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Recent advances in the treatment of acute ischaemic
stroke have focused largely on drug treatments, and yet
the number of effective and widely practicable
treatments remains limited. After a spate of trials with
negative results, no neuroprotective agents have yet
been licensed for acute stroke. Although thrombolysis
with tissue plasminogen activator is now available in
the United States and Canada, most eligible patients
are not treated, and thrombolysis remains the subject
of considerable debate in the international research
community.1 2 Other important interventions for
people with acute stroke include organised care in
multidisciplinary stroke units and routine use of
aspirin in acute ischaemic stroke.3 4 Stroke is the
second most common cause of death worldwide, and
with no major panacea for acute stroke imminent, we
must not ignore stroke prevention.5

Medical and surgical treatments to prevent stroke
carry some risk (and some cost). These preventive
strategies should be targeted at those who are at the
highest absolute risk of stroke, because these individu-
als are likely to derive the greatest absolute benefit.6

These patients generally have a history of occlusive
vascular diseases with symptoms—that is, prior ischae-
mic stroke or transient ischaemic attack, coronary
heart disease, or peripheral vascular disease. Among
the 80% of patients who survive an acute stroke, the
risk of recurrent stroke is highest within the first few
weeks and months; about 10% in the first year and
about 5% per year thereafter. These patients are also at
a major risk of other vascular disease, including
myocardial infarction, emphasising the need for early
preventive treatments.7 Individual risk factors such as a
history of hypertension, smoking, hyperlipidaemia,
increased blood glucose concentration, and obesity are
important considerations for all patients, especially
those at high risk.

This article focuses on medical interventions that
are most appropriate for individuals at high absolute
risk of stroke and other serious vascular events. Dietary
and lifestyle interventions needed to reduce the popu-
lation burden of stroke are not discussed. The modifi-
cation of other vascular risk factors is generally
supported by observational evidence (and common
sense) and includes smoking cessation, moderation of
alcohol intake, treating diabetes and monitoring
glucose concentrations, and weight reduction and
exercise.8–12 None of these have been rigorously evalu-

ated in randomised controlled trials of secondary
stroke prevention.

Methods
We have attempted to find the best available evidence
for the topics we discuss. We searched the Cochrane
Library, and we used the search strategy developed by
the Cochrane Stroke Group.13 We also assessed
information published in Clinical Evidence.14 We outline
six common interventions for stroke prevention,
discuss for whom they are indicated, and provide the
evidence supporting their use.

Reduction of blood pressure
The risk of stroke doubles for every 7.5 mm Hg
increase in usual diastolic blood pressure; antihyper-
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tensives have been shown to reduce stroke risk by
about 38%.15 A recent consensus statement has
advocated a patient centred multidisciplinary
approach to the evaluation and treatment of
hypertension, particularly patients at the highest risk of
stroke.16 Hypertension is the most important and treat-
able risk factor for stroke, but there is surprisingly lim-
ited evidence about the effectiveness of modifying
blood pressure in secondary prevention of stroke. A
meta-analysis of data from nine randomised controlled
trials on the effects of drugs for lowering blood
pressure in survivors of stroke estimated a reduction in
the relative risk of recurrent stroke of 29% (95% confi-
dence interval, 5% to 47%).17 Whether patient
characteristics such as baseline blood pressure were
important variables were not shown. The authors also
identified several limitations of the analyses and
concluded that further evidence was needed. Evidence
also remains limited about when to begin antihyper-
tensive treatment after stroke and which drugs to use,
although there is limited indirect evidence from
randomised trials of primary prevention to support
using low dose diuretics or low dose â blockers.18

Recently, the Swedish trial in old patients with
hypertension (STOP-2) published data on 6614 hyper-
tensive patients randomised to conventional anti-
hypertensives (atenolol, metolprolol, pindolol, or
hydrocholorthiazide plus amiloride) or newer antihy-
pertensives (enalapril, lisinopril, felodipine, or israd-
ipine).19 Both groups showed important decreases in
blood pressure (about 35/17 mm Hg) but no major
differences in primary end points, including fatal and
non-fatal stroke, showing that the conventional and
newer antihypertensives are similar at preventing
major events or death from cardiovascular disease. A
large ongoing randomised trial assessing the balance
of benefits and risks of treatment among survivors of
stroke with an angiotensin converting enzyme
inhibitor (perindopril, given singly or with a diuretic,
indepamide) should provide additional information.20

Reducing cholesterol concentration
Recent guidelines recommend the use of 3-hydroxy-3-
methylglutaryl coenzyme A reductase inhibitors (“stat-
ins”) to reduce cholesterol concentrations after
myocardial infarction, thereby reducing the risk of
death from coronary artery disease and fatal or
non-fatal stroke16; the effects on fatal stroke and on
haemorrhagic stroke are unclear. The strong associ-
ation between cholesterol concentrations and future
coronary heart disease shows that all people with
stroke should reduce their cholesterol concentrations
by dietary means.21 A systematic review of the evidence
supports cholesterol reduction with a statin in people
with prior stroke, a history of coronary heart disease,
and a cholesterol concentration greater than 5 mmol/l
(or low density lipoprotein cholesterol concentration
greater than 3 mmol/l).22 The benefits of using drugs to
reduce cholesterol concentrations among people with
a prior stroke but no history of coronary heart disease
remains uncertain. Two ongoing clinical trials should
provide further information.23 24 A prospective over-
view of individual patient data from all randomised
controlled trials of reduced cholesterol concentrations
is also ongoing and should summarise the overall

effects of reduction of cholesterol concentration
among different groups of people with a prior stroke.25

Angiotensin converting enzyme
inhibitors
The results of the recently published large scale multi-
centre heart outcomes prevention evaluation (HOPE)
trial suggest that activation of the renin-angiotensin
system is an independent risk factor in people with
cardiovascular disease, and that the use of angiotensin
converting enzyme inhibitors may reduce vascular risk
in this population.26 Overall, 9297 patients with any
evidence of coronary artery disease, stroke, or periph-
eral vascular disease were randomised to receive either
ramipril 10 mg daily or placebo. The trial was
terminated early when 13.9% of patients given ramipril
had reached the primary end point (myocardial infarc-
tion, primary stroke, or death from cardiovascular
causes) compared with 17.5% of patients given
placebo. These results correspond to a risk reduction
of 25% for death from cardiovascular disease, 20% for
myocardial infarction, and 32% for stroke. The
reduction in vascular events was larger than might have
been expected from the size of the reductions in blood
pressure, again supporting the hypothesis that
angiotensin converting enzyme inhibitors act not only
by reducing blood pressure. The implications of this
trial for clinical practice are that if 50% of people in
developed countries and 25% of people in developing
countries with vascular disease were to take angio-
tensin converting enzyme inhibitors, 400 000 deaths
and 600 000 non-fatal cardiovascular events could be
prevented every year, but at a substantial cost.26 The
cost effectiveness (and appropriate costs) of large scale
use of these drugs has not been determined.
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Antiplatelet drugs
A systematic review by the Antiplatelet Trialists’
Collaboration showed that among high risk patients,
antiplatelet drugs reduced the odds of any serious vas-
cular event (non-fatal myocardial infarction, non-fatal
stroke, or death from vascular causes) by about 25%.7

The review determined that among people with a prior
ischaemic stroke, antiplatelet drugs avoided 38 serious
vascular events for every 1000 people treated for about
three years. The risk of intracranial bleeding with
antiplatelet treatment is small, at most one or two per
1000 people per year in trials of long term treatment.
Likewise, the risk of non-fatal major extracranial
bleeding was only about 3 per 1000 per year. In
general, the benefits of antiplatelet therapy in high risk
individuals outweigh any hazards.

Medium dose aspirin (75-325 mg daily) is the agent
that has been most thoroughly evaluated, but direct
randomised comparisons provide no clear evidence
that any one dose of aspirin is more effective than
another.7 Gastrointestinal side effects (dyspepsia,
constipation) are clearly dose related. One recent trial
assessing different doses of aspirin in patients
undergoing carotid endarterectomy confirmed previ-
ous trial evidence that adverse events are less common
in patients receiving lower doses of aspirin.27

A recent systematic review comparing thienopyrid-
ines (ticlopidine and clopidogrel) with aspirin showed
a 12% absolute reduction in the odds of recurrent
stroke, corresponding to seven strokes avoided per
1000 patients treated with a thienopyridine (instead of
aspirin) for two years.28 The combination of aspirin and
dipyridamole in the second European secondary
prevention study (ESPS-2) showed a small advantage
over aspirin alone, but with wide confidence intervals
including the possibility of almost no extra benefit.29 A
systematic review suggested that, compared with
aspirin, the combination reduces the risk of stroke but
has no effect on myocardial infarction and little or no
overall effect on “serious vascular events.”30 The
European and Australian stroke prevention in
reversible ischemia trial (ESPRIT) should provide
further information about the benefits of adding dipy-
ridamole to aspirin.31 Both the thienopyridines and
dipyridamole plus aspirin are more expensive than
aspirin, and, given the modest benefits when compared
with aspirin alone, such regimens should probably
only be considered in patients with an allergy to aspirin
or those with further vascular events while receiving
aspirin alone. In the latter case, drugs should only be
switched after reconsidering the suspected mechanism
of the stroke, and further investigations should be
undertaken so as to rule out other treatable causes
such as severe carotid stenosis or paroxysmal atrial
fibrillation.

Anticoagulants for patients in atrial
fibrillation
Anticoagulants are the drugs of choice for preventing
stroke in high risk patients with atrial fibrillation. A sys-
tematic review evaluated six trials comparing antico-
agulants (target international normalised ratio about
2.0-3.0) with placebo in 2900 patients with atrial fibril-
lation.32 Anticoagulants reduced the relative risk of

stroke by 62% (48% to 72%), corresponding to a
reduction in the absolute risk of stroke of 2.7% per year
for primary prevention and 8.4% per year for second-
ary prevention. The rate of intracranial haemorrhage
averaged 0.3% per year in the group receiving antico-
agulants and 0.1% in the placebo group.

Warfarin (target international normalised ratio 2.2
to 3.1) has been compared with aspirin for stroke pre-
vention in 2837 patients with atrial fibrillation in five
trials.32 Both agents were effective but warfarin
especially. Overall, warfarin reduced the relative risk of
stroke by 36% (14% to 52%) compared with aspirin.
One trial was subsequently excluded from the
meta-analysis owing to important differences in the
patient population. The relative risk of reduction of
stroke with warfarin was re-estimated at 49% (26% to
65%), corresponding to an absolute reduction in risk of
stroke per year of 0.6% for primary prevention and
7.0% for secondary prevention. One additional clinical
trial compared warfarin (target international normal-
ised ratio 2.0 to 3.5) with indobufen (a reversible
inhibitor of cyclo-oxygenase) but did not find any
major difference in the rate of recurrent stroke
between the two groups (absolute risk reduction 1.0%,
− 1.7% to 3.7%).33

A recent consensus statement based on the
available evidence recommends warfarin both for
patients of any age who have atrial fibrillation and
specific risk factors for stroke (previous transient
ischaemic attack, stroke, other systemic embolism,
hypertension, left ventricular dysfunction) and for
patients older than 75 years with atrial fibrillation and
no risk factors.16 Either warfarin or antiplatelet therapy
is suggested for patients aged 65-75 with atrial fibrilla-
tion and no risk factors, depending on the status of the
patient. Anticoagulation increases the risk of serious
bleeding for patients in normal sinus rhythm. Warfarin
(target international normalised ratio 2.0-3.0) is also
recommended for patients after myocardial infarction
who also have other risk factors, including non-
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valvular atrial fibrillation, a decreased left ventricular
ejection fraction, or left ventricular thrombus.

Aspirin is a reasonable option for patients with
atrial fibrillation who cannot tolerate anticoagulants,
although it is not as effective as anticoagulation. In a
systematic review of six trials comparing antiplatelet
therapy with placebo (3337 high risk patients with
atrial fibrillation; 40% with prior stroke), aspirin
reduced the overall incidence of stroke by 22% (2% to
38%), with a reduction in the absolute risk of stroke per
year of 1.5% for primary prevention and 2.5% for sec-
ondary prevention.32

In general, moderate intensity anticoagulation (tar-
get international normalised ratio 2.0-3.0) is recom-
mended. Therapy should be tailored to the individual,
depending not only on the risk of recurrent stroke but
also on bleeding risks (for example, a tendency to fall,
recent gastrointestinal bleeding, liver disease, demen-
tia, uncontrolled hypertension) and the potential to
benefit from treatment. The best time to start
anticoagulation after an ischaemic stroke is unclear.
Aspirin does reduce the risk of recurrent ischaemic
stroke and may be the best initial treatment
immediately after stroke.34 When anticoagulants are
being considered for long term use, the treatment
preferences of the patient should also be considered,
because the benefits of warfarin in the trials may not
reflect clinical practice owing to probable differences in
anticoagulant monitoring and patient compliance.
Indeed, evidence from several observational studies
shows that warfarin is generally underused in people
with atrial fibrillation at risk of stroke, and that the risk
of haemorrhage may be lower than the risks associated
with not prescribing warfarin when warranted.

Choice of antithrombotic agent for
patients in sinus rhythm
One systematic review evaluated nine trials (1214
patients) comparing oral anticoagulants (warfarin)
with placebo or no treatment in patients with prior
stroke in normal sinus rhythm. No clear benefit of anti-
coagulation on death or dependency, overall mortality,
or recurrent stroke was found.35 Additionally, antico-
agulants significantly increased the absolute risk of
fatal intracranial haemorrhage by 2.0% (0.4% to 3.6%)
and the absolute risk of fatal and non-fatal extracranial
haemorrhage by 5.0% (3.0% to 7.2%). One randomised
trial compared aspirin with oral anticoagulant (target
international normalised ratio 3.0-4.5) in 1316 people
with prior transient ischaemic attack or non-disabling
stroke in normal sinus rhythm, but the trial was
stopped early because of an excess of cerebral
haemorrhages in the anticoagulant group.36 At least
two further randomised trials (including the European
and Australian stroke prevention in reversible
ischemia trial30 and the warfarin-antiplatelet recurrent
stroke study37) are in progress, comparing low intensity
anticoagulation (target international normalised ratio
1.4-3.0) with aspirin.

Carotid endarterectomy
Symptomatic stenosis—One recent systematic review of
three trials including 6143 patients with angiographi-
cally confirmed mild, moderate, or severe carotid

stenosis, compared carotid surgery with best medical
therapy within four and six months of the onset of
symptoms.38 The benefit from surgery was related to
the degree of stenosis. For people with severe stenosis
(greater than 70% by angiography), surgery almost
completely abolished the risk of ipsilateral stroke over
several years. People with moderate stenosis (50%-70%
by angiography) also benefited, although to a lesser
extent, and it is generally thought that the risk of stroke
is not great enough to make endarterectomy
worthwhile in this group. Importantly, not all patients
with operable lesions benefit from surgery; further
research is ongoing to determine who might benefit
most. Important considerations include risk factors for
surgery (for example, age, being female, peripheral
vascular disease, occlusion of the contralateral internal
carotid artery, hypertension) and the complication
rates for angiography, anaesthesia, and endarterec-
tomy, which must be assessed for individual centres.
People with mild stenosis (less than 50%) do not
benefit from carotid endarterectomy. Trials comparing
endarterectomy with stent placement and endarterec-
tomy under local anaesthesia with general anaesthesia
are under way to identify lower risk methods of treating
carotid stenosis.39–41

Stenosis without symptoms—A systematic review of all
of the available randomised data shows that the efficacy
of surgery for carotid stenosis without symptoms
remains unproved and that further randomised trial
evidence is needed; trials are ongoing.42

Conclusions
Considerable evidence in the literature supports an
active approach towards both the primary and second-
ary prevention of stroke. It is reassuring that much of
this evidence comes from randomised trials and
systematic reviews that have considered risk factors
and have identified clinically reasonable treatments
and alternatives. Furthermore, many of these treat-
ments (appropriate use of anticoagulants, aspirin, anti-
hypertensives, and statins) are also cost effective.43

Further trials are under way to assess the value both of
reducing blood pressure after acute stroke and of
drugs to lower cholesterol concentrations in stroke
prevention. Measures to promote smoking cessation,
moderate alcohol intake, improved diet, and regular
exercise may be associated with health gain but not
necessarily a reduction in the risk of recurrent stroke.
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It’s like standing on a deserted platform

I sit in our living room and look out of the window across the lake
to the distant mountain silhouetted against a hazy blue horizon.
People tell me it is a beautiful view. I used to think so, too. But now
all that I see is the road on the other side of the lake where our son
died in a car accident, and all I can think of is the moment before
his death, when he must have known that he would never see his
wife or children again. He was on his way home from a medical
meeting to be present at his daughter’s 5th birthday party.

As a houseman in a hospital in Wales, I once had to tell a wife,
in her early 30s, that her husband had just died. To this day, I can
still remember the look on her face as I gave her the sad news, I
could sense her desperate struggle to keep herself under control.
She looked at me without seeing me; her lip trembled and her
eyes moistened. She sat in silence.

What I did not know then was that in a moment her world had
changed for ever. Now I know. It is like suddenly finding yourself
standing on an empty platform in a deserted city after the train
and all the people have left.

During my career I often had to tell relatives that their loved
one had passed away. You try on such occasions to be gentle and
sympathetic, and often apologetic. But then you leave to return to
your duties. I have never later thought about those relatives, nor
wondered how they had coped, nor how such an event affected
their lives.

We are trained to think rationally and use scientific method in
our reasoning. I know that physically the world around me
and the people I know and work with have not changed. Yet,
since the death of our son, I feel different, and in a way, I feel
embarrassed about that imagined change. Is it because I try to
carry on with my work as before, and all the time the image of
that accident is in my head? Is it because I want to be alone? Or
is it simply depression, a diagnosis I am reluctant to accept? I do
not know, but I do know that from now on I will never be able to
tell someone that his or her loved one has died without seeing
that lone figure standing on that deserted platform.

Finley Armanious Vernon, British Columbia

We welcome articles of up to 600 words on topics such as
A memorable patient, A paper that changed my practice, My most
unfortunate mistake, or any other piece conveying instruction,
pathos, or humour. If possible the article should be supplied on a
disk. Permission is needed from the patient or a relative if an
identifiable patient is referred to. We also welcome contributions
for “Endpieces,” consisting of quotations of up to 80 words (but
most are considerably shorter) from any source, ancient or
modern, which have appealed to the reader.

Clinical review

1459BMJ VOLUME 321 9 DECEMBER 2000 bmj.com


