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Communicating information about drug safety
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It can be hard to interpret information about potential harms from drugs, whether through adverse
effects or drug interactions. A simple visual coding system could help

Prescribers and patients need information about the
established harms of a drug as well as its benefits. This
information helps prescribers to calculate the likely bal-
ance of benefit to harm before prescribing a drug. It also
enables them to avoid using a drug in circumstances of
particular risk (for example, renal insufficiency), to
choose preventive strategies (for example, using a
bisphosphonatetopreventglucocorticoid inducedosteo-
porosis), to know when to monitor for harm when the
risk is defined (for example, regular blood counts in
patients taking clozapine), and to recognise an adverse
reaction when it occurs. Patients need to know about
harms for similar reasons. They need to be able to
decide whether the likely benefit outweighs the potential
harm. They may be more aware than the prescriber of
circumstances that prevent their taking the drug. And it
is in their interest to be alert to the possibility that an
unwanted event that occurs while they are taking the
drug is an adverse drug reaction. What is the best way to
provide information about drug harms?

Necessary information
Ideally, prescribing information should list the
potential harmful effects of every drug together with
the following information about each effect: its relation
to the dose, its time course, the factors that alter an
individual’s susceptibility to it, its seriousness, and the
probability of it occurring, at least in the population
and preferably in the individual.

In practice, however, this information is rarely
available, for several reasons. Firstly, most drug studies
focus on benefits and are relatively poor at detecting
harms, for which larger studies are required. Harms
can be hard to detect for reasons that relate to the pre-
dictability, clinical features, and frequency of the harm.
A harm may be unpredictable because the full extent
of a drug’s pharmacological actions is initially
unknown. For example, sildenafil was first intended for
use in angina, was then found to reverse erectile impo-
tence by inhibiting phosphodiesterase in the corpus
cavernosum (a beneficial side effect), and was later
found to cause visual adverse effects by inhibiting
phosphodiesterase in the retina. Alternatively, the
harm can be the result of effects that are divorced from
the primary action of a drug, as with torsade de pointes

caused by thioridazine, which results from inhibition of
cardiac potassium channels. And sometimes the
mechanism of harmful effects is unknown, as with the
pulmonary fibrosis that can occur with pergolide.

The clinical nature of the harm can influence the
chance of detecting it. Some harms are commonly associ-
ated with drugs. An unexpected increase in prothrombin
time in a patient taking warfarin is commonly the result of
an interaction with a drug the patient has recently started
taking. Conditions such as Stevens-Johnson syndrome
and aplastic anaemia are often caused by drugs. In such
cases, suspicions of drug induced harm are readily raised.
However, other harms are not obviously drug related. For
example, it took several years for clinicians to realise that
cough is common in women who take angiotensin
converting enzyme inhibitors. Bizarre adverse effects, such
as a change in perception of musical pitch with
carbamazepine, can also evade detection.

The relative frequencies of a harm and related
natural disorders can also influence the ease with
which the reaction is detected. Rare harms can be hard
to detect, even if they have distinct clinical features, and
harder still when they resemble natural disorders and
have to be distinguished from the background, as the
recent cyclo-oxygenase 2 inhibitors saga has shown.1

If a harm is rare, a very large study may be needed
to be reasonably sure that the harm is associated with a
drug. Large randomised controlled trials are difficult to
establish and run. They are also relatively poor at
detecting harms, which are usually multiple and may
be unknown before a trial, whereas benefits are single
and carefully specified. Detection of a rare harm there-
fore usually requires an observational study, from
which findings can be distorted by uncorrected biases
and confounding, especially confounding by indica-
tion (was an effect due to the drug or the indication for
which the drug was prescribed?).

Thus, the information used to establish harms
often falls short of proof. When information on harm-
ful effects exists, it is commonly of poor quality or hard
to use. Often no clinical trials are available, and
information comes only from observational studies or
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anecdotal reports,2 which makes it difficult to calculate
frequencies. Furthermore, anecdotal reports are often
not confirmed by subsequent systematic studies.3 Even
when adverse events are logged in clinical trials, the
causal relation to the drug is not always clear, especially
when there is no comparison with placebo treatment.
And even when estimates of frequencies of harms are
available it is often difficult to translate those frequen-
cies to the risk in the individual patient.

Information currently available
Standard sources of drug information, such as the sum-
maries of product characteristics and British National
Formulary (BNF), routinely present information on
harms as contraindications, adverse reactions, and drug
interactions. Specific types of adverse drug reactions,
such as teratogenicity, are often listed separately.

Contraindications are pre-existing conditions that
either preclude drug use (absolute contraindications)
or make it less safe (relative contraindications,
sometimes labelled cautions or precautions). For
example, metoclopramide is absolutely contraindi-
cated in patients with intestinal obstruction, which it
exacerbates, and relatively contraindicated in children,
in whom it can precipitate acute dystonic reactions.

Adverse drug reactions, which range from the trivial to
the fatal, depend on the dose of the drug, the time from
the start of prescribing, and the susceptibility of the sub-
ject.4 Dose relations can be characterised as toxic effects,
collateral effects, and hypersusceptibility effects. The
time course ranges from immediate reactions to effects
that are greatly delayed. And there are various suscepti-
bility factors, including genetic factors, age, sex, and
comorbidities, all of which can alter the individual’s risk
of an adverse reaction. Classifying adverse drug

reactions in this way gives insights into their detection,
avoidance, and management.4

Drug interactions occur when one drug alters the
concentration of another drug at the site of action or
enhances or attenuates actions. Of the several thousand
drugs used in modern practice, about 1200 are listed in
the BNF; there are about 700 000 possible combinations
of any two of these drugs, and the BNF lists about 3000
reported interactions of varying importance. Figure 1
shows the numbers of interactions that are theoretically
possible from combinations of two, three, or four drugs
when a patient takes up to 10 drugs. Small increases in
the numbers of drugs make large differences to the
numbers of potential interactions.

Communicating information
The three categories of potential harm share essential
features that make communication difficult:
x Lack of proof of the causality of an association
x Evidence often confined to theory or unvalidated
anecdotes
x Poor estimates of the probability of harm and of its
likely seriousness and intensity.

Furthermore, warning about every conceivable dan-
ger causes serious problems. Warnings may be so
numerous that prescribers fail to heed them5 6;
conversely, patients can be denied treatments because
of unfounded concerns about dubious harms.

There is no clear system for deciding what
information should be included, and different sources
of data give inconsistent advice. This is illustrated by
the widely varying information given about drug inter-
actions in sources published in different countries. For
example, information given about drug interactions
with amiodarone shows wide disparities (see bmj.com).
In all, 109 drugs or groups of drugs are mentioned in
one or more of eight sources as interacting with amio-
darone, but the range of drugs mentioned in each is
12-48 (median 38) and only five are in every source.

Proposed policy
Not all information should be included in practical
guides to prescribing. The information that is included
should enable the prescriber and patient to make rational
decisions about drug treatment, based on the available
evidence, with due regard to its quality and the risks
involved. The threshold for including a warning will
depend on the seriousness of the potential harm and the
strength of the evidence. Clinical studies will generally
carry more weight than in vitro or animal data, but such
evidence (for example, teratogenicity in rabbits) often
cannot be ignored. Some sources already use grading
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Fig 1 Possible numbers of 2-way, 3-way, and 4-way interactions in
patient taking multiple drugs

Category
(monochrome) Meaning Implication

Adverse drug
reaction Contraindication

Examples

Interaction

Danger
Red

Do not prescribe
Sertindole and QT

prolongation
Isotretinoin in pregnancy

Warfarin and
azapropazone(      )

Danger
ahead

Double amber Act to avoid the danger (reduce dose,
give prophylaxis, advise patient)

Methotrexate and
pulmonary fibrosis

Gentamicin in
renal failure

Warfarin and
erythromycin(        )

Possible
harm

Amber Be aware and make patient
aware of potential danger

Paracetamol and
skin rash

Ibuprofen in asthma
Warfarin and
allopurinol(    )

Fig 2 Three categories of potential harm from drugs
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schemes for supposed frequencies of adverse reactions or
seriousness of interactions. We advocate a consistent and
transparent policy on how information should be
incorporated into published sources such as the BNF.

We suggest the inclusion of two types of
information. Firstly, we propose including a warning
about the degree of potential harm and the action to
take. Users will want to have an estimate of the
probability that harm will result from a given
treatment, and this will vary from patient to patient.
Complexity has to be balanced against clarity and
accessibility of information, and we suggest three
clearly signalled categories to guide the actions of the
user, taking into account the combination of serious-
ness of harm and its probability (fig 2).

This system should be intuitive and easy to under-
stand; colour adds emphasis, but the signals have been
chosen to be distinguishable in monochrome to allow
for colour blindness or non-colour printing. A green
signal could be added to this scheme to indicate that a
particular course of action is known to be safe (for
example, administration of a drug in pregnancy). How-
ever, drugs are usually not known to be harmful rather
than known to be safe. We have therefore not included
a green signal. In any case, when no harm is expected,
no signal is required.

Secondly, it would be helpful to include some indi-
cation of the quality of the evidence for the association
between drug and harm. We therefore propose that
sources of information should indicate whether the
evidence is based on:
A—Anecdotes: case reports or case series
D—Data from laboratory (animal or cellular) experi-
ments or extrapolated from theory or

R—Randomised trials or observational studies.
This is not a hierarchy of evidence. In some cases

laboratory evidence may be sufficient to contraindicate
a drug. Equally, a case or case series may be so convinc-
ing that randomised or observational studies are not
necessary. In other cases a randomised study may not
be the best way of showing an adverse effect or inter-
action and may give false reassurance about a true
effect that has been shown in a case series or
case-control study.7 In all cases the type of evidence
that is most convincing needs to be considered by the
prescriber.

Figure 3 shows how drug interactions with
amiodarone would be classified by this grading
scheme. The principles should also be applicable to
harms from interventions other than drugs—for exam-
ple, the complications of surgical operations.

Conclusions
The information currently provided in prescribing
manuals is of uncertain validity, is often inconsistent
between sources, and gives little or no indication of its
importance. Assigning different pieces of information
to different categories will be a challenge, but it is one
that we need to face if prescribers and patients are to
make informed therapeutic choices.
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Anaesthetic drugs
Astemizole
β adrenoceptor antagonists
Calcium channel blockers
Ciclosporin
Cimetidine
Colestyramine
Dextromethorphan
Digoxin
Disopyramide
Drugs prolonging QT interval
Erythromycin IV 
Fentanyl
Flecainide
Fluoroquinolones
Grapefruit juice
High dose oxygen therapy
Ibutilide
Lidocaine
Lithium
Macrolide antibiotics
Phenytoin
Procainamide
Protease inhibitors
Quinidine
Rifampicin
Simvastatin
Sparfloxacin
Thioridazine
Warfarin (oral anticoagulants)

*See Fig 2 
†A= anecdote, D=data from laboratory experiment or theory,
R=randomised or observational study
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Fig 3 Harmful interactions between amiodarone and other drugs8 9

Summary points

Prescribers and patients need information about the harms that
drugs can cause

Potential harms come from adverse drug reactions, drug interactions,
and contraindications

Evidence on all of these is patchy

Some potential harms are much more common, or more serious,
than others

A grading system that signals the need for action and the evidence
on which advice is based would help decision making

Analysis and comment

145BMJ VOLUME 333 15 JULY 2006 bmj.com


