure is increased when these drugs are given with insulin. Caution 
should also be taken in patients with cardiac ischaemia. All patients 
should be closely monitored for worsening symptoms and signs of 
cardiac ischaemia and heart failure.

4 - Thiazolidinediones are not suitable for all patients with type II diabetes 
mellitus.

They are most useful for patients who are inadequately controlled • 
by other non-insulin treatments.
Treatment with these drugs can delay the time before insulin • 
treatment is needed.

Drugs in this class
- Rosiglitazone*
- Pioglitazone
Note
Troglitazone was 
withdrawn because of 
liver toxicity
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Treatment with a thiazolidinedione plus metformin is preferred over • 
the combination with a sulfonylurea (NICE guidance).

Thiazolidinediones take several months to have their full effect. They • 
are not a suitable choice for acute presentations.
Thiazolidinediones improve the body’s handling of glucose but are • 
not the most appropriate choice when the glucose is very high.

Type II diabetes mellitus is a complex metabolic disease. • 
Thiazolidinediones can help control hyperglycaemia, but the patient 
also needs a comprehensive assessment of the cardiovascular risks.
Patients with type II diabetes require regular, formal follow-up to • 
ensure that blood glucose and the metabolic syndrome are optimally 
managed.

6 - Thiazolidinediones cause hypoglycaemia rarely; their major effect is to 
alter the handling of glucose.
The major concern with these drugs is liver toxicity (see earlier notes).• 

Experience to date suggests that rosiglitazone and pioglitazone do • 
not cause severe hepatic toxicity.
Mild impairment can occur, usually between 2 and 12 months of • 
treatment.
Withdraw the drug if the patient becomes jaundiced.• 

Thiazolidinediones can cause fl uid retention and oedema. Avoid them • 
in patients at risk of heart failure.
Thiazolidinediones can also cause anaemia, probably by haemodilution.• 
Gastrointestinal adverse effects include nausea, vomiting, diarrhoea, • 
and constipation.

7  - Few drug interactions with the thiazolidinediones have been identifi ed, 
but they are relatively new, so be alert to possible interactions.
The combination of thiazolidinediones with insulin should generally be • 
avoided due to concerns about cardiovascular safety.

8 Effi cacy and safety
Measure liver function tests before treatment; avoid giving these drugs • 
if they are abnormal. The manufacturers advise that liver function tests 
should be measured every 2 months during the fi rst year of treatment.
Ensure that the patient knows how to monitor the blood glucose. • 
Review the results with the patient and measure the glycated haemo-
globin (HbA1c). Aim for an HbA1c concentration of <7%.
Treatment with thiazolidinediones can modestly improve lipid han-• 
dling, but they are not considered adequate if cholesterol-lowering 
treatment is indicated. Consider a statin.
Cardiovascular risk assessment and treatment is as important as blood • 
glucose control. Measure the patient’s BP, renal function, and lipid 
profi le as part of your comprehensive assessment.

9 - Optimal control of type II diabetes mellitus requires a partnership 
between patient and healthcare professionals. There is a vast amount 
of information that a patient needs to assimilate and education should 
be continual. Ensure that the patient has someone to contact for 
advice.
Advise the patient to report any symptoms of nausea, vomiting, • 
fatigue, or dark urine. This could indicate liver toxicity.
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Patients taking insulin or oral antidiabetic drugs are required by law to • 
tell the DVLA about their medical status. They must also inform their 
insurers.

If the patient drives a heavy goods vehicle or public service vehicle, • 
they must inform the DVLA, even if they are treated by diet alone.

Prescribing information: Thiazolidinediones (‘glitazones’)

Pioglitazone
By mouth, 15–45 mg daily.• 
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Thyroid hormones
Naturally occurring hormones

Thyroid hormones are
essential co-factors in many
cellular processes. Thyroxine 
(T4; levothyroxine) is secreted 
by the thyroid gland and is 

 converted to the more active metabolite
tri-iodothyronine (T3; liothyronine) in the 
tissues. They are either obtained from 
animal thyroid glands or  prepared syntheti-
cally and are given as the sodium salts. 
Thyroxine given in replacement therapy is 
called levothyroxine and tri-iodothyronine 
is called liothyronine.

0 - Treatment of hypothyroidism.
The most common primary • 
cause is auto-
immune 
thyroiditis.
The most • 
common 
secondary 
cause is ablative 
radio-iodine 
treatment for 
thyrotoxicosis.

1 - Pregnancy. 
Maternal 
hypoythyroidism 
can have adverse 
effects on the 
child’s cognitive 
function.

Thyroid hormone requirements increase in • 
pregnancy and the dose may need to be 
increased in women receiving replacement therapy.

Take great care when giving thyroid hormones to patients with ischaemic • 
heart disease. Excessive doses can precipitate ischaemic events.

Note that hypothyroidism can cause changes in the ECG that mimic • 
cardiac ischaemia.

If the diagnosis is panhypopituitarism or includes adrenocortical • 
insuffi ciency, the patient should be given a corticosteroid before 
thyroid hormone.
Take care if the patient has diabetes mellitus; insulin or other hypo-• 
glycaemic drug doses may need to be increased when thyroid hormone 
is given.
Take care if the patient is elderly or has long-standing hypothyroidism; • 
begin with a low dose and increase it gradually (see later notes).

4 - It is important to establish the cause of hypothyroidism. The most 
common cause is autoimmune thyroiditis, which can be diagnosed by 
the presence in the blood of autoantibodies to antithyroid peroxidase 
and antithyroglobulin.

Causes of hypothyroidism
- Autoimmune thyroiditis.
- Ablative radio-iodine treatment.
- Surgical removal of the thyroid 

gland.
- Replacement of the thyroid gland 

by tumour (lymphoma).
- External radiation.
- Secondary to pituitary or 

hypothalamic disease.
- Drugs:

Interferon• 
Lithium• 
Amiodarone (can also cause • 
hyperthyroidism)

Signs and symptoms 
of hypothyroidism
- Cold intolerance
- Coarse skin
- Alopecia
- Hoarseness
- Bradycardia
- Oedema
- Pericardial effusion
- Constipation
- Irregular or heavy 

menses
- Depression
- Mental impairment
- Weight gain
- Slow-relaxing refl exes

Signs and symptoms 
of hyperthyroidism
- Angina
- Cardiac arrhythmias
- Palpitation
- Tachycardia
- Skeletal muscle 

cramps
- Increased frequency 

of bowel movements
- Tremor
- Restlessness
- Flushing
- Sweating
- Insomnia
- Headache
- Flushing
- Fever
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Patients with autoimmune thyroiditis are at increased risk of other • 
autoimmune diseases, such as vitiligo, Addison’s disease, rheumatoid 
arthritis, diabetes mellitus, and pernicious anaemia.
Screen patients for these diseases, but be aware that they may • 
develop many years in the future.

Levothyroxine sodium
Levothyroxine (T4) is the treatment of choice for maintenance • 
therapy of hypothyroidism.
The mean replacement dosage of levothyroxine is 1.6 micrograms/kg/• 
day. For an adult, this translates to a dosage of 100–200 micrograms/day.

The initial dosage should not exceed 100 micrograms/day.• 
Patients with ischaemic heart disease and the elderly should not be • 
given more than 25 micrograms/day initially.

If required, the dosage may be increased by 25–50 micrograms/day at • 
intervals of not less than 4 weeks.
Levothyroxine replacement therapy should be given once daily, • 
preferably before breakfast.

Liothyronine sodium
Liothyronine (T3) has a similar action to levothyroxine but a more • 
rapid onset (and offset) of action. It is principally given for the treat-
ment of severe hypothyroidism when a rapid response is desired. 
Under these circumstances, it can be given by intravenous injection 
up to every 4 hours if required, but treatment should be under the 
direction of a specialist.
Liothyronine 20 micrograms is approximately equivalent to • 
levothyroxine 100 micrograms.
Liothyronine acts within several hours, but the effect disappears after • 
24–48 hours.

6 - Excessive doses of thyroid hormone cause the symptoms and signs of 
hyperthyroidism (see earlier notes).

If the patient develops angina pectoris, withhold treatment for 1 or • 
2 days and reintroduce it at a lower dose. If ischaemic heart disease 
was not previously diagnosed, investigate this as a matter of urgency.
Many patients feel better while taking a dose of thyroid hormone in • 
excess of their physiological requirements. However, do not over-
treat patients; excessive dosages can have adverse cardiovascular 
effects in the long term.

7  - Treatment of hyperthyroidism will alter the pharmacokinetics of drugs 
whose kinetics are changed by thyroid disease.

8 Effi cacy and safety
The best screening investigation for hypothyroidism is the serum • 
thyroid stimulating hormone (TSH) concentration. This test can also 
be used to adjust the dosage of thyroid hormone replacement therapy. 
Aim for a TSH within the reference range. The reference range varies 
with age; check with your laboratory. Avoid over-treatment (see 
earlier notes).

Other investigations, such as free thyroid hormone concentration • 
and antithyroid antibodies, may also be required for adequate diag-
nosis of thyroid disease. See earlier notes and seek advice from a 
specialist.

9 - Advise the patient that replacement therapy for hypothyroidism is 
usually lifelong.
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Case history
- A 42-year-old woman was referred to hospital with lethargy, weight loss, and 

symptoms suggestive of postural hypotension. Three months earlier 
autoimmune hypothyroidism had been diagnosed and she had been successfully 
established on levothyroxine replacement therapy. She was mildly pigmented 
and had a BP of 96/62 mmHg. Her serum electrolytes showed a low sodium of 
130 mmol/L and a raised potassium of 5.4 mmol/L. A diagnosis of Addison’s 
disease was made and confi rmed with a short Synacthen® test. She was given 
cortisone replacement and her symptoms immediate resolved.

Autoimmune conditions can coexist and thyroxine replacement can unmask sub-
clinical Addison’s disease.

Prescribing information: Thyroid hormones
Levothyroxine

By mouth, 50–100 micrograms/day initially, but see earlier notes.• 
Usual maintenance dose 100–200 micrograms/day.• 

Liothyronine
Usually reserved for treatment of severe hypothyroidism under specialist • 
supervision.
By intravenous injection, 5–20 micrograms given up to every 4 hours as • 
required.
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Carbimazole
Inhibitor of the formation of thyroid hormones

Carbimazole is metabolized to 
 methimazole in the plasma. This inhibits 
the iodination of tyrosine, resulting in 
reduced production of the thyroid 

 hormones: tri-iodothyronine (T3) and thyroxine (T4).

0 - First-line treatment for hyperthyroidism due 
to Graves’ disease or toxic multinodular 
goitre.

1 - Use in pregnancy.
Crosses the placenta and so may cause • 
neonatal hypothyroidism.
Treatment in pregnancy is affected by one’s • 
assessment of the benefi t to harm balance.
Seek expert advice.• 

Breastfeeding.• 
Risk of neonatal goitre.• 

No dosage adjustment is usually required in • 
renal or hepatic insuffi ciency.

4 Hyperthyroidism
Make a clear diagnosis before beginning • 
treatment (beta-blocker therapy may be all 
that is required for thyroiditis).
Treatment is usually for 1–2 years.• 

The relapse rate is 50% within 2–4 years of • 
stopping carbimazole. Patients who relapse 
should be considered for defi nitive 
131iodine treatment.

There are two common treatment regimens:• 
The fi rst aims to render the patient euthy-• 
roid by treating with a relatively high dose 
fi rst (15–40 mg daily). Ideally this will 
render the patient euthyroid in 1–2 weeks, 
with a maximal effect at 4–8 weeks of 
treatment. Once the patient is euthyroid, 
the dose is reduced to a maintenance dose 
of 5–15 mg daily.
An alternative is a block and replace • 
regimen. The patient is given a high dose 
(60 mg daily) for up to 18 months and 
given enough thyroxine (usually 100 micro-
grams daily) to keep them euthyroid.

Thyroid ophthalmopathy does not always respond to carbimazole • 
treatment. Severe cases may require steroid treatment and surgery.

6 - Gastrointestinal disturbance, headache, and rash are common 
(7% of patients) and usually occur within the fi rst 2 months of 
treatment. The rash is allergic in origin and the drug should be 
stopped. Hypersensitivity to carbimazole does not necessarily 
mean that the patient will be hypersensitive to propylthiouracil.

Practical treatment of 
hyperthyroidism due 
to Graves’ disease or 
toxic multinodular 
goitre

Symptomatic relief
- Beta-blocker (e.g. 

propranolol)

Disease control
- Antithyroid drugs

Carbimazole  • 
(fi rst-line)
Propylthiouracil• 

- 131Iodine treatment 
(defi nitive)

- Surgery (especially if 
there is local 
compression).

Propylthiouracil
- This is an alternative 

for patients who are 
sensitive to 
carbimazole. It can 
cause hypersensitivity 
too, but not 
necessarily in the 
same patients.

- The daily dose is 
usually 200–400 mg, 
given until the patient 
is euthyroid. The 
maintenance dose is 
50–150 mg daily.

- Halve the dose in 
moderate renal or 
hepatic insuffi ciency. 
Propylthiouracil can 
cause neonatal 
hypothyroidism if 
given to pregnant 
women.
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Carbimazole can cause agranulocytosis. The risk of this is low (<1%), • 
but it can be severe, even fatal (see monitoring section). The risk of 
this diminishes with duration of treatment but is always present.
Overtreatment will cause hypothyroidism (• see b Thyroid hormones, 
p. 478).

8 Effi cacy
Carbimazole reduces the production of thyroid hormones; it does not • 
have any effect on hormone already formed. Use a non-selective 
beta-blocker for rapid symptomatic relief. See the patient frequently 
(how frequently will depend on the severity of symptoms) when 
starting treatment to ensure adequate titration of the dose.
TSH can remain suppressed for months. The free T4 concentration is • 
usually the best measure of thyroid status.

Safety
The risk of agranulocytosis is small; its onset is rapid and without • 
warning. Prophylactic measurement of a full blood count is therefore 
unlikely to be helpful.

CSM advice

Patients should be asked to report symptoms and signs suggestive of • 
infection, especially a sore throat.
A white blood cell count should be performed if there is any clinical • 
evidence of infection.
Carbimazole should be stopped promptly if there is clinical or laboratory • 
evidence of neutropenia.

9 - Advise the patient to seek medical advice immediately if they develop 
an unexpected sore throat, fever, mouth ulcers, or malaise.
Warn patients with ophthalmopathy that the appearance of their eyes • 
may not respond to this treatment.

Prescribing information: Carbimazole
Treatment of hyperthyroidism

Initially 15–40 mg daily. Occasionally a larger dose (60 mg) may be required.• 
This dose is continued until the patient becomes euthyroid, usually after • 
4–8 weeks.
The dose is then gradually reduced to a maintenance dose of 5–15 mg.• 
Therapy is usually given for 12–18 months.• 

An alternative block and replace regimen is sometimes used; see how to use 
section for details.
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Rare but potentially fatal adverse effects
- Carbimazole can cause agranulocytosis. This is rare (<1%, and may be as low as 

1 in 1000).
- Agranulocytosis develops rapidly, and although it is more common early in 

treatment, it can occur at any time. The problem for the prescriber is how best 
to protect the patient. The rarity and rapid development of the adverse effect 
means that prophylactic measurement of a full blood count, even if done 
frequently, would be unlikely to detect impending neutropenia.

- The best protection is vigilance from both prescriber and patient (see CSM 
advice in earlier box, b p. 483) and a low threshold for measuring a full blood 
count.

- Rare, potentially fatal adverse effects are a major challenge. Before it is licensed, 
a new drug may have been given to a few thousand patients. If an adverse effect 
only occurs in 1 in 5000 patients it may never have been seen, much less 
associated with the drug, before a licence is granted.

- It is especially important for prescribers to be vigilant when using newly-licensed 
drugs (those marked with an inverted black triangle in the BNF). No matter how 
well the development of the drug was conducted, clinical experience before 
marketing is limited. Have a low threshold for making a report to the MHRA in 
the UK (‘yellow card’) or using your country’s reporting system, even if you 
cannot clearly associate the adverse effect with the drug. If the adverse effect is 
rare, it may require reports from several countries to detect a potential link.

- There have been several well publicized cases of drugs that have been 
withdrawn soon after launch because rare but serious adverse effects have been 
reported. Examples are:

Drug Adverse effect

Troglitazone Liver failure

Alosetron Ischaemic colitis

Cerivastatin Rhabdomyolysis

- Alosetron was later reintroduced after patients complained about its 
withdrawal; it is now prescribable in the USA under certain restrictions.

- As an individual, you are most unlikely to see more than one case of an 
uncommon adverse effect; send in a report even if you cannot attribute causality 
yourself.

TEACHING 
POINT
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Corticosteroids
Corticosteroids are primarily produced by the adrenal cortex and are essential 
for survival. The principal adrenal steroids are those with glucocorticoid and 
mineralocorticoid actions, but some sex steroids (particularly androgens) are 
also produced.

Glucocorticoids affect protein and carbohydrate metabolism (see teaching 
point box, b p. 487); the endogenous hormones are hydrocortisone and cor-
ticosterone. The mineralocorticoids, of which the endogenous hormone is 
aldosterone, affect fl uid and electrolyte balance. The endogenous glucocorti-
coids have both glucocorticoid and mineralocorticoid actions. Synthetic mole-
cules have been developed to provide clearer separation of these effects (see 
Table 6.2).

Table 6.2 Synthetic corticosteroids and their effects

Potent miner-
alocorticoid 
action; little 
glucocorticoid 
action

Mixed miner-
alocorticoid 
and 
glucocorticoid 
action

Principally 
glucocorticoid 
action

Potent 
glucocorticoid 
action; little 
mineralocorticoid 
action

Fludrocortisone Cortisone 
(25 mg)

Prednisolone 
(5 mg)

Betamethasone 
(750 micrograms)

Aldosterone Hydrocortisone 
(20 mg)

Methylprednisolone 
(4 mg)

Triamcinolone (4 mg)
Beclometasone 

(250 micrograms)
Defl azacort (6 mg)

Dexamethasone
(750 micrograms)

Approximate dose equivalents are given in brackets

Note on mineralocorticoids 
The therapeutic use of these drugs is limited; see b Loop diuretics, p. 204 for 
information on their use in postural hypotension and b p. 490 and p. 497 for 
information on their use in adrenocortical insuffi ciency.
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Actions of glucocorticoids
- See b p. 490 for clinical uses.
- The actions of corticosteroids are always a balance between desirable and 

undesirable effects.

Protein and carbohydrate metabolism
- Mobilization of glucose (including gluconeogenesis) and amino acids.

Weight gain.• 
Impaired glucose tolerance/diabetes mellitus.• 

Lipid metabolism
- Redistribution of fat.
- Weight gain.

Mineralocorticoid actions
- Hypokalaemia.
- Fluid retention.

Hypertension.• 
Worsening of heart failure.• 

Anti-infl ammatory/immunosuppressant actions
- Acute reductions in the vascular response to injury (dilatation and permeability), 

cellular migrations, and actions of phagocytes.
- Masking of normal infl ammatory responses (e.g. peptic ulcer more likely to 

present with bleeding or perforation).
- Risk of infection (tuberculosis, oral candidiasis, chickenpox, and measles).
- Chronic reductions in cellular proliferation and deposition of collagen.

Skin changes (thinning, telangiectasia).• 

Other adverse effects of glucocorticoids
- Over-treatment will result in Cushing’s syndrome.
- Depression of the hypothalamic–pituitary–adrenal (HPA) axis can cause an 

Addisonian crisis after abrupt withdrawal of the drug.
Note that treatment of pregnant women will suppress the fetal HPA axis.• 

- Mental disturbance, including acute psychosis. Usually an acute effect associated 
with high doses.

- Glaucoma. This is determined by a recessive allele: 65% of patients have a small 
rise in intraocular pressure, 30% a moderate rise, and 5% a large rise.

- Cataract. 75% of patients who take more than 15 mg prednisolone equivalents 
per day for over 2 years develop cataracts, especially of the posterior 
subcapsular type.

- Osteoporosis. Bone protection is recommended when corticosteroid treatment 
(>7.5 mg prednisolone equivalents daily) is expected to exceed 3 months. Most 
bone loss is in the fi rst 6–12 months.

Inhaled glucocorticoids at daily doses up to 1000 mcg are  not generally • 
associated with a reduction in bone density.

- Ischaemic necrosis of the femoral head.

TEACHING 
POINT
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Glucocorticoids
0 - Replacement therapy in corticosteroid 

defi ciency.
Anti-infl ammatory and immunosuppressant • 
actions.

Systemic diseases (e.g. vasculitis, • 
sarcoidosis, rheumatoid arthritis).
Lung disease (e.g. asthma).• 
Liver disease (e.g. chronic active hepatitis).• 
Renal disease (e.g. minimal change • 
glomerulonephritis).
Bowel disease (e.g. ulcerative colitis).• 
Haematological disease (e.g. haemolytic • 
anaemias).
Skin disease (e.g. psoriasis, pemphigus).• 
Eye infl ammation (not infection).• 
Joint disease (e.g. intra-articular injections • 
for gout—unlicensed use).
Malignant disease (e.g. acute lymphocytic leukaemia, Hodgkin’s • 
lymphoma, non-Hodgkin’s lymphoma, hormone-sensitive breast 
cancer).
Palliative care (for dysphagia due to obstruction, and anorexia).• 
Infection and sepsis syndromes (e.g. meningococcal disease).• 
Anaphylaxis and transfusion reactions.• 
Prevention of transplant rejection.• 
Treatment of congenital adrenal hyperplasia.• 
Treatment of hypercalcaemia due to sarcoidosis or vitamin D • 
toxicity. For other treatments see b Bisphosphonates, p. 660.
Second-line treatment for certain forms of epilepsy (specialized use).• 

1 - Pregnancy
Glucocorticoids vary in their ability to cross the placenta. • 
Betamethasone and dexamethasone cross the placenta well, while 
prednisolone does not. Seek expert advice if steroid treatment is 
required during pregnancy.
The CSM advises that there is no convincing evidence that • 
glucocorticoids cause cleft lip or palate.
Intrauterine growth retardation is more common if treatment with • 
glucocorticoids is prolonged, but is unlikely after short courses.
Treatment with glucocorticoids can suppress the fetal HPA axis, but • 
this usually resolves rapidly after birth.
Breast feeding. Maternal dosages up to 40 mg prednisolone equiva-• 
lents are unlikely to cause problems in children who are breastfed.
Responses to live vaccines are reduced and may be inadequate in • 
those taking moderate to large doses of glucocorticoids. For infor-
mation on live vaccines see b p. 728.

Drugs in this class

Note that they are used 
for different indications 
(see later notes)
- Prednisolone
- Hydrocortisone
- Beclometasone
- Betamethasone
- Methylprednisolone
- Dexamethasone
- Triamcinolone

Inhaled drugs
- Budesonide
- Fluticasone
- Mometasone
- Ciclesonide
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4 General advice
Select the appropriate treatment by considering:• 

Glucocorticoid versus mineralocorticoid actions (• see b p. 486)
The route—is systemic treatment required or can the drug be • 
delivered to the site of action directly (e.g. topically, by inhalation, 
or by the intra-articular route)?
The dose—a high dose may be required initially to achieve control, • 
but use the minimum effective dose.
The duration of treatment—always consider how long you plan to • 
continue treatment; this may change as the clinical problem 
develops, but avoid treatment for indefi nite periods.

Tell the patient to take the dose in the morning, as this minimizes • 
disruption of the diurnal pattern of corticosteroid production. 
Corticosteroid therapy given late in the day can also cause insomnia. 
The regimen for replacement therapy is different; see later notes.
Give the patient a steroid card if long-term treatment is required.• 
Patients taking glucocorticoids who become unwell may need • 
additional steroid treatment. See section on steroids and surgery. Very 
high doses are sometimes given for sepsis syndromes (specialized use 
in ITU).

Tapering treatment
Glucocorticoids can suppress the HPA axis; treatment should be • 
tapered if:

Treatment has been for >3 weeks.• 
The patient has received multiple short courses.• 
A short course has been given within 1 year of stopping long-term • 
treatment.
The dose exceeds 40 mg prednisolone equivalents.• 

Glucocorticoids can be stopped abruptly if given for <3 weeks (as is • 
commonly done for acute exacerbations of asthma).

Suggested regimen for the withdrawal of prednisolone

If the disease has resolved and only a 
few weeks of treatment been given

Reduce by 2.5 mg every 3 or 4 days 
down to 7.5 mg; then reduce more 
slowly (e.g. by 2.5 mg every week, 
2 weeks, or month)

If there is uncertainty about disease 
resolution and /or therapy has been 
given for many weeks

Reduce by 2.5 mg every 2 weeks or 
month down to 7.5 mg; then reduce by 
1 mg every month

If symptoms of the disease are likely 
to recur on withdrawal of steroids 
(e.g. rheumatoid arthritis)

Reduce by 1 mg every month
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Replacement therapy
The dose required is not large; traditionally this has been 20 mg of • 
hydrocortisone in the morning and 10 mg at lunch time, but this is 
more than many patients need. Tailor the dose to individual 
requirements by measuring an ACTH profi le.
Advise patients that they will need to increase the dose if they become • 
unwell.
If an Addisonian crisis occurs give hydrocortisone 100 mg • 
intravenously, 8-hourly.
Mineralocorticoid replacement is usually also required • 
(50–300 micrograms of fl udrocortisone daily).

Inhaled glucocorticoids
Glucocorticoids are central to the treatment of asthma, as they reduce • 
the underlying infl ammation.
The British Thoracic Society guidelines for the treatment of asthma • 
advise that inhaled glucocorticoids should be added whenever:

The patient has had an exacerbation in the last 2 years.• 
Use of short-acting bronchodilators exceeds 3 doses/week.• 
Symptoms of asthma are present on 3 or more days in a week or • 
the patient has symptoms on >1 night a week.

Many patients with COPD do not have steroid-responsive disease. • 
Give patients a formal 3–4-week trial of steroids and record whether 
there is improvement in symptoms or lung function. Reconsider 
glucocorticoid treatment if there is no improvement.
Regular treatment is essential, and should be given via a large-volume • 
spacer device. This increases delivery to the lungs and reduces 
systemic absorption.
β• 2-adrenoceptor agonists should be taken (inhaled) fi rst, as this 
increases delivery to the lungs, reduces the risk of paradoxical 
bronchospasm, and reduces coughing.
Rinse the mouth after taking inhaled corticosteroids, to reduce the risk • 
of oral candidiasis.
Avoid delivery by nebulizer if possible; the systemic dose delivered is • 
large.
Use of a regimen with a high initial dose followed by a step-down does • 
not appear to confer additional benefi t over the use of a single 
maintenance dose. 
Combination inhalers containing both a long-acting • β2-adrenoceptor 
agonist and a glucocorticoid are not suitable unless the patient has 
stable disease and requires both treatments regularly; they will still 
need a short-acting β2-adrenoceptor agonist for use as required.
Advise patients that the new CFC-free inhalers may have a • 
different taste from their previous ones, but that the dose delivered 
is the same.
CFC-free beclometasone inhalers should be prescribed by brand • 
name, as they differ in their potency.
The inhaled steroids budesonide, ciclesonide, mometasone, and fl uti-• 
casone are subject to extensive fi rst-pass metabolism in the liver. They 
may have fewer systemic adverse effects after inhalation, but because 
they are usually given to patients requiring high dosages this effect may 
not be apparent.
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Allergic rhinitis (see b Antihistamines, p. 688, for general 
advice)
Topical nasal formulations are useful for the treatment and prophylaxis • 
of allergic rhinitis.
An alternative is an oral antihistamine. Avoid decongestants.• 

Infl ammatory conditions of the eye
Never use topical steroids on the eye without excluding an ulcer due • 
to herpes simplex  virus.
Beware of the risk of glaucoma.• 
Long-term treatment causes cataracts.• 
Combination products of glucocorticoids with anti-infective drugs are • 
rarely suitable and are not recommended.

Treatment of rheumatoid arthritis
A Cochrane systematic review has shown that low-dose oral • 
corticosteroids, equivalent to prednisolone 15 mg daily or less, were 
more effective than NSAIDs within the fi rst weeks of treatment.
There is some evidence that a daily dose of prednisolone 7.5 mg • 
reduces the rate of joint destruction, but this must be weighed against 
the long-term adverse effects of glucocorticoids.
Glucocorticoids can be injected into joints to give pain relief, increase • 
mobility, and reduce deformity. Triamcinolone is insoluble and so acts 
as a depot within the joint. Never inject a prosthetic joint or when 
there is the possibility of sepsis. Do not inject a single joint >3 times 
per year. Frequent injections into a joint can cause local osteoporosis 
and rupture of ligaments and tendons.
Hydrocortisone can be injected into tendon sheaths for relief of • 
compression neuropathies, such as carpal tunnel syndrome. Do not 
inject the tendon itself and beware repeat injections, as this can cause 
wasting.

Infl ammatory bowel disease
Glucocorticoids are used to achieve disease control; they are not indi-• 
cated for maintenance treatment.
The usual treatment is prednisolone, but budesonide is also licensed • 
for this indication. Budesonide is subject to extensive fi rst-pass metab-
olism in the liver, so may have fewer systemic adverse effects.

Infections and sepsis syndromes
Septic shock is associated with severe infl ammation. High-dose intra-• 
venous glucocorticoids have previously been used in combination with 
anti-infective treatments, but this practice is no longer recommended. 
Lower doses of hydrocortisone (50 mg every 6 hours) can be benefi -
cial if the patient has adrenocortical insuffi ciency as a result of septic 
shock, especially when the BP is poorly responsive to fl uid and 
vasopressor therapy.
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Cerebral oedema (see teaching point box, b p. 494)
Glucocorticoids are effective in cerebral oedema resulting from intrac-• 
ranial malignancy. Use a pure glucocorticoid, such as dexamethasone; a 
drug with mineralocorticoid actions will cause fl uid retention.
Do not use glucocorticoids for cerebral oedema that results from • 
cerebral malaria; mortality is increased.

6 - Treatment with glucocorticoids is always a balance between desirable 
and adverse effects; see the corticosteroids (b p. 487) for details.
Adverse effects can be minimized by considering the following:• 

Use the smallest effective dose for the shortest possible time.• 
Consider the route of administration to limit systemic exposure • 
(e.g. topical administration to eyes, nose, and skin).

Chickenpox (varicella zoster infection) and measles 
- Chickenpox and measles can be very severe in patients taking corticosteroids. 

The risk is lower with topical and inhaled steroids.
- If the patient has not had these infections in the past, the risk is high and the 

patient should be advised to avoid anyone with chickenpox or measles.
- Chickenpox—if the patient is exposed to someone with chickenpox they should 

receive passive immunization with varicella zoster IgG within 3 days (see 
b Immunoglobulins, p. 720).

If the patient develops chickenpox they should receive specialist care.• 
- Measles—if the patient is exposed to someone with measles they should receive 

passive immunization with intramuscular human normal immunoglobulin.

7  - Steroids can mask the gastrointestinal adverse effects of NSAIDs 
(including aspirin). Avoid co-prescribing if possible and consider 
gastroprotection.
Hypokalaemia can be severe when glucocorticoids are given with • 
other drugs that lower plasma potassium (e.g. loop and thiazide 
diuretics), amphotericin, acetazolamide, high-dose salbutamol.
Hypokalaemia can cause digoxin toxicity.• 
Drugs that induce liver enzymes (e.g. carbamazepine, phenytoin, • 
barbiturates, rifampicin) accelerate the metabolism of glucocorticoids 
and can reduce their effects.
Glucocorticoid treatment can affect anticoagulant control with • 
warfarin; measure the INR more frequently.
The effects of antihypertensive and oral hypoglycaemic drugs are • 
antagonized by glucocorticoids.

8 Safety
Minimize the impact of adverse effects by considering the following:• 

Measure the plasma potassium in patients with cardiac disease.• 
Measure the blood glucose; some patients may become glucose • 
intolerant and treatment with corticosteroids can worsen control of 
diabetes mellitus; be prepared to intensify treatment.
Osteoporosis—bone protection is recommended when corticos-• 
teroid treatment (>7.5 mg prednisolone equivalents daily) is 
expected to exceed 3 months; most bone loss is in the fi rst 6–12 
months; doses of inhaled steroids at doses up to 1000 micrograms 
daily are not generally associated with a reduction in bone density.
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Measure the intraocular pressure; glucocorticoids can cause • 
glaucoma, especially when applied topically to the eye.
Examine the eyes for cataracts.• 

Effi cacy
The measure of effi cacy will depend on the indication (e.g. PEFR for • 
asthma, ESR for polymyalgia rheumatica, symptom scores in 
rheumatoid arthritis and infl ammatory bowel disease).

For example, it is suggested that the dose of inhaled steroid given • 
for asthma be reviewed every 3 months. If the dose can be reduced, 
this should be by 25–50%.

It is very important that targets are set for treatment with glucocorti-• 
coids, so that effectiveness can be assessed. Do not commit patients to 
treatment for indefi nite periods with poorly defi ned goals. The risks of 
treatment will almost certainly outweigh the benefi ts.

9 - Give the patient a steroid card if long-term treatment is required. 
Explain that they must not stop treatment abruptly after prolonged 
treatment.
Patients are often aware of some of the adverse effects of glucocorti-• 
coids treatment, especially weight gain. Address their concerns directly 
to improve compliance with treatment. For example, a short course of 
glucocorticoids for an acute exacerbation of asthma will not cause 
weight gain.

Glucocorticoids and surgery
- Do not stop steroid treatment in patients admitted for surgery; their 

requirements may increase, especially if they are unwell.
- If the patient cannot take medication by mouth convert the oral dose to 

intravenous hydrocortisone. Note that intravenous hydrocortisone needs to be 
given 2 or 3 times daily.

The following advice is given for patients admitted for routine surgery.
- Minor surgery under general anaesthesia Give the usual oral corticosteroid dose 

on the morning of surgery or hydrocortisone 25–50 mg (usually the sodium 
succinate) intravenously at induction. Restart the usual oral corticosteroid dose 
after surgery.

- Moderate or major surgery Give the usual oral corticosteroid dose on the 
morning of surgery and hydrocortisone 25–50 mg intravenously at induction. 
Give hydrocortisone 25–50 mg 3 times a day by intravenous injection for 
24 hours after moderate surgery (48–72 hours after major surgery), until the 
patient is eating. Start the usual preoperative corticosteroid dose once the 
patient can take medication by mouth.

TEACHING 
POINT
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Prescribing information: Glucocorticoids
Hydrocortisone

Replacement therapy. By mouth, 20 mg in the morning and 10 mg at lunch • 
time, but titrate the dose to individual requirements (see earlier note).

Prednisolone
By mouth, the dose will depend on the indication but will usually be in the • 
range 20–60 mg.
7.5 mg daily is about twice endogenous glucocorticoid production.• 

Beclometasone
MDI. The usual dose is 200 micrograms bd, but higher doses may be • 
required (expert supervision advised).
Note that MDIs deliver 50–200 micrograms per actuation (puff). Check • 
which strength is required (the most common is 100 micrograms per 
actuation).
Give the patient a spacer device and demonstrate how to use it• 
CFC-free MDIs should be prescribed by brand name.• 
In addition to MDIs, many proprietary delivery devices are available. These • 
tend to be more expensive but may be more convenient for some patients. 
Seek expert advice locally if your patient cannot manage a MDI.

Treatment of rising intracranial pressure

Causes
- Vasogenic, due to increased capillary permeability (e.g. tumour, trauma, 

infection, stroke).
- Cell death due to hypoxia.
- Increased interstitial pressure (e.g. obstructive hydrocephalus).

Typical signs
- Irritability.
- Drowsiness.
- Coma.
- Irregular breathing.
- Cushing response (falling pulse with rising BP).

Treatment
- This is an emergency; seek specialist advice.
- Maintain adequate cerebral oxygenation.
- An osmotic diuretic (e.g. 20% mannitol 5 mL/kg over 15 min) lowers intracranial 

pressure quickly, but the duration of effect is limited (a few hours).
- Dexamethasone has no mineralocorticoid actions and reduces vasogenic 

cerebral oedema. Give 4 mg every 8 hours by intravenous injection.
- Avoid fl uid overload and nurse the patient with the head elevated at about 

40 degrees.
- In the most severe cases, mechanical hyperventilation to maintain the partial 

pressure of CO2 at 3.5 kPa reduces intracranial pressure. Anaesthetic drugs such 
as thiopental can also be effective.

TEACHING 
POINT
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Corticotrophins
Polypeptide hormones

Tetracosactide (Synacthen
®

) is a synthetic polypeptide that

has the same actions as ACTH; it has a short duration of action. 

Corticotrophic

hormone (CRF)

produced by the

hypothalamus.

Stimulates

production of

adrenocorticotrophic

hormone (ACTH)

a 39-amino acid

polypeptide hormone

produced by the

anterior pituitary

gland.

Stimulates

production of

glucocorticoids

by the adrenal

gland. There is

relatively little

effect on

mineralocorticoid

production.

0 - Diagnosis of adrenocortical insuffi ciency (Addison’s disease).
Occasionally used as a short-term alternative to glucocorticoid • 
treatment.

1 - The action of these drugs is short lived and wanes with repeated admin-
istration. Long-term treatment should usually be with glucocorticoids.
Do not use these drugs for the treatment of an Addisonian crisis; they • 
will not work.

4 - Although ACTH can be used when glucocorticoid treatment is 
indicated, it produces a variable therapeutic response that rapidly 
wanes with time. Use a glucocorticoid instead (see b Glucocorticoids, 
p. 488).
The principal use of these drugs is for the diagnosis of adrenocortical • 
insuffi ciency (Addison’s disease) by the ‘short Synacthen® test’.
There are some other uses in specialist endocrinological practice • 
(e.g. the long Synacthen® test to demonstrate adrenal suppression); 
seek specialist advice if these are required.

The short Synacthen® test
- Note that this test cannot be performed if the patient has received exogenous 

steroids.
- Give 250 micrograms of tetracosactide by either intramuscular or intravenous 

injection.
- Take blood samples for plasma cortisol (check locally to ensure that you collect 

these in the correct tube) at baseline, +30 minutes, and +60 minutes after the 
dose.

Interpretation
- If normal, the basal cortisol should be >170 nmol/L.
- The plasma cortisol concentration at +30 minutes should be >580 nmol/L, and 

there should have been a rise of >190 nmol/L.

6 - Corticotrophins are polypeptides and so can cause anaphylaxis; this is 
very rare.
Corticotrophins stimulate the production of glucocorticoids, so • 
long-term treatment will cause the same adverse effects. Single doses 
do not usually produce any adverse effects.

Drugs in this class
- Adrenocorticotrophic 

hormone (ACTH).
- Tetracosactide 

(Synacthen®)—
synthetic derivative of 
ACTH with a short 
duration of action.
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7 - The Synacthen® test will be impossible to interpret if the patient has 
been given exogenous glucocorticoids.

8 Effi cacy
See • b p. 496 for interpretation of the Synacthen® test.

9 - Remember that steroid requirements increase when patients are 
acutely stressed (e.g. by infection, illness, or surgery).
Advise patients with adrenocortical insuffi ciency to carry a Medicalert• ® 
bracelet.

Prescribing information: Corticotrophins
Diagnosis of adrenocortical insuffi ciency

See • b p. 496.
The use of ACTH for long-term treatment is not recommended.• 

Treatment of acute adrenocortical insuffi ciency
- The clinical features include hypotension, hyponatraemia (usually mild), 

hyperkalaemia, and hypoglycaemia.
- De novo presentation with an Addisonian crisis is rare. Remember that steroid 

requirements increase when patients are acutely stressed (e.g. by infection, 
illness, or surgery). Patients with hypopituitarism, adrenal insuffi ciency, or 
adrenal suppression (taking long-term steroids) may not be able to respond.

- Measure the blood glucose urgently (stick test). Give 50 mL of 50% glucose if it 
is <3.5 mmol/L.

- Give isotonic saline (e.g. 1 litre over 60 minutes). The patient may require 
several more litres over the next 24 hours. A central venous line may be 
required if the patient is cardiovascularly unstable.

- Give hydrocortisone 100 mg by intravenous injection.
If the patient is cardiovascularly unstable give 100 mg intravenously every • 
6 hours until they are stable.
If the patient is stable give hydrocortisone 20 mg by mouth every 8 hours.• 

- Mineralocorticoid replacement is rarely necessary in the acute phase, as 
glucocorticoids have some mineralocorticoid action.

- Once the crisis is over, consider why it occurred and how it can be avoided in 
the future. See box on corticosteroids and surgery.

- See b Glucocorticoids, p. 488 for notes on long-term replacement therapy in 
adrenocortical insuffi ciency.
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Oestrogens and hormone replacement 
therapy (HRT)
Female sex hormones

Development of female sexual and

secondary sexual characteristics

Promote uterine growth. Inhibit the

production of LH and FSH. Stimulate

breast enlargement.

Contraceptive

action 

Feminizing

actions 

Pregnancy

Inhibition of gonadotrophin release

by negative feedback

Metabolic

actions 

Cyclical

ovulation 

Anabolic action similar to androgens

Salt and water retention

Cause release of LH at the end of

the follicular phase 

0 - Oestrogens alone.
Treatment of primary • 
amenorrhoea.
Hormonal manipulation of • 
carcinoma of the breast and 
prostate (specialized use).
Treatment of vaginal • 
involution (topical).

In combination with • 
progestogens.

Replacement therapy in • 
ovarian insuffi ciency.
HRT.• 
Oral contraceptives.• 

1 - Do not give oestrogens during 
pregnancy (although there is little 
evidence of harm from oral 
contraceptives).

HRT is not a contraceptive.• 
Do not give oestrogens if the • 
patient has:

A history of VTE.• 
A strong family history (e.g. • 
antiphospholipid syndrome).

Avoid oestrogens if the patient • 
has endometrial or breast cancer 
(unless used specifi cally for 
treatment).
Avoid oestrogens in severe liver • 
disease (they are metabolized by 
the liver).

Includes congenital syndromes • 
such as Rotor and Dubin–Johnson.

Drugs in this class

Naturally occurring
- Estrone (one ol)
- Estradiol (two ols)
- Estriol (three ols)

Synthetic/semi-
synthetic
- Ethinylestradiol
- Mestranol
- Diethylstilbestrol

Risk factors for the development 
of osteoporosis
- Premature menopause (<40 years)
- Family history of osteoporosis
- Steroid treatment lasting >6 months
- Premenopausal amenorrhoea for 

>6 months
Due to low weight or exercise• 

- Liver, thyroid, or renal disease
- Excess alcohol intake
- Gonadotrophin-releasing analogue 

treatment for >6 months

Suggested diagnostic tests for 
patients at risk of osteoporosis
- ESR
- Serum calcium, phosphate, alkaline 

phosphatase, creatinine
- Serum and urine protein 

electrophoresis (if ESR raised
and >50 years)

- TSH
- 9.00 a.m. testosterone in men

(and LH/FSH)
- Plasma oestradiol and 

gondotrophins in amenorrhoeic 
premenopausal women

- Plasma prolactin (if hypogondal or 
suggestive features such as 
galactorrhoea)

- Endomysial antibodies in men and 
women with unexplained iron 
defi ciency (coeliac disease)
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Do not give oestrogens if the patient has porphyria.• 
Avoid oestrogens if the patient has fi broids; they may enlarge.• 
Do not give oestrogens if the patient has endometriosis or • 
undiagnosed vaginal bleeding.

Hormone replacement therapy
4 - The role of HRT has undergone a reassessment in the past few years.

The CSM advises that the minimum effective dose should be used for • 
the shortest duration.
Relief of menopausal symptoms.• 

HRT is most effective for vasomotor and urogenital symptoms.• 
Osteoporosis (see susceptibility factors box).• 

Treat any underlying cause. See box for suggested diagnostic • 
workup.
HRT reduces bone loss by 30–50% (similar to the effect of bisphos-• 
phonates).
Some would offer HRT to women with established osteoporosis or • 
if they are at high risk; however, this is controversial, and other 
drugs are preferred (e.g. bisphosphonates).

Cardiovasular disease.• 
Do not offer HRT for prevention of cardiovascular disease or to • 
those at high risk.
There is an increased risk of coronary heart disease in women who • 
start combined HRT >10 years after menopause.

Thromboembolic disease.• 
HRT increases the risk of thromboembolism to around 16–23 • 
per 100 000 women per year. This is twice the baseline risk, but is 
still low.

Breast cancer.• 
HRT increases the risk of breast cancer by 2.3% per year of • 
treatment.
The increased risk is related to the duration of HRT use (but not to • 
the age at which HRT is started) and this excess risk disappears 
within about 5 years of stopping.
The risk translates to two additional cases per 1000 women treated • 
for more than 5 years.

Other factors.• 
HRT may increase the risk of cervical cancer.• 
HRT increases the risk of endometrial cancer (formulations that • 
contain progestogen confer a lower risk).
Long-term use of combined HRT or oestrogen-only HRT is associ-• 
ated with a small increased risk of ovarian cancer; this excess risk 
disappears within a few years of stopping.
Combined HRT or oestrogen-only HRT slightly increases the risk of • 
stroke.

See box (• b p. 500) for treatment suggestions for different groups of 
women.
If oestrogens are used topically, use the minimum effective amount. • 
A systemic cyclical progestogen may need to be given if long-term 
treatment is required.
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It is recommended that HRT be suspended 1 month before major • 
surgery.

Treatment of cancer (seek specialist advice)
Diethylstilbestrol and fosfestrol are used to treat prostate cancer, but • 
their use is limited by a high incidence of adverse effects.
Ethinylestradiol is used in the treatment of some breast cancers.• 

Treatment suggestions

Symptomatic perimenopausal 
women

Give continuous oestrogen with progestogen 
on the last 12–14 days of the cycle for 
1–2 years

Symptomatic postmenopausal 
women

There is probably a benefi t—include a 
progestogen if they have a uterus
Treatment is principally for symptoms

Symptomatic women with 
premature menopause

Give long-term HRT

Women with urogenital 
symptoms

Give local rather than systemic treatment

Women with temporary ovarian 
failure (e.g. those given 
gonadorelin analogues for 
endometriosis or breast cancer)

If treatment is to be for >3 months, give 
HRT to reduce bone loss

Do not give HRT to those with: No symptoms
A low risk of osteoporosis
Breast cancer, cardiovascular disease, 
venous thromboembolic disease

6 - Adverse effects are common; they include:
Fluid retention and hypertension (affect 4% of women).• 
Painful breasts in women and gynaecomastia in men.• 
Endometrial bleeding.• 

Cyclical HRT causes withdrawal bleeding at the end of the • 
progestogen-containing phase.
Initiation of continuous treatment (with oestrogen and progestogen) • 
can cause irregular bleeding, but this should stop within 6 months.

Impaired glucose tolerance and diabetes mellitus.• 
Migraine.• 

Rare but serious adverse effects include:• 
Thromboembolism (see • b p. 498 for risk); treatment should be 
stopped, pending investigation, if this is suspected.
Endometrial carcinoma; the risk is increased 6-fold, but the overall • 
incidence is low; concomitant progestogens confer some protection.

Oestogens given during pregnancy increase the risk of vaginal adenosis • 
and increase the incidence of vaginal adenocarcinoma in female children.

7  - The effectiveness of oestrogens is reduced by drugs that are enzyme 
inducers (see b Carbamazepine, p. 286). Seek advice from a specialist 
if treatment with the following drugs is indicated: carbamazepine, 
phenytoin, St John’s wort, rifampicin, griseofulvin, and some anti-HIV 
drugs (especially protease inhibitors).
Drug interactions are unlikely with low-dose HRT.• 
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8 Safety and effi cacy
Assess the patient’s risk of VTE (• see b Progestogens, p. 502).
Assess the patient’s risk of osteoporosis (see box, • b p. 498).
Measure the BP every 6 months.• 
Women should have a cervical smear every 3 years.• 
HRT should be stopped immediately, pending investigation, if any of • 
the following occur:

Sudden chest pain suggestive of cardiac ischaemia.• 
Clinical features of venous thrombosis or pulmonary embolism.• 
New neurological symptoms, including headache and depression.• 
Hypertension (systolic BP >160 mmHg or diastolic BP >100 mmHg).• 

9 - Advise the patient of the risk of VTE and breast cancer, but weigh this 
against the benefi ts (see earlier notes).

Advise the patient that it is particularly important to keep mobile • 
and well-hydrated during long journeys.

Support stockings reduce the risk of venous thrombosis.• 
Explain that HRT is most effective for menopausal vasomotor • 
symptoms.

Prescribing information: Oestrogens
Many formulations are available. The following are offered as examples only.

Hormone replacement therapy
See earlier notes for selection guidelines.• 
Combination formulations (oestrogen plus progestogen) can be given • 
continuously or with the progestogen given cyclically. Most products are 
available in both formats; specify which is required. See earlier notes for 
appropriate selection.
Conjugated oestrogens plus progestogen.• 

Conjugated equine oestrogens 625 micrograms plus • 
medroxyprogesterone 5 mg (Premique®).

Estradiol with a progestogen.• 
Estradiol 2 mg plus norethisterone 700 micrograms (Climesse• ®).

Conjugated oestrogen only.• 
Conjugated equine oestrogens 625 micrograms (Premarin• ®).
Estradiol only.• 

Estradiol 1 mg (Progynova• ®).
Topical oestrogen.• 

Estradiol 0.1% (Ovestin• ®). Give 1 applicator dose daily for 2–3 weeks; then 
reduce to twice weekly.
Withdraw treatment every 2–3 months to assess the need for continued • 
treatment.
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Progestogens
Female sex hormones

Stimulates maturation of glandular

epithelium 

Prevents uterine contraction and

causes breast enlargement 

Contraceptive

action 

Endometrium

Pregnancy

Inhibition of gonadotrophin release

by negative feedback 

0 - Treatment of dysfunctional uterine bleeding.
Limited effect in menorrhagia (consider • 
tranexamic acid instead).

Treatment of endometriosis.• 
Treatment of menstrual disturbance.• 
Contraceptive (• see b p. 504).
Have been used to prevent spontaneous • 
abortion, but there is little evidence of their 
effi cacy; not recommended.
Treatment of cancer. Progestogens have a • 
role in the treatment of endometrial cancer; 
their specialized use in breast cancer and 
renal cell cancer has declined.

1 - Do not give progestogens during pregnancy 
(although there is little evidence of harm 
from oral contraceptives).
Do not give progestogens if the patient has a • 
history of VTE.
Avoid progestogens if the patient has genital • 
or breast cancer (unless used specifi cally for 
treatment).
Avoid progestogens in severe liver disease • 
(they are metabolized by the liver).

This includes a history of liver tumours or • 
infective hepatitis.

Do not give progestogens if the patient has porphyria.• 
4 - The most common use of progestogens is for their contraceptive 

actions. See b p. 504.

Endometriosis
If this requires drug treatment, it may respond to a progestogen.• 
Other drug treatments include danazol, gestrinone, and the • 
gonadorelin analogues.

6 - Fluid retention is common and can worsen heart failure, hypertension, 
and renal insuffi ciency.
Abdominal and lower back pain are also common.• 
Breast tenderness is uncommon.• 
Progestogens have specialized use in the treatment of breast cancer; • 
in that case they can cause amenorrhoea and hypercalcaemia.

Drugs in this class

Naturally occurring
- Progesterone

Semi-synthetic 
steroids
- Norethisterone
- Levonorgestrel
- Etynodiol
- Lynestrenol
- Norgestimate
- Medroxyprogesterone
- Etonorgestrel
- Third-generation 

drugs (fewer 
androgenic effects, 
but slightly increased 
risk of VTE)

Desogestrel• 
Gestodene• 
Drospirenone• 

Risk factors for 
venous 
thromboembolism
- Family history 

(e.g. antiphospholipid 
syndrome, factor V 
Leiden)

- Obesity (body mass 
index >30 kg/m2)

- Long-term 
immobilization

- Varicose veins
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Progestogens can cause virilization of the female fetus if given early in • 
pregnancy.
Long-term use can cause amenorrhoea (especially when given by • 
depot injection for >7 years).

7  - The effect of warfarin is reduced by progestogens.
The blood ciclosporin concentration is increased by progestogens.• 

8 Safety and effi cacy
Assess the patient’s risk of VTE (see risk factors box, • b p. 502).
Measure the BP every 6 months.• 
Women should have a cervical smear performed every 3 years.• 

9 - Advise the patient of the risk of VTE.
Advise the patient that it is particularly important to keep mobile • 
and well-hydrated during long journeys.

Prescribing information: Progestogens
Many formulations are available. The following is offered as an example.

Endometriosis
By mouth, norethisterone 10–15 mg daily for 4–6 months (or longer).• 

Start on day 5 of the menstrual cycle.• 
If bleeding occurs, increase the dose to 20–25 mg daily. Reduce the dose • 
once bleeding has stopped.
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Oral contraceptives
Female sex hormones

Stimulates maturation of glandular

epithelium 

Prevents uterine contraction and

causes breast enlargement 

Contraceptive

action 

Endometrium

Pregnancy

Inhibition of gonadotrophin release

by negative feedback 

0 - Contraceptive, available as:
Progestogen-only formulations.• 
Progestogen plus oestrogen–combined oral • 
contraceptives.
Depot injections and implants.• 
Transdermal skin patches.• 
Intrauterine progestogen-only devices.• 
Formulations for emergency contraception.• 

See • b pp. 498 and 502 for other uses of 
oestrogens and progestogens.

1 - Do not give oral contraceptives if the woman 
is pregnant, but there is little evidence of harm 
if they are given inadvertently.
Avoid oral contraceptives if the patient has a • 
history of VTE.
Avoid oral contraceptives if the patient has genital or breast cancer.• 
Avoid oral contraceptives in severe liver disease (they are metabolized • 
by the liver).
Do not give oral contraceptives if the patient has porphyria.• 
The combined oral contraceptive is not suitable for all women; see • 
cautions and contraindications box.

4 Oral contraception
The combined oral contraceptive is the most effective contraceptive • 
for general use. Progestogen-only contraceptives are suitable for older 
women, for heavy smokers, and for those with hypertension, valvular 
heart disease, diabetes mellitus, and migraine.
Progestogen-only contraceptives are preferred over the combined • 
oral contraceptive in women who are breastfeeding.
Parenteral progestogen-only contraceptives are effective, but women • 
should be carefully reviewed before they are administered, given their 
long duration of action.

The implants require specifi c training for insertion and removal.• 

 Combined oral contraceptives
If the amount of oestrogen and progestogen is fi xed, the formulation is • 
called monophasic. When the relative proportions change throughout 
the cycle, it is called biphasic or triphasic.

Phased formulations are suitable for women who do not have • 
withdrawal bleeding, or who have breakthrough bleeding with 
monophasic formulations.

Relative 
contraindications to 
the use of combined 
oral contraceptives
- Strong family history 

of arterial disease 
(avoid if abnormal 
lipid profi le)

- Diabetes mellitus 
(they worsen 
glucose tolerance)

- Hypertension 
(>140/100 mmHg)

- Smoking (avoid if 
>40/day)

- Age >35 years (avoid 
if >50 years)

- Obesity (avoid if 
body mass index 
>39 kg/m2)

- Migraine (especially if 
with focal aura or if 
severe)
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Use the lowest strength formulation that is effective.• 
For most women this will be one that contains 30–35 micrograms of • 
oestrogen.
If the woman has risk factors for thromboembolism, and an oral • 
contraceptive is still felt to be appropriate, consider giving a lower 
dose of oestrogen (20 micrograms).

The third-generation progestogens are most suitable for women • 
who have unacceptable androgenic adverse effects from other 
progestogens. However, note that the risk of thromboembolism is 
higher with these drugs (see box).
Most formulations are taken for 21 days followed by a 7-day break • 
(during which a withdrawal bleed occurs). Some formulations contain 
inactive tablets for the last 7 days and are taken continuously.
See later notes for advice to women who have missed a tablet or who • 
require emergency contraception.

6 - The most common adverse effects of the combined oral contraceptive 
pill are:

Headache, vaginal discharge, depression, reduced libido, and urinary • 
tract infection.
Uncommon adverse effects include thromboembolism (see box), • 
benign liver tumours, and gallstones.

Progestogen adverse effects; • see b p. 503.

Note on venous thromboembolism (VTE)
- The incidence of VTE:

Is about 5 per 100 000 women per year if they are not taking an oral • 
contraceptive;
Is about 15 per 100 000 women per year of use in users of second-generation • 
oral contraceptives;
Is about 25 per 100 000 women per year of use in users of third-generation • 
oral contraceptives;
Is about 60 per 100 000 pregnancies.• 

- Note that the absolute risk in women taking even a third-generation combined 
oral contraceptive is very small, much less than the risk during pregnancy.

- The available information indicates that this risk is similar with Yasmin® (a new 
progestogen) and Evra® (contraceptive patch).

Combined oral contraceptives and progestogen-only injectable • 
contraceptives are associated with an increased risk of cervical cancer 
(7 cases per 10 000 women using for 10 years).

The risk reverts to baseline 10 years after stopping the drugs.• 
The risk can be managed with regular cervical smears and • 
consideration of HPV immunization.

7  - The effectiveness of progestogen-only contraceptives and combined 
oral contraceptives is reduced by drugs that are enzyme inducers (see 
b Carbamazepine, p. 280). Seek advice from a family planning clinic if 
treatment with the following drugs is indicated: phenytoin, 
carbamazepine, St John’s wort, rifampicin, griseofulvin, and some 
anti-HIV drugs.
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Drugs that can cause diarrhoea (e.g. broad-spectrum antibiotics) • 
reduce the absorption of oral contraceptives.

Broad-spectrum antibiotics may also reduce their effect by altering • 
the enterohepatic recirculation of oestrogens in the gut. The clinical 
importance of this effect has not been established.
Advise women to take additional precautions during and for 7 days • 
after recovery from a diarrhoeal illness or a course of broad-spec-
trum antibiotics.
If the illness occurs during the last 7 days of a cycle of tablets, omit • 
the next pill-free interval.

The effect of warfarin is reduced by oral contraceptives.• 
The blood ciclosporin concentration is increased by oral • 
contraceptives.

8 Safety and effi cacy
Assess the patient’s risk of VTE (• see b risk factors, p. 502).
Measure the BP every 6 months.• 
Women should have a cervical smear performed every 3 years.• 
Combined oral contraceptives should be stopped immediately, • 
pending investigation, if any of the following occur:

Sudden chest pain suggestive of cardiac ischaemia.• 
Clinical features of venous thrombosis or pulmonary • 
embolism.
New neurological symptoms, including headache and • 
depression.
Hypertension (systolic BP >160 mmHg or diastolic BP >100 mmHg).• 

9 - Advise the patient of the risk of VTE, but weigh this against the risks of 
pregnancy (see earlier notes).

Advise the patient that it is particularly important to keep mobile • 
and well hydrated during long journeys.

Warn the patient that a diarrhoeal illness or vomiting within 3 hours of • 
taking the tablet may reduce absorption of the contraceptive.
See box in prescribing section regarding ‘missed pills’, • b p. 507.

Prescribing information: Progestogens
Many formulations are available. The following are offered as examples.

Combined oral contraceptives
Low strength.• 

Desogestrel 150 micrograms plus ethinylestradiol 20 micrograms daily • 
(Mercilon®)

Standard strength.• 
Levonorgestrel 150 micrograms plus ethinylestradiol 30 micrograms • 
(Microgynon 30®).

Oral progestogen-only contraceptives
Etynodiol diacetate 500 micrograms (Femulen• ®).

Parenteral progestogen-only contraceptives
Medroxyprogesterone 150 mg by deep intramuscular injection every • 
12 weeks (Depo-Provera®).
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Intrauterine progestogen-only system
Releases levonorgestrel 20 micrograms daily (Mirena• ®).

Emergency contraception
Levonorgestrel 1.5 mg. Take 1 tablet as soon as possible (and not more than • 
72 hours) after unprotected intercourse (Levonelle® One Step).
Ulipristal 30 mg. Take one tablet as soon as possible (and not more than • 
120 hours) after unprotected intercourse (ellaOne®).

Endometriosis
By mouth, norethisterone 10–15 mg daily for 4–6 months. Start the treat-• 
ment on day 5 of the menstrual cycle.

Advice for women who have missed a dose of an oral contraceptive
- If <12 hours late, take the missed tablet immediately. Continue the pack as 

usual. There will be no extra risk of getting pregnant.
- If >12 hours late, take the last missed tablet immediately. Throw away any 

earlier missed tablets. Avoid sex for the next 7 days or use condoms. If the 
packet is fi nished before the 7 days have passed, start another packet 
immediately (i.e. do not take a 7-day break).

- If the patient is in the fi rst week of the cycle, she may need to take emergency 
contraception before continuing the packet (unless she has not had sex in the 
previous week).*

- If the patient starts the cycle of tablets later than she should, she may need to 
take emergency contraception before continuing treatment (unless she has not 
had sex in the previous week).*

- If the patient misses two or more tablets from the fi rst seven in the pack, she 
may need to take emergency contraception before continuing treatment (unless 
she has not had sex in the previous week).*

*In these cases the patient should be advised to seek urgent advice from her GP, family planning 
clinic, or sexual health clinic.

Emergency contraception

There are two main options for emergency contraception.
- High-dose progestogen (‘morning-after pill’), which prevents implantation.

Levonorgestrel 1.5 mg taken up to 72 hours after unprotected intercourse. • 
The patient should use barrier methods of contraception until the next 
period. Warn the patient that pregnancy can still occur despite emergency 
contraception.
Hormonal emergency contraception is widely available through GPs, family • 
planning clinics, sexual health clinics, and A&E departments. It can also be 
purchased over the counter from pharmacies.

- Insertion of an intrauterine contraceptive device (IUCD or ‘coil’). This is more 
effective than hormonal methods and can be inserted up to 120 hours after 
unprotected intercourse. Insertion should be covered by antibacterial 
prophylaxis (e.g. azithromycin 1 g by mouth). The patient should be offered 
testing for sexually transmitted diseases.
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Notes on contraceptive devices
Intrauterine devices and progestogen implants are highly effective methods of 
contraception. They are more cost-effective than oral contraceptives over 
1 year of use. 

Intrauterine contraceptive devices
Consist of a copper wires or bands on a plastic frame.• 
Contraindicated in patients with copper allergy or Wilson’s disease.• 
Best fi tted towards the end of menstruation; avoid fi tting during heavy • 
days of a period.
Not normally fi tted until at least 1 month postpartum.• 
Main adverse effects are infection and perforation. The risk of infection • 
can be reduced by screening for sexually transmitted infections before 
insertion.
Irregular bleeding associated with implant use can be treated with • 
mefenamic acid or ethinylestradiol.

Intrauterine progestogen-only devices 
Release progestogen (levonorgestrel) directly into the uterine cavity.• 
Some evidence that they are associated with less dysmenorrhoea and • 
pelvic infl ammatory disease than copper IUCDs.
See • b Progestogens, p. 502 for information on contraindications and 
adverse effects. 

Contraceptive caps and diaphragms
Less effective methods of contraception.• 
Should be used in conjunction with a spermicide (e.g. nonoxinol 9).• 
Devices made from latex rubber (including condoms) may be • 
damaged and therefore rendered ineffective by oil-based products 
(e.g. petroleum jelly, baby oil).
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Gonadorelin analogues
Analogues of naturally-occurring peptide hormones

Gonadorelin

is released

from the

hypothalamus

It stimulates

production

of luteinizing

hormone

(LH) and

follicle

stimulating

hormone

(FSH)

Stimulates

production of

androgens and

oestrogens  

Gonadorelin

analogues cause an

intense initial release

of LH and FSH. This

is followed by marked

downregulation,

resulting in overall

inhibition of

oestrogen and

androgen production.

0 - Most of the uses of these drugs are 
specialized.

Endometriosis• 
Infertility—to cause desensitization before • 
in vitro fertilization.
Treatment of anaemia due to uterine • 
fi broids (plus iron).
To reduce uterine fi broid size before • 
surgery.
Treatment of breast and prostate cancer.• 

1 - Women must use non-hormonal (barrier) 
methods of contraception while taking these 
drugs.
Gonadorelin analogues are contraindicated • 
during pregnancy. Pregnancy must be excluded before they are given.
Gonadorelin analogues reduce bone mass; take care in those at risk of • 
osteoporosis (see b Oestrogens, p. 498 for a list of risk factors).
No dosage change is usually required in renal or hepatic insuffi ciency.• 
Gonadorelin analogues should not be given to women with undiag-• 
nosed vaginal bleeding.
Take care if the patient has polycystic ovaries; these drugs can cause • 
them to increase in size.

4 Prostate cancer
Treatment with one of the gonadorelin analogues is an alternative to • 
orchidectomy.
Some men are at risk of a tumour fl are on starting these drugs; • 
consider concomitant antiandrogen drug treatment (see b 
Antiandrogens, p. 516).
The disease usually responds for between 12 and 18 months.• 
There are no very satisfactory alternatives once the disease stops • 
responding.

Drugs in this class
- Buserelin
- Goserelin
- Leuprorelin
- Nafarelin
- Triptorelin

Other drugs that 
inhibit pituitary 
gonadotrophins

(Not considered in 
further detail)
- Danazol

An inhibitor of • 
pituitary 
gonadotrophins
Semi-synthetic • 
steroid with 
androgenic actions

- Gestrinone
Similar actions to • 
danazol

- Cetrorelix and 
ganirelix

LH-releasing • 
hormone 
antagonists
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Breast cancer
Gonadorelin analogues are indicated for:• 

Advanced breast cancer in postmenopausal and perimenopausal • 
women as an alternative to chemotherapy (in those with oestrogen 
receptor positive tumours).
Early breast cancer in postmenopausal and perimenopausal women.• 

6 - The most common adverse effects of gonadorelin analogues are 
menopausal symptoms in women:

Vasomotor symptoms.• 
Reduced bone density.• 
Withdrawal bleeding.• 
The effect of these can be reduced by giving HRT.• 

In men, gonadorelin analogues can cause a tumour fl are (see earlier • 
notes), sexual dysfunction, and gynaecomastia.
Other adverse effects include:• 

Headache.• 
Palpitation.• 
Local irritation from the nasal spray formulations.• 
Rash and local irritation at injection sites.• 

Less common adverse effects include:• 
Increase in the size of ovarian cysts (these can become very large).• 
Hypertension.• 
Hypersensitivity and anaphylaxis rarely.• 

7  - There are no important drug interactions.

8 Safety and effi cacy
Treatment with gonadorelin analogues should not exceed 6 months, • 
except for treatment of cancer.
Consider bone protection if treatment with gonadorelin analogues is • 
likely to exceed 3 months (see b p. 498) for more information.

9 - Warn female patients that these drugs cause menopausal symptoms.
Remember that smoking and excessive alcohol consumption will • 
worsen bone loss.
Avoid using nasal decongestant drugs if taking these drugs by nasal • 
spray.

Prescribing information: Gonadorelin analogues
Goserelin

For breast or prostate cancer.• 
By subcutaneous injection into the anterior abdominal wall, 3.6 mg every • 
28 days (supplied with a special applicator).
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Androgens and anabolic steroids
Male sex hormones

Testosterone

Interstitial

cells of testis

Androgenic

effects

Luteinizing

hormone 

Male sexual and secondary 

sexual features

Muscle mass

Anabolic

effects

0 - Replacement therapy (testosterone is the drug 
of choice).

Testicular or pituitary failure.• 
Nandrolone has been used for treatment of osteoporosis in • 
postenopausal women, but it is no longer recommended.
Treatment of hereditary angio-oedema (specialized use)—danazol.• 
Sometimes used for treatment of aplastic anaemia, but this is • 
controversial.
Palliation of itching secondary to cholestatic jaundice in terminal care.• 

1 - Do not give androgens during pregnancy or breastfeeding; they cause 
virilization of female fetuses.
Do not give androgens to men with prostate or breast carcinoma.• 
If the patient has skeletal metastases these drugs can cause • 
hypercalcaemia; take care.
Androgens can cause fusion of the epiphyses; take care in children and • 
young adults.
Use androgens with caution in patients with cardiovascular disease, • 
hypertension, or diabetes mellitus.

4 Replacement therapy
Intramuscular depot injection is an established method of delivery of • 
testosterone for replacement.

Note that several depot injections contain peanut oil; check that the • 
patient does not have a nut allergy.
Several other preparations are available including implants, • 
transdermal patches, and transdermal gels.

If the patient has pituitary insuffi ciency, continuous treatment will • 
stimulate sexual development but may not restore fertility. 
Testosterone needs to be given in a pulsatile fashion if fertility is 
required.
Hypogonadism is a risk factor for osteoporosis (• see b Oestrogens. 
p. 498) for more information.
The other indications for androgens are specialized and are not • 
considered further here.

6 - Adverse effects are common and result from the virilizing effects of 
these drugs.

Virilization effects in women may be unacceptable.• 
Acne is common.• 

Androgens can cause fusion of the epiphyses in children causing short • 
stature.

Drugs in this class

Androgenic steroids
- Testosterone salts
- Mesterolone

Anabolic steroids
- Nandrolone
- Danazol
- Clostebol
- Metenolone
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Androgens cause sodium and water retention, and can cause • 
hypertension.

They increase the risk of cardiovascular disease.• 
There may be an increased risk of liver tumours when androgens are • 
given for long periods.

7  - Androgens can enhance the effect of warfarin.

Safety and effi cacy
8  - Monitor growth in children given androgens.

Measure the BP regularly.• 
Assess the patient’s cardiovascular risk factors and treat appropriately.• 

9 - Advise the patient of the cardiovascular risks associated with 
inappropriate use of these drugs.

Prescribing information: Androgens and anabolic steroids
Several formulations are available. The following is offered as an example.

Sustanon 250® for replacement therapy
By deep intramuscular injection, 1 mL monthly.• 
Contains testosterone propionate 30 mg, testosterone phenylpropionate • 
60 mg, testosterone isocaproate 60 mg, and testosterone decanoate 100 mg.
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Sport and drugs 

The rewards, both social and fi nancial, for those at the top of their sport are 
considerable. The pressure on athletes to perform is enormous. Illicit use of 
performance enhancing drugs and supplements is seen among amateurs as well as 
professionals. Some of these are associated with substantial health risks, which may 
present to the physician. A detailed discussion of antidoping measures is beyond 
the scope of this book, but the following provides a summary of the types of drugs 
that may be used to enhance sporting performance. Consider performance 
enhancing drugs in your differential diagnosis. 

Drugs used to enhance performance in sport
All are on the Prohibited List produced by the World Anti-Doping Agency 
(M http://www.wada-ama.org/en/).

Drug Potential adverse effects

Substances prohibited at all times

Anabolic androgenic steroids, both 
endogenous and exogenous

Increased cardiovascular risk
Hypogonadism
Psychiatric symptoms

Erythropoietin analogues (EPO) Polycythaemia, thrombosis

Growth hormone (hGH); insulin-like 
growth factors (e.g. IGF-1); 
mechano  growth factors (MGFs)

Acromelagy
IGD can cause hypoglycaemia

Gonadotrophins (LH, hCG). 
Prohibited in men only

hCG used to stimulate production of 
sex steroids (especially testosterone); 
adverse effects are those of anabolic 
steroids

Insulin Hypoglycaemia

Corticotrophins Osteoporosis

β2 adrenoceptor agonists Cardiotoxic in high doses

NB: an exemption can be applied for is 
used by inhalation

Agents with antioestrogenic activity 
(e.g. aromatase inhibitors, SERMs)

Stimulate production of sex steroids 
(especially testosterone); adverse 
effects are those of anabolic steroids

Diuretics and other masking agents Hypovolaemia

Electrolyte disturbance

Enhancement of oxygen transfer by 
blood doping and related methods

Risk of incompatibility; viral infections; 
polycythaemia, thrombosis; experi-
mental (untested) products; allergic 
reactions to exogenous substances

TEACHING 
POINT
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Prohibited during competitions

Stimulants

Narcotics

Cannabinoids

Glucocorticosteroids

Prohibited in some sports

Alcohol

Beta-blockers



516 SEX STEROIDS BNF Reference 8.3.4.2, 6.4.2 and 13.6.2

Antiandrogens
A heterogeneous group of drugs, but all antagonize the actions of 
androgens (male sex hormones)

-Reduction in prostate gland growth

-Reduced masculinization

-Reduced spermatogenesis

TestosteroneInhibited by

finasteride

Dihydrotestosterone

(more active form)

5A-reductase

Flutamide

Reduces androgen

uptake into cells

and reduces

intracellular

binding of

androgens to

their receptors

Androgen

receptor

antagonists

-Bicalutamide

-Cyproterone 

0 - Treatment of prostate carcinoma (see box).
Inhibition of the tumour fl are associated with initiation of • 
gonadorelin analogue therapy.
Treatment of prostate carcinoma refractory to gonadorelin • 
analogues.

Treatment of benign prostatic hyperplasia (fi nasteride).• 
Cytoproterone is occasionally used, in combination with • 
ethinylestradiol, for the treatment of severe acne and hirsutism in 
women (specialized use).
Cyproterone is occasionally used for the treatment of severe • 
hypersexuality and sexual deviation (specialized use).

1 - These drugs are metabolized in the liver; their effects can be greatly 
enhanced if the patient has severe hepatic insuffi ciency. This is particu-
larly true of cyproterone. Reduce the dose or consider another drug.
These drugs are rarely given to women, but will cause feminization of • 
a male fetus if given during pregnancy.
Dosage adjustment is not usually required in renal insuffi ciency.• 
If cyproterone is to be used for hypersexuality, the following contrain-• 
dications apply. They do not apply to the use of the drug for prostate 
cancer, when the risk/benefi t equation is different.

Under 18 years old.• 
Severe diabetes mellitus.• 
History of thromboembolism.• 
Sickle cell disease.• 

The combination of cyproterone and ethinylestradiol is • 
contraindicated in women with a personal or close family history 
of thromboembolism.

Drugs used for 
prostate cancer

First-line
- (Orchidectomy)
- Gonadorelin 

analogues
- (Diethylstilbestrol—

poorly tolerated)

For prostate 
 carcinoma refractory 
to gonadorelin 
 analogues
- Anti-androgens

Bicalutamide• 
Cyproterone • 
acetate
Flutamide• 
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4 Inhibition of the tumour fl are associated with starting 
gonadorelin analogue therapy
Gonadorelin analogues initially stimulate release of LH, followed by a • 
prolonged fall. This initial release can induce a tumour fl are; in rare 
cases this has led to spinal cord compression.
Start the antiandrogen 3 days before the gonadorelin analogue and • 
continue treatment for 3 weeks.

Treatment of prostate carcinoma refractory to gonadorelin 
analogues
There are several therapeutic options in refractory prostate cancer. • 
Specialist advice should be sought.

Treatment of benign prostatic hyperplasia (fi nasteride)
See • b Alpha-adrenoceptor antagonists, p. 546 for more information.
Reduced testosterone metabolism reduces prostate size. This • 
improves obstructive symptoms.
It can take several months before the full effect of treatment is seen.• 
An alternative drug treatment is an • A1-selective alpha-blocker, but 
fi nasteride may be a better choice if the prostate is very enlarged.

Treatment of severe acne and hirsutism in women 
(cyproterone)
Cyproterone acetate is given in combination with ethinylestradiol in • 
a cyclical manner. Treatment is usually for 21 days, followed by 
7 days off.
Once the acne has resolved, treatment should be stopped.• 

Treatment of severe hypersexuality (cyproterone)
This is a specialized use and should not be undertaken except by • 
specialists.
Cytoproterone reduces libido and fertility, but is not a male • 
contraceptive.

6 - The anti-androgenic actions of these drugs will often cause the 
following symptoms in men:

Hot fl ushes.• 
Breast tenderness/gynaecomastia.• 
Reduced libido and erectile impotence.• 

In addition, these drugs can cause gastrointestinal adverse effects: • 
nausea, vomiting, anorexia, constipation, and diarrhoea.
Hepatotoxicity• 

Cyproterone acetate. This is characterized by raised transaminases • 
and can be severe. It is more common at higher dosages 
(200–300 mg daily) and usually develops 2–3 months after starting 
treatment. See monitoring section.
Bicalutamide and fl utamide can cause cholestasis.• 

7 - These drugs are subject to few drug interactions.
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8 Safety
Cyproterone•  Measure the liver transaminases before treatment starts, 
after 2–3 months, and 6-monthly thereafter.
If cyproterone is to be used for hypersexuality it is recommended that • 
a full blood count and spermatogram are performed before treatment 
starts.

Effi cacy
Assessment of treatment effi cacy in prostate cancer is complex, but • 
will usually include clinical assessment and measurement of the 
prostate-specifi c antigen (PSA).
Note that fi nasteride can reduce markers such as the PSA and thus • 
interfere with the diagnosis and monitoring of prostate cancer.

9 - Warn the patient of the risk of gynaecomastia and breast tenderness.
Warn the patient about the possibility of erectile impotence.• 
Warn the patient that these drugs can take some time to become fully • 
effective.

Prescribing information: Antiandrogens
Bicalutamide

With orchidectomy or gonadorelin therapy, by mouth, 50 mg daily (in • 
gonadorelin therapy, started 3 days before; see earlier notes).
For advanced prostate cancer, by mouth, 150 mg once daily.• 

Flutamide
For prostate cancer, by mouth, 250 mg 3 times daily.• 

Finasteride
For benign prostatic hyperplasia, by mouth, 5 mg daily.• 

Cyproterone acetate
Flare with initial gonadorelin therapy, 200 mg daily in two or three divided • 
doses, followed by 200 mg daily in two or three divided doses if necessary.
Long-term palliative therapy when gonadorelin analogues or orchidectomy • 
are contraindicated, or not tolerated, or when oral therapy is preferred, 
200–300 mg daily in two or three divided doses.
Hot fl ushes with gonadorelin therapy or after orchidectomy, initially • 
50 mg daily, adjusted according to response to 50–150 mg daily in 1–3 
divided doses.
Male hypersexuality, 50 mg twice daily after food.• 
Hormone treatment for acne, co-cyprindiol 2000/35 (cyproterone acetate • 
2 mg, ethinylestradiol 35 micrograms).

One tablet daily for 21 days starting on day 1 of menstrual cycle and • 
repeated after a 7-day interval; usually given for several months.
Withdraw when acne or hirsutism has completely resolved (repeat • 
courses can be given if they recur).
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Selective oestrogen receptor modulators 
(SERMs)

Oestrogen
receptor

SERM

Modulation of
oestrogen activity:
antagonist and
partial agonist
activity,
depending on the
molecule, the
tissue, and
oestrogen
concentration

• Endometrium
• Lipids
• Cardiovascular system
• Ovulation
• Feminization
• Control of pregnancy

• Breast cancer
• Thromboembolism

Beneficial effects

Adverse effects

These molecules bind with high affi nity to oestrogen receptors. Depending on 
the molecule and the site of the receptor they may have agonist or antagonist 
actions.

Treatment of breast cancer—see later notes for details (tamoxifen, toremifene, 
and fulvestrant).
0 - Treatment of female infertility owing to oligomenorrhoea or 

secondary amenorrhoea (e.g. polycystic ovary syndrome); specialized 
use of tamoxifen.
Treatment of mastalgia when it is clearly cyclical and related to • 
oestrogen production; unlicensed use of tamoxifen.
Treatment and prevention of osteoporosis in postmenopausal women • 
(raloxifene).

1 - These drugs are contraindicated in pregnancy. Ensure that 
premenopausal women use a non-hormonal form of contraception.
These drugs are associated with an increased risk of thromboembo-• 
lism. Avoid in those with a history of thromboembolism. If there is no 
alternative, take appropriate precautions.
No dosage adjustment of tamoxifen or toremifene is usually required • 
in renal or hepatic insuffi ciency.
Raloxifene is contraindicated in severe renal insuffi ciency and is not • 
recommended in those with hepatic insuffi ciency. 
Toremifene is contraindicated in patients with a prolonged • 
QT interval.
These drugs do not share all of the same properties and should not be • 
used interchangeably.

4 Breast cancer
Tamoxifen delays oestrogen-driven growth of tumours and metastases • 
and prolongs life.
It is effective in both premenopausal and postmenopausal women with • 
breast cancer.

Aromatase inhibitors (see • b Aromatase inhibitors, p. 524) are 
 generally considered to be more effective in postmenopausal disease 
and are preferred.

Drugs in 
this class
- Tamoxifen
- Toremifene
- Raloxifene
- Fulvestrant
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Progestogens have a role in postmenopausal women with advanced • 
breast cancer; they are as effective as tamoxifen, but they are not as 
well tolerated; they are less effective than the aromatase inhibitors.

Adjuvant hormone antagonist therapy reduces the risk of cancer in the • 
other breast and should generally be continued for 5 years after 
removal of the tumour. In those considered for extended adjuvant 
therapy, 5 years of tamoxifen is followed by an aromatase inhibitor, 
such as letrozole, for a further 3 years. Tamoxifen should not be used 
in combination with aromatase inhibitor.
About 60% of oestrogen receptor-positive cancers respond. Under • 
10% of oestrogen receptor-negative cancers respond.
No additional benefi t has been demonstrated with tamoxifen at daily • 
doses >20 mg.
Toremifene is licensed for steroid hormone receptor-positive • 
metastatic breast cancer in postmenopausal women, but it is not often 
used.
Fulvestrant is licensed for the treatment of oestrogen receptor-• 
positive metastatic or locally advanced breast cancer in postmeno-
pausal women in whom the disease progresses or relapses during or 
after therapy with other antioestrogens. It is given by monthly intra-
muscular injection. 
Although the combination has been studied in clinical trials, it is • 
preferable not to use tamoxifen in combination with aromatase 
inhibitors. The reason is that tamoxifen is a partial agonist. When 
oestrogen concentrations are very low (e.g. in a postmenopausal 
woman taking an aromatase inhibitor) the partial agonist effect 
predominates and tamoxifen is weakly oestrogenic, a disadvantage 
in this setting. In the presence of higher endogenous oestrogen 
concentrations, tamoxifen acts as an antagonist.

Female infertility
Tamoxifen reduces oestrogen feedback on the pituitary, increasing • 
gonadotrophin release. This promotes effective ovulation.
This is a specialized use and requires appropriate investigation and • 
supervision.

Mastalgia
Rule out serious causes of breast pain before considering treatment • 
with tamoxifen.
Consider simple analgesia fi rst.• 

Gamolenic acid (derived from evening primrose oil) is no longer • 
licensed for this indication, because of lack of evidence of benefi t.

If tamoxifen is appropriate, give it on the days when symptoms are • 
predicted.

Osteoporosis
Raloxifene is indicated for the prevention of osteoporosis in postmen-• 
opausal women.

In clinical trials a benefi t on vertebral fractures has been demon-• 
strated. Benefi t on non-vertebral fracture has not been established.
Note that raloxifene will not treat menopausal symptoms such as • 
hot fl ushes.
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Raloxifene also reduces total cholesterol (36%), and LDL cholesterol • 
(4–10%), but this is not associated with benefi cial cardiovascular 
outcomes (see adverse effects section).
The available evidence is that raloxifene does not have agonist activity • 
in breast tissue. 

6 - Adverse effects are related to inhibition of the effects of oestrogen.
Tamoxifen and toremifene cause endometrial changes and increases • 
the risk of endometrial cancer.

Promptly investigate any menstrual irregularity, bleeding, discharge, • 
or pelvic pain.
The CSM has advised that the risk of endometrial cancer is usually • 
greatly outweighed by the benefi ts from treating breast cancer with 
tamoxifen.

Raloxifene is not associated with endometrial proliferation but should • 
not be used in those with endometrial cancer as there are no data to 
support this. 
Fulvestrant: there is little information on the effect of fulvestrant on • 
the endometrium.
In clinical studies raloxifene was not associated with an increased risk • 
of myocardial infarction, acute coronary syndrome, overall mortality, 
or stroke, compared to placebo. However, there was a small increase 
in death due to stroke in women assigned to raloxifene. Reconsider 
use of raloxifene in patients at high risk of stroke. 
Tamoxifen can cause menopausal symptoms: hot fl ushes, vaginal • 
bleeding, and discharge (see earlier note on effects on the 
endometrium).
These drugs increase the risk of thromboembolism. Take precautions • 
and advise the patient to report swollen, painful legs or breathlessness 
promptly. The risk is similar to that of HRT.

The risk is greater if they are used with cytotoxic drugs.• 
Toremifene can prolong the QT interval. Avoid it in patients with • 
prolonged QT interval, a history of arrhythmias or heart disease, and 
those taking other drugs that can prolong the QT interval.
Nausea and vomiting are common (10% of patients).• 
Tamoxifen can cause oedema.• 
Occasionally, tamoxifen causes a tumour fl are with pain. It can also • 
cause hypercalcaemia if bony metastases are extensive.
There is a risk of multiple pregnancy when tamoxifen is used for • 
infertility, but this is rarely more than twins.

7 - These drugs potentiate the effect of warfarin. Take care when starting 
or stopping them.

Fulvestrant should not be used with anticoagulants because it is • 
given by intramuscular injection.

8 Safety and effi cacy
Check the histology report to see if the patient is likely to benefi t from • 
treatment (oestrogen receptor-positive).
Ensure that the patient is well hydrated and measure the serum • 
calcium if she has bony metastases and is starting to use tamoxifen.
Look for signs of deep venous thrombosis or pulmonary embolism.• 
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9 - Advise the patient to report menstrual irregularity or vaginal 
discharge/bleeding promptly.
Warn the patient of the risk of VTE; advise her how to recognize the • 
signs.
Warn the patient of the risk of multiple pregnancy when tamoxifen is • 
used for infertility.

Prescribing information: Tamoxifen
Breast cancer, by mouth 20 mg daily.• 
Infertility (specialized use), by mouth, 20 mg on days 2, 3, 4, and 5 of • 
the cycle.

Raloxifene
Postmenopausal osteoporosis 60 mg daily by mouth.• 
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Aromatase inhibitors
Aromatase inhibitors act by blocking the conversion of androgens to 
oestrogens in the peripheral tissues

Androstenedione

Androstenedione

Aromatase

Steroidal inhibitors (e.g.

exemestane) compete with

androstenedione and

irreversibly inactivate the

enzyme

Non-steroidal inhibitors

(e.g. anastrozole, letrozole)

compete with androstene-

dione and reversibly

inactivate the enzyme

Estrone

Estradiol

0 - Treatment of oestrogen receptor-positive breast cancer in 
postmenopausal women.

1 - These drugs are contraindicated in pregnancy. 
They do not inhibit ovarian oestrogen synthesis, and should not be • 
used in premenopausal women. Check LH and FSH if you are unsure 
whether the patient is postmenopausal.
They can cause a reduction in bone mineral density. If a woman is at • 
risk of osteoporosis check bone mineral density before treatment. 
Do not give these drugs with oestrogen-containing therapies, which • 
negate the pharmacological effect of the aromatase inhibitor. 
Avoid these drugs in patients with severe renal or hepatic insuffi ciency. • 

4 Breast cancer
NICE has recommended these drugs as options for the adjuvant • 
treatment of early oestrogen receptor-positive invasive breast cancer 
in postmenopausal women.
Anastrozole and letrozole are at least as effective as tamoxifen for • 
fi rst-line treatment of metastatic breast cancer in postmenopausal 
women. 
However, it is not yet known whether the benefi ts of aromatase • 
inhibitors persist over the long term.
Treatment should be under the direction of a specialist • 

6 - Adverse effects are related to inhibition of the effects of oestrogen.
The most common adverse effects are: hot fl ushes, vaginal dryness, • 
vaginal bleeding, hair thinning, anorexia, nausea, vomiting, diarrhoea, 
and headache.

These drugs may increase the risk of thromboembolism. Take • 
precautions and advise the patient to report swollen, painful legs, or 
breathlessness promptly. 

These drugs are associated with rare severe hypersensitivity reactions, • 
including StevensJohnson syndrome.

7 - Drug interactions with these drugs are rare. 
Do not give aromatase inhibitors with oestrogen-containing therapies • 
or tamoxifen, which negate their pharmacological effect.

Drugs in this class
- Anastrozole
- Letrozole
- Exemastane 
- (Aminoglutethimide 

and trilostane are 
poorly tolerated 
and may need 
corticosteroid 
replacement.)
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8 Safety and effi cacy
Check the histology report to see if the patient is likely to benefi t from • 
treatment (oestrogen receptor-positive).
Look for signs of deep venous thrombosis or pulmonary embolism.• 
Consider prophylaxis against osteoporosis in patients at risk.• 

9 - Warn the patient of the potential risk of VTE; advise her how to 
recognize the signs.

Prescribing information: Aromatase inhibitors
Anastrozole

Breast cancer, by mouth 1 mg daily.• 

Exemestane
Breast cancer, by mouth 25 mg daily.• 

Letrozole
Breast cancer, by mouth 2.5 mg daily.• 
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Prostaglandins
Metabolites of arachidonic acid

Prostaglandins are rapidly metabolized (90% degraded

on a single passage round the body), therefore most

effects are local

Actions of prostaglandins

Reduction in gastric

acid production,

increased gastric

mucus production

Increased nociceptor

sensitivity

Uterine contraction

Bronchodilatation

(PGE2, PGI2) and

bronchoconstriction

(PGF2A)

Fever

Increased renal

blood flow

Vasodilatation and

inhibition of platelet

aggregation

Reduced intraocular

pressure

Lipoxygenase Leukotrienes

(see leukotriene

antagonists,

bp. 262)

Thromboxane

Prostaglandins

(including

prostacyclin)

Cyclo-

oxygenase

(also see

NSAIDS,

bp. 742)

Arachidonic acid

0 - Prostaglandins and prostaglandin analogues have a wide range of 
clinical uses, but the different drugs are not interchangeable.
Prostacyclin (epoprostenol) is a potent vasodilator given by infusion for:• 

Inhibition of platelet aggregation during dialysis.• 
Primary pulmonary hypertension.• 

Treatment of erectile dysfunction (alprostadil, prostaglandin E1).• 
Maintenance of patent ductus arteriosus in patients with congenital • 
heart disease before surgery (prostaglandin E1); specialized use.
Treatment of glaucoma (latanoprost, travoprost, bimatoprost).• 
Obstetric uses (gemeprost, dinoprostone, misoprostol).• 

Induction and augmentation of labour.• 
Second-line treatment of postpartum haemorrhage.• 
Induction of abortion.• 

Misoprostol is used for treatment and prevention of benign gastric and • 
duodenal ulcers (see b Misoprostol, p. 38).

1 - Consider all the potential actions of these drugs before giving them 
systemically.
Systemic use of prostaglandins is contraindicated during pregnancy • 
(unless used for obstetric purposes outlined earlier).
Do not give prostaglandins to women with unexplained vaginal • 
bleeding.

Drugs in this 
class

Note that they 
are not 
interchangeable 
(see indications 
section)
- Prostacyclin 

(epoprostenol)
- Alprostadil
- Prostaglandin 

E1
- Bimatoprost
- Dinoprostone
- Gemeprost
- Latanoprost
- Travoprost
- Misoprostol 

(see b p. 38)
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Avoid giving prostaglandins for erectile dysfunction if the patient has a • 
physical abnormality of the penis (e.g. cavernosal fi brosis). Refer the 
patient for a specialist opinion.

Take care if the patient is at risk of priapism (e.g. in sickle cell • 
disease).

4 Treatment of glaucoma (see b p. 683 for guidance)
See also • b Beta-blockers, p. 158.
Until recently, beta-blockers were fi rst-line therapy. Latanoprost is • 
now an alternative fi rst-line therapy.
Latanoprost is more effective at lowering intraocular pressure than • 
timolol (a beta-blocker). It causes fewer systemic unwanted effects and 
has fewer contraindications. Latanoprost is given once daily but costs 
about four times as much as timolol.
Many patients with glaucoma will require treatment with more than • 
one drug in order to reduce their intraocular pressure suffi ciently.

Obstetric uses
The use of prostaglandins in obstetrics should be under the direction • 
of a specialist. Prostaglandins are indicated for induction and augmen-
tation of uncomplicated labour. Seek further guidance if the pregnancy 
has been complicated in any way.
Vaginal prostaglandin E• 2 is the preferred method of induction of 
labour. Dinoprostone is given vaginally to ripen and soften the cervix.
Oxytocin (Syntocinon• ®) is then given systemically to augment uterine 
contraction. There should be a 6-hour delay after the prostaglandin 
before oxytocin is given.
Gemeprost and misoprostol are used for medical induction of abor-• 
tion (specialized use).
See • b Misoprostol, p. 38 for its other uses.
NICE offers the following advice for the management of induction of • 
labour (full guidance available at M http://www.nice.org.uk);

One cycle of vaginal PGE• 2 tablets or gel: one dose, followed by a 
second dose after 6 hours if labour is not established (up to a 
maximum of two doses).
One cycle of vaginal PGE• 2 controlled-release pessary: one dose over 
24 hours.
When offering PGE• 2 for induction of labour, healthcare professionals 
should inform women about the associated risks of uterine 
hyperstimulation

Carboprost is used as a second-line treatment in postpartum • 
haemorrhage.

Ergometrine and oxytocin (Syntometrine• ®) are fi rst-line drugs.

Erectile dysfunction
See • b Sildenafi l, p. 236 for more information on the aetiology and 
investigation of erectile dysfunction.
The Government has set limits on the prescribing of drugs in the NHS • 
for erectile dysfunction in the UK. See b Sildenafi l, p. 236 for details.
Alprostadil is given by intracavernosal injection or intraurethral • 
application.
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Prostacyclin
This is an effective treatment for primary pulmonary hypertension • 
resistant to other treatment, but it has to be given by intravenous 
infusion as it has a short half-life (3 minutes). It is often given with an 
anticoagulant.

6 - Large doses of prostaglandins given during labour can cause uterine 
rupture.
Other adverse effects from systemic prostaglandins include: nausea • 
and vomiting, bronchospasm, fl ushing, hypertension, cardiovascular 
collapse.

The risk of severe effects is greatest with prostacyclin.• 
Topical prostaglandins applied to the eye increase brown pigmentation • 
of the iris and can cause local irritation.

7  - Prostaglandins are subject to few drug interactions.
Systemic prostaglandins can enhance the effects of other drugs that • 
lower BP.
Prostaglandins enhance the actions of oxytocic drugs.• 

8 - In patients taking a prostaglandin to prevent NSAID-induced blood 
loss, blood loss can nevertheless occur and can be occult and chronic. 
Have a low threshold for measuring a full blood count. Chronic 
diseases are often associated with an anaemia, but ensure that it is not 
due to iron defi ciency through blood loss.

9 - Warn women that they should not take these drugs systemically if 
they are planning a pregnancy (topical formulations are safe).
Warn patients that prostaglandin eye drops will increase brown • 
pigmentation of the eye.

Prescribing information: Prostaglandins
The following is given as an example.

Glaucoma
Latanoprost eye drops 50 micrograms/mL. Apply once daily, preferably in • 
the evening.

The other indications are specialized; seek expert advice.
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Oxytocin
An endogenous posterior pituitary hormone

Stimulation of uterine

contraction

Stimulation of breast

lactation

0 - To induce or augment labour.
Prostaglandins are preferred (• see 
b Prostaglandins, p. 526).

To treat and prevent postpartum haemorrhage.• 
Syntometrine• ® is routinely used for the active management of the 
third stage of labour.

1 - Drugs should never be used if there is a mechanical obstruction to 
labour.
Induction and augmentation of labour should be under the direction of • 
a specialist.

4 Obstetric uses
These drugs are indicated for augmentation of uncomplicated labour. • 
Seek further guidance if the pregnancy has been complicated.
Oxytocin should usually only be given 6 hours after a prostaglandin has • 
been given vaginally.
Oxytocin is given by intravenous infusion. Start with a very low dose • 
and gradually increase the dose as required. See teaching point box, 
b p. 531, for more information.
Take care—excessive doses can cause serious adverse effects.• 

 Postpartum haemorrhage
Give oxytocin by intravenous infusion at a rate to control uterine • 
atony. Note that oxytocin will not constrict blood vessels directly.
If the patient does not respond, consider giving a prostaglandin.• 

6 - Very rapid induction of labour can cause amniotic fl uid embolism; 
increase the dose gradually.
Large doses can cause fl uid retention (water intoxication and • 
hyponatraemia).
Oxytocin can cause hypersensitivity reactions. The most common • 
reaction is a rash, but it can also cause non-IgE-mediated anaphylactic 
(anaphylactoid) reactions (see b Acetylcysteine, p. 700).

7 - These drugs are subject to few drug interactions.
They enhance the actions of prostaglandins given during labour.• 

8 - Measure the number of contractions in 10 minutes (aim for 3 or 4). 
Measure the fetal heart rate. Seek expert advice if labour is not 
progressing or there are signs of fetal distress.
Follow the advice in the teaching box on drug dilution, so that the • 
concentration delivered is standardized.

9 - Warn women that uterine contractions will be painful and that 
oxytocin will make contractions more frequent and stronger.

Formulations 
available

(Note the similar 
sounding names)
- Oxytocin alone 

(Syntocinon®)
- Oxytocin with 

ergometrine 
(Syntometrine®)
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Prescribing information: Oxytocin
Induction and augmentation of labour (NICE guidance)

Oxytocin, 10 units in 500 mL of 5% glucose or 0.9% saline. A rate of 3 mL/h • 
will deliver 0.001 units/minute.
Start the infusion at 0.001–0.004 units/minute.• 
Increase the rate at intervals of not less than 30 minutes.• 
Aim for 3 or 4 contractions every 10 minutes.• 
A dosage of 0.012 units/minute is usually adequate.• 
The maximum rate is 0.02 units/minute.• 

Prevention of postpartum haemorrhage
Syntometrine• ® (oxytocin 5 units, ergometrine 500 micrograms); single intra-
muscular injection on delivery of the baby.

Treatment of postpartum haemorrhage
Begin with oxytocin, 5–10 units by intravenous injection.• 
If required, follow this with an infusion of 40 units in 500 mL, given at a rate • 
to induce uterine contractions.

Practical advice on the safe use of variable-
rate intravenous infusions

- If drugs are given by variable-rate intravenous infusion (e.g. in intensive care), 
precision is essential; the potential for harm is great.

The following is offered as general advice.
- Maintain strict asepsis throughout. Change intravenous cannulae regularly (every 

2 days). Remove any lines that show signs of infection.
- Ensure that you have secure, free-fl owing venous access.

In many cases, central venous access is required (e.g. when giving • 
noradrenaline).

- It is good practice to give each drug through a separate intravenous line.
Some drugs must not be mixed (e.g. calcium gluconate and sodium • 
bicarbonate will form insoluble calcium carbonate if mixed). If two infusions 
must be given together, check the compatibility with a pharmacist.
Stop the infusion if the solution becomes discoloured or cloudy.• 

- Check whether the solution needs special handling. For example:
To be shielded from light.• 
To be buffered to a certain pH before use.• 

- Control the rate of infusion with an infusion pump whenever possible. Relying 
on counting the drip rate in a standard giving set is unwise; the rate can change 
with the position of the infusion bag or position of the intravenous cannula.

- Use standard dilutions of drugs. It is usually better to alter the rate of the 
infusion rather than the amount of drug in the infusion.

Standard dilutions make calculations easier and are recognizable to other • 
healthcare professionals, reducing the risk of administration errors.
For example, if one adds 50 units of soluble insulin to 50 mL isotonic saline, • 
the rate (in mL/hour) is clearly related to the dose delivered (in units/hour). 
By contrast, an infusion containing 35 units soluble insulin in 50 mL of isotonic 
saline delivers 0.7 units/mL; this is likely to cause confusion and makes 
calculating the rate required much more diffi cult.

TEACHING 
POINT
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Somatostatin and analogues
Naturally occurring peptide hormone and its analogues

Peptide produced in

the hypothalamus that

reduces release of

growth hormone 

Acts as a 

neurotransmitter in

the spinal cord

Reduces gastrin

secretion 

Inhibits secretion

of mediators by

carcinoid tumours

(e.g. 5-HT,

neurokinin A)  

Reduces secretion of

insulin and glucagon

Symptomatic

treatment of

carcinoid tumours  

Treatment of

acromegaly 

Can worsen control

of Type II diabetes

mellitus   

Can cause fat 

malabsorption

diarrhoea 

Reduces exocrine

secretion by

pancreas

0 - Treatment of acromegaly.
Relief of symptoms of neuroendocrine tumours • 
(especially carcinoid tumours).
Adjunctive treatment of bleeding oesophageal varices; specialized, • 
unlicensed use.
Prevention of complications following pancreatic surgery; • 
specialized use.
Treatment of nausea and vomiting in palliative care.• 

1 - No dosage reduction is usually required in renal or hepatic 
insuffi ciency.
These drugs suppress fetal growth; avoid them during pregnancy • 
if possible.

4 - Initiation and titration of treatment with these drugs should be by a 
specialist.

Treatment of acromegaly
Somatostatin analogues are usually indicated in patients who are not • 
cured by surgery or radiotherapy.
The aim of treatment is to suppress the secretion of growth hormone • 
(GH) and insulin-like growth factor (IGF)-1.

Somatostatin analogues are effective in about 60% of patients.• 
Long-acting formulations usually give better control than • 
short-acting ones.

Treatment of carcinoid tumours
Somatostatin analogues are effective for the classical symptoms of the • 
carcinoid syndrome (fl ushing, watery diarrhoea) but do not usually 
have any effect on the progression of the disease.

Drugs in this class
- Somatostatin

Has a very • 
short half-life; 
rarely used.

- Octreotide
Formulation for • 
subcutaneous 
administration
Long-acting • 
intramuscular 
formulation 
(about 28 days 
duration)

- Lanreotide
Modifi ed-• 
release 
formulation of 
intermediate 
duration 
(7–10 days)
Long-acting • 
intramuscular 
formulation 
(about 28 days 
duration)
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Treatment usually begins with subcutaneous octreotide in order to • 
stabilize the patient, after which a long-acting formulation can be used. 
These take several weeks to reach their maximum effect, so should be 
covered by subcutaneous octreotide at fi rst.

Give the patient a supply of short-acting octreotide to use for • 
breakthrough symptoms.

Intravenous octreotide can be given perioperatively to stabilize • 
patients with carcinoid tumours.

Similarly, it can be given to patients who are gravely ill because of a • 
carcinoid crisis.

Other uses
Octreotide can be given as adjunctive treatment for bleeding • 
oesophageal varices. Used alone, it is rarely suffi cient; endoscopic 
intervention is usually the fi rst-line treatment. Discuss the patient’s 
management with a gastroenterologist. See also b Vasopressin, 
p. 550.
See • b use of syringe drivers in palliative care section, p. 736 for 
treatment of nausea and vomiting.
The use of these drugs after pancreatic surgery is very specialized; • 
seek expert advice.

6 - Initiation of somatostatin analogue treatment for acromegaly can cause 
the pituitary to increase in size.

Monitor the patient very carefully during early treatment (see later • 
notes).

Local injection site reactions are common.• 
Rotate injection sites.• 

Somatostatin analogues can cause fat malabsorption by reducing • 
pancreatic exocrine function.

Consider giving pancreatin (Creon• ®).
Somatostatin analogues reduce insulin release.• 

This can worsen symptoms if the patient has an insulinoma.• 
It can increase hypoglycaemic drug requirements in patients with • 
type II diabetes mellitus.
It can cause hyperglycaemia in a few patients.• 

Somatostatin analogues can promote gallstone formation.• 
Avoid abrupt withdrawal, which can precipitate biliary colic and • 
pancreatitis.

Somatostatin analogues can cause hypothyroidism; this is rare.• 
7 - These drugs reduce the absorption of ciclosporin.

These drugs affect insulin secretion, which can affect the treatment of • 
type II diabetes mellitus (see earlier notes).

8 Safety and effi cacy
Somatostatin analogue treatment for acromegaly can cause the • 
pituitary to increase in size. Assess the patient’s visual fi elds and ask 
about headache.
Effi cacy in acromegaly is assessed by measurement of the plasma • 
concentration of GH and IGF-1. The usual target for GH is a plasma 
concentration <5 mU/L.
Effi cacy in carcinoid syndrome is assessed in terms of symptom • 
control. These drugs are effective for the classical symptoms of 
carcinoid syndrome, but remember to ask about others (e.g. pain).
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If long-term treatment is anticipated, measure thyroid function every • 
6 months.
The manufacturers recommend that patients have an ultrasound scan • 
to look for gallstones every 6 months.

The presence of gallstones would not necessarily lead to withdrawal • 
of the drug.

9 - Advise patients with acromegaly to report any visual changes or 
headache (see earlier notes).
Explain to patients with carcinoid tumours that these drugs may • 
improve their symptoms but are unlikely to alter the progression of 
their disease.

Prescribing information: Somatostatin analogues
The initiation and supervision of these drugs should be under the direction of 
a specialist.

Octreotide
By subcutaneous injection.• 

Usual initial dose 100 micrograms tds• 
Can be increased to 200 micrograms tds according to response• 

Depot modifi ed-release formulation (Sandostatin Lar• ®).
Microsphere powder for resuspension and intramuscular injection, initially • 
20 mg monthly.
Can be increased to 30 mg monthly, or reduced to 10 mg monthly, as • 
required.

Lanreotide
Depot modifi ed-release formulation (Somatuline Lar• ®).

Microparticles for resuspension and intramuscular injection, initially • 
30 mg every 14 days.
Dose frequency can be increased to every 7–10 days if required.• 

Depot modifi ed-release formulation (Somatuline Autogel• ®).
Aqueous gel for intramuscular injection, dose range 60–120 mg monthly.• 
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Renal insuffi ciency
Drugs are subjected to three processes in the kidneys:

Glomerular fi ltration of non-protein-bound drug.• 
Active secretion.• 
Passive reabsorption.• 

Glomerular fi ltration rate (GFR) is quantifi ed by measuring the clearance of 
molecules such as creatinine and inulin. Creatinine clearance is ideally meas-
ured from a 24-hour urine collection:

Creatinine clearance
 

=

         Urine concentration of creatinine (micromol/L) x 
        

(mL/min)
 urine volume (mL)

  Serum concentration of creatinine (micromol/L) x time (min)

Measured creatinine clearance is higher than GFR, mainly because of tubular 
excretion of creatinine. The difference between GFR and creatinine clearance 
is greater as renal function worsens. At around 10% of normal renal function 
(the level at which dialysis may be considered), creatinine clearance is around 
twice GFR (as tubular creatinine excretion is relatively preserved).

The serum creatinine concentration can be used as a surrogate of creatinine 
clearance, but is not ideal, as it is affected by the patient’s age, sex, and weight. 
The Cockroft–Gault (Fig. 7.1) equation provides a reasonable estimate of cre-
atinine clearance by taking these factors into account:

Creatinine clearance (mL/min) = 
  [140 − age (in years)] x body weight in kg x F 

  Serum creatinine (micromol/L)
(F = 1.04 for women, 1.23 for men)

Most of the currently available information on drug dosing in renal impairment 
is based on creatinine clearance. However, in current practice renal function is 
increasingly being reported by laboratories on the basis of estimated GFR 
(eGFR) normalized to a body surface area of 1.73 m2 and derived from one of 
the MDRD (Modifi cation of Diet in Renal Disease) formulae. Creatinine clear-
ance and eGFR are not strictly speaking interchangeable, but for many drugs 
and in most patients of average build eGFR can be used to determine drug 
dosage in place of creatinine clearance.

The defi nitions given in Table 7.1 represent approximations of degrees of renal 
impairment according to GFR and serum creatinine concentrations. However, 
it is advisable either to seek specialist advice when treating patients with renal 
impairment or to refer to specifi c prescribing information.
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Table 7.1 Degrees of renal impairment

Severity of renal 
impairment

GFR (mL/min) Approx. serum creatinine 
concentration (micromol/L)

Mild 20–50 150–300

Moderate 10–20 300–700

Severe <10 >700

The effects of age, weight, and sex on creatinine clearance

estimated using the Cockroft–Gault equation

70-kg 50-year-old man
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Fig. 7.1 The effects of age, weight, and sex on creatinine clearance estimated using 
the Cockroft–Gault equation.
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Drug-induced renal damage
Drugs can cause renal damage in a number of ways, including effects on:

Renal blood fl ow.• 
The nephron.• 
The interstitial tissues.• 

The lists given in Fig. 7.2 and Table 7.2 are not exhaustive. See adverse effects 
sections of individual drugs for more information on renal toxicity.

Drugs that can cause renal stones
Drug-induced calculi represent 1–2% of all renal calculi.

Table 7.2 Drugs that are poorly soluble and can precipitate

- Sulfonamides (e.g. sulfadiazine)
- Quinolone antibiotics (e.g. ciprofl oxacin)
- Protease inhibitors (especially indinavir, nelfi navir)
- Triamterene
- Antacids (e.g. aluminium hydroxide, magnesium trisilicate)
- Methotrexate
- Allopurinol

Calculi induced by metabolic effects Probable mechanism

Calcium and vitamin D supplements Hypercalciuria

Carbonic anhydrase inhibition (e.g. acetazolamide, 
brinzolamide, dorzolamide, methazolamide)

Hypocitraturia

Note: Several other drugs are also inhibitors of 
carbonic anhydrase and can cause  renal stones: 
(e.g. celecoxib, topiramate,  zonisamide)

Furosemide Hypercalciuria

Alkalinizing drugs (e.g. sodium bicarbonate) Excessive alkalinization

Corticosteroids Hypercalciuria
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Acute tubular necrosis

- Aminoglycosides

- Amphotericin

- Cisplatin

- NSAIDs

- Radiocontrast media

- Paracetamol in overdose

Glomerulonephropathies

- Membranous

- Captopril (high doses)

- Gold salts

- Heavy metals

- Penicillamine

- Phenytoin

- Minimal change

- NSAIDs

- Acute nephritis

- Penicillins

Renal papillary

necrosis

- Aspirin

  (in overdose)

- NSAIDs

Interstitial nephritis

- Allopurinol

- Azathioprine

- Furosemide

- NSAIDs

- Penicillins

- Sulfonamides

- Thiazide diuretics

- Vancomycin (iv)

Altered renal blood flow

- Drugs that cause hypotension

- Antihypertensive drugs

- Nitrates

- Anaphylaxis

- Drugs that affect the

  regulation of renal blood

  flow

- ACE inhibitors in patients

    with renovascular disease

- Drugs that cause vasculitis

- Amphotericin

- Penicillins

- Sulfonamides

- Thiazide diuretics

Crystalluria

- Methotrexate

- Sulfonamides

- Quinolones

Renal tubular

acidosis

- Proximal

- Acetazolamide

- Distal

- Amphotericin

- Lithium

Nephrogenic

diabetes

insipidus

- Lithium

- Demeclocycline

Myoglobinuria

- Drugs that cause

 intravascular haemolysis

- Quinine

- Methyldopa

- Dapsone

- Statins (rhabdomyolysis)

- Drugs given to patients

  with G6PD deficiency

  (see bp. 449) 

Fig. 7.2 Drug-induced renal damage
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Drugs and renal stones
Symptomatic treatment of renal colic

Relief of pain:• 
Give • either an opioid (e.g. morphine 10 mg sc or im). (Pethidine is 
widely used, but is not recommended, as its metabolites accumulate 
in renal insuffi ciency and can cause seizures.)
or•  an NSAID (e.g. diclofenac 75 mg im followed by a second dose 
30 minutes later, or a single dose of 100 mg pr).

Management of the renal stone itself should be under the direction of • 
a specialist.

Prevention of renal stones
In most cases, treatment of renal calculi should involve defi nitive • 
treatment of the underlying cause (e.g. a parathyroid adenoma), but in 
some conditions this is not possible, and drugs have a role in long-term 
prevention.
In all cases a high fl uid intake is important.• 
Aim for a urine output of 2.5–3.0 L/day.• 

Calcium oxalate and apatite stones in patients with 
hypercalciuria
Thiazide diuretics promote renal tubular calcium reabsorption • 
(e.g. bendrofl umethiazide 5 mg daily).
Reducing calcium absorption from the gut reduces stone formation • 
(e.g. sodium cellulose phosphate 12–15 g daily).
If the patient also has high uric acid secretion, allopurinol can help.• 

Uric acid stones
In most cases maintaining a high fl uid intake and treatment with • 
allopurinol is all that is required.
An acidic urine promotes uric acid stone formation; consider urinary • 
alkalinization with potassium citrate 10 mL tds.

Adjust the dose to keep the urinary pH at around 8.0; excessive • 
alkalinization promotes calcium stone formation.

Cystinuria
Alkalinize the urine with either potassium citrate 10 mL tds or sodium • 
bicarbonate 5–10 g daily.

Adjust the dose to keep the urinary pH above 8.0.• 
In the most severe cases, consider treatment with penicillamine. The • 
usual dose is 250 mg tds, but this can be increased to 500 mg qds.
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Drugs and renal replacement therapy 
(dialysis or fi ltration)
Drugs that are removed from the body in signifi cant quantities by dialysis or 
fi ltration are listed in Table 7.3. Haemodialysis or fi ltration is important in 
several circumstances relating to drug therapy:

During chronic haemodialysis.• 
Removal of drugs by dialysis can reduce the effectiveness of some • 
drug treatments; avoid taking these drugs just before dialysis; discuss 
the treatment regimen with a renal physician.
Routine dialysis or fi ltration can cause changes in the body’s • 
physiology (e.g. changes in fl uid and electrolyte balance), which may 
alter the response to the drug.
Drugs can alter the kinetics of dialysis or fi ltration; for example, • 
vasodilators and vasoconstrictors can alter the rate of clearance of 
drugs by dialysis or fi ltration by altering the rate of blood fl ow.

During emergency haemodialysis/haemofi ltration.• 
Continuous fi ltration can remove signifi cant amounts of drugs such • 
as antibiotics, rendering them less effective; seek expert advice from 
a medical microbiologist and renal physician.

For severe cases of self poisoning.• 
Drugs for which dialysis is effective in poisoning are marked in • 
Table 7.3 with an asterisk.

The extent to which a drug is removed from the body during renal replace-
ment therapy (dialysis or haemofi ltration) depends on the drug, characteristics 
of the patient, and the equipment.

The drug:• 
Molecular weight•  The larger the drug molecule the less quickly it is 
cleared by dialysis. For drugs of molecular weight <500 Da the 
effective membrane surface area and the rate of fl ow of blood and 
dialysate are important. For drugs with molecular weights >500 Da, 
only the membrane surface area is important.
Water solubility•  Poorly water-soluble drugs are poorly dialysed and 
fi ltered, since dialysis fl uids are aqueous.
Protein binding•  Drugs that are highly protein-bound are poorly 
cleared by dialysis or fi ltration.
Volume of distribution•  If a drug is extensively bound in body tissues, 
even if it passes readily across dialysis or fi lter membranes, little of 
the total drug will be removed from the body.
The usual route of drug clearance•  If a drug is mostly eliminated by 
hepatic metabolism at a rate of clearance appreciably greater than 
the rate of dialysis or fi ltration clearance, dialysis or fi ltration will 
have little effect on total clearance.

Characteristics of the patient:• 
The total clearance of a drug is proportional to body weight, but • 
dialysis or fi ltration clearance is constant for a given piece of 
equipment and a given fl ow rate. This means that the smaller the 
patient, the more dialysis will contribute to total body clearance.
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Characteristics of the equipment:• 
The membrane•  The rate of clearance of a drug by dialysis or 
fi ltration varies with the type of membrane used.
The rate of fl ow of fl uid•  The higher the rate of fl ow of dialysis or 
fi ltration fl uid, the higher the rate of clearance.

Table 7.3 Drugs removed from the body in signifi cant quantities by 
dialysis or fi ltration

ACE inhibitors
Aciclovir
Allopurinol
Aminoglycosides
Amoxicillin
Ampicillin
Atenolol
Azathioprine
Bromides
Cephalosporins
Chloral hydrate 

derivatives*
Cisplatin
Co-trimoxazole
Cyclophosphamide
Diazoxide

Diphenhydramine
Ethambutol
Ethanol
Fluorides
5-Fluorocytosine
5-Fluorouracil
Gallamine
Isoniazid
Lithium*
Methanol
Methotrexate
Methyldopa
Metoprolol
Metronidazole
Mushrooms, poisonous
Nitrofurantoin

Nitroprusside
Paracetamol
Pentazocine
Phenobarbital*
Phenytoin*
Prednisolone
Primidone
Procainamide
Quinidine
Quinine
Ranitidine
Salicylates (aspirin)*
Sotalol
Sulfonamides
Theophylline
Trimethoprim

* Drugs for which dialysis is effective in poisoning.
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Drugs used in the management of 
chronic renal insuffi ciency
See individual articles for more information on the use of these drugs.

Phosphate retentionHypertension Anaemia

Recombinant

erythropoietin

therapy.

Renal osteodystrophy

- Diuretics are not

 effective in severe

 renal insufficiency,

 as they act in the

 lumen of the

 tubule and require

 glomerular

 filtration.

- ACE inhibitors

 can be effective,

 but can cause

 further

 deterioration in

 renal function

 if the patient has

 renovascular

 disease.

- Avoid alpha
1
-

 adrenoceptor

 antagonists in

 patients who are

 water-  or

 sodium-depleted;

 they can cause

 severe

 hypotension.     

- Calcium

 carbonate

 binds phosphate

 in the gut lumen

 and prevents its

 absorption.

- The usual dose

    is 2.5–9.0 g/day

    taken with

    meals.

 - Sevelamer is also

  indicated for the

  treatment of

  phosphate

  retention;

  amine groups on

  the compound

  interact with

  phosphate

  molecules and bind

  them in the gut

  lumen; the usual

  dose is 2.4–4.8 g

  daily in divided

  doses taken with

  meals.

- Aluminium

- Sevelamer

hydrochloride,

sevelamer

carbonate, and

lanthenum are

increasingly used as

they are associated

with less tissue

calcification

 hydroxide also

 binds phosphate,

 but the aluminium

 causes encephalo-

 pathy with long-term

 use.     

Renal

osteodystrophy

is resistant to

treatment with

conventional forms

of vitamin D because

it requires 1-alfa-

hydroxylation in the 

kidney to become

active. Treatment is

therefore with:

  1-alfa-

  hydroxycholecalci-

  ferol (alfacalcidol).

  Or 1-alfa,25-

  dihydroxycholecalc-

  iferol (calcitriol). 

Renal insufficiency

Secondary

hyperparathyroidism

Reduced erythropoietin

production

-

-

Fig. 7.3 Drugs used for chronic renal insuffi ciency.
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Alpha-adrenoceptor antagonists 
(alpha-blockers)
Antagonists at alpha-adrenoceptors

Arteries and

veins

Constriction in

arteriolar

resistance

vessels 

Liver and

pancreas

Glycogenolysis,

gluconeogenesis,

lipolysis 

Uterus

Contraction

Bladder

sphincter

Contraction

Pupil

Dilatation

A
1

A
1
 and A

2 

Noradrenaline

Adrenergic

neuron 

A
1 

and A
2 

receptors

(postsynaptic)  

A
2 

receptors

(presynaptic)

Actions mediated by A-

adrenoceptors (antagonized

by alpha-blockers) 

0 - The indications for non-selective A-blockers are specialized:
Treatment of hypertension due to a phaeochromocytoma.• 
Treatment of the hypertension due to interactions between amines • 
and MAOIs.
Treatment of vasospasm (e.g. due to ergotism).• 

The • A1-selective drugs are used for the treatment of:
Hypertension.• 
Benign prostatic hyperplasia (BPH).• 

1 - There is no evidence of toxicity from these drugs during pregnancy, 
but they should not be used unless the indication is clear.
The initial doses of these drugs may need to be reduced in renal or • 
hepatic insuffi ciency.
These drugs can precipitate or worsen heart failure.• 
Do not give these drugs if the patient has micturition syncope (they • 
can cause hypotension).

4 Hypertension (A1-selective drugs)
These drugs can cause the BP to fall very rapidly as they have no • 
presynaptic action (blocking A2 receptors causes a tachycardia). This is 
particularly true for prazosin, terazosin, and alfuzosin.
Start with a low dose and increase gradually.• 
These drugs are most commonly used as add-on therapy in patients • 
with hypertension that responds poorly to other drugs (e.g. in those 
with chronic renal insuffi ciency).

Benign prostatic hyperplasia (BPH)
See box, • b p.548, for more information.
These drugs should not be given to treat patients with acute retention, • 
who should be catheterized.

Drugs in this class

Non-selective drugs
- Phentolamine
- Phenoxyben zamine
A1-selective drugs
- Prazosin
- Doxazosin
- Indoramin
- Terazosin
- Alfuzosin
- Tamsulosin
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The treatment options for patients with BPH include:• 
Surgery.• 
An • A1-selective blocker.
Finasteride (see • b Antiandrogens, p. 516).

These drugs improve obstructive symptoms, but may not improve • 
symptoms of bladder irritation.

Phaeochromocytoma
Non-selective alpha-blockers are used short-term in combination with • 
beta-blockers before and during surgery.
The•  alpha-blocker is started before the beta-blocker (giving the 
beta-blocker fi rst can cause severe hypertension).
This is a specialized area of treatment.• 

6 - The most important adverse effect of these drugs is postural 
hypotension. This can be severe, especially after the fi rst dose.

Advise the patient to take the drug in bed.• 
These drugs can cause dry mouth, tachycardia, and headache.• 
Occasionally they can cause erectile impotence and priapism.• 
Indoramin can cause sedation.• 
Hypersensitivity reactions are uncommon.• 

7  - The hypotensive action of these drugs is enhanced by diuretics, 
nitrates, and other drugs that lower BP. There is a risk of severe 
hypotension when they are given with inhibitors of phosphodiesterase 
type V (e.g. sildenafi l); avoid concomitant use within 4 hours.
Do not give indoramin with MAOIs or linezolid; this can cause a • 
tyramine-like reaction (see b Monoamine oxidase inhibitors, p. 334).
Alcohol enhances the effect of indoramin.• 

8  Safety and effi cacy
Measure the BP lying and standing before any dosage increments.• 
Ask the patient about urinary outfl ow symptoms. Consider formal • 
urodynamic studies.

9 - Warn the patient that indoramin can cause dizziness that can interfere 
with skilled motor tasks (e.g. driving).
Warn the patient of the risk of postural hypotension and ways to • 
minimize this (e.g. take the drug at night and stand up slowly).
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Case history
- An elderly man with benign prostatic hyperplasia and hypertension was given 

doxazosin in an attempt to reduce his prostatism and help manage his BP. As the 
dosage was increased gradually over a few weeks he began to experience 
symptoms of postural hypotension and fell on his way to the toilet in the middle 
of the night on two occasions. Changing the immediate-release formulation of 
doxazosin to a modifi ed-release version reduced the problem of postural 
hypotension by reducing the peak concentrations of doxazosin in the circulation.

Prescribing information: Alpha-adrenoceptor antagonists

The uses of phenoxybenzamine and phentolamine are specialized; detailed pre-
scribing information is not given.

A1-selective drugs
Several drugs and formulations are available (including modifi ed-release formu-
lations). The following are given as examples.

Doxazosin
Hypertension. By mouth, 1 mg daily. Increased after 1–2 weeks to 2 mg daily.• 

Can be gradually increased to a maximum of 16 mg daily.• 

Indoramin
For BPH. By mouth, 20 mg bd.• 

Can be increased by 20 mg every 2 weeks to a maximum of 100 mg daily • 
in divided doses

Alfuzosin
For BPH. By mouth, 2.5 mg tds.• 

Benign prostatic hyperplasia
- This is very common and results in two groups of symptoms:

Obstructive symptoms (hesitancy, reduction in force of stream).• 
Irritative bladder symptoms (increased frequency, urgency, dysuria).• 

- Surgery is the treatment of choice, but is not suitable for all patients; if 
symptoms are mild, drug treatment is appropriate.

- All drug treatments are most effective for obstructive symptoms; irritative 
symptoms are diffi cult to treat.

- A1-selective receptor antagonists relax prostate smooth muscle.
- Growth of prostatic tissue is in part driven by testosterone; the other drug 

treatments for BPH antagonize the actions of testosterone.
Antiandrogen drugs (see • b p. 516).
Gonadorelin analogues (see • b p. 510).
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Antidiuretic hormone (ADH, vasopressin) 
and analogues
Naturally occurring nonapeptide hormone

ADH is a

nonapeptide

produced in

the hypothalamus

but released

from the

posterior pituitary

Acts on the distal

convoluted tubule

and collecting duct

causing increased

permeability to

water (but not

electrolytes).

Vasopressin

V1 receptors 

Vasopressin

V2 receptors 

Arterial

vasoconstriction 

At very high

concentrations

causes smooth

muscle

contraction in

the uterus and gut

Increased water

absorption

0 - Treatment of cranial diabetes insipidus.
Long term.• 
Short term after trauma or pituitary • 
surgery.

Adjunctive treatment of bleeding • 
oesophageal varices and possibly useful in hepatorenal syndrome 
(terlipressin); specialized use.
Treatment of nocturnal enuresis (desmopressin); specialized use.• 
Given with local anaesthetics to delay systemic absorption • 
(ornipressin, felypressin).
To temporarily increase the circulating factor VIII concentration in • 
mild/moderate haemophilia (desmopressin); specialized use.

1 - These drugs can cause coronary artery constriction; avoid them in 
patients with coronary artery disease.

Take care if the patient has a history of hypertension.• 
Take care if retention of water could cause problems (e.g. heart • 
failure, raised intracranial pressure).

These drugs increase the circulating blood volume; take care in elderly • 
patients and those with impaired ventricular function.
These drugs are excreted renally, but their effect is often reduced in • 
renal disease, owing to their mechanism of action.
Avoid these drugs in pregnancy; they have an oxytocic effect.• 

4 - Initiation and titration of treatment with these drugs should be by a 
specialist.

Drugs in this class
- ADH/vasopressin

Acts equally on • 
vasopressin V1 and 
V2 receptors

- Desmopressin/ 
DDAVP®

Acts almost entirely • 
on V2 receptors

- Ornipressin and 
felypressin

Given with local • 
anaesthetics

- Lypressin
Naturally occurring • 
porcine vasopressin

- Terlipressin
Used in the • 
treatment of 
bleeding 
oesophageal varices

Syndrome of 
inappropriate 
secretion of ADH 
(SIADH)

See box, b p.552.
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Vasopressin can be given by intranasal spray or injection (sc, im, or iv). • 
Desmopressin can be given by mouth.
Terlipressin can be given as an adjunctive treatment for bleeding • 
oesophageal varices. Used alone, it is rarely suffi cient. Endoscopic 
intervention is usually the fi rst-line treatment. Discuss the patient’s 
management with a gastroenterologist.

6 - These drugs are usually well tolerated; the most common adverse 
effects are abdominal cramp, nausea, and vomiting.
Higher dosages can cause coronary artery constriction and cardiac • 
ischaemia.
Terlipressin is given in a high dose for oesophageal varices. It can cause • 
uterine contraction, bowel evacuation, and abdominal cramps.
Nasal sprays can cause nasal congestion and ulceration.• 
Hypersensitivity to these drugs is rare.• 
The most common serious adverse effect of these drugs is hyponat-• 
raemia, caused by fl uid overload. See advice to patients (see later 
bullet points) and avoid drugs that promote secretion of endogenous 
vasopressin.
Some drugs stimulate the secretion of vasopressin; these may cause • 
SIADH. They are listed in the box at the end of the topic. Avoid giving 
these drugs with vasopressin and its analogues.

7 - Chlorpropamide and carbamazepine potentiate the effect of 
vasopressin. This action is sometimes used in the treatment of mild 
diabetes insipidus.

8 Safety and effi cacy
Assess the patient’s intravascular volume clinically and by measure-• 
ment of the serum sodium concentration. This is especially important 
while the optimal dose is being established, and if the patient’s clinical 
condition changes in a way that might affect salt and water balance 
(e.g. diarrhoea, fever).

9  - Advise the patient to avoid water overload (drinking large volumes, 
swallowing a lot of water while swimming).
Advise the patient to suspend treatment with a vasopressin analogue if • 
they have diarrhoea or vomiting.

Prescribing information: Vasopressin analogues
Vasopressin

By subcutaneous or intramuscular injection for cranial diabetes insipidus,•  
5–20 units every 4 hours.
By intravenous infusion for initial treatment of bleeding oesophageal varices, • 
20 units over 15 minutes.

Desmopressin
Diabetes insipidus.• 

By mouth, initially 100 micrograms tds; can be increased to a maximum of • 
400 micrograms tds.
By intranasal spray, 10–40 micrograms daily in 1 or 2 divided doses.• 
By subcutaneous, intramuscular, or intravenous injection, 1–4 micrograms • 
daily.

Treatment of haemophilia A (seek expert advice).• 
0.3 micrograms/kg diluted in 50 mL of 0.9% saline and infused over • 
20 minutes.
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Terlipressin
By intravenous injection for bleeding oesophageal varices, 2 mg followed by • 
1–2 mg every 4–6 hours until bleeding is controlled. Maximum duration of 
treatment, 72 hours.

The syndrome of inappropriate 
ADH secretion (SIADH)

Diagnostic criteria
- Concentrated urine sodium (>20 mmol/L) in the presence of hyponatraemia 

(<125 mmol/L), or low plasma osmolality (<260 mmol/kg) in the absence of 
hypovolaemia.

- Caused by the inappropriate release of vasopressin or ectopic production.

Causes
- Malignancy, especially small cell lung cancer.
- CNS disorders (e.g. infection, haemorrhage, vasculitis).
- Chest disease (e.g. TB pneumonia, abscess).
- Metabolic disease (e.g. porphyria).
- Trauma, especially to the head.
- Drugs that stimulate secretion of vasopressin: chlorpropamide, clofi brate, 

cyclophosphamide, opioids, tricyclic antidepressants, SSRIs, vincristine.

Treatment
- Identify and treat the underlying cause whenever possible. For mild cases, fl uid 

restriction may be all that is required.
- If the cause is chronic and cannot be removed, consider treatment with 

demeclocycline (demethylchlortetracycline). This causes nephrogenic diabetes 
insipidus (lithium also causes nephrogenic diabetes insipidus, but is not used 
therapeutically for this purpose).

- The drugs chlorpropamide and carbamazepine potentiate the effect of vasopressin; 
this action is sometimes used in the treatment of mild diabetes insipidus.

- Vasopressin receptor antagonists are in development.

TEACHING 
POINT
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Drugs used to treat cancer
Most traditional cytotoxic drugs are designed to exploit the fact that malignant 
cells behave differently from normal cells, in that they divide more rapidly. 
Cytotoxic drugs interfere with the processes of DNA replication and cell divi-
sion. Their effects will be most readily seen in rapidly dividing cells. The target 
is the tumour, but other tissues that have rapid cell turnover rates are likely to 
be affected (e.g. gastrointestinal tract mucosa, hair follicles, bone marrow). This 
approach will always be limited by toxicity in these other tissues/organs, but 
for a long time it has not been possible to distinguish malignant from normal 
cells qualitatively. Molecular biology techniques are now dissecting the detailed 
phenotypes of malignant cells, and new treatments (e.g. cytotoxic monoclonal 
antibodies) are starting to exploit the subtle differences.

As well as consisting of abnormal cells, tumours have an abnormal architecture. 
New treatments exploit the processes that promote this (e.g. angiogenesis, 
cell–cell interactions).

Finally, drugs can target the external processes that drive and maintain 
malignant growth. The most recognizable of these are the glucocorticoids and 
drugs that block the actions of sex steroids (e.g. tamoxifen).

Drug treatments for cancer are depicted pictorially in Fig. 8.1.

Nucleotides

 

Alkylating drugs

covalently cross-link DNA

(e.g. cyclophosphamide,

platinum compounds)

Drugs that interfere

with structures involved

in cell division (e.g. vinca

alkaloids, taxanes)  

Cytotoxic antibiotics:

intercalate between

base pairs and block

DNA production 

(e.g. doxorubicin)

Drugs that inhibit

nucleotide synthesis

(e.g. methotrexate,

fluorouracil)  

Drugs that bind

to cellular and

membrane receptors

and modulate cell

division (e.g. steroids,

anti-androgens,

tamoxifen)  

Monoclonal antibodies

directed against molecules

over-expressed on tumour

cells (e.g. trastuzumab)

Fig. 8.1 Drug treatments for cancer.

Note. Drugs used for cancer chemotherapy should only be prescribed by 
specialists. For this reason, detailed prescribing information is not given in this 
section.
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Adverse effects of cytotoxic 
chemotherapy
Drugs used in cancer chemotherapy share adverse effects that arise from their 
cytotoxic actions. Drug-specifi c information is given in individual articles. This is 
intended as a general guide.

Remember that cytotoxic drugs are hazardous to all who come into contact 
with them. Make sure that you are adequately protected.

Follow your local protocol for reconstitution, storage, and administra-• 
tion of these drugs.
There are special guidelines for intrathecal chemotherapy.• 

Local effects
Extravasation
See • b Cytotoxic monoclonal antibiotics, p. 580 for information.

Effects that result from damage to rapidly dividing cells
Many cytotoxic drugs act on the cell cycle. They have their greatest 
effect on rapidly dividing cells. Cancer cells commonly divide rapidly 
and are destroyed. However, other cells that also divide rapidly are 
commonly subject to adverse effects of cytotoxic drugs.

Gastrointestinal tract
Oral mucositis is common during treatment with fl uorouracil, • 
methotrexate, and anthracyclines.

Treatment is supportive• 
Ensure good oral and dental hygiene; the mouth can be a portal for • 
blood-borne infection. Antiseptic mouthwashes (e.g. chlorhexidine) 
are sometimes used, but there is no clear evidence for their effi cacy.

Diarrhoea is common.• 

Bone marrow
Most are toxic to the bone marrow; bleomycin and vincristine are • 
exceptions.
The neutrophil cell line is most susceptible.• 
The time course can be very variable; see individual articles for times • 
of greatest risk.
Colony stimulating factors are sometimes used to boost the • 
neutrophil count (see b Colony stimulating factors, p. 612) for more 
information).
Anaemia and thrombocytopenia are usually treated by transfusion of • 
erythrocytes or platelets.
Erythropoietin (• see b Erythropoietin (epoetin) and analogues, p. 608) 
increases erythrocyte production but is not widely used and can 
actually be harmful.

Hair follicles
Alopecia is common.• 
There are no effective pharmacological interventions for this.• 



557CHAPTER 8 Malignant disease

Gonads
Male sterility is most common when alkylating drugs are used.• 
Women are less commonly affected (ova are already formed).• 
Counsel patients about the risk of sterility before treatment starts. In • 
appropriate cases consider sperm storage before treatment starts.

Fetus
Almost all cytotoxic drugs are teratogenic.• 
They should not be given during pregnancy; appropriate contraceptive • 
measures should be taken.

Systemic effects
Nausea and vomiting
See•  b Serotonin 5-HT3 receptor antagonists, p. 78 for more 
information.

Adverse effects that are specifi c to particular drugs
Specifi c adverse effects (e.g. autonomic neuropathy due to vinca • 
alkaloids, pulmonary fi brosis due to bleomycin) are listed in individual 
articles.
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Chlorambucil
Alkylating cytotoxic drug

Chlorambucil

Reacts

with

guanosine

moieties

in DNA   

- Cross-

   linking

- Mismatch

- Damage

Cytotoxic

effect 

Note on alkylating agents: mustard gas, bis(2-chloroethyl)
sulphide (CH2CH2Cl)2S, was invented in Germany during 
the First World War for chemical warfare and was originally 
used at the Third Battle of Ypres (Passchendaele) in 1917. In 
the 1940s it was noted to cause not only blistering of the 
skin and mucosae but also damage to the bone marrow, 
lymphoid tissues, and gastrointestinal epithelium. Further 
experiments yielded the derivatives HN3 (2,2,2-trichlorotri-
ethylamine) and HN2 (nitrogen mustard or mustine, later 
called mechlorethamine, chlormethine, or N-Lost); these 
compounds are now obsolete. Nitrogen mustard derivatives contain the 
chemical group –N(CH2CH2Cl)2.0 - Treatment of:

Chronic lymphocytic leukaemia.• 
Indolent non-Hodgkin’s lymphoma.• 
Hodgkin’s lymphoma.• 
Ovarian carcinoma.• 
Primary (Waldenström’s) macroglobulinaemia.• 

1 - Like all cytotoxic drugs, chlorambucil is potentially teratogenic; the 
greatest risk is during the 1st trimester of pregnancy.
Chlorambucil enters breast milk; advise women not to breastfeed.• 
Do not give chlorambucil if the patient has porphyria.• 
No dosage adjustment is usually required in renal or hepatic • 
insuffi ciency.

4 - Patient selection and choice of chemotherapeutic regimen is a 
specialist decision.
Do not prescribe a cytotoxic drug unless you are familiar with it and • 
certain about the regimen. Most hospitals restrict the prescribing of 
these drugs to specialists of registrar grade and above.
The dose of a cytotoxic drug varies with indication, and is usually • 
calculated on the basis of body surface area. It is good practice to 
check these calculations if you are asked to give a cytotoxic drug, even 
if you are not the prescriber.

6 - Bone marrow suppression is the most common adverse effect and is 
dose-related.

Chlorambucil causes leucopenia, and to a lesser extent anaemia and • 
thrombocytopenia, at therapeutic doses. It is not necessary to 
withdraw the drug at the fi rst sign of these, but the patient must be 
monitored closely.

Examples of 
alkylating 
cytotoxic 
drugs
- Busulfan
- Carmustine
- Chlorambucil
- Chlormethine
- Cyclophos-

phamide
- Estramustine
- Ifosfamide
- Lomustine
- Melphalan
- Mitobronitol
- Thiotepa
- Treosulfan.
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Be aware that the neutrophil count can continue to fall for up to • 
10 days after the last dose of chlorambucil.

Spermatogenesis is reduced; this is usually reversible, but can become • 
progressive and irreversible.
Rash is uncommon but can be severe (Stevens–Johnson syndrome). If • 
the patient develops a rash, withdraw the chlorambucil and change to 
another drug, such as cyclophosphamide.

7  - Do not give live vaccines to patients taking cytotoxic drugs; there is a 
risk of overwhelming sepsis and severe local reactions.

8 Safety
Measure the full blood count, including the differential white cell • 
count. Neutropenia is the most common fi nding, but also look for 
anaemia and thrombocytopenia.
If neutropenia develops, measure the blood count daily in case it is • 
progressive.
Do not forget that neutropenia can develop up to 10 days after the • 
last dose of chlorambucil.
Patients with renal insuffi ciency are at greater risk of bone marrow • 
suppression.

9 - Warn patients about the effect on spermatogenesis before treatment 
begins.
Make sure the patient knows the warning symptoms of neutropenia, • 
what precautions to take, and what to do if they become feverish or 
unwell.
If the patient is receiving chemotherapy as an outpatient, ensure that • 
they know whom to contact out of hours.
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Cyclophosphamide
Alkylating cytotoxic drug

Cyclophosphamide

Reacts

with

guanosine

moieties

in DNA   

-Cross-

  linking

-Mismatch

-Damage

Cytotoxic

effect 

0 - Cyclophosphamide should only be used by 
specialists.
It can be used for the treatment of:• 

Chronic lymphocytic leukaemia.• 
Hodgkin’s and non-Hodgkin’s lymphoma.• 
Solid tumours.• 
Rheumatoid arthritis with severe systemic • 
manifestations (unlicensed indication).

1 - Successful use of cytotoxic drugs involves achieving a 
balance between the desired actions and toxicity.
Cytotoxic chemotherapy is associated with a range • 
of adverse effects, which are summarized separately (b Adverse 
effects of cytotoxic chemotherapy, p. 556). The information given here 
is specifi c to cyclophosphamide.
Dosage calculation for cytotoxic drugs is complex, and should be • 
checked by an oncologist and a pharmacist. If you are asked to 
administer a cytotoxic drug, it is good practice to check that the 
correct dosage adjustments have been made.
Reduce the dose in hepatic insuffi ciency; cyclophosphamide requires • 
metabolism to active metabolites.
Reduce the dose in renal insuffi ciency.• 
Cytotoxic drugs should not be given to women who are pregnant; • 
ensure that premenopausal women use adequate contraception.
Do not give live vaccines to patients receiving cytotoxic • 
chemotherapy. See b Chlorambucil, p. 558.

4 - Treatment with cyclophosphamide should always be under the 
supervision of a specialist familiar with the condition and the role of 
cytotoxic drugs in its treatment.
Do not prescribe a cytotoxic drug unless you are familiar with it and • 
certain about the regimen. Most hospitals restrict the prescribing of 
these drugs to specialists of registrar grade and above.
The dose of a cytotoxic drug varies with indication. It is good practice • 
to check these calculations if you are asked to give a cytotoxic drug, 
even if you are not the prescriber.

6 - Acrolein, a metabolite of cyclophosphamide, can cause haemorrhagic 
cystitis.

This can affect 10% of patients; the risk is greater if the patient has • 
had previous radiotherapy to the bladder or around it, if the dose 
exceeds 2 g and if the drug is given intravenously.

Examples of 
alkylating 
cytotoxic 
drugs
- Busulfan
- Carmustine
- Chlorambucil
- Chlormethine
- Cyclophos-

phamide
- Estramustine
- Ifosfamide
- Lomustine
- Melphalan
- Mitobronitol
- Thiotepa
- Treosulfan.
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The drug mesna binds to acrolein and reduces its toxicity.• 
Check whether routine treatment with mesna is required. • 
Treatment with the related drug ifosfamide always includes mesna 
prophylaxis.
Treatment with mesna should be given in all patients who have • 
experienced this toxic effect previously with cyclophosphamide.
Mesna has a shorter half-life than cyclophosphamide; it needs to be • 
given several times after a dose of cyclophosphamide.
Other prophylaxis measures include bladder irrigation and • 
maintaining urine output above 100 mL/hour.
In experimental animals, mesna prevents cyclophosphamide-induced • 
bladder tumours.

Bone marrow suppression is the most common adverse effect and is • 
dose-related.

Bone marrow toxicity can be severe, even after a single dose.• 
Recovery is usually complete by 21 days after a dose.• 

High doses of cyclophosphamide can cause SIADH, leading to fl uid • 
retention and hyponatraemia.
Spermatogenesis is reduced; this is usually reversible, but it can • 
become progressive and irreversible. This is a particular problem with 
long-term treatment.
Prolonged treatment, especially when combined with radiotherapy, • 
increases the incidence of acute non-lymphocytic leukaemia.

7 - Do not give live vaccines to patients taking cytotoxic drugs; there 
is a risk of overwhelming sepsis and severe local reactions. See 
b Chlorambucil, p. 558.
Cyclophosphamide inhibits pseudocholinesterase; do not give • 
suxamethonium.
Allopurinol potentiates the bone marrow toxicity due to • 
cyclophosphamide.

8 Safety
Measure a full blood count according to local protocol, taking into • 
account the time when the patient is at greatest risk of bone marrow 
suppression.
Measure the urine output and monitor for haemorrhagic cystitis.• 

9 - Warn patients about the effect on spermatogenesis before treatment 
begins.
Make sure the patient knows the warning symptoms of neutropenia, • 
what precautions to take, and what to do if they become feverish or 
unwell.
If the patient is receiving chemotherapy as an outpatient, ensure that • 
they know whom to contact out of hours.
Advise the patient to report any blood in the urine immediately.• 
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Cytotoxic antibiotics
Cytotoxic drugs

The mechanism of action of these drugs is not fully 
understood, but is related to their ability to intercalate 
into DNA. The mechanism is similar to that of radio-
therapy and so they are not usually used in combination, 
as there is a risk of severe toxicity.

0 - Cytotoxic antibiotics should only be used by 
specialists.
Different drugs are not equivalent; the • 
following list gives an indication of their 
different uses.

Doxorubicin•  Widely used for leukaemias, 
lymphomas, and solid tumours.
Epirubicin•  Breast cancer and bladder cancer 
by instillation.
Aclarubicin•  Relapsed or refractory acute 
non-lymphocytic leukaemia.
Idarubicin•  Second-line treatment for breast 
cancer and acute leukaemias.
Daunorubicin • Acute leukaemia and Kaposi’s sarcoma in patients with 
AIDS.
Mitoxantrone•  Breast cancer, non-Hodgkin’s lymphoma, adult 
non-lymphocytic leukaemia.
Bleomycin • Lymphomas, solid tumours, squamous cell carcinoma.
Dactinomycin•  Paediatric cancers.
Mitomycin•  Upper gastrointestinal and breast cancer, bladder 
tumours by instillation.

1 General notes
Successful use of cytotoxic drugs involves achieving a balance between • 
the desired actions and toxicity.
Cytotoxic chemotherapy is associated with a range of adverse effects, • 
which are summarized separately (b Adverse effects of cytotoxic 
chemotherapy, p. 556). The information given here is specifi c to 
certain drugs.
Dosage calculation for cytotoxic drugs is complex and should be • 
checked by an oncologist and a pharmacist. If you are asked to 
administer a cytotoxic drug, it is good practice to check that the 
correct dosage adjustments have been made.
Factors to consider are given in the following section.• 
The anthracyclines are all very irritant to tissues; see teaching point • 
box, b p. 565, for guidelines on avoiding extravasation of cytotoxic 
drugs.
Most of these drugs are associated with cardiac toxicity. This is • 
usually related to the cumulative dose. Serial ECG measurement, 
echocardiography, and radionuclide scans should be considered.

The risk is greater if the patient has heart disease or has received • 
radiotherapy to the chest/heart: reduce the dose.

Drugs in this class

Anthracyclines
- Aclarubicin
- Daunorubicin
- Doxorubicin
- Epirubicin
- Idarubicin

Derivative of 
 anthracycline
- Mitoxantrone

Others
- Bleomycin
- Dactinomycin 

(actinomycin D)
- Mitomycin
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Cytotoxic drugs should not be given to women who are pregnant; • 
ensure that premenopausal women use adequate contraception.
Do not give live vaccines to patients receiving cytotoxic chemo-• 
therapy. See b Chlorambucil, p. 558.

4 Notes on specifi c drugs

Doxorubicin
6 - Reduce the dose according to the bilirubin (the drug is excreted via 

the bile):
8 • If the bilirubin is 22–50 micromol/L (1.2–3 mg/dL) reduce the dose 

by 50%.
If the bilirubin is greater than 50 micromol/L (3 mg/dL) reduce the • 
dose by 75%.

The cumulative dose is associated with a cardiomyopathy; restrict the • 
total dose to 450 mg/m2.
Bone marrow suppression is maximal at 10–14 days after a dose and • 
has usually recovered by 21 days.
Doxorubicin is usually given by fast-running intravenous infusion. This • 
can cause a supraventricular tachycardia in rare cases.
Liposomal formulations are available. These are used when the risk of • 
toxicity is very high (e.g. in patients with Kaposi’s sarcoma with low 
CD4 counts).

Epirubicin
Reduce the dose according to the bilirubin concentration (the drug is • 
excreted in the bile).
Bone marrow suppression is greatest at 10–14 days after a dose and • 
has usually recovered by day 21.
The cumulative dose is associated with a cardiomyopathy; limit the • 
total dose to 0.9–1 g/m2.

Idarubicin
Mucositis is common and occurs 2–10 days after a dose.• 
Fever, chills, rash, and raised liver enzymes are experienced by 20–30% • 
of patients.
Reduce the dose according to the bilirubin concentration (the drug is • 
excreted in the bile).
Reduce the dose in renal insuffi ciency.• 
It is recommended that total cumulative doses are limited to • 
400 mg/ m2 in order to limit the risk or cardiotoxicity.

Daunorubicin
Bone marrow suppression is maximal at 10–14 days after a dose and • 
has usually recovered by 3–4 weeks.
The cumulative dose is associated with cardiomyopathy; limit it to • 
600 mg/m2.
Reduce the dose in renal insuffi ciency.• 
Reduce the dose in hepatic insuffi ciency.• 

Mitoxantrone
Mitoxantrone is generally well tolerated.• 
Leucopenia is maximal at 10–14 days after a dose and has usually • 
recovered by 21 days.
Cardiac toxicity is seen at cumulative dosages above 160 mg/m• 2.
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Bleomycin
Reduce the dose by 50% in mild to moderate renal insuffi ciency. • 
Reduce further in severe renal insuffi ciency.
This drug has little bone marrow toxicity, but skin toxicity is common • 
(up to 38% of patients).

This is characterized by pigmentation of fl exures and subcutaneous • 
sclerotic plaques.

Hypersensitivity phenomena, characterized by chills and fevers, mani-• 
fest within a few hours of administration.

Give steroids prophylactically.• 
Pulmonary fi brosis is the greatest long-term problem:• 

This is dose-related and is common at cumulative doses above • 
300 000 units.
Elderly people are more susceptible.• 
Clinically it is characterized by basal lung crackles and infi ltrates on • 
the chest radiograph.
The manufacturer recommends weekly chest radiographs during • 
treatment.
There is a risk of respiratory failure when patients receive a high • 
FiO2 (e.g. during anaesthesia). This is seen at cumulative dosages 
above 100 000 units. Warn the anaesthetist.

Dactinomycin
Dactinomycin is not associated with cardiac toxicity.• 
Bone marrow suppression is observed at 2–4 days after a dose; • 
recovery is usually complete by 3 weeks.

Mitomycin
Mitomycin is given at 6-week intervals because it causes delayed bone • 
marrow toxicity.

The nadir is usually 4 weeks after a dose.• 
Prolonged use can cause irreversible bone marrow suppression, lung • 
fi brosis, and renal damage.

Limit the cumulative dose to 120 mg.• 
7 - Do not give anthracyclines with trastuzumab; there is a high risk of 

toxicity.
Do not give live vaccines to patients taking cytotoxic drugs; there • 
is a risk of overwhelming sepsis and severe local reactions. See 
b Chlorambucil, p. 558.

9 - Most of these drugs cause alopecia; warn the patient about this.
Make sure that the patient knows when the greatest risk of bone • 
marrow suppression occurs.

Tell the patient to seek urgent medical attention if they develop • 
signs of myelosuppression: easy bruising, bleeding, infection

Some of these drugs (epirubicin, idarubicin) colour the urine red, and • 
mitoxantrone colours the urine blue. Warn patients about this.
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Prevention and treatment of extravasation 
of cytotoxic drugs

Prevention
- This is most important, as damage is almost certain once extravasation has 

occurred.
- If a patient requires a course of chemotherapy, they will often have a tunnelled 

central line inserted. This provides secure access to a large vein. Always check 
that the lumen is freely patent before using it. Remember to fl ush and ‘lock’ the 
line (with saline or heparinized saline) after use.

- For a peripheral cannula use a large vein. If the only available vein is rather small, 
place a glyceryl trinitrate patch distal to the cannula; this can help to maintain 
patency. Ensure that the cannula is freely patent before use. Do not use 
peripheral cannulae for cytotoxic chemotherapy more than once or twice 
before re-siting. Never force an injection if you feel resistance to fl ow; re-site 
the cannula.

- Advise the patient to report immediately any burning or stinging around the site.

Treatment of extravasation
- Stop the drug infusion immediately and explain to the patient that extravasation 

may have occurred.
- Leave the cannula in place and try to aspirate any fl uid back; however, this is 

rarely successful.
- Give specifi c antidotes for specifi c cytostatic drugs:

Dexrazoxane for anthracyclines.• 
Sodium thiosulphate for cisplatin.• 
Hyaluronidase for vinca alkaloids.• 

- Remove the cannula.
- Do not applying pressure, which increases the area of extravasation.
- Local application of corticosteriods may reduce infl ammation.
- Seek expert advice from a plastic surgeon.

TEACHING 
POINT
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Antimetabolite drugs
Cytotoxic drugs

This is a large and diverse group of drugs. Their 
exact mechanisms of action are not known, but 
seem to involve at least two processes:

They are incorporated into 
new nuclear material and 
interfere with the process of 
mitosis. For example, 5–FU 
blocks the methylation reac-
tion of deoxyuridylic acid to 
thymidylic acid, thereby 
interfering with the syn-
thesis of deoxyribonucleic 
acid (DNA).

They bind to 
enzymes and 
other molecules 
involved in the 
normal process 
of mitosis. For 
example, cytara-
bine interferes 
with pyrimidine 
synthesis.

0 - These drugs should only be used by 
specialists.
The different drugs are not equivalent; the • 
following list gives an indication of their different uses.

Fluorouracil (5-FU)•  Treatment of solid tumours. Used topically for 
skin cancers.
Capecitabine•  Colorectal cancer and in combination with a platinum-
based agent in advanced gastric cancer.
Cytarabine•  Maintenance of remission of acute myeloid leukaemia.
Fludarabine•  NICE recommends its use as a second-line drug for 
B-cell chronic lymphocytic leukaemia in patients who have failed 
treatment with an alkylating drug.
Cladribine•  Treatment of hairy cell leukaemia.
Clofarabine•  Refractory acute lymphoblastic leukaemia.
Nelarabine•  Refractory T-cell acute lymphoblastic leukaemia and 
T-cell lymphoblastic lymphoma.
Gemcitabine•  NICE recommends its use:
—First-line for advanced/metastatic pancreatic cancer in patients 

with a good level of function.
—First-line for advanced non-small cell lung cancer (with platinum).
—Treatment of metastatic breast cancer with paclitaxel when other 

treatments (docetaxel monotherapy or docetaxel with capecit-
abine) are also considered appropriate.

Raltitrexed•  Palliation of advanced colorectal cancer.
Pemetrexed•  Unresectable malignant pleural mesothelioma.
Tioguanine•  Induction of remission in acute myeloid leukaemia.

Drugs in this class
- Fluorouracil (5-FU)
- Capecitabine
- Gemcitabine
- Cytarabine
- Fludarabine
- Cladribine
- Raltitrexed
- Tegafur plus uracil
- Tioguanine
- Mercaptopurine*
- Azathioprine*
- Methotrexate*
- Clofarabine
- Nelarabine
- Pemetrexed.

* b See separate articles
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1 - Successful use of cytotoxic drugs involves achieving a balance between 
the desired actions and toxicity.
Cytotoxic chemotherapy is associated with a range of adverse effects • 
which are summarized separately (b Adverse effects of cytotoxic 
chemotherapy, p. 556). The information given here is specifi c to 
certain drugs.
Dosage calculation for cytotoxic drugs is complex and should be • 
checked by an oncologist and pharmacist. If you are asked to admin-
ister a cytotoxic drug, it is good practice to check that the correct 
dosage adjustments have been made. Factors to consider are given in 
the following section.
Cytotoxic drugs should not be given to women who are pregnant; • 
ensure that premenopausal women use adequate contraception.
Do not give live vaccines to patients receiving cytotoxic • 
chemotherapy. See b Chlorambucil, p. 558.

4 - Treatment with these drugs should always be under the supervision of 
a specialist familiar with the condition and the role of the drugs in 
treatment.

6 Adverse effects and monitoring: notes on specifi c drugs

8 Fluorouracil (5-FU)
Absorption of 5-FU is unpredictable when given by mouth; it is given • 
intravenously.
If used topically for skin cancer ensure that it is under an occlusive • 
dressing, that other areas do not become exposed, and that others are 
not exposed to it.
5-FU is usually well tolerated but can cause:• 

Myelosupression.• 
Mucositis (hand/foot desquamative syndrome; see ‘Capecitabine’.• 
A cerebellar syndrome.• 
Myocardial ischaemia with ST segment elevation.• 

Note that the action of warfarin can be enhanced by 5-FU (mechanism • 
not known).

Capecitabine
Capecitabine is metabolized to 5-FU by an enzyme that is more preva-• 
lent in malignant tissue. It can therefore achieve a degree of selectivity. 
Capecitabine can be given by mouth.
Reduce the dose by 25% in moderate renal insuffi ciency; avoid using it • 
in severe hepatic or renal impairment.
Diarrhoea is the most common adverse effect. It affects half the • 
patients treated and can be severe in 13%. Withdraw the drug if 
severe. For less severe cases, give loperamide for symptomatic relief.
Capecitabine also commonly causes a hand/foot syndrome. This is • 
characterized by numbness, dysaesthesia/paraesthesia, tingling, painless 
swelling, or erythema of the hands and/or feet. This can progress to a 
severe syndrome with moist desquamation, ulceration, blistering, and 
severe pain.
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Cytarabine
Cytarabine is a potent myelosuppressant requiring careful • 
haematological monitoring. Toxicity can occur as early as 7 days but 
can occur up to 64 days after starting treatment. It is used for 
maintenance of remission of acute myeloblastic leukaemia.
A cytarabine syndrome has been described. It is characterized by fever, • 
myalgia, bone pain, occasionally chest pain, maculopapular rash, 
conjunctivitis, and malaise. It usually occurs 6–12 hours after 
administration. Corticosteroids are effective for treatment and 
prevention of this syndrome.

Fludarabine
Avoid using fl udarabine in severe renal insuffi ciency.• 
Fludarabine is usually well tolerated but can cause:• 

Myelosuppression.• 
Immunosuppression; consider co-trimoxazole prophylaxis against • 
Pneumocystis jirovecii pneumonia.
Immune-mediated haemolytic anaemia; this is rare.• 

Do not use fl udarabine with pentostatin; there have been cases of fatal • 
toxicity.

Gemcitabine
Gemcitabine causes myelosuppression, but less commonly than other • 
drugs. Reduce or delay the next dose if there is suppression of the 
granulocyte or platelet counts.
A rash occurs in 25% of patients; it is pruritic in 10%.• 
Gemcitabine has been associated with haemolytic-uraemic syndrome; • 
withdraw it if there is any evidence of microangiopathic haemolytic 
anaemia, such as falling haemoglobin, raised bilirubin, or new renal 
impairment.

Raltitrexed
Avoid using raltitrexed in severe hepatic or renal insuffi ciency.• 
Make sure that the patient knows when the greatest risk of bone • 
marrow suppression occurs.

9 • Tell the patient to seek urgent medical attention if they develop 
signs of myelosuppression: easy bruising, bleeding, infection
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Methotrexate
Antimetabolite

Tetrahydrofolic

acid

DNA

synthesis

Inhibited by

methotrexate

Dihydrofolate

reductase

Folic acid

0 - Methotrexate should only be used by specialists.
It is used as a cytotoxic drug for:• 

Maintenance treatment of acute lymphocytic leukaemia.• 
Treatment of choriocarcinoma, non-Hodgkin’s lymphoma, and solid • 
tumours.

It is used for severe, treatment-resistant psoriasis.• 
Methotrexate is a useful disease-modifying drug (DMARD) in rheuma-• 
toid arthritis.

1 - Avoid if the patient has severe renal impairment; it is excreted renally.
Avoid if the patient has moderate or severe hepatic insuffi ciency; it can • 
be hepatotoxic.
Avoid if the patient has a large volume of ascites or pleural effusions. • 
Methotrexate can accumulate in these fl uids and be released later, 
causing toxicity.
Should not be given to women who are pregnant; ensure that • 
premenopausal women use adequate contraception. Advise men and 
women to avoid conception for 6 months after stopping methotrexate 
treatment.

4 - Treatment with methotrexate should always be under the supervision 
of a specialist familiar with the condition and the role of the drug in its 
treatment.
1 in 10 of the population is heterozygous for a polymorphism halving • 
the activity of thiopurine methyl transferase (TPMT). 1 in 300 are 
homozygous and at severe risk of marrow suppression. Measure 
TPMT activity before starting treatment. Treatment with low-dose 
azathioprine in heterozygotes appears to be safe and highly effective. 
Very low doses of azathioprine (5 mg on alternate days) is an option in 
homozygous defi cient patients. (see b Useful pharmacogenetic tests, 
p. 586).

Chemotherapy
Consult your local protocol for the treatment regimen.• 
A course of methotrexate is usually followed by ‘rescue’ treatment • 
with folinic acid. This reduces the severity of myelosuppression and 
mucositis.

Drugs in this class
- Methotrexate
- Azathioprine
- Mercaptopurine
- See b p. 566 for 

a further list of 
antimetabolite 
drugs.
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Psoriasis
Methotrexate should not be used unless there is severe disease, • 
resistant to other treatments.
Several regimens are available; check your local protocol.• 

Rheumatoid arthritis
Methotrexate is given once a week for this indication.• 
Patients have died as a result of incorrect prescribing. Make sure that • 
the patient understands the regimen.
If you are giving the drug in hospital, strike out the other days of the • 
week on the drug chart to avoid administration errors.
Give folic acid 5 mg 3 days after each dose of methotrexate. This • 
reduces the haematological, gastrointestinal, and mucosal adverse 
effects.

6 - Bone marrow toxicity (usually neutropenia) is dose-related and can be 
abrupt.

It can occur even if the drug is used correctly, and in low doses.• 
If bone marrow suppression occurs, stop the drug and give folinic • 
acid (15 mg every 6 hours for 24 hours).
Follow local guidelines for the care of neutropenic patients and seek • 
expert advice.
Consider giving granulocyte colony stimulating factor if neutropenia • 
persists.

Can cause pulmonary toxicity. This is more common in patients with • 
rheumatoid arthritis.
Long-term treatment with methotrexate can cause liver fi brosis and • 
even cirrhosis.

7 - Do not co-prescribe with aspirin and NSAIDs. These reduce 
methotrexate excretion and increase toxicity.
Do not co-prescribe with antifolate antibiotics (trimethoprim, • 
co-trimoxazole) or triamterene; there is a risk of severe toxicity.
The antifolate action of methotrexate is enhanced by pyrimethamine.• 
Penicillins (and probenecid) reduce the excretion of methotrexate; • 
take care and be prepared to reduce the dose.
There is an increased risk of toxicity from lefl unomide (another • 
DMARD), retinoids, and ciclosporin when they are co-prescribed with 
methotrexate. Avoid these combinations whenever possible.
The following drugs increase the risk of bone marrow suppression • 
when they are given with methotrexate: chloramphenicol, cisplatin, 
corticosteroids, kanamycin, nitrous oxide, omeprazole, phenytoin, 
tetracycline.

8 Safety
When using methotrexate for psoriasis or rheumatoid arthritis, • 
measure the full blood count, liver function tests, and renal function 
fortnightly until 6 weeks after the last dose increase.
Thereafter measure the full blood count monthly and renal function • 
every 6–12 months.
Suspend treatment if any of the following occur:• 

White blood cell count below 4.0 • x 109/L or neutrophil count below 
2.0 x 109/L.
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Platelet count is below 150• �109/L or if there are clinical signs of 
thrombocytopenia.
A greater than 2-fold rise in aspartate transaminase, alanine • 
transaminase, or alkaline phosphatase.
Ask about rash, oral ulceration, new or increasing dyspnoea, and • 
cough.

National guidelines for the monitoring of second-line drugs, British • 
Society for Rheumatology, July 2000, available at M www.rheumatology.
org.uk/guidelines/clinicalguidelines/guideline2ndlinedrugs/view.
The monitoring regimen when methotrexate is used for chemotherapy • 
is more intense; follow your local protocol.
Obtain a baseline chest radiograph to allow comparison if the patient • 
develops evidence of pulmonary toxicity.

9 - Advise the patient to avoid over-the-counter aspirin and NSAIDs.
Advise the patient to report any dyspnoea or cough; these may be • 
symptoms of pulmonary toxicity.
Tell the patient to seek urgent medical attention if they develop signs • 
of myelosuppression: easy bruising, bleeding, or infection.
Make sure that patients with rheumatoid arthritis know to take the • 
treatment only once a week and to take folic acid as well.

Case history
Dispensing errors and misunderstandings
- A 59 year old woman with rheumatoid arthritis underwent weekly treatment 

with methotrexate. Starting with 2.5 mg once a week, the dosage was gradually 
titrated up until she was taking 10 mg a week in the form of four 2.5 mg tablets. 
When she next went to renew her prescription the pharmacist dispensed 10 mg 
tablets but the woman continued to take 4 each week. After 1 month she 
became acutely unwell with neutropenic sepsis, from which she did not recover.

This type of error is not uncommon and even though it is inconvenient to take 
multiple 2.5 mg tablets, it is important for all drugs, but particularly those with a 
low therapeutic index, that only one strength of tablet is prescribed and dispensed 
and that patients are carefully advised about dosage, route, and frequency and 
duration of administration.

Prescribing information: Methotrexate
Psoriasis and tumours

Methotrexate should only be prescribed by specialists, usually of • 
registrar grade or above.

Rheumatoid arthritis
The usual dose is 7.5 mg once weekly; this can be increased by 2.5 mg every • 
6 weeks, to a maximum of 20 mg weekly.
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Vinca alkaloids
Cytotoxic drugs 

Vinca

alkaloids

Disrupt microtubule

assembly into spindle

threads. This arrests

mitosis in metaphase.

These drugs are

neurotoxic, as their 

effect on microtubles

interferes with 

axonal transport.

0 - Vinca alkaloids should only be used by specialists.
Different drugs are not equivalent; the following list gives an indication • 
of their different uses:

Vinblastine, vincristine, and vindesine•  For acute leukaemias, 
lymphomas, and some solid tumours.
Vinorelbine • First-line treatment for non-small cell lung cancer, and 
second-line for advanced breast cancer.

1 - Successful use of cytotoxic drugs involves achieving a balance between 
the desired actions and toxicity.
Cytotoxic chemotherapy is associated with a range of adverse effects, • 
which are summarized separately (b Adverse effects of cytotoxic 
chemotherapy, p. 556). The information given here is specifi c to these 
drugs.
Dosage calculation for cytotoxic drugs is complex and should be • 
checked by an oncologist and a pharmacist. If you are asked to admin-
ister a cytotoxic drug, it is good practice to check that the correct 
dosage adjustments have been made.

Reduce the dose in hepatic insuffi ciency.• 
Cytotoxic drugs should not be given to women who are pregnant; • 
ensure that premenopausal women use 
adequate contraception.
Do not give live vaccines to patients • 
receiving cytotoxic chemotherapy. See b 
Chlorambucil, p. 558.
Treatment with vinca alkaloids should always be under the supervision • 
of a specialist familiar with the condition and the roles of the drugs in 
treatment.

4 - Vinblastine, vincristine, and vindesine are not absorbed when given by 
mouth; all are given intravenously. Vinorelbine is also usually given 
intravenously, but an oral capsule form is available as an alternative.
There have been fatal incidents when vinca alkaloids have been given • 
intrathecally. It is good practice to give vinca alkaloids on a different 
day from any intrathecal chemotherapy.

6 - The principal toxic effect is dose-related neurotoxicity; it is most 
severe with vincristine.

It is characterized by paraesthesia, loss of deep tendon refl exes, • 
abdominal pain, and constipation. If these occur, reduce the dose.
If motor weakness develops, withdraw the drug.• 

Drugs in this 
class
- Vinblastine
- Vincristine
- Vindesine
- Vinorelbine

Never give vinca 
 alkaloids intrathecally 
(see b p. 575)
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Bone marrow toxicity is also dose-related.• 
Vincristine causes very little myelosuppression.• 
Bone marrow toxicity is greatest 7–10 days after a dose and has • 
usually recovered by 21 days.

Vinca alkaloids cause reversible alopecia.• 
Vinca alkaloids are irritant to tissues; see teaching point box in • 
cytotoxic antibiotics (b p. 565) for guidelines on the avoidance of 
extravasation of cytotoxic drugs.

7 - The antifungal drug itraconazole inhibits vincristine metabolism and so 
increases the risk of neurotoxicity. Avoid giving them together.

8 Safety
Measure a full blood count according to local protocol, taking into • 
account the time when the patient is at greatest risk of bone marrow 
suppression.
Perform regular neurological examinations and reduce the dose if • 
there is evidence of neurotoxicity.

9 - Warn the patient that these drugs cause alopecia (usually reversible).
Tell the patient to seek urgent medical attention if they develop signs • 
of myelosuppression: easy bruising, bleeding, infection.

The wrong route of administration 

‘The fool learns from his mistakes but a wise man learns from the mistakes 
of others.’

In 2000, an expert group on learning from adverse events in the NHS, chaired by 
the Chief Medical Offi cer, reported that since 1985 there had been at least 13 epi-
sodes in which people (usually children) had been killed or paralysed because of 
wrong administration of drugs by spinal injection; 12 involved vinca alkaloids; 10 
were fatal.

Unfortunately, despite wide publicity, the inadvertent administration of vincristine 
via the intrathecal route continues to occur. Vincristine is almost universally fatal if 
given intrathecally. Confusion has arisen during chemotherapy, when patients were 
scheduled to receive intravenous vincristine at the same time as receiving another 
agent (methotrexate or cytosine) intrathecally. The recurring theme is that inexpe-
rienced staff with minimal experience and training have been required to supervise 
and administer toxic agents. Most hospitals now have policies that forbid adminis-
tration of intravenous and intrathecal cytotoxic drugs at the same time, in order to 
avoid confusion.

TEACHING 
POINT
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Platinum compounds
Cytotoxic drugs

Platinum
compounds

Cross-link
comple-
mentary 
strands of
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do not
alkylate
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linking
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not cell
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specific
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0 - Platinum compounds should only be used by specialists.
The different drugs are not equivalent; the following list gives an • 
indication of their different uses:

Carboplatin•  Advanced ovarian cancer and small cell lung cancer.
Cisplatin•  Germ cell tumours (seminoma, teratoma); bladder, lung, 
upper gastrointestinal, and ovarian cancers.
Oxaliplatin•  Metastatic colorectal cancer and adjuvant treatment after 
resection of primary colorectal tumours.

1 - Successful use of cytotoxic drugs involves achieving a balance between 
the desired actions and toxicity.
Cytotoxic chemotherapy is associated with a range of adverse effects • 
which are summarized separately (b Adverse effects of cytotoxic 
chemotherapy, p. 556). The information given here is specifi c to these 
drugs.
Dosage calculation for cytotoxic drugs is complex, and should be • 
checked by an oncologist and a pharmacist. If you are asked to admin-
ister a cytotoxic drug, it is good practice to check that the correct 
dosage adjustments have been made.

Reduce the dose in renal insuffi ciency.• 
Cytotoxic drugs should not be given to women who are pregnant; • 
ensure that premenopausal women use adequate contraception.
Do not give live vaccines to patients receiving cytotoxic chemo-• 
therapy. See b Chlorambucil, p. 558.

4 - Treatment with platinum compounds should always be under the 
supervision of a specialist familiar with the condition and the roles of 
the drugs in treatment.
Platinum compounds are not absorbed when given by mouth; all are • 
given intravenously.
Prehydrate the patient with 1–2 litres of intravenous saline before • 
treatment. Ensure that the patient takes 2–3 litres of fl uid daily during 
treatment.
These drugs are highly emetogenic; premedicate before starting treat-• 
ment (see b teaching point in 5-HT3 receptor antagonists, p. 78). 
If the patient is vomiting, give intravenous fl uids to ensure adequate 
intake.

Cisplatin
6 - The principal toxic effect is dose-related nephrotoxicity. Cisplatin is 

excreted renally, so this adverse effect can be self-perpetuating.
The nephrotoxic effect is cumulative.• 
The maximal effect on renal function occurs at 2 weeks after a dose.• 

Drugs in 
this class
- Cisplatin
- Carboplatin
- Oxaliplatin
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These drugs are highly emetogenic. Nausea develops within 1–2 hours • 
of starting treatment and can last a week (see teaching point, 
b p. 80).
Bone marrow toxicity is also dose-related.• 

Bone marrow suppression is greatest at 6–21 days after a dose and • 
has usually recovered by day 45.

Cisplatin is ototoxic; this manifests as tinnitus and deafness and is • 
common (24% for cisplatin).
When used in high doses, cisplatin can cause a peripheral neuropathy.• 
Cisplatin can cause hypomagnesaemia; consider replacement if the • 
patient is at a high risk of cardiac arrhythmias.

Carboplatin
The pattern of toxic effects is similar. Carboplatin usually causes less • 
nephrotoxicity and neurotoxicity, but more bone marrow suppression.

Oxaliplatin
The pattern of toxic effects is similar. Oxaliplatin is dose-limited by • 
neurotoxicity.

7 - Avoid giving with other drugs that are nephrotoxic (e.g. NSAIDs).
Avoid giving with other drugs that are ototoxic (e.g. furosemide, • 
aminoglycoside antibiotics).

8 Safety
Measure a full blood count according to local protocol, taking into • 
account the time when the patient is at greatest risk of bone marrow 
suppression.
Measure renal function regularly. Note that nephrotoxicity may not • 
manifest until 2 weeks after a dose. Delay treatment or reduce the 
dose according to renal function.
Perform audiometry before and after treatment. Cisplatin causes a • 
15 decibel loss in threshold in 25% of patients.

9 - Tell the patient to seek urgent medical attention if they develop signs 
of myelosuppression: easy bruising, bleeding, infection.
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Taxanes
Cytotoxic drugs

Inhibit microtubule
disassembly and form
abnormal, unstable
microtubules. This
arrests mitosis in
metaphase

These drugs are
neurotoxic, as the
effect on microtubles
interferes with
axonal transport

Taxanes (originally
derived from a
substance
extracted from
the bark of the
Pacific yew tree);
now prepared
synthetically

0 - Taxanes should only be used by specialists.
The different drugs are not equivalent; the following list gives an • 
indication of their different uses.
NICE has recommended that these drugs should be used for:• 

The treatment of advanced breast cancer when initial treatments • 
have failed.
The fi rst-line treatment of non-small cell lung cancer (usually in • 
combination with a platinum drug) when curative treatment is not 
possible.

In addition, NICE has recommended that:• 
Paclitaxel•  (in combination with platinum drugs) should be the 
standard initial treatment of ovarian cancer usually after surgery; use 
as a second-line drug should be restricted to women who have not 
already received it.
Docetaxel•  can be used for the treatment of non-small cell lung 
cancer that has relapsed with other treatments; docetaxel is also a 
treatment option for the adjuvant treatment of operable node-
positive breast cancer in combination with doxorubicin and 
cyclophosphamide, for the initial treatment of human epidermal 
growth factor-2 (HER2) positive metastatic breast cancer in combi-
nation with trastuzumab, and for men with hormone-refractory 
metastatic prostate cancer.

1 - Successful use of cytotoxic drugs involves achieving a balance between 
the desired actions and toxicity.
Cytotoxic chemotherapy is associated with a range of adverse effects • 
which are summarized separately (b Adverse effects of cytotoxic 
chemotherapy, p. 556). The information given here is specifi c to the 
taxanes.
Dosage calculation for cytotoxic drugs is complex and should be • 
checked by an oncologist and a pharmacist. If you are asked to admin-
ister a cytotoxic drug, it is good practice to check that the correct 
dosage adjustments have been made.
Cytotoxic drugs should not be given to women who are pregnant; • 
ensure that premenopausal women use adequate contraception.
Do not give live vaccines to patients receiving cytotoxic chemo-• 
therapy. See b Chlorambucil, p. 558.

Drugs in this 
class
- Docetaxel
- Paclitaxel
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4 - Treatment with taxanes should always be under the supervision of a 
specialist familiar with the condition and the role of the drugs in 
treatment.
These drugs are not absorbed when given by mouth; both are given • 
intravenously.

6 - The principal adverse effect is hypersensitivity.
This is common; it is severe in 8% of patients.• 
Premedicate the patient with a corticosteroid (e.g. dexamethasone • 
8–20 mg), an antihistamine (H1 receptor antagonist, e.g. chlorphen-
amine), and an H2 receptor antagonist (e.g. ranitidine).

Docetaxel causes fl uid retention and peripheral oedema.• 
This can be reduced if steroid (dexamethasone) treatment is • 
continued for 3–5 days (8 mg twice a day by mouth).

Bone marrow toxicity is also dose-related.• 
Taxanes can cause a peripheral neuropathy, especially when used in • 
high doses.

They can cause cardiac conduction defects; these are usually • 
asymptomatic.

Taxanes cause reversible alopecia.• 
Arthralgia and myalgia are common; they can be severe in 12% of • 
patients.
Nausea and vomiting due to taxanes is usually mild.• 

7 - Ciclosporin, erythromycin, and ketoconazole inhibit the metabolism of 
taxanes. This may enhance their actions, but also increases the risk of 
adverse effects.

8 Safety
Measure a full blood count according to local protocol, taking into • 
account the time when the patient is at greatest risk of bone marrow 
suppression.
Measure liver function tests during treatment; reduce the dose if there • 
is evidence of toxicity.
Perform regular neurological examinations and reduce the dose if • 
there is evidence of neurotoxicity.

9 - Warn the patient that these drugs cause alopecia (usually reversible).
Tell the patient to seek urgent medical attention if they develop signs • 
of myelosuppression: easy bruising, bleeding, or infection.
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Cytotoxic monoclonal antibodies
Trastuzumab is given here as an example of this type of cytotoxic 
treatment. See b Aromatase inhibitors p. 524 for general advice on the 
treatment of breast cancer

Trastuzumab is
a monoclonal
antibody raised
against the human
epidermal growth
factor receptor
(HER2)

Binding of the
antibody leads
to immune-
mediated killing
of the cell; note
that this drug is
only effective for
the one-third of
breast cancers that
overexpress the
HER2 receptor

0 - Monoclonal antibodies should only be used by 
specialists.
They have the potential to be powerful and • 
specifi c anticancer drugs.
Ideally, one would want to identify a molecule • 
that is only expressed on malignant cells. In 
most cases, however, expression is not limited 
to malignant cells; rather, they overexpress a 
molecule that is expressed in a smaller amount 
by other cells.
It is therefore very important to understand the • 
biology of the target tumour when considering 
treatment with this type of drug.

For example, trastuzumab is only effective for • 
breast cancer tumours that overexpress the 
human epidermal growth factor-2 (HER2) 
receptor; this is only about one-third of cases; 
the other two-thirds have nothing to gain and 
so should be considered for alternatives.

1 - Although drugs of this type have the potential 
to be very specifi c, they bind to biologically active molecules. Often 
we do not fully understand the full extent of the actions of these 
molecules. Adverse effects may therefore be diffi cult to predict.

For example, trastuzumab can cause cardiotoxicity, the mechanism • 
of which is not immediately obvious.
Avoid trastuzumab in patients with a history of coronary artery • 
disease, heart failure, or hypertension.

Drugs of this type can interact with other types of cytotoxic • 
chemotherapy.

For example, there is a particular risk of cardiac toxicity if • 
trastuzumab is given with anthracycline drugs.
Delay treatment with trastuzumab for 24 weeks after treatment • 
with anthracycline drugs.
All patients should receive a baseline cardiological assessment • 
including a physical examination, ECG, and an echocardiogram or 
MUGA scan or cardiac MRI scan.

Other cytotoxic 
monoclonal 
anti-bodies

- Alemtuzumab and 
rituximab.

- Cause lysis of 
B cells.

- Used for the 
specialist 
treatment of 
follicular 
lymphoma, large 
B-cell non-
Hodgkin’s 
lymphoma, and 
chronic 
lymphocytic 
leukaemia.

- Most important 
risk is that they can 
precipitate the 
cytokine release 
syndrome, which 
can be fatal. The 
risk is related to 
tumour size. 
Provide analgesia 
and an 
antihistamine. 
Consider 
corticosteroid 
prophylaxis.
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Cytotoxic drugs should not be given to women who are pregnant; • 
ensure that premenopausal women use adequate contraception.
Do not give live vaccines to patients receiving cytotoxic • 
chemotherapy. See b Chlorambucil, p. 558.

4 - Treatment with these drugs should always be under the supervision of 
a specialist familiar with the condition and the roles of the drugs in 
treatment.
These drugs are not absorbed when given by mouth; all are given • 
parenterally.

6 - The principal adverse effect is hypersensitivity.
This risk is particularly high with monoclonal antibody drugs.• 
It can range from fevers and chills to angio-oedema and anaphylaxis.• 
Monoclonal antibody drugs should only be given when adequate • 
resuscitation facilities are immediately available.

Trastuzumab can cause cardiac toxicity; see notes earlier in topic.• 
Other adverse effects of trastuzumab include gastrointestinal • 
disturbance.

7 - There is a particular risk of cardiac toxicity if trastuzumab is given with 
anthracycline drugs; avoid this combination.

8 Safety
Monoclonal antibody drugs have the potential to be less toxic than • 
conventional cytotoxic drugs. The monitoring required will depend on 
the precise actions of the drug; follow the manufacturers’ advice.

9 - New treatments are often hailed in the media as a ‘breakthrough’. 
Drugs such as trastuzumab have an important role in the treatment of 
certain cancers, but they are not a panacea. Patients with cancer are 
often very well-informed; take time to explain why a treatment may 
not be suitable for them.

Case history
Cytokine release syndrome
- A 49-year-old man with relapsed non-Hodgkin’s lymphoma received an 

intravenous infusion of the monoclonal antibody rituximab. 2 hours later he 
became severely unwell, with vomiting, hypotension, bronchospasm, marked 
dyspnoea, and a high fever. Despite corticosteroids, chlorphenamine, and 
salbutamol, he rapidly deteriorated and required prolonged treatment on the 
intensive care unit.

This reaction was a cytokine release phenomenon triggered by rituximab. It is a 
particular problem in patients with a high tumour burden and in those with pulmo-
nary infi ltration. An extreme version of the cytokine release syndrome occurred in 
March 2006 when six healthy volunteers were given a novel monoclonal antibody 
code-named TGN1412, which was described as a superagonist at CD28 cell surface 
receptor on lymphocytes. This event led to changes in the way in which fi rst-in-man 
studies of new drugs are conducted.
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Drug treatment of breast cancer

The management of breast cancer involves surgery, radiotherapy, drug therapy, or 
a combination of these. Treatment should be under the direction of a specialist.

Following surgical removal of the tumour, adjuvant therapy is used to eradicate the 
micrometastases that cause relapses:
- Cytotoxic chemotherapy (for hormone receptor-negative disease); usually an 

anthracycline combined with fl uorouracil  and cyclophosphamide, and 
sometimes with methotrexate.

- Hormone antagonist therapy (for hormone receptor-positive disease) NB: may 
be preceded by cytotoxic chemotherapy:

Tamoxifen is effective in premenopausal, perimenopausal, and • 
postmenopausal women; premenopausal women may also benefi t from 
treatment with a gonadorelin analogue or ovarian ablation.
Aromatase inhibitors are effective in postmenopausal women only, but are • 
preferred in this group.

Trastuzumab is licensed for use in early breast cancer that overexpresses HER2 in 
women who have received surgery, chemotherapy, and radiotherapy.

Fulvestrant is licensed for the treatment of oestrogen receptor-positive metastatic 
or locally advanced breast cancer in postmenopausal women in whom disease 
progresses or relapses while taking, or after the use of, other antioestrogen drug 
therapy.

The use of bisphosphonates in patients with metastatic breast cancer can prevent 
skeletal complications of bone metastases.

TEACHING 
POINT
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Reporting suspected adverse events

- Recently-introduced drugs are identifi ed in the BNF by an inverted black 
triangle ▼.

- Report any suspected adverse effects of new drugs to your local regulatory 
agency; for example:

To the Medicines and Healthcare products Regulatory Agency (MHRA) in the • 
UK, using a yellow card. These are available from pharmacists and are in the 
back of the BNF. Submissions can also be made online at M www.yellowcard.
gov.uk. The yellow card scheme in the UK invites reports from doctors, 
dentists, coroners, pharmacists, nurses, and patients. Patients who suspect that 
they have suffered an adverse reaction to their medicines can report these to 
their doctor, dentist, pharmacist, or nurse, who can then report it to the 
Scheme.
In the USA, the MedWatch scheme allows health-care professionals and • 
consumers to report to the Food and Drug Administration serious problems 
that they suspect are associated with drugs and medical devices they 
prescribe, dispense, or use.
The World Health Organization provides a forum for WHO member states • 
to collaborate in monitoring drug safety. This is organized by the Uppsala 
Monitoring Centre (UMC) in Sweden. The database of the UMC currently 
contains over 5 million reports of adverse reactions from nearly 100 countries; 
reports accrue at the rate of about 300 000 per year.

- Regulatory agencies are also interested to hear about a suspected serious 
adverse effect due to an established drug, even if the effect is well recognized. 
This information helps to build up a picture of how common an adverse effect is.

- A serious adverse effect is defi ned as one that:
Is fatal or life threatening.• 
Is signifi cantly disabling or incapacitating.• 
Prolongs hospitalization.• 
Requires medical or surgical intervention to preclude permanent impairment of a • 
body function or permanent damage to a body structure.
Is any medical event that would be regarded as serious if it had not responded • 
to acute treatment.

- Do not be deterred from making a report if you are not certain whether the 
drug was responsible; it can be diffi cult to ascribe causality, especially with new 
drugs and the regulatory systems are designed to distinguish signal from noise.

- Regulatory authorities are particularly interested to hear about suspected 
adverse effects that:

Are delayed; these may not have been identifi ed in early clinical trials.• 
Occur in elderly people; this group are more susceptible to the adverse • 
effects of some drugs.
Result in a congenital abnormality or cancer.• 
Occur in children; clinical trial information on the use of drugs in children is • 
often very sparse.

TEACHING 
POINT



584 IMMUNOSUPPRESSION BNF Reference 8.2, 8.1.3, 1.5, 10.1.3, and 10.2.1

Azathioprine and mercaptopurine
Inhibitors of DNA synthesis

Azathioprine Mercaptopurine 5-phosphate

ribonucleotide

Inhibition of

DNA synthesis

Immunosuppressive

and cytotoxic effectsInactive metabolites

Intracellular enzymatic

conversion

Almost all azathioprine

is metabolized to

mercaptopurine by a

non-enzymatic process 

Thiopurine

methyltransferase

(TPMT)

6-methylmercaptopurine

Xanthine

oxidase

6-thiouric acid

0 - Antiproliferative immunosuppression:
Transplant rejection.• 
Vasculitis: systemic lupus erythematosus, polyarteritis nodosa, • 
dermatomyositis, Wegener’s granulomatosis.
Rheumatoid arthritis.• 
Infl ammatory bowel disease (unlicensed indication).• 
Other autoimmune conditions: myasthenia gravis, chronic active • 
hepatitis, haemolytic anaemia, refractory idiopathic thrombocyto-
penic purpura.

1 - Do not initiate treatment during pregnancy, although current 
treatment can be continued after a thorough assessment of the risks.
Reduce the dose in patients with severe renal or hepatic insuffi ciency.• 

4 - Treatment with these drugs should always be under the supervision of 
a specialist familiar with the condition and the roles of the drugs in 
treatment.
These drugs can be given on their own, but are usually combined with • 
other immunosuppressants, such as corticosteroids or calcineurin 
inhibitors (ciclosporin, tacrolimus).
The exact dose and treatment regimen will depend on the indication; • 
details are not given here.
The intravenous formulation of azathioprine is very irritant; use it only • 
when treatment by mouth is not possible. Ensure that the cannula is 
patent and fl ush with 50 mL of saline after the drug has been infused.
Do not give live vaccines to patients receiving immunosuppressant • 
drugs. See b Chlorambucil, p. 558.

Passive immunization with • Varicella zoster immunoglobulin should be 
given to non-immune patients with signifi cant exposure to chick-
enpox or shingles.
Pneumovax and an annual fl u vaccine should be given.• 

6 - The principal toxic effect is dose-related myelosuppression; 5% of 
patients require a dose reduction or withdrawal of the drug or this 
reason.
Hepatic toxicity can present with raised transaminases or cholestatic • 
jaundice.

Whenever possible, it is advisable to start these drugs at a low dose • 
and build up to the maintenance dose. In this way toxic effects can 
be identifi ed early.
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Hypersensitivity phenomena, such as fever, rigors, rash, and interstitial • 
nephritis, are relatively common (2% of patients).
Be aware that the patient is at greater risk of infection, owing to • 
immunosuppression and leucopenia.
Long-term treatment is associated with an increased risk of tumours • 
(especially lymphomas). Regularly review the need for treatment.

7 - Allopurinol markedly inhibits the metabolism of these drugs. Reduce 
the dose by 75% when the patient is also taking allopurinol.
There is an increased risk of myelosuppression when these drugs are • 
co-prescribed with antibiotics that inhibit folic acid metabolism 
(trimethoprim and co-trimoxazole).

8 Safety
Measure a full blood count (looking for myelosuppression), renal • 
function, electrolytes, and liver function tests weekly for the fi rst 
4 weeks of treatment.

Also measure 2 and 4 weeks after each dose increase and monthly • 
thereafter.
Suspend treatment if any of the following occur:• 
—white blood cell count below 4.0 x 109/L or neutrophil count 

below 2.0 x 109/L.
—platelet count below 150 x 109/L or if there are clinical signs of 

thrombocytopenia.
—a greater than 2-fold rise in aspartate transaminase, alanine 

transaminase, or alkaline phosphatase.
The frequency of monitoring blood tests should be increased if the • 
patient has renal or hepatic insuffi ciency.
A few patients are homozygous slow metabolizers of azathioprine (by • 
TPMT, b Teaching point: Useful pharmacogenetic tests, p. 586). They 
are at particular risk of myelosuppression. You should be able to iden-
tify them by close monitoring of the blood count and careful titration 
of the dose.

Effi cacy
The precise measures of effi cacy will depend on the indication, but will • 
usually include clinical assessment of symptoms and measurement of 
infl ammatory markers. When using potentially hazardous drugs such 
as these it is especially important to set outcome targets, so that 
progress can be assessed properly. It is unwise to start treatments 
without a clear idea of your goals.

9 - Tell the patient to seek urgent medical attention if they develop signs 
of myelosuppression: easy bruising, bleeding, infection.

Prescribing information: Azathioprine and mercaptopurine
Azathioprine

The dose will depend on the indication. Seek expert advice.• 
The usual maintenance dose is in the range 2.0–2.5 mg/kg.• 

Mercaptopurine
The dose will depend on the indication. Seek expert advice.• 
The usual maintenance dose is in the range 1.0–1.5 mg/kg.• 



586 IMMUNOSUPPRESSION BNF Reference 8.2, 8.1.3, 1.5, 10.1.3, and 10.2.1

Useful pharmacogenetic tests

- An elderly woman was referred to a rheumatology department with polymyalgia 
rheumatic, which was only responsive to high doses of corticosteroids. She was 
given azathioprine 75 mg/day as a steroid-sparing agent and a month later 
developed severe pancytopenia due to marrow suppression.

Although azathioprine quite often causes a degree of marrow suppression, this was 
a particularly marked response, and genetic testing revealed defi ciency of the 
enzyme TPMT, which is responsible for metabolizing thiopurines, such as azathio-
prine and mercaptopurine. This occurs in around 1 in 300 individuals, which is 
common enough to justify pre-treatment testing.

Pharmacogenetic tests can be based on phenotype or genotype. Although the 
latter are usually easier and cheaper, phenotypic tests are more widely used, 
because not all of the genotypes that contribute to a phenotype have been defi ned. 
Genotypic tests can detect single nucleotide polymorphisms (SNPs; substitution of 
one base by another) or structural variants, such as insertions/deletions or copy 
number polymorphisms. Genotypic tests that determine the level of expression of 
mRNA are also being used, especially in cancers. Genotypic or phenotypic tests 
can be used to guide choice of drug and/or dosage regimen and can predict how 
effi cacious or safe the drug is likely to be.

Drugs for which other pharmacogenetic tests that have entered routine use 
include:
- Abacavir A hypersensitivity reaction (skin rash, fever, and gastrointestinal and 

respiratory effects) to abacavir occurs in about 5% of patients, and is associated 
with the HLA-B*5701 allele.

- Carbamazepine Severe rashes, including Stevens–Johnson syndrome and toxic 
epidermal necrolysis, due to carbamazepine are associated with HLA-B*1502 in 
Han Chinese and Thai patients.

- Cetuximab and panitumumab Responses to these EGFR (epidermal growth 
factor receptor) inhibitory monoclonal antibodies are better in patients with the 
wild-type KRAS proto-oncogene, which is a downstream signal transducer of 
EGFR.

- Trastuzumab (Herceptin®), which improves disease-free and overall survival in 
breast cancer in patients with HER2 gene amplifi cation or over-expression on 
breast cancer cells.

The treatment of tumours is the most promising area for further development of 
tests of this sort, since it may be possible to type individual tumours according to 
their likely responses to specifi c drugs. Viral infections may also be susceptible to 
this approach. In other areas developments are less likely, because most pharmaco-
genetic variants explain only 10–30% of the variability in drug responses, the rest of 
the variability being attributable to non-genetic factors. For example, only 50% of 
the variability in the dosage requirements of warfarin can be explained by the combi-
nation of age, sex, and two pharmacogenetic polymorphisms, in the CYP2C9 and 
VKORC1 genes.

TEACHING 
POINT
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Giving drug dosages according to body 
weight

Some drugs are given in fi xed doses to all patients across a stated dosage range. 
However, in some cases the dose should be calculated according to the weight of 
the patient (e.g. drugs that have a low therapeutic index or toxic to therapeutic 
ratio). This index or ratio indicates the margin between the toxic dose and the 
therapeutic dose. The bigger it is, the better. For example, in the absence of peni-
cillin hypersensitivity, penicillins have a high therapeutic index, or a high toxic to 
therapeutic ratio, since very high doses (much higher than are needed for thera-
peutic effi cacy) are safe. The following classes of drugs have a low therapeutic 
index, and examples are given of weight-related doses:
- Aminoglycoside antibiotics When gentamicin is given once a day, the initial 

intravenous dose is 5–7 mg/kg.
- Antiarrhythmic drugs The intravenous maintenance dose of disopyramide is 

400 micrograms/kg/hour. However, recommendations for most antiarrhythmic 
drugs are not weight-corrected.

- Anticoagulants The total daily dose of subcutaneous dalteparin for deep venous 
thrombosis is 200 units/kg.

- Cardiac glycosides The usual loading dose of digoxin is 15 micrograms/kg and the 
usual oral maintenance dose is 5 micrograms/kg/day; in someone with renal 
impairment, adjust the maintenance dose according to the degree of renal 
insuffi ciency (b p. 98); in severe renal insuffi ciency also reduce the loading dose 
to 10 micrograms/kg.

- Cytotoxic and immunosuppressive drugs The oral maintenance dose of 
azathioprine is 1–3 mg/kg/day.

- Hypoglycaemic drugs The usual total daily dose of insulin is 0.5 units/kg, although 
requirements vary greatly.

Although it is a good rule to give drugs with a low therapeutic index in weight-
related doses, this is not always done. For example, the anticoagulant, warfarin, 
is given in doses that are not weight-corrected; however, in that case careful 
monitoring is necessary to titrate the dose to an individual’s requirements.

TEACHING 
POINT
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Mycophenolate mofetil and 
mycophenolic acid
Inhibitors of DNA synthesis

Mycophenolate

mofetil
Mycophenolic acid

Inhibition of inosine monophosphate dehydrogenase, which in turn inhibits

the de novo pathway of guanosine nucleotide synthesis

0 - Antiproliferative immunosuppression.
Transplant rejection (renal, cardiac, or hepatic).• 

1 - Contraindicated in pregnancy. Congenital abnormalities (of the middle 
ear) have been observed in children. Perform a pregnancy test before 
treatment and avoid pregnancy until 6 weeks after completion of 
treatment.
Patients must not breastfeed while taking these drugs. They are • 
present in breast milk in animal studies.
No dosage reduction is necessary in hepatic impairment or in mild or • 
moderate renal impairment. Patients with severe renal impairment 
should be monitored closely and the daily dose should not exceed 
1440 mg of mycophenolic acid and 2 g of mycophenolate.
Because of the mechanism of action, avoid these drugs in patients with • 
rare hereditary conditions associated with defi ciency of hypoxanthine-
guanine phospho-ribosyl-transferase (HGPRT), such as Lesch–Nyhan 
and Kelley–Seegmiller syndromes.
Because of the risk of severe gastrointestinal adverse effects, consider • 
alternatives in patients with existing serious gastrointestinal disease. 

4 - Treatment with these drugs should always be under the supervision of 
a specialist familiar with the condition and the roles of the drugs in 
treatment.
There is evidence that these drugs are more effective than similar • 
regimens to prevent acute rejection that include azathioprine.

However, the risks of opportunistic infections and bone marrow • 
suppression are higher.

These drugs are given in combination with other immunosuppressants, • 
such as corticosteroids or calcineurin inhibitors (ciclosporin, 
tacrolimus).
The exact dose and treatment regimen will depend on the indication; • 
details are not given here.
Do not give live vaccines to patients taking immunosuppressant drugs. • 
See b Chlorambucil, p. 558.

Passive immunization with varicella zoster immunoglobulin should • 
be given to non-immune patients exposed to chickenpox or shingles.
Pneumovax and an annual fl u vaccine should be given.• 
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6 - The principal toxic effect is dose-related myelosuppression; 5% of 
patients require a dose reduction or withdrawal of the drug for this 
reason.
Gastrointestinal adverse effects are common. These can include rare • 
cases of ulceration, haemorrhage, and perforation. 
Hypersensitivity phenomena, such as fever, rigors, rash, and interstitial • 
nephritis, are relatively common (2% of patients).
Be aware that the patient is at greater risk of infection, because of • 
immunosuppression and leucopenia. The most common opportunistic 
infections are due to cytomegalovirus, Candidia albicans, and herpes 
simplex.
Long-term treatment is associated with an increased risk of • 
tumours (especially lymphomas). Regularly review the need for 
treatment.
Although these drugs are related and mycophenolate mofetil 1 g is • 
approximately equivalent to mycophenolic acid 720 mg, the drugs 
should not be used interchangeably. 

7 - There is an increased risk of myelosuppression when these drugs are 
co-prescribed with antibiotics that inhibit folic acid metabolism 
(trimethoprim and co-trimoxazole).
Azathioprine has a similar mechanism of action; avoid using both drugs • 
together.
Avoid drugs that bind bile acids, for example bile acid sequestrants or • 
oral activated charcoal, because they reduce the enterohepatic 
circulation of mycophenolate and therefore reduce its effi cacy.

8 Safety
Measure a full blood count (looking for myelosuppression), renal func-• 
tion, electrolytes, and liver function tests weekly for the fi rst 4 weeks 
of treatment, fortnightly for 2 months, then monthly for the fi rst year.
Suspend treatment if the neutrophil count falls below 1.5 • x 109/L.
The frequency of monitoring blood tests should be increased if the • 
patient has severe renal insuffi ciency.

Effi cacy
Assessment of effi cacy in transplant patients is specialized. Seek - 
expert advice.

What to tell the patient
9 - Tell the patient to seek urgent medical attention if signs of myelosup-

pression (easy bruising, bleeding, infection) develop.
Mycophenolate can be taken with or without food. Patients can select • 
either option but must adhere to their selected option
Because there is an increased risk of malignancy, patients should avoid • 
exposure to sunlight without the use of a sun block.

Prescribing information: Mycophenolate mofetil and mycophenolic acid
Mycophenolate mofetil

The dose will depend on the indication. Seek expert advice.• 
The usual dose is 1.0–1.5 g twice daily.• 
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Mycophenolic acid
The dose will depend on the indication. Seek expert advice.• 
The usual dose is 720 mg twice daily.• 

Progressive multifocal leucoencephalopathy (PML)

- PML is a rare and usually fatal re-infection of the CNS. It is caused by a type of 
human polyoma virus known as the JC, or John Cunningham virus. 

- The virus usually remains latent in healthy individuals, only causing disease when 
the immune system is severely compromised. 

- In patients with HIV infection, the incidence is about 5% of the disease 
population. 

- PML also occurs in patients with cancer and those who have received kidney or 
bone-marrow transplants.

- Drugs that have been associated with PML:
Some monoclonal antibodies: natalizumab (used to treat multiple • 
sclerosis), rituximab (for non-Hodgkin’s lymphoma and severe active 
rheumatoid arthritis).
Some antineoplastic and immunosuppressant drugs: e.g. fl udarabine, • 
nelarabine, and mycophenolate mofetil.

- This list is not exhaustive. PML is very rare, and establishing a causal relation is 
diffi cult; cases have been observed with several other drugs, including 
cyclophosphamide and epirubicin.
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Ciclosporin, tacrolimus, and sirolimus
Immunosuppressant drugs

Calcineurin

inhibitors

Non-calcineurin

inhibiting

immunosuppressant

Inhibition of T-cell

proliferation

• Ciclosporin

• Tacrolimus

• Pimecrolimus

• Sirolimus

Topical uses of calcineurin inhibitors

This group of drugs is effective, but when given systemically they are associated 
with a substantial number of potential adverse effects.

Drug-eluting stents for the treatment of coronary artery disease 
- A stent is a thin wire-mesh tube for insertion into a hollow organ, such as a 

blood vessel. When an angioplasty balloon infl ates in a coronary artery, the 
stent expands like a scaffold to hold the vessel open. It is left behind after the 
balloon is defl ated and withdrawn.

- Incorporation into the stent of an immune suppressant (to reduce infl ammation) 
or an antimitotic agent (to reduce cell proliferation) reduces revascularization 
rates by about three-quarters compared with bare-metal stents.

- No effects on death or myocardial infarction have been detected.
- The drug reaches therapeutic concentrations in local tissues only.
- It may not be detectable systemically, and systemic adverse effects are rare.
- Antiplatelet drug therapy should be given for at least 6 months after the 

insertion of a stent. An ADP receptor antagonist (e.g. clopidogrel) should be 
given for 1 year and aspirin life-long. 

- Drugs incorporated into drug-eluting stents:
Paclitaxel.• 
Tacrolimus.• 
Sirolimus.• 

Topical formulations for atopic eczema
- Topical pimecrolimus and tacrolimus are options for atopic eczema that has not 

been controlled by maximal topical corticosteroid treatment or if there is a risk 
of important corticosteroid adverse effects (particularly skin atrophy).

- Tacrolimus is also used topically in oral and perianal Crohn’s disease (unlicensed 
use).

- These drugs should be given under the direction of a specialist.
- Avoid contact with eyes and mucous membranes.
- Do not use if there is an infection at the skin site.
- The most common adverse effects are local pruritus and erythema.

Immunosuppressant drugs
- Corticosteroids
- Azathioprine and 

mercaptopurine
- Ciclosporin, tacrolimus, 

and sirolimus
- Mycophenolate mofetil
Less commonly used
- Cyclophosphamide and 

chlorambucil
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0 - Immunosuppressants.
After organ transplantation.• 
Treatment and prevention of graft-versus-host disease (GVHD).• 
Autoimmune disease (e.g. rheumatoid arthritis, psoriasis, atopic • 
dermatitis, uveitis, Behçet’s disease, Crohn’s disease).

1 - Do not use these drugs in patients with uncontrolled hypertension; 
they are nephrotoxic and can worsen control.
Do not use immunosuppressant drugs in patients with uncontrolled • 
infection or malignancy.
Avoid using them in women who are pregnant; there is evidence of • 
toxicity in animal studies.
Careful dosage adjustment is required in renal and hepatic • 
insuffi ciency; see monitoring section later in this topic.

4 - These drugs should only be given by a specialist familiar with them and 
their roles in treatment.
Dosage regimens are complex and should be checked by a senior • 
member of staff and a pharmacist.
Treatment is always a balance between benefi cial and adverse effects. • 
The target concentration ranges are wide, because patient responses 
are very variable.
Clinical outcome measures need to be taken into account along with • 
the blood drug concentration.
There are several formulations of tacrolimus (immediate-release and • 
modifi ed-release). They are not interchangeable. Check carefully 
which profi le is required and prescribe by brand name.

6 - These drugs are nephrotoxic; this can occur at therapeutic doses. 
See later for details of ciclosporin monitoring.
They can also cause hepatotoxicity and neurotoxicity.• 
The intravenous formulations of these drugs contain polyethoxylated • 
castor oil (Cremophor EL®); this can cause anaphylactoid reactions 
(non-IgE-mediated anaphylaxis). See b Teaching point box in 
acetylcysteine, p. 703.
These drugs can cause hypertension, abnormalities of liver function • 
tests, and weakness.
They can cause the haemolytic–uraemic syndrome after bone marrow • 
transplantation.
Long-term treatment can cause hirsutism and gum hyperplasia.• 
Long-term treatment is associated with an increased risk of secondary • 
lymphomas, especially those caused by Epstein–Barr virus (EBV). 
Patients will require long-term follow-up for this.

Note on tacrolimus

- The CSM has advised that tacrolimus carries an increased risk of neurotoxicity 
and nephrotoxicity.

- In addition, it can cause hypertrophic cardiomyopathy and disturbances of 
glucose metabolism (hyperglycaemia).

7 - Tacrolimus and sirolimus are substrates for CYP3A4 and are subject 
to a large number of drug interactions involving drug metabolism. 
Always check before starting or stopping a drug.
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Ciclosporin is a substrate for and an inhibitor of multiple metabolic • 
pathways. Always check before starting or stopping a drug.
These drugs can alter the metabolism of the oral contraceptive; advise • 
patients that they will also need to use non-hormonal methods and to 
look out for mid-cycle spotting if they are taking an oral contraceptive.
Avoid co-prescribing with other drugs that are potentially nephrotoxic • 
(e.g. aminoglycoside antibiotics, antifungal drugs, and NSAIDs).
Take care when co-prescribing with other drugs that can cause • 
hyperkalaemia (a consequence of nephrotoxicity) (e.g. ACE inhibitors, 
angiotensin receptor blockers, potassium-sparing diuretics).

Table 8.1

Examples of drugs that reduce 
plasma ciclosporin 
concentrations

Examples of drugs that increase 
plasma ciclosporin concentrations

- Carbamazepine, phenytoin, 
barbiturates, St John’s wort, 
rifampicin (enzyme inducers).

- Choloroquine, bile acids (increase 
absorption)

- Calcium channel blockers, macrolide 
antibiotics

- Corticosteroids (important, as these 
are often given together), oestrogens

- Grapefruit juice (inhibits CYP3A4)

8 Monitoring immunosuppressant therapy
Blood ciclosporin concentration measurement:• 

Several methods are available and these yield slightly different • 
results.
Ciclosporin concentrations are usually measured in whole blood.• 
Take the sample immediately before the next dose.• 
It takes 2 days to reach a new steady state after a dosage change.• 
The target plasma concentration range varies from individual to • 
individual, and with indication.
For example, the risk of rejection increases if the trough concentra-• 
tion is <200 nmol/L, but the risk of nephrotoxcity increases once the 
blood concentration is >70 nmol/L.
Remember that stopping as well as starting a drug that interacts with • 
these drugs will alter the blood concentration.
Seek expert advice for tacrolimus and sirolimus.• 

Measure the following before treatment starts:• 
Full blood count, renal function, electrolytes, lipids, BP.• 

The following monitoring regimen is suggested:• 
Measure the serum creatinine and BP fortnightly until the dosage has • 
been stable for 3 months, then monthly.
Measure the full blood count and liver function tests monthly until • 
the dosage has been stable for 3 months, then every 3 months.
Measure the serum lipids every 6 months.• 

IMMUNOSUPPRESSION BNF Reference 8.2.2 and 13.5.3
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9 - Make sure that the patient understands the importance of taking 
immunosuppressants regularly.
Avoid a high potassium diet.• 
Avoid grapefruit juice. The oral solution formulations of these drugs • 
can be taken with orange juice or apple juice.
These drugs can affect the performance of skilled motor tasks • 
(driving).
Advise the patient to use a sun block. This may reduce the risk of • 
secondary skin malignancies.

Prescribing information: Ciclosporin, tacrolimus, and sirolimus
Use of these drugs is specialized. Use your local protocol.• 
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Drugs and anaemia
Drugs are used to treat anaemia, but can also be responsible for it. Fig. 9.1 
offers a general guide. See individual articles for more information.

Vitamin B12

Drugs that cause

renal failure Erythropoietin

Drugs that affect

rapidly dividing cells 

(e.g. drugs used

to treat cancer)

Drugs with an

antifolate action

(e.g. methotrexate,

trimethoprim,

phenytoin)

Drugs that chleate

iron preventing

absorption of iron

supplements

(e.g. penicillamine)

Increased loss

Reduced

production

Blood loss (e.g.

gastrointestinal

ulceration)

Haemolysis

Erythropoiesis in

bone marrow

Iron

Many drugs can

cause haemolysis

if the patient has

G-6-PD deficiency

(see antimalarials,

bp. 444)

Blood

transfusion

Drugs used to treat

or prevent anaemia 

How drugs can

cause anaemia 

Drugs that cause

gastrointestinal

ulceration (e.g.

NSAIDs, aspirin)

Erythropoietin

for patients

with renal failure 

Vitamin B12

supplements

for pernicious

anaemia

Folic acid

supplements

Iron

supplements

Drugs that prevent

gastric ulceration

(e.g. proton pump

inhibitors,

misoprostol)

Folic acid

Fig. 9.1 Drugs and anaemia
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Blood transfusion

Blood group Antigen on erythrocytes Antibodies in plasma

O
A
B
AB

None
A
B
AB

Anti-A and anti-B
Anti-B
Anti-A
None

0 - Treatment of blood loss and severe 
anaemia.

1 - Do not use blood indiscriminately. It should 
not be given for mild or asymptomatic 
anaemia, or to ‘normalize the numbers’.
There are several ways in which the need • 
for blood can be reduced:

Checking for and correcting anaemia before elective surgery.• 
Careful use of anticoagulant drugs in the perisurgical period (• see 
b Warfarin, p. 124 for guidance).
Sometimes stimulating erythropoiesis with erythropoietin is more • 
appropriate than blood transfusion.

Blood can affect the body’s immunological response to a renal • 
transplant; only give blood when it is essential, and after consulting an 
expert.
Patients with haematological malignancies have special requirements • 
for blood and blood products (e.g. leucocyte depleted, CMV-negative); 
always seek haematological advice before giving a transfusion to such 
patients.
In the UK, blood is screened for HIV, HTLV (human T-cell • 
lymphotropic virus), and hepatitis B and C, but the presence of other, 
as yet unidentifi ed viruses cannot be excluded.

4  Practical considerations
For more information consult the • Handbook of Transfusion Medicine 
(M http://www.transfusionguidelines.org.uk).
Record the reason for the transfusion in the notes. Obtain the • 
patient’s consent for transfusion. It is prudent to record this formally 
using a consent form.
Prescribe the blood on the infusion section of the drug chart. Do not • 
use a circle with a dot inside to indicate a unit; this can be confused 
with a zero.

Crossmatching
Samples for crossmatching blood require special handling:• 

To avoid mixing samples, only take blood for crossmatching from • 
one patient at a time.
Write the patient’s details on the tube by hand (do not use addres-• 
sograph labels).
Many hospitals require an additional method of linking the patient to • 
the sample (e.g. a red label system).

Rhesus 
incompatablility

See b immunoglobulins 
p. 721 for information on 
prevention of rhesus 
disease of the newborn.
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Take time to complete the crossmatching form as completely as • 
possible.
It is very important to advise the laboratory if any atypical antibodies • 
have been identifi ed, as this will complicate the crossmatching 
procedure.
Telephone the laboratory if the sample is urgent; if the blood is • 
required at a specifi c time (e.g. for a surgical procedure), ensure that 
this is clearly stated, especially if it is not for several days.
Make sure that you request a suitable amount of blood; check your • 
local protocol for elective surgical cases.
If the patient has already had a blood transfusion more >3 days • 
before or there has been a signifi cant delay since the initial sample 
was taken, a second crossmatch sample may be required.

Transfusion
Procedures for transfusion should be performed carefully, in order to • 
avoid serious hazards; this is best summarized as giving the right blood, 
to the right patient, at the right time, in the right place.
Identify the patient. Use the wristband, but if the patient can speak also • 
check with them.
Confi rm that the name, date of birth, hospital number, and sex are • 
correct on the blood unit.
Check that the blood compatibility information (ABO and rhesus • 
groups) and unique blood unit donation number are correct on the 
blood unit and the form sent with the blood.

On some occasions the blood group may not be the same as the • 
patient’s group; check that it is still compatible (e.g. A group blood 
for an AB patient). If you are at all unsure, speak to the blood bank.

Check that the blood matches any special requirements (e.g. gamma-• 
irradiated, CMV-seronegative).
Perform all these checks at the bedside, and put up the infusion • 
immediately.
The use of barcodes avoids all of this.• 
Check the physical state of the unit of blood; do not infuse it if it looks • 
damaged or abnormal in any way.
Blood should be infused though a dedicated (large-bore) cannula.• 

Do not add anything to, or infuse anything through, the same • 
cannula as blood; this includes drugs, which should not be added to 
blood infusion bags.

A unit of blood should be completely infused within 4 hours.• 

6 Acute, severe reactions
These are most common within the fi rst 15 minutes of the infusion. • 
Four main types are recognized:

Acute haemolytic transfusion reactions; these should be avoided if • 
the procedures previously listed are followed.
Infusion of a bacterially contaminated unit.• 
Transfusion-associated acute lung injury (TRALI); this is usually the • 
result of an interaction between donor plasma antibodies and 
recipient leucocytes.
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Severe allergic reactions or anaphylaxis; these are more common • 
when products containing large volumes of plasma are given.

Treatment of severe reactions is supportive. Stop the infusion. Treat • 
anaphylaxis (see b Adrenoceptor agonists, p. 218). Summon senior 
help and notify the blood bank.

Febrile and non-haemolytic transfusion reactions
These occur in about 1–2% of patients and are probably due to donor • 
leucocytes. They tend to occur towards the end of the transfusion.
Fever (>1.5°C above baseline) and rigors are the cardinal signs; this • 
may represent a severe reaction, so monitor the patient closely, but in 
most cases it will not progress. The symptoms can be relieved by:

Slowing the rate of infusion.• 
Paracetamol for the fever.• 
Chlorphenamine (an antihistamine) for urticaria.• 
Intravenous steroids are not usually necessary; seek expert advice if • 
the patient has a history of febrile reactions to transfusion.

Fluid overload
Patients with chronic anaemia and cardiac disease are usually • 
euvolaemic or hypervolaemic, and blood transfusion can precipitate 
pulmonary oedema (transfusion-associated circulatory overload). 
If blood transfusion is essential, the risk of fl uid overload can be 
reduced by:

Giving no more than 1 unit in each 12-hour period (over 4 hours • 
during that period).
Giving furosemide 20 mg intravenously before each unit.• 

Delayed reactions
These are rare, but can be life threatening; seek expert advice.• 
Delayed haemolysis due to red cell antibodies other than ABO.• 
Transfusion GVHD.• 
Iron overload after repeated transfusions (• see b Desferrioxamine, 
p. 622).
Post-transfusion purpura (thrombocytopenia).• 

7  - Blood is incompatible with almost all other drugs and infusion 
solutions. Give blood via a dedicated cannula and do not add drugs to 
units of blood.

8 Safety and effi cacy
Ensure that you have a sound indication for blood transfusion.• 
Severe reactions are most common within 15 minutes of the start of • 
the infusion.

Before starting transfusion, record BP, pulse, and temperature• 
Check the pulse and temperature 15 minutes after starting the • 
transfusion.
Observe the patient throughout the transfusion.• 
Repeat the BP, pulse, and temperature measurements when the • 
transfusion is completed.
If the patient is conscious, further recordings are not needed unless • 
the patient becomes unwell or has symptoms and signs of a reaction.
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An unconscious patient should have their pulse and temperature • 
measured at intervals during the transfusion.

9 - Objection to blood transfusion is not restricted to patients who are 
Jehovah’s Witnesses. Always obtain consent for blood transfusion.
Warn patients that a transfusion may be required if you are assessing • 
them before major surgery.

Prescribing information: Blood transfusion
Prescribe blood on the dedicated blood products section or infusion section • 
of the drug chart.
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Factor VIII and related products
Clotting factor

XIIa

XIII

XIIIa

VIIa

II IIa
(thrombin)

Xa

IXaIX

X

XIaXI

XII
Intrinsic
pathway 

Fibrinogen Stabilized
fibrin

Fibrin

Extrinsic
pathway 

Factors V and VIII are non-enzymatic co-factors that, 
when activated by thrombin, increase the activity of 
factors Xa and IXa respectively.

0 - Treatment and prophylaxis of bleeding in 
patients with haemophilia A.

1 - These blood products are used for the treat-
ment of specifi c coagulation disorders only. 
If the patient has severe bleeding, consider whether there is a failure of 
coagulation or of platelet function. See Table 9.1 and b Heparins, 
p. 110 for guidance on the treatment of bleeding.
These peptide coagulation factors can induce the formation of • 
inhibitory antibodies, which can render clotting factors ineffective.

4 - The treatment of haemophilia should be under the direction of a 
specialist.
Guidance from the United Kingdom Haemophilia Centre Directors • 
Organisation Executive Committee is available at M http://www.
ukhcdo.org.
The dose and frequency of administration of factor VIII varies greatly • 
between individuals. Always seek expert advice if a patient with 
haemophilia is admitted under your care.
The following is offered as a guide only.• 

Related products
- Antithrombin III 

concentrate: used 
for congenital 
defi ciency of 
antithrombin III.

- Factor VIIa: 
recombinant 
product for patients 
with inhibitors of 
factors VIII and IX.

- Factor VIII inhibitor 
bypassing fraction: 
for patients with 
inhibitors of factor 
VIII.

- Factor IX: used for 
patients with 
haemophilia B.

- Factor XIII: used for 
congenital 
defi ciency of 
factor XIII.

- Protein C 
concentrate: for 
patients with protein 
C defi ciency.
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Table 9.1

Degree of 
haemorrhage/type 
of surgical 
procedure

Factor VIII 
conc. required 
(%) (IU/dL)

Example 
dose for a 
70-kg 
patient 
(units)

Regimen

Haemorrhage

Early haemarthrosis, 
muscle bleed, or oral 
bleed

20–40 1000 Repeat every 12–24 hours. 
Give for at least 1 day or 
until the bleeding episode 
has resolved

More extensive 
haemarthrosis, 
muscle bleed or hae-
matoma

30–60 1500 Repeat infusion every 
12–24 hours for 3–4 days 
or more until pain and dis-
ability have resolved

Life-threatening 
bleeds, 
e.g. intracranial or 
abdominal

60–100 2800 Repeat infusion every 
8–24 hours until the threat 
is resolved

Surgery

Minor, including 
tooth extraction

30–60 1500 Repeat every 24 hours. 
Give for at least 1 day or 
until the bleeding episode 
has resolved

Major 80–100 3000 Repeat infusion every 
8–24 hours until adequate

The dose can be calculated using the following formula:• 

Required IU = body weight (kg) x desired factor VIII rise 
                      (% of normal) x 0.5

Patients with haemophilia should be immunized against hepatitis A and B.• 
Recombinant factor VIII is very expensive and may not be available to • 
all those who may benefi t from it.

If the patient has mild disease consider treatment with desmopressin • 
(see b Vasopressin, p. 550).

Do not give patients with haemophilia intramuscular injections because • 
of the risk of haematoma.

6 - These factors are peptides; they can cause allergic reactions (including 
anaphylaxis).
Haemolysis has been associated with the administration of large doses • 
of these drugs to patients with blood groups A, B, and AB.
Less pure fractions contain fi brinogen, which can build up. This is less • 
of a problem with recombinant products.

7  - These patients should not normally be given drugs that increase their 
risk of bleeding: warfarin, antiplatelet drugs, corticosteroids.
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8  Safety and effi cacy
Measure the factor VIII concentration. Liaise with your laboratory • 
about the practicalities of doing this before you send the sample.

9 - Patients with haemophilia need to be taught how to identify and avoid 
injury (especially to joints).

Prescribing information: Factor VIII and related products
This is a specialized area of practice. Liaise with your local haemophilia centre.

Drugs and blood products used in the treatment of bleeding

Identify whether the bleeding is the result of:
- Defi cient clotting:

Specifi c defi ciency (e.g. haemophilia A).• 
Consumption (e.g. disseminated intravascular coagulation).• 
Depletion/dilution (e.g. massive transfusion and severe haemorrhage).• 
Anticoagulant or fi brinolytic drugs (• see b Heparin and Warfarin, p. 110 
and p. 124, for more information).

- Platelet factors:
Specifi c defi ciency (rare).• 
Consumption (e.g. disseminated intravascular coagulation and severe • 
haemorrhage).
Antiplatelet drugs.• 

- Treat the underlying cause whenever possible.
- Treat the bleeding locally whenever possible (e.g. endoscopic intervention).

Fresh frozen plasma contains clotting factors and can be used if clotting factors are 
defi cient. You will need to know the patient’s blood group.

Remember to include the volume of any blood products in your calculations of 
fl uid balance.

The following drugs are used in special circumstances.

Tranexamic acid
This is an inhibitor of the activation of plasminogen to plasmin. It is used short 
term for haemorrhage or if there is a risk of haemorrhage in increased fi bri-
nolysis or fi brinogenolysis. Local fi brinolysis occurs in the following conditions:
- Prostatectomy and bladder surgery.
- Menorrhagia.
- Epistaxis.
- Conization of the cervix.
- Traumatic hyphaema.
- Hereditary angio-oedema (danazol or stanozolol are preferred).
- Management of dental extraction in patients with haemophilia.

Tranexamic acid is renally excreted; halve the dose in moderate renal insuffi ciency 
and give one-quarter of the usual dose in severe renal insuffi ciency. Do not give 
during pregnancy. Tranexamic acid can cause thromboembolism, but this is rare.

Etamsylate
This corrects abnormal platelet adhesion (with a normal number of platelets) and 
is used occasionally for menorrhagia and periventricular haemorrhage in neonates.
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Erythropoietin and analogues
Recombinant analogues of the endogenous peptide erythropoietin

Bone

marrow

Erythropoietin produced

by the kidney

Stem

cell Normoblast

Eythroblast

and mature

red cells  

0 - When stimulation of erythropoiesis is 
required.

Treatment of the anaemia associated with • 
chronic renal insuffi ciency.
To reduce the duration of the period of • 
anaemia following treatment with 
cytotoxic chemotherapy.
To increase the yield of autologous blood • 
from healthy donors in a predonation pro-
gramme.

1 - These drugs increase the haematocrit; this 
can precipitate or worsen heart failure.

Do not give them to patients who have • 
recently had a myocardial infarction.

Use of these drugs is associated with a con-• 
sistent, unexplained excess mortality and 
increased risk of tumour progression in 
patients with cancer.

In some cases their use may still be appropriate.• 
Consider the degree of anaemia, tumour type, and patient prognosis • 
before giving these drugs.
Blood transfusion may be more appropriate for those with advanced • 
or metastatic disease with a good prognosis.

Avoid them in patients with severe or uncontrolled hypertension.• 
There is no evidence of harm from epoetin during pregnancy, but use • 
it only when the benefi ts are clear.
No dosage adjustment is usually required in hepatic insuffi ciency.• 
Chronic renal insuffi ciency is one of the major indications for the use • 
of these drugs.
See later notes on actions in the case of pure red cell aplasia.• 

4 Chronic renal insuffi ciency
Patients with chronic renal insuffi ciency may be anaemic for several • 
reasons, only one of which is inadequate erythropoietin production.

Always exclude anaemia due to iron, folate, or vitamin B• 12 defi ciency 
before giving epoetin.

Drugs in this class

Erythropoietin is the 
endogenous hormone. 
Epoetins are forms of 
recombinant human 
erythropoietin.
- Epoetin alpha
- Epoetin beta

These drugs are • 
clinically 
indistinguishable.

- Epoetin delta
- Biosimilars of epoetin 

alfa (see b p. 6 for 
explanation of 
biosimilars)

- Darbepoetin
This drug has a • 
longer half-life than 
epoetin.

- Methoxypolyethylene 
glycol-epoetin beta 
(pegzerepoetin alfa). A 
continuous 
erythropoietin 
receptor activator. It 
has a longer duration 
of action than epoetin.
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Aluminium toxicity will reduce the effi cacy of epoetin treatment • 
(see b Desferrioxamine, p. 622).

Do not give epoetin by subcutaneous injection for long-term use; give • 
it by intravenous injection.
The target haemoglobin concentration is 10–12 g/dL.• 

Adjust the dose and frequency of administration to achieve this.• 
Darbepoetin has a longer duration of action; it can be given once • 
weekly.

Chemotherapy
NICE have recommended that epoetin should not be used routinely in • 
the management of cancer treatment-induced anaemia. It may be 
considered in combination with intravenous iron for:

Women receiving platinum-based chemotherapy for ovarian cancer • 
with symptomatic anaemia.
Patients who cannot be given blood transfusions and who have • 
profound treatment-related anaemia that is likely to improve 
survival when treated.

This is an expensive treatment and the benefi t needs to be weighed • 
against the cost.
Epoetin can be given by the subcutaneous route for these indications.• 

Predonation programmes
Patients can donate blood before an operation during which it is • 
expected that blood transfusion will be required. Epoetin treatment 
can increase the yield.
Pay particular attention to the cautions previously discussed when • 
assessing whether the patient will benefi t. This procedure is not 
widespread in the UK; seek specialist guidance.

6 - Epoetin is usually well tolerated.
Epoetin causes a dose-dependent increase in BP; if not properly • 
monitored it can cause hypertensive encephalopathy.
Epoetin can also increase the platelet count, although thrombocytosis • 
is uncommon.
Epoetin can, very rarely, cause pure red cell aplasia.• 
The CSM has advised that, if this occurs, epoetin should be withdrawn • 
and that patients should not be switched to another member of the 
class.

7 - The antihypertensive action of ACE inhibitors and angiotensin 
receptor blockers is antagonized by these drugs. This is important, 
because patients with chronic renal insuffi ciency are commonly given 
these drugs.
The risk of hyperkalaemia is increased when ACE inhibitors or • 
angiotensin receptor blockers are given concomitantly with epoetin.
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8 Effi cacy
Overcorrection of haemoglobin concentration is associated with • 
excess cardiovascular morbidity/mortality.
The target haemoglobin concentration is 10–12 g/dL. If it rises above • 
13 g/dL, suspend treatment. If the haemoglobin has not risen by at 
least 1 g/dL after 8 weeks treatment, withhold the drug.

Safety
Measure the BP frequently; this should form part of the routine • 
follow-up of patients with chronic renal insuffi ciency.

9 - Explain that this treatment may make the patient feel better, but that it 
will not have any effect on the long-term outcome of their disease 
(renal failure or tumour).

Prescribing information: Epoetin analogues
Dosage regimens are complex and require adjustment according to the indica-
tion and individual requirements. Use your local protocol. The following is 
given as an example. Epoetin alfa and epoetin beta are indistinguishable in their 
effects, but you must specify in the prescription which one you want to be 
used, since the doses are slightly different.

Epoetin alfa
Chronic renal insuffi ciency

By intravenous injection, 50 units/kg 3 times weekly.• 
Can be increased by 25 units/kg 3 times weekly every 4 weeks to achieve the • 
desired haemoglobin concentration.
Usual dose 25–100 units/kg 3 times weekly.• 

Cancer chemotherapy
By subcutaneous injection, 150 units/kg 3 times weekly.• 
Can be increased to 300 units/kg 3 times weekly if required.• 

Epoetin beta
Chronic renal insuffi ciency

By intravenous injection, 20 units/kg 3 times weekly.• 
Can be increased by 20 units/kg 3 times weekly every 4 weeks to achieve the • 
desired haemoglobin concentration.
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Colony stimulating factors
Recombinant analogues of the endogenous peptide colony stimulating 
factors

Pluripotential stem cell

Myeloid stem cells Lymphoid
stem cells

Granulocyte-
macrophage
stem cells

Mega-
karyocytic
stem
cells

Erythro-
poietic
stem
cells

Granu-
locytic
stem
cells

Mono-
cytic
stem
cells

Neutrophils,
eosinophils,
and basophils

Monocytes &
macrophages

Mega-
karyocytes
& platelets

Erythro-
cytes

Lympho-
cytes

Granulocyte
colony 
stimulating 
factor 
(G-CSF)

Granulocyte-
macrophage 
colony 
stimulating 
factor 
(GM-CSF)

0 - When stimulation of neutrophil production is 
required.

To reduce the duration of the period of • 
neutropenia due to cytotoxic chemotherapy.
To increase the yield of autologous stem and • 
progenitor cells for autologous or allogenic 
donation.
Treatment of congenital/cyclic/idiopathic • 
 neutropenia.
Note that molgramostim is ineffective in • 
congenital neutropenia.
Treatment of persistent neutropenia in • 
patients with HIV infection.

1 - Take care if the patient has abnormalities of 
the myeloid line.

For example, molgramostim is contraindi-• 
cated in myeloid malignancy.
G-CSF can cause myelodysplastic • 
syndromes in patients with severe 
congenital neutropenia.

Also avoid these drugs if the patient has • 
Kostmann’s syndrome (reduced neutrophils 
with abnormal cytogenetics).
There is no evidence of harm from these • 
drugs during pregnancy, but use only when 
essential.
No dosage adjustment is usually required in • 
hepatic or renal insuffi ciency.

Drugs in this class
- Recombinant 

human granulocyte 
colony stimulating 
factor (rG-CSF); 
fi lgrastim

- Pegfi lgrastim is a 
polyethylene glycol-
conjugated 
(‘pegylated’) 
derivative of 
fi lgrastim; pegylation 
increases the 
duration of 
fi lgrastim activity.

- Glycosylated 
recombinant 
human granulocyte 
colony stimulating 
factor (rHuG-CSF); 
lenograstim

- Recombinant 
granulocyte-
macrophage 
colony stimulating 
factor (GM-CSF); 
molgramostim*

* Molgramostim
stimulates a wider range 
of cell lines and is
associated with a higher
incidence of adverse 
effects.

Note on amifostine
- This drug, which is not 

a colony stimulating 
factor, can be used to 
reduce the 
neutropenia caused by 
treatment with 
cyclophosphamide or 
platinum compounds.

- It is thought to act by 
selectively protecting 
normal tissues from 
the actions of 
cytotoxic drugs. Its 
place in chemotherapy 
regimens is not yet 
fully established.
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Do not give these drugs 24 hours before, or 24 hours after, a dose of • 
chemotherapy.

4  - Colony stimulating factors should only be used by specialists 
experienced in their use.
They will reduce the duration of neutropenia after bone marrow • 
transplant or cytotoxic chemotherapy, but have not been shown to 
affect overall survival.

They have not been shown to reduce the incidence of fever or infection.• 
Colony stimulating factors are very expensive; the potential benefi ts • 
(e.g. earlier discharge from hospital) must be weighed against this. 
Follow your local guidance.
Always ensure that you know why the patient is neutropenic. Seek • 
specialist help with investigation if the cause is not clear.

6 - The most common adverse effect is bone pain.
This occurs in about 13% of patients given G-CSF and 45% of • 
patients given GM-CSF.

Colony stimulating factors can cause a leucocytosis, but this is rare. • 
Stop the drug if it occurs.
Colony stimulating factors can cause thrombocytopenia. Measure the • 
platelet count frequently and withdraw the drug if it becomes severe.
Colony stimulating factors can cause splenic enlargement, especially in • 
patients with sickle cell disease.
Hypersensitivity reactions are more common after intravenous infusion.• 
These drugs can cause a rash; it is more common with molgramostim.• 

7  - There are a few reports that fi lgrastim reduces the effi cacy of 
fl uorouracil.

8 Safety and effi cacy
Patients with neutropenia should have frequent blood counts (usually • 
daily). Neutropenia is usually defi ned as a neutrophil count <0.5 x 109/L. 
The target neutrophil count varies with indication; seek specialist advice.
Chemotherapeutic regimens vary in the time when the neutrophil count • 
is lowest; ensure that your treatment regimen covers this period.
Make sure that you also look at the other elements of the blood • 
count, in particular the lymphocyte and platelet counts.
While the neutropenia persists, measure the patient’s temperature • 
4 times daily and ask about symptoms of infection.

9 - Explain that this treatment may allow the patient to go home earlier, 
but that it will not have any effect on the long-term outcome of the 
disease.
Advise the patient to report any symptoms of fever immediately.• 

Prescribing information: Colony stimulating factors
Dosage regimens are complex and require adjustment according to the indica-
tion and individual requirements. Use your local protocol. The following is 
given as an example.

Filgrastim—cytotoxic drug–induced neutropenia
By intravenous or subcutaneous injection, 500 000 units/kg daily.• 
Do not start within 24 hours of administration of a cytotoxic drug.• 
The duration of treatment is usually 14 days, but it may be up to 38 days in • 
acute myeloid leukaemia. Follow your local protocol.
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Iron salts
Essential element

Lost as

gut 

mucosal 

cells are 

shed 

Fe3+ complexes

Ferritin

in gut 

muscosa 

Haem-Fe from

diet

Medicinal ferrous

(Fe2+) iron salts 

Oxidized

in gut 

mucosa 

Ferric iron (Fe3+)

in food is poorly

absorbed

Ferritin

(haemosiderin

is aggregated

ferritin) Fe3+

Uptake into

macrophages

(spleen, liver,

bone marrow) 

Blood

loss

Erythrocytes

in blood 

Bone marrow

erythroblastsParenteral iron

Transferrin

Oxidation by

gastric acid

0 - Treatment and prevention of iron defi ciency.

1 - Iron salts, given by mouth, can worsen 
infl ammatory bowel disease.
Avoid oral iron therapy in patients with • 
strictures and diverticula.
Parenteral iron therapy is rarely justifi ed (see • 
following notes) and should not be given to patients 
with severe hepatic or renal insuffi ciency.
Allergic reactions to parenteral iron are common; • 
avoid this route if the patient has a history of coeliac 
disease, asthma, or hypersensitivity to any drugs.
Routine iron supplementation during pregnancy is not • 
justifi ed.

Consider it for women with identifi ed defi ciency or • 
risk factors (poor diet and after subtotal or total gastrectomy).

4 - Administration of iron by the parenteral route is only justifi ed if the 
patient has:

Failed oral therapy owing to poor adherence.• 
Severe gastrointestinal adverse effects (see following notes for ways • 
to minimize these).
Continuing severe blood loss.• 
Malabsorption.• 
Renal failure and is receiving haemodialysis (or in some cases perito-• 
neal dialysis).

Treatment of iron 
overload

See b 
Desferrioxamine, 
p. 622.

Treatment 
of poisoning 
by iron

See box, 
b p. 617.
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Administration of iron by the parenteral route signifi cantly improves • 
the rate of increase of haemoglobin. However, if the patient needs a 
very rapid increase in haemoglobin, consider a blood transfusion 
instead.
Ascorbic acid (vitamin C) increases the absorption of oral iron, but has • 
not been shown to improve the overall clinical response. Combination 
tablets containing ascorbic acid are more expensive and are not 
normally justifi ed.
Modifi ed-release formulations are better tolerated, but the iron is • 
released beyond the fi rst part of the duodenum, so absorption may be 
reduced; they are not recommended.
There is no justifi cation for iron therapy in combination with • 
multivitamins. Combination formulations of iron and folic acid can be 
used in pregnancy, if both are required.
You should aim to give the patient the equivalent of 100–200 mg of • 
elemental iron daily. The amount of elemental iron varies with 
different formulations and salts. Table 9.2 is provided in the prescribing 
section, as a guide.
Treat the cause of the iron defi ciency whenever possible (blood loss, • 
poor diet).

6 - Nausea and vomiting are common.
Constipation is common; diarrhoea can also occur.• 
Elemental iron is thought to be responsible for these effects; no iron • 
salt is less irritant than another (at equivalent dosages).
Iron salts make the faeces black. This can be mistaken for melaena, but • 
it smells different and is negative on testing for occult blood.
Parenteral iron can cause severe allergic reactions, a metallic taste in • 
the mouth, hypotension, bradycardia, abdominal pain, lymph node 
enlargement, and arthralgia.
Hypotension is common (5% of patients) with intravenous iron.• 
Intravenous iron can cause thrombophlebitis. Intramuscular injection • 
of iron can stain the skin. The fear that intramuscular iron can cause 
muscle sarcoma has not been substantiated.

7  - Iron salts form chelates with some other drugs. This reduces the 
absorption of these drugs. Those most affected include: tetracyclines, 
quinolones, penicillamine, and levodopa.
Magnesium trisilicate, an antacid, reduces the absorption of oral iron.• 

8 Safety and effi cacy
The haemoglobin should rise by 1–2 g over 3–4 weeks. Look for • 
causes if it does not (e.g. poor adherence to therapy due to adverse 
effects, continuing blood loss).
Continue iron therapy for 3 months after the haemoglobin is normal, • 
to replace the body’s stores.
Atrophic glossitis and koilonychia improve, but can take a long time.• 

9 - Make sure that the patient knows that iron therapy takes time to 
increase the haemoglobin; improvement will be gradual.
Warn the patient that iron salts turn the faeces black.• 
Keep iron tablets away from children. Iron poisoning in children can be • 
fatal.
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Prescribing information: Iron salts
Oral iron

Modifi ed-release formulations and those containing ascorbic acid are not • 
recommended (see earlier notes).
The usual oral dose of elemental iron for treating iron defi ciency is • 
100–200 mg daily.
The dose can be halved for prophylactic treatment (prophylaxis is justifi ed in • 
only a few patients).
The dose may need to be increased by 50% for patients with chronic renal • 
insuffi ciency.
The usual iron salt used is dried ferrous sulfate. Table 9.2 gives the suggested • 
daily dosages for this and the other commonly prescribed iron salts.

Parenteral iron
Giving iron by a parenteral route is rarely justifi ed (see earlier notes).• 
Calculate the total body iron defi cit as follows:• 

Iron defi cit (mg) =  body weight (kg) x haemoglobin defi cit (g/dL) x 
       2.21 + iron for stores (usually 500 mg)

Example: a 50-kg woman with a haemoglobin of 8 g/dL (normal 14 g/dL) has a 
defi cit of 50 x (14 − 8) x 2.21 = 663 mg. She will require this plus an extra 
500 mg (for stores).

Table 9.2 Suggested iron salt dosages

Iron salt Amount of 
iron salt per 
tablet

Content of 
elemental iron 
per tablet

Usual daily dose 
for treatment of 
iron defi ciency

Dried ferrous sulphate 200 mg 65 mg 200 mg tds

Ferrous gluconate 300 mg 35 mg 4–6 tablets daily, 
in divided doses, 
before food

Ferrous fumarate 
(Fersaday®)

322 mg 100 mg 1 tablet bd

Ferrous fumarate 
(Fersamal®)

210 mg 68 mg 1 tablet tds

Ferrous fumarate 
(Galfer®)

305 mg 100 mg 1 capsule bd

By intravenous infusion
Give a test dose fi rst.• 
Iron dextran contains iron 50 mg/mL. Maximum daily dose 20 mg/kg. • 
Test dose 25 mg.
Iron sucrose contains iron 20 mg/mL. Test dose 50 mg. Usual dosage • 
regimen for haemodialysis patients:

100 mg 1–3 times per week, over sequential dialysis sessions, to a • 
cumulative dose of 1000 mg.
Can be repeated if required.• 
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By intramuscular injection
Iron dextran is licensed for use by intramuscular injection (see product liter-• 
ature for information on dosing). 

Treatment of iron poisoning

Likely  Ingested dose (mg/kg  Serum iron concentration at
toxicity body weight) 4 hours

Mild <20 3 mg/L (55 micromol/L)

Moderate >20 3–5 mg/L (55–90 micromol/L)

Severe 150–300 >5 mg/L (90 micromol/L)

- Poisoning with iron is most common in children and is usually accidental.
- The most common symptoms are nausea, vomiting, abdominal pain, and 

diarrhoea.
- Stools and vomit are grey/black.
- Laboratory fi ndings include a polymorphonuclear leucocytosis and 

hyperglycaemia.
- More severe fi ndings include haematemesis and rectal bleeding (due to 

gastrointestinal corrosion), drowsiness, convulsions, and metabolic acidosis.
- Treatment is supportive. Activated charcoal does not adsorb iron.
- If the poisoning is severe, take blood for urgent measurement of the serum iron 

concentration.
- Give desferrioxamine intravenously without waiting for the serum iron result. 

The dose is 15 mg/kg/hour. The maximum dose advised is 80 mg/kg in 24 hours.
- Discuss the case with the National Poisons Information Service.
- If the poisoning is mild or moderate, measure the serum iron at 4 hours. If the 

patient is symptomatic, consider treatment with desferrioxamine. Discuss the 
case with the National Poisons Information Service.

- See also b Desferrioxamine, p. 622.
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Folic acid and folinic acid
Essential nutrients

Folic

acid

Purine and

thymidylate

synthesis

Utilization and

generation of

formate

Metabolism

of histidine

Metabolism of

several amino

acids:

-Serine to

  glycine

-Homocysteine

  to methionine

Tetrahydrofolic

acids, including

folinic acid

Dihydrofolate-

reductase

Inhibited by

methotrexate

0 - Prevention and treatment of folate defi ciency.
‘Rescue’ therapy to reduce bone marrow toxicity • 
during treatment with methotrexate.
Prevention of neural tube defects during • 
pregnancy.

1 - Folic acid must be converted to folinic acid in order to act; this is 
inhibited by methotrexate.

Folic acid will not therefore be effective for the prevention of • 
methotrexate-induced bone marrow toxicity during continuous 
administration of methotrexate; however, it is effective during 
intermittent administration

However, folinic acid is not used in the prevention and treatment of • 
folate defi ciency.

4 - Whenever you suspect folic acid defi ciency, fi nd out if the patient has 
vitamin B12 defi ciency as well. Do not give folic acid alone if there is a 
mixed defi ciency (see later notes).

Pregnancy
The daily requirement for folic acid is usually 50 micrograms, but this • 
rises to 200 micrograms during pregnancy.
Advise the patient to take folic acid throughout the period they are • 
trying to conceive, and for the fi rst 3 months of the pregnancy.
A supraphysiological dose is recommended if the woman has • 
had a previous child with a neural tube defect or is taking certain 
antiepileptic drugs (phenytoin, sodium valproate, carbamazepine).

Counsel women about this; seek specialist advice in women • 
considering pregnancy; and ensure folic acid supplementation 
(5 mg/day)

During treatment with methotrexate
Give folinic acid ‘rescue’ therapy on a different day from the • 
methotrexate (usually the day after).
It is available in both oral and intravenous formulations.• 

Drugs that have 
antifolate effects
- Methotrexate
- Trimethoprim
- Co-trimoxazole
- Phenytoin
- Phenobarbital

Causes of folate 
defi ciency
- Increased demand

Pregnancy• 
Dyseryth ro-• 
poiesis
Malignancy• 
Haemodialysis• 

- Malabsorption
Coeliac disease• 
Tropical sprue• 

- Drugs (see box)
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Folate defi ciency
The initial dose is much higher than the maintenance dose (see • 
prescribing information).
Long-term treatment is rarely necessary; folic acid is obtained from • 
food, so ensure that the patient has an adequate diet.

Primary prevention of ischaemic heart disease and stroke
Previous research has suggested that folic acid supplementation may • 
reduce the risk of ischaemic heart disease and stroke. It is thought to 
do this by lowering the plasma homocysteine concentration. However, 
the most recent meta-analyses of trials have failed to show a 
consistent reduction in cardiovascular disease or mortality in those 
with a prior history of vascular disease. There is currently no 
convincing evidence that folic acid should be routinely used in primary 
prevention.

6 - Adverse effects are very rare; hypersensitivity is occasionally observed 
during intravenous infusion.
It is generally said that giving folic acid alone to a patient who is also • 
vitamin B12 defi cient can precipitate subacute combined degeneration 
of the spinal cord, although there is scant evidence that this is so. 
However, it is wise to give B12 fi rst.7  - The effi cacy of treatment with fl uorouracil (5-FU) for metastatic 
colorectal cancer is increased when the patient is also given folinic 
acid.

8 Effi cacy
In suspected defi ciency, measure the red cell folate or plasma folate • 
concentration. Also measure the serum B12 concentration.

9 - Advise women who are considering becoming pregnant to take folic 
acid; this reduces the risk of fetal neural tube defects.

Prescribing information: Folic acid and folinic acid
Folic acid
Pregnancy

Previous history of a neural tube defect, 5 mg daily.• 
No previous history, 400 micrograms daily. This is available over the • 
counter.

Folic acid defi ciency
Initially, 10–20 mg daily.• 
Long-term treatment is rarely necessary.• 

During intermittent treatment with methotrexate for rheumatoid arthritis
Give folic acid 5 mg 3 days after each dose of methotrexate. This can reduce • 
the haematological, gastrointestinal, and mucosal adverse effects.

Folinic acid (given as calcium folinate)
During treatment with methotrexate

Initially 15 mg every 6 hours for 24 hours• 
Followed by 15 mg every 6–8 hours by mouth for 2–8 doses• 
Usually given 24 hours after a dose of methotrexate.• 
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Vitamin B12
Essential vitamin

Bacteria in

colon

produce

vitamin B12

Used in the

tissues for

purine and

pyrimidine 

synthesis and 

incorporation 

Stored in the

liver 

Bound to

transcobalamin

in plasma

Absorbed in

the terminal

ileum

Intrinsic factor

produced by

parietal cells 

The effects of

deficiency are 

most evident

in the bone 

marrow, causing

a megaloblastic 

anaemia with a 

peripheral 

macrocytosis. 

Diet

0 - Treatment and prevention of vitamin B12 defi ciency:
Given prophylactically after total gastrectomy (partial gastrectomy in • 
some patients) and total ileal resection.

1 - Hydroxocobalamin has largely replaced cyanocobalamin, as it has 
preferable kinetic properties.
If the patient has severe, undiagnosed megaloblastic anaemia, always • 
give both vitamin B12 and folate; giving either alone can reportedly 
precipitate neuropathy, although the evidence supporting that is old 
and anecdotal.
In other circumstances, determine whether there is vitamin B• 12 
defi ciency before giving treatment.

4  - The dose and route of administration will depend on the cause of the 
defi ciency.

For example, if the cause is pernicious anaemia, B• 12 cannot be 
absorbed from the gut and must be given parenterally.

If the patient has established defi ciency, an initial period of loading will • 
be needed in order to replenish body stores. This is not necessary if it 
is given prophylactically.

6 - Adverse effects are rare.
Hypersensitivity to hydroxocobalamin is rare.• 

7  - There are no established drug interactions with vitamin B12.

8 Safety and effi cacy
Measure the serum B• 12. Usually B12 assay is a microbiological assay, 
which can give false low results if the patient is taking antibiotics.
Measure a full blood count and folate (preferably red cell folate).• 

9 - Advise the patient that treatment will usually need to be lifelong.

Causes of B12 
defi ciency
- Pernicious anaemia
- Gastrectomy
- Limited diet (vegans)
- Terminal ileal disease
- Blind gut loops
- Bowel diverticula
- Intestinal worms

Always consider whether 
there is also folate 
 defi ciency.
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Prescribing information: Vitamin B12

Hydroxocobalamin
By intramuscular injection.• 
Pernicious anaemia without neurological involvement, initially 1 mg 3 times • 
a week for 2 weeks, and then 1 mg every 3 months.
Pernicious anaemia with neurological involvement, initially 1 mg on alternate • 
days, until no further clinical improvement, then 1 mg every 2 months.
Prophylaxis, 1 mg every 2–3 months.• 

Cyanocobalamin
Available for administration by mouth for the few patients for whom this • 
route is appropriate. Not recommended for routine use. Seek specialist 
advice.
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Desferrioxamine (deferoxamine)
Iron chelating drug

Deferoxamine

(desferrioxamine)

Does not remove iron bound to transferrin,

haemoglobin, myoglobin, and cytochromes 

Removes all

iron bound to

ferritin and

haemosiderin 

Increased

iron

excretion

0 - Treatment of acute iron poisoning.
Chronic iron overload:• 

Secondary to repeated transfusions.• 
Haemochromatosis; note that venesection • 
is usually preferred for this indication.

Desferrioxamine can also be used for • 
chronic aluminium overload in renal dialysis 
patients.

0 - Desferrioxamine is teratogenic in animals; do not give it long term to 
women who are pregnant. However, if it is used for acute iron poi-
soning, the benefi t is likely to outweigh the risk.

4 Iron poisoning (see also b Treatment of iron poisoning box, 
p. 617)
Poisoning by iron is most common in childhood and is usually accidental.• 
Remove iron from the stomach by lavage if the patient presents within • 
1 hour of the overdose.

Charcoal does not adsorb iron.• 
Treat with intravenous desferrioxamine according to the serum iron • 
concentration measured 4 hours after the overdose.

Mild poisoning: <3 mg/L (<55 micromol/L); treatment not usually • 
necessary.
Moderate poisoning: 3–5 mg/L (55–90 micromol/L); treat.• 
Severe poisoning: >5 mg/L (>90 micromol/L); treat.• 

If the dose is large (>20 mg iron/kg) or there are other signs of • 
signifi cant iron intoxication (e.g. acidosis, numerous radio-opaque 
tablets visible in the gastrointestinal tract by X-ray) treat immediately.

Chronic iron overload
Desferrioxamine is usually given subcutaneously 3–7 times per week • 
over an 8–12-hour period (overnight).
Desferrioxamine can be given intramuscularly, but this can be painful.• 
Desferrioxamine can be given intravenously when the patient is • 
receiving a blood transfusion as part of long-term treatment (e.g. in 
thalassaemia).

This can be via the same cannula, but do not add desferrioxamine to • 
the blood bag or use the same line.
Give up to 2 g of desferrioxamine per unit of blood.• 

Note on deferiprone 
and deferasirox
- These drugs can be 

given by mouth for 
patients who cannot 
tolerate 
deferoxamine.

- However, deferiprone 
can cause neutropenia 
and liver damage, and 
deferasirox has been 
associated with raised 
creatinine and liver 
function tests, so they 
are not used fi rst-line.



623CHAPTER 9 Nutrition and blood

6 - Intravenous infusion can cause histamine release from mast cells; this 
in turn can cause hypotension, erythema, and pruritus.
Local reactions around subcutaneous infusion sites are common.• 

If this is a problem, add hydrocortisone 2 mg to the infusion bag.• 
Follow-up studies show that the changes in iron metabolism that result • 
from long-term treatment increase the risk of infection due to Yersinia 
spp., Pneumocystis jirovecii, and Staphylococcus aureus.
Long-term treatment can cause lens opacities, retinopathy, and hearing • 
disturbances.

7  - Vitamin C (100–200 mg orally) can increase the effect of desferriox-
amine, but only if given separately from food.
Avoid co-prescribing prochlorperazine and levomepromazine with • 
desferrioxamine; they can cause loss of consciousness.

8 Safety and effi cacy
Long-term treatment
Measure visual acuity and perform a hearing check before long-term • 
treatment starts and every 3 months thereafter.
Measure the serum iron and other markers of iron metabolism to • 
tailor the dose correctly.

9 - Warn patients that desferrioxamine can turn the urine orange-pink to 
brown in colour.
Advise patients to report any changes in vision or hearing.• 

Prescribing information: Desferrioxamine
Acute poisoning

The usual dose is 15 mg/kg/h, given intravenously, up to a maximum of • 
80 mg/kg in 24 hours.

Chronic overload
In established overload the usual dose is 30–50 mg/kg daily.• 
Once the overload has been treated the dose should not exceed 30 mg/kg • 
daily.
Measure the serum iron and markers of iron metabolism to tailor the dosage • 
regimen.

Aluminium overload (specialist use)
100 mg of desferrioxamine will bind 4.1 mg of aluminium.• 
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Calcium salts
Essential ion

Calcium is an essential component of excitation–
contraction coupling in muscle cells.

0 - Treatment of hypocalcaemia.
Treatment of hyperkalaemia.• 
Prevention of osteoporosis (with • 
vitamin D).

1 - Collection of a blood sample in a tube 
containing EDTA, citrate, or oxalate will 
give a spuriously low result.

4 Treatment of hypocalcaemia
Identify the underlying cause.• 
See later notes for an intravenous • 
regimen if emergency treatment is 
required.

Treatment of hyperkalaemia
Calcium gluconate (or calcium • 
chloride), given by intravenous 
injection over 3–5 minutes 
stabilizes cardiac membranes.

This has no effect on the serum • 
potassium concentration.
See • b Potassium, p. 628 for 
more information.

Corrected calcium concentration
- Clinical features are due to the ionized calcium 

concentration; the laboratory measures total 
calcium. Most calcium is bound to albumin.

- Adjust the calcium according to the plasma 
albumin.

- Add 0.02 mmol/L to the measured calcium 
concentration for every 1 g the albumin is below 
40 g/l.

- And vice versa if the albumin is above 40 g/L.
- For example, measured calcium concentration 

2.25 mmol/L, albumin 35 g/L; corrected calcium 
concentration = 2.25 + [(40 – 35) x 0.02] = 
2.35 mmol/L.

Note
- Calcium salts are 

included in some 
antacid formulations

- Excessive doses can 
cause the milk-alkali 
syndrome, 
characterized by 
hypercalaemia and 
alkalosis

Hypocalcaemia

Causes
- Chronic renal 

insuffi ciency (defi cient 
vitamin D production)

- Hypoparathyroidism
- Vitamin D defi ciency
- Malabsorption
- Hypomagnesaemia 

and hypokalaemia
- Rhabdomyolysis

Clinical features
- Tingling
- Tetany
- Mental changes

Hypercalcaemia
- Polyuria, polydipsia
- Anorexia, nausea, vomiting
- Constipation
- Muscle weakness
- Confusion, lethargy, and 

depression

Late fi ndings
- Nephrolithiasis
- Bone pain
- Pathological fractures

Causes
- Parathyroid-associated
- Malignancy-associated (breast, 

bronchus, bone marrow, kidney)
- Vitamin D-related
- High bone turnover 

(hyperthyroidism, 
immobilization)

- Related to renal insuffi ciency 
(severe secondary hyperparathy-
roidism, aluminium intoxication)

- Drugs (thiazide diuretics)
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Prevention of osteoporosis
Calcium and vitamin D supplements are recommended for patients at • 
risk of osteoporosis over 65 years old.
See • b Bisphosphonates, p. 660 for more information on the 
treatment of osteoporosis.

6 - Adverse effects are uncommon.
Excessive doses can cause hypercalcaemia (see box, • b p. 624)
See • b Bisphosphonates, p. 660 for information on the treatment of 
hypercalcaemia.
Rapid infusion can precipitate cardiac arrhythmias.• 

7  - Take care when giving intravenous calcium to patients taking digoxin, 
whose actions it will enhance.
Avoid giving intravenous calcium salts with sodium bicarbonate.• 

8 Safety and effi cacy
Measure the serum calcium concentration and monitor clinically for • 
hypercalcaemia.
The serum calcium concentration is not normally reduced in • 
osteoporosis. Consider bone densitometry if this will change your 
treatment.

9 - In the prevention of osteoporosis, make sure that the patient 
addresses other risk factors for osteoporosis (e.g. smoking, alcohol).

Prescribing information: Calcium salts
Emergency treatment of hyperkalaemia

By intravenous injection, 10 mL of 10% calcium gluconate (or calcium • 
chloride) over 3–5 minutes.
This has no effect on the serum potassium concentration.• 

Emergency treatment of hypocalcaemia
By intravenous injection, 10 mL of 10% calcium gluconate over 3–5 minutes.• 
Followed by a continuous infusion of 40 mL over 24 hours.• 

Prevention of osteoporosis (with vitamin D)
By mouth, ergocalciferol (vitamin D• 2) 800 IU (20 mg) and calcium gluconate 
800–1500 mg daily.
Numerous oral preparations of colecalciferol (vitamin D• 3) and calcium are 
available—consult manufacturers’ instructions.
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Magnesium sulphate
Essential ion

Magnesium is an essential ion that is an important co-
factor in many enzyme systems. Body magnesium 
stores often mirror body potassium stores.

0 - Treatment of hypomagnesaemia.
Treatment of some cardiac arrhythmias • 
(e.g. torsade de pointes).
Treatment of eclampsia and pre-eclampsia.• 
Adjunctive role in the treatment of acute, • 
severe asthma.

1 - Avoid giving magnesium if the patient has 
severe hepatic insuffi ciency.
Magnesium can accumulate if the patient has • 
severe renal insuffi ciency, but this is rare.
Excessive doses given during labour can cause neonatal respiratory • 
depression.

4 Treatment of hypomagnesaemia
Body magnesium concentrations may be low when body potassium • 
concentrations are low.

Excretion of magnesium is increased by diuretic drugs.• 
Potassium-sparing diuretics are also magnesium-sparing.• 

Patients in ICUs are often given maintenance doses of 24 mmol daily.• 

Treatment of arrhythmias
Intravenous magnesium is effective for certain ventricular arrhythmias, • 
in particular torsade de pointes.

This arrhythmia can be precipitated by drugs that prolong the • 
QT interval (see b Antihistamines, p. 688).

Eclampsia and pre-eclampsia
Magnesium sulfate reduces the incidence of seizures in women with • 
eclampsia.
This is a potentially fatal condition; it should be managed by an expert.• 

Asthma
A single dose of intravenous magnesium sulfate is an effective adjunct • 
in the treatment of acute severe asthma.
Seek expert advice before giving magnesium.• 

6 - Adverse effects are uncommon.
Hypermagnesaemia is characterized by:• 
—muscle weakness and reduced tendon refl exes;
—nausea and fl ushing;
—double vision and slurred speech.
Calcium gluconate can be used to treat toxicity.• 

Note
- Magnesium is not well 

absorbed when taken 
by mouth.

- It is commonly used 
as an osmotic laxative. 
This indication is not 
considered further 
here.

- See b Constipation, 
p. 42 for more 
information.
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7  - The combination of large doses of magnesium and calcium channel 
blockers in eclampsia can cause profound hypotension.
Magnesium potentiates the action of non-depolarizing muscle blockers.• 

8  Safety and effi cacy
Measure the serum magnesium concentration and monitor clinically • 
for hypermagnesaemia.

9 - This drug is usually given in an emergency.

Prescribing information: Magnesium sulphate
Arrhythmias

By intravenous infusion, 8 mmol over 10–15 minutes.• 

Eclampsia
By intravenous infusion, 16 mmol over 5–10 minutes, followed by • 
4 mmol/hour for 24 hours.

Acute severe asthma
By intravenous infusion, 1.2–2 g over 20 minutes.• 

Note: Magnesium sulfate 1 g is approximately equivalent to Mg2+ 4 mmol.
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Potassium chloride
Essential ion

- Potassium is an essential ion involved in creating 
and maintaining electrochemical gradients in both 
excitable and non-excitable tissues.

- Total body potassium is about 3500 mmol, of which 
90% is intracellular.

- Total body potassium may be low even in the 
presence of a high serum concentration (e.g. in 
diabetic ketoacidosis).

- The serum potassium concentration is tightly 
regulated; small changes can have important clinical 
effects, especially on cardiac tissues.

- A raised serum potassium concentration stabilizes 
excitable membranes and can cause asystole.

- A low serum concentration depolarizes membranes 
and can cause cardiac arrhythmias.

Serum potassium concentration reference range 
3.5–5.0 mmol/L

0 - Treatment and prevention of potassium depletion from any cause 
(e.g. patients taking diuretic drugs or corticosteroids).

1 - Do not give potassium supplements unless you know the serum 
potassium concentration.

Do not give supplements if the serum potassium is >5 mmol/L.• 
Patients with renal insuffi ciency are at particular risk of hyperkalaemia.• 
Never give undiluted potassium by intravenous injection or infusion.• 
Hypokalaemia can cause digoxin toxicity, even if the plasma digoxin • 
concentration is in or even below the usual target range. Withhold 
digoxin and replace potassium urgently.

4 - Patients should not normally require potassium supplements. If the 
serum potassium concentration is low, always consider the likely 
cause.

Diuretics are a common cause. Regularly review the need for these • 
drugs and the dose. Long-term prevention of hypokalaemia is best 
achieved with a potassium-sparing diuretic rather than potassium 
supplements. Combination formulation of diuretics and potassium 
supplements are not recommended. See b Potassium-sparing 
diuretics, p. 210 for more information.
Corticosteroids lower the serum potassium concentration. • 
Remember that treatment with corticosteroids should be with the 
lowest effective dose for the shortest possible time.
Patients with heavy gastrointestinal loss (e.g. high-output ileostomy) • 
may lose a lot of potassium (5–15 mmol/day). Provide supplements 
and consider whether losses can be reduced.

Note on potassium 
chloride

Potassium chloride is 
the salt of choice in 
treating or preventing 
potassium depletion, 
since retention of 
 potassium will not occur 
unless the concomitant 
chloride depletion is 
also corrected.
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Extensive surgical (especially abdominal) procedures can result in • 
signifi cant potassium loss. Monitor the serum potassium closely and 
be prepared to give supplements.

Patients with cardiac disease are at particular risk of arrhythmias if the • 
serum potassium concentration is low. The target concentration is 
usually higher in these patients.

Suggested target serum potassium concentration in patients with cardiac 
disease is 4–5 mmol/L

Oral potassium supplements are suitable for short-term mild • 
potassium depletion. Review the need for supplements daily, and espe-
cially before discharge from hospital.

Enteric-coated formulations can cause intestinal ulceration and are • 
no longer recommended.
Modifi ed-release formulations can cause oesophageal ulceration in • 
those with oesophageal obstruction (e.g. left atrial enlargement due 
to mitral stenosis); they also have a delayed onset of action. Their 
use is not recommended. Instead use effervescent formulations.

Table 9.3 Parenteral infusion

Peripheral Central General notes

- 40 mmol/L is the 
usual maximum 
recommended 
concentration that 
can be administered 
via a peripheral line

- Higher concentrations 
(60–80 mmol/L) can 
be given via a large 
peripheral vein in 
severe depletion, or 
during strict fl uid 
restriction

- Usual maximum daily 
dose, 3 mmol/kg.

- Usual maximum 
rate of infusion, 
10–20 mmol/hour

- 20 mmol/100 mL is the 
usual recommended 
maximum concentra-
tion to be administered 
via a central line

- The usual maximum 
daily dose is 3 mmol/kg, 
although this can be 
increased to 6 mmol/kg 
in severe cases

- The usual maximum 
rate of infusion is 
30 mmol/hour

- Use ready-mixed 
potassium infusion bags 
whenever possible

- Adding strong potassium 
chloride to bags can 
cause layering if it is not 
mixed properly

- The rate of replace-
ment of potassium is 
limited by the rate of 
transfer of potassium 
from the extracellular 
to intracellular 
compartments

- Use an infusion pump 
if the concentration 
of potassium in the 
intravenous fl uid is 
above 40 mmol/L

6 - Cardiac toxicity. Because the rate of replacement of potassium is 
limited by the rate of transfer of potassium from the extracellular to 
the intracellular compartment, the plasma concentration can rise 
rapidly (within a few hours). Follow the monitoring guidelines outlined 
in the next section.
Pain and phlebitis are more likely when high concentrations of • 
potassium are given intravenously.
Extravasation causes tissue necrosis.• 
Oral potassium supplements commonly cause nausea and vomiting.• 
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7 - There is a particular risk of hyperkalaemia when potassium 
supplements are co-prescribed with:

Potassium-sparing diuretics (e.g. amiloride, triamterene, • 
spironolactone, eplerenone).
ACE inhibitors or angiotensin receptor antagonists; this can be • 
severe.
Ciclosporin and tacrolimus.• 
NSAIDs, especially indometacin, which can worsen renal function • 
and so cause hyperkalaemia.

8 Safety and effi cacy
Measure the plasma potassium concentration before giving potassium • 
supplements.
The continued need for oral supplements should be reviewed daily. • 
They should not be required in the long term.
If potassium is given parenterally (• b p. 629):

Continuous ECG monitoring is recommended if the infusion rate • 
exceeds 20 mmol/hour.
Stop the infusion if peaking of the T waves occurs; measure the • 
serum potassium concentration urgently.
Measure the serum potassium concentration at least daily (more • 
often if given via a central vein).
Patients with renal insuffi ciency are at particular risk of hyperka-• 
laemia.

9 - Advise the patient at risk of hypokalaemia to maintain a good oral 
intake of potassium.

The recommended dietary intake is 3.5 g (about 90 mmol) daily.• 
A banana contains 0.5 g and a baked potato 0.75 g of potassium.• 

Similarly, warn patients with renal insuffi ciency to avoid foods that are • 
rich in potassium.
Explain the importance of regular measurement of serum potassium • 
concentrations.

Prescribing information: Potassium

Oral potassium
The following are examples:• 

Sando K• ® tablets, 12 mmol potassium per tablet; usual dose 2 tablets tds.
Kay-Cee-L• ® liquid, 1 mmol/mL; usual dose 20 mL tds.

Parenteral potassium
Follow the guidance on dose and administration given earlier.• 
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Treatment of hyperkalaemia

Reduce intake and increase elimination
- Withhold oral potassium supplements and any drugs that conserve potassium 

(see interactions section earlier in topic).
- Increase gastrointestinal potassium loss. Give a polystyrene sulfonate resin 

(e.g. Calcium Resonium®) by mouth.
- These take time to act and are only suitable if hyperkalaemia is mild and the 

patient is at a low risk of arrhythmias.

If hyperkalaemia is severe or if the patient has ECG changes
- The patient should have continuous 

cardiac monitoring and resuscitation 
facilities should be immediately 
available.

- Stabilize cardiac membranes with 
10 mL of 10% calcium gluconate given 
by intravenous injection over 
3–5 minutes. This has no effect on the 
serum potassium concentration.

Take care when giving this drug to patients taking digoxin; it potentiates the • 
effect of digoxin and can cause arrhythmias.

- Drive potassium into cells (lowering the serum potassium concentration).
Give 10 units of soluble insulin with 50 mL of glucose (to prevent • 
hypoglycaemia) by intravenous infusion over several minutes.

- Alternatives include:
Salbutamol (• B2 adrenoceptor agonist), 5–10 mg by nebulized solution.
Sodium bicarbonate, 50 mL of an 8.4% solution by intravenous infusion over • 
several minutes into a central vein.
—Note, do not give through the same lumen as calcium gluconate; insoluble 

calcium carbonate will precipitate.
- The most severe cases will require dialysis.
- Most of these measures move potassium rather eliminating it; urgently 

investigate the cause of the hyperkalaemia.

TEACHING 
POINT

ECG features of hyperkalaemia
- Peaked T waves
- Flat P waves
- Prolonged PR interval
- Widened QRS complex
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Vitamin D analogues
A complex group of metabolites and synthetic analogues of vitamin D

Vitamin D2 (ergocalciferol)
from plants (inactive)
Vitamin D3 (colecalciferol)
from animals (inactive)

25-hydroxycolecalciferol
(calcifediol) (weakly active)

Parathyroid
hormone
(PTH)

Synthesis in skin
by the action of
UV light

Vitamin D3
(colecalciferol) 
(inactive)

Dietary vitamin D 7-dihydrocholesterol

Liver

Kidney

1A-hydroxycolecalciferol
(alfacalcidol) (active)

1A, 25-dihydroxycole-
calciferol
(calcitriol) (active)

1A, 24,25-trihydroxycolecalciferol (weakly active)

24,25-dihydroxycole-
calciferol
(weakly active)

Liver

Kidney

Kidney

0 - Treatment of vitamin D defi ciency (usually oral colecalciferol or 
ergocalciferol).
Prevention of osteoporosis (with calcium).• 
Treatment of hypoparathyroidism (alfacalcidol).• 
Treatment of renal osteodystrophy (alfacalcidol).• 
Treatment of anticonvulsant-induced osteomalacia.• 
Treatment of congenital rickets.• 
Topical treatment of plaque psoriasis.• 

1 - Avoid these drugs if the patient has hypercalcaemia or metastatic 
calcifi cation.
Dosage reduction is not usually required in renal or hepatic insuffi ciency.• 

The hydroxylated derivatives, alfacalcidol and calcitriol, should be • 
used if the patient has renal insuffi ciency.

High systemic doses of vitamin D are teratogenic in animals; • 
therapeutic doses are unlikely to cause adverse effects.
Vitamin D enters breast milk in signifi cant quantities.• 

Causes of vitamin D 
defi ciency
- Inadequate dietary 

sources
- Malabsorption
- Repeated pregnancy
- Drugs (e.g 

colestyramine 
reduces the 
absorption of  
fat-soluble vitamins)

Anticonvulsants• 
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4 Vitamin D defi ciency
Elderly people and those who do not take vitamin D in the diet are at • 
risk of vitamin D defi ciency.

This was classically described in Asian immigrants to the UK eating • 
unleavened bread containing large amounts of phytates, but vitamin 
D defi ciency is now uncommon in this group.
Vitamin D and calcium supplementation reduces the incidence of • 
osteoporosis in the elderly, even in the absence of frank defi ciency.

Once the defi ciency has been treated, long-term treatment is rarely • 
necessary, unless the cause is persistent.

The most common persistent cause is malabsorption, in which very • 
large oral doses may be required.

Prevention of osteoporosis
Calcium and vitamin D supplementation is recommended in those • 
aged over 65 years at risk of osteoporosis.

See • b p. 634 for dose; see b Bisphosphonates, p. 660 for more 
information on osteoporosis
See • b Oestrogens, p. 498 for a list of susceptibility factors and 
suggested diagnostic workup

Hypoparathyroidism
Hypoparathyroidism can result de novo or can follow parathyroid or • 
thyroid surgery.
Post-surgical patients should be monitored for hypoparathyroidism.• 

Renal osteodystrophy
Renal insuffi ciency leads to reduced plasma calcium and raised plasma • 
phosphate concentrations. This stimulates parathyroid hormone 
(PTH) production and can lead to metastatic calcifi cation.
The initial treatment of renal osteodystrophy is a phosphate-binding • 
drug. Once the phosphate concentration has fallen, give alfacalcidol 
with calcium supplements to reduce metastatic calcifi cation.

Anticonvulsant-induced osteomalacia
The anticonvulsants phenytoin and phenobarbital can cause • 
osteomalacia during long-term use.
The mechanism is not fully understood, but is probably the result of • 
enhanced metabolism of colecalciferol.

Psoriasis
The topical vitamin D analogues, calcipotriol and tacalcitol, and topical • 
calcitriol are used for the treatment of plaque psoriasis.
They induce the differentiation of keratinocytes, reducing their • 
proliferation.
Used topically, these drugs do not affect systemic calcium metabolism.• 

6 - The adverse effects of vitamin D analogues are related to their effects 
on calcium metabolism.

The most common important adverse effect is hypercalcaemia.• 
The symptoms of hypercalcaemia include nausea, vomiting, anorexia, • 
thirst, and lassitude.
Alfacalcidol and calcitriol have short half-lives; this makes it easier • 
to titrate them to the correct dose than some of the long-acting 
alternatives.
See • b Bisphosphonates, p. 660 for guidance on the treatment of 
hypercalcaemia.
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Withdrawal of the drug or a dosage reduction may be all that is • 
required for mild symptoms.
Vitamin D analogues used topically for psoriasis can cause local itching, • 
erythema, dermatitis, and burning.

7 - Drug interactions are uncommon.
Thiazide diuretics reduce the excretion of vitamin D analogues; there • 
is an increased risk of hypercalcaemia if they are given together.
Phenobarbital and phenytoin increase the metabolism of vitamin D • 
analogues (see earlier notes). The dose of vitamin D may need to be 
increased.

8 Safety and effi cacy
Measure the plasma calcium concentration at least weekly during the • 
start of treatment.
If long-term treatment is required, measure the plasma calcium • 
concentration every few months.
Measure the plasma calcium concentration if the patient has any • 
symptoms of hypercalcaemia.

9 - Advise the patient to report nausea, vomiting, polyuria, polydipsia, or 
other symptoms that might suggest hypercalcaemia.
Advise patients using vitamin D analogues topically to wash their hands • 
thoroughly after use.
There is evidence of diurnal variation in response to vitamin D; advise • 
the patient to take the dose at the same time each day.

Prescribing information: Vitamin D analogues
There are many formulations of these drugs; the following are given as exam-
ples. See the earlier notes to select the most appropriate for the proposed 
indication.

Treatment and prevention of vitamin D defi ciency and osteoporosis
Only available in combination with calcium.• 

Ergocalciferol 400 IU (10 micrograms) with a variable amount of calcium • 
(depends on the formulation).
If used to prevent osteoporosis give ergocalciferol 800 IU (20 micrograms) • 
and 800–1500 mg calcium gluconate daily.

Vitamin D defi ciency due to malabsorption or chronic liver disease
Ergocalciferol by mouth, up to 40 000 units (1 mg) daily.• 

Hypoparathyroidism
Ergocalciferol by mouth, up to 100 000 units (2.5 mg) daily.• 

Renal osteodystrophy
Alfacalcidol, by mouth, initially 1 microgram daily.• 

Usual maintenance dose 0.25–1 microgram daily• 
Calcitriol by mouth, initially 250 nanograms daily.• 

Usual maintenance dose 500–1000 nanograms daily.• 
Available by injection for patients receiving haemodialysis; usual mainte-• 
nance dose 500–3000 nanograms 3 times a week.
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Vitamin K1
Essential fat-soluble vitamin

Regeneration

inhibited

by warfarin

and other

coumarin

derivatives.

See warfarin 

(b p. 124).

Precursors of clotting

factors II, VII, IX, X

Inactive carboxylated

forms are able to

bind to phospholipid

surfaces (Ca++

mediated)

Vitamin K1

(a co-factor)

Blood clot formation

G-carboxylation

Activation

0 - Treatment of clotting disorders that result from vitamin K defi ciency.
Reduced synthesis (e.g. hepatic cirrhosis).• 
Drugs (e.g. warfarin and other coumarin anticoagulants); • 
colestyramine given for primary biliary cirrhosis reduces the 
absorption of fat-soluble vitamins.

Nutritional defi ciency.• 
Neonates are relatively defi cient in vitamin K. This can cause • 
haemorrhagic disease of the newborn. Vitamin K is given to 
prevent this. This risk is increased if the mother is taking anticonvul-
sant drugs.
Malabsorption of fat-soluble vitamins (A, D, E• 1, K) (e.g. in biliary 
obstruction).
Lack of enteric bacteria.• 

1 - Vitamin K can be used to correct a clotting disorder, but is rarely 
suffi cient on its own for treatment of haemorrhage.
Do not give menadiol (a synthetic analogue of vitamin K) to neonates; • 
there is a risk of haemolysis.
Do not give by intramuscular injection if the patient has abnormal • 
clotting.
Anticoagulation using warfarin or other coumarin anticoagulants will • 
be very diffi cult for several weeks after a large dose of vitamin K. See 
case history box, b p. 637.

4 - The Chief Medical Offi cer in the UK has recommended that all 
newborn babies should be offered vitamin K to reduce the risk of 
haemorrhagic disease of the newborn.

This can be given as a single intramuscular injection of 1 mg at birth; • 
or 2 mg orally at birth, after 1 week, and after 1 month; bottle-fed 
babies can omit the last dose, as formula feeds contain vitamin K.

In the past some intravenous formulations of phytomenadione • 
contained polyoxyl castor oil (Cremophor EL®), which can cause 
non-IgE-mediated anaphylactic (anaphylactoid) reactions when given 
by rapid intravenous injection. These formulations are no longer 
licensed in the UK but they may be available elsewhere.
Give vitamin K slowly (1 mg/min) by intravenous infusion.• 

Drugs in this class
- Phytomenadione

Lipid-soluble• 
- Menadiol

Synthetic analogue• 
Water-soluble• 
Do not give to • 
neonates
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If the patient has fat-soluble vitamin malabsorption give menadione, as • 
this is water-soluble.
Vitamin K can be given to reverse anticoagulation due to warfarin and • 
other coumarin analogues (see b Warfarin, p. 124).

A dose of 10 mg of vitamin K will fully reverse the action of warfarin; • 
blood clotting may not return to normal immediately, as new 
clotting factors will have to be synthesized.
If the patient is bleeding, • see b Teaching point in heparin, p. 116 for 
guidance.
Partial reversal of the effect of warfarin can be achieved by giving • 
small doses of vitamin K (e.g. 0.5–2.0 mg by intravenous injection); 
this will require close monitoring and dose titration.

6 - Adverse effects are rare.
Note the advice about intravenous administration of • 
phytomenadione.
Intramuscular injection can cause a haematoma if the patient has • 
abnormal clotting.

7 - Vitamin K antagonizes the action of warfarin and other coumarin 
anticoagulants.

Case history
An important drug–drug interaction and management of warfarin 
overanticoagulation
- A 72-year-old man with atrial fi brillation and moderate mitral regurgitation had 

been taking warfarin for 2 years after a small stroke. He had fallen at home while 
doing some decorating and, having injured his chest, had been taking 
paracetamol 1.0 g 4 times a day for 10 days because his GP had told him that 
paracetamol was safe to take with warfarin. He developed a subconjunctival 
haemorrhage and then noticed that his urine was pink and that he was covered 
in bruises, although having no recollection of new injuries. He arranged to have 
his INR checked and was rung by the haematology laboratory that night to say 
that his INR was over 15. In accordance with the British Society for 
Haematology guidelines he was told to stop taking warfarin. Given that he had 
suffered a recent fall and had a lot of bruising, he was given oral vitamin K 0.5 mg 
in the hope of partially, but not fully, reversing the overanticoagulation. His INR 
was repeated the next day and was 6.2. When his INR fell below 5.0 the next 
day, his warfarin was restarted at a lower dose. With careful monitoring and 
dosage adjustment there was no further problem.

The interaction between paracetamol and warfarin is not widely appreciated. Single 
doses are generally safe, but prolonged therapy (1 g qds for 1 week or more) can 
cause marked prolongation of the INR. The guidelines for management of 
coumarin overanticoagulation issued by the British Committee for Standards in 
Haematology of the British Society for Haematology (M http://www.b-s-h.org.uk/) 
are given in Table 9.4.
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Table 9.4 Guidelines for management of coumarin overanticoagulation

INR range/presence of 
bleeding

Action required

INR >3 and <5 (target INR 2.5) 
INR >4 and <5 (target INR 3.5) 
No bleeding

1. Reduce dose or stop warfarin
2. Restart when INR <5

INR >5 and <8
No bleeding or minor bleeding

1. Stop warfarin
2. Restart when INR <5
3. Give 1–2.5 mg oral vitamin K

INR >8
No bleeding or minor bleeding

1. Stop warfarin
2. Restart warfarin when INR <5
3.  If other susceptibility factors for bleeding 

give 2.5–5 mg oral vitamin K

Major bleeding 1. Stop warfarin
2.  Give prothrombin complex concentrate 

(PCC) 30 units/kg or fresh frozen plasma 
15 mL/kg (if PCC not available)

3. Give vitamin K 5 mg orally or intravenously

8 Safety and effi cacy
Measure the prothrombin time (or INR—• see b Warfarin, p. 124) 
to assess the requirement for treatment.
Ensure that the patient is closely observed if there is a risk of bleeding.• 

9 - Discuss the recommendation that the baby be given vitamin K with 
women and their partners before they go into labour; record the 
parents’ preference in the notes.

Prescribing information: Vitamin K1

Menadiol
By mouth for prevention of vitamin K defi ciency in fat malabsorption • 
syndromes, 10 mg daily.

Phytomenadione
By mouth for prevention of haemorrhagic disease of the newborn, 2 mg at • 
birth and on days 7 and 30.
By intramuscular injection for prevention of haemorrhagic disease of the • 
newborn, 1 mg at birth.
By slow intravenous injection/infusion for treatment of abnormal clotting, • 
0.5–10 mg; see earlier notes.
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Colchicine
Inhibitor of cellular microtubule function

The mechanism by which colchicine has its effect is 
not completely understood, but it seems to be 
related to inhibition of microtubule function in leuco-
cytes. This reduces migration of phagocytes into 
gouty tissues. In turn, this reduces the deposition of 
urate and breaks the vicious cycle of infl ammation 
and further urate deposition.

0 - Treatment of acute gout.
Prophylaxis against allopurinol-induced gout.• 
Prophylaxis against attacks of familial • 
Mediterranean fever (recurrent 
polyserositis); unlicensed indication.

1 - Colchicine is mainly metabolized by the liver, 
but the proportion excreted by the kidney 
increases in hepatic insuffi ciency. Reduce the 
dose by half in severe liver or renal 
impairment.
Colchicine is teratogenic in animals; it is • 
therefore contraindicated in pregnancy. The 
manufacturers advise that it should not be 
given to mothers who are breastfeeding.

4 Acute gout
Colchicine can produce an analgesic effect • 
within a few hours.
Colchicine is not a treatment for causes of • 
secondary gout (see box).
Unlike NSAIDs, colchicine does not cause fl uid retention, making it a • 
suitable choice for patients with heart failure.
The fi rst few days of treatment with allopurinol are associated with an • 
increased risk of an acute attack of gout. Colchicine can be used as 
prophylaxis during this period. Most doctors wait until an acute attack 
has fully settled (usually after 1 month) before starting allopurinol.
Colchicine has a narrow therapeutic range, and adverse effects are • 
common. Start with a low dose and titrate to optimal symptomatic 
relief.
Long-term treatment is associated with the risk of several serious • 
adverse effects and is rarely indicated.

6 - Gastrointestinal adverse effects are very common at therapeutic 
doses. The most common adverse effect is diarrhoea; in severe cases 
(usually associated with overdose) this can be a cholera-like enteritis.
Colchicine can cause bone marrow suppression. Leucopenia and • 
thrombocytopenia are sometimes seen with long-term treatment.
Long-term treatment can cause steatorrhoea, a myopathy, and a • 
peripheral neuropathy. These are more common in patients with renal 
impairment.

7  - Colchicine interacts with ciclosporin; the plasma ciclosporin 
concentration is increased and there is an increased risk of 
nephrotoxicity.

Drugs used for 
hyperuricaemia

Acute gout
- NSAIDs
- Colchicine
- Corticosteroids.

Long-term 
prophylaxis
- Allopurinol (reduced 

uric acid production)
- Sulfi npyrazone 

(uricosuric, increased 
excretion)

- Probenecid (increased 
excretion); rarely used

- Febuxostat (reduced 
uric acid production); 
for patients intolerant 
of allopurinol.

Cytotoxic   
drug-induced 
 hyperuricaemia
- Allopurinol
- Rasburicase.
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There is a possible increased risk of myopathy if colchicine is given • 
with statins.
Increased risk of colchicine toxicity when given with clarithromycin or • 
erythromycin.
Low doses of aspirin and other salicylates reduce uric acid excretion; it • 
may be necessary to avoid these drugs in patients with gout.
Diuretics (especially thiazides) increase the risk of gout. Ask the • 
patient about previous attacks of gout before starting these drugs.
Colchicine, unlike NSAIDs, does not interact with warfarin.• 

8 Safety and effi cacy
Clinical improvement and reduction in pain are the measures of • 
effi cacy.
Although colchicine can cause leucopenia, routine measurement is • 
unlikely to be helpful.
If long-term treatment is required, measure the creatinine clearance • 
and use the lowest effective dose (<0.6 mg/day). Measure the serum 
creatinine kinase activity if there is evidence of myopathy.

9 - Advise the patient how to avoid acute attacks of gout.
Certain meats, seafood, dried peas, and beans are particularly high in • 
purines.
Alcoholic beverages, especially beer, can precipitate attacks of gout.• 
Ensure adequate daily fl uid intake (2–3 litres per day).• 

Prescribing information: Colchicine
Treatment of gout

By mouth, 500 micrograms 2–4 times daily until relief of pain is obtained or • 
vomiting or diarrhoea occurs, or until a total dose of 6 mg has been reached. 
The course should not be repeated within 3 days. However, recent evidence 
suggests that a total dose of 1.8 mg may be as effective and safer.

Prevention of gout
During initial treatment with allopurinol or uricosuric drugs, 500 micrograms • 
2 or 3 times daily.

Note: Few use colchicine to treat acute gout nowadays. Corticosteroids are 
dramatically effective, especially in cases of monoarticular gout.
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Allopurinol
Inhibitor of the enzyme xanthine oxidase

Hypoxanthine Xanthine Uric acid

Xanthine

oxidase

Xanthine

oxidase

Allopurinol is metabolized

by xanthine oxidase to

oxipurinol (alloxanthine);

both drugs are inhibitors

of xanthine oxidase

- Crystal arthropathy

- Crystal nephropathy

- Tophi

0 - Treatment of chronic hyperuricaemia and its 
complications:

Gout.• 
Uric acid nephropathy.• 
Tophi.• 

Treatment of hyperuricaemia associated with • 
chemotherapy.
Treatment of certain rare enzyme • 
defi ciencies associated with hyperuricaemia 
(specialized use).

1 - Do not start allopurinol during an acute attack 
of gout (see later notes).
The safety of allopurinol in pregnancy has • 
not been formally assessed, but it has been 
used for many years without apparent adverse effects.
Limit the daily dose to 100 mg or less in moderate to severe renal • 
insuffi ciency (see prescribing information).
Reduce the dose in severe hepatic insuffi ciency.• 

4 Chronic hyperuricaemia
Allopurinol is not a treatment for acute gout, nor is it an analgesic; use • 
NSAIDs, corticosteroids, or colchicine.
The fi rst few days of treatment with allopurinol are associated with an • 
increased risk of an acute attack of gout. Colchicine can be used as 
prophylaxis during this period. Most prescribers wait until an acute 
attack has fully settled (usually after 1 month) before starting allopurinol.
If an acute attack of gout occurs while the patient is taking allopurinol, • 
continue the allopurinol and treat the acute attack.
Hyperuricaemia associated with chemotherapy
Chemotherapy that results in rapid tumour lysis can cause hyperuri-• 
caemia. This is particularly associated with treatment of leukaemia and 
non-Hodgkin’s lymphoma.
The metabolism of mercaptopurine and azathioprine is signifi cantly • 
reduced by allopurinol. The dosage requirements are reduced by 75% 
when allopurinol is coadministered. Check that this has been taken into 
account.
Allopurinol should be started at least 24 hours before chemotherapy • 
in order to be effective.
Adequate hydration is as important as allopurinol in reducing the risk • 
of nephropathy. Ensure that the patient takes 2–3 litres of fl uid daily.

Drugs used for 
hyperuricaemia

Acute gout
- NSAIDs
- Colchicine
- Corticosteroids.

Long-term 
prophylaxis
- Allopurinol (reduced 

uric acid production)
- Sulfi npyrazone 

(uricosuric, increased 
excretion)

- Probenecid (increased 
excretion); rarely used

- Febuxostat (reduced 
uric acid production); 
for patients intolerant 
of allopurinol.

Cytotoxic  
drug-induced 
 hyperuricaemia
- Allopurinol
- Rasburicase.
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6 - Rash and hypersensitivity are common with allopurinol.
Rash affects about 2% of patients.• 
The rash can rarely be severe (Stevens–Johnson syndrome).• 

Other manifestations include:• 
Renal failure (interstitial nephritis).• 
Hepatitis.• 
Eosinophilia.• 

7 - The metabolism of azathioprine and mercaptopurine are signifi cantly 
reduced by allopurinol; reduce the dose by 75% if allopurinol is 
coadministered.
The toxic effects of cyclophosphamide on the bone marrow are • 
increased when allopurinol is coadministered.
Do not give to patients receiving capecitabine.• 
The risk of toxicity of ACE inhibitors and angiotensin receptor • 
antagonists is increased when they are coadministered with 
allopurinol, especially when the patient has renal impairment.
Low doses of aspirin and other salicylates reduce uric acid excretion; it • 
may be necessary to avoid these drugs in patients with gout.
Diuretics (especially thiazides) increase the risk of gout. Ask the • 
patient about previous attacks of gout before starting these drugs and 
consider allopurinol prophylaxis.

8 Safety and effi cacy
Measure renal function to ensure both adequate hydration and that • 
the drug is effective. This is especially important when using allopurinol 
during chemotherapy.
Measuring the serum uric acid concentration is fraught with diffi culties • 
of interpretation. There is no absolute correlation between the uric 
acid concentration and symptoms and no consensus about the target 
uric acid concentration.

The manufacturers suggest that if facilities are available to monitor • 
plasma concentrations of the active metabolite oxipurinol, the dose 
of allopurinol should be adjusted to maintain plasma oxipurinol 
concentrations below 100 micromol/L (15.2 mg/L); however, 
measurement of oxipurinol is rarely available.
Treat the clinical presentation rather than the uric acid concentration.• 

9 - Advise the patient how to avoid acute attacks of gout.
Certain meats, seafood, dried peas, and beans are particularly high in • 
purines.
Alcoholic beverages, especially beer, can precipitate attacks of gout.• 
Ensure an adequate daily fl uid intake (2–3 litres per day).• 

Prescribing information: Allopurinol
Prophylaxis against gout

Initially 100 mg daily, preferably after food.• 
Usual maintenance dose 100–300 mg/day; severe disease may require doses up • 
to 900 mg daily; titrate the dose according to the serum uric acid concentration.
Doses above 300 mg/day should be divided (e.g. 200 mg bd).• 
Reduce the initial dose to 100 mg daily in moderate renal insuffi ciency.• 
Reduce the initial dose to 100 mg on alternate days in severe renal • 
insuffi ciency.

Hyperuricaemia associated with chemotherapy
Follow local protocols according to the chemotherapy regimen.• 
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Rheumatoid arthritis 
(disease-modifying drugs)
Note on the treatment of rheumatoid arthritis
Rheumatoid arthritis is a complex systemic disease that should ideally be 
managed by a multidisciplinary team. It is not our purpose in this section to 
provide a treatment guide, but to provide information on the drugs used. 
Rheumatoid arthritis is common and the drugs used to treat it commonly cause 
adverse effects.

See also:
NSAIDs b p. 742
Penicillamine b p. 712
Methotrexate b p. 570
Sulfasalazine b p. 52

Drugs used to treat 
rheumatoid arthritis
- Analgesics

Disease-modifying 
drugs
- Sulfasalazine
- Antimalarial drugs
- Methotrexate
- Gold salts
- Penicillamine

Second-line drugs
- Azathioprine
- Cyclophosphamide
- Chlorambucil
- Lefl unomide
- Etanercept
- Infl iximab
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Chloroquine and hydroxychloroquine

The antimalarial actions of these drugs are based on their ability to 
interfere with plasmodial DNA replication.

These drugs can also be used as disease modifying agents (DMARDs) in 
the treatment of rheumatoid arthritis. The mechanism of action is not 
known but may be related to stabilization of lysosomes.

0 - As a disease-modifying drug in the long-term control of rheumatoid 
arthritis.
Treatment and prophylaxis against chloroquine-sensitive • Plasmodium 
infection.

Resistance to chloroquine is very common and it is no longer • 
recommended for the treatment of Plasmodium falciparum malaria. 
It can still be used for P. ovale, P. malariae, and P. vivax infections.

Occasionally used for the treatment of systemic and discoid lupus • 
erythematosus and psoriasis (specialized uses).

1 - Reduce the dose in patients with renal or hepatic insuffi ciency. 
The doses used for prophylaxis do not usually need to be reduced.
Do not give these drugs to patients with G6PD defi ciency.• 
Avoid using these drugs for prolonged periods in women who are • 
pregnant; there is a risk of fetal ototoxicity. If used short-term for the 
treatment of acute malaria, the benefi t will usually outweigh the risk.
Do not use in patients with epilepsy; these drugs lower the seizure • 
threshold.
Although occasionally used for the treatment of psoriasis, these drugs • 
more commonly precipitate psoriasis. Avoid them if possible in 
patients with psoriasis.

4 Malaria prophylaxis
Patterns of malarial resistance are constantly changing; seek up-to-date • 
specialist advice.
When using these drugs for prophylaxis, aim to establish a routine • 
and tolerability by starting them 2 weeks before travel. Continue 
treatment for 4 weeks after returning.
Other measures, such as avoidance, bed nets, and repellent sprays • 
(diethyltoluamide/DEET), are as important as drug treatment for the 
prophylaxis of malaria. You cannot catch malaria unless you are bitten.
Choloroquine can be used for up to 5 years for long-term prophylaxis.• 
Choloroquine alone will eradicate • P. malariae but if used for P. ovale 
or P. vivax infection the liver stage will need to be treated by another 
drug (e.g. primaquine).

Rheumatoid arthritis
The choice of a DMARD should be taken by the supervising specialist.• 
These drugs are generally better tolerated than gold or penicillamine.• 
The dose should be calculated on lean body mass; do not exceed • 
4 mg/kg of chloroquine phosphate in obese patients.
The effect will take 4–6 months to develop.• 
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6 - These drugs can form deposits in the cornea and retina. The risk is higher 
(seen at daily doses of 250 mg) with chloroquine than with hydroxy-
chloroquine (seen at daily doses of 400 mg). See monitoring section.
Hypersensitivity phenomena are common and can be severe, ranging • 
from a rash to angio-oedema.
Gastrointestinal disturbance and headache are common adverse • 
effects.
These drugs can cause thrombocytopenia and ototoxicity.• 
These drugs are very dangerous in overdose, owing to cardiac toxicity. • 
Doses >8 g are usually fatal.
Long-term treatment can cause a bluish pigmentation of the skin and • 
bleaching of the hair.
These drugs have very long half-lives (~45 days); it takes several • 
months before they reach a steady state (see b Teaching point in 
amiodarone, p. 108).

7 - Do not prescribe these drugs with amiodarone; there is a risk of 
ventricular tachycardia.
Avoid prescribing these drugs with other drugs that can cause severe • 
rashes (e.g. gold, phenylbutazone, pyrimethamine + sulfadoxine); the 
risk is greatly increased.
These drugs lower the seizure threshold; take care if the patient is • 
taking another drug that lowers the threshold.
These drugs can increase plasma digoxin and ciclosporin • 
concentrations, causing toxicity.

8 Safety
Before long-term treatment:• 

Measure visual acuity and record the result. Measure renal and liver • 
function, a lower dose is required if there is impairment.

During long-term treatment:• 
Measure acuity annually. If the patient reports any blurred vision or • 
reduction in acuity, refer them for an expert opinion.

9 - Malaria prophylaxis:
Drug treatment alone is not suffi cient. Do not forget to cover up, • 
and to use an impregnated bed net and repellent spray.
Report any feverish illness especially within 3 months of return; • 
mention that you have been to a malarious region.

Report any deterioration in vision immediately during long-term • 
treatment.

Prescribing information: Chloroquine and hydroxychloroquine
Chloroquine for malaria

Note: chloroquine dosages are calculated on the basis of the amount of • 
chloroquine base.
Chloroquine base 150 mg • + chloroquine sulphate 200 mg + chloroquine 
phosphate 250 mg (approximately).
Prophylaxis:• 

Seek expert advice for the proposed area of travel.• 
When cholorquine is appropriate, the dosage is usually chloroquine base • 
300 mg taken once weekly.

Treatment:• 
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Chloroquine is not recommended for the treatment of • P. falciparum 
malaria.

When appropriate, the usual regimen is:• 
Initial dose of 420 mg (of base) • then
A single dose of 310 mg after 6–8 hours • then
A single dose of 310 mg daily for 2 days.• 

DMARDs for rheumatoid arthritis
This is a specialized use and should be initiated and supervised under expert • 
guidance.
Chloroquine:• 

Chloroquine (base) 150 mg daily. Can be increased to a maximum of • 
2.5 mg/kg daily.

Hydroxychloroquine:• 
Initially 400 mg daily in divided doses.• 
The maintenance dosage is usually 200–400 mg daily.• 
Can be increased to a maximum of 6.5 mg/kg daily (but not exceeding • 
400 mg daily).
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Gold salts
Disease-modifying antirheumatic drugs

These drugs are used as disease modifying 
agents (DMARDs) in the treatment of rheu-
matoid arthritis. Their mechanism of action is 
not fully understood, but they  suppress 
infl ammatory and immune responses. This 
may be due to reduced lysosomal enzyme 
activity and phagocytosis.

0 - As a DMARD in rheumatoid arthritis; also given for juvenile arthritis.

1 - Avoid giving gold salts to patients with severe renal or hepatic 
insuffi ciency, or those with a history of blood disorders.
Avoid gold salts in patients with a history of systemic lupus • 
erythematosus, infl ammatory bowel disease, porphyria, or 
pulmonary fi brosis.
Gold salts are contraindicated during pregnancy and breastfeeding.• 

4 Rheumatoid arthritis
The choice of a DMARD should be made by the supervising specialist.• 
Sulfasalazine, methotrexate, gold, and penicillamine are of similar • 
effi cacy, but sulfasalazine and methotrexate tend to be used fi rst, as 
they are better tolerated.
Intramuscular gold is more effective than oral gold.• 
If a gold salt is given by the intramuscular route, a test dose of 10 mg • 
should be given fi rst.

The patient should then be given 50 mg weekly. A benefi cial effect is • 
not usually seen until a total of 300–500 mg has been given.
Stop the treatment if there has been no response after a total of 1 g • 
has been given.
Once the patient has responded, gradually increase the interval • 
between injections, up to a maximum of 4 weeks.
Treatment can be continued for up to 5 years.• 

If gold is given by mouth, it should be stopped if there has been no • 
response after 6 months.

6 - Adverse effects from gold are very common (40% of patients) and are 
serious in 10% of patients.

Severe reactions can be treated with corticosteroids.• 
A rash affects 25% of patients. This is most common after 2–6 months • 
and can lead to irreversible pigmentation of sun-exposed areas.
Gold salts can cause blood disorders; thrombocytopenia, • 
agranulocytosis, and aplastic anaemia are the most common.
Proteinuria is common. If this is only a trace amount treatment can • 
continue, but if it becomes heavier treatment should be stopped. Gold 
can cause the nephrotic syndrome (membranous glomerulonephritis).
Gastrointestinal adverse effects are common.• 

Nausea and vomiting are the most common, but gold can also cause • 
stomatitis.
Diarrhoea is common; this may improve with bulking agents such as bran.• 
Vasomotor or nitritoid reactions consisting of facial fl ushing, nausea, • 
vomiting, hypotension or syncope are common (5% of patients). 

Drugs in this class
- Sodium 

aurothiomalate 
(intramuscular)

- Auranofi n (oral)
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They can have serious sequelae (e.g. myocardial infarction). The risk 
is greatest with gold sodium aurothiomalate, but these reactions can 
occur with other salts (oral gold: auranofi n). Reactions are usually 
transient, occurring within a few minutes of drug administration and 
occur most within the fi rst year of treatment. They are more 
common in patients who are also taking ACE inhibitors (see case 
history below).

Rare serious adverse effects include neuritis, pulmonary fi brosis, and • 
hepatotoxicity with cholestatic jaundice.

7 - Do not give gold with chloroquine; there is risk of severe exfoliative 
dermatitis.

8 Safety and effi cacy
Perform the following investigations monthly if gold is given by mouth, • 
and before each injection if it is given intramuscularly.
Full blood count and urine dipstick for protein.• 

Suspend treatment if the platelet count is <150 • x 109/L or if there 
are clinical signs of thrombocytopenia.
Suspend treatment if the total white blood cell count is <4.0 • x 109/L 
or the neutrophil count is <2.0 x 109/L.
A trace of proteinuria is common; stop treatment if it becomes • 
more severe (repeatedly above 300 mg/L).
Ask about rash and oral ulceration.• 
National guidelines for the monitoring of second-line drugs, • 
British Society for Rheumatology, July 2000 are available at 
M http://www.rheumatology.org.uk/guidelines/clinicalguidelines/.

Set clear targets against which the success of treatment can be judged. • 
Ideally, these should include functional outcomes.

9 - Explain that this drug affects the disease process but does not provide 
rapid pain relief.
Advise the patient to report symptoms of bone marrow suppression • 
immediately (e.g. easy bruising, bleeding).

Case history
- A 55-year-old woman with long-standing rheumatoid arthritis attended her GP 

for her monthly gold injection, which she had received for 9 years without any 
problems; 10 minutes after the injection she developed chest pain and nausea 
and collapsed with an unrecordable BP. The GP administered adrenaline 
intramuscularly and called for an ambulance. The patient’s only other drug 
treatment was ramipril, which she had recently started to take, and occasional 
non-steroidal anti-infl ammatory drugs.

This was caused by the so-called nitritoid reaction to gold. It has an incidence of up 
to 5% following parenteral gold administration and is strongly associated with 
concurrent ACE inhibitor therapy, suggesting a bradykinin-mediated mechanism.

Prescribing information: Gold salts
Sodium aurothiomalate

By intramuscular injection, give an initial test dose of 10 mg. Subsequent • 
dose 50 mg. See earlier notes for suggested regimen.
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Lefl unomide
Inhibitor of pyrimidine synthesis

-  Lefl unomide is an inhibitor of pyrimidine synthesis and affects T cell 
proliferation; this is thought to be its mechanism of action in 
rheumatoid arthritis.

-  This action accounts for its major adverse effect, bone marrow 
suppression.

0 - As a DMARD in rheumatoid arthritis.
Usually given second-line.• 

1 - Avoid lefl unomide if the patient has moderate or severe renal 
insuffi ciency.
Lefl unomide can accumulate in hepatic insuffi ciency; avoid it.• 
Lefl unomide is teratogenic; it must not be used during pregnancy.• 

Women should be advised not to become pregnant for 2 years after • 
stopping this drug (contraception is essential). See also monitoring 
section.
Men should not attempt to father a child while taking this drug and • 
for 3 months after stopping it. See also monitoring section.

Do not give lefl unomide to patients with:• 
A history of tuberculosis (TB).• 
Impaired bone marrow function.• 

4 Rheumatoid arthritis
The choice of a DMARD should be made by the supervising specialist.• 
Sulfasalazine, methotrexate, gold, and penicillamine are of similar • 
effi cacy, but sulfasalazine and methotrexate tend to be used fi rst, as 
they are better tolerated.
Lefl unomide is more toxic than these drugs and is reserved for • 
patients who are unresponsive to these fi rst-line drugs.
A clinical effect is usually seen after 4 weeks of treatment and • 
improvement may continue over the next 4–6 months.

6 - Gastrointestinal adverse effects are common.
Nausea and vomiting are the most common, but lefl unomide can • 
cause oral ulcers and anorexia.

Lefl unomide can cause bone marrow suppression; this is characterized • 
by falls in platelet and white cell counts.
Treatment with lefl unomide increases the risk of serious infection and • 
malignancy.

Do not give lefl unomide if the patient has a chronic infection or a • 
history of TB.

Lefl unomide can cause hypertension.• 
Hepatotoxicity is uncommon but can be severe. It usually occurs in the • 
fi rst 6 weeks of treatment. If hepatotoxicity occurs, carry out the 
washout procedure outlined in the box.
Rashes can be severe (including the Stevens–Johnson syndrome). • 
If severe, consider the washout procedure outlined in the box.
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Washout procedure 

Lefl unomide persists in the body for a long time because it undergoes enterohepatic 
recirculation (see b Activated charcoal, p. 698 for more information); if severe 
toxicity occurs, it may be necessary to carry out the washout procedure:
- Stop lefl unomide.
- Give colestyramine 8 g tds or activated charcoal 50 g qds for 11 days.
- Repeat this 14 days later.

7 - Do not give lefl unomide with other drugs that can suppress the bone 
marrow (e.g. cytotoxic drugs) or impair hepatic function.

Avoid live vaccines during lefl unomide therapy.• 
Colestyramine increases the elimination of lefl unomide, which may be • 
a desired action (see earlier notes).

8 Safety and effi cacy
Perform a full blood count and liver function tests every 2 weeks for • 
the fi rst 6 months of treatment, then every 8 weeks.

Suspend treatment if the platelet count is <150• �109/L or if there 
are clinical signs of thrombocytopenia.
Suspend treatment if the white blood cell count is <4.0 • x 109/L or 
the neutrophil count is <2.0 x 109/L.
Suspend treatment if there is a >2-fold rise in aspartate transaminase • 
or alanine transaminase activities.

Measure the BP every month for the fi rst 6 months, then every • 
2 months.

From National guidelines for the monitoring of second-line drugs, • 
British Society for Rheumatology, July 2000 available at M http://
www.rheumatology.org.uk/guidelines/clinicalguidelines/.

Set clear targets against which the success of treatment can be judged. • 
Ideally, these should include functional outcomes.

9 - Explain that lefl unomide affects the disease process but does not 
provide rapid pain relief.
Advise the patient to report symptoms of bone marrow suppression • 
immediately (e.g. easy bruising, bleeding).

Prescribing information: Lefl unomide
Rheumatoid arthritis

By mouth, 100 mg daily for 3 days, then• 
Maintenance dose of 10–20 mg daily.• 
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Tumour necrosis factor (TNF) 
blocking drugs
Inhibitors of the actions of TNF

TNF–pro-inflammatory cytokine

Etanercept is a synthetic

TNF receptor produced

by recombinant DNA

technology; its effect is

to neutralize the actions

of TNF

Infliximab is a

monoclonal antibody

that binds to TNF, 

neutralizing it 

TNF

Notes on some other drugs for rheumatoid arthritis

Anakinra
- An inhibitor of interleukin-1 (IL-1).
- Licensed for use in rheumatoid arthritis that has not responded to methotrexate. 

However, NICE does not recommend its use outside controlled clinical trials, 
because of an unfavourable balance of clinical effectiveness and cost.

- Given by daily subcutaneous injection.
- Neutropenia is the most common important adverse effect. Monitor neutrophil 

count monthly for the fi rst 6 months and 3-monthly thereafter.

Adalimumab
- A monoclonal antibody that inhibits the action of TNF alfa.
- Licensed for use in rheumatoid arthritis that has not responded to other 

disease-modifying therapy. 
- Given by subcutaneous injection either weekly or on alternate weeks.
- Drugs that affect the action of TNF alfa are associated with an increased risk of 

TB—see main text for advice.
- See the main text for advice on common and important adverse effects of drugs 

that affect TNF alfa.

0 - These drugs should only be used by specialists.
NICE has recommended that these drugs be considered for adult • 
patients with highly active rheumatoid arthritis who are refractory to 
treatment with at least two other DMARDS. One of these drugs 
should usually have been methotrexate.
These drugs are also licensed for acute and progressive psoriatic • 
arthritis and severe ankylosing spondylitis that have failed to respond 
to other DMARDs.
Infl iximab is also licensed for the treatment of severe active Crohn’s • 
disease refractory to corticosteroids and immunosuppressants.

1 - The British Society for Rheumatology Working Party has recommended 
that patients with the following should not be given TNF blocking 
drugs.

Note

An increasing number 
of therapeutic 
monoclonal antibodies 
is available. See b
trastuzumab, p. 580 for 
more information 
about this type of drug.
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Chronic leg ulcers.• 
Sepsis of a prosthetic joint within the last 12 months, or indefi nitely • 
if the joint remains in situ.
Septic arthritis of a native joint within the last 12 months.• 
Persistent or recurrent chest infection.• 
Indwelling urinary catheter.• 
Multiple sclerosis.• 
Malignancy or premalignancy states, excluding:• 
—basal cell carcinoma;
—malignancies diagnosed and treated >10 years before (when the 

probability of total cure is very high).
Before starting these drugs patients must be evaluated for both active • 
and inactive (‘latent’) TB.

Do not start these drugs in those with active TB.• 
If latent infection is detected reconsider if anti-TNF therapy is • 
appropriate. If it is, anti-TB therapy must be given before the 
anti-TNF drug is started.

Use of these drugs can result in reactivation of hepatitis B and • 
worsening of hepatitis C. Monitor those at risk carefully and give 
appropriate antiviral therapy when appropriate.
These drugs can exacerbate heart failure; do not give them to patients • 
with unstable or severe heart failure (NYHA classes III or IV).
These drugs should not be given to women who are pregnant. • 
Women should also avoid becoming pregnant for 6 months after 
stopping these drugs.
No dosage adjustment is usually required in hepatic or renal • 
insuffi ciency.

4 - Treatment with these drugs should always be under the supervision of 
a specialist familiar with the condition and the role of the drug in its 
treatment.
These drugs are not absorbed when given by mouth; they are given • 
parenterally.
The British Society for Rheumatology Working Party has suggested • 
that patients with a 28-joint disease activity score (DAS 28) of >5.1 
have severe active disease and should be considered for these drugs.
NICE have also recommended that these agents can be used in the • 
treatment of active rheumatoid arthritis in adults who have failed to 
respond to at least two DMARDs, including methotrexate (unless 
contraindicated).
Infl iximab should usually be given in combination with methotrexate, • 
as this reduces the incidence of antibody formation.
Stop treatment with these drugs if there has been no response after • 
3 months (see later notes for criteria).

6 - The principal adverse effect is hypersensitivity.
This can manifest as anaphylaxis. Ensure that adequate resuscitation • 
facilities are available when these drugs are given.
Delayed hypersensitivity can also occur.• 

These drugs reduce infl ammation; this may be useful in infl ammatory • 
disease but it is also part of the normal response to infection.

Hence, patients given these drugs are at greater risk of opportunistic • 
infection, especially by M. tuberculosis.

These drugs can exacerbate heart failure.• 
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These drugs can cause CNS demyelination. Clinically this is similar to • 
multiple sclerosis.
Long-term effects on the risks of malignancies are not yet known.• 

7 - To date, no important drug interactions have been identifi ed. 
However, these are relatively new drugs and experience is limited.

Combination use of anti-TNF drugs with anakinra and abatacept is • 
not recommended as there is an increased risk of serious adverse 
effects without clear evidence of additional benefi t.

Live vaccines should be avoided during therapy with these agents.• 

8 Safety
Exclude TB before beginning treatment with these drugs.• 

At a minimum, this will usually involve a tuberculin skin test and a • 
chest X-ray.

Neutralizing antibodies to etancercept have been reported to • 
interfere with assays that involve monoclonal antibodies (e.g. serum 
troponin was raised in one study).

Effi cacy
The British Society for Rheumatology Working Party suggests that • 
response is defi ned as improvement in the DAS 28 score by >1.2, or 
the achievement of a DAS 28 score of <3.2.

9 - These drugs can offer important benefi ts to patients with severe 
 disease; however, they are associated with signifi cant risks. Some of 
the long-term effects of these drugs may not have been identifi ed yet.

Prescribing information: Tumour necrosis factor (TNF) blocking drugs
These drugs should only be prescribed by specialists.• 
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Calcitonin
Naturally occurring peptide hormone produced by the parathyroid gland

-  Calcitonin is a 32 amino acid peptide 
hormone produced by the C cells in the 
parathyroid gland. Its principal action is to 
inhibit osteoclast activity, thus lowering 
plasma calcium and phosphate 
concentrations. Calcitonin also increases 
urinary calcium and phosphate excretion, but 
this effect is a minor one.

- The commercially available drug is salmon 
calcitonin (both natural and recombinant), as this is 
more potent than the endogenous form.

0 - Treatment and prevention of 
posmenopausal osteoporosis.
Treatment of Paget’s disease of bone.• 
Treatment of hypercalcaemia of malignancy.• 

1 - Do not give during pregnancy and breast-
feeding; there is evidence of reduced birth 
weight and inhibition of lactation in animals.
Patients with a history of atopy or allergic • 
conditions should receive a test injection of 
one-hundredth of the usual dose before 
starting regular treatment.
No dosage reduction is usually required if • 
the patient has renal or hepatic insuffi ciency.

4 - Calcitonin is a polypeptide, so cannot be 
given by mouth; it is available for administra-
tion intravenously, subcutaneously, 
intramuscularly, and intranasally.
Calcitonin is less effective than bisphospho-• 
nates for the prevention of osteoporosis 
and treatment of hypercalaemia of 
malignancy (see b p. 663).

Hypercalcaemia is a poor prognostic • 
feature.

Calcitonin is particularly effective for pain • 
from osteoporotic fractures. It can be used 
up to 3 months after a fracture and is worth 
considering if other simple analgesia is 
ineffective. The mechanism of action may 
involve endogenous opioids.
If calcitonin is to be used for the prevention • 
of osteoporosis, the patient should also be 
given calcium and vitamin D supplements 
(calcium 0.5–1.0 g and vitamin D 800 IU daily).

See • b Oestrogens, p. 498 for list of risk factors and suggested 
diagnostic workup.

6 - The most common adverse effects are nausea, vomiting, and fl ushing 
(20% of patients). These may abate with continued treatment.

Treatment and 
prevention of 
osteoporosis
- Treat secondary 

causes.
- Optimize lifestyle 

factors (smoking, diet, 
exercise, alcohol 
intake).

- Minimize falls.
- Drug treatment.

Drug treatment
NICE makes 
the following 
recommendations:
- A bisphosphonate 

(alendronate, 
etidronate, 
risedronate) is fi rst-
line treatment for:

All those aged >75.• 
Those aged 65–75 • 
with osteoporosis 
on DEXA scanning 
(a T score worse 
than −2.5).
Those <65 only if • 
the T score is −3 or 
the patient has 
confi rmed 
osteoporosis.

- Raloxifene (see b 
p. 520) is considered 
second-line treatment 
for those in whom a 
bisphosphonate is 
unsuitable or 
ineffective.

- Teriparatide (see b 
p. 661) can be 
considered for 
patients for whom a 
bisphosphonate is 
ineffective.
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A few patients complain of an unpleasant taste and tingling of the hands.• 
Local irritation around injection sites is common. Hypersensitivity • 
phenomena, including rashes, can occur with all routes of 
administration. These drugs are polypeptides and so can cause 
anaphylaxis; this is very rare.
Neutralizing antibodies can form during long-term treatment; these • 
can reduce the effectiveness of treatment.

7 - Calcitonin treatment increases lithium clearance, and so the serum 
lithium concentration may fall. Measure the serum lithium concentration 
after 1 week of treatment to ensure that the dosage is still adequate.

8 Safety
Measure the serum calcium daily. An effect can be seen within 3 hours, • 
but it lasts only 2–3 days.

Effi cacy
Serum calcium is the effi cacy measure when these drugs are used for • 
the treatment of hypercalcaemia.

See • b Calcium, p. 624 for calculation of the corrected serum 
calcium concentration.

Dual energy X-ray absorptiometry (DEXA) measurement of bone • 
mineral density can be used to monitor the effectiveness of treatment. 
Bone mineral density correlates with the risk of fracture but does 
not tell you whether that individual will have a fracture. DEXA should 
be restricted to patients in whom you are considering additional 
interventions.

9 - Remind patients that lifestyle adjustments (smoking, alcohol intake, and 
exercise) are also important in the maintenance of bone density. Drug 
therapy should be in addition to, not instead of, these interventions.

Prescribing information: Calcitonin (salmon)
Treatment of hypercalcaemia

By subcutaneous or intramuscular injection,•  the dose ranges from 5–10 units/kg 
daily (in 1 or 2 divided doses), up to 400 units every 6–8 hours. Adjust the 
dose according to clinical and biochemical response. There is no additional 
benefi t over 8 units/kg every 6 hours.
By slow intravenous infusion• , 5–10 units/kg over at least 6 hours.

Paget’s disease of bone
By subcutaneous or intramuscular injection,•  the dose ranges from 50 units 
3 times weekly to 100 units daily (in single or divided doses).

Bone pain in neoplastic disease
By subcutaneous or intramuscular injection,•  100 units every 6 hours or 
400 units every 12 hours for 48 hours. These doses can be repeated at the 
discretion of the physician.

Postmenopausal osteoporosis
By subcutaneous or intramuscular injection,•  100 units daily with dietary calcium 
and vitamin D supplements.
Intranasally,•  200 units (1 spray) into one nostril daily, with dietary calcium 
and vitamin D supplements.
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Bisphosphonates
Structurally similar to endogenous pyrophosphate

These drugs mimic endogenous 
 pyrophosphate; as a result they 
are  incorporated into bone. 
Unlike  pyrophosphate, they 
are resistant to  enzymatic 
degradation; they therefore 

inhibit precipitation and dissolution 
of bone minerals. They also inhibit 
osteoclast action.

0 - Treatment and prevention of osteoporosis.
Postmenopausal.• 
Corticosteroid-induced.• 

Treatment of Paget’s disease of bone.• 
Treatment of hypercalcaemia of malignancy.• 
Treatment of pain from lytic bone • 
metastases.

1 - There is insuffi cient evidence that 
bisphosphonates are safe in pregnancy 
and/or during breastfeeding.
Bisphosphonates can cause gastric or • 
oesophageal erosions; avoid them in patients 
with delayed gastric or oesophageal 
emptying (e.g. achalasia).
Bisphosphonates can cause hypocalcaemia; • 
do not use them in those who are already 
hypocalcaemic.
Bisphosphonates are excreted via the • 
kidney; most manufacturers advise avoiding 
them if the patient has moderate or severe 
renal impairment.

4 Treatment and prevention of 
osteoporosis
Protect bones early. Bisphosphonates • 
reduce the risk of further fractures once one 
has occurred, but in many ways this is too 
late. Remember that those over 65 years are 
at greater risk.
Several bisphosphonate formulations are • 
available with different regimens, from oral 
once-daily preparations to intravenous infusions given once a year.
See • b Oestrogens, p. 498 for a list of risk factors and suggested 
diagnostic workup.
The principal action of bisphosphonates is to protect existing bone; • 
there may be some building of new bone, but whether this is 
structurally sound is controversial. Long-term outcome data are not 
yet available.

Treatment and prevention of 
osteoporosis
- Treat secondary causes.
- Optimize lifestyle factors (smoking, 

diet, exercise, alcohol intake).
- Minimize falls.
- Drug treatment.

Drug treatment
NICE makes 
the following 
recommendations:
- A bisphosphonate 

(alendronate, 
etidronate, 
risedronate) is fi rst-
line treatment for:

All those aged >75.• 
Those aged 65–75 • 
with osteoporosis 
on DEXA scanning 
(a T score worse 
than −2.5).
Those <65 only if • 
the T score is −3 or 
the patient has 
confi rmed 
osteoporosis.

- Raloxifene (see b 
p. 520) is considered 
second-line treatment 
for those in whom a 
bisphosphonate is 
unsuitable or 
ineffective.

- Teriparatide (see b 
p. 661) can be 
considered for 
patients for whom a 
bisphosphonate is 
ineffective.
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Other treatments are important:• 
Promote regular, non-impact exercise.• 
Ensure adequate calcium and vitamin D intake. Most people do not • 
have an adequate intake, so give a supplement. Suggested dosages: 
calcium 0.5–1.0 g and vitamin D 800 IU daily.
Consider whether HRT is appropriate.• 

Bone protection is recommended when corticosteroid treatment • 
(>7.5 mg prednisolone equivalent daily) is expected to exceed 
3 months.

Parathyroid hormone analogues
- Recombinant parathyroid hormone and teriparatide (a recombinant fragment of 

parathyroid hormone) are available for the treatment of postmenopausal 
osteoporosis. 

- They are given daily by subcutaneous injection, and treatment should be under 
the direction of a specialist. Usually reserved for patients in whom a 
bisphosphonate cannot be used.

- Avoid in those with hypercalcaemia, metastases, and metabolic bone diseases.
- Measure serum or urinary calcium concentration at 1, 3, and 6 months.

Pain and hypercalcaemia due to malignancy (see also 
teaching point box, b p. 664)
Treatment is usually by a single intravenous infusion, although • 
clodronate can be given by mouth for pain.
Before starting treatment with a bisphosphonate, ensure that the • 
patient is adequately hydrated. This may be all that is required for mild 
hypercalcaemia; it will also reduce the toxicity of the bisphosphonate.
The dose of bisphosphonate should be adjusted according to the initial • 
serum calcium. The dosages for pamidronate are given in Table 10.1. 
The effect lasts 3–4 weeks.
Bisphosphonate treatment can be scheduled (e.g. every 4 weeks) to • 
coincide with chemotherapy for cancers that cause lytic bone lesions.
Remember that radiotherapy is an effective treatment for pain from • 
lytic bone lesions.

Treatment of Paget’s disease
Intermittent treatment is advised, as long-term treatment can cause • 
hypocalcaemia and defective bone mineralization.
Calcium and vitamin D supplements may be required if these drugs are • 
given in high doses.

6 - Gastrointestinal disturbance, especially pain, is the most common 
adverse effect. These drugs can cause gastric and oesophageal ulcera-
tion. The risk of this can be minimized by following the administration 
advice given below.
Intravenous pamidronate is associated with pyrexia, 24–72 hours after • 
administration. This occurs in about one-third of patients.
Bisphosphonates can cause renal toxicity, especially when given • 
 intravenously. Reduce the risk of this by ensuring that the patient is 
adequately hydrated.
Atypical stress factures (of the proximal femoral shaft) have been • 
reported with long-term use. Withdraw the drug and do not give 
another bisphosphonate if this occurs.
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Osteonecrosis of the jaw, generally associated with tooth extraction • 
and/or local infection (including osteomyelitis), has been associated 
with bisphosphonates. The risk appears higher with intravenous 
administration and in those with receiving chemotherapy and cortico-
steroids. Arrange for a dental examination before treatment with 
bisphosphonates in patients with susceptibility factors (e.g. cancer, 
chemotherapy, radiotherapy, corticosteroids, poor oral hygiene) and 
avoid invasive dental procedures during treatment, if possible.

7 - Do not give bisphosphonates with calcium salts (including milk), as 
they bind them and prevent their absorption.
Avoid co-prescribing these drugs with NSAIDs, as they can also cause • 
gastric ulceration and renal impairment.

8 Safety
These drugs have unusual pharmacokinetics—there is no clear relation • 
between the plasma kinetics and their action (see teaching point box, 
b p. 665).
Measure the serum calcium daily for the fi rst 7 days when bisphospho-• 
nates are given intravenously for the treatment of hypercalcaemia. In 
those who respond, the maximum effect is usually seen at 4–7 days.

Oral treatments (for osteoporosis) do not usually cause • 
hypocalcaemia as long as calcium and vitamin D intake is adequate.

Effi cacy
Serum calcium is the effi cacy measure when bisphosphonates are used • 
for the treatment of hypercalcaemia.
Dual energy X-ray absorptiometry (DEXA) measurement of bone • 
mineral density can be used to monitor the effectiveness of treatment. 
Bone mineral density correlates with the risk of fracture, but does 
not tell you whether that individual will have a fracture. DEXA scan-
ning should be restricted to patients in whom you are considering 
additional interventions.

9 - Take bisphosphonates on an empty stomach (30 minutes before food) 
but do not take before going to bed.
Take bisphosphonates with plenty of water (a full cup).• 
Report any gastrointestinal symptoms before they become severe.• 
Avoid NSAID painkillers such as ibuprofen (Brufen• ®, Nurofen®).
Consider preventative dental treatment before initiating a bisphospho-• 
nate (due to risk of osteonecrosis).

Prescribing information: Bisphosphonates
Alendronic acid

Treatment of postmenopausal osteoporosis and osteoporosis in men, 10 mg • 
daily by mouth or (in postmenopausal osteoporosis) 70 mg once weekly.
Prevention of postmenopausal osteoporosis, 5 mg daily by mouth.• 
Prevention and treatment of corticosteroid-induced osteoporosis, 5 mg daily • 
(postmenopausal women not taking hormone replacement therapy, 10 mg 
daily).
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Risedronate
Treatment and prevention of osteoporosis (including corticosteroid-induced • 
osteoporosis) in postmenopausal women, 5 mg daily by mouth.
Paget’s disease of bone, 30 mg daily for 2 months; may be repeated, if • 
necessary, after at least 2 months.

Etidronate
Treatment and prevention of osteoporosis. Given cyclically with calcium • 
carbonate under the trade name of Didronel PMO®.

Pamidronate
Hypercalcaemia of malignancy, according to serum calcium concentration • 
(see Table 10.1) as a single infusion, or in divided doses over 2–4 days. 
Do not exceed 90 mg per treatment course.

Table 10.1 Dose adjustment for pamidronate based on serum calcium 
concentration

Initial serum calcium (mmol/L) Recommended total dose (mg)

Up to 3.0 15–30

3.0–3.5 30–60

3.5–4.0 60–90

>4.0 90

Osteolytic lesions and bone pain in bone metastases associated with breast • 
cancer or multiple myeloma, 90 mg every 4 weeks (or every 3 weeks to 
coincide with chemotherapy in breast cancer).
Paget’s disease of bone, 30 mg once a week for 6 weeks (total dose 180 mg) • 
or 30 mg in fi rst week, then 60 mg every other week (total dose 210 mg). 
Maximum total 360 mg (in divided doses of 60 mg) per treatment course. 
Can be repeated every 6 months.

Clodronate
Osteolytic lesions, hypercalcaemia, and bone pain associated with skeletal • 
metastases in patients with breast cancer or multiple myeloma, by mouth, 
1.6 g daily in single or 2 divided doses, increased if necessary to a maximum 
of 3.2 g daily.

Zoledronic acid
Treatment of postmenopausal osteoporosis, by intravenous infusion, 5 mg • 
over at least 15 minutes once a year.
Hypercalcaemia of malignancy, by slow intravenous infusion, 4 mg as a single • 
dose over at least 15 minutes, every 3–4 weeks.
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Treatment of hypercalcaemia of 
malignancy

- See b Calcium salts, p. 624 for other causes.
- Certain tumours are more likely to cause hypercalcaemia:

Breast cancer.• 
Squamous cell lung cancer.• 
Myeloma.• 
Genitourinary tract tumours (kidney, cervix, uterus, ovary).• 

- Hypercalcaemia is a poor prognostic feature.
- The severity of symptoms does not always correlate with the serum calcium 

concentration.
See • b Calcium, p. 624 for calculation of the corrected serum calcium.

- Many of the symptoms of hypercalcaemia (e.g. fatigue, lethargy, weakness, 
constipation, anorexia) are common in patients with malignancy anyway. Have a 
high index of suspicion and measure the serum calcium concentration.

Rehydration
- Most appropriate for mild symptoms and a corrected calcium of 2.6–2.8 mmol/L.

Give 6–8 L of 0.9% saline (‘normal saline’) over 48 hours.• 
Give potassium supplementation.• 
Can be oral or intravenous.• 

- The calcium is lowered by sodium-linked calcium diuresis, usually by about 
0.2–0.4 mmol/L.

Bisphosphonates and calcitonin
- If the patient has more severe symptoms or a serum calcium concentration 

>2.8 mmol/L, consider treatment with a bisphosphonate or calcitonin.
Bisphosphonates take several days to act. Their effect is maximal at 5–7 days • 
but the effect lasts 3–4 weeks.
Calcitonin has a rapid effect (2–3 hours) but a short duration of action • 
(2–3 days). It is most useful in conjunction with a bisphosphonate for control 
of pain.

TEACHING 
POINT
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Drugs with unusual kinetic properties
- The bisphosphonates are polar molecules and are poorly absorbed from the gut 

into the body; hence the complex administration instructions.
- Less than 10% of the orally administered dose is absorbed.
- Once in the body, these molecules are avidly taken up by metabolically active 

bone. They are incorporated into bone and have their action there.
- The drug in the plasma is excreted by the kidney; this is a relatively rapid process, 

measured in hours. The drug will no longer be measurable in plasma after a few 
days, but some of the drug has been incorporated into bone and will only be 
released as that bone is turned over; this takes place over months and years.

- In other words, the apparent half-life in the plasma is short, but the half-life in 
bone is very long.

- Measuring the plasma kinetics of drugs like the bisphosphonates tells one little 
about their therapeutic properties. These unusual kinetics can have implications 
for dosage regimens. For example, when alendronate is given as a single large 
dose once a week, the effect on bone mineral density is the same as giving a 
smaller dose daily.

- Aminoglycoside antibiotics are another class of drugs with unusual kinetic 
properties. They have a relatively short half-life in plasma but their antibacterial 
effect lasts for much longer. This is called a ‘hit and run’ or post-antibiotic effect.

In this case, the peak plasma concentration correlates with bactericidal action, • 
but not with duration of action. The trough plasma concentration is of greater 
use; it correlates with the risk of ototoxicity. See b Aminoglycosides, p. 397, 
for more information.

- The plasma half-life of a drug often gives you useful information about the 
likely duration of the drug, but always ask whether it is relevant to the drug you 
are using.

TEACHING 
POINT
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Baclofen
Presynaptic GABA receptor antagonist

Baclofen probably acts as an antagonist 
at presynaptic GABA receptors; this 
has the effect of increasing GABA 

 neurotransmission in the spinal cord by 
reducing feedback inhibition of synaptic 
GABA release. Since GABA is an inhibi-
tory  neurotransmitter, this results in 

muscle relaxation. This effect is not limited to the 
spinal cord; baclofen can also cause marked sedation.

0 - To alleviate muscle spasm.
Multiple sclerosis.• 
Spinal cord tumours.• 
Transverse myelitis.• 
Stroke.• 

1 - Baclofen is not appropriate for muscle spasm 
associated with an acute injury.
Baclofen is contraindicated in peptic ulcera-• 
tion. This is based on the pharmacological 
effects of GABA on gastric acid secretion 
rather than on clinical events.
Baclofen can cause unpredicatable • 
psychiatric reactions; avoid it in patients with 
a history of psychiatric disorders.
Elderly people are more sensitive to the CNS effects of baclofen; halve • 
the starting dose.
Baclofen is renally excreted; halve the dose in renal impairment.• 
Avoid baclofen in pregnancy whenever possible; there is evidence of • 
toxicity in animal studies.

4 - The underlying cause of the spasticity should be identifi ed and treated 
whenever possible. Aggravating factors, such as local infection and 
pressure sores, should also be treated.
The muscle relaxant effect of baclofen can lead to loss of the splinting • 
action of muscles in a spastic limb. This can adversely affect mobility. 
Consider carefully which is the greater problem, spasticity or mobility.
Baclofen is available as an intrathecal injection; this should only be • 
used under specialist supervision. The dose needs to be slowly titrated 
at daily intervals.

A test dose must be given before beginning to titrate to the • 
maintenance dose.

Abrupt withdrawal of baclofen can cause hallucinations and hyperspas-• 
ticity. Withdraw it over a 1–2-week period or longer if symptoms 
occur.
Discontinue baclofen if there has not been a response after 6 weeks.• 

6 - CNS adverse effects are common, especially in the elderly. These 
include drowsiness, confusion, and fatigue. The incidence of these can 
be minimized by starting with a low dose, then carefully increasing it.
Baclofen can cause convulsions.• 
Generalized hypotonia is common at doses above 60 mg daily.• 

Skeletal muscle 
relaxants
- Dantrolene:

Acts directly on • 
skeletal muscle and 
so has fewer CNS 
effects. Drug of 
choice.

- Baclofen:
Can cause marked • 
sedation.

- Benzodiazepines:
Muscle relaxant • 
dosages are similar 
to anxiolytic 
dosages. Cause 
sedation.

- Tizanidine:
Recently introduced • 
A2 adrenoceptor 
antagonist. Its place 
in therapy is yet to 
be established.
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Gastrointestinal adverse effects, such as nausea and vomiting, can be • 
minimized by taking baclofen with meals.
Baclofen can cause the BP to fall.• 

7 - Baclofen potentiates the effect of antihypertensive drugs.

8 Safety and effi cacy
Patients starting baclofen need to be reviewed frequently during the • 
dose titration phase to assess the balance between desired and 
adverse effects. If there has been no response after 6 weeks, withhold 
the drug.
Measure the BP on each visit to ensure that the patient is not • 
hypotensive.

9 - Warn the patient about the risk of drowsiness, particularly with regard 
to driving, and that the effects of alcohol are enhanced.

Prescribing information: Baclofen
Treatment by mouth

5 mg 3 times daily, preferably with or after food. Gradually increased to a • 
maximum of 100 mg daily.
Halve the initial dose in the elderly and those with renal insuffi ciency.• 

Treatment by intrathecal injection
Specialist use only.• 
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Dantrolene
Muscle relaxant

Dantrolene Reduces the

concentration

of calcium in

skeletal muscle

sarcoplasmic 

reticulum. 

This dissociates

excitation–

contraction

coupling. 

Skeletal

muscle 

relaxation 

0 - Treatment of chronic muscle spasm.
Multiple sclerosis.• 
Spinal cord injury.• 
Cerebral palsy.• 

Treatment of malignant hyperpyrexia.• 
Treatment of the neuroleptic malignant • 
syndrome.

1 - Dantrolene is not an appropriate treatment 
for muscle spasm associated with an acute 
injury.
Do not use dantrolene in patients with liver disease; it can cause • 
severe liver toxicity.
Pregnancy• . The safety of dantrolene has not been established; avoid it 
unless essential.
Take care to avoid extravasation; dantrolene can cause severe local • 
tissue damage (see b Cytotoxic antibiotics, p. 565 for advice on the 
management of extravasation).

4 Malignant hyperpyrexia
Predisposition to this syndrome is inherited in an autosomal dominant • 
manner. It affects 1 in 20 000 patients.

The syndrome is characterized by hyperpyrexia (>40°C), stiffness, • 
tachycardia, and raised plasma creatine kinase (CK) activity.
The most common triggers are halothane, methoxyfl urane, and • 
suxamethonium (succinylcholine).
Ask about a family history of problems with anaesthetics when • 
preparing a patient for surgery.

Dantrolene can also be used to treat neuroleptic malignant syndrome; • 
this shares many of the same clinical features.

Dantrolene is given by intravenous infusion for this indication.• 
Do not forget to stop the causative drug and to institute other • 
measures, such as cooling and intravenous fl uids.

Chronic muscle spasm
This is a specialized area of practice; seek expert advice.• 
Dantrolene is given by mouth for this indication.• 
Begin with a low dose and gradually increase at weekly intervals to the • 
desired effect (see prescribing information).

Skeletal muscle 
relaxants
- Dantrolene:

Acts directly on the • 
muscle and so has 
fewer CNS effects. 
Drug of choice.

- Baclofen:
Can cause marked • 
sedation.

- Benzodiazepines:
Muscle relaxant • 
dosages are similar 
to anxiolytic 
dosages. Cause 
sedation.

- Tizanidine:
Recently introduced • 
A-2 adrenoceptor 
antagonist. Its place 
in therapy is yet to 
be established.
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Assess the patient after 4–6 weeks of treatment with the target dose. • 
Stop the drug if there has not been a satisfactory result.

6 - Adverse effects from short-term intravenous use are rare.
The principal problem with long-term use is in achieving a satisfactory • 
balance between relief of spasm and muscle weakness and hypotonia.
Dantrolene can cause drowsiness, vertigo, and dizziness during long-• 
term use.
Long-term treatment can cause liver damage. This is rare, but the risk • 
is increased if the patient is taking oestrogens.

7 - See earlier note about liver toxicity.

8 Safety and effi cacy
Long-term treatment:• 

Measurement of liver function tests is recommended during • 
long-term treatment. There is little guidance about how often this 
should be done.
Do not continue long-term treatment if it has not been effective • 
after 4–6 weeks.

9 - Warn patients that the muscle relaxant effect can interfere with skilled 
motor tasks, especially driving.

Prescribing information: Dantrolene
Malignant hyperpyrexia

The usual dose is initially 2–3 mg/kg, followed by 1 mg/kg, given • 
 intravenously.
1 mg/kg can be repeated according to the response, up to a cumulative • 
maximum of 10 mg/kg.

Chronic muscle spasm
Begin with a low dose of 25 mg bd by mouth.• 
This can be increased by 25 mg bd at weekly intervals to a maximum of • 
100 mg qds.
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Neuromuscular blocking drugs
Blockers of the effects of acetylcholine at the neuromuscular junction

Motor end-plate 

(postsynaptic)

Competitive inhibition

by non-depolarizing 

neuromuscular

blocking drugs. Effect

reversed by

acetylcholinesterase

inhibitors.

Acetylcholine

Motor neuron

Note that these

drugs are different

from those used as

muscle relaxants

for musculoskeletal 

disorders (see

baclofen, bp. 666). 

Suxamethonium

depolarizes the

postsynaptic

membrane, making

it refractory to new

signals. Effect not

reversed by

acetylcholinesterase

inhibitors.

Drugs in this class and their approximate durations of action

Non-depolarizing blockers
- Mivacurium   15–20 min
- Tubocurarine   20–30 min
- Atracurium and cisatracurium   30–40 min
- Vecuronium   30–40 min
- Rocuronium   30–40 min
- Pancuronium   60–120 min
- Gallamine is used rarely, as it has vagolytic and sympathomimetic actions
- Rapacuronium has been withdrawn because of adverse effects

Depolarizing blocker
- Suxamethonium   3–5 min

0 - Whenever generalized muscle paralysis is 
required, for example:

In anaesthesia to aid intubation.• 
Major surgery (abdominal).• 
In ICUs.• 

Suxamethonium is commonly used to induce • 
muscle paralysis because it has a rapid onset of action. Other drugs are 
then used if prolonged muscle paralysis is required.

1 - There is no evidence of toxicity from these drugs during pregnancy, 
but they should only be given when the indication is clear.
These drugs have no anaesthetic or analgesic actions, but render • 
patients unable to respond to noxious stimuli. Ensure that the patient 
has adequate anaesthesia and analgesia.

Also ensure that resuscitation facilities are immediately available.• 
Never give a neuromuscular blocking drug without the facilities • 
and skills to ventilate the patient mechanically.

Drugs in this class
- Bezafi brate
- Ciprofi brate
- Fenofi brate
- Gemfi brozil
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Suxamethonium:• 
Patients with pseudocholinesterase defi ciency cannot metabolize • 
suxamethonium in the usual way; this results in prolonged paralysis. 
Ask about a family history of prolonged paralysis after anaesthesia.
Suxamethonium increases intraocular pressure (muscarinic action); • 
it should not be used for ocular operations or in people with 
glaucoma.
Suxamethonium can cause hyperkalaemia; avoid it in patients with • 
hyperkalaemia or severe crush injuries.

Renal insuffi ciency prolongs the actions of pancuronium, vecuronium, • 
and rocuronium.

Atracurium does not depend on the liver or kidney for its elimina-• 
tion. It is a good choice in renal or hepatic insuffi ciency.

4 Suxamethonium (depolarizing drug)
When given by bolus intravenous injection, suxamethonium acts • 
within 30 seconds and lasts for 3–5 minutes.
It also has muscarinic actions (see adverse effects listed later).• 

Non-depolarizing drugs
All of these drugs take time to act (several minutes).• 

Rocuronium has the fastest onset of action and mivacurium the • 
shortest duration of action.

Some of these drugs cause histamine release to greater or lesser • 
extent.

This can cause bronchospasm and hypotension.• 
Give them into a large vein and separately from other drugs.• 
Pancuronium, vecuronium, cisatracurium, and rocuronium do not • 
cause histamine release.

6 Suxamethonium
Suxamethonium has muscarinic actions; this can cause salivation, an • 
increase in intraocular pressure, increased gastric motility, and 
increased bronchial secretions.
Because of its mechanism of action, suxamethonium causes muscle • 
fasciculation; this can cause postoperative muscle pain.

Fasciculation will also release potassium and can result in • 
hyperkalaemia (see cautions listed earlier).

Pseudocholinesterase defi ciency will result in prolonged apnoea.• 
Rarely, suxamethonium can cause malignant hyperthermia when given • 
with some inhalational anaesthetics.
Repeated administration can cause dual block (depolarizing and • 
non-depolarizing block); edrophonium can be used to reverse this.

Non-depolarizing drugs
Some of these drugs release histamine (see earlier notes).• 
Vecuronium can cause bradycardia, because it does not act on • 
sympathetic ganglia.

7 - Inhalational anaesthetics potentiate the action of non-depolarizing 
drugs.
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The following drugs potentiate the action of both depolarizing and • 
non-depolarizing drugs: aminoglycosides, polymyxins, clindamycin, 
colistin, quinine, quinidine, and magnesium salts.
Drugs that inhibit pseudocholinesterase potentiate the action of • 
suxamethonium; these include: MAOIs, cyclophosphamide, 
chlorpromazine, trimethoprim, glucocorticoids.
Suxamethonium can potentiate the action of cardiac glycosides • 
(e.g. digoxin).

8 Safety and effi cacy
Measure the respiratory rate and effort as a measure of the • 
effectiveness of neuromuscular blockade.
Neuromuscular stimulators placed over a muscle group can be used • 
to monitor prolonged neuromuscular blockade (e.g. during a long 
operation).
Whenever possible, measure the plasma potassium concentration and • 
renal function before using these drugs.

9 - Patients may be concerned about being awake and in pain while 
paralysed. Take time to explain that they will also receive anaesthetic 
and analgesic drugs.

Prescribing information: Neuromuscular blocking drugs
Several are available; the following are given as examples.• 
Never give a neuromuscular blocking drug without the facilities and skills to • 
ventilate the patient mechanically.

Suxamethonium
By intravenous injection, usually 1 mg/kg.• 

Atracurium
By intravenous injection, initially 300–600 micrograms/kg.• 
Then by intravenous infusion, 300–600 micrograms/kg/h.• 

Pancuronium
In ICUs, by intravenous injection, 60 micrograms/kg every 60–90 minutes.• 
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Botulinum toxin
Inhibitor of neuromuscular transmission

Motor end-plate

Motor and

parasympathetic

nerve endings

Block of exocytosis of

acetylcholine 

Botulinum toxin

Neuron

0 - Relief of muscle spasticity.
Continuous spasm (e.g. dynamic equinus foot deformity, cerebral • 
palsy).
Intermittent spasm (e.g. blepharospasm, hemifacial spasm, • 
torticollis).

Treatment of severe hyperhidrosis.• 
Widespread unlicensed use for cosmetic purposes (Botox• ®).
Numerous other potential indications under investigation (currently • 
unlicensed).

1 - Botulinum toxin should only be given by a specialist.
Do not give botulinum toxin to patients with myasthenia gravis.• 
The manufacturers advise that botulinum toxin should not be used • 
during pregnancy.
No dosage adjustment is usually required if the patient has renal or • 
hepatic insuffi ciency.
Avoid botulinum toxin in patients with bleeding disorders; • 
administration requires repeated injections.

4 - Botulinum toxin is given by direct injection into the site. This requires 
technical skill and adequate training.
Take care to avoid inadvertent intravenous injection.• 
The dose required is determined by the indication and requires • 
adjustment in the individual.
The effect of botulinum toxin is temporary. The duration of action • 
varies between individuals but is usually of the order of 4–6 weeks.

6 - Adverse effects result from muscle weakness and are determined by 
the site of injection.

Face•  Ptosis, and diplopia. Reduced blinking can cause corneal ulcers.
Neck • Dysphagia (if persistent can cause aspiration) and pooling of 
saliva.
Leg•  Leg weakness and urinary incontinence.

Local bruising at the site of injection.• 
Can also cause fever and lethargy.• 

7 - The effect of these drugs is enhanced by aminoglycoside antibiotics; 
avoid giving them together.
Similarly, their effect is enhanced by non-depolarizing muscle blocking • 
drugs.

Drugs in this class
- Botulinum toxin 

A-haemagglutinin 
complex

- Botulinum toxin B
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8 Safety and effi cacy
Initial treatment should be with a low dose. The dose and exact site of • 
injection can then be adjusted to give the best symptomatic relief for 
that patient.
This requires regular clinical review in the early stages; once a regimen • 
has been established review can be less frequent.
At present, there is relatively little information regarding long-term use • 
of these drugs.

9 - Warn patients of the possible adverse effects, depending on the site of 
injection.
Advise patients that the effect is only temporary and that they will • 
require repeated treatment.

Prescribing information: Botulinum toxin
The dose, site of injection, and frequency of administration require specialist • 
supervision.
Consult the specifi c product literature for each indication; the formulations • 
are not interchangeable.
Detailed prescribing information is not given here.• 
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Taking a careful drug history
- A 42 year old woman was referred to hospital because she had developed a 

right-sided lower motor neuron facial palsy. However, she also had a right-sided 
ptosis but without pupillary changes. The combination was not easy to explain 
anatomically until the patient somewhat sheepishly admitted having attended a 
private clinic for a ‘botox’ injection to her forehead a week earlier to try to 
reduce the appearance of wrinkles. Some of the botulinum toxin had gravitated 
down her face, with the resulting temporary paralysis.

Remember that patients often obtain medicines from sources other than their 
general practitioner or other qualifi ed prescribers. There are three legitimate ways 
of obtaining licensed medicines in the UK, defi ned in the 1968 Medicines Act:
- PoM: prescription-only medicines from qualifi ed prescribers (doctors, dentists, 

nurse or pharmacist independent prescribers, or supplementary prescribers); all 
the medicines listed in the BNF can be prescribed.

- P: pharmacy-only medicines, obtained without a prescription (colloquially, ‘over 
the counter’) from, or under the supervision of, a qualifi ed pharmacist; these 
include simple analgesics, antihistamines (H1 antagonists), histamine H2 receptor 
antagonists, hyoscine butylbromide for irritable bowel syndrome, levonorgestrel 
for emergency contraception, omeprazole, and simvastatin; often, drugs that are 
available in this way are formulated in lower strengths than would normally be 
prescribed.

- GSL: general sales list medicines, obtained without a prescription from, for 
example, a pharmacy or a supermarket; these include simple analgesics.

- P and GSL medicines can also be prescribed in the usual way. Other sources of 
medicines include direct purchase over the internet (not recommended, because 
of uncertainties about quality) and from alternative practitioners, such as herbal 
and homoeopathic remedies. Always ask patients about alternative sources of 
medicines.

- Remember also that just as ‘hoover’ has become a common generic term for 
vacuum cleaners, ‘botox’ has been used as shorthand for botulinum toxin in 
general. There are two types of botulinum toxin (A and B) and fi ve different 
commercial formulations are currently available, six of botulinum toxin type A 
(Azzalure®, Bocouture®, Botox®, Dysport®, Vistabel®, and Xeomin®) and one of 
type B (NeuroBloc®). Confusion regularly arises between the different products, 
which are not interchangeable, and which are available in vials that contain 50, 
100, or 500 units of botulinum toxin type A as powder for reconstitution and in 
vials containing 5000 units/mL of a solution of botulinum toxin type B. The 
indications for the use of these different formulations are also different.

TEACHING 
POINT

DRUGS AFFECTING MUSCLE BNF Reference 4.9.3
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Acetylcholine receptor agonists
Agonists at muscarinic acetylcholine receptors

These drugs have the same effects as 
 stimulation of the parasympathetic 
nervous system. A degree of specifi city 
can be achieved by local administration 
(e.g. eye drops).

Pilocarpine causes contraction of the iris 
(small pupil); this opens the trabeculae, 
lowering intraocular pressure.

Muscarinic agonists increase bronchial 
and salivary secretions.

Parasympathomimetics increase detrusor 
muscle (bladder) contraction and can 
relieve acute urinary retention.

Muscarinic agonists mimic the effect of 
the vagus nerve on the heart, producing 
bradycardia.

 0 - Treatment of glaucoma.
Treatment of open-angle and closed-angle glaucoma.• 
To induce pupillary constriction preoperatively for surgery for • 
glaucoma.

For xerostomia (dry mouth) following radiotherapy to the head and • 
neck or due to Sjögren’s syndrome.
Previously used to relieve postoperative acute urinary retention. This • 
requires intravenous administration, which can be hazardous; it has 
been superseded by catheterization.

1 - Glaucoma due to infl ammation (acute iritis, anterior uveitis).
Avoid systemic treatment (tablets) in pregnancy and breastfeeding, • 
asthma/COPD (increased secretions and bronchospasm), and 
cardiovascular disease (bradycardia and hypotension).
Reduce the dose if these drugs are given systemically to patients with • 
severe renal or hepatic insuffi ciency.

4 Glaucoma (see b Teaching point: Treatment of glaucoma, p. 683 
for guidance)
Available as eye drops, ocular inserts, and gel.• 

The eye drops work for only 2 hours, so require administration • 
3 times daily.

Patients with a darkly pigmented iris may require a higher dose.• 

Dry mouth
These drugs do not work unless there is residual salivary gland • 
function. Stop the drug if ineffective.

Drugs in this class
- Pilocarpine
- Carbachol
- Bethanechol 

(now rarely used)
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6 - Headache and browache are the most commonly reported adverse 
effects. They are most common in young patients who have recently 
started treatment.
Transient blurred vision, local stinging, and painful ciliary spasm are • 
relatively common.
Systemic parasympathetic adverse effects (nausea, diarrhoea, sweating, • 
pallor, and bronchoconstriction) are rare with local ocular treatment.

Systemic exposure can be minimized by pressing on the medial • 
canthus for 1 minute during administration.

Retinal detachment has occurred during treatment with these drugs; • 
ensure that the fundus has been examined before using them.

7 - Because they are usually given topically, these drugs do not usually 
cause drug interactions.

8 Effi cacy
Ensure that patients with glaucoma have regular follow-up, including • 
measurement of intraocular pressure and visual fi elds.

9 - Warn about the possibility of stinging, pain, and transiently blurred 
vision with eye drops.
Warn patients that they may have diffi culty in forming skilled visual • 
tasks. This is especially true of driving at night.
Preservatives used in eye drops can form deposits on soft (hydrophilic) • 
contact lenses. After instilling the eye drops, wait for 15 minutes 
before putting in soft contact lenses.

Prescribing information: Acetylcholine receptor agonists
Glaucoma

Pilocarpine eye drops (concentrations range from 0.5–4%—check which is • 
required). Apply up to 4 times daily.

Dry mouth
Pilocarpine tablets 5 mg 3 times daily (during or directly after meals with a • 
glass of water). Can be increased to 30 mg daily.
Discontinue if no response after 3 months.• 

Acute urinary retention
These drugs are not recommended for this indication.• 



680 GLAUCOMA BNF Reference 11.6, 4.8, and 2.2.7

Carbonic anhydrase inhibitors
Inhibitors of the enzyme carbonic anhydrase

Inhibition of carbonic anhydrase results in 
reduced formation of aqueous humour.

Inhibition of carbonic anhydrase inhibits 
bicarbonate reabsorption. This causes a diu-
resis of alkaline urine and an initial  kaliuresis. 
The resulting acidosis prevents further 
potassium loss after a week or two.

Inhibition of carbonic anhydrase causes 
resetting of the central pH set point.

0 - Treatment of glaucoma.
Licensed for use in patients who are beta-blocker resistant or in • 
whom a beta-blocker is contraindicated.

Unlicensed use as prophylaxis against mountain sickness • 
(acetazolamide).
Occasionally used as a second-line treatment for atypical absent, • 
atonic, and tonic seizures (specialized use).
No longer used for their diuretic action.• 
There is evidence of toxicity due to systemic acetazolamide during • 
pregnancy. There is no evidence to determine whether these drugs 
given as eye drops are safe or not. Only use if essential.

1 - Acetazolamide is a sulfonamide derivative; do not use in people with a 
history of severe allergy to sulfonamides (see b Sulfonamides, p. 404, 
for more information).
Do not use acetazolamide for long-term treatment; it carries a high • 
risk of metabolic adverse effects.
These drugs are excreted via the kidney. Avoid them in severe renal • 
impairment, as they accumulate.
Do not use a carbonic anhydrase inhibitor for chronic congestive • 
angle-closure glaucoma.
Avoid these drugs in pregnancy; there is no evidence that they are • 
safe. The greatest risk is likely to be associated with systemic 
administration.

4 Glaucoma (see b Teaching point: Treatment of glaucoma, p. 683 
for guidance)
These drugs reduce intraocular pressure in open-angle glaucoma and • 
secondary glaucoma. They are also used perioperatively in closed-
angle glaucoma.

Beta-blockers or a prostaglandin analogue are fi rst-line treatments • 
(see b Beta-adrenoceptor antagonists and Prostaglandins, p. 158 
and p. 526).
If these drugs are used, dorzolamide (eye drops) is preferred.• 
Carbonic anhydrase inhibitors can be given alone if a beta-blocker is • 
contraindicated. More commonly, they are added in patients who 
have an inadequate response to a beta-blocker.

Drugs in this class
- Acetazolamide (oral)
- Brinzolamide 

(eye drops)
- Dorzolamide 

(eye drops):
This is also available • 
as a combination 
product with a 
beta-blocker
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Acetazolamide is available as tablets and an intravenous injection. • 
Avoid intramuscular administration, as this is painful.

Prophylaxis against mountain sickness (unlicensed indication)
Suggested dose is acetazolamide 125 mg twice daily.• 
Suggested regimen is to start treatment 24 hours before ascending to • 
altitude (>8000 feet, 2500 metres), and to continue treatment for at 
least 5 days once at altitude.
Acetazolamide is not a treatment for established mountain sickness; if • 
symptoms occur, the individual should descend.
Seek expert local advice before prescribing acetazolamide for this • 
indication.

6 - Carbonic anhydrase inhibitors (especially acetazolamide) can cause 
severe hypokalaemia and acidosis. Hypokalaemia is most common in 
the fi rst weeks of treatment; tolerance then occurs because of the 
acidosis and the plasma potassium concentration normalizes.

The acidosis can be corrected by giving potassium bicarbonate as • 
effervescent tablets.

Paraesthesia, especially of the lips, is relatively common.• 
Other common adverse effects include drowsiness and fatigue, • 
headache, fl ushing, and gastrointestinal upset.
Acetazolamide is a sulfonamide derivative. It can cause sulfonamide-• 
like adverse effects (see b Sulfonamides, p. 404).

Stevens–Johnson syndrome is a rare adverse effect.• 
7 - The hypokalaemia caused by these drugs can potentiate the actions of 

digoxin, causing toxicity.
Co-administration with aspirin can worsen the acidosis.• 
The excretion of fl ecainide, mexiletine, and quinidine is reduced in • 
alkaline urine. Reduce the dose.
The excretion of lithium is enhanced by treatment with carbonic anhy-• 
drase inhibitors. Measure the serum lithium concentration 1–2 weeks 
after starting treatment. Note that the sample should be taken exactly 
12 hours after the previous dose of lithium.
Ensure that the patient has been instructed about the correct use of • 
the eye drops and that they know which eye requires treatment, if 
only one is affected.

8 Safety
The metabolic effects of carbonic anhydrase inhibitors are most • 
marked during the fi rst 2 weeks of treatment. The frequency with 
which you should measure the patient’s electrolytes will depend on 
the clinical problem and concomitant medications (see earlier notes).
Measure the arterial pH if the patient becomes unwell and you suspect • 
acidosis.

Effi cacy
Ensure that patients with glaucoma have regular follow-up, including • 
measurement of intraocular pressure.
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9 - Glaucoma—make sure the patient knows which eye requires 
treatment if only one eye is affected, or to treat both, and for how 
long.
Altitude sickness—ensure that the patient knows that this is a • 
prophylactic treatment, not a treatment for established altitude 
sickness.

Prescribing information: Carbonic anhydrase inhibitors

Glaucoma
Acetazolamide 0.25–1.0 g daily in divided doses, by mouth or intravenous • 
infusion:

Tablets contain 250 mg of acetazolamide.• 
Brinzolamide eye drops (10 mg/mL). Apply twice daily; increased to 3 times • 
daily if necessary.
Dorzolamide eye drops (2%). Apply 3 times daily if used alone. Apply twice • 
daily if used in combination with a beta-blocker (a combination formulation 
with timolol is available).

Epilepsy (specialized use)
Acetazolamide 0.25–1.0 g daily in divided doses.• 

Altitude sickness
Unlicensed use. See how to use section for suggested regimen.• 
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Treatment of glaucoma

Simple glaucoma, also called open-angle glaucoma, although asymptomatic, can lead 
to severe visual fi eld impairment and eventually blindness. The cause is obstruction 
in the trabecular network, resulting in raised intraocular pressure. In turn this causes 
a gradual reduction in the blood supply to the optic nerve head. Reducing 
intraocular pressure prevents the progression of glaucoma. Most clinicians begin 
with medical therapy, proceed to laser therapy if necessary, and fi nally perform 
surgery if control remains inadequate. 

Drug treatments for open-angle glaucoma act by reducing aqueous humour pro-
duction or by increasing aqueous humour outfl ow. They are given topically as eye 
drops, providing good effi cacy with a low incidence of systemic adverse effects.

Drugs used for the chronic treatment of simple (open-angle) glaucoma

Mechanism of action Drug class Examples

Reduced aqueous 
humour production

Beta-blockers Betaxolol, carteolol, 
levobunolol, 
metipranolol, timolol

Alpha-adrenoceptor 
agonists

Brimonidine, dipivefrine

Carbonic anhydrase 
inhibitors

Acetazolamide (oral), 
brinzolamide, dorzolamide

Increased aqueous 
humour outfl ow

Prostaglandin 
derivatives

Bimatoprost, latanoprost, 
travoprost

Alpha-adrenoceptor 
agonists

Brimonidine, dipivefrine

Acetylcholine receptor 
agonists

Carbachol, pilocarpine

See b individual topics for more information. 

The choice of treatment is determined by several factors: effi cacy, relative 
frequency or severity of local or systemic adverse effects, and cost. Beta-blockers 
and prostaglandin analogues are considered fi rst-line treatments; they are effective 
and have a low incidence of local and systemic adverse effects. Prostaglandin deriva-
tives are more effective than beta-blockers, but are considerably more expensive. 

The other drug treatments are usually added to fi rst-line treatment for patients who 
have an inadequate response. They are not considered fi rst-line treatments because 
of limited effi cacy (carbonic anhydrase inhibitors) or a high incidence of local adverse 
effects (acetylcholine receptor antagonists, alpha-adrenoceptor agonists). The goal 
of therapy is usually to reduce the intraocular pressure to below 21 mmHg. 

Acute closed-angle glaucoma results from complete blockage of fl ow of aqueous 
humour into the anterior chamber of the eye; it is a medical emergency (seek 
specialist advice). Osmotic agents (e.g. mannitol, glycerine, urea), which act by 
shrinking vitreous humour volume and are given systemically, are sometimes used 
for short periods for acute closed-angle glaucoma, or before incisional surgery.

TEACHING 
POINT
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Drugs for macular degeneration 

‘Dry’ macular de-
generation

90% of cases
No specific treatment 

‘Wet’ macular 
degeneration 

(subfoveal
choroidal neo-

vascularization)  
10% of cases 

Age-related macular degeneration
- VEGF inhibitors      
 (pegaptanib; 
 ranibizumab*) 
- Photo-activated 
 cytotoxic drugs 
 (verteporfin) 
*Note ranibizumab 
is a Fab fragment of 
another VEGF 
inhibitor: bevaci-
zumab  

0 - These are very specialized drugs and may only be given under the 
direction of a specialist.
NICE offers the following advice for the use of verteporfi n:• 

Photodynamic therapy is recommended for wet age-related macular • 
degeneration with a confi rmed diagnosis of classic (no occult) 
subfoveal choroidal neovascularization and best-corrected visual 
acuity of 6/60 or better.
Photodynamic therapy is not recommended for wet age-related • 
macular degeneration with predominantly classic but partly occult 
subfoveal choroidal neovascularization except in clinical studies.

Ranibizumab is more clinically effective than pegaptanib in improving • 
net visual acuity.

1 - There is little experience of the use of these drugs in pregnancy. 
Systemic exposure is low but the risk is unknown.
Verteporfi n is contraindicated in severe liver disease and porphyria.• 

4 - Pegaptanib and ranibizumab are given by intravitreal injection.
They are given as a course of injections over 3 months. Patients are • 
then followed monthly and additional treatments given as appropriate.
Verteporfi n is given by intravenous infusion. It is activated by local • 
irradiation using non-thermal red light to produce cytotoxic 
derivatives.
Following initial treatment patients are reviewed at 3 monthly intervals • 
and additional treatments given if there is evidence of recurrence. 
Patients who experience a severe decrease of vision (equivalent to • 
4 lines or more) within 1 week after treatment should not be 
retreated, at least until their vision has completely recovered to 
pretreatment level and the potential benefi ts and risks of subsequent 
treatment have been carefully considered by the treating physician.
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6 - The most common adverse effects of ranibizumab and pegaptanib are 
consistent with the route of delivery and are generally rare:

Endophthalmitis, intraocular infl ammation, retinal detachment and • 
tear, and iatrogenic traumatic cataract. 
Increases in intraocular pressure have been seen within 1 hour of • 
injection.

For verteporfi n, abnormal (e.g. blurry or hazy) vision is common • 
following treatment and is likely to resolve. More severe loss of vision 
occurs rarely, in which case treatment should be reconsidered.
More serious effects are rare: retinal detachment, subretinal • 
haemorrhage, vitreous haemorrhage.
Patients who receive verteporfi n will have signifi cant photosensitivity • 
to sunlight or bright indoor lighting for 48 hours after the infusion.
Because verteporfi n is given systemically it can cause systemic • 
hypersensitivity reactions, but these are rare.

7 - Because of their mechanism of action these drugs are unlikely to cause 
drug–drug interactions.

8 - Monitor intraocular pressure and for signs of ocular infection following 
injection of pegaptanib and ranibizumab.

9 - Patients who receive verteporfi n will be photosensitive for 48 hours 
after the infusion. During this time they should avoid direct sunlight or 
bright indoor light such as tanning salons, bright halogen lighting, or 
high-power lighting in surgery operating rooms or dental surgeries. If 
patients have to go outdoors they should use protective clothing and 
dark sunglasses. UV sunscreens are not effective in protecting against 
photosensitivity reactions.
Ambient indoor light is safe. • 

Prescribing information: Drugs for macular degeneration
These are specialist drugs. Refer to local guidelines for selection and • 
administration. 
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Antihistamines
Antagonists at H1 histamine receptors

A structurally diverse group of drugs 
sharing the ability to block the H1 
histamine receptor. Histamine causes 
bronchoconstriction, increases bowel 
peristalsis, is a vasodilator, and increases 
vascular permeability. These are all 
features of allergic reactions and the major 
use for these drugs is in the symptomatic 
relief of allergic conditions. These drugs 
also have antagonist properties at mus-
carinic and dopaminergic receptors. These 
properties may well be responsible for 
their decongestant and antiemetic actions.

Antihistamines that do not penetrate the 
CNS, such as loratadine and fexofenadine, 
are less sedative than those that do.

0 - Symptomatic treatment of allergic conditions 
(hay fever, urticaria).
Treatment of anaphylaxis and angio-oedema.• 
Prophylaxis against motion sickness.• 
Symptom relief for vertigo and Ménière’s • 
disease (see b Teaching point in prochlorperazine, p. 75).
Cinnarizine has been used as a treatment for peripheral vascular • 
disease because of its calcium channel blocking properties, but it is not 
recommended for this use.

1 - Many antihistamines have antimuscarinic actions; avoid using them in 
patients with prostatic hyperplasia, closed-angle glaucoma, or 
pyloroduodenal obstruction.
These drugs are probably safe in pregnancy, but their routine use is • 
not recommended.
Avoid antihistamines in patients with severe hepatic insuffi ciency; the • 
sedative action may precipitate coma.
Most of these drugs do not require dosage reduction in renal • 
insuffi ciency, but halve the dose of cetirizine.

4 Allergy
See teaching point boxes, • b p. 691, for advice on treatment of itch 
and seasonal allergic rhinitis.
Many of these drugs are available over the counter for the relief of the • 
symptoms of hay fever. Note that they are less effective than topical 
corticosteroids.
A sedative antihistamine is helpful for relief of itch associated with • 
eczema. They are not a treatment for the eczema itself; consider a 
topical steroid for this.

Antihistamines

Sedative
- Chlorphenamine
- Clemastine
- Cyproheptadine
- Diphenhydramine
- Hydroxyzine
- Promethazine
- Alimemazine 

(trimeprazine)

Less sedative
- Acrivastine
-  Cetirizine/

levocetirizine
- Fexofenadine
- Loratadine/

desloratadine
- Mizolastine
- Astemizole and 

terfenadine are no 
longer available
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Give antihistamines orally for the relief of pruritus. Topical use is not • 
recommended, as this route is not very effective and may induce 
contact sensitivity.
Topical antihistamines can be useful for the relief of allergic conjuncti-• 
vitis, but ensure that other diagnoses have been properly excluded 
fi rst. Note that these drugs can be absorbed systemically when given 
by this route and so may cause sedation.

Anaphylaxis
Intramuscular adrenaline (0.5 mL adrenaline injection 1 in 1000) is the • 
fi rst-line treatment (see b Adrenoceptor agonists, p. 218).
Antihistamines (e.g. chlorphenamine 10–20 mg by slow intravenous • 
injection) are a useful adjunct. 
Continue treatment with an antihistamine for 24–48 hours after an • 
episode of anaphylaxis.

Cough
Antihistamines are common components of cough and cold remedies. • 
The sedative effect is probably the most useful one in these cases. 
Advise patients in whom sputum retention would be harmful 
(e.g. those with chronic bronchitis, bronchiectasis) to avoid these 
proprietary remedies.
Cough is a symptom, not a diagnosis; always consider the underlying • 
cause.
Sedation
Diphenhydramine is available over the counter as a short-term • 
hypnotic. However, it has a long duration of action (‘hangover effect’) 
and is not recommended.

6 - Sedation may be the desired effect, but it will interfere with skilled 
motor tasks, especially driving. Even the ‘non-sedative’ antihistamines 
can cause some sedation.
In some patients, these drugs can cause paradoxical stimulation, • 
confusion, and even convulsions.
As well as being a treatment for hypersensitivity, they can cause • 
hypersensitivity reactions, especially when administered topically 
(avoid this route).
The antimuscarinic actions of these drugs can cause problems (see • 
caution listed earlier).

7 - The antihistamines potentiate the effects of other CNS depressants, 
such as alcohol, benzodiazepines, and phenothiazines.
Terfenadine has potentially serious interactions with grapefruit juice, • 
ketoconazole, and erythromycin. It is no longer available for prescrip-
tion in the UK.

8 Safety and effi cacy
These drugs are principally used for symptomatic relief; always ensure • 
that you have a clear idea of the diagnosis that is responsible for the 
symptoms. Reconsider the diagnosis if the patient does not improve.

9 - Warn the patient about the sedative effects of these drugs (including 
those that are less sedative). Those with a long duration of action may 
have a considerable hangover effect.
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Prescribing information: Antihistamines
Many drugs are available; the following are given as examples.

Chlorphenamine (chlorpheniramine)
Treatment by mouth• , 4 mg every 4–6 hours, maximum 12 mg daily.
Adjunct to treatment of anaphylaxis (• see b Adrenoceptor agonists, p. 218), 
by intravenous injection over 1 minute, 10–20 mg.

Promethazine
Treatment by mouth, 25 mg at night, increased to 25 mg twice daily if • 
necessary, or 10–20 mg 2 or 3 times daily.

Cetirizine (less sedative)
Treatment by mouth,•  10 mg daily or 5 mg twice daily.

Loratadine (less sedative)
Treatment by mouth, 10 mg daily.• 

Drugs and the long QT syndrome
- Some commonly used drugs prolong the QT interval.
- Prolongation of the QT interval predisposes to the potentially fatal dysrhythmia 

torsade de pointes, a form of polymorphous ventricular tachycardia.

ECG showing the development of torsade des pointes. Source M www.ecglibrary.com
- The mechanism is thought to involve inhibition of HERG-type potassium 

channels in the heart. Some individuals may be particularly susceptible, but the 
risk is greater when these drugs are present in high concentrations.

- Grapefruit contains a number of substances that inhibit cytochrome P450 
enzymes. This can lead to marked rises in the plasma concentrations of drugs, 
and so put the patient at risk of dysrhythmias.

- Drugs such as erythromycin and ketoconazole also inhibit cytochrome P450 
enzymes and produce the same effect.

- Antihistamines such as astemizole and terfenidine were some of the fi rst drugs 
to be identifi ed as causes of the long QT syndrome. Astemizole has now been 
withdrawn from the market, and terfenadine is not recommended.

Drugs capable of prolonging the QT interval

This list is not exhaustive but gives some of the most commonly prescribed drugs.
- Chlorpromazine, thioridazine, haloperidol, droperidol, risperidone.
- Cisapride (now withdrawn).
- Ondansetron and related compounds.
- Some SSRIs and related compounds (fl uoxetine, paroxetine, sertraline, 

venlafaxine).
- Serotonin receptor agonists (drugs ending in -triptan).
- Quinolone antibiotics (drugs ending in -fl oxacin).
- Macrolide antibiotics (erythromycin and clarithromycin).
- Antiarrhythmic drugs that prolong the QT: amiodarone, sotalol, dofetilide, 

butilide, class 1a and 1c antiarrhythmic drugs.



691CHAPTER 12 Skin

Treatment of itch
- Distinguish between generalized and localized symptoms.
- The pattern of local itching will often indicate the cause and direct treatment.

Insect bite itch is mediated by histamine and so responds well to H• 1 histamine 
receptor antagonists.
Contact dermatitis from a deodorant. Change to an unperfumed deodorant..• 
Localized eczema. Treat with emollients and topical steroids.• 

- Generalized itch is more diffi cult to treat and can be a considerable cause of 
distress in palliative care.

Specifi c treatments
- These are uncommon, but can be important.

For example, reduction in the haematocrit will relieve itch in polycythaemia, • 
malathion for scabies, change of washing powder or toilet soap for generalized 
contact dermatitis.

- Do not forget that hypersensitivity to a medicine could be the cause.

Specifi c symptomatic treatments
- Opioid analgesics cause itch by causing histamine release; opioid antagonists will 

relieve the itch but reduce the analgesic effect. Ondansetron can also be 
effective for this type of itch (unlicensed indication).

- If the cause is cholestatic jaundice, a bile acid sequestrant such as colestyramine 
can help, but only if the obstruction is not complete.

- Uraemia causes itch; narrow-band ultraviolet light can be effective. Thalidomide 
is sometimes made available on a named-patient basis (unlicensed drug; see 
b ‘Off-licence’ drugs, p. 8).

General symptomatic treatments
- Discourage scratching and cut nails to reduce damage to skin.
- Use emollients to soothe and hydrate the skin (e.g. aqueous cream, white soft 

paraffi n).
- A sedative antihistamine can be helpful. The sedative action is probably the most 

important.
- Seek expert advice in diffi cult cases. SSRI drugs (e.g. paroxetine) have been used 

for treatment of paraneoplastic itch.

TEACHING 
POINT

Treatment of seasonal allergic rhinitis 
(‘hay fever’)

- Try to identify the allergen; avoidance is an important part of the treatment.
- Identify whether nasal or eye symptoms are the most troublesome.
- Nasal symptoms are effectively treated by topical nasal corticosteroids (available 

over the counter). Steroids should not be applied to the eye for this indication, 
as they cause cataracts.

- Systemic antihistamines are effective for nasal and eye symptoms. Less sedative 
ones are used most commonly, but a sedative one can be useful if symptoms 
disturb sleep. Note that even the less sedative antihistamines can cause some 
drowsiness.

- Systemic nasal decongestants are of doubtful value and are not recommended.
- Treat acute attacks of asthma as usual (see b p. 247).
- Systemic corticosteroid treatment should be reserved for the most severe cases 

and should be given for the shortest possible period.

TEACHING 
POINT
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Retinoids
Analogues of vitamin A (retinoic acid)

Retinoids Nuclear

retinoic acid

receptors 

Differential

gene expression

(not fully

understood)

Alterations in epithelial differentiation,

keratinization, sebum production 

0 - These drugs should only be used by specialists.
The different analogues are not equivalent; as a class they can used for:• 

Maintaining remission in acute promyelocytic leukaemia.• 
Treatment of acne.• 

Topical treatment for moderate to severe acne.• 
Oral treatment for severe, unresponsive, scarring acne. Limited to • 
consultant dermatologists only.

Treatment of severe, unresponsive psoriasis; limited to consultant • 
dermatologists only.
Treatment of photodamaged skin; limited to consultant • 
dermatologists only.

1 - Do not give these drugs to women who are pregnant; they are 
teratogenic.

Ensure that women know not to become pregnant while taking • 
these drugs.
Women should also avoid becoming pregnant for 1 month after • 
stopping isotretinoin, and for 1 year after stopping etretinate.
Advise premenopausal women to use adequate contraception.• 
Perform a pregnancy test before starting these drugs.• 
This guidance applies to both topical and oral administration.• 
Prescriptions of isotretinoin should be limited to 30 days and female • 
patients should follow the Pregnancy Prevention Programme, which 
consists of an educational programme, therapy management, and 
distribution control for this product.

Do not give these drugs to patients with a history of cutaneous • 
epithelioma.
Reduce the dose in hepatic insuffi ciency.• 
Avoid these drugs in renal insuffi ciency.• 

4 - Treatment with retinoids should always be under the supervision of 
a specialist familiar with the condition and the role of the drugs in 
treatment.

Acne
(Other uses are very specialized and are not discussed further here.)• 
See • b Tetracyclines, p. 388 for more information on the treatment of 
acne.
Topical treatment for moderate to severe acne.• 

Do not start treatment if the patient has peeling skin.• 

Drugs in this class

Vitamin A 
analogues
- Tretinoin
- Isotretinoin
- Etretinate

Retinoid-like
- Adapalene
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Do not apply to large areas of skin and do not apply to mucous • 
membranes.
Avoid damaged skin and advise the patient to avoid ultraviolet • 
radiation (direct sunlight, solariums).
Do not use in combination with astringent or mechanical skin • 
cleansers.

Systemic treatment for acne is limited to consultant dermatologists. • 
Those most likely to benefi t are:

Those with severe, scarring acne.• 
Those unresponsive to systemic antibacterial drugs.• 
Women with late-onset acne (often unresponsive to antibiotics).• 

Stop the treatment once no new lesions appear.• 
This usually takes 3 months.• 

6 - The retinoids are effective drugs, but their use is limited by their 
considerable potential for toxicity.
Topical effects.• 

Local burning and stinging; drying of the skin and ulceration of • 
mucous membranes; see earlier note.

Treatment can initially worsen the acne.• 
The 1• st month of treatment is associated with an increased risk of 
thromboembolic disease.
CNS effects.• 

Retinoids can cause idiopathic intracranial hypertension • 
(‘pseudotumor cerebri’); the risk is greater in children.
They can cause headache (see earlier note), visual disturbances, • 
insomnia, and paraesthesia.

These drugs can cause ‘retinoic acid syndrome’. This is rare.• 
It is a severe capillary leakage syndrome characterized by fever, • 
shortness of breath, pulmonary infi ltrates, pleural effusions, and 
multiorgan failure.

Retinoids can cause gastrointestinal disturbance and pancreatitis.• 
They can increase plasma lipid concentrations.• 

7 - The risk of idiopathic intracranial hypertension is greater if the 
patient is also taking tetracyclines or corticosteroids; avoid these 
combinations.
Treatment with retinoids by mouth reduces the effi cacy of • 
progestogen-only oral contraceptives.
Take care if the patient is taking other cytotoxic drugs; the risk of • 
toxicity is higher.
Do not use with any topical treatments containing alcohol (methanol, • 
perfumes, or other astringents).

8 Safety
Measure a full blood count, clotting screen, liver function tests, • 
calcium, and serum lipids before starting treatment.
Make sure that adequate contraception is being used (see earlier • 
notes). Perform a pregnancy test before starting these drugs.
Repeat the blood tests listed previously during treatment. Beware of • 
liver toxicity. Plasma triglyceride concentrations can rise.
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9 - Warn the patient that the skin may worsen before it improves. Stop 
the drug if peeling of the skin becomes severe.
Make sure that patients understand the importance of advice about • 
contraception.
Advise the patient to report symptoms such as headache or visual • 
disturbance.
Warn the patient about avoiding direct sunlight, and that they should • 
not use a sunbed.

Prescribing information: Retinoids
These drugs should only be prescribed systemically by specialists, usually 
consultant dermatologists.

Topical treatment for acne
Tretinoin:• 

Available as a gel. Usual concentration 0.01%. Apply thinly 1 or 2 times • 
daily.

Isotretinoin:• 
Available as a gel 0.05%. Apply thinly 1 or 2 times daily.• 

RETINOIDS BNF Reference 13.6.1, 8.1.5, 13.5.2 and 13.8.1
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An approach to the poisoned patient
Poisoned patients present in several ways:

The unconscious patient (deliberate or accidental overdose).• 
The deliberate overdose; the patient may state what they have taken.• 
Iatrogenic (commonly a consequence of polypharmacy, especially in • 
elderly people).
Accidental (especially in children).• 

Assessment
Absolutely diagnostic features are rare. Always consider poisoning in 
your differential diagnosis of a confused or unconscious patient. Look 
for clinical patterns.
Coma, hypotension, fl accidity (benzodiazepines, barbiturates, ethanol, • 
opioids).
Coma, hyper-refl exia, tachycardia, dilated pupils (tricyclic antidepres-• 
sants, anticholinergic drugs, antihistamines, phenothiazines).
Behavioural disturbance (psychotropic drugs, organic solvents, • 
anticholinergic drugs).
S• alivation, lacrimation, urination, defecation, gastrointestinal cramps, 
and emesis (or SLUDGE syndrome), miosis, bronchorrhoea, wheezing, 
bradycardia (cholinergic toxicity, organophosphate and carbamate 
insecticides).
Tachycardia, hypertension, mydriasis, agitation, seizures, sweating, • 
hyperthermia (sympathomimetic agents, amphetamines, theophylline, 
cocaine).
Tachycardia, hypertension, mydriasis, sweating, agitation, restlessness, • 
seizures, hyper-refl exia, piloerection, yawning, abdominal cramps, 
lacrimation, hallucinations (opioid, alcohol withdrawal).
Confusion, agitation, euphoria/hypomania, restlessness, shivering, • 
nausea, myoclonus, hyper-refl exia, muscle rigidity, tremor, ataxia/
incoordination, sweating, raised temperature, nystagmus, unreactive 
pupils (serotonin syndrome due for example to MAOIs, SSRIs).
Convulsions (tricyclic antidepressants, phenothiazines, carbon • 
monoxide, MAOIs, mefenamic acid, theophylline, salicylates).
Skin blisters (benzodiazepines, carbon monoxide, tricyclic • 
antidepressants, opiates, barbiturates).
Use these to focus your initial investigations.• 

Management
What are the supportive treatments?• 

Begin with ABC (airway, breathing, and circulation).• 
Hypoglycaemia and altered potassium handling are common in • 
severe poisoning.
Cardiac monitoring for arrhythmias may be required (e.g. poisoning • 
by tricyclic antidepressants).

How can you reduce the absorption of the drug?• 
See • b Activated charcoal, p. 698.

Can you increase the elimination of the drug?• 
Is the drug excreted by the kidneys or liver?• 
Elimination by the kidneys can be increased by increasing urine pH • 
(e.g. salicylate poisoning).
See • b Activated charcoal, p. 698.
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Is there a specifi c antidote?• 
For example, acetylcysteine for paracetamol (• see b p. 700).

What are the most likely complications and how can you treat them?• 
Respiratory depression and cardiac arrhythmias are the most likely • 
to kill the patient in the short term.

What can you do to reduce the risk of repeat overdose?• 
Psychiatric/psychological assessment of intent.• 
Is there a safer alternative drug (e.g. SSRIs are safer in overdose than • 
tricyclic antidepressants).
Issue short-term prescriptions (1–2 weeks rather than 3 months).• 

Seek advice from the National Poisons Information Service • 
(0844 892 0111; M http://www.toxbase.org)
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Activated charcoal

-  Activated charcoal adsorbs (not 
absorbs) many drugs on to its surface.

-  Because it has a very large surface area it 
reduces the amount of a drug that is 
available for absorption into the body 
from the gut lumen.

- Some drugs (see box for a list) undergo 
enterohepatic or enteroenteric recirculation. 
Some are excreted into the bile and so can be 
reabsorbed in the small bowel; others are secreted 
into the gut lumen by P glycoprotein, and can be 
reabsorbed. In these cases, repeated doses of 
activated charcoal can interrupt this recirculation.

0 - An adjunct to the treatment of poisoning.

1 - Do not give activated charcoal to patients 
who cannot swallow properly or do not 
have a secure airway.
Some drugs are not adsorbed by activated • 
charcoal.

4 - Activated charcoal is widely used in the 
treatment of poisoning, but evidence for its 
effectiveness is limited.

In volunteer studies, the absorption of • 
many drugs has been reduced by the 
administration of activated charcoal up to 
1 hour after ingestion.
One study in patients poisoned with paracetamol supports the use • 
of a single dose of activated charcoal in reducing drug absorption.
A large study unselected patients after in self-poisoning with yellow • 
oleander seeds (commonly taken in Sri Lanka and South India), 
which contain cardiac glycosides, showed that repeated doses of 
activated charcoal reduced mortality.

Detailed guidance is available from the National Poisons Information • 
Service to NHS institutions via the TOXBASE website (M http://www.
toxbase.org, password required), and by 24-hour telephone service 
(NPIS UK telephone 0844 892 0111).
Activated charcoal is most likely to be effective if given soon after the • 
overdose or after poisoning with sustained or controlled-release 
(modifi ed-release) formulations.

Do not expose the patient to risk from the charcoal (see earlier • 
notes) if they present late, unless multiple-dose charcoal therapy is 
indicated.

A single dose of activated charcoal can be given by mouth or • 
nasogastric tube.

If given by nasogastric tube, check for correct placement before • 
administering the charcoal. The suspension of charcoal is thick and 
can easily block a narrow-bore tube; use a large-bore tube.

Drugs that undergo 
enteric recirculation

Consider repeated doses 
of activated charcoal if 
the patient has taken a 
life-threatening overdose 
of these drugs:
- Carbamazepine
- Cardiac glycosides
- Dapsone
- Phenobarbital
- Quinine
- Theophylline

Substances that are 
not adsorbed by 
charcoal
- Boric acid
- Cyanide
- Ethanol
- Ethylene glycol
- Iron
- Lithium
- Malathion
- Methanol
- Petroleum distillates
- Strong acids and alkalis
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A single dose of activated charcoal is unlikely to save the patient’s life. • 
Always consider other interventions; see the previous section on an 
approach to the poisoned patient.

Other methods of gut decontamination
- Gastric lavage is potentially hazardous. Evidence for its effectiveness is lacking. It 

should be considered only if a patient has ingested a life-threatening amount of a 
toxic substance within 1 hour.

Ensure that the airway is protected (e.g. by a cuffed endotracheal tube).• 
- There is no evidence that the administration of syrup of ipecacuanha to 

poisoned patients reduces drug absorption signifi cantly. It has adverse effects 
that increase morbidity and make diagnosis more diffi cult. Charcoal adsorbs 
ipecacuanha and inactivates it.

6 - All formulations of activated charcoal are unpalatable and commonly 
cause nausea and vomiting.
Charcoal can cause constipation.• 

7  - Activated charcoal will reduce the absorption of many drugs given by 
mouth, not just those taken in overdose.

8 Safety and effi cacy
The mainstay of the treatment of poisoning is supportive treatment. • 
See individual drug articles for likely adverse effects and guidance on 
treatment of overdose.

9 - Explain that the activated charcoal is unpalatable.

Prescribing information: Activated charcoal
To reduce drug absorption:• 

By mouth, 50 g.• 
Repeated oral doses, 50 g 4-hourly.• 
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Acetylcysteine (Parvolex®)
An amino acid derivative, used as a source of thiol (SH) groups

In toxic doses, the metabolism of 
paracetamol by cytochrome P450 enzymes 
in the liver produces the highly reactive 

intermediate NAPQI (N-acetyl-p-benzo-quinone 
imine). Acetylcysteine acts as a scavenger to ‘mop 
up’ this reactive intermediate, thus protecting the 
liver from damage.

0 - Paracetamol (acetaminophen) overdose.
Effective in acute poisoning, markedly reducing the risk of liver - 

damage.
There is some evidence of benefi t in established liver damage due to - 

paracetamol, although the mechanism is unclear (seek advice from a 
liver unit). See later in topic for a list of criteria for referral to a liver 
unit.

1 - Can cause bronchospasm; take care if the patient has asthma. This 
reaction is thought to be anaphylactoid (for explanation see teaching 
point box, b p. 703).
The safety of acetylcysteine in pregnancy has not been formally • 
assessed, but in most cases the risks of paracetamol poisoning 
outweigh the risks of the drug.
Dosage adjustments are not usually required in hepatic or renal • 
insuffi ciency.

4 Acute paracetamol poisoning
Detailed guidance is available from the National Poisons Information • 
Service to NHS institutions via the TOXBASE website (M http://www.
toxbase.org, password required) and 24-hour telephone advice service 
(see the ‘Emergency Treatment of Poisoning’ section in the BNF for 
contact details).
Acetylcysteine provides a replacement for glutathione depleted by the • 
production of the reactive paracetamol metabolite NAPQI. In the later 
stage of poisoning it may provide benefi t by other mechanisms.
Used appropriately and early (within 8 hours) it is almost completely • 
effective in averting signifi cant liver damage in paracetamol poisoning. 
There is established benefi t when it is given up to 24 hours after the 
overdose, but patients who present late (after 15 hours) are at much 
greater risk of liver damage.
A diagram for determining those who require acetylcysteine treatment • 
is shown in the box on b p. 702.
Paracetamol concentrations taken earlier than 4 hours after an • 
overdose can mislead (they do not accurately refl ect the peak tissue 
concentrations).
Plasma paracetamol concentrations measured more than 24 hours • 
after ingestion should not be used to decide about treatment, although 
they can confi rm exposure.
The treatment regimen is based on an intravenous loading dose, • 
followed by a continuous infusion (see prescribing information).

Alternative if 
acetylcysteine is not 
available

Methionine, given by 
mouth.
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If acetylcysteine is not available, consider oral methionine.• 
If the patient is deteriorating, contact your liver unit for advice early. • 
They may advise that the acetylcysteine infusion be continued, as there 
is some evidence for its use in established liver failure.

6 - Dose-related anaphylactoid reactions (see teaching point box, 
b p. 703) are common, affecting up to 15% of patients during infusion.

Stopping the infusion is usually all that is required.• 
Give an antihistamine (e.g. chlorphenamine) if necessary.• 
Corticosteroids are not indicated unless the reaction is severe.• 
Give nebulized salbutamol if bronchospasm is signifi cant.• 
Once the reaction has settled, restart the acetylcysteine infusion at • 
an infusion rate of 50 mg/kg over 4 hours; further reactions are 
almost unknown.

7 - There are no major drug interactions with acetylcysteine.

8 Safety
Anaphylactoid reactions are most common during infusion of the • 
loading dose; ensure close supervision and that resuscitation facilities 
are available.

Effi cacy
The prothrombin time (PT) measured as the International Normalized • 
Ratio (INR) is the best measure of liver damage. Transaminases can 
rise but are poor predictors of liver failure. Treat with acetylcysteine 
until the PT returns to normal, or for 24 hours, whichever is longer.
The following features suggest that the patient has signifi cant liver • 
damage. Discuss the patient with a liver unit if any of the following are 
present:

Rapid development of encephalopathy.• 
PT >45 seconds at 48 hours or >50 seconds at 72 hours.• 
Increasing plasma creatinine.• 
An arterial pH <7.3 more than 24 hours after the overdose.• 

9 - Warn the patient that this drug can cause fl ushing and that they must 
report any diffi culty with breathing.
Ensure that the patient’s suicidal intent has been assessed before • 
deciding whether they are fi t for discharge and that appropriate 
follow-up has been arranged.

Prescribing information: Acetylcysteine
Only available as an intravenous infusion.• 
Make up in 5% glucose solution.• 

Bag 1• : 150 mg/kg in 200 mL infused over 15 minutes.
Followed immediately by • bag 2: 50 mg/kg in 500 mL infused over 4 hours.
Followed immediately by • bag 3: 100 mg/kg in 1000 mL infused over 
16 hours.
Doses should not exceed 16.5 g, 5.5 g, and 11 g in bags 1, 2, and 3 • 
respectively, as the maximum dose per weight is based on 110 kg.

If the patient requires treatment beyond 24 hours, continue repeating the • 
prescription as for bag 3 (do not give repeat loading doses).
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Take care when calculating and drawing up these doses.• 
Audits have shown that mistakes are very common when prescribing and • 
administering acetylcysteine; this can lead to an increased incidence of 
severe adverse drug reactions.

Nomogram for acetylcysteine treatment in paracetamol poisoning

Use the high-risk treatment line for patients who:
- Are taking enzyme-inducing drugs (carbamazepine, phenobarbital, phenytoin, 

rifampicin, St. John’s wort).
- Are malnourished through chronic alcoholism, anorexia, or chronic disease 

(especially malignancy and AIDS).
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Anaphylactoid drug reactions (non-IgE 
mediated anaphylactic reactions

- Anaphylactoid drug reactions have the same clinical features as IgE-mediated 
anaphylactic reactions (such as bronchospasm, rash, angio-oedema), but the 
underlying mechanism is different (see b Adrenoceptor agonists, p. 218).

- In anaphylactoid reactions, the response is not mediated by IgE; rather the drug 
itself causes mast cells to degranulate. 

Complement-mediated reactions are also described. Anaphylaxis resulting • 
from administration of blood products, including intravenous immunoglobulin 
or animal antiserum, is due, at least in part, to activation of complement.

- The mechanism is important, because the risk of the reaction does not increase 
with repeated exposure.

- Clinically, this means that it can be reasonable to restart treatment at a lower 
dose once the patient has recovered from the initial reaction.

- In settings such as the treatment of acute paracetamol poisoning with 
acetylcysteine, this can be life saving.

Drugs that can cause anaphylactoid reactions
- Acetylcysteine.
- Colloid volume expanders and mannitol.
- Drugs that are formulated for intravenous use in the excipient known as 

Cremophor EL® (polyoxyl castor oil). These include ciclosporin, paclitaxel, and 
some vitamin K formulations.

TEACHING 
POINT
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Opioid antagonists
Selective μ opioid receptor (MOR, OP3 receptor) antagonists

A competitive antagonist

(see teaching point box, b p. 707)

Naloxone
Opioid (e.g. morphine)

μ opioid receptor

Naloxone:• 
0 • Treatment of overdose by opioids.

Given postoperatively to reverse respira-• 
tory depression caused by opioids.

Naltrexone:• 
Naltrexone is recommended for preven-• 
tion of relapse in detoxifi ed formerly 
opioid-dependent patients who are 
motivated to remain in a supportive care 
abstinence programme (NICE 2007).

1 - Take care in patients who are dependent on 
opioids, in whom these drugs can cause an 
acute severe withdrawal reaction.
Be careful if the patient is cardiovascularly • 
unstable; naloxone can rarely cause ventricular 
arrhythmias postoperatively.
No dosage change is usually required in renal • 
or hepatic insuffi ciency.
Naloxone can be used during pregnancy; hypoxia represents a greater • 
risk to the fetus than naloxone.

Naltrexone was not teratogenic in animal studies. It may be used in • 
pregnant women when the potential benefi ts outweigh the possible 
risks.

Naloxone
4 - Available as intravenous, subcutaneous, and intramuscular formula-

tions. Intravenous administration is preferred.
Doses:• 

Opioid overdose: 400–2000 micrograms repeated every 2–3 minutes • 
up to 10 mg.
May need continuous infusion (see teaching point box on receptor • 
agonists, b p. 707).
Respiratory depression: 100–200 micrograms every 2–3 minutes • 
until the desired effect is achieved.

Note that naloxone does not work for other causes of respiratory • 
depression; it is not a respiratory stimulant.

Naltrexone
It is recommended that treatment be initiated and supervised by suit-• 
ably qualifi ed physicians.
Treatment with naltrexone should be considered only in patients who • 
have remained opioid-free for a minimum of 7–10 days.

Examples of drugs 
reversed by naloxone
- Morphine
- Diamorphine (heroin)
- Fentanyl, alfentanil, 

remifentanil
- Codeine
- Methadone
- Tramadol
- Papaveretum
- Pethidine
- Dextropropoxyphene 

(e.g. in co-proxamol)

Buprenorphine is a partial 
opioid agonist and is less 
well reversed by naloxone 
than the other opiates. 
Consider treatment with 
glucagon or doxapram 
(see b p. 462 and p. 272)

Drugs in this class
- Naloxone (short 

acting)
- Naltrexone (long 

acting)
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Naloxone challenge is recommended to minimize the chance of a • 
prolonged withdrawal syndrome precipitated by naltrexone.
No standard duration of treatment can be recommended; an initial • 
period of 3 months should be considered. However, prolonged 
administration may be necessary.

6 - The adverse effects of naloxone are usually those associated with 
acute opioid withdrawal: irritability, vomiting, sweating, hypertension, 
reversal of analgesia.
Use repeated small doses to achieve the optimal effect.• 
Naltrexone is associated with occasional liver function abnormalities.• 

7 - Naloxone is not usually subject to drug interactions.
Concomitant use of naltrexone with opioids should be avoided. In an • 
emergency requiring opioid analgesia, an increased dose of opioid may 
be required to control pain. The patient should be closely monitored 
for evidence of respiratory depression or other adverse symptoms and 
signs.

8 Safety
Most opioids have a longer duration of action than naloxone.• 

Repeat doses may be required.- 

Monitor the patient closely to ensure that they do not lapse into coma.- 

Consider a continuous infusion in severe overdose; 2 mg in 500 mL - 

at a rate adjusted to the desired effect.
Measure liver function before and during therapy with naltrexone.• 

Effi cacy
Naloxone is very effective in opioid overdose.• 

If there is no effect reconsider the diagnosis.- 

9 - Naloxone is usually given in an emergency, when it is diffi cult to 
inform the patient; afterwards it may be important to explain to 
patients and their relatives what happened and why the naloxone was 
given, otherwise misunderstandings can occur.
Naltrexone: patients should be warned that attempts to overcome • 
opioid blockade can result in acute opioid intoxication, which can be 
life threatening.

Case history
- A 21 year old man was found collapsed in a city park and was brought to the 

emergency department, where he was found to be deeply unconscious and 
cyanosed with a respiratory rate of 4 per minute; he also had pin-point pupils. 
A diagnosis of opioid toxicity was made and he was given naloxone 
800 micrograms intravenously. Over the next 25 minutes he regained 
consciousness, became very aggressive, and discharged himself from the 
hospital. However, 2 hours later he was returned to the emergency department, 
having been found unconscious half a mile from the hospital. On this occasion a 
naloxone infusion was set up and he was given 800 micrograms of naloxone 
intramuscularly, in case he took his own discharge again. He made an uneventful 
recovery and was discharged the next day having admitted to taking more than 
double his usual dose of methadone.

In serious opioid overdosage, or when the agent involved has a particularly long 
half-life (e.g. 35 h for methadone), it is advisable to administer naloxone (which has 
a half-life of around 1 hour) by continuous infusion.
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Prescribing information: Naloxone and naltrexone
Naloxone

Intravenous injection • 0.4–2.0 mg repeated at intervals of 2–3 minutes to a 
maximum of 10 mg. If respiratory function does not improve, question the 
diagnosis.
Subcutaneous or intramuscular injection•  As for intravenous injection, but only 
if the intravenous route is not feasible (onset of action slower).
Continuous intravenous infusion using an infusion pump • 2 mg diluted in 50 mL 
of intravenous infusion solution (5% glucose or 0.9% saline) at a rate adjusted 
according to the response.

Naltrexone
The initial dose of naltrexone should be 25 mg (half a tablet) followed by • 
50 mg (1 tablet) daily.

A three-times-a-week dosing schedule may be considered if it is likely to result in 
better compliance; e.g. 100 mg on Monday, 100 mg on Wednesday, and 150 mg 
on Friday.
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Receptor antagonists
- Antagonists are drugs that bind to receptors and prevent their activation by 

agonists. Most antagonists are competitive. This means that they bind at the 
same site as agonists, and compete with the agonist for occupancy of the site. 
The overall effect will depend on which drug is present at higher concentration. 
Naloxone is a competitive antagonist at opioid receptors. When it is fi rst given, 
its concentration usually exceeds that of the opioid, and so it antagonizes the 
effect of the opioid. Naloxone is metabolized more quickly (shorter half-life) 
than most opioids. With time, the naloxone concentration falls more rapidly 
than that of the opioid, causing the patient to lapse into coma again. For this 
reason, a continuous infusion of naloxone may be required.

- A non-competitive antagonist binds at an alterative site. There is no competition 
with the agonist (e.g. ketamine is a non-competitive NMDA receptor 
antagonist).

- Many drugs do not act on receptors but on other molecules such as enzymes 
(e.g. aspirin).

TEACHING 
POINT

Agonist.

Activates receptor.

Can be a natural 

agonist or a drug.

Competitive antagonist.

If present at higher 

concentration than the 

agonist, will block the 

action of the agonist. 

Non-competitive 

antagonist. Binds at

another site, preventing

binding by the agonist.
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Examples of agonists and antagonists

Receptors Subtypes Sites in the 
body

Agonists Antagonists

Cholinoceptors Muscarinic Tissues 
innervated by 
parasympa-
thetic nerves

Acetylcholine 
and analogues

Atropine and 
analogues

Tricyclic anti-
depressants

Nicotinic Neuromuscular 
junction

Acetylcholine 
and analogues

Neuromuscular 
blocking 
drugs

Aminoglycoside 
antibiotics

Histamine H1 Smooth muscle Histamine Antihistamines

H2 Stomach Histamine Ranitidine, etc.

Serotonin 
(5-HT)

Many 
subtypes

CNS, vascular 
smooth muscle, 
gastrointestinal 
tract

Triptans (5HT1) Ondansetron 
(5HT3)

GABA GABAA CNS Benzodiazepines Bicuculline

GABAB CNS GABA Baclofen

TEACHING 
POINT
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Flumazenil
A benzodiazepine antagonist

Flumazenil GABA or GABA receptor agonist (e.g. a benzodiazepine) 

GABA receptor 

A competitive antagonist (• see b Teaching point in Opioid antagonists, 
p. 707).

0 - Reversal of sedative effects of benzodiazepines
Following anaesthesia and interventional procedures and in intensive • 
care.

1 - Do not use if a benzodiazepine has been used for the control of sei-
zures—there is a risk of status epilepticus.
Avoid using fl umazenil in those dependent on benzodiazepines—it can • 
precipitate a withdrawal syndrome.
Take care if the patient has a head injury—these patients are at risk of • 
convulsions. Reverse sedation gradually.

Do not use fl umazenil in those with raised intracranial pressure.• 
No dosage adjustments are necessary in patients with renal • 
impairment.
Flumazenil is metabolized by the liver—reduce the dose in those with • 
hepatic impairment.
Do not use fl umazenil in patients who are unconscious in whom you • 
do not know the cause (e.g. overdose); there is a risk of convulsions.
Flumazenil can be used during pregnancy; the risks of prolonged seda-• 
tion usually represent a greater risk to the fetus than fl umazenil.

4 - Use repeated small doses to achieve the optimal effect.
If the patient has been given a neuromuscular blocker ensure that this • 
is fully reversed before giving fl umazenil.
Ensure that the patient has adequate analgesia before reversing • 
sedation.

6 - Excessive doses or over rapid infusion can result in an overstimulation 
syndrome, consisting of anxiety, agitation, tachycardia, and in rare 
cases convulsions.
Anaphylaxis can occur, but is rare.• 

7 - Flumazenil is not usually subject to drug interactions.

8 Safety
Some benzodiazepines have a longer duration of action than • 
fl umazenil.

Repeat doses may be required.- 

Monitor the patient closely to ensure that they do not become • 
comatose.
Consider a continuous infusion if drowsiness recurs.• 
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Effi cacy
Flumazenil is very effective at reversing the effects of benzodiazepines.• 

If there is no effect reconsider the diagnosis.• 

Prescribing information: Flumazenil
The dose of fl umazenil should always be titrated to individual needs.• 
The usual initial dose is 200 micrograms intravenously over 15 seconds.• 
If the desired level of consciousness is not obtained within 60 seconds, a • 
further dose of 100 micrograms can be injected and repeated at 60-second 
intervals when necessary, up to a maximum total dose of 1 mg or in 
intensive care, 2 mg.
The usual dose required is 300–600 micrograms.• 
If drowsiness recurs, an intravenous infusion of 100–400 micrograms per • 
hour can be used. The rate of infusion should be individually adjusted to 
achieve the desired level of consciousness.
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Penicillamine
Chelating agent

Penicillamine is a chelating agent. It is this action that is the basis of its 
action in the treatment of Wilson’s disease, cystinuria, and heavy metal 
poisoning.
Penicillamine is also used as a disease modifying antirheumatic drug 
(DMARD) in the treatment of rheumatoid arthritis. The mechanism of 
action is not fully understood, but is thought to be similar to that of gold.

0 - As a DMARD in rheumatoid arthritis.
As a chelating agent:• 

Wilson’s disease.• 
Cystinuria.• 
Heavy metal poisoning (especially copper and lead).• 

Also occasionally used for treatment of chronic active hepatitis once • 
the disease has been controlled with corticosteroids (specialized use).

1 - Penicillamine is a derivative of penicillin; a small proportion of patients 
who are allergic to penicillin will also react to penicillamine. Avoid 
penicillamine if the patient is allergic to penicillin.
Avoid penicillamine during pregnancy; it can cause rare, fetal • 
abnormalities at all stages of pregnancy.
Penicillamine is renally excreted; reduce the dose in mild renal • 
insuffi ciency and avoid it in severe renal insuffi ciency. Penicillamine can 
also cause the nephrotic syndrome.
Penicillamine can cause a lupus-like syndrome; do not give it to • 
patients with systemic lupus erythematosus.

4 Rheumatoid arthritis
The choice of a DMARD should be made by the supervising specialist.• 
Sulfasalazine, methotrexate, gold salts, and penicillamine are of similar • 
effi cacy, but sulfasalazine and methotrexate tend to be used fi rst, as 
they are better tolerated.
Penicillamine should be stopped if there has been no response after • 
treatment for 12 months.

Heavy metal poisoning
See teaching point box, • b p. 715.
Seek advice from your local poisons • 
information service (NPIS UK telephone 
0844 892 0111).
The laboratory reference blood lead • 
concentration is 0.2–0.7 micromol/L for 
adults.
The reference range for pregnant women is • 
much lower.
Give penicillamine until the serum lead • 
concentration falls into the reference range.

6 - Serious adverse effects from penicillamine 
are very common (30% of patients).

Serious adverse effects are more common - 

if the patient is a genetically slow 
sulfoxidizer, but this is not usually tested 
clinically.

Clinical features of 
lead poisoning
- Abdominal pain
- Fatigue
- Anaemia
- Heart failure
- Depression
- Gout
- Kidney failure
- High blood pressure
- Defi cits in short-term 

memory
- Lead line (a blue/black 

line at the gingival–
tooth border)
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Penicillamine commonly causes nausea; start with a low dose and give • 
it with food.
Penicillamine can cause loss of taste. This usually returns after 6 weeks • 
of treatment, whether or not the drug is withdrawn.
Hypersensitivity phenomena are common and include the following • 
syndromes: myasthenia-like, lupus-like, myositis, pemphigus (see next 
bullet point).
Pencillamine can cause a rash:• 

Early rashes (1–6 months) are commonly morbilliform; they can • 
resolve with continued therapy, especially if the dose is reduced.
Late rashes are commonly pemphigus-like; they do not resolve and • 
usually require drug withdrawal.

Penicillamine can cause an immune complex nephritis. This is common • 
(30% of patients) and does not always require drug withdrawal. See 
monitoring section for more guidance.
Penicillamine causes thrombocytopenia in 4% of patients and • 
leucopenia in 2%.
High dosages reduce collagen synthesis, causing thinning of the skin.• 

7 - Do not give penicillamine with chloroquine, gold, or immunosuppres-
sants; there is risk of severe exfoliative dermatitis.
Do not take iron or zinc supplements within 2 hours of penicillamine; • 
they will not be absorbed.
Antacids reduce the absorption of penicillamine.• 

8 Safety and effi cacy
Perform the following investigations before treatment starts, every • 
2 weeks for the fi rst 2 months of treatment, and then every 4 weeks. 
Perform an additional test 1 week after any dosage increases.

Full blood count. Stop the penicillamine if:- 

—the platelet count falls below 120 x 109/L;
—the white cell count falls below 2.5 x 109/L or falls on three 

successive measurements within the reference range.
Urine dipstick for protein. Proteinuria is common, but the treatment • 
can continue if:
—renal function remains normal;
—the patient has no oedema;
—the 24-hour urinary protein excretion is below 2 g.

If penicillamine is used for the treatment of lead poisoning, measure • 
the urinary lead excretion rate.
If penicillamine is used for rheumatoid arthritis, set clear targets against • 
which the success of treatment can be judged; ideally these should 
include functional outcomes.

9 - Explain that this drug affects the disease process but does not provide 
rapid pain relief.
Advise the patient to report symptoms of bone marrow suppression • 
immediately (e.g. easy bruising, bleeding).

Prescribing information: Penicillamine
Rheumatoid arthritis

By mouth, initially 125–250 mg daily before food for 1 month.• 
Increase by 125–250 mg at intervals of not less than 4 weeks to a usual • 
maintenance dose of 500–750 mg daily.
The maximum dose is 1.5 g daily.• 
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Heavy metal poisoning
By mouth, 1–2 g daily in divided doses before food. Give until the blood • 
metal concentration falls below the toxic threshold.

Drug-induced lupus-like syndrome
- Several drugs can cause a syndrome mimicking systemic lupus erythematosus.
- Slow acetylator status is an important susceptibility factor in the cases of 

procainamide and hydralazine.
- The syndrome is characterized by arthralgia, arthritis, fever, pleurisy, rash, 

pulmonary involvement, and pericarditis; renal involvement is rare.
- The syndrome usually resolves after withdrawal of the drug but it may take 

months to do so.
- Features that may help distinguish drug-induced from idiopathic lupus 

erythematosus are:

Feature Idiopathic SLE Lupus-like syndrome

Age and sex Usually young women Any

Renal involvement Common Rare

Serum complement Often low Usually normal

Antinuclear 
antibodies

Anti-double-stranded 
DNA antibodies 
common

Anti-single-stranded DNA 
antibodies common

Antihistone antibodies common

TEACHING 
POINT
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Chelating agents
- Chelating drugs have an important role in the treatment of heavy metal 

poisoning, but their use is not straightforward.
- These drugs can cause redistribution of the heavy metal from soft tissues to the 

CNS, worsening the clinical features.
- Seek expert advice from your poisons centre.
- Drugs given for heavy metal poisoning:

Penicillamine (for lead poisoning).• 
Dimercaprol (largely superseded by DMSA).• 
Sodium calcium edetate (for lead poisoning). • Caution—there is another 
compound called edetate disodium, which is not useful for this purpose. 
Ensure that you use the correct drug; mix-ups have led to deaths.
Succimer (DMSA). This has been recommended in poisoning with antimony, • 
arsenic, bismuth, lead, and mercury (unlicensed indication). It has little effect 
on the urinary excretion of calcium, zinc, iron, or magnesium.
Unithiol (DMPS) (unlicensed indication for lead poisoning).• 

TEACHING 
POINT
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Diagnostic agents
0 - Diagnostic agents are not therapeutic drugs, but they are commonly 

given to patients.
Fluorescein:• 

Local administration to the eye to detect corneal ulceration.• 
Systemic administration for retinal vessel angiography.• 

Contrast agents:• 
Imaging of the gastrointestinal tract:• 
—gastrograffi n, oral contrast for CT;
—barium.
Intravenous agents for angiography and CT (iodine-containing):• 
—high-osmolar ionic monomers: ditrizoate, iothalamate, metrizoate;
—low-osmolar ionic dimers: ioxaglate;
—low-osmolar non-ionic monomers: iopitridole, iohexol, iomepril, 

iopamidole, ioprolimide, ioversol;
—iso-osmolar non-ionic dimers: iodixonal, iotrolam.

Gases:• 
Radiolabelled xenon or krypton for ventilation scanning.• 
Pneumoventriculography.• 
Small gas bubbles used for contrast ultrasound (e.g. echocardiography).• 

Radiochemicals:• 
Diagnostic (e.g. lung perfusion scan (• 99Tc)):
—125iodine thyroid scan.
—99Tc for MUGA scan (cardiac).
Therapeutic• 
—131iodine for Graves’ disease.

Agents for MRI.• 
Gadolinium (e.g. gadodiamide, gadobenate, dimeglumine).• 

1 - These agents should only be given by a specialist.
Always consider whether there are any contraindications to ionizing • 
radiation (e.g. pregnancy) or administration of contrast media before 
you request an investigation.
The specialist (often a radiologist) is usually responsible for selection • 
of the appropriate agent and dose calculation.
Some contrast agents contain iodine; advise the radiologist if the • 
patient has a history of hypersensitivity to iodine or has thyroid 
disease.

6 - The principal risk from these agents is hypersensitivity.
Always ask if the patient has reacted to contrast agents in the past.• 
Ensure that adequate resuscitation facilities are available whenever • 
these agents are administered.
Make sure you know how to recognize and treat anaphylaxis (• see 
b Adrenoceptor agonists, p. 218).

Intravenous contrast agents can cause renal impairment; this is usually • 
transient but can be severe. Ensure that the patient is well hydrated 
and that renal function is optimal. Avoid drugs (e.g. NSAIDs) that 
impair renal function.

Warn the radiologist if the patient has renal insuffi ciency• 
Take care to avoid unnecessary exposure to radiation from patients • 
who have been given radioisotopes.
Gadolinium has been associated with a rare syndrome of nephrogenic • 
fi brosing dermopathy in patients with underlying renal disease. 
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The syndrome is associated with thickening and hardening of the skin, 
mainly in the extremities, and can lead to joint immobility and an 
inability to walk. Gadolinium-containing contrast agents should be 
avoided in patients with advanced renal failure, particularly in patients 
who are undergoing peritoneal dialysis.

7 - Metformin is a biguanide drug used in the treatment of diabetes 
mellitus. There have been reports of metformin-induced lactic acidosis 
precipitated by contrast media. The Royal College of Radiologists 
advises that:

Metformin should be withheld on the day of investigation, and for • 
48 hours thereafter.
The referring doctor should inform the radiologist in advance and • 
take steps to optimize the patient’s renal function beforehand.
Provision should be made for the adequate control of the patient’s • 
diabetes.
Renal function should be measured before and 48 hours after the • 
investigation.

8 Safety and effi cacy
Identify patients who are at risk of contrast-induced renal failure by • 
measuring renal function in advance.
Remeasure renal function after the procedure and adjust the dose of • 
any renally excreted or nephrotoxic drugs accordingly.
Take a careful history of any allergies before the procedure. If a • 
reaction occurs, make sure it is documented clearly in the notes and 
that the patient’s GP is informed.
Many patients experience a sensation of warmth when they are given • 
an intravenous contrast agent.

9 - Make sure the patient understands what the procedure involves, and 
its purpose.
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Immunoglobulins
Human antibodies

Human plasma from

1000+ donors 

Normal

immunoglobulin

Screened for hepatitis

B and C and HIV

Specific immunoglobulin

(e.g. tetanus, rabies)

Human plasma from

donors known to have

antibody titres against

selected diseases 

Passive immunity is provided by pre-formed

antibodies and only lasts as long as the

antibodies persist (a few weeks)

0 - Most of the uses of immunoglobulins are 
specialized.
Normal immunoglobulin:• 

Intravenous immunoglobulin is given:• 
—to treat congenital agammaglobuli-

naemia and hypogammaglobulinaemia, and after bone marrow 
transplant.

—to treat idiopathic thrombocytopenic purpura, Kawasaki’s disease, 
Guillan–Barré syndrome.

Can be given to treat and prevent measles, mumps, rubella, and • 
hepatitis A.
Sometimes given for severe myasthenia gravis with bulbar - 

involvement, before more defi nitive treatment (unlicensed use).
Specifi c immunoglobulin is used to treat:• 

Tetanus, rabies, hepatitis B, varicella zoster infection (chickenpox), • 
cytomegalovirus (CMV).
Anti-D immunoglobulin is given to prevent haemolytic disease of the • 
newborn (see ’Prevention of rhesus disease’ box, b p. 721).

1 - Do not give immunoglobulins to patients known to have class-specifi c 
antibodies to IgA.
The protection that immunoglobulins offer depends on pre-formed • 
antibodies. Unlike active immunity, there can be no adaptive response.
Prevention is more effective than treatment with immunoglobulins. • 
When a vaccine is available this is recommended.

Do not give live viral vaccine for 3 weeks before and 3 weeks after • 
an immunoglobulin has been given—it interferes with the immuno-
logical response. See b Vaccines, p. 728.

4 - Immunoglobulin treatment is usually reserved for patients with severe 
disease or who are at particular risk of severe disease (e.g. immuno-
compromised patients).

In almost all cases, immunoglobulin does not confer complete pro-• 
tection; prior active immunization is preferred.
Seek expert advice. Detailed information is available in the UK • 
Government publication Immunisation against infectious disease (‘The 
Green Book’) (available from M http://www.dh.gov.uk/greenbook).

These are polyclonal 
blood products. 
Monoclonal 
antibodies have a
number of other 
clinical uses, for 
example:
- Abciximab for acute 

coronary syndromes
- Anti-TNF antibodies 

for rheumatoid 
arthritis

- Infl iximab for 
rheumatoid arthritis 
and ankylosing 
spondylitis

- Rituximab for 
advanced follicular 
lymphoma.

- Trastuzumab for 
breast cancer.
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Chickenpox (varicella zoster) and pregnancy
- Chickenpox during the 1st trimester can cause limb hypoplasia and loss of the 

fetus (1–2%). Maternal infection in the 2nd or 3rd trimester is less likely to affect 
development of the baby. Maternal infection in the last week of pregnancy or 
the fi rst 28 days of life can cause infection in the baby; this can be severe and life 
threatening.

- There is also a risk of varicella pneumonia. The risk is not increased by 
pregnancy, but 5–15% of adults who contract chickenpox will get pneumonia.

- Passive immunization with varicella immunoglobulin (VZIG) is recommended in 
the following circumstances (always seek expert advice as well):

- For the mother:
Chickenpox in the 1• st trimester or last 21 days of pregnancy.

- For the baby:
If the mother develops chickenpox (or is exposed to chickenpox) in the last • 
week of pregnancy.
If the baby is exposed in the 1• st week of life.
If the baby is premature (<28 weeks of gestation).• 
Despite this, over half the infants exposed will develop chickenpox. This • 
should be managed by an expert.
VZIG prophylaxis is not required if:• 
—the baby is born >7 days after the start of the maternal infection;
—the mother develops zoster (shingles).

- The following types of patients may also benefi t from passive immunization if 
they are exposed to chickenpox:

Those who are immunosuppressed (e.g. after transplantation).• 
Those taking corticosteroids.• 
Those who have symptomatic HIV infection.• 
Those who have immunoglobulin defi ciency.• 
Seek expert guidance.• 

Prevention of rhesus disease

Rhesus-positive

baby

Haemolytic disease

of the newborn 

Minor effect on the first child 

but can be severe in a second 

rhesus-positive child

Immune

response 

Anti-D

X

Rhesus-positive 

red cells

Rhesus-negative

mother

- Anti-D immunoglobulin should be given to the mother:
Within 72 hours of birth, abortion, or miscarriage.• 
Routine prophylaxis (at 24 and 34 weeks of gestation) in all rhesus-negative • 
women. Also give postpartum.

- The dose is 500 units.
-  Do not give measles, mumps, and rubella (MMR) vaccine within 3 months of 

giving anti-D immunoglobulin.
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6 - Immunoglobulins can cause hypersensitivity reactions, most commonly 
fever and chills.

Anaphylaxis is rare.• 
These products are screened for hepatitis B and C and HIV, but they • 
cannot be guaranteed to be free from other, as yet unidentifi ed, 
infections.

7 - Immunoglobulins are not usually subject to drug–drug interactions.
Note the advice given earlier in this topic regarding live vaccines.• 

8 Effi cacy
The effi cacy of immunoglobulins is measured in terms of the clinical • 
response. They are rarely completely effective; other treatment will 
usually be required.

9 - Warn at-risk patients to avoid others with chickenpox and to report 
any inadvertent exposure immediately. See box (b p. 721) for a list of 
those at risk and advice about pregnancy and newborn babies.

Prescribing information: Immunoglobulins

Seek expert advice. Consult Immunisation against infectious disease (‘The Green 
Book’): M http://www.dh.gov.uk/greenbook.

In the UK there is a national demand management plan for intravenous immu-
noglobulin to support the increased demands for the product in the face of 
limited supply. Local regulations will differ but for general advice consult the 
national website at M http://www.ivig.nhs.uk/
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Interferons
Naturally occurring peptide cytokines

Interferons are naturally occurring peptide 
cytokines, most commonly produced in 
response to viral infections. They have several 
actions:
- Antiviral actions.
- Antiproliferative actions.
- Immunomodulatory actions.

For this reason, they have applications in 
several clinical settings, but are not very 
specifi c in their effects.

0 - All the uses of these drugs are 
specialized.
Interferon alfa (and peginterferon • 
alfa):

Treatment of chronic infection • 
with hepatitis B or C virus in 
selected patients.
The pegylation process (covalent • 
attachment of polyethylene glycol 
polymer chains) increases the 
half-life of the interferon 
molecule.
Clinical trials suggest that • 
response rates among people 
with moderate or severe disease 
are signifi cantly higher with 
peginterferon therapy than 
with interferon.

Interferon beta:• 
Has been used to reduce the • 
number of attacks in relapsing–
remitting multiple sclerosis.
However, the use of interferon • 
beta and glatiramer (see box) 
for this indication is not 
recommended by NICE.

Interferon gamma is given for • 
chronic granulomatous disease 
to reduce the risk of serious 
infections.
Interferons alfa and gamma are given • 
as part of some specialized regimens 
for the treatment of cancer.

Drugs in this class

Interferon alfa
- Treatment of hepatitis B and C.
- Hairy-cell leukaemia.
- AIDS-related Kaposi’s sarcoma.

Interferon beta
- Relapsing–remitting multiple 

sclerosis.

Interferon gamma
- Chronic granulomatous 

disease.

Other drugs used in 
conjunction with interferons

Lamivudine (3TC)
- Nucleoside reverse 

transcriptase inhibitor.
- Licensed for use in chronic 

hepatitis B infection, in 
selected patients, and in 
combination with other drugs 
for the treatment of HIV 
infection. Principal use in 
chronic hepatitis B is for 
patients who require a 
transplant, or who have 
decompensated cirrhosis.

Ribavirin
- A nucleoside analogue.
- Licensed for use with 

interferon alfa for chronic 
hepatitis C, and for severe 
respiratory syncitial virus 
infection in children.

- Teratogenic; must exclude in 
pregnancy.

- Most important adverse effect 
is a haemolytic anaemia; 
monitor full blood count.

Glatiramer

Immunomodulating  synthetic 
peptide. Reduces infl ammation 
around nerves. Licensed for use 
in the treatment of multiple 
sclerosis. Similar effi cacy to 
beta interferon. Not 
 recommended by NICE.
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1 - Avoid interferons if the patient has severe or decompensated hepatic 
insuffi ciency.
Avoid interferons during pregnancy, unless the indication is compelling.• 
Avoid interferons if the patient has:• 

Poorly controlled epilepsy.• 
Suicidal ideation.• 

The following are contraindications to the use of interferon alfa for the • 
treatment of hepatitis B or C:

Intravenous drug use (high risk of reinfection).• 
Alcohol abuse with liver damage.• 

4 - Interferons are given by subcutaneous injection.
See guanine analogues (• b p. 422) for advice on the approach to viral 
infections.

Treatment of hepatitis B or C (interferon alfa)
The effectiveness is relatively low. Prevention is much more effective • 
than treatment.

Immunization for hepatitis B• 
Universal precautions for hepatitis B and C (e.g. protective gloves • 
and eye wear)

Peginterferon alfa has now largely replaced interferon alfa. Selecting • 
the patients who are most likely to benefi t is crucial. Seek expert 
advice.

It is recommended that treatment be stopped if there has been no • 
response after 3 months.
Do not give if the patient is taking other immunosuppressant drugs.• 
Selected patients benefi t from treatment with lamivudine (see box, • 
b p. 724).

The decision on whether a patient with mild chronic hepatitis C • 
should be treated immediately or should wait until the disease has 
reached a moderate stage (‘watchful waiting’) should be made by the 
patient after fully informed consultation with the responsible clinician. 
The decision to treat need not depend on a liver biopsy to determine 
the stage of the disease if treatment is initiated immediately. However, 
a biopsy may be recommended by the clinician for other reasons or if 
a strategy of watchful waiting is chosen.
Early treatment of hepatitis C infection with interferon alfa can reduce • 
persistence, but this indication is unlicensed.
NICE recommends the use of interferon alfa with ribavirin for the • 
treatment of chronic hepatitis C. The combination increases the 
response rate from 16% to 41% at 48 weeks.
Second or subsequent courses of treatment are not recommended for • 
people who have been treated with a fi rst course of either combina-
tion therapy or monotherapy with peginterferon alfa if they have not 
had an early response (as indicated by reduction in viral load at 
12 weeks).

Treatment of multiple sclerosis (interferon beta)
Relapsing–remitting multiple sclerosis is defi ned as at least two attacks • 
of neurological dysfunction in the previous 2–3 years followed by 
complete or incomplete recovery.
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Interferon beta 1b is licensed for use in secondary progressive multiple • 
sclerosis.
The results of clinical trials suggest that these drugs prevent one • 
relapse per patient every 2.5 years. The natural history of relapsing–
remitting multiple sclerosis is very variable, and this effect was not felt 
to be suffi cient to allow NICE to recommend the use of these drugs in 
the NHS in the UK.
Therapy for multiple sclerosis requires a multidisciplinary approach to • 
address:

The symptoms that result from neurological impairment (e.g. speech • 
therapy).
The emotional and social consequences of neurological disability.• 
Treatment of acute relapses with corticosteroids.• 
Consideration of treatment with disease-modifying drugs.• 

6 - Adverse effects from these drugs are common.
The most common is a fl u-like syndrome, characterized by fever, • 
chills, myalgia, headache, nausea, vomiting, and malaise.
Injection site reactions are also common.• 

The following adverse effects are uncommon but serious:• 
Bone marrow suppression.• 
Hepatotoxicity.• 
Hypersensitivity reactions.• 
Psychiatric reactions, including suicidal ideation.• 
Thyroid dysfunction (interferon beta 1b).• 

7 - The effectiveness of these drugs in, for example, chronic viral hepatitis, 
is increased by combination with another drug (see b Treatment of 
hepatitis B or C (interferon alfa), p. 725).

8 Safety and effi cacy
Monitoring the action of interferon alfa in chronic viral hepatitis is • 
complex and should be directed by a specialist. This includes 
assessment of liver function and viral DNA (hepatitis B) or RNA 
(hepatitis C). It may also include monitoring for the appearance of 
drug-resistant forms.
The duration of treatment should vary according to the licensed • 
indications of the chosen drug, the genotype of the virus, the initial 
viral load, the response to treatment, and the treatment regimen 
chosen.
Patients should be seen weekly for the fi rst 4 weeks of treatment and • 
then monthly for 6 months to check for haemolysis and changes in 
thyroid activity.
The standard measurement of the effectiveness of treatment, in • 
people with chronic hepatitis C, is the virological response rate 
sustained for 6 months (known as the sustained virological 
response rate).
The manufacturers of interferon beta recommend monitoring liver • 
function tests in patients with multiple sclerosis.

9 - Warn patients that these drugs can cause a fl u-like syndrome; some 
fi nd it intolerable.
Make sure that the patient understands that the effectiveness of these • 
drugs is modest.
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Prescribing information: Interferons
Dosage regimens are complex and should be directed by a specialist.
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Vaccines
Stimulants of active immunity

- Immunization with vaccines is one of the most effective (and cost-effective) 
means of reducing the burden of human disease.

- Vaccines stimulate the immune system, producing active immunity; this is in 
contrast to short-lived passive immunity provided by immunoglobulins (see 
b Immunoglobulins, p. 720). Active immunity has a cellular component 
(mediated by T cells) and a humoral component (mediated by antibodies from 
B cells). Vaccines usually produce both, but the relative importance of each 
depends on the vaccine; for example, BCG immunization produces cell-
mediated immunity, whereas measles vaccine produces a long-lasting antibody 
response. The immunogenicity of vaccines can be increased by the inclusion of 
molecules such as aluminium hydroxide; these are called adjuvants.

- Vaccines are of two broad types—those that are based on live (attenuated) 
organisms (e.g. rubella, pertussis), and those based on immunizing components 
of the organism (e.g. tetanus toxoid).

- Vaccines are usually given to prevent disease, and are especially important for 
the prevention of viral disease, for which treatments are often poor.

0 - Vaccines are given:
As part of a childhood preventive programme (e.g. MMR).• 
To prevent disease in healthy groups identifi ed to be at special risk • 
(e.g. hepatitis B vaccine for healthcare workers, rubella vaccine for 
non-immune pregnant women).
To prevent disease in patients with diseases that put them at • 
increased risk (e.g. infl uenza vaccine for patients with chronic lung 
disease).
To prevent diseases in travellers (e.g. typhoid, Japanese B • 
encephalitis).

See later in this section for the UK immunization schedule.• 
1 - Immunization should be postponed if the patient has an acute systemic 

illness; postponement is not necessary for focal or minor illnesses.
Do not give a vaccine to a patient who has a defi nite history of a • 
severe local or generalized reaction to previous vaccines. Seek 
specialist advice, so that a proper assessment of potential harms and 
benefi ts can be made.
Some vaccines contain small amounts of polymyxins or neomycin; • 
avoid them if the patient is hypersensitive to these drugs.
Patients with anaphylaxis to egg protein should not be given infl uenza • 
or yellow fever vaccine.
Live vaccines (e.g. polio) should not usually be given to women who • 
are pregnant, because of a theoretical risk to the fetus. If, however, the 
risk of harm from the disease is great (e.g. yellow fever), immunization 
is justifi ed.
Live vaccines should not be given to:• 

Patients receiving cytotoxic chemotherapy or generalized • 
radiotherapy.
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Patients receiving immunosuppressive doses of corticosteroids • 
(>40 mg/day prednisolone equivalents in adults).
Patients who have received a bone marrow transplant in the last • 
6 months.
Patients with inherited disorders of cell-mediated immunity; minor • 
defi ciencies of antibody formation are not a contraindication.

Patients with acquired immunodefi ciency due to HIV infection are a • 
special case (see M http://www.bhiva.org for more details). They 
should be offered immunization against:

Measles, mumps, and rubella (live vaccines) if the CD4 count is • 
>200 × 106/L.
Pertussis, diphtheria, tetanus, inactivated polio, typhoid, cholera, • 
hepatitis A, hepatitis B, and Haemophilus infl uenzae type b (Hib), 
meningococcus, pneumococcus, and rabies (inactivated vaccines).
They should not be given BCG vaccine or oral typhoid vaccine; in • 
addition, there is insuffi cient evidence to recommend routine yellow 
fever vaccine.

Do not give intramuscular injections to patients with a bleeding • 
tendency.
There is a theoretical risk of congenital malformation from live • 
vaccines given during pregnancy, but the benefi t/harm balance must be 
assessed on an individual basis.

4 - It is beyond our scope to include details of all vaccines. Detailed advice 
is available from the UK Department of Health at M http://www.dh.
gov.uk.
You should obtain consent before giving any vaccine. This is especially • 
important when giving vaccines to children; parents and guardians 
should be given an opportunity to make their wishes known.
Most vaccines need to be stored in a refrigerator; care should be taken • 
to confi rm that they have been stored correctly. This has been one 
barrier to their widespread availability in developing countries.
If you plan to give two vaccines at the same time, check that they are • 
compatible and record the sites of administration of each in case there 
is a local reaction.
A few vaccines are given by mouth (e.g. oral polio vaccine), but most are • 
injected. It is very important that they are injected into the correct site 
(usually the lateral thigh); check the packaging for detailed instructions.
BCG is the most common vaccine given by intradermal injection. The • 
needle (25 gauge) should be inserted at an angle almost parallel to the 
skin 2 mm into the dermis. Injection should be against considerable 
resistance and should raise a bleb.
Almost all other vaccines are given by deep subcutaneous or intramus-• 
cular injection; a 23-gauge needle is used and the angle of injection is 
close to perpendicular to the skin.

In infants, the anterolateral aspect of the thigh (vastus lateralis • 
muscle) is recommended. For immunization against hepatitis B and 
infl uenza in adults and older children, use the deltoid muscle; other-
wise use the vastus lateralis.

Tetanus toxoid immunization should be offered to all patients who • 
present with a wound potentially contaminated by soil or manure, 
unless they have received a booster within the past 10 years. For treat-
ment of tetanus see b p. 413.
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For information on the treatment and prevention of infl uenza, • see b 
p. 426.

6 - Local reactions at sites of injection are common and can indicate a 
good antibody response. These reactions can be accompanied by local 
lymph node enlargement.
Some vaccines can cause systemic fever, headache, and malaise; this • 
usually lasts only a few days.
Hypersensitivity to the constituents of some vaccines (e.g. egg albumin, • 
neomycin) can occur and can be severe. See cautions earlier.
Live vaccines can cause severe local reactions, or even systemic infec-• 
tions in patients with impaired immune responses. See the cautions 
earlier for groups that should not be given live vaccines.

Measles, mumps, and rubella vaccine (MMR)
- Controversy has surrounded the MMR vaccine since it was suggested that there 

was a link between exposure to the vaccine and the development of intestinal 
infl ammation and autism.

- However, the evidence is overwhelming that there is no such link.
- Despite this, members of the public remain confused about the safety of MMR.
- There has been a suggestion that the vaccines should be given singly, but this is 

not recommended. Children remain susceptible to disease for longer if the 
vaccines are given singly, and several cases of disease in part-immunized children 
have been reported.

- This is an area that engenders strong emotions, and you should be prepared to 
discuss it with concerned parents. 

- Immunization rates in the UK have now fallen to a level at which epidemics can 
be expected. 

7  - Live vaccines should not be given to patients who are receiving cyto-
toxic chemotherapy or immunosuppressive doses of corticosteroids; 
there is a risk of severe local reactions and systemic infection.

8 Effi cacy
The immune response to most vaccines is not measured routinely. • 
However, the following are commonly assessed.

Hepatitis B (HBV)
Measure the concentration of anti-HBs antibodies 2–4 months after a • 
course of immunization (Table 14.1).

Table 14.1 Monitoring effi cacy of hepatitis B vaccination

Anti-HBs antibody 
concentration (miu/mL)

Recommended 
response

Comments

<10 (‘non-responder’) Repeat course of 
immunization

Require HBIg if 
exposed to infection

10–100 (‘poor response’) Give booster dose 
immediately and re-test

>100 (‘good response’/
protective)

Booster usually 
recommended after 
5 years

Duration of protection 
not fully characterized
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Rubella
Measure the anti-rubella antibody concentration and offer • 
immunization to all women of childbearing age if they have not been 
immunized.
Measure the anti-rubella antibody concentration in all women at • 
antenatal screening, whether they have been immunized or not. 
If the result is negative, give rubella vaccine after delivery and before 
discharge from the antenatal unit. Warn women who do not have 
anti-rubella antibodies of the risks of rubella infection to the 
unborn child.

BCG
The role of BCG immunization in the protection of the general • 
population against TB is undergoing revaluation. You should perform a 
tuberculin skin test before giving BCG vaccine. If the test is positive, 
BCG should not be given; it is unnecessary and can cause severe 
reactions. Two tuberculin skin tests are recommended—the Heaf test 
and Mantoux test. The proper administration and interpretation of 
these tests requires training, and you should seek advice (e.g. from 
a specialist nurse) before undertaking them.

9 - Warn the patient about local reactions and the possibility of a systemic 
response.
See box (• b p. 730) for specifi c advice about the MMR vaccine.
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UK immunization schedule
This is offered as a general guide; it is correct at the time of going to 
press, but you should check the BNF and government guidance 
documents regularly, as the schedule is frequently updated.

During the 1st year of life
Adsorbed diphtheria, tetanus, and acellular pertussis vaccine (DTaP) • 
plus
Inactivated poliomyelitis vaccine (IPV) • plus
Haemophilus infl uenzae•  type b vaccine (Hib)

3 doses given at intervals of 4 weeks; give the fi rst dose at • 
2 months of age.

Pneumococcal conjugate vaccine (PCV):• 
2 doses given at 2 months and 4 months.• 

Meningococcal group C conjugate vaccine:• 
2 doses given at 3 months and 4 months.• 

BCG vaccine (for neonates at risk only).• 
Hepatitis B vaccine for neonates at risk only.• 

During the 2nd year of life
Measles, mumps, and rubella (MMR) vaccine, live • plus
PCV • plus
Meningococcal group C conjugate vaccine • plus
Haemophilus infl uenzae•  type b  (Hib) vaccine:

Each single dose given at 12–15 months of age.• 

Before school or nursery school entry
Give single booster doses of:
Adsorbed diphtheria, tetanus, and acellular pertussis vaccine (DTaP) • 
plus.
IPV • plus
MMR vaccine, live:• 

MMR can be given at same session as DtaP vaccine, but use a • 
separate syringe and needle, and use a different limb.

Before leaving school or before employment or further 
education
Adsorbed diphtheria (low dose) and tetanus vaccine for adults and • 
adolescents plus.
IPV.• 
Human papillomavirus (HPV) vaccine; girls only, aged 12–13; three • 
doses over 6 months.
Note:•  adsorbed diphtheria and tetanus vaccine (DT/Vac/Ads(Child)) 
is not to be used in children aged over 10 years or in adults.

During adult life
Adsorbed diphtheria (low dose), tetanus, and IPV (if not previously • 
immunized).

3 doses at intervals of 4 weeks.• 
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A booster dose given 10 years after the primary course and again • 
5–10 years later maintains a satisfactory level of protection.
No adult should remain unimmunized; booster doses for adults are • 
not necessary unless they are at special risk, such as health-care 
workers in possible contact with poliomyelitis and travellers to areas 
where poliomyelitis is epidemic or endemic.

Rubella vaccine (as MMR), live (for susceptible women of childbearing • 
age):

A single dose. See monitoring notes earlier.• 
Note:•  DT/Vac/Ads(Child) is not to be used in children aged over 
10 years or in adults.

Treatment of patients without a spleen
- Patients without a spleen, or who have functional hyposplenism, are at risk of 

bacterial infections, especially those caused by encapsulated organisms.
- Whenever possible, patients should be offered immunization against the 

following at least 2 weeks before the removal of the spleen:
Pneumococcus. Measure the titre of all 23 pneumococcal antibodies • 
6 weeks after immunization. If the titres are low, seek expert advice.
Haemophilus infl uenzae•  type b.
Infl uenza.• 
Meningococcus types A and C.• 

- If prior immunization is not possible, it should be given as soon as possible; 
asplenia is not a contraindication to immunization.

- In addition, patients should be warned about the risks of bacterial infection, 
should receive a patient information card, and should be given antibiotic 
prophylaxis before any dental or surgical procedures.

- Patients should take phenoxymethylpenicillin 500 mg bd (or erythromycin 250 
mg bd if there is penicillin allergy). A 3-day supply of amoxicillin should be 
issued, and the patient should be told to take 1 g at the fi rst sign of infection and 
500 mg tds thereafter; they should also be advised to seek medical attention 
immediately.

TEACHING 
POINT
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Palliative care
Many forms of care do not affect the underlying pathology of disease • 
and could be considered palliative in the sense that they only relieve 
symptoms. However, the term ‘palliative care’ has traditionally been 
associated with terminal care of patients with cancer.
One of the principles of palliative care is to focus on the problems that • 
are of greatest concern to the patient, rather than those of most 
interest to healthcare professionals. This approach, developed in the 
care of patients with terminal cancer, is now applied to the care of 
patients with other terminal conditions, such as emphysema and heart 
failure.
Relief of symptoms is an essential goal of many drug treatments, and • 
guidance on this is threaded throughout this book. The following 
topics are commonly associated with palliative care:

Relief of pain  • b pp. 735–778.
Starting oral morphine • b p. 758.
Relief of itch  • b p. 691.
Pruritus  • b p. 689.
Vomiting  • b p. 66.

Use of syringe drivers
In most cases, drugs used in palliative care can be given by mouth, • 
but a parenteral route is sometimes required. Reasons for parenteral 
administration include severe nausea and vomiting or bowel 
obstruction.
Syringe drivers deliver drugs by continuous subcutaneous infusion. • 
There are two kinds: those that run at a fi xed rate, and those that can 
run at variable rates. The wording of the prescription for each is 
different. Familiarize yourself with the machines that are used in your 
area, so that errors and confusion do not occur.
Diamorphine is the drug that is most commonly given by a syringe • 
driver. Diamorphine is preferred to morphine because it is more 
soluble. As a general guide, the equivalent dose of subcutaneous 
diamorphine over 24 hours is about one-third to a half of the total 
daily dose of oral morphine (see b p. 754).
Solutions for subcutaneous administration are usually dissolved in • 
sterile water for injection, because drugs are more soluble in water 
than isotonic saline.
The following drugs can be mixed with diamorphine for subcutaneous • 
infusion:

Cyclizine—an antiemetic.• 
Dexamethasone—a corticosteroid.• 
Haloperidol—an antipsychotic drug that can be used to treat nausea • 
and vomiting.
Levomepromazine—an antipsychotic drug given for its sedative effect.• 
Metoclopramide—an antiemetics.• 
Midazolam—a benzodiazepine given for its sedative and antiepileptic • 
actions.
Hyoscine hydrobromide• *—an antimuscarinic drug given to reduce 
excessive respiratory secretions.
Hyoscine butylbromide• *—an antimuscarinic drug given to relieve 
bowel colic.
*• Take care—the dosages of these drugs are very different.
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Paracetamol (acetaminophen)

Paracetamol was fi rst used in clinical practice in 1893, but 
its mechanism of action remains unclear. It is probable that it involves 
inhibition of cyclo-oxygenase enzymes, but the site (brain or 
periphery) has not been fully established.

0 - Analgesic, for the treatment of mild to moderate pain.
Antipyretic.• 

1 - Paracetamol is metabolized by the liver and can cause hepatic toxicity. 
Avoid in patients with hepatic impairment, especially if acute.
Paracetamol is not known to be harmful in pregnancy.• 
No dosage adjustment is usually required in renal insuffi ciency.• 

4 Analgesia
As with all analgesics, paracetamol is most effective when given • 
regularly (see teaching point box, b p. 740).
If additional breakthrough analgesia is required, add an opiate such as • 
codeine or dihydrocodeine.
Combination formulations are not recommended, since a regular • 
opiate is not usually required. In addition, combination formulations 
are associated with increased mortality when taken in overdose.
Paracetamol is available over the counter in blister packs containing up • 
to 32 tablets. There is evidence that the introduction of limited size 
blister packs has reduced the frequency and severity of paracetamol 
overdose.

6 - Paracetamol is usually very well tolerated; at therapeutic dosages 
adverse effects are rare.
Paracetamol can be given orally as tablets or suspension, rectally as • 
suppositories, or by intravenous infusion; the last should be reserved 
for patients who are comatose and in whom an opioid analgesic is not 
indicated.
In rare cases, paracetamol causes a rash or blood disorders.• 
Long-term frequent use can cause analgesic nephropathy and • 
analgesic-overuse headache.

Overdose
Paracetamol is the drug that is most commonly taken in deliberate • 
overdose in the UK.
Individuals vary up to 50-fold in their ability to metabolize paracetamol. • 
Toxic dosages can vary enormously.
Measure the plasma paracetamol concentration 4 hours after the over-• 
dose was taken or later. Concentrations measured before this time 
can be falsely reassuring, since not all of the drug may have been 
absorbed.
Certain groups of patients are at increased risk of liver toxicity from • 
paracetamol:

Patients in whom hepatic enzymes have been induced (e.g. those • 
taking carbamazepine or phenytoin, chronic alcoholics).
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Patients with poor antioxidant reserve: those who are poorly • 
nourished or anorexic, and those with cancer or other chronic 
debilitating illnesses including HIV.

For details on treatment of paracetamol toxicity, • see acetylcysteine 
(b p. 700).

7  - Regular paracetamol (e.g. 1 g 4 times daily for 1 week) can increase the 
INR in patients taking warfarin. Avoid it if possible, but if not measure 
the INR more frequently if the patient requires regular analgesia. 
Intermittent doses are unlikely to produce a measurable adverse 
effect.

8 Effi cacy
Ensure that your analgesia regimen is providing adequate relief from • 
pain. Review the patient regularly.

9 - Remind the patient of the maximum daily dosage (4 g) and that many 
different over-the-counter treatments may also contain paracetamol.

Prescribing information: Paracetamol
Analgesia

By mouth or rectum 500–1000 mg every 4–6 hours up to a maximum of • 
4 g daily.
By intravenous infusion over 15 minutes 1 g every 4–6 hours up to a • 
maximum of 4 g daily.

Analgesic-overuse headache

Analgesic overuse by patients who have frequent headaches often pro-• 
duces a syndrome characterized by daily headache accompanied by 
dependence on symptomatic medications and refractoriness to prophy-
lactic medications.
It is associated with the use of the following:• 

Codeine.• 
Paracetamol—especially if combined with codeine (e.g. co-codamol).• 
Aspirin and NSAIDs such as ibuprofen, naproxen, diclofenac.• 
Triptans used for migraine.• 
(Ergotamine—now rarely used.)• 

The key to management is to stop the drug causing medication-overuse • 
headache. 

This will initially cause the headaches to worsen; subsequent improve-• 
ment usually occurs within several weeks, but can take several months. 

If symptomatic treatment is required, replace the causative drug  with an • 
NSAID given regularly.
If the causative drug is an NSAID (or the person is intolerant of NSAIDs), • 
replace it with amitriptyline.

TEACHING 
POINT
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The analgesic ladder for the treatment of 
postoperative pain

- Many medical procedures cause predictable pain. The following table has been 
developed for the treatment of postsurgical pain, but it can usefully be applied to 
other procedures.

- Regular analgesia is more effective than ‘as-required’ treatment. If pain is 
predictable, give analgesia early and regularly enough to control the pain. Pain is 
easier to prevent than to control once it has occurred.

- Individuals vary greatly in their analgesic requirements. Pain is what the patient 
says it is; treat it appropriately.

- The table is based on analgesic drugs, but do not forget to consider the cause of 
the pain. For example, glyceryl trinitrate is not an analgesic but is very effective 
for ischaemic cardiac pain because it treats the cause. If the patient has pain from 
a pressure sore, the most appropriate treatment is a pressure-relieving mattress, 
rather than large doses of analgesics.

Severity Nature of procedure Suggested treatment

Mild Day case/inpatient on 
discharge

Regular paracetamol

Mild–moderate Day case/inpatient on 
discharge

Regular paracetamol 
+ as-required mild opioid 
(codeine, dihydrocodeine)

Moderate–severe Day case/inpatient Regular paracetamol 
+ as-required mild opioid 
(codeine, dihydrocodeine) 
+ NSAID

Severe Inpatient Intravenous/intramuscular opioid 
(e.g. morphine) +NSAID

Very severe Inpatient (e.g. bowel 
resection)

Patient-controlled analgesia (PCA); 
usually morphine + NSAID

Excruciating Inpatient (e.g. 
oesophagectomy)

Epidural opioid + local anaesthetic

TEACHING 
POINT
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Non-steroidal anti-infl ammatory drugs 
(NSAIDs)
Inhibitors of cyclo-oxygenase

Inhibited by

NSAIDs

Arachidonic

acid 

Thomboxane and 

prostaglandins 

Cyclo-oxygenase 1

(constitutive)

Cyclo-oxygenase 2

(inducible)

Prostaglandins

This scheme is very simplified.

Protection of

the gastric

mucosa  

Inflammation and pain

0 - Analgesic and anti-infl ammatory drugs, 
especially:

In chronic infl ammation:• 
—rheumatoid arthritis;
—severe osteoarthritis;
—chronic back pain.
In acute injury with infl ammation.• 
Dysmenorrhoea.• 
Pain from lytic bone metastases.• 

1 - NSAIDs can cause gastrointestinal bleeding.
Do not give them to patients with active • 
peptic ulceration.
Do not give them to patients with a history • 
of gastrointestinal bleeding.
Elderly patients are at greater risk; consider • 
very carefully before giving them any NSAID.
Renal or hepatic insuffi ciency increases the • 
risk (see also see b p. 744).
Acute severe illness increases the risk.• 

Because these drugs can cause gastrointestinal • 
bleeding, they should not be given with antico-
agulant drugs unless accompanied by a PPI 
(see b p. 35).
NSAIDs can cause bronchospasm and worsen • 
the control of intrinsic asthma.
NSAIDs can worsen renal function; avoid • 
them in renal insuffi ciency.

They can cause fl uid retention, which will • 
worsen hepatic or cardiac failure.

Pregnant women:• 
Avoid NSAIDs if possible.• 
Risk of intrauterine bleeding and closure of • 
ductus arteriosus in utero.
Can delay the onset and increase the dura-• 
tion of labour (occasionally used to delay 
labour; specialized use).

NSAIDs
- Non-selective:

Aceclofenac• 
Acemetacin• 
Azapropazone• 
Dexketoprofen• 
Diclofenac• 
Etodolac• 
Fenbufen• 
Fenoprofen• 
Flurbiprofen• 
Ibuprofen• 
Indometacin• 
Ketoprofen• 
Ketorolac• 
Nabumetone• 
Naproxen• 
Phenylbutazone• 
Piroxicam• 
Sulindac• 
Tenoxicam• 
Tiaprofenic acid• 
Tolfenamic acid• 

- Relatively COX-2 
selective (‘coxibs’):

Celecoxib• 
Etoricoxib• 
Meloxicam• 

- Note that aspirin is 
an NSAID at high 
dosages

- Mefenamic acid:
Has only minor • 
anti-infl ammatory 
properties
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4 - When given in single doses these drugs are only as effective as 
paracetamol, which is safer and is the drug of choice for intermittent 
mild pain.
See box for selection guidance.• 
To achieve an anti-infl ammatory effect these drugs need to be given • 
regularly.

A full analgesic effect is usually achieved within 1 week.• 
The full anti-infl ammatory effect can take 3 weeks to develop.• 

The principal problem with these drugs is their propensity to cause • 
gastrointestinal bleeding; avoid them in patients who are at high risk 
(see earlier cautions). If the patient is of intermediate risk consider the 
following factors:

Use a drug that is effective but has the lowest risk of bleeding.• 
Give the drug for the shortest possible time.• 

Many patients require long-term treatment; consider gastroprotection • 
with misoprostol or a PPI.
Drugs that are selective inhibitors of COX-2 have a lower risk of • 
gastrointestinal haemorrhage. See box, b p. 746, for a fuller 
discussion.
Enteric-coated tablets may reduce the incidence of dyspeptic • 
symptoms, but do not reduce the risk of gastrointestinal bleeding.

Drug selection guidance for non-selective NSAIDs

If an NSAID is appropriate, choose a drug that carries the lowest risk of gastrointes-
tinal haemorrhage while offering the desired anti-infl ammatory activity. The anti-
infl ammatory potency of these drugs is roughly proportional to the risk of causing 
gastrointestinal haemorrhage. The differences between the drugs in the interme-
diate categories are small

Risk of bleeding/anti-infl ammatory potency

Low Low–inter-
mediate

Inter-
mediate

Inter-
mediate–
high

High

‘Benchmark’ 
drug

Ibuprofen Diclofenac Indo-
metacin

Piroxicam Azapropazone

Other 
options

Fenbufen, 
fl urbiprofen, 
nabumetone, 
naproxen, 
tenoxicam

See • b p. 740 for the place of NSAIDs in the analgesic ladder.
Some NSAIDs are available as topical over-the-counter formulations • 
for acute muscle injury. The evidence for their effectiveness is slight.
Some non-selective NSAIDs may be associated with a small increased • 
risk of thrombotic events such as heart attack or stroke. 

Evidence for diclofenac suggests that it has a thrombotic risk profi le • 
similar to that of at least one coxib (etoricoxib) and possibly others.
There is some evidence that naproxen may have a lower risk of • 
heart attacks or strokes than selective COX-2 inhibitors.
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Ibuprofen is a non-selective NSAID that has been available in low • 
doses for many years as an over-the-counter medicine for short-
term use; current evidence does not suggest an increased throm-
botic risk for short-term, low-dose treatment with ibuprofen, but 
high-dose ibuprofen may be associated with a small increased 
thrombotic risk.
Less evidence is available for other NSAIDs, but it is possible that • 
they may be associated with a small risk of thrombotic events, 
especially with long duration of treatment and high doses.

6 - In addition to the risk of gastrointestinal haemorrhage, NSAIDs 
commonly cause nausea and dyspeptic 
symptoms.
NSAIDs can cause a rash.• 

This can be severe, including toxic • 
epidermal necrolysis or 
Stevens–Johnson syndrome.
The risk of rash is greatest with fenbufen • 
and azapropazone.

NSAIDs can cause bronchospasm. Some • 
patients with asthma can tolerate them, but 
they are contraindicated.

Do not give NSAIDs to patients with • 
aspirin allergy.

NSAIDs can be nephrotoxic and can cause • 
an interstitial nephritis. Stop them if the 
patient has or develops renal insuffi ciency, 
or if they suffer an acute illness that may 
transiently worsen renal function.
NSAIDs can cause an aseptic meningitis; this is very rare, but the risk is • 
greater in patients with systemic vasculitis (e.g. systemic lupus 
erythematosus).
Do not inject NSAIDs into the lateral thigh, because there is a risk of • 
muscle necrosis; use the gluteal area instead, since injection into the 
gluteal region does not usually reach the muscle.
Phenylbutazone can cause an acute pulmonary syndrome associated • 
with fever and dyspnoea, and the risk of neutropenia and aplastic 
anaemia is high. Its use is now limited to inpatient treatment of 
ankylosing spondylitis under the direction of a specialist.
Tiaprofenic acid can cause cystitis.• 
Mefenamic acid is effective for the treatment of dysmenorrhoea and • 
menorrhagia, but has few anti-infl ammatory properties. It can cause a 
haemolytic anaemia and severe diarrhoea. In overdose it can cause 
convulsions (treat these with diazepam).

Other NSAIDs are also licensed for the treatment of • 
dysmenorrhoea.

7 - Take care when giving NSAIDs to patients taking drugs that increase 
their risk of bleeding: warfarin, antiplatelet drugs (e.g. aspirin), and 
corticosteroids.

In some cases this increased risk will be justifi ed, but ensure that you • 
have considered it before prescribing the drug.

Risk factors for 
NSAID-induced 
gastric ulceration
- Linear increase in risk 

with increasing age 
(especially >65 years).

- History of peptic 
ulceration.

- Debilitated patients.
- Long-term treatment 

with maximal doses of 
NSAIDs.

- Concomitant 
treatment with drugs 
that can cause 
bleeding.
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Avoid giving NSAIDs to patients taking drugs that can cause renal • 
impairment (e.g. ciclosporin, tacrolimus).
NSAIDs can cause liver toxicity, characterized by increased • 
transaminases.
NSAIDs antagonize the action of diuretics and can cause fl uid • 
retention; withdrawal can improve control of heart failure.
NSAIDs block the actions of ACE inhibitors and increase the risk of • 
hyperkalaemia.
NSAIDs reduce the excretion of methotrexate and lithium, increasing • 
the risk of toxicity.

8 Safety and effi cacy
Routine monitoring is not usually required for low dosages, but the • 
key to successful treatment with NSAIDs is appropriate patient 
selection.
Measure renal function if regular treatment is required. Stop the drug • 
if renal function deteriorates.
Manufacturers of these drugs suggest regular measurement of liver • 
function tests, but the predictive benefi t of this has not been 
established.
Blood loss due to NSAIDs can be occult and chronic. Have a low • 
threshold for measuring a full blood count. Chronic diseases are often 
associated with anaemia, but ensure that it is not due to iron 
defi ciency through blood loss.

9 - Advise the patient to stop the drug if they suffer severe abdominal 
pain. Advise them to seek immediate medical attention if they have 
blood in the stool or dark, tarry stools.
Advise patients with asthma not to take NSAIDs or aspirin if they think it • 
makes their asthma worse. Patients with nasal polyps are most at risk.

Prescribing information: NSAIDs
The box shows how many drugs are available; the following are given as 
examples.

Ibuprofen
By mouth, anti-infl ammatory dose 400 mg tds or qds. Maximum daily dose • 
2.4 g.

Naproxen
By mouth, anti-infl ammatory dose 0.5–1.0 g in 1 or 2 divided doses.• 

Diclofenac
By mouth, anti-infl ammatory dose 75–150 mg daily in 2 or 3 divided doses.• 
By rectum (suppositories), 75–150 mg daily in divided doses.• 
By injection into the gluteal region, 75 mg. May be given twice daily, for a • 
maximum of 2 days in severe pain.

Do not give by this route for prolonged periods; there is a risk of sterile • 
abscess formation and rarely the Nicolau syndrome.

Indometacin
By mouth, anti-infl ammatory dose 50–200 mg daily in divided doses.• 
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Selective cyclo-oxygenase 2 inhibitors (COX-2 inhibitor)

Most of the properties of these drugs are the same as the other NSAIDs, but there 
are some important differences, outlined here.

Indications
- COX-2 selective inhibitors are associated with an increased risk of thrombotic 

events (e.g. myocardial infarction and stroke) and should not be used in 
preference to non-selective NSAIDs, except in patients at a particularly high risk 
of gastroduodenal ulceration or bleeding.

In addition cardiovascular risk should be considered.• 
- NICE has given the following guidance:

These drugs should not be used in the routine management of rheumatoid • 
arthritis or osteoarthritis.
COX-2 inhibitors can be used for patients who have a previous history of • 
gastrointestinal haemorrhage or who are at high risk.
Patients with cardiovascular disease, in whom aspirin is indicated, should not • 
be given COX-2 inhibitors; they offer no additional benefi ts in these patients.
There is no evidence to suggest that adding a gastroprotective drug • 
(misoprostol or a PPI) reduces the risk of bleeding any further.

Practical use
- These drugs have similar effi cacy to naproxen or diclofenac. They are therefore 

not suitable for patients who require a more potent NSAID.
- To achieve an anti-infl ammatory effect they need to be given regularly.
- A full analgesic effect is usually achieved within 1 week, but a full anti-

infl ammatory effect may take 3 weeks to develop.
- Note that meloxicam is only licensed for short-term use.
- The CHM has advised the lowest effective dose of an NSAID or COX-2 selective 

inhibitor should be prescribed for the shortest period to control symptoms and 
that the need for long-term treatment should be reviewed periodically.

Adverse effects
- The risk of gastrointestinal haemorrhage is lower with these drugs, but is not 

zero. They can also cause nausea and dyspeptic symptoms. They are 
contraindicated in active peptic ulcer disease.

- COX-2 inhibitors must not be used in patients with established ischaemic heart 
disease, cerebrovascular disease (stroke), or those with peripheral arterial 
disease.

- Take care when prescribing COX-2 inhibitors for patients with risk factors for 
heart disease: hypertension, hyperlipidaemia, diabetes mellitus, and smoking.

- Hypersensitivity reactions and rare, but serious and sometimes fatal, skin reactions 
can occur with all COX-2 inhibitors. The majority of cases occur in the 1st month 
of use. Patients with a history of drug allergies may be at greater risk.

- Valdecoxib was withdrawn because it was associated with a higher rate of 
adverse skin reactions.

- Lumiracoxib was withdrawn owing to an adverse liver safety profi le
- Other aspects of the safety profi le of COX-2 inhibitors are similar to 

non-selective NSAIDs.

Prescribing Information
The following is given as an example.
Celecoxib
- Osteoarthritis, by mouth, 200 mg daily in 1 or 2 divided doses. May be increased 

to 200 mg bd.
- Rheumatoid arthritis, by mouth, 200–400 mg daily in 2 divided doses.
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Codeine phosphate and dihydrocodeine
Agonists at μ opioid receptors (MOR or OP3 receptors)

CNS

Antinociceptive

system

Respiratory and

cough centre

Vomiting centre

Higher centres

Bowel

Analgesia

Nausea

Respiratory

depression and

suppression of

cough 

Euphoria/

dysphoria

Relaxation of

smooth muscle 

0 - Relief of mild to moderate pain.
Codeine is also used:• 

As an adjunct to rehydration in acute diarrhoea.• 
In some forms of chronic diarrhoea.• 
As a cough suppressant.• 

See also opioids (• b p. 752).
1 - Avoid these drugs when there is a suspicion of acute infective 

diarrhoea.
Contraindicated in active ulcerative colitis and antibiotic-associated • 
colitis.

Risk of toxic dilatation of the colon.• 
Can cause sputum retention; avoid in patients with bronchiectasis and • 
chronic bronchitis.
Avoid opioid drugs in patient with severe hepatic insuffi ciency; they • 
can precipitate coma.
These drugs have a prolonged duration of action in patients with • 
moderate to severe renal insuffi ciency; reduce the dose.
These drugs have been used during pregnancy and labour, but they • 
depress neonatal respiration. In addition, they cause gastric stasis and 
so increase the risk of inhalation of stomach contents.

4 Analgesia
Used in single doses these drugs are relatively poor analgesics. They • 
are of greatest effi cacy when used chronically, especially in addition to 
regular paracetamol. See teaching point in paracetamol (b p. 740).
Codeine and dihydrocodeine are of similar effi cacy.• 
These drugs are not suitable for extended long-term use as they are • 
very constipating.

Diarrhoea
See teaching point box (• b p. 750) for general advice.
Acute diarrhoea is usually a symptom of another disease. Do not use • 
antimotility drugs when there is any suspicion that the cause may be an 
infection.

Alternative 
antimotility drugs
- Morphine
- Co-phenotrope
- Loperamide
- Bile salt sequestrants 

(e.g. colestyramine 
or aluminium 
hydroxide) for 
patients who have 
had an ileal 
resection or who 
have ileal disease
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Do not use instead of rehydration.• 
Codeine may be of use in chronic diarrhoea when the cause is known, • 
but cannot be treated directly. Titrate the dose to the optimal effect; 
higher doses can cause nausea.

Antitussive (cough suppressant)
Cough is usually a symptom of another disease. Do not use in patients • 
in whom the drug might cause sputum retention.

6 - Excessive use can lead to bowel obstruction (both mechanical and 
paralytic).

Warn the patient to stop if bloating or distension develop.• 
In overdose, may see other opioid effects (e.g. drowsiness, respiratory • 
depression) (see b p. 752).

These can be treated with intravenous naloxone.• 
7 - These drugs potentiate the actions of the drugs that depress the CNS 

(e.g. antipsychotic drugs).
They antagonize the gastric emptying actions of domperidone and • 
metoclopramide.

8 Effi cacy
Review patients’ analgesia requirements regularly; titrate the dose up • 
and down as the problem changes.
Review patients with acute diarrhoea after a few days to ensure that • 
the episode has resolved; if it has not resolved, review the diagnosis.

9 - Codeine is not a controlled drug in the UK, but it is an opioid; 
travellers who carry it with them may require an explanatory letter for 
authorities in other countries.

Prescribing information: Codeine phosphate and dihydrocodeine
Codeine

Pain relief:• 
By mouth or intramuscular injection, 30–60 mg every 4 hours.• 
Maximum of 240 mg daily.• 

Diarrhoea:• 
By mouth, 30 mg 3 or 4 times daily, titrated to effect.• 

Cough suppressant:• 
By mouth as linctus (15 mg/5 mL), 5–10 mL 3 or 4 times daily.• 

Dihydrocodeine
Pain relief:• 

By mouth or intramuscular injection, 30 mg every 4–6 hours.• 
Increasing the dose to 60 mg may provide additional benefi t, but the risk • 
of nausea is greater.
Maximum of 240 mg daily.• 
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- Codeine is available in combination with a number of other drugs, some of 
which are available over the counter.

Kaolin.• 
Ibuprofen.• 
Paracetamol.• 
Buclizine (an antihistamine).• 
Dicycloverine/dicyclomine; atropine-like antimuscarinic drug.• 

- Remember that these other drugs have their own therapeutic and adverse 
effects.

Drugs and diarrhoea
- Diarrhoea is defi ned as the passage of more than 300 mL of liquid faeces daily.
- Drugs can be used to treat diarrhoea, but they can also contribute to it.
- Identify whether the diarrhoea is acute or chronic:

An acute history suggests an infective cause. Widespread use of broad-• 
spectrum antibiotics promotes the development of antibiotic-associated 
diarrhoea (see b Cephalosporins, p. 383).
A chronic history may represent irritable bowel syndrome, but can also be a • 
symptom of antacid misuse.

- Is the history suggestive of a large bowel cause (typically watery, with mucus or 
blood) or small bowel cause (typically a pale bulky stool)?

For example, somatostatin analogues can be used to treat secretory diarrhoea • 
associated with the carcinoid syndrome, but they can cause fat malabsorption, 
resulting in steatorrhoea.

- ‘Overfl ow’ diarrhoea can result from drugs that slow gut transit (e.g. opioid 
analgesics).

- In most cases, the treatment of diarrhoea is of the underlying cause. Treatment with 
drugs that slow gut transit is only indicated in chronic diarrhoea when the underlying 
cause cannot be treated. If symptomatic treatment is required consider:

Loperamide.• 
Codeine.• 
Co-phenotrope (diphenoxylate + atropine).• 

TEACHING 
POINT
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Opiates and non-opiate narcotic 
analgesics
Agonists at μ opioid receptors (MOR or OP3 receptors)

CNS

Antinociceptive

system

Respiratory and

cough centre

Vomiting centre

Higher centres

Bowel

Analgesia

Nausea

Respiratory

depression and

suppression of

cough 

Euphoria/

dysphoria

Relaxation of

smooth muscle 

0 - Relief of pain.
Particularly effective for:• 

Ischaemic pain (e.g. myocardial infarction).• 
Visceral pain (postoperative).• 
Palliative care.• 

Symptomatic treatment of diarrhoea • 
(see b Codeine, p. 748).

1 - These drugs cause respiratory depression.
Avoid them if the patient has acute • 
respiratory insuffi ciency.
Avoid them if the patient has raised • 
intracranial pressure; respiratory 
depression will worsen this.
Can cause sputum retention and thus harm • 
in patients with bronchiectasis and chronic 
bronchitis.
Respiratory depression is not usually a • 
problem when these drugs are used for relief of pain and the dose is 
titrated carefully.

Avoid opioids in patients with severe hepatic insuffi ciency; they can • 
precipitate encephalopathy.
Opioids are contraindicated in active ulcerative colitis and antibiotic-• 
associated colitis. There is a risk of toxic dilatation of the colon.
Opioids have a prolonged duration of action in patients with moderate • 
to severe renal insuffi ciency; reduce the dose.

Drugs in this group

Opioids
- Morphine and 

diamorphine (heroin)*
- Papaveretum*
- Buprenorphine*
- Codeine and 

dihydrocodeine 
(see b p. 748).

Non-opiate opioids
- Fentanyl, alfentanil, 

remifentanil*
- Methadone*
- Pethidine*
- Dextropropoxyphene
- Tramadol.

Less commonly used
- Meptazinol
- Nalbuphine
- Oxycodone*
- Dextromoramide*
- Diphenoxylate
- Dipipanone*.

*Controlled drugs

- Opiate—a drug that 
is structurally related 
to morphine.

- Opioid—any drug, 
opiate or non-opiate, 
that acts on opioid 
receptors.
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Do not give these drugs to patients with phaeochromocytoma; they • 
can precipitate a hypertensive crisis by causing histamine release.
Opioids can cause confusion; this is more common in elderly patients.• 
Opioids are used during pregnancy and labour, but they depress • 
neonatal respiration. In addition, they cause gastric stasis and so 
increase the risk of inhalation of stomach contents.

4 - Most of these drugs are controlled drugs. See teaching point box, 
b p. 756 for guidance on writing an outpatient or ‘to-take-home’ 
 prescription.

In hospital you do not need to write a special prescription, but the • 
drugs are kept in a special locked cupboard.
Controlled drugs must be drawn up and signed for by two • 
authorized members of staff (usually two nurses, or a nurse and 
a doctor).
Once drawn up, the drug must be given immediately. If any drug is • 
not used it must be disposed of immediately.
Record on the drug chart the amount given to the patient.• 

Analgesia
Acute severe pain.• 

Morphine is the drug of choice.• 
Draw up 10 mg in 10 mL of water for injection.• 
Inject slowly intravenously, 1 mg every 2 minutes, until the pain is • 
controlled.
In this way, pain is relieved rapidly without overdose.• 
Avoid giving large single doses; patients vary greatly in their • 
requirements.

Opioids are the mainstay of the management of postoperative pain. • 
See paracetamol (b p. 740) for the ‘ladder’ of analgesia. Analgesia is 
most effective when given early and regularly, before severe pain 
develops.
Intermittent intramuscular or intravenous opioids will control pain • 
well, but logistic issues (requires two members of staff) often delay 
administration of the drug. Patient-controlled analgesia (PCA) is 
increasingly popular, as it allows the patient a degree of control.

PCA pumps
- A PCA pump consists of a locked syringe containing (usually) 50 mg of morphine 

in 50 mL of isotonic (0.9%) saline, connected to a patient-activated switch.
- When the patient presses the button the pump delivers a pre-determined 

amount (volume) of morphine intravenously.
- The PCA pump also has a lock-out time, during which no more morphine is 

delivered, even if the button is pressed.
- The volume delivered by each button press and the lock–out time can be 

tailored to the patient’s requirements. The PCA unit is locked with a key and 
you will need this to alter the bolus volume or lock–out time.

- Many hospitals have an acute pain team that provides advice and management, 
but you should familiarize yourself with the operation of these pumps in case 
the dose delivered is either inadequate or excessive.

Opioids are commonly given by epidural infusion, usually in combina-• 
tion with local anaesthetic drugs (an unlicensed route of delivery). This 
is a specialized use, but you should be able to assess the adequacy of 
analgesia and manage adverse effects.
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Long-term use (e.g. palliative care)
See • b p. 758.

Notes on addicts
A special licence, issued by the Home Secretary, is required in the UK • 
to prescribe diamorphine, dipipanone, and cocaine in the treatment of 
drug addiction.
A licence is not required if an addict requires any of these drugs for • 
clinical reasons. They may require higher doses.
Doctors are expected to report cases of drug misuse to the National • 
Drugs Treatment Monitoring System.

Notes on combination formulations (e.g. paracetamol plus 
dihydrocodeine, co-dydramol)
These drugs are not usually recommended, as the combination • 
provides less fl exible analgesia (see b Paracetamol, p. 740 for 
analgesic ladder), although co-codamol is widely used and is effective 
for posoperative pain.
In addition, these formulations are associated with a higher incidence • 
of fatal outcome in overdose, owing to respiratory depression from 
the opioid component.
Do not use a combination formulation unless the patient requires both • 
drugs regularly.

Notes on specifi c drugs
Diamorphine is more soluble than morphine. This makes it easier to • 
give in small volumes for subcutaneous administration in palliative care. 
However, its pharmacological properties are the same as those of 
morphine, to which is it metabolized. The equivalent dose is about 
one-third to one-half of that of morphine.
Fentanyl, alfentanil, and remifentanil are used during anaesthesia. They • 
have a rapid onset and offset of action. They have relatively few cardi-
ovascular effects and so are commonly used for cardiac anaesthesia. 
Their short duration of action makes them less suitable for postopera-
tive analgesia. Fentanyl is available as a transdermal patch for long-term 
analgesia.
Methadone is used for treatment of opioid addiction. It causes less • 
respiratory depression than other opioids, but this is dose-related; 
patients on opioid maintenance schemes should be monitored.
Buprenophine is a partial agonist at opioid receptors. This means that • 
in overdose its actions are only partially reversed by naloxone (see 
b Naloxone, p. 704).
Dextropropoxyphene (see notes earlier) is less potent than codeine. It • 
is also more likely to cause confusion in elderly people.
Tramadol is not as effective as other opioids for severe pain.• 

6 - Opioids commonly cause nausea and vomiting. This can be reduced 
by giving them with an antiemetic (e.g. metoclopramide). In acute 
myocardial infarction the benefi cial effects of morphine are partly due 
to the release of histamine; so do not use an antihistamine or 
phenothiazine drug as an antiemetic.
Opioid effects on the bowel can lead to constipation.• 

Excessive use can lead to bowel obstruction (both mechanical and • 
paralytic).
Advise the patient to take plenty of water and eat a high-fi bre diet.• 
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Opioids can cause drowsiness and respiratory depression.• 
These can be treated with intravenous naloxone (• see b Naloxone, 
p. 704).

Opioids commonly cause itch, due to release of histamine.• 
Pethidine is metabolized to norpethidine. This can accumulate in renal • 
insuffi ciency and cause seizures.
Long-term use can cause dependency, but there is no evidence that • 
opioids cause dependency when used appropriately to control pain in 
palliative care.
There is a particular risk of overdose associated with inappropriate use • 
of opioid (e.g. fentanyl) patches.

Do not use patches in opioid naıïve patients.• 
Make sure the patch is not exposed to a heat source (accelerates • 
drug release).
Make sure children cannot access them.• 

7 - Opioids potentiate the actions of drugs that depress the CNS 
(e.g. antipsychotic drugs, alcohol).
Opioids antagonize the gastric emptying actions of domperidone and • 
metoclopramide.
Pethidine can cause effects on the CNS; the risk of toxicity is increased • 
if it is given with an SSRI or monoamine oxidase inhibitor; avoid these 
combinations.
Tramadol inhibits neuronal reuptake of noradrenaline and enhances • 
serotonin release; it can interact with tricyclic antidepressant drugs 
and SSRIs; avoid these combinations.

8 Safety and effi cacy
Review patients’ analgesia regularly; titrate the dose up and down as • 
the problem changes.

Monitor the respiratory rate and oxygen saturation when these • 
drugs are given acutely.

Make sure the patient is not becoming constipated.• 
9 - Patients are often worried that they will become dependent on 

opioids. There is no evidence that this occurs when they are used 
appropriately for pain relief. Reassurance may be required.
Advise the patient how to avoid constipation if they are taking long-• 
term opioids:

Avoid becoming dehydrated.• 
Include plenty of fi bre in the diet.• 

Prescribing information: Opioids 
There are many opioid drugs and formulations; morphine is given as an 
example. Suggested dosages are given in the text.

Morphine
Oral solution:• 

Oramorph• ® by mouth, 10 mg/5 mL (also available in other 
concentrations).
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Immediate-release tablets:• 
Sevredol• ®—tablet sizes 10 mg, 20 mg, 50 mg.

Modifi ed-release capsules:• 
Zomorph• ®—capsule sizes 10 mg, 30 mg, 60 mg, 100 mg, 200 mg.
Capsules can be opened and the drug suspended in fruit juice or yoghurt, • 
but do not chew the granules.

Injection:• 
By intravenous or intramuscular injection: note that the dose is not the • 
same.
Ampoules contain varying amounts of morphine (10–60 mg/ampoule); • 
check carefully before drawing up.

Controlled drugs 

The Misuse of Drugs Act 1971 classifi es drugs in the UK according to their harmful-
ness when misused:
- Class A, e.g. cocaine, diamorphine, LSD, ecstasy, pethidine.
- Class B, e.g. amphetamines, barbiturates, codeine.
- Class C, e.g. buprenorphine, zolpidem, human chorionic gonadotrophin, 

somatotropin.

This list is not exhaustive and governments may change the class of a drug, even if 
their view confl icts with the scientifi c evidence. For example, the classifi cation of 
cannabinoids is controversial; they have been included in both Class B and Class C.

These classes are used as the basis for the UK regulations for production, import, 
export, supply, prescription, possession, and record keeping. The regulations are 
classifi ed according to fi ve schedules:
- Schedule 1 drugs (e.g. cannabis, LSD) are not used medicinally. Possession and 

supply are prohibited unless given Home Offi ce authority.
- Schedule 2 includes most of the familiar controlled drugs (e.g. diamorphine, 

morphine, and some other opioids, cocaine, amphetamine). These drugs are 
subject to the full controlled drug requirements, including those relating to 
prescriptions, safe keeping, and record-keeping.   

- Schedule 3 includes barbiturates and temazepam. These are subject to less 
stringent regulations; many are drug-specifi c, so check if you are unsure.

- Schedule 4 is split. Part I includes benzodiazepines and zolpidem. Part II includes 
anabolic steroids, somatotropin, and human chorionic gonadotropin. These 
drugs are subject to minimal restrictions.

- Schedule 5 includes formulations of drugs that because of their (low) strength 
are exempt from most of the regulations.

TEACHING 
POINT
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Opioid misuse: buprenorphine and 
methadone

- Substance misuse carries substantial risk of morbidity and mortality.
The death rate of those who misuse diamorphine (heroin) is 12 times greater • 
than the general population.
Psychiatric morbidity is very common.• 

- Pharmacological treatments are broadly categorized as maintenance (also known 
as ‘substitution’ or ‘harm-reduction’ therapies), detoxifi cation, or abstinence.

- A substitution opioid regimen is given at a dose that is higher than that required 
to prevent withdrawal symptoms. The aim is to allow patients to progress from 
maintenance to detoxifi cation and then abstinence. The opioid antagonist 
naltrexone (b Naltrexone, p. 704) can be used to help maintain abstinence.

- Methadone and buprenorphine (oral formulations), using fl exible dosing 
regimens, are recommended by NICE as options for maintenance therapy in the 
management of opioid dependence.

- The decision about which drug to use should be made on an individual basis. 
Obtain specialist advice. If both drugs are equally suitable, methadone is the fi rst 
choice.

- Methadone and buprenorphine should be taken daily, under supervision, for at 
least the fi rst 3 months. Supervision should be relaxed only when the patient’s 
compliance is highly likely. Drugs therapy should be given as part of a 
programme of supportive care. The success rate of substitution therapy is low if 
measured against the proportion of opioid addicts who ultimately become drug-
free. However, it does have a role to play in reducing crime-related behaviour 
associated with illicit drug use.

- Buprenorphine is available as sublingual tablets, transdermal patches, and 
injectable ampoules. 

- In the management of opioid dependence, buprenorphine sublingual tablets are 
used at an initial recommended once-daily dose of 0.8–4 mg, adjusted according 
to response. 

- In practice, a starting dose of more than buprenorphine 4 mg daily is often used, 
with a maintenance dose of 12–24 mg daily. The maximum daily dose is 32 mg.

- Methadone is available as an oral solution (1 mg/mL), an oral concentrate 
(10 mg/mL), tablets, or injectable ampoules. Only the oral formulations of 
methadone are usually used for treatment of substance misuse.

- In opioid dependence the initial dose of methadone is 10–40 mg daily, increased 
by up to 10 mg daily (with a maximum weekly increase of 30 mg) until no signs 
of withdrawal or intoxication are seen. The usual maintenance dosage range is 
60–120 mg daily.

TEACHING 
POINT



758 ANALGESICS BNF Reference 4.7.2 and 15.1.4.3

Guidelines for starting oral morphine (e.g. in palliative care)

- The starting dose of morphine is calculated to give a greater analgesic effect than 
the medication already in use; for example, a dose of 5–10 mg is enough to 
replace a weaker analgesic (such as paracetamol or co-codamol), but 10–30 mg 
or more is required to replace a stronger one (e.g. morphine given by injection).

- Continue non-opioid analgesics (e.g. NSAIDs).
- Morphine should be given in the form of the oral solution or standard 

formulation tablets (immediate-release).
If the fi rst dose of morphine is no more effective than the previous analgesic, • 
increase the next dose by 30–50%; the aim is to choose the lowest dose that 
prevents pain.
Give the dose of morphine every 4 hours by the clock. A double dose at • 
bedtime obviates the need to wake the patient for a dose during the night.
If pain occurs between regular doses of morphine (‘breakthrough pain’), give • 
additional doses of an equal amount (‘rescue dose’), as required.
Increase the regular dose by 30–50% every 2 or 3 days until there is • 
adequate relief throughout each 4-hour period.

- If the response is unsatisfactory, it may be necessary to add in, or substitute, an 
adjuvant analgesic (antidepressants or anticonvulsant drugs). Seek advice from a 
specialist in palliative care.

- When the pain is controlled and the patient’s 24-hour morphine 
requirement is established, give the daily dose as two 12-hourly doses in 
the form of modified-release capsules (e.g. Zomorph®). Give the first dose 
of the modified-release morphine 4 hours after the last dose of the 
standard formulation.

Prescribe standard formulation morphine (oral solution or tablets) for • 
breakthrough pain. A suggested dose is one-sixth of the total daily dose of 
modifi ed-release morphine.

Guidelines for prescribing controlled drugs for outpatients or for patients 
who are going home from hospital
- To comply with legal requirements, prescriptions ordering controlled drugs 

must be written legibly in INK and ENTIRELY in the prescriber’s own 
handwriting.

- The prescription must have all the following details:
1. The name and address of the patient (written by hand, not a sticky label).
2. The name of the formulation and strength when more than one strength is 

available.
3. The type of formulation, (e.g. modifi ed-release capsules, oral liquid, 

suppositories).
4. The dose and frequency, (e.g. 10 mg bd).
5. The total quantity to be supplied, in words and fi gures. This can be stated 

either as the number of dosage units or the total amount of controlled drug 
to be supplied in milligrams.

6. The date and usual signature of the prescriber.
- For an example of a prescription for a controlled drug in the UK, see the British 

National Formulary.
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Treatment of neuropathic pain
Neuropathic pain occurs as a result of damage to neural tissue. Multiple 
mechanisms are usually involved, and there is no single treatment that 
works for all conditions and their underlying mechanisms.

Examples of neuropathic pain
- Postherpetic neuralgia.
- Phantom limb pain.
- Complex regional pain syndrome (refl ex sympathetic dystrophy, causalgia).
- Compression neuropathies.
- Peripheral neuropathies (e.g. due to diabetes, haematological malignancies, 

rheumatoid arthritis, alcoholism, drug misuse).
- Trauma.
- Central pain (e.g. pain following stroke, spinal cord injury, and syringomyelia).
- Idiopathic neuropathy.

The illustrated scheme in Fig. 15.1 is offered as a general guide to drug 
therapy.

Does the patient have 

postherpetic neuralgia 

or a focal neuropathy?

First line:

tricyclic antidepressant or serotonin-

norepinephrine reuptake inhibitor

Lidocaine

If ineffective or contraindicated,

consider gabapentin or pregabalin

If ineffective switch to an opioid: 

tramadol or oxycodone 

NoYes

If lidocaine 

ineffective

Fig. 15.1 Drug therapy for neuropathic pain. Adapted from Finnerup et al.1

Consider non-pharmacological approaches, including psychological interven-
tions, physiotherapy, ad TENS (transcutaneous electrical nerve stimulation). 
Treatment can be diffi cult, despite the availability of several treatments; seek 
specialist advice in complex cases. 

Specifi c advice on the treatment of trigeminal neuralgia is provided at the end 
of this topic.
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Diabetic neuropathy is one of the most common causes of neuropathic pain. 
Remember that good control of diabetes will reduce the risk of neuropathy. 
Patients with diabetes may also have autonomic neuropathy: 

Diabetic diarrhoea can be managed by 2 or 3 daily doses of tetra-• 
cycline 250 mg (unlicensed use]. An antidiarrhoeal drug such as 
codeine phosphate is another option.
Dopamine receptor antagonists, which promote gastric transit • 
(e.g. metoclopramide, domperidone) can relieve gastroparesis, but 
metoclopramide increases the risk of diarrhoea because of its agonist 
effects at 5-HT4 receptors.
Erythromycin has been used to treat gastroparesis, because it is an • 
agonist at motilin receptors, but it is not very effective.

Of the tricyclic antidepressants, the most evidence exists for the use of 
amitriptyline, although nortriptyline may be better tolerated. In both cases 
neuropathic pain is an unlicensed indication. Other antidepressants can be used 
but are generally considered second-line options. 

Other drug treatments:
Capsaicin. The intense burning sensation during initial treatment may • 
limit its use. 
Ketamine (an NMDA antagonist) or lidocaine topically or by • 
intravenous infusion can be useful in some forms of neuropathic pain 
(both unlicensed for this indication; specialist use only). 
A corticosteroid for compression neuropathy.• 

Trigeminal neuralgia
Consider if surgical intervention is appropriate.• 
Carbamazepine is generally considered the fi rst-line drug. It reduces • 
the frequency and severity of attacks when taken during the acute 
stages.
Other (second-line) drug treatments include anticonvulsants (gaba-• 
pentin, oxycarbazepine, lamotrigine). Phenytoin (or fosphenytoin) by 
intravenous infusion is sometimes given by specialists for the most 
severe cases.

Reference
1 Finnerup NB et al. Algorithm for neuropathic pain treatment: an evidence based proposal. Pain 

2005; 118: 289–305.
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Pregabalin
Structural analogue of gamma-aminobutyric acid (GABA)

Gamma-aminobutyric acid (GABA) is 
an inhibitory neurotransmitter. It is 
likely that pregabalin has an anticon-
vulsant action by affecting GABA. 
However, the exact mechanism is not 
known.

These actions are presumably also 
responsible for pregabalin’s benefi cial 
effect in neuropathic pain.

0 - Adjunctive treatment of epilepsy.
For partial seizures, with or without • 
secondary generalization unsatisfactorily 
controlled with other antiepileptic drugs.

Treatment of neuropathic pain.• 
Treatment of general anxiety disorder.• 

1 - Pregnancy.
Experience with pregabalin is very limited.• 
In general, good control of epilepsy • 
outweighs the risks from the drug.
Counsel women about this; seek specialist • 
advice in women considering pregnancy.

Pregabalin is not metabolized; there is no • 
need to adjust the dose in patients with 
hepatic insuffi ciency.
Pregabalin is excreted in the urine; as creati-• 
nine clearance falls, so the plasma pregabalin 
concentration increases proportionally. 
Reduce the dose accordingly.

4 - The limited evidence available indicates that 
the effi cacy of pregabalin is similar to that of 
gabapentin.

Epilepsy
Pregabalin is given orally for the long-term • 
control of seizures. It is not licensed for 
monotherapy.

It is not used for control of acute seizures; • 
see b Benzodiazepines, p. 308) for guid-
ance on this.

Only 10% of patients require two or more drugs to control their • 
epilepsy.
Avoid abrupt withdrawal of pregabalin; there is a risk of rebound • 
seizures.

If the drug needs to be withdrawn, taper the dose over a period of • 
at least 1 week under cover of another antiepileptic drug.

Neuropathic pain
Neuropathic pain is complex in its aetiology. Patients with trouble-• 
some neuropathic pain should be assessed by a specialist.

Drugs used for 
neuropathic pain

This is often a very 
 diffi cult condition to 
treat. Drug treatment 
should be part of a 
 multidisciplinary 
approach involving 
 physiotherapy and 
 psychological support.

First-line
- Paracetamol (with or 

without an NSAID).

Second-line
- Tricyclic 

antidepressant drugs 
(e.g. amitriptyline, 
nortriptyline); drugs of 
choice but not 
licensed for this 
indication

- Gabapentin (licensed 
indication)

- Carbamazepine 
(unlicensed indication)

- Capsaicin

Third-line
- Opioids—the 

response is often 
poor; the most 
effective include 
dextropropoxyphene, 
tramadol, and 
methadone

Specialist use
- Sodium valproate
- Ketamine
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The different treatment options for neuropathic pain are very different • 
in their modes of action. Careful consideration should be given to 
which may be the best for the individual patient.
Drug treatment should form part of a multidisciplinary approach.• 
Avoid abrupt withdrawal of pregabalin; if the drug needs to be • 
withdrawn, taper the dose over at least 1 week.

6 - Adverse effects are less common than with other antiepileptic drugs.
CNS adverse effects include drowsiness, dizziness, sleepiness, tremor, • 
and ataxia.

These effects could increase the occurrence of accidental injuries • 
(falls), especially in elderly people.

Less common adverse effects include blurred vision and diplopia.• 
7 - Pregabalin is not subject to many drug interactions.

In particular, it does not interact with other antiepileptic drugs or • 
oral contraceptives.

The CNS depressant effects of pregabalin may be enhanced in patients • 
taking other drugs with similar effects. Take care.

8 Effi cacy
Plasma concentration measurement is not used.• 
Effi cacy must be judged on the basis of seizure frequency and adverse • 
effects.

Safety
No specifi c monitoring is required.• 

9 - Always ensure that the patient is aware of the law regarding seizures 
and driving (see b Lamotrigine, p. 301).
Advise women of childbearing age to seek an expert opinion before • 
trying to become pregnant.
No treatment for neuropathic pain is 100% effective; make sure that • 
the patient does not have unrealistic expectations.

Prescribing information: Pregabalin
Adjunctive treatment of epilepsy and treatment of neuropathic pain

Initially 150 mg in 2–3 divided doses.• 
The dose can be increased if required, to 300 mg and then 600 mg daily (in • 
divided doses) at intervals of at least 1 week.
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Gabapentin
Structural analogue of gamma-aminobutyric acid (GABA)

Gamma-aminobutyric acid (GABA) is 
an inhibitory neurotransmitter. It is 
likely that gabapentin exerts an anti-
convulsant action by affecting GABA. 
However, the exact mechanism is not 
known. For example, it also has inhibi-
tory effects on the neuronal transmem-
brane transport of amino acids and on 
sodium-dependent action potentials.

These actions are presumably also 
responsible for gabapentin’s actions in 
the treatment of neuropathic pain.

0 - Adjunctive treatment of epilepsy.
For partial seizures, with or without secondary generalization • 
unsatisfactorily controlled with other antiepileptic drugs.

Treatment of neuropathic pain.• 
Generalized anxiety disorder.• 

1 - Pregnancy:
Experience with gabapentin is limited.• 
In general, good control of epilepsy outweighs the risks from the drug.• 
Counsel women about this; seek specialist advice in women • 
considering pregnancy.

Gabapentin is not metabolized; there is no need to adjust the dose in • 
patients with hepatic insuffi ciency.
Gabapentin is excreted in the urine; as creatinine clearance • 
deteriorates, so the plasma gabapentin concentration increases 
proportionally. Reduce the dose accordingly.

4 Epilepsy
Gabapentin is given orally for the long-term control of seizures. It is • 
not licensed for monotherapy.

It is not used for control of acute seizures; • see b Benzodiazepines, 
p. 308, for guidance on this.

Titration to an effective dose can progress rapidly; see prescribing section.• 
Only 10% of patients require two or more drugs to control their epilepsy.• 
Avoid abrupt withdrawal of gabapentin; there is a risk of rebound • 
seizures or other symptoms e.g. anxiety, insomnia.

If the drug needs to be withdrawn, taper the dose over a period of • 
weeks under cover of another antiepileptic drug.

Neuropathic pain
Neuropathic pain is complex in its aetiology. Patients with • 
troublesome neuropathic pain should be assessed by a specialist.

See b Treatment of 
neuropathic pain, p. 760.
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The different treatment options for neuropathic pain are very different • 
in their modes of action. Careful consideration should be given as to 
which may be the best for the individual patient.
Drug treatment should form part of a multidisciplinary approach.• 

Generalized anxiety disorder
Generalized anxiety disorder is a form of chronic anxiety for which • 
gabapentin is an unlicensed treatment. Treatment should usually be 
under specialist care.

6 - Adverse effects are less common than with other antiepileptic drugs.
CNS adverse effects include drowsiness, dizziness, sleepiness, tremor, • 
and ataxia.
Uncommon adverse effects include pharyngitis, weight gain, and myalgia.• 

7 - Gabapentin is not subject to many drug interactions.
In particular, gabapentin does not interact with other antiepileptic • 
drugs or oral contraceptives.

The tricyclic antidepressant drugs and mefl oquine antagonize the anti-• 
convulsant action of gabapentin; avoid these combinations.
Antacid drugs reduce the absorption of gabapentin.• 

8 Effi cacy
Plasma concentration measurement is not used.• 
Effi cacy must be judged on the basis of seizure frequency and adverse • 
effects.

Safety
No specifi c monitoring is required.• 
Note that gabapentin can cause a false-positive reaction with some • 
urinary protein tests.

9 - Always ensure that the patient is aware of the law regarding seizures 
and driving (see b Lamotrigine, p. 301).
Advise women of childbearing age to seek an expert opinion before • 
trying to become pregnant.
No treatment for neuropathic pain is 100% effective; make sure that • 
the patient does not have unrealistic expectations of the treatment.

Prescribing information: Gabapentin
Adjunctive treatment of epilepsy

Give 300 mg once on day 1.• 
300 mg twice on day 2.• 
300 mg thrice on day 3.• 
Thereafter the dose can be increased, in increments of 300 mg per day • 
(given in 3 equally divided doses).
The maximum daily dose is 3600 mg.• 

Treatment of neuropathic pain
Regimen as in previous list.• 
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Capsaicin
Counter irritant

-  Capsaicin is the ingredient of peppers that 
makes them taste hot.

-  Its exact mechanism is not fully understood, 
but it probably acts by depleting the 
neurotransmitter substance P within tissues.

0 - Used topically for:
Treatment of postherpetic neuralgia (only after lesions have healed).• 
Painful neuropathy due to diabetes mellitus.• 
Osteoarthritis.• 

1 - Capsaicin can cause intense burning during initial use (especially in 
those with diabetic neuropathy).
Capsaicin is only used topically; no dosage reduction is required in • 
renal or hepatic insuffi ciency.
Capsaicin is unlikely to have any systemic effect during pregnancy.• 
Capsaicin is not a conventional analgesic and should not be used in • 
place of analgesia.

4 - The treatment of chronic pain is diffi cult. There are several treatment 
options. Patients with severe or persistent symptoms should be 
assessed by a specialist.
Capsaicin should be applied sparingly to the affected area and the area • 
left uncovered.
Do not apply to broken or damaged skin.• 
It must be used regularly (3 or 4 times daily) to prevent a burning • 
sensation with every application.

6 - The major adverse effect of capsaicin is an intense burning sensation. 
This can be intolerable, but it abates during repeated administration.
Capsaicin should not cause systemic adverse effects.• 

7 - No systemic drug interactions have been identifi ed.

8 Effi cacy
Review the patient regularly. Capsaicin will usually form part of a • 
wider strategy for the treatment of chronic pain.

9 - Warn the patient that this drug will initially cause a burning sensation 
but that this should subside with continued use.
Advise the patient to avoid taking a hot bath or shower just before • 
applying capsaicin as this enhances the burning sensation.

Prescribing information: Capsaicin
Capsaicin cream 0.025% or 0.075% for topical application. Apply sparingly to • 
the affected area 3 or 4 times daily.

See b Treatment of 
neuropathic pain 
p. 760.
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Lidocaine (lignocaine)
Antiarrhythmic drug and local anaesthetic

-  In the Vaughan–Williams classifi cation, 
lidocaine is a class Ib antiarrhythmic 
drug. All of these drugs have complex 
actions on the electrophysiology of 
cardiac tissue. At the simplest level, 
lidocaine inhibits the fast depolarizing 

sodium channels. The effect is to reduce the rate 
of depolarization, but lidocaine has less effect on 
the conduction velocity. The duration of the action 
potential is reduced, but the refactory period is 
reduced to a lesser extent. Overall, this increases 
the proportion of time the tissue is refractory.

- In the heart, the principal effect of lidocaine is on 
Purkinje fi bres and the ventricle.

- As with all antiarrhythmic drugs, it can be diffi cult 
to correlate the electrophysiological actions with 
the clinical effects.

- Lidocaine is a local anaesthetic; its effect is greater 
on sensory rather than motor fi bres.

0 - Lidocaine is a fi rst-line drug treatment for ventricular tachycardia, but 
cardioversion may be preferred.
Lidocaine is used widely as a local anaesthetic.• 
Lidocaine is occasionally used intravenously for the treatment of • 
neuropathic pain (unlicensed, specialist use).

1 - The kinetics of lidocaine are altered in patients with heart failure; 
reduce the dose.
Hypokalaemia (a common adverse effect of diuretics) reduces the • 
effi cacy of lidocaine and predisposes to cardiac arrhythmias. Correct 
hypokalaemia as a matter of urgency in patients at risk of arrhythmias.
Avoid using lidocaine in patients with 2• nd- or 3rd-degree heart block or 
sinus node disease.
Avoid lidocaine in pregnancy. It can cause neonatal bradycardia and, • 
after large doses, respiratory and CNS depression.
Lidocaine penetrates the CNS; take care in patients with epilepsy.• 
Reduce the dose or avoid in severe hepatic insuffi ciency; lidocaine is • 
metabolized by the liver.
Avoid parenteral lidocaine in porphyria.• 

4 - Because lidocaine is used in such different clinical circumstances, it can 
be easy to forget its other actions when using it for a particular indica-
tion. This is especially true when using it as a local anaesthetic. Do not 
exceed the recommended maximum dosages:

Plain lidocaine 200 mg.• 
Lidocaine plus adrenaline (see following ’Local anaesthesia’ section) • 
500 mg.

Local anaesthesia
Lidocaine is available as an injection, a topical cream, a gel for urethral • 
instillation, eye drops, and a mouth spray.

Class I antiarrhythmic 
drugs
- Ia. Drugs that prolong 

the action potential: 
quinidine, 
procainamide, 
disopyramide, 
propafenone

- Ib. Drugs that shorten 
the action potential: 
lidocaine, mexiletine, 
tocainide

- Ic. Drugs that leave 
the action potential 
duration unchanged: 
fl ecainide
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Reduce the risk of cardiac adverse effects by reducing systemic • 
exposure:

Do not inject lidocaine into infl amed or traumatized tissue.• 
Take particular care to avoid intravascular injection; draw back on • 
the needle before injecting.
Do not apply topical lidocaine to raw or infl amed skin.• 
Do not use the instillation gel if the urethra is infl amed.• 

Maximal systemic concentrations are reached 30 minutes after • 
injecting lidocaine into tissues. Make sure the patient is monitored 
during this period.
Lidocaine can be used with adrenaline (which causes local vasocon-• 
striction) to prolong its duration of action.

This increases the duration of lidocaine to 90 minutes.• 
The maximum dose of adrenaline that can be used is 500 micrograms.• 
Use a very dilute solution (1:200 000) of adrenaline.• 
Do not use lidocaine with adrenaline on appendages and fi ngers; it • 
can cause ischaemic necrosis.

Lidocaine is available with fl uorescein as eye drops.• 
This is to provide anaesthesia during tonometry and other ocular • 
investigations
It should not be used for the relief of ocular symptoms• 

Bupivacaine
- Lidocaine is limited in its usefulness, particularly after surgery, on account of its 

short duration of action. Bupivacaine has a longer duration of action, but takes 
30 minutes to act. It is widely used in spinal and epidural anaesthesia, when this 
can be taken into account. Bupivacaine is available in a ‘heavy’ formulation for 
spinal anaesthesia.

- Bupivacaine has similar pharmacological effects to lidocaine, but its slow onset of 
action makes it an inappropriate choice as an antiarrhythmic drug.

Treatment of ventricular tachycardia
Lidocaine is a fi rst-line drug treatment for ventricular tachycardia. It is • 
given initially by bolus injection of 50–100 mg.

This may be repeated after 10 minutes if required.• 
Lidocaine has a short half-life, so its duration of action is only about • 
15–20 minutes. An intravenous infusion is required for a sustained 
action.
Prophylactic use of lidocaine is not useful in patients with myocardial • 
infarction (see also b results of the CAST study in Flecainide, p. 91).
The rapid metabolism of lidocaine in the liver means that it does not • 
reach the systemic circulation when given by mouth; it is not an option 
for long-term treatment.
Long-term prophylaxis and treatment of ventricular arrhythmias is • 
complex; seek specialist advice.
The development of ventricular arrhythmias may indicate new • 
ischaemia or other complications. Reassess the patient once the 
arrhythmia has been controlled.

6 - All drugs that block fast sodium channels can interfere with neuronal 
conduction in the CNS. This can cause toxicity, which occurs in up to 
6% of patients given lidocaine systemically.
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This is characterized by initial lightheadedness, followed by sedation • 
and twitching; if severe, it can progress to seizures and coma.

Cardiac adverse effects of lidocaine include hypotension, conduction • 
defects, and asystole.

7 - Avoid using lidocaine in patients given quinupristin/dalfopristin; there is 
an increased risk of ventricular tachycardia.
Take care in patients taking diuretics; hypokalaemia increases the risk • 
of cardiac arrhythmias.

8 Safety and effi cacy
The patient should have continuous cardiac monitoring when lidocaine • 
is given systemically.
Close monitoring is also good practice when lidocaine or bupivacaine • 
are given for spinal or epidural anaesthesia.
Remember that hypokalaemia predisposes to cardiac arrhythmias; • 
measure the plasma potassium concentration and correct it urgently if 
low.

9 - When using lidocaine for minor procedures, ensure that you have 
achieved adequate anaesthesia before you begin.
Check with the patient that the skin is anaesthetized.• 

Prescribing information: Lidocaine
Treatment of ventricular arrhythmias

By intravenous injection, 100 mg as a bolus over a few minutes.• 
Reduce the dose to 50 mg in lighter patients or those whose circulation is • 
severely impaired.
Follow this with an infusion of 4 mg/minute for 30 minutes, 2 mg/minute for • 
2 hours, then 1 mg/minute.
Reduce the concentration further if the infusion is continued beyond • 
24 hours.

Local anaesthesia
Infi ltration anaesthesia by injection according to the patient’s weight and the • 
nature of procedure.
The maximum dose is 200 mg (e.g. 10 mL of 2% lidocaine).• 
This can be increased to 500 mg if given in solutions containing adrenaline • 
(see notes earlier).

Spinal and epidural anaesthesia
Specialist use only.• 
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Surface anaesthesia with lidocaine for 
minor procedures

- Ensure that you have all the equipment you need (including specimen pots) 
before starting. Do not begin a procedure unless you have adequate experience.

- Decide whether plain lidocaine or lidocaine with adrenaline is appropriate. 
Calculate how much lidocaine you expect to use for the procedure. Take note 
of the maximum dosages.

- Check that you have the correct strength of lidocaine; this can range from 1% to 
4%, and the vials look very similar.

- Maintain aseptic technique throughout.
- Having cleaned the skin, raise a small bleb of lidocaine under the skin to 

anaesthetize a small area. Use a small-gauge needle (usually orange), and warn 
the patient that this will sting.

- Lidocaine works quickly but not instantly; wait a minute before proceeding. 
Check with the patient that the area is anaesthetized.

- Use this small area as your entry point to anaesthetize the required area of skin 
and underlying tissues. A 21-gauge (green) needle is usually used for this; never 
use a needle of a larger gauge as this will traumatize the tissues.

- Insert the needle a single time and move it back and forth to deliver the 
lidocaine. Be systematic to ensure even and complete anaesthesia. Before 
injecting an area, pull back on the syringe gently to ensure that you have not 
entered a blood vessel. Do not keep pulling the needle in and out of the skin, as 
this will damage it.

- Plan to keep a small amount of lidocaine in reserve in case you discover an area 
that has inadequate anaesthesia.

- Again, wait a minute or two to allow the lidocaine to act before proceeding.
- Lidocaine has a limited duration of action (about 30 minutes), but this is usually 

more than adequate to complete a minor procedure. Do not hurry and become 
careless, thinking that the anaesthesia will wear off.

TEACHING 
POINT
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Propofol

Like most general anaesthetics, the mechanism of action of propofol is poorly 
understood. It is thought to produce its sedative/anaesthetic effects by the posi-
tive modulation of the inhibitory function of the neurotransmitter GABA through 
ligand-gated GABAA receptors.

Examples of other intravenous anaesthetics
- Thiopental sodium A barbiturate. Induction is generally smooth and rapid. Action 

terminated by redistribution rather than metabolism. Not usually given by 
infusion for maintenance of anaesthesia, but can be given for status epilepticus. 
Substantial accumulation can occur after continuous infusion, leading to slow 
awakening. 

- Etomidate Induction agent with rapid recovery. Should not be used for 
maintenance of anaesthesia (it suppresses adrenocortical function). Commonly 
causes extraneous muscle movement, which can be minimized by use of opioids 
or benzodiazepines. 

- Ketamine Used for induction and maintenance of anaesthesia.  Unlike most other 
anaesthetic agents, it has good analgesic properties. Causes sympathetic 
stimulation, leading to hypertension and tachycardia and increases in intracranial 
and intraocular pressures.  As a result, it is relatively contraindicated in 
hypertension, ischaemic heart disease, and head injury. Nevertheless, these 
properties may avoid the hypotension associated with other intravenous 
anaesthetic agents, which may be of benefi t in military trauma anaesthesia, when 
patients are commonly hypovolaemic. Commonly used as a recreational drug 
because of its hallucinogenic effects. 

0 - Anaesthetic drugs should not be used except under the direct 
supervision of a specialist.
Induction and maintenance of anaesthesia.• 
Sedation in intensive care.• 

1 - Ensure that adequate resuscitation facilities are immediately available. 
Never give anaesthetic drugs unless you can control the patient’s • 
airway (e.g. by intubation).
Patients on long-term steroids may require corticosteroid cover • 
during the perioperative period to avoid an Addisonian crisis. 
Advice on drugs that should be continued and those that should be • 
stopped before anaesthesia is given in Table 15.1.
Propofol is associated with an increased risk of metabolic acidosis and • 
cardiac failure in those under 17 years. It is therefore only used for 
induction but not maintenance of anaesthesia in children.
Propofol and other injectable anaesthetics can be used in pregnancy, • 
but remember they can depress neonatal respiration. These drugs also 
enter breast milk, but the amounts are unlikely to be harmful.

4 - The selection of the most appropriate agents for anaesthesia is a 
specialist decision.
Consider prophylaxis against aspiration of stomach contents. • 
A minimum period of starvation is the preferred method. In emergen-
cies, a ‘rapid sequence induction’ technique, in which pressure on the 
cricoid cartilage is used to occlude the oesophagus, can be used. A PPI 
and a gastric prokinetic agent (e.g. metoclopramide) can also be given.
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Muscle relaxation (blockade) is a common component of anaesthesia • 
(see b p. 670). Airway and ventilatory control are essential whenever 
anaesthetics and muscle relaxants are used.
Individual requirements for anaesthetic drugs vary considerably. • 

6 - Flushing and apnoea during induction are common.
Propofol anaesthesia can be associated with thrombosis.• 
Propofol is associated with an increased risk of hypotension and • 
bradycardia.
Rare adverse effects include: pancreatitis, pulmonary oedema, • 
metabolic acidosis, rhabdomyolysis, hyperkalaemia and cardiac failure. 

7 - Anaesthetics will enhance the hypotensive action of drugs that have 
the potential to lower blood pressure.
The risk of cardiac arrhythmias is increased when anaesthetic drugs are • 
given with other drugs that can affect cardiac conduction.

8 - Minimum standards of cardio-respiratory monitoring apply whenever 
patients are anaesthetized.
The monitoring of the adequacy and depth of anaesthesia is specialized.• 
Take particular care when muscle relaxants are used as these may • 
mask inadequate anaesthesia. 
Anaesthesia is not the same as analgesia; ensure that the patient has • 
adequate pain relief.

9 - Patients given sedatives and analgesic during minor procedures should 
not drive for at least 24 hours. 
Do not take alcohol after anaesthesia, the sedative effect is enhanced.• 

Table 15.1 Drugs and anaesthesia

Drugs that should 
usually be continued 
around the time of 
anaesthesia

Drugs that should usually 
be stopped around the 
time of anaesthesia

Drugs requiring 
special consideration

- Antiepileptic drugs
- Antiparkinsonian 

drugs
- Antipsychotic drugs
- Bronchodilators
- Most cardiovascular 

drugs
- Corticosteroids 

(NB: may require 
supplementation)

- Immunosuppressants
- Insulin
- Thyroid or 

antithyroid drugs

- Lithium (24 hours before 
major surgery)

- MAOIs (seek specialist 
advice from a psychiatrist)

- Oral contraceptives

Recommendations apply only 
to combined contraceptives 
(including oestrogens)

Stop 4 weeks before • 
major surgery
Heparin and compression • 
stockings are 
recommended when this 
is not possible (e.g. 
emergency surgery)
Interruption of treatment • 
not required for minor 
procedures (e.g. tooth 
extraction)

- Potassium-sparing diuretics 
(on day of operation)

- Antihypertensive 
drugs; consider 
omitting the dose on 
the morning of 
surgery

- Aspirin, other 
antiplatelet drugs, and 
anticoagulants; the 
most appropriate 
decision will depend 
on the risk and nature 
of the operation

- Loop diuretics; 
consider omitting the 
dose on the morning 
of surgery

- Tricyclic 
antidepressants 
(increased risk of 
arrhythmias and 
hypotension)
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Prescribing information: Propofol
Available as 1% and 2% solutions for injection.• 
Individual requirements may vary considerably. The following is provided as • 
a general guide:

Induction of anaesthesia, 1.5–2.5 mg/kg every 10 seconds until response.• 
Maintenance of anaesthesia, 4–12 mg/kg/hour.• 
Sedation in intensive care, 1.5–4.5 mg/kg/hour.• 
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Volatile anaesthetics

The precise mechanism of action of these drugs is not understood. They 
act in many areas of the CNS and is thought that they affect neurotransmis-
sion through effects on the cell membrane and hence on the function of ion 
channels.

Inhalational anaesthetics
- Volatile liquids:

Desfl urane• 
Halothane• 
Isofl urane• 
Sevofl urane.• 

- Gaseous anaesthetics:
Nitrous oxide. Used in combination with other agents. Also used in • 
subanaesthetic concentrations for analgesia, especially in obstetric practice.

0 - Induction and maintenance of anaesthesia.
Anaesthetic drugs should not be used, except under the direct • 
supervision of a specialist.

1 - Ensure that adequate resuscitation facilities are immediately available.
Never give anaesthetic drugs unless you can control the patient’s • 
airway (e.g. by intubation).
Patients taking long-term corticosteroids may require corticosteroid • 
cover during the perioperative period to avoid an Addisonian crisis.
Advice on drugs that should be continued and those that should be • 
stopped before anaesthesia is given on b Propofol, p. 773.
Do not use inhalational anaesthetics in people who are susceptible to • 
malignant hyperthermia, as they can precipitate it.
Volatile anaesthetics can be used in pregnancy, but remember that • 
they can depress neonatal respiration. They may also enter breast 
milk, but in amounts that are unlikely to be harmful.

4 - The selection of the most appropriate agents for anaesthesia is a 
specialist decision.

Halothane is less widely used because of the risk of hepatotoxicity• 
Inhalational anaesthetics require specialized equipment for safe • 
administration.
To avoid hypoxia, inhalational anaesthetics need to be given with • 
concentrations of oxygen higher than in air.
Consider prophylaxis against aspiration of stomach contents. A • 
minimum period of starvation is the preferred method. In emergency 
cases a ‘rapid sequence induction’ technique, in which pressure on the 
cricoid cartilage is used to occlude the oesophagus, can be used. A PPI 
and gastric prokinetic agent (e.g. metoclopramide) can also be given.
Individual requirements for anaesthetic drugs vary considerably. See • 
later in list for advice on monitoring during anaesthesia.

6 - Halothane is associated with a low but important risk of severe liver 
damage. The risk is increased with repeated use. Do not repeat 
exposure to halothane within 3 months. The risk of hepatotoxicity 
with other halogenated anaesthetics is substantially lower than 
with halothane.
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These drugs cause dose-dependent respiratory and cardiac suppres-• 
sion (halothane appears to have the greatest effect).
There is a theoretical risk that sevofl urane can produce a nephrotoxic • 
compound with carbon dioxide absorbents; however, this has not 
been established to be a problem in clinical practice.

7 - Anaesthetics enhance the hypotensive action of drugs that have the 
potential to lower blood pressure.
The risk of arrhythmias is increased when these drugs (particularly • 
halothane) are given with other drugs that can affect cardiac conduc-
tion, especially adrenaline.
These drugs cause some degree of muscle relaxation and potentiate • 
the effect of other muscle relaxants.

8 - Minimum standards of cardiorespiratory monitoring apply whenever 
patients are anaesthetized.
Monitoring of the adequacy and depth of anaesthesia is specialized.• 
Take particular care when muscle relaxants are used, as they can mask • 
inadequate anaesthesia.
Anaesthesia is not the same as analgesia. Ensure that the patient has • 
adequate pain relief. This is particularly important 
with drugs that are associated with rapid recovery (sevofl urane, 
desfl urane).

9 - Patients given sedatives and analgesics during minor procedures should 
not drive for at least 24 hours.
They should not take alcohol after anaesthesia; the sedative effect is • 
enhanced.

Prescribing information: Volatile anaesthetics
Selection and administration of volatile anaesthetics is specialized. Ensure • 
that you have the appropriate training and properly maintained equipment 
before administering these drugs.
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Drug Index

abacavir 428
pharmacogenetic tests 

129, 586
abatacept 654
abciximab 144, 720
acebutolol 160
aceclofenac 742
acemetacin 742
acenocoumarol 124
acetaminophen 700, 738, 

750, 762
acetazolamide (oral) 

680, 683
acetylcholine receptor 

agonists 678
acetylcholine receptor 

antagonists 226, 670
acetylcholinesterase 

inhibitors 364, 670
acetylcysteine

anaphylactoid 
reactions 703

nomogram 702
use in poisoning 700

N-acetylprocainamide 68
acetylsalicylic acid (aspirin) 

132, 138, 142, 144, 742
aciclovir 422
acids and alkalis, 

poisoning 698
aclarubicin 562
acrivastine 688
acrolein 560
actinomycin see 

dactinomycin
activated charcoal 698

enteric recirculation 698
substances not 

adsorbed 698
adalimumab 654
adapalene 692
adenosine 86
adenosine diphosphate 

receptor antagonists 
138

adrenaline 218
adrenal steroids 486–8
adrenoceptor agonists 

(sympathomimetics) 
218

anaphylaxis treatment 
223, 601

selectivity 224
agonists 707–8
albumin solutions 194
aldosterone receptor 

antagonists 214
alemtuzumab 580

alendronate 658–60
alendronic acid 662
alfacalcidol 632
alfentanil 752

poisoning 704
alfuzosin 546
alimemazine 688
alkalis, poisoning 698
alkaloids, vinca 574
alkylating drugs 558–60
allopurinol 640, 642
almotriptan 368
alpha-adrenoceptor 

agonists 218
A1 and A2 218

alpha-adrenoceptor 
antagonists (alpha-
blockers) 546, 666

alprostadil 236, 526
alteplase 146
aluminium, overload 622
aluminium hydroxide 44, 

46, 748
amantadine 358
ambrisentan 232
amfebutamone 

(bupropion) 276
amifostine 612
amikacin 394
amiloride 197, 210
aminogluthimide 524
aminoglycoside 

antibiotics 394
drug dosages 587
plasma drug concentration 

target range 307
unusual kinetic 

properties 665
aminophylline 266
aminosalicylates 48, 166
amiodarone 104
amisulpride 342
amitriptyline 318

neuropathic pain 760, 762
amlodipine 182
amobarbital 304
amoxapine 318
amoxicillin 374, 377

combination 
formulations 40

amphotericin 440
ampicillin 374, 377
amprenavir 428
anabolic steroids 512
anaesthetic agents 364, 753

general 772
local 768
volatile 776

anakinra 654
analeptic drugs 272
analgesic ladder 740
analgesics 735

acute severe pain 752
PCA pumps 753
syringe drivers 736

anastrozole 524
androgen replacement 

therapy 512
androgens 512
angiotensin converting 

enzyme (ACE) 
inhibitors 166

angiotensin receptor 
antagonists/blockers 
(ARBs) 172

anidulafungin 436
anistreplase 146
antagonists 707–8
anthracyclines 562
antiandrogens 562
antiarrhythmics 84–108, 768

algorithm 84
class I 90, 100, 768
cytochrome P450 

isoenzyme 
(CYP2D6) 93

drug dosages 587
loss of consciousness and 

fi tness to drive 89
antibacterial drugs 374–416

aminoglycosides 394
antibiotic-associated 

diarrhoea 383–4
beta-lactams 374–80
glycopeptides 384
macrolides 398
multiresistant 

organisms 387
nitroimidazoles 410
prophylactic use 

382, 411
quinolones 414
sulfonamides 404
tetracyclines 388
trimethoprim 404

anticholinesterases 364
anticoagulants 110–131

drug dosages 587
drugs enhancing/reducing 

effect 127
excessive bleeding, 

treatment 116, 131
heparins (unfractionated/

LMW) 110
and surgery 131
warfarin 124, 131
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anticonvulsants 280–306
antidepressants 318
antidiarrhoeals 44–6
anti-D immunoglobulin, 

prevention of rhesus 
disease 721

antidiuretic hormone (ADH), 
and analogues 550

antiemetics 66
administration routes 73
chemotherapy-associated 

emesis 78, 80
dizziness 75
domperidone 76
metoclopramide 66
prochlorperazine 70
serotonin 5-HT3 receptor 

antagonists 78
antiepileptics, 

teratogenicity 297
antifungals 436

imidazoles 436
polyene 440
triazoles 436

antihistamines 66, 688
less sedative/sedative 688
long QT syndrome 690

anti-HIV drugs 428
antihypertensives 158
antimalarials 444, 644–6

pharmacogenetic 
tests 129

antimetabolite drugs 
566–70

antimigraine drugs 368
antimotility agents 44–6, 748
antimuscarinics 226

emergency treatment of 
bradycardia 231

muscarinic acetylcholine 
receptor 
antagonists 226

antiplatelet agents 132
antipseudomonal drugs

aminoglycosides 394
ciprofl oxacin 414
penicillins 374

antipsychotic/neuroleptic 
drugs 336

atypical 342
guidelines, severely 

disturbed adult 
behaviour 341

antiretroviral drugs 428
antithrombin III 604
anti-TNF antibodies 720
antituberculosis drugs 418

combination 
formulations 40

antitussives 749
antiviral drugs 422

antiretrovirals 428
guanine derivatives 422

post-exposure 
prophylaxis 434

anxiolytics and hypnotics 
308–16

apomorphine 236, 358
aprotinin 606
arachidonic acid 

metabolites 463
arachis oil 43
aripiprazole 342
aromatase inhibitors 524
artemether 444
artemisinin 444
artesunate 444
Asacol MR®/Asacol® 49
aspirin 132, 138, 142, 

144, 742
benefi t vs harm 135
stroke and MI, relative 

vs absolute risk 
reduction 140

astemizole 688
atenolol 160, 163
atorvastatin 56, 62
atovaquone 444
atracurium 670
atropine 226, 750

and related compounds 
44, 226

augmentin 374, 377
azapropazone 742
azathioprine 380, 570, 584, 

592, 644
pharmacological tests 

129, 586
azelaic acid 392
azithromycin 398
aztreonam 378

bacille Calmette-Guérin 
(BCG) 418, 731

baclofen 666, 668, 708
balsalazide 48, 50, 52
bambuterol 250
barbiturates 304
beclometasone 488, 494
bemiparin 110
bendrofl umethiazide 206
benserazide 354
benzatropine 226
benzodiazepine 

antagonists 710
benzodiazepine-like 

hypnotics 316
benzodiazepines 308, 

666, 668
withdrawal, 

guidelines 312
benzothiazepines 186
benzoyl peroxide 392
benzylpenicillin 374, 376
beta-adrenoceptor 

agonists 218

B1 and B2 158, 218
long-acting 254
short-acting 250

beta-adrenoceptor 
antagonists 158

B1-selective 160
interactions, 

verapamil 161
non-selective 160
partial agonists 160
water-soluble 160

beta-lactamase-mediated 
resistance 374

beta-lactams 374–80
betamethasone 488
betaxolol 160, 683
bethanechol 678
bevacizumab 684
bezafi brate 63, 670
bicalutamide 516
bicuculline 708
biguanides (metformin) 

470, 716
bimatoprost 526, 683
biperiden 226–8, 230
bisacodyl 42
bisoprolol 160, 164
bisphosphonates 

658, 660
unusual kinetic 

properties 665
bivalirudin 122
bleomycin 562
boric acid, poisoning 98
bosentan 232
botulinum toxin 674
brimonidine 683
brinzolamide (eye drops) 

680, 683
bromocriptine 358
bronchodilatory 

muscarinic 
receptor 
antagonists 258

buclizine 750
budesonide 488, 490
buformin 470
bumetanide 200
bupivacaine 769
buprenorphine 752

poisoning 704, 754
bupropion 276
buserelin 510
busulfan 558, 560
butobarbital 304
butyrophenones 336

cabergoline 358
calciferol 632
calcineurin inhibitors, 

topical uses of 592
calcipotriol 633
calcitonin 658, 664
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calcitriol 633
calcium channel blockers 180

benzthiazepines 
(diltiazem) 186

colloid solutions 
for intravenous 
infusion 194

crystalloid solutions 
for intranvenous 
infusion 190

dihydropyridines 
(nifedipine-like) 182

modifi ed-release 
formulations 181

phenylaklylamines 
(verapamil) 188

calcium salts 624
corrected 

concentration 624
candesartan 172
Canesten® 438
capecitabine 566
capreomycin 418
capsaicin 760, 762, 766
captopril 166
carbachol 678, 683
carbamazepine 280, 761–2

CYP3A4-inducing 285–6
pharmacogenetic tests 

129, 586
plasma drug concentration 

target range 307
poisoning 698

carbapenems 378
carbidopa 354
carbimazole 482

agranulocytosis 484
carbonic anhydrase 

inhibitors 680
carboplatin 576
carboprost 527
carboxypenicillins 374
cardiac glycosides 94

drug dosages 587
plasma drug concentration 

target range 307
poisoning 698

carmustine 558, 560
carteolol 160, 683
carvedilol 160
caspofungin 436
catechol-O-methyl 

transferase 
inhibitors 362

cefaclor 380
cefadroxil 380
cefalexin 380, 382
cefamandole 380
cefazolin 380
cefi xime 380
cefotaxime 380, 382
cefoxitin 380
cefpirome 380

cefpodoxime 380
cefprozil 380
cefradine 380
ceftazidime 380, 382
ceftriaxone 380, 382
cefuroxime 380
celecoxib 742
celiprolol 160
cephalosporins 380
cephamycins 380
cerivastatin 56, 62
certoparin 110
cetirizine 688
cetrorelix 510
cetuximab, pharmacogenetic 

tests 586
chelating agents, use in 

poisoning 712, 715
chenodeoxycholic acid 54
chlorambucil 558, 560, 

592, 644
chlordiazepoxide 308, 311

alcohol withdrawal 309, 314
chlormethine 558, 560
chloroquine 444, 646
chlorothiazide 206
chlorphenamine 688
chlorpheniramine see 

chlorphenamine
chlorpromazine 70, 336
chlorpropamide 464
chlortalidone 206
chlortetracycline 388
cholecalciferol see 

colecalciferol
cholesterol-lowering 

drugs 56
cholic acids 54
cholinoceptors 708
ciclesonide 488, 490
ciclosporin 592, 703

drugs lowering/
increasing plasma 
concentrations 594

ezetemibe and 60
fi brates and 62
plasma drug concentration 

target range 307
cilastatin 378
cilazapril 166
cimetidine 32
cinnarizine 688
ciprofi brate 670
ciprofl oxacin 414
cisplatin 576
citalopram 324, 328
Citramag® 43
citric acid 43
cladribine 566
clarithromycin 398
clavulanic acid 374, 377

combination 
formulations 40

clemastine 688
clindamycin 392, 398, 410
clobazam 308
clodronate 663
clofarabine 566
clomipramine 318
clonazepam 227, 308
clonidine 178
clopentixol 336
clopidogrel 132, 138, 142
clostebol 512
clotrimazole 436
clotting factors 604
clozapine 336

special precautions 340
CNS depressants 474
CNS stimulants 272
co-amilofruse 45
co-amoxiclav 40, 374, 377
co-beneldopa 45, 354
co-careldopa 45, 354
co-codamol 45, 754
co-cyprindiol 392
co-danthramer 42
co-danthrusate 42
codeine 752

antidiarrhoeal 44, 46
poisoning 704

codeine phosphate 748
co-drugs 45, 390
co-dydramol 754
co-fl uampicil 45
colchicine 640, 642
colecalciferol 632
colestyramine and colestipol 

44, 46, 56, 62, 748
colloid volume 

expanders 703
colony stimulating 

factors 612
contraceptives 504–15
contrast agents, 

poisoning 716
co-phenotrope 44, 46, 

748, 750
co-proxamol, 

dextropropoxyphene 
poisoning 704

corticosteroids 486–95, 592
corticotrophins 496

acute adrenocortical 
insuffi ciency 497

co-tenidone 45
co-trimoxazole 404, 618
cough suppressants 749
coumarin anticoagulants 124
counter-irritants 766
Cremophor EL® 593, 

636, 703
cromoglicate 264
cromones 264
cyanide, poisoning 698
cyanocobalamin 620



782 DRUG INDEX

cyclizine, with 
diamorphine 736

cyclo-oxygenase-2 
(COX-2) inhibitors 742

irreversible 132
selective 742
see also NSAIDs

cyclopentolate 226–7, 230
cyclophosphamide 558, 

560, 592, 644
cycloserine 418
cyproheptadine 688
cyproterone acetate 516
cytarabine 566
cytochrome P450 

isoenzymes
CYP2D6 93
CYP3A4 285–6, 402
drugs metabolized 

by 402
inhibitors 402

cytotoxic chemotherapy 
554–83

drug dosages 587
emetogenic 78, 80

cytotoxic monoclonal 
antibodies 580

dabigatran 118
dactinomycin 562
dalfopristin 387
dalteparin 110
danaparoid 110, 122
danazol 510, 512
dantrolene 666, 668
dantron 42
dapsone, poisoning 698
darbepoetin 608
daunorubicin 562
decarboxylase inhibitors, 

combination 
formulations 40

deferasirox 622
deferiprone 622
deferoxamine 622
delaviridine 428
demeclocycline 388
depolarizing drugs 670
desferrioxamine 622
desfl urane 776
desloratadine 688
desmopressin 550
desogestrel 502
dexamethasone 488

with diamorphine 736
dexketoprofen 742
dextran 194
dextromoramide 752
dextropropoxyphene 

752, 762
poisoning 704

diagnostic agents, 
poisoning 716

3,4-diaminopyridine 364

diamorphine (heroin) 752
poisoning 704
syringe drivers 736

diazepam 308, 311
diclofenac 742
dicyclomine 750
dicycloverine 226–7, 750
didanosine 428
diethylstilbestrol 498, 516
Digibind® 96
digitalis, digoxin 94

interactions, 
amiodarone 106

overdose 96
plasma drug concentration 

target range 307
digitoxin 94
dihydrocodeine 748, 752
dihydropyridines 182
diltiazem 186
dimercaprol 715
dinoprostone 526
dipeptidyl carboxypeptidase 

enzyme (e.g. ACE) 
inhibitors 166

diphenhydramine 688
diphenoxylate 44, 750, 752
dipipanone 752
dipivefrine 683
dipyridamole 132, 138, 

142, 144
interactions, adenosine 86

direct thrombin 
inhibitors 118

disease-modifying agents 
(DMARDs) 644–54, 
712–13

disopyramide 90, 100, 768
distigmine 364
diuretics 197

eplerenone 214
loop diuretics 200
potassium-sparing 

diuretics (amiloride 
and triamterene) 210

pulmonary oedema, 
treatment 198

sites of action 197
spironolactone 214
thiazide and thiazide-like 

diuretics 206
divalproex sodium 294
DMPS (unithiol) 715
DMSA (succimer) 715
DNA synthesis, 

inhibitors 584
dobutamine 218
docetaxel 578
docusate 43
dolasosetron 78
domperidone 66, 76
donepezil 364
dopa-decarboxylase 

inhibitors 354

dopamine 218
dopamine precursors 354
dopamine receptor 

agonists 336, 358
dopamine receptor 

antagonists 66, 342
dopexamine 220–1
dorzolamide (eye drops) 

680, 683
dosulepin (dothiepin) 318
dothiepin 318
doxapram 272
doxazosin 546
doxepin 318
doxorubicin 562
doxycycline 388, 444
drospirenone 502

edetate sodium 715
edrophonium 364
efavirenz 428
eletriptan 368
enalapril 166
endothelin receptor 

antagonists 232
enoxaparin 110
entacapone 362
ephedrine 218
epirubicin 562
eplerenone 214
epoetin and analogues 

598, 608
epoprostenol 132, 138, 142, 

144, 526
eprosartan 172
eptifi batide 144
ergocalciferol 632
ergometrine 530
ergotamine 

derivatives 358
ertapenem 378
erythromycin 392, 398
erythropoietin and 

analogues 598, 608
escitalopram 324
esmolol 160
esomeprazole 34
essential medicines list 

(WHO) 10
estradiol 498
estramustine 558, 560
estriol 498
estrone 498
etacrynic acid 200
etamsylate 606
etanercept 644, 654
ethambutol 418
ethanol, poisoning 698
ethinylestradiol 498
ethylene glycol, 

poisoning 698
ethynodiol 502
etidronate 658–60
etodolac 742
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etomidate 772
etonorgestrel 502
etoricoxib 742
etretinate 692
etynodiol diacetate 506
exemastane 524
ezetemibe 56, 60, 62

factor VIII 604
factor X inhibitor 122
faecal softeners 43
famciclovir 422
famotidine 32
Fansidar® 444, 448
felodipine 182
felypressin 550
fenbufen 742
fenofi brate 670
fenoprofen 742
fenoterol 250
fentanyl 752

poisoning 704
fenticonazole 436
ferrous salts 614
ferrous sulphate, 

combination 
formulations 40

fexofenadine 688
fi brates 56, 62, 670
fi brinolytic drugs 146
fi lgrastim 612
fi nasteride 517–8
fl avoxate 226
fl ecainide 90, 100, 768

CAST trial 91
fl ucloxacillin 374, 376
fl uconazole 436
fl ucytosine 436
fl udarabine 566
fl umazenil 710
fl uorescein 716
fl uorouracil 566
fl uoxetine 324, 328
fl upentixol 336
fl uphenazine 70
fl urbiprofen 742
fl utamide 516
fl uticasone 488, 490
fl uvastatin 56, 62
fl uvoxamine 324, 328
folic/folinic acid 618

combination 
formulations 40

fondapurinox sodium 115, 
120, 122

formoterol 254
fosinopril 166
fosphenytoin 288, 761
fulvestrant 520
furosemide (frusemide) 200

GABA analogues 762–4
GABAergic neurotransmission 

modulators 288

gabapentin 761–4
GABA receptor agonists/

antagonists 666, 708
gadolinium, poisoning 716
galantamine 364
gallamine 670
ganciclovir 422
ganirelix 510
gases, poisoning 716
gelatin, modifi ed 194
gemcitabine 566
gemeprost 526
gemfi brozil 62–3, 670
gentamicin 394

dosing, Hartford 
nomogram 397

plasma drug concentration 
target range 307

gestodene 502
gestrinone 510
glatiramer 724
glibenclamide 464
gliclazide 464
glimepiride 464
glipizide 464
gliquidone 464
glitazones 474
glucagon 462
glucocorticoids 486–8
glucose 467
glucose crystalloid solutions 

for intravenous 
infusion 190

glucose-potassium-insulin 
infusion 460

glycerol 42
glyceryl trinitrate 152
glycopeptide antibiotics 384
glycoprotein IIb/IIIa 

antagonists 132, 138, 
142, 144

glycopyrronium 
226, 227, 228–9

glycosides, cardiac
drug dosages 587
plasma drug concentration 

target range 307
poisoning 698

gold salts 644, 650
gonadorelin analogues 510, 

516–7
goserelin 510
granisetron 78
griseofulvin 436
guanine derivatives, 

antiviral 422

haemagglutinin 674
haloperidol 336

with diamorphine 736
halothane 776
Hartford nomogram, dosage 

of gentamicin 397
Hartmann’s solution 190

heavy metals, poisoning 
712, 714–5

heparinoids 122
heparins 122

low molecular weight 110
unfractionated 110

hexastarch 138
H1 histamine receptor 

antagonists 688
hirudins 122
histamine H1/H2 receptor 

agonists/antagonists 
32, 708

HMG CoA reductase 
inhibitors (statins) 
56, 62

pharmacogenetic 
tests 129

hormone replacement 
therapy (HRT) 498

H2 receptor antagonists 32
5HT3 receptor antagonists 

see serotonin 5-HT3 
receptor antagonists

hydrochlorothiazide 206
hydrocortisone 488, 494
hydroxocobalamin 620
hydroxychloroquine 646
hydroxyethyl starch 194
hydroxyzine 688
hyoscine 75, 226–7
hyoscine butylbromide 

226–7, 230
with diamorphine 736

hyoscine hydrobromide 
226, 228, 230

hypnotics 308–16
hypoglycaemic drugs 467

drug dosages 587

ibuprofen 742, 750
idarubicin 562
ifosfamide 558, 560
imidapril 166
imidazole antifungal 

drugs 436
imipenem 378, 410
imipramine 318
immunoglobulins 720
immunosuppressants 584

drug dosages 587
Imodium® 46
indapamide 206
indinavir 428
indometacin 742
indoramin 546
infl iximab 644, 654, 720
inhalers, metered-dose 

(MDI) 250, 254, 256, 
258–9

insulin 452
glucose-potassium-insulin 

infusion 460
infusion rates 461
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insulin (cont.)
medication errors 459
prescribing 458

interferons 724
alfa 724
beta 724
gamma 724

ipecacuanha 699
ipratropium 226, 258
iproniazid 332
irbesartan 172
irinotecan, pharmacogenetic 

tests 129
iron

overload 622
poisoning 617, 622, 698

iron salts 614
isocarboxazid 332
isofl urane 776
isoniazid 418

combination 
formulations 40

isoprenaline 218, 227, 231
isosorbide mono/

dinitrate 152
isotretinoin 692
ispaghula husk 42
isradipine 182
itraconazole 436

kanamycin 394
kaolin 750
ketamine 760, 762, 772
ketoconazole 436
ketoprofen 742
ketorolac 742
ketotifen 264
Klean-Prep® 42–3

labetalol 160, 164
lacidipine 182
lactulose 42
lamivudine 428, 724
lamotrigine 298, 761
lanreotide 532
lansoprazole 34
Lariam® 444
latanoprost 526, 683
laxatives 42
lefl unomide 644, 652
lenograstim 612
lepirunide 122
lercanidipine 182
letrozole 524
leukotriene receptor 

antagonists 262
leuprorelin 510
levetiracetam 302
levobunolol 160, 683
levocetirizine 688
levodopa (L-dopa) 354

combination 
formulations 40

levofl oxacin 414
levomepromazine 337

with diamorphine 736
levonorgestrel 502
levothyroxine sodium 478
lidocaine (lignocaine) 90, 

100, 768
surface anaesthesia 771
ventricular 

tachycardia 769
linezolid 332, 387
liothyronine sodium 478
lisinopril 166
lisuride 358
lithium 348

plasma drug concentration 
target range 307

poisoning 350, 698
local anaesthesia 768
lofepramine 318
Lomotil® 44
lomustine 558, 560
long-acting beta2 

adrenoceptor 
agonists 254

loop diuretics 200
with potassium-sparing 

diuretics 210
loperamide 32, 46, 748, 750
lopinavir 428
loprazolam 308
loratadine 688
lorazepam 308, 311
lormetazepam 308
lornoxicam 742
losartan 172
lovastatin 56, 62
lumefantrine 444
lymecycline 388
lynestrenol 502
lypressin 550

macrolide antibiotics 398
cytochrome P450 enzyme 

inhibitors 402
magnesium carbonate, and 

citric acid 43
magnesium hydroxide 42
magnesium sulphate 626
magnetic resonance imaging 

agents 716
Malarone® 444
malathion, poisoning 698
mannitol 197, 703
maprotiline 318
measles/mump/rubella 

(MMR) vaccine 730
medroxyprogesterone 502
mefenamic acid 742
mefl oquine 444
meglitinides 468
meloxicam 742
melphalan 558, 560

memantine 364, 367
menadiol 636
meptazinol 752
mercaptopurine 566, 570, 

584, 592
meropenem 378
mesalazine 48, 52
mesna 560
mesterolone 512
mestranol 498
metaraminol 218
metenolone 512
metered-dose inhalers 

(MDIs) 250, 254, 256, 
258–9

metformin 470, 716
methadone 752, 762

poisoning 704
treatment of 

addiction 754
methanol, poisoning 698
meticillin-resistant Staph. 

aureus (MRSA) 375
methionine, alternative 

to acetylcysteine, 
poisoning 700

methotrexate 566, 570, 644
and folinic acid 618

methotrimeprazine 337
methoxamine 218
methoxypolyethylene 

glycol-epoetin beta 608
methylcellulose 42
methyldopa (alpha-

methyldopa) 178
methylprednisolone 488
metipranolol 160, 683
metoclopramide 66

with diamorphine 736
metolazone 206
metoprolol 160, 163
metronidazole 410
mexiletine 90, 100, 768
mianserin 318
miconazole 436
midazolam 308
with diamorphine 736
mineralocorticoids 486
minocycline 388
mirtazepine 330
misoprostol 38, 526
mitobronitol 558, 560
mitomycin 562
mitoxantrone 562
mivacurium 670
mizolastine 688
MMR (measles/mumps/

rubella) vaccine 730
moclobemide 332
modifi ed-release 

formulations 181
moexipril 166
molgramostim 612
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mometasone 488, 490
monoamine oxidase 

inhibitors (MAOIs) 332
monoclonal antibodies 580, 

583, 720
abciximab 144, 720
adverse events 

reporting 583
infl iximab 644, 654, 720
trastuzumab 580, 654, 720

montelukast 262
morphine 748, 752

antidiarrhoeal 44, 46
palliative care 758
PCA pumps 753
poisoning 704
prescribing 758

moxifl oxacin 414
moxonidine 178
MRI agents 716
muscarinic receptor 

agonists 678, 708
muscarinic receptor 

antagonists 226, 708
bronchodilatory 258

muscle relaxants 666
mycophenolate mofetil 

588, 592
mycophenolic acid 588

nabumetone 742
Na+ channel inhibitors 

210, 288
nadolol 160
nafarelin 510
Na+/K+-ATPase 

inhibitors 94
Na+/K+/Cl– co-transporter 

inhibitors 200, 206
nalbuphine 752
nalidixic acid 414
naloxone, use in opioid 

overdose 704
naltrexone, use in opioid 

overdose 704
nandrolone 512
naproxen 742
naratriptan 368
narcotics

non-opiate 752
opiate 752

nateglinide 468
nebivolol 160
nebulizers 250–3
nedocromil sodium 264
nefazodone 330
nelarabine 566
nelfi navir 428
neomycin 394
neostigmine 364
nerve gases 228
netilmicin 394
neuraminidase inhibitors 426

neurogenic bladder 365, 367
neuroleptic drugs 336
neuromuscular blocking 

drugs 670
reversal 365

nevirapine 428
nicardipine 182
nicorandil 156
nicotine, replacement 

therapy 274
nicotinic acid 56, 62
nicotinic receptor agonists/

antagonists 708
nicoumalone 124
nifedipine 182

immediate-release 185
nifedipine-like 

dihydropyridines 182
modifi ed-release 

formulations 181
nimodipine 182
nisoldipine 182
nitrate drugs 152
nitrazepam 308, 311
nitric oxide donors 152
nitroimidazoles 410
nitrous oxide 776
nizatidine 32
non-depolarizing drugs 670
non-nucleoside reverse 

transcriptase inhibitors 
428, 430

non-opiate narcotic 
analgesics 752

non-selective 
phosphodiesterase 
inhibitors 266

non-steroidal anti-
infl ammatory drugs 
(NSAIDs) 32, 34, 
38, 742

associated ulcer 32, 34, 38
COX-2 inhibitors 742
gastric bleeding risk 38
non-selective 743

noradrenaline 218
reuptake inhibitors 276, 

318, 330
norethisterone 502
norfl oxacin 414
norgestimate 502
nortriptyline 318

neuropathic 
pain 760, 762

NSAIDs 32, 34, 38, 742
associated ulcer 

32, 34, 38
COX-2 inhibitors 742
gastric bleeding risk 38
non-selective 743

nucleoside analogues 428, 
430–1

nystatin 440

octreotide 532
oestrogens 498
ofl oxacin 414
olanzapine 336
olmesartan 172
olsalazine 48, 50, 52
omega-3 fi sh oils 56, 62
omeprazole 34
ondansetron 78, 708
opiates 752

defi ned 752
opioid mu receptor 

agonists 748
opioid mu receptor 

antagonists 704
opioid receptor agonists 46
opioids

defi ned 752
opiate/non-opiate 

748–52
oral contraceptives 504

missed dose advice 
and emergency 
contraception 507–40

progestogens 506
venous thromboembolism 

(VTE) 505
orlistat 64
ornipressin 550
orphenadrine 226
oseltamivir 426
oxaliplatin 576
oxazepam 308
oxcarbazepine 302
oxitropium 226, 258
oxprenolol 160
oxybutinin 226, 228, 230
oxycarbazepine 761
oxycodone 752
oxygen 242

acute therapy 245
delivery systems 242
long-term therapy 

242, 245
narcosis 242

oxytetracycline 388
oxytocin 527, 530

paclitaxel 578, 703
drug-eluting stents 592

paliperidone 342
palonosetron 78
pamidronate 663
pancreatic lipase 

inhibitors 64
pancuronium 670
panitumumab, 

pharmacogenetic 
tests 586

pantoprazole 34
papaveretum 752

poisoning 704
papaverine 236
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paracetamol 738, 750, 
754, 762

poisoning 700, 738
nomogram 702

parasympatholytic 
agents 226

parasympathomimetics 678
parathyroid hormone 

analogues 661
paroxetine 324, 328
Parvolex, use in 

poisoning 700
PCA pumps 753
pegaptanib 684
pegzerepoetin alfa 608
pemetrexed 566
penciclovir 422
penicillamine 644, 712

use in poisoning 712
penicillins 374

hypersensitivity 375
Pentasa® 49
pentastarch 194
pergolide 358
perindopril 166
perphenzine 44
pethidine 752

poisoning 704
petroleum distillates, 

poisoning 698
phenelzine 332
phenformin 470
phenindione 124
phenobarbital 304, 618

poisoning 698
phenothiazines 70, 336

antiemetics 66, 70
phenotypic tests 586
phenoxybenzamine 546
phenprocoumon 124
phentolamine 236, 546
phenylalkylamines 188
phenylbutazone 742
phenytoin 288, 618, 761

non-linear kinetics 292
plasma drug concentration 

target range 307
plasma protein binding 

displacement 293
phosphodiesterase 

inhibitors
non-selective 266

type V 235–6
phytomenadione 636
pilocarpine 678, 683
pimecrolimus 592
pindolol 160
pioglitazone 474
piperacillin 374, 377
piroxicam 742
placebos 20
plasma protein fraction 194
plasma substitutes 194

plasmin activators 146
platinum compounds 576
polyene antifungals 440
polyethylene glycol 42–3
potassium channel 

activators 156
potassium chloride 190, 

628, 631
potassium-sparing diuretics 

197, 210
combination 

formulations 210
with loop diuretics 210

pramipexole 358
pravastatin 56, 62
prazosin 546
prednisolone 488, 494

withdrawal 489
pregabalin 762
premedication 309, 365
primaquine 444
primidone 304
probenecid 640, 642
procainamide 68, 90, 

100, 768
prochlorperazine 70, 336
procyclidine 230, 226–8
prodrugs 171
progestogens 502
proguanil 444
promethazine 688
propafenone 90, 100, 768
propantheline 226–7
propofol 772
propranolol 160, 163
propylthiouracil 482
prostacyclin 132, 138, 142, 

144, 166
prostaglandins 526

analogues, misoprostol 
38, 526

obstetrics 526
prostanoids 235
protease inhibitors 428–31
proton pump inhibitors 

(PPIs) 34
pyrazinamide 418
pyridostigmine 364
pyrimethamine 444

quetiapine 336
quinalbarbital 304
quinapril 166
quinidine 90, 100, 768
quinine 444

poisoning 698
quinolone antibiotics 414

pharmacogenetic 
tests 129

quinupristin 387

rabeprazole 34
radionuclides, poisoning 716

raloxifene 520, 658–60
raltitrexed 566
ramipril 166
ranibizumab 684
ranitidine 32
ranitidine bismuth 

citrate 36
rapacuronium 670
rasagiline 332, 334
rasburicase 640, 642
reboxetine 330
receptor antagonists 707–8
remifentanil 752

poisoning 704
repaglinide 468
reserpine 178
resins (colestyramine, 

colestipol) 56, 62
reteplase 146
retinoids 86

adapalene 692
etretinate 692
isotretinoin 692
tretinoin 692
vitamin A analogues 692

reviparin 110
rheumatoid 

arthritis-modifying 
drugs 491, 644–54, 
712–3

ribavirin 724
rifabutin 418
rifampicin 418

combination 
formulations 40

rimantadine 358
rimiterol 250
Ringer-lactate 

solution 190
Ringer’s solution 190
risedronate 658–60
risperidone 336
ritodrine 250
ritonavir 428
rituximab 580, 720
rivastigmine 364
rizatriptan 368
rocuronium 670
ropinirole 358
rosuvastatin 56
rufi namide 303

Salazopyrin® 53
salbutamol 218, 250
salmeterol 218, 254
Salofalk® 49
saquinavir 428
scopolamine (hyoscine) 

75, 226–7
secobarbital 304
selective oestrogen 

receptor modulators 
(SERMs) 520
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selective serotonin reuptake 
inhibitors (SSRIs) 324

selegiline 332
senna 42
serotonin 5-HT1 receptor 

agonists (triptans) 
368, 708

serotonin 5-HT3 receptor 
antagonists 66, 78, 708

serotonin reuptake 
inhibitors 318, 324, 330

sertindole 336
sertraline 324, 328
sevofl urane 776
sex steroids 498

anabolic steroids 512
androgens 512
antiandrogens 516
aromatase inhibitors 524
gonadorelin 

analogues 510
hormone replacement 

therapy (HRT) 498
oral contraceptives 504
selective oestrogen 

receptor 
modulators 520

short-acting beta2 
adrenoceptor 
agonists 250

short Synacthen® test 496
sildenafi l 236
silver sulfadiazine 404
simvastatin 56, 62
sirolimus 592
sitaxentan 232
skeletal muscle 

relaxants 666
sodium aurothiomalate 650
sodium calcium edetate 715
sodium chloride 190
sodium cromoglicate 265
sodium nitroprusside 164
sodium picosulfate 43
sodium valproate 294, 762
somatostatin and 

analogues 532
sotalol 160–1, 163
spacer devices 261
spiramycin 398
spironolactone 214
SSRIs 324
statins (HMG CoA 

reductase inhibitors) 
56, 62, 532

pharmacogenetic 
tests 129

stavudine 428
Stemetil® (prochlorperazine) 

70, 336
streptogramins 398
streptokinase 146
streptomycin 394, 418

succimer (DMSA) 715
succinylcholine see 

suxamethonium
sulconazole 436
sulfadiazine 404
sulfadoxine 444
sulfamethoxazole 404
sulfasalazine 48, 52, 644
sulfi npyrazone 640, 642
sulfi ting agents 408
sulfonamides 404

pharmacogenetic tests 129
sulfur allergy 408, 680

sulfonylureas 464
sulfur, allergy 408, 680
sulindac 742
sumatriptan 368
Sustanon 250® 513
suxamethonium 670
sympathomimetics 186, 255

inotropic 221
vasoconstrictor 220, 222

Synacthen® test 496
Syntocinon® 527, 530
Syntometrine® 530

tacalcitol 633
tacrolimus 592
tadalafi l 236, 238
tamoxifen 520
tamsulosin 546
taxanes 578
tazobactam 374, 377
tazocin 410
tegafur 566
teicoplanin 384
telithromycin 398
telmisartan 172
temazepam 308, 311
tenecteplase 146
tenofovir 428
tenoxicam 742
terazosin 546
terbinafi ne 436
terbutaline 218, 542
terfenadine 688
teriparatide 658–60
terlipressin 550
testosterone 512
tetracyclines 388

acne treatment 392
theophylline 266

plasma concentration, 
drugs and factors 
increasing/
decreasing 269

plasma drug concentration 
target range 270, 307

poisoning 698
thiazide and thiazide-like 

diuretics 206
thiazolidinediones 

(glitazones) 474

thiopental, anaesthesia 
304, 772

thioridazine 70, 336
pharmacogenetic 

tests 129
thiotepa 558, 560
thioxanthenes 336
thyroid hormones 478
tiagabine 303
tiaprofenic acid 742
ticarcillin 374
ticlodipine 138
timolol 160, 163, 683
tinidazole 410
tinzaparin 110
tioconazole 436
tioguanine 566
tiotropium 226, 258
tirofi ban 144
tizanidine 666, 668
tobramycin 394
tocainamide 90, 100, 768
tocolytic drugs 251
tolbutamide 464
tolterodine 226, 228, 230
topiramate 302
torasemide 200
toremifene 520
tramadol 752, 762

poisoning 704
trandolapril 166
tranexamic acid 606
tranylcypromine 332
trastuzumab 580, 654, 720

pharmacogenetic 
tests 586

travoprost 526, 683
trazodone 318
treosulfan 558, 560
tretinoin 692
triamcinolone 488
triamterene 197, 210
triazole antifungal 

drugs 436
tricyclic antidepressants 

318, 760, 762
overdose treatment 322

trihexyphenidyl 
hydrochloride 226

trifl uoperazine 70
trilostane 524
trimeprazine 688
trimethoprim 392, 404, 618
trimipramine 318
triptans 368
triptorelin 510
troglitazone 474
tropicamide 230, 226–7
tropisetron 78
tryptophan 330
tuberculosis drugs, 

combination drug 
formulations 40
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tubocurarine 670
tumour necrosis factor 

(TNF) blocking 
drugs 654

unithiol (DMPS) 715
uracil 566
urokinase 146
ursodeoxycholic acid 54

vaccines 728–32
live 558, 728

valaciclovir 422
valganciclovir 422
valproic acid 294
valsartan 172
vancomycin 384

multidrug resistance 387
vardenafi l 236, 238
varenicline 274–5
vasopressin and 

analogues 550
vecuronium 670

venlafaxine 330
verapamil 188
verteporfi n 684
Viagra® 236
vigabatrin 302
vinblastine 574
vinca alkaloids 574
vincristine 574
vindesine 574
vinorelbine 574
vitamin A analogues 692
vitamin B12 620
vitamin D analogues 632
vitamin K1 636, 703
voriconazole 436

pharmacogenetic 
tests 129

warfarin 75–6, 124
anticoagulant-induced 

bleeding 116
excessive anticoagulation 

treatment 76, 637

interactions, 
amiodarone 106

pharmacogenetic 
tests 129

weedkillers 228

xanthine derivatives 266
ximelagatran 118
xipamide 206

zafi rlukast 262
zalcitabine 428
zaleplon 316
zanamivir 426
zidovudine 428
zileuton 262
zoledronic acid 663
zolmitriptan 368
zolpidem 316
zonisamide 303
zopliclone 316
zotepine 342
zuclopentixol 337
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Subject Index

NOTE: Entries in bold indicate medical emergencies.

abortion, induction 26, 
38, 526

acne 389, 392, 692
in women 517

acromegaly 532
addicts 754
Addison’s disease 496
administration routes 

72, 575
advantages/disadvantages 73
adrenal gland 486–8
adrenocortical 

insuffi ciency 497
acute 497
treatment 497

adverse drug reactions 
(ADRs) 16, 484, 583

cytotoxic chemotherapy 
556, 567

paradoxical 339
aerosol inhalation 256
agonists 707–8

examples 708
agranulocytosis, carbimazole-

associated 484
airways obstruction, chronic 

reversible 267
alcohol, withdrawal 

309–10, 314
aldosteronism, primary 

7, 214
allergic rhinitis 264–5, 491, 

688, 691
altitude sickness 681–2
Alzheimer’s disease 364, 367
Alzheimer-type dementia 

364–5
amoebiasis 410
anaemia 598

pernicious 620
anaesthesia 337, 365, 

367, 768
drugs that should usually 

be stopped/continued 
around the time 
of 773

general 772
inhalational 776
intravenous 772
local 768
surface 771
volatile 776

analgesia 735
acute severe pain 753

analgesic ladder, 
postoperative pain 740

anaphylactoid reactions, 
acetylcysteine 703

anaphylaxis 223, 601, 
654, 689

principles of treatment 
222–3, 703

angina
coronary artery disease 

risk factors 155
prophylaxis 155, 159, 183, 

186, 188
treatment 152, 155–6, 

186, 189
antagonists 707–8

examples 708
antibodies 720

 immunoglobulins; 
monoclonal antibodies

anticoagulation 110–31
anticoagulant-induced 

bleeding 116
following stroke 135
parenteral 

anticoagulants 122
antihistamines 688
anxiety, treatment 308, 765
arrhythmias 84–108

atrial 90, 94, 104, 126
bradycardia 231
long QT syndrome, drug-

associated 690
principles of 

treatment 161, 626
supraventricular 

86–94, 188, 769
ventricular 86–104

ascites
malignant 214, 216
and oedema, hepatic 

cirrhosis 214, 216
asthma and COPD 

246–70
acute bronchospasm 

250, 254, 259, 266
acute severe, adults 

253, 626
beta2 adrenoceptor 

agonists
long-acting 254
short-acting 250

bronchodilatory 
muscarinic receptor 
antagonists 258

chronic 250, 254, 258, 262
guidelines (GINA/BTS) 

246–7

large-volume spacer 
devices 261

leukotriene receptor 
antagonists 262

metered-dose inhalers 
(MDIs) 250, 254, 256

pharmacology 246
atrial arrhythmias 90, 94, 

104, 126
atrial fi brillation 90, 94, 126

stroke risk factor 135

bacille Calmette-Guérin 
(BCG) 418, 731

bacterial infections 374–416
anaerobes and 

microaerophiles 410
notifi able diseases 421

Bacteroides fragilis 
infection 410

benefi t and harm, 
concepts 135

benign prostatic hyperplasia 
517, 546, 548

bile acids 54
bile salt sequestrants 44, 748
biliary cirrhosis 55
biliary system 54–62
bioequivalence 6
biosimilars 6
bipolar disorder 281, 283, 

298, 348
bladder, neurogenic 

365, 367
bleeding 606

anaemia 598
anticoagulant-induced 116
NSAID-associated 38
peptic ulcer 35
post-partum, 

prevention 530–1
blood, dialysis/fi ltration, 

drug removal 542
blood groups 600
blood transfusion 600

predonation 
programmes 609

body mass index (BMI) 64
body surface area (BSA) 24
body weight, drug dosages 

according to 587
bone mineral density 659
bone pain 659, 661
bowel cleansing 43
bowel muscle 

relaxation 227
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bradycardia
anaesthesia-

associated 229
emergency 

treatment 231
symptomatic 227, 231
temporary 227

bran 42
breast cancer 500, 511, 520, 

524, 582
breastfeeding 26, 28
bronchospasm, acute 

250, 254, 259, 266

calcium channel 
blockade 180

calcium metabolism 624
calcium oxalate stones 540
calcium salts 624
cancer 500, 554–83

bone pain 659, 661
hypercalcaemia of 

malignancy 664, 
658–60

principles of 
treatment 554

see also cytotoxic 
chemotherapy; specifi c 
lesions

candidiasis 436
caps, contraceptive 508
carbon monoxide 

poisoning 244
carcinoid tumours 532
cardiac arrest 222
cardiac glycosides 

(digitalis) 94
cardiovascular system 81
carotid stenosis, risk factor 

for stroke 135
catechol-O-methyl 

transferase 362
cerebral oedema 197, 

492, 494
chelating agents 715

use in poisoning 712
chemotherapy 554–83, 

587, 609
chickenpox 492

and pregnancy 721
cholesterol 56
cholesterol gallstones 54
cholic acids 54
cholinergic crisis 365
chronic obstructive 

pulmonary disease 
(COPD) 246–70

bronchospasm 250, 254, 
259, 266

guidelines for 
treatment 248

ventilatory failure 273
chronic reversible airways 

obstruction 267

Churg–Strauss 
syndrome 263

class effects 170
clinical trials, surrogate 

markers 433
Clostridium diffi cile-associated 

diarrhoea 383
clotting 604
clotting disorders 636
clotting factors 604
coagulation 110–24
coagulation disorders 604
Cockroft–Gault 

equation 536
colic, renal 540
collateral reactions 

(ADRs) 16
colloid solutions for 

intravenous infusion 194
colony stimulating 

factors 612
coma 696

hyperosmolar non-ketotic 
coma (HONK) 454

combination 
formulations 40, 754

compliance, adherence and 
concordance 11

concentration–effect 
curves 14

conjunctivitis 264
Conn’s syndrome, primary 

aldosteronism 215
constipation 42
contraception, oral 

contraceptives 504–15
controlled drugs 756, 758
coronary artery disease

drug-eluting stents 592
primary/secondary 

prevention 56–7
PTCA 138
risk factors 155

corticosteroids see 
glucocorticoids and 
mineralocorticoids

corticotrophins 496
cough 689, 749
creatinine clearance 536
Crohn’s disease 654
crossmatching blood 600
crystalloid solutions for 

intravenous 
infusion 190

cyclooxygenase 132, 742
cystinuria 540
cytochrome P450 

isoenzymes
2D6 (CYP2D6) 93
3A4 (CYP3A4), 285–6, 

401–20
cytokine release 

syndrome 580–1
cytokines 724

cytomegalovirus (CMV) 
infection 423

cytotoxic chemotherapy 
554–80, 587

adverse effects 556, 567
extravasation 556, 565

alkylating drugs 558
antibiotics 562
drug dosages 587
emetogenic 78, 80
epoetin 609
hyperuricaemia 642–3
sites of action 554

cytotoxic monoclonal 
antibodies 580

adverse effects 583

dementia 364–5, 367
depression 318–32
detrusor muscle instability 

228, 230
diabetes insipidus 207
diabetes mellitus 452–76

hypertension 473
hypoglycaemia 455–6, 

462–8, 467
ketoacidosis 453
non-ketotic 

hyperglycaemia 454
prophylaxis of neuropathy 

168, 173, 319
surgery 460
types I and II 452

dialysis/fi ltration, drug 
removal 542

diaphragms, 
contraceptive 508

diarrhoea 44–6, 748
antibiotic-associated 

383–4
Clostridium diffi cile-

associated 383
drug-associated 750

digitalis 94
disease-modifying 

antirheumatic drugs 
(DMARDs) 644–54, 
712–3

diseases, notifi able 421
disturbed behaviour, adult, 

guidelines 341
diuresis 197
dizziness 67, 75, 78
dose–response curves 14
driving (fi tness to 

drive) 89
dizziness 67, 78
epilepsy 301
loss of consciousness 89

drugs
administration routes 

72, 575
advantages/

disadvantages 73
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adverse drug 
reactions 16, 484

paradoxical 339
reporting 583

affi nity 224
anaemia 598
anaphylactoid 

reactions 703
biosimilars 6
compliance, adherence, 

and concordance 11
concepts of benefi t and 

harm 135
controlled 756, 758
development 30
dosages according to body 

weight 587
dose–response curves 14
effi cacy 15
enteric recirculation 698
essential medicines list 

(WHO) 10
examination and 

investigation 4
generic 6
half-life

clotting factors 124
long 108

history 2, 676
interactions 18
lifestyle drugs 239
modifi ed-release 

formulations 181
names 223
off-licence drugs 8
paediatric prescribing 24
pharmaceutical 

interactions 18
pharmacodynamic 

interactions 18
pharmacokinetics

interctions 18
non-linear 292
unusual kinetic 

properties 665
zero-order 292

plasma concentration, 
target ranges 270

plasma protein 
binding 102

potency 205
renal damage, drug-

induced 538
renal replacement 

therapy 542
selectivity 224
sport and 514
see also prescribing

dry mouth 678
Dubois formula 24
duodenal ulcer 32, 34, 39
dysphagia, tablets 37
dystonias 228

acute drug-associated 227

eclampsia 626
eczema, atopic 592
emergencies

acute asthma 253
acute bronchospasm 250, 

254, 259, 266
acute severe pain 752
anaphylaxis 223, 601
bradycardia 231
cardiac arrest 222
coma 527, 696
cytokine release 

syndrome 581
emergency 

contraception 507
malignant 

hypertension 164
oculogyric crisis 227

emesis 66
chemotherapy-associated 

78, 80
empyema, 

thrombolysis 148
encephalitis, 

toxoplasmic 404
endometriosis 502–3, 507
enteric recirculation of 

drugs 698
enuresis 319
epilepsy

and fi tness to drive 89, 301
treatment 283, 288, 294, 

296, 298, 300, 302, 309
gabapentin 764
NHS Prodigy 

guidelines 280
NICE guidelines 279
pregabalin 762
specialized 682
status epilepticus 

291, 296, 313
teratogenesis 297

erectile dysfunction 162, 
236, 240, 527

priapism 236
sildenafi l 162, 236

erythropoiesis 598, 608
essential medicines list 

(WHO) 10
estimated glomerular 

fi ltration rate 
(eGFR) 536

extravasation, treatment 
and prevention 556, 565

eye 668
glaucoma 668–9
infl ammatory 

conditions 491

faecal impaction 43
febrile transfusion 

reactions 602
fi sh oils, omega-3, 56, 62
fl uid overload 602

folate defi ciency 618
food allergy 264–5
fungal infections 436

GABAergic 
neurotransmission 288

GABA receptor 666, 708
gallstones, cholesterol 

gallstones 54
gastric acid suppression 

32–8
histamine H2 receptor 

antagonists 32, 708
misoprostol 38
proton pump inhibitors 

(PPIs) 34
gastric lavage 699
gastric ulcer 32, 34, 

38–9, 742
gastrointestinal bleeding 

34–5, 38, 742
gastrointestinal 

motility 42–6
co-phenotrope 44
loperamide (Imodium) 46

gastro-oesophageal 
refl ux 35

generalized anxiety 
disorder 765

generic drugs 6
genetic testing 129, 586
giardiasis 410
glaucoma 527–8

treatment 161, 527–8, 
640–4

glomerular fi ltration rate 
(GFR) 536

glucagon 462
glucocorticoids 486–94
glucose-6-phosphate 

dehydrogenase (G6PD) 
defi ciency 449

goitre 482
gout 640–2
grapefruit juice, drug 

interactions with 401
Graves’ disease 482

haemodialysis/fi ltration, 
drug removal 542

haemolysis 598
transfusion-associated 601

haemolytic disease 
of newborn, 
prevention 721

haemophilia 604
haemorrhage, 

postpartum 530–1
haemorrhagic disease of 

newborn 636
Hartford nomogram, dosage 

of gentamicin 397
hay fever (allergic rhinitis) 

264–5, 491, 688, 691
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headache 371
analgesic-overuse 739
cluster 368
migraine, acute 371

heart failure
oedema 151, 201, 214
treatment 95, 151, 160, 

164, 167, 207
VALHEFT trial 173

heart rate, increasing 227
heavy metals, chelating 

agents 715
Helicobacter pylori 

infection 410
eradication 32, 36

hepatic cirrhosis, ascites and 
oedema 214, 216

hepatic insuffi ciency 22
hepatitis B 725

immunization 730
hepatitis C 725
herpesvirus infections, 

antiviral guanine 
derivatives 422

hiccup 337, 341
hirsutism 215, 517
histamine 688
HIV infection and AIDS 428
hormone replacement 

therapy (HRT) 498
human antibodies 720
human immunodefi ciency 

virus (HIV) 428
hypercalcaemia 624, 659

of malignancy 658–60, 664
hypercalciuria 540
hypercholesterolaemia 

60, 62
stroke risk factor 135

hyperglycaemia, 
diabetic 454

hyperkalaemia 
624, 628, 631

hyperlipoproteinaemia 
56, 62

hyperosmolar non-ketotic 
coma (HONK) 454

hyperpyrexia, malignant 
668–9

hypersensitivity 517
hypersusceptibility reactions 

(ADRs) 16
hypertension

alpha-blockers 546
diabetes mellitus 473
pregnancy-associated 178
stroke risk factor 135
treatment 159, 167, 173, 

176, 182, 186, 188, 
206, 546

British Hypertension 
Society 
guidelines 176

emergency/
malignant 164

pharmacology 177
hyperthyroidism 161, 

478, 482
hyperuricaemia 640–2
hypocalcaemia 624
hypoglycaemia 467, 587

diabetes mellitus 455–6, 
462–8

hypokalaemia 624, 628, 
681, 768

hypomagnesaemia 626
hypoparathyroidism 633–4
hypotension

perioperative 227
postural 204

hypothyroidism 478
hypoxaemia, high/low 

PaCO2 242

immunization schedule 
(UK) 732

see also vaccination
immunoglobulins 720
immunosuppression 584
incontinence, urinary 228
infections 373, 491

bacterial 374–416
Bacteroides fragilis 

infection 410
cytomegalovirus 

(CMV) 423
fungal 436
Helicobacter pylori 

infection 32, 36, 410
herpesvirus 422
HIV and AIDS 428
malaria 444
multiresistant 

organisms 387
notifi able diseases 421
protozoa 410
Ps. aeruginosa 374, 394, 

414
topical treatment 148, 

405, 437, 441
tuberculosis 418
urinary tract 404
viral 422

infertility, female 521
infl ammatory bowel 

disease 48–52, 491
mesalazine and related 

aminosalicylates 48
sulfasalazine 52

infl uenza 426
inhalers and spacers 250, 

254, 256, 258–9, 261
insomnia, treatment 

309, 316
insulin 452
interferons 724

intestinal smooth muscle, 
relaxation of 227

intracranial pressure
glucocorticoids 494
principles of treatment 

492, 494
intrauterine contraceptive 

devices 507–8
intravenous infusions

colloid solutions 194
crystalloid solutions 190
variable-rate 531

ischaemic heart disease 150
primary prevention 619
see also angina; coronary 

artery disease; heart 
failure; myocardial 
infarction

itch (pruritus) 691

ketoacidosis, diabetic 453
kidneys 536–44
Kostmann’s syndrome 612

labour 26
premature 251–2

lactic acidosis 470, 472
Lambert-Eaton myasthenic 

syndrome 364
large-volume spacer 

devices 261
lead, poisoning 702, 712, 715
left ventricular failure 

151–2, 198
leukotriene receptors 262
lifestyle drugs 239
lifestyle treatments 238, 361
lipids 54–64
liver, biliary system, and 

lipids 622–32
cholic acids 54
colestyramine and 

colestipol 44, 46, 
56, 62

ezetimibe 60
fi brates 62
HMG CoA reductase 

inhibitors (statins) 56
orlistat 64

liver disease, chronic 634
liver transplant, 

mycophenolate 
mofetil 588

long QT syndrome, drug-
associated 690

loss of consciousness 89
lung injury, transfusion-

associated 601
lupus-like syndrome, drug-

induced 714

macular degeneration 684
malaria 444, 646
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malignant ascites 214, 216
malignant disease see cancer
malignant hyperpyrexia 

668–9
mania 348
mastalgia 521
measles 492
measles/mumps/rubella 

(MMR) vaccine 730
Ménière’s disease 75
metabolism, drugs that 

induce their own 285–6
metered-dose inhalers 

(MDIs) 250, 254, 256, 
258–9

meticillin-resistant 
Staph. aureus (MRSA) 375

migraine 368
prophylaxis 161, 319, 371
triptans 368

mineralocorticoids 486
minerals 624
monoclonal antibodies 580, 

583, 720
motion sickness 66, 70, 75, 

228, 230
mountain sickness 681–2
multiple sclerosis 725
multiresistant organisms 387
mumps, measles/mumps/

rubella (MMR) 
vaccine 730

muscle spasm, chronic 309, 
668–9

musculoskeletal disease 639
myasthenia gravis 228, 

364–5, 367
myocardial infarction

prevention, relative 
vs absolute risk 
reduction 140

principles of 
treatment 150

treatment 147, 159, 167
myocardial nuclear 

imaging 88
myositis 62

Na+ channels 210, 288
Na+/K+-ATPase 94
Na+/K+/Cl– 

co-transporter 200, 206
Na+/K+ pump 94
nausea and vomiting 78, 

80, 754
emesis 66
motion sickness 66, 70, 

75, 228, 230
mountain sickness 681–2

nebulizers 250–3
nephropathy, diabetic, 

prophylaxis/treatment 
168, 173

nephrotic syndrome 215
nerve agent gases 228
neurogenic bladder 365, 367
neuroleptic malignant 

syndrome 70, 343
neuromuscular block 

365, 670
neuromuscular 

transmission 670
neuropathic pain 760, 

762, 764
neutropenia 612
newborns

haemolytic disease, 
prevention 721

haemorrhagic disease 636
nicotine replacement 

therapy 274
nocturnal enuresis 319
notifi able diseases 421

obesity 64
obstetrics 526

induction of labour 38
oculogyric crisis 227
oedema 200

cerebral 197, 492, 494
heart failure 151, 201, 

214
hepatic cirrhosis 214, 216
non-cardiac 207
pulmonary 198

oesophagitis 35
oestrogens 498
opiates/opioids

addiction 754
defi ned 752
misuse 757

oral contraception 504
organophosphorus 

weedkillers 228
osteodystrophy, 

renal 633–4
osteomalacia, drug-

associated 633
osteoporosis 498, 521, 632, 

658–65
postmenopausal 659
prevention 625, 632–3

oxygen 242
narcosis 242

paediatric prescribing 24
Paget’s disease 658–60
pain 735

neuropathic pain 760, 
762, 764

palliative care 736
antimuscarinics 230
antipsychiatrics and 

neuroleptics 337
morphine 758

pancreatic lipase 64

panic disorder 319
parathyroid hormone 

(C cells) 658
parietal cells, gastric acid 

secretion 33
parkinsonism, 

pharmacology 352
Parkinson’s disease 352

combination 
formulations 40

drug-associated 228
treatment 352

dopamine receptor 
agonists 358

selegiline and 
rasagiline 332, 334

patient-controlled analgesia 
(PCA) 753

peptic ulcer 32–4
bleeding 35

pernicious anaemia 620
phaeochromocytoma 547
pharmacogenetic tests 

129, 586
photodynamic therapy 684
placebos 20
plasma protein binding 102

displacement interactions, 
phenytoin 293

plasmin 146
pleural effusions, 

thrombolysis 148
Pneumocystis jiroveci (carinii) 

pneumonia 405
poisoning 228, 230, 695
poisoning by:

acids and alkalis 698
alfentanil 704
boric acid 698
buprenorphine 704
carbamazepine 698
cardiac glycosides 698
codeine 704
cyanide 698
dapsone 698
dextropropoxyphene 704
diamorphine (heroin) 704
ethanol 698
ethylene glycol 698
fentanyl 704
heavy metals 712, 714–5
heroin 704
iron 617, 622, 698
lead 702, 712, 715
lithium 350, 698
malathion 698
methadone 704
methanol 698
morphine 704
papaveretum 704
paracetamol 700, 738
pethidine 704
petroleum distillates 698
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poisoning by: (cont.)
phenobarbital 698
quinine 698
remifentanil 704
theophylline 698
tramadol 704

poisoning (treatment) 
696–8

acetylcysteine 700
activated charcoal 698
anaphylactoid 

reactions 703
antidotes 700–15
assessment 696
chelating agents 712
contrast agents 716
diagnostic agents 716
methionine, alternative to 

acetylcysteine 700
MRI agents 716
naloxone and 

naltrexone 704
penicillamine 712
radionuclides 716

polymyalgia rheumatica 586
porphyria 284
postoperative nausea and 

vomiting 78
postoperative pain, 

analgesic ladder 740
postpartum 

haemorrhage 530–1
postural hypotension, 

diuretics 204
potassium, function 628
potassium channels 156
pre-eclampsia 626
pregnancy 26

and chickenpox 721
hypertension during 178
premedication 309, 365
prescribing 2–9

abbreviations used 5
adverse drug reactions, 

yellow cards 16, 
484, 583

advisory labels 9
balanced 439
breastfeeding 28
cautionary labels 9
clinical guidelines 12
combination 

formulations 40
compliance, adherence, 

and concordance 11
concepts of benefi t and 

harm 135
dose changing 21
drug dosages according to 

body weight 587
drug examination and 

investigation 4
drug history 2, 676

drug interactions 18
effi cacy of drugs 15
essential medicines list 

(WHO) 10
guidelines, patients 

leaving hospital with 
controlled drugs 758

hepatic insuffi ciency 22
modifi ed-release 

formulations 181
off-licence drugs 8
paediatric 24
pharmaceutical 

interactions 18
pharmacodynamic 

interactions 18
pharmacokinetic 

interactions 18
placebos 20
pregnancy 26
rational prescribing 23
repeat prescriptions 7
writing a prescription 5
see also drugs

priapism 236
treatment 236

prodrugs 171
progressive multifocal 

leucoencephalopathy 
(PML) 590

prophylaxis, post-
exposure 434

prostate cancer 500, 
510, 516

prostatic hyperplasia (BPH) 
517, 546, 548

prostheses, heart valves 
126, 143

protein binding of drugs 102
protein C defi ciency 604
protozoal infections 410
pruritus 691
Pseudomonas aeruginosa 

infections 374, 394, 414
psoriasis 571–2, 633
psychoses and bipolar 

disorder 336
pulmonary arterial 

hypertension (PAH) 
232, 235

pulmonary embolism 148
pulmonary oedema 198
pulse oximetry, 

contraindications 244
pupils, dilatation 227, 230
pyrimidine synthesis 652

QT interval 
prolongation 690

radiological examinations 
and metformin 470

red man syndrome 16, 384

refl ux oesophagitis 
32–3, 35

renal insuffi ciency 536, 608
chronic, management 

544, 608
drug-associated 

damage 538
loop diuretics 201

renal osteodystrophy 633–4
renal replacement therapy, 

drug removal 542
renal stones 538, 540
renal transplantation, 

mycophenolate 
mofetil 588

respiratory depression, 
opiate-associated 752

respiratory failure 242, 244
respiratory stimulants 272
respiratory system 241
rhesus disease, 

prevention 721
rheumatoid arthritis 571, 

644–56
disease-modifying agents 

(DMARDs) 644–56, 
712–3

glucocorticoids 491
lefl unomide 652
methotrexate 571–2
sulfasalazine 52

rhinitis, allergic 264–5, 491, 
688, 691

risk reduction, relative vs 
absolute 140

rubella
measles/mumps/rubella 

(MMR) vaccine 730
vaccine 731

salmon calcitonin 658
schizophrenia 337, 340–1, 

343
secretions, reduction 

of 227
sedation 309, 689
septic shock 218, 491
serotonin syndrome 329
shock 219
SIADH (syndrome of 

inappropriate ADH 
secretion) 391, 552

Sjögren’s syndrome 678
skeletal muscle 666
skin 687

anaesthesia 771
antihistamines 688
retinoids 692

smoking 274
bupropion 

(amfebutamone) 276
nicotine replacement 

therapy 274
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sodium channels, 
blockade 288

spacer devices, large-
volume 261

splenectomy, vaccination 
issues 733

sport and drugs 514
Staphylococcus aureus, 

meticillin-resistant 
(MRSA) 375

status epilepticus 291, 
296, 313

stents, drug-eluting 592
stomach, gastric acid 

secretion 33
stroke

prevention 135
primary 135, 619
relative vs absolute risk 

reduction 140
secondary 135, 143

risk factors 135
treatment 135, 147

subarachnoid 
haemorrhage 183–4

sulfur allergy 408, 680
supraventricular 

arrhythmias 86–94
tachycardia (SVT) 86, 

188, 769
surgery

and anticoagulation 131
diabetes mellitus 460
glucocorticoids 493

surrogate markers, clinical 
trials 433

swallowing diffi culty, 
tablets 37

Synacthen test 496
syncope, fi tness to drive 89
syndrome of inappropriate 

ADH secretion 
(SIADH) 391, 552

syringe drivers, 
analgesics 736

systemic lupus 
erythematosus 714

teratogenesis 26–7
epilepsy treatment 297

tetanus 410, 413
thrombolytic therapy 

135, 148
thrombophilia, 

inherited 126
thrombosis

prophylaxis 115
venous thromboembolism 

115, 124, 126, 148, 156
thyroid disease 478–84

adverse effects 484
thyroid hormones 478

thyroid function
and amiodarone 107
hyperthyroidism 161, 

478, 482
toxoplasmic 

encephalitis 404
travel/motion sickness 66, 

70, 75, 228, 230
trichomonal vaginitis 410
trigeminal neuralgia 281, 

283, 761
tuberculosis 418

BCG 418, 731
tumour necrosis factor 

(TNF) 654

UK immunization 
schedule 732

ulcerative colitis 52
ulcers

peptic 32–5
topical streptokinase 148

uric acid stones 540
urinary incontinence 228
urinary retention 678–9
urinary tract 546–52
urinary tract infections 404

vaccination 728–33
measles, mumps, rubella 

(MMR) 730
patients without a 

spleen 733
UK immunization 

schedule 732
Varicella zoster 

infection 492
and pregnancy 721

vascular disease, HOPE 
trial 168

vasoconstrictor 
sympathomimetics 
220, 222

venous 
thromboembolism 126

oral contraceptives 505
risk factors 115, 124, 505
treatment 122, 126, 148

ventilation
CPAP 242
oxygen 242

ventilatory failure, 
COPD 272

ventricular and 
supraventricular 
arrhythmias 86–104, 
188 

tachycardia 769
Venturi mask 84
vertigo 75
viral infections 422

notifi able diseases 421
post-exposure 

prophylaxis 434
principles of 

treatment 425
vitamins 620, 632, 692

A (analogues) 692
B12 620
D (analogues) 632
D (defi ciency) 632
K1 636, 703

vomiting see nausea and 
vomiting

weedkillers 228
World Health Organization 

(WHO), essential 
medicines list 10

xanthine oxidase 642
xerostomia 678

yellow cards 16, 484, 583

Zollinger–Ellison 
syndrome 34
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	Glycoprotein IIb/IIIa antagonists: BNF 2.9
	Fibrinolytic drugs: BNF 2.10.2 and 13.11.7

	Ischaemic heart disease
	Pharmacology of drugs used to treat acute coronary syndromes, including myocardial infarction: BNF 2.10
	Pharmacology of drugs used to treat heart failure
	Nitrate drugs: BNF 2.6.1
	Nicorandil: BNF 2.6.3
	Beta-adrenoceptor antagonists (‘beta-blockers’): BNF 2.4, 2.5.5, 6.2.2, 4.7.4, 11.6
	Angiotensin converting enzyme inhibitors (ACE inhibitors): BNF 2.5.5.1
	Angiotensin receptor antagonists/blockers (ARBs): BNF 2.5.5.2

	Hypertension
	An approach to the treatment of hypertension: BNF 2.5
	Methyldopa (alpha-methyldopa): BNF 2.5.2

	Calcium channel blockers
	Calcium channel blockers (see also individual sections): BNF 2.6.2
	Dihydropyridines (nifedipine-like): BNF 2.6.2
	Benzothiazepines (diltiazem): BNF 2.6.2 and 2.3.2
	Phenylalkylamines (verapamil): BNF 2.6.2 and 2.3.2

	Intravenous fluids
	Crystalloid solutions for intravenous infusion: BNF 9.2
	Colloid solutions for intravenous infusion: BNF 9.2

	Diuretics
	Sites of action of diuretics: BNF 2.2
	Treatment of pulmonary oedema: BNF 2.2
	Loop diuretics: BNF 2.2.2 and 2.2.4
	Thiazide and thiazide-like diuretics: BNF 2.2.1, 2.5.5, and 6.5.2
	Potassium-sparing diuretics (amiloride and triamterene): BNF 2.2.3 and 2.2.4
	Spironolactone and eplerenone: BNF 2.2.3, 2.2.4, and 2.5.5

	Adrenoceptor agonists
	Adrenoceptor agonists (sympathomimetics): BNF 2.7 218

	Antimuscarinic drugs
	Muscarinic acetylcholine receptor antagonists (atropine and related compounds): BNF 15.1.3, 4.6, 4.9.2, 7.4.2, and 11.5

	Endothelin receptor antagonists
	Endothelin receptor antagonists: BNF 2.5.1

	Drugs for erectile dysfunction
	Phosphodiesterase type V inhibitors: BNF 7.4.5


	3 Respiratory system
	Oxygen
	Oxygen: BNF 3.6

	Asthma and chronic obstructive pulmonary disease (COPD)
	Pharmacology of drugs used to treat asthma: BNF 3.1
	An approach to the treatment of chronic obstructive pulmonary disease (COPD): BNF 3.2
	Short-acting &#946;[sub(2)] adrenoceptor agonists: BNF 3.1.1.1 and 7.1.3
	Long-acting &#946;[sub(2)] adrenoceptor agonists: BNF 3.1.1.1
	Bronchodilatory muscarinic receptor antagonists: BNF 3.1.2
	Leukotriene receptor antagonists: BNF 3.3.2
	Cromones: BNF 3.3.1, 1.5, and 11.4.2
	Xanthine derivatives: BNF 3.1.3

	Respiratory stimulants
	Doxapram: BNF 3.5.1

	Smoking cessation
	Nicotine: BNF 4.10
	Bupropion (amfebutamone): BNF 4.10


	4 Central nervous system
	Anticonvulsants
	Carbamazepine: BNF 4.8.1, 4.7.3, 6.5.2, 6.1.5
	Phenytoin: BNF 4.8.1, 4.8.2 and 4.7.3
	Sodium valproate: BNF 4.8.1
	Lamotrigine: BNF 4.8.1
	Other antiepileptic drugs: BNF 4.8.1
	Barbiturates: BNF 4.1.3, 4.8.1 and 15.1.1

	Anxiolytics and hypnotics
	Benzodiazepines: BNF 4.1.1, 4.1.2 and 4.8.2
	Benzodiazepine-like hypnotics: BNF 4.1.1

	Depression
	Tricyclic antidepressants: BNF 4.3.1, 6.1.5, 4.7.4.2 and 7.4.2
	Selective serotonin reuptake inhibitors (SSRIs): BNF 4.3.3
	Venlafaxine: BNF 4.3.4
	Monoamine oxidase inhibitors (MAOIs): BNF 4.3.2, 4.9.1

	Psychoses and bipolar disorder
	Antipsychotic/neuroleptic drugs: BNF 4.2
	Atypical antipsychotic drugs: BNF 4.2.1
	Lithium: BNF 4.2.3

	Parkinson’s disease
	Pharmacology of drugs used to treat Parkinson’s disease: BNF 4.9
	Levodopa (L-dopa): BNF 4.9.1
	Dopamine receptor agonists: BNF 4.9.1 and 6.7.1
	Entacapone: BNF 4.9.1 and 6.7.1

	Anticholinesterases
	Acetylcholinesterase inhibitors: BNF 10.2.1, 4.11, 15.1.6, 7.4.1 and 1.6.2

	Migraine
	Serotonin 5-HT[sub(1)] receptor agonists (‘triptans’): BNF 4.7.4


	5 Infections
	Antibacterial drugs
	Penicillins BNF: 5.1.1
	Carbapenems: BNF 5.1.2
	Cephalosporins and cephamycins: BNF 5.1.2
	Glycopeptide antibiotics: BNF 5.1.7
	Tetracyclines: BNF 5.1.3 and 13.6.2
	Aminoglycoside antibiotics: BNF 5.1.4
	Macrolide antibiotics: BNF 5.1.5
	Sulfonamides and trimethoprim (including co-trimoxazole): BNF 5.1.8 and 13.10.1.1
	Metronidazole and tinidazole: BNF 5.1.11
	Quinolone antibiotics: BNF 5.1.12

	Antituberculosis drugs
	Antituberculosis drugs: BNF 5.1.9

	Antiviral drugs
	Antiviral guanine derivatives: BNF 5.3, 11.3.3, and 13.10.3
	Drugs used to treat human immunodeficiency virus (HIV) infection: BNF 5.3

	Antifungal drugs
	Imidazole and triazole antifungal drugs: BNF 5.2, 7.2.2, 12.3.2, and 13.10.2
	Polyene antifungal drugs: BNF 5.2, 7.2.2, 12.3.2, and 13.10.2

	Antimalarial drugs
	Antimalarial drugs: BNF 5.4.1


	6 Endocrine system; obstetrics and gynaecology
	Diabetes mellitus
	Insulin BNF: 6.1.1
	Glucagon: BNF 6.1.4
	Sulfonylureas: BNF 6.1.2.1
	Meglitinides: BNF 6.1.2.3
	Biguanides (metformin): BNF 6.1.2.2
	Thiazolidinediones (‘glitazones’): BNF 6.1.2.3

	Thyroid disease
	Thyroid hormones: BNF 6.2.1
	Carbimazole: BNF 6.2.2

	Corticosteroids
	Corticosteroids: BNF 6.3
	Glucocorticoids: BNF 6.3

	Corticotrophins
	Corticotrophins: BNF 6.5.1

	Sex steroids
	Oestrogens and hormone replacement therapy (HRT): BNF 6.4.1, 7.2.1 and 8.3.1
	Progestogens: BNF 6.4.1.2, 8.3.2, and 7.3
	Oral contraceptives: BNF 7.3
	Notes on contraceptive devices: BNF 7.3.2.3, 7.3.3, and 7.3.4
	Gonadorelin analogues: BNF 6.7.2 and 8.3.4.1 & 2
	Androgens and anabolic steroids: BNF 6.4.2 and 6.4.3
	Antiandrogens: BNF 8.3.4.2, 6.4.2 and 13.6.2
	Selective oestrogen receptor modulators (SERMs): BNF 8.3.4.1 and 6.5.1
	Aromatase inhibitors: BNF 8.3.4.1

	Obstetrics
	Prostaglandins: BNF 7.1.1, 7.4.5, and 11.6
	Oxytocin: BNF 7.1.1

	Somatostatin and analogues
	Somatostatin and analogues: BNF 8.3.4.3


	7 Kidneys and the urinary tract
	Drugs and the kidneys
	Renal insufficiency: BNF 7.4.3
	Drug-induced renal damage: BNF 7.4.3
	Drugs and renal stones: BNF 7.4.3
	Drugs and renal replacement therapy (dialysis or filtration): BNF 7.4.3
	Drugs used in the management of chronic renal insufficiency: BNF 7.4.3

	Urinary tract
	Alpha-adrenoceptor antagonists (alpha-blockers): BNF 7.4.1 and 2.5.4
	Antidiuretic hormone (ADH, vasopressin) and analogues: BNF 7.4.1 and 7.4.2


	8 Malignant disease and immunosuppression
	Drugs used to treat cancer
	Drugs used to treat cancer: BNF 8.1
	Adverse effects of cytotoxic chemotherapy: BNF 8.1
	Chlorambucil: BNF 8.1.1
	Cyclophosphamide: BNF 8.1.1
	Cytotoxic antibiotics: BNF 8.1.2
	Antimetabolite drugs: BNF 8.1.3, 10.1.3, and 13.5.2
	Methotrexate: BNF 8.1.3, 10.1.3, and 13.5.2
	Vinca alkaloids: BNF 8.1.4
	Platinum compounds: BNF 8.1.5
	Taxanes: BNF 8.1.5
	Cytotoxic monoclonal antibodies: BNF 8.1.5 and 8.2.3

	Immunosuppression
	Azathioprine and mercaptopurine: BNF 8.2, 8.1.3, 1.5, 10.1.3, and 10.2.1
	Mycophenolate mofetil and mycophenolic acid: BNF 8.2.1
	Ciclosporin, tacrolimus, and sirolimus: BNF 8.2.2 and 13.5.3


	9 Nutrition and blood
	Blood, blood products, and anaemia
	Drugs and anaemia: BNF 9.1
	Blood transfusion
	Factor VIII and related products: BNF 2.11
	Erythropoietin and analogues: BNF 9.1.3
	Colony stimulating factors: BNF 9.1.6
	Iron salts: BNF 9.1.1
	Folic acid and folinic acid: BNF 9.1.2 and 8.1
	Vitamin B12: BNF 9.1.2
	Desferrioxamine (deferoxamine): BNF 9.1.3

	Minerals
	Calcium salts: BNF 9.5.1.1 and 9.6.4
	Magnesium sulphate: BNF 9.5.1.3
	Potassium chloride: BNF 9.2.1.1

	Vitamins
	Vitamin D analogues: BNF 9.6.4 and 13.5.2
	Vitamin K1: BNF 9.6.6


	10 Musculoskeletal and joints
	Gout
	Colchicine: BNF 10.1.4
	Allopurinol: BNF 10.1.4 and 8.1

	Rheumatoid arthritis (disease-modifying drugs)
	Rheumatoid arthritis (disease-modifying drugs): BNF 10.1
	Chloroquine and hydroxychloroquine: BNF 5.4.1 and 10.1.3
	Gold salts: BNF 10.1.3
	Leflunomide: BNF 10.1.3
	Tumour necrosis factor (TNF) blocking drugs: BNF 10.1.3 and 1.5.3

	Osteoporosis
	Calcitonin: BNF 6.6.1 and 9.5.1.2
	Bisphosphonates: BNF 6.6.2 and 9.5.1.2

	Drugs affecting muscle
	Baclofen: BNF 10.2.2
	Dantrolene: BNF 15.1.8 and 10.2.2
	Neuromuscular blocking drugs: BNF 15.1.5
	Botulinum toxin: BNF 4.9.3


	11 Eye
	Glaucoma
	Acetylcholine receptor agonists: BNF 11.6, 12.3.5, and 7.4.1
	Carbonic anhydrase inhibitors: BNF 11.6, 4.8, and 2.2.7
	Drugs for macular degeneration: BNF 11.8.2


	12 Skin
	Antihistamines
	Antihistamines: BNF 3.4.1, 13.5.1, 11.4.2, 4.6, and 12.2.1

	Retinoids
	Retinoids: BNF 13.6.1, 8.1.5, 13.5.2 and 13.8.1


	13 Poisoning
	Treatment of poisoning
	An approach to the poisoned patient
	Activated charcoal

	Antidotes
	Acetylcysteine (Parvolex[sup(&#174;)])
	Opioid antagonists: BNF 15.1.7
	Flumazenil: BNF 15.1.7
	Penicillamine: BNF 9.8.1 and 10.1.3

	Diagnostic agents
	Diagnostic agents


	14 Immunological products and vaccines
	Immunoglobulins
	Immunoglobulins: BNF 14.5 and 14.2

	Interferons
	Interferons: BNF 8.2.4, 5.3, and 14.5

	Vaccines
	Vaccines: BNF 14.1
	UK immunization schedule: BNF 14.1 and 14.4


	15 Relief of pain and anaesthetic drugs
	Analgesics
	Palliative care
	Paracetamol (acetaminophen): BNF 4.7.1
	Non-steroidal anti-inflammatory drugs (NSAIDs): BNF 10.1.1 and 15.1.4.2
	Codeine phosphate and dihydrocodeine: BNF 4.7.1, 4.7.2, 1.4.2 and 3.9.1
	Opiates and non-opiate narcotic analgesics: BNF 4.7.2 and 15.1.4.3
	Treatment of neuropathic pain: BNF 4.7.3
	Pregabalin: BNF 4.7.3 and 4.8.1
	Gabapentin: BNF 4.7.3, 4.8.1 and 6.1.5
	Capsaicin: BNF 10.3.2, 4.7.3, and 6.1.5
	Lidocaine (lignocaine): BNF 2.3.2 and 15.2
	Propofol: BNF 15.1.1
	Volatile anaesthetics: BNF 15.1.2
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