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Stroke remains one of the leading causes of death and disability
throughout the world. It is the third commonest cause of death
in developed countries, exceeded only by coronary artery
disease and cancer.

The incidence of stroke is 1-2 cases in 1000 people a year in
the Western world, and is probably slightly higher among
African-Caribbeans than other ethnic groups. Cerebrovascular
disorders are uncommon in people aged <40 years, but there
is a definite increase with age, with an incidence of 10 cases in
1000 people aged > 75 in a year. Stroke is slightly more
common in men, but women tend to have a poorer prognosis
because of a higher mean age at onset. The incidence of stroke
has been declining in recent decades in many Western countries
because of better population control of hypertension, smoking,
and other risk factors. However, the absolute number of strokes
continues to increase because of the ageing population, which is
predicted to peak in 2015. Thus, the present annual incidence
of 700 000 strokes in the United States is expected to rise to
1 100 000 in 2015, without further advances in prevention.

About 80-85% of the strokes are ischaemic, with the rest
primarily haemorrhagic. Even among patients with ischaemic
stroke, there is much heterogeneity in aetiological and
pathophysiological factors contributing to the disease.

Atherosclerosis of the major cerebral vessels probably
accounts for most ischaemic strokes, either as thrombotic
occlusion at the site of atherosclerotic plaques or atherogenic
embolism. Embolism from a source in the heart (cardioembolic
stroke) and lipohyalinosis of the penetrating small cerebral vessels
(lacunar stroke) account for a substantial proportion of ischaemic
strokes. In many patients the aetiology remains unknown. The
major risk factors for ischaemic stroke include old age, male sex,
obesity, hypertension, diabetes, and tobacco smoking.

Management of acute ischaemic stroke
The principles of management of patients with ischaemic stroke
include slowing the progression of stroke, decreasing the
recurrence of stroke, decreasing death and disability, preventing
deep vein thrombosis and pulmonary embolism, and
suppressing fever, managing hypertension and controlling
glucose levels.

Antiplatelet treatment
Aspirin is the only antiplatelet drug evaluated for the treatment
of acute ischaemic stroke and is recommended early in the
management at a dose of 160-325 mg daily. Two major
randomised trials (the international stroke trial (IST) and the
Chinese acute stroke trial (CAST)) have shown that starting
daily aspirin promptly ( <48 hours after the start rather than
the end of the hospital stay) in patients with suspected acute
ischaemic stroke reduces the immediate risk of further stroke or
death in hospital, and the overall risk of death and dependency
at six months later. About 10 deaths or recurrent strokes are
avoided in every 1000 patients treated with aspirin in the first
few weeks after an ischaemic stroke.

The benefit of aspirin is seen in a wide range of patients
irrespective of age, sex, atrial fibrillation, blood pressure, stroke
subtype, and computed tomographic findings. In IST 300 mg of
aspirin was used and in CAST 160 mg. Thus, the two studies

Pathophysiological classification of stroke
Thrombosis
x Atherosclerosis
x Vasculitis
x Thrombophilic disorders
x Drug abuse such as cocaine, amphetamines

Embolism
x From the heart
x From the major cerebrovascular vessels
x Unknown source

Lipohyalinolysis
x Small penetrating arteries

Vasospasm
x Migraine
x Subarachnoid haemorrhage

Dissection
x Spontaneous
x Traumatic

Annual probability (%)

0 3 6 9 12 15

Asymptomatic
carotid disease

Transient monocular
blindness

Transient ischaemic
attack

Minor stroke

Major stroke

Symptomatic carotid
stenosis >70%

General elderly
male population

Stroke

Vascular death

Annual risk of stroke or vascular death among patients in various high risk
subgroups

Stroke

Ischaemic stroke

Primary haemorrhage
• Intraparenchymal

• Subarachnoid

15%

85%

Atherosclerotic
cerebrovascular

disease

Penetrating
artery disease

("Lacunes")

Hypoperfusion Arteriogenic
emboli

Cardiogenic
embolism

• Atrial fibrillation
• Valve disease

• Ventricular
thrombi

• Many others

Cryptogenic
stroke

Other, unusual
causes

• Prothrombotic
states

• Dissections
• Arteritis

• Migraine/vasospasm
• Drug abuse
• Many more

20% 25% 20% 30% 5%

Classification of stroke by mechanism, with estimates of the frequency of
various categories of abnormalities

1161BMJ VOLUME 325 16 NOVEMBER 2002 bmj.com



show that giving aspirin early in acute stroke is safe, although
side effects should always be considered. Other trials have
shown that continuing treatment with low dose aspirin gives
protection in the longer term. Until further evidence is
available, however, aspirin should be withheld from patients
receiving other forms of anticoagulant (except low dose heparin
(5000 IU twice daily)) or thrombolytic treatment (and for 24
hours after finishing treatment).

The results of the IST and CAST studies apply chiefly to
patients who had a computed tomography scan to exclude
intracranial haemorrhage. A meta-analysis of subgroups from
the trials showed that aspirin was safe and beneficial. Even
among patients who did not have a computed tomogram and
patients with haemorrhagic stroke, aspirin treatment did not
result in net hazard. Thus, aspirin can be started in patients with
suspected ischaemic stroke even when computed tomography is
not available immediately.

Anticoagulation treatment
Heparin is not routinely recommended for patients with acute
ischaemic stroke. There are no randomised trials supporting
the use of standard doses of heparin (for example > 10 000 IU
daily) even in patients with acute stroke and risk factors for
recurrent events. The risk:benefit ratio of heparin
administration is narrow, ill defined, and probably depends on
the pathophysiological subtype of stroke and the factors that
predispose to haemorrhage. For patients with atrial fibrillation
and acute ischaemic stroke, there seems to be no net benefit
from standard dose heparin (aspirin should be given
immediately, then warfarin started for secondary prevention as
soon as the patient is medically stable). However, a subgroup
analysis from IST showed that in acute ischaemic stroke low
dose heparin (5000 IU twice daily) reduced death and
recurrence, especially if combined with aspirin, and it is
indicated if appreciable leg weakness is present for prevention
of venous thromboembolism.

No particular benefit was observed in ischaemic stroke in
the vertebrobasilar region with anticoagulation at six months.
Trials with low molecular weight heparins or heparinoids have
yielded contradictory (but generally negative) results, and they
are not recommended for use at the moment.

Thrombolytic treatment
Thrombolytic treatment for acute ischaemic stroke has been in
vogue since its immense benefit was seen with myocardial
infarction. The National Institute of Neurological Disorders and
Stroke (NINDS) rtPA Study Group trial showed that
recombinant tissue plasminogen activator administered within
three hours of onset of acute cerebral infarct at a dose of
0.9 mg/kg (maximum 90 mg) given over an hour under strict
treatment protocols increased the likelihood of minimal or no
disability at three months by at least 30%. This benefit was seen
in all stroke patients. Recombinant tissue plasminogen activator
is licensed for treating acute cerebral infarct in several countries.
However, the risk:benefit ratio is narrow because of substantial
risk of intracerebral haemorrhage, and the need to start
treatment (after computed tomographic assessment) within
three hours of stroke onset severely restricts the number of
patients who can be treated.

Streptokinase is not approved for use in acute cerebral
infarct because of the results of three large trials, which were
terminated early due to excessive bleeding. These trials used
streptokinase at a dose of 1.5 million units given more than
three hours after stroke onset. Intra-arterial thrombolytic
treatment for patients with large artery occlusions (such as of
the internal carotid artery, middle cerebral artery, or basilar
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artery) remains investigational. In the United Kingdom,
thrombolytic treatment is not licensed for treatment of stroke,
pending results from ongoing clinical trials (for example, IST-3).

Stroke prevention
In broad terms, antiplatelet agents are more effective in
cerebrovascular atherogenic strokes, and anticoagulants are
more effective in primary and secondary prophylaxis against
cardioembolic stroke.

Antiplatelet agents
Among patients with vascular disorders (such as coronary
artery disease, previous stroke or transient ischaemic attack, and
peripheral vascular disease) antiplatelet agents substantially
reduce the incidence of non-fatal stroke, non-fatal myocardial
infarction, vascular mortality, and composite end point of
stroke, myocardial infarction, and vascular death.

A variety of antiplatelet drugs with varying mechanisms of
action are used to minimise stroke in patients at high risk.
These include aspirin (irreversible inhibitor of cyclo-oxygenase),
clopidogrel (which inhibits adenosine diphosphate induced
platelet aggregation) and dipyridamole (precise mechanism of
action not yet clear). Aspirin remains the most commonly used
antiplatelet drug, partly because of its cost effectiveness.

Aspirin is effective for stroke prevention in doses ranging
from 30 mg/day to 1300 mg/day. Its beneficial effect is seen in
all age groups and sexes. The European stroke prevention study
II (ESPS II) showed that a combination of aspirin and
dipyridamole (sustained release 200 mg tablets twice daily)
significantly reduced the risk of stroke and all vascular events
compared with aspirin alone. An important ongoing trial
(ESPRIT) is seeking to replicate these results.

Clopidogrel is a newer thienopyridine derivative without the
adverse effect profile of ticlopidine. The CAPRIE (clopidogrel
versus asprin in patients at risk of ischaemic events) study
showed that clopidogrel is slightly more effective than aspirin in
reducing the combined outcome of stroke, myocardial
infarction, and vascular death among patients with
atherosclerotic vascular disease. Although clopidogrel seems to
be as safe as aspirin, it is considerably more expensive, and it
remains to be seen whether its use in routine practice is cost
effective. Its use is justified in patients who are intolerant to
aspirin or who develop a stroke while taking aspirin.

Anticoagulation treatment
Anticoagulation in the form of warfarin has a role in a variety
of cardiac disorders in primary and secondary prevention of
stroke. Cardiac disorders that predispose to stroke and
unequivocally seem to benefit from anticoagulation therapy
include atrial fibrillation (with additional risk factors putting
patients at moderate to high risk), mitral stenosis (with or
without atrial fibrillation), and mechanical valve prosthesis. In
contrast, recent randomised trials (SPIRIT, WARSS) did not
show advantages of warfarin over aspirin for secondary
prevention of non-cardioembolic brain ischaemia. At present,
warfarin should not be used routinely for patients with
common causes of non-cardioembolic stroke, pending results
from ongoing randomised trials.

Gregory Y H Lip is professor of cardiovascular medicine and Sridhar
Kamath is research fellow, haemostasis thrombosis and vascular biology
unit, university department of medicine, City Hospital, Birmingham.
Robert G Hart is professor of neurology, department of medicine,
University of Texas Health Sciences Center, San Antonio, USA.

BMJ 2002;325:1161–3

Risk factors for haemorrhagic transformation of ischaemic
stroke
x Hypertension
x Concomitant use of two or more antiplatelet or antithrombotic

therapies
x Major early infarct signs on pretreatment computed tomography,

including brain oedema and mass effect
x Severe neurological deficit

Details of the second European stroke prevention study
(ESPS-II)
x Randomised, placebo controlled, double blind trial of aspirin

(50 mg), dipyridamole (400 mg), or both versus placebo
x Two year follow up of > 6600 patients (secondary prevention of

stroke)
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18% (P = 0.013) 16% (P = 0.015) 37% (P < 0.001)

Reduction of
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13% (P = 0.016) 15% (P = 0.015) 24% (P < 0.001)

x Clear additive benefit in stroke reduction (36%) when aspirin and
dipyridamole were used in combination
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The ABC of antithrombotic therapy is edited by Gregory Y H Lip
and Andrew D Blann, senior lecturer in medicine at the haemostasis
thrombosis and vascular biology unit, university department of
medicine, City Hospital, Birmingham. The series will be published
as a book in Spring 2003.

The flow diagram showing a classification of stroke by mechanism with
estimates of the frequency of various categories of abnormalities is
adapted from Albers GW et al, Chest 2001;119:300-20. Annual risk of
stroke or vascular death among patients in various high risk subgroups is
adapted from Wilterdink and Easton, Arch Neurol 1992;49:857-63. The
figure showing thromboembolic and major haemorrhagic events in the
IST is adapted from IST Collaborative Group. Lancet 1997;349:1569-81.

Clinical review

1163BMJ VOLUME 325 16 NOVEMBER 2002 bmj.com


