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Definitions

Stroke is a sudden neurologic deficit caused by either is-
chemia (80%) or hemorrhage (20%). Ischemic stroke is character-
ized by the area of the brain affected and the etiologic mecha-
nism. Hemorrhagic stroke is classified as either subarachnoid
(5%) or intracerebral (intraparenchymal) (15%). Transient is-
chemic attack (TIA) is a sudden vascular-related focal neurolog-
ic deficit that resolves completely. TIAs are classically defined as
lasting less than 24 hours and generally last less than 1 hour. A
TIA should not be considered a separate entity but, rather, as a
herald of ischemic stroke and an opportunity to intervene.

Epidemiology

Stroke is the leading cause of disability and the third leading
cause of death in the United States. Until 1998, annual stroke in-
cidence was estimated at 550,000, on the basis of studies of ho-
mogeneous, predominantly white populations. Results of the
Greater Cincinnati/Northern Kentucky Stroke Study suggest
that previous reports underestimated stroke incidence by almost
50%. By rigorously counting strokes in all racial and ethnic
groups in Cincinnati, the yearly estimate for the United States
was revised to 731,100.1 The explanation for the previous under-
estimation of stroke incidence is that African Americans have an
excess stroke burden relative to non-Hispanic whites. African
Americans in Cincinnati had a twofold to fourfold higher inci-
dence of stroke than non-Hispanic whites in Rochester, Min-
nesota, during the same period. In upper Manhattan, African
Americans had a 2.4-fold higher incidence of stroke than non-
Hispanic whites.2

African Americans also have higher stroke mortality. In
Texas, African-American men 45 to 59 years of age had a 306%
higher stroke mortality than non-Hispanic whites. At 75 years of
age and older, when stroke mortality is at its highest, the excess
mortality for African-American men had diminished to 26%
above the mortality for non-Hispanic whites. African-American
women in the same age groups had a 222% and a 10% greater
stroke mortality, respectively, than non-Hispanic whites.3 The in-
creased burden of stroke among African Americans may be
worsening. Between 1992 and 1996, rates of almost all subtypes
of stroke had increased among African Americans, and the num-
ber of stroke deaths had increased by 8%.4

The pathogenesis of stroke in African Americans may also
differ somewhat from that in non-Hispanic whites. Extracranial
carotid disease and cardioembolism more commonly cause is-
chemic stroke in non-Hispanic whites, whereas intracranial
thromboembolic disease is more common in African Ameri-
cans.5 However, the various disease mechanisms can occur in ei-
ther racial group. 

Information on stroke in Hispanic Americans is less readily
available. Data from upper Manhattan suggest a twofold higher
incidence of stroke in Hispanics than in non-Hispanic whites.2

Women have lower stroke rates than men at all age ranges ex-
cept 75 years and older, when stroke rates are at their highest. In

Texas, 61% of all stroke-related deaths occur in women.3 Stroke
and vascular disease have traditionally been seen as male disor-
ders, thus shifting the focus of prevention and acute treatment
regimens away from women. 

Overall, the decline in stroke-related mortality has inexplica-
bly slowed over the past several decades and almost came to a
halt in the 1990s.4 A lack of emphasis on prevention may have
led to an increase in incidence, particularly in some racial and
ethnic groups. As people survive other diseases, stroke may be-
come a more common cause of death. Nonetheless, this stabiliza-
tion of the previous downward trend in stroke mortality is cause
for alarm. 

Approach to the Acute Stroke Patient

Stroke is the quintessential medical emergency. In 1995, a
group of Spanish stroke neurologists published a study that
demonstrated that stroke patients who received neurologic care
within 6 hours of the onset of symptoms had a 460% greater
chance of a good outcome than those treated after this acute peri-
od.6 This observation, which was made before the thrombolytic
era, illustrates the crucial link between time and outcome for
stroke victims. Patients who receive early treatment to restore
cerebral perfusion and to maximize protection of neurons have
better outcomes. Physicians can reduce the delay in getting stroke
victims to the emergency department by educating at-risk pa-
tients and their families about stroke symptoms and encouraging
them to call 911 if stroke symptoms occur.7 Once a stroke patient
arrives at the emergency department, triage and treatment are
critical in reducing mortality and morbidity [see Figure 1]. 

neuroimaging of acute stroke

The brain should first be imaged with noncontrast computed
tomography, which reliably distinguishes acute intracerebral he-
morrhage from ischemia [see Figure 2]. This distinction is critical
because the management of hemorrhagic stroke [see Hemor-
rhagic Stroke, below] is substantially different from that of is-
chemic stroke. CT is relatively insensitive to ischemic changes in
the first few hours after stroke. Early CT findings may be subtle
[see Figure 2], such as hyperdense vessels (suggestive of acute
thrombus), loss of boundaries between gray and white matter,
and effacement of cerebral sulci, but such findings are highly
specific for ischemic stroke.8

The ability to identify at-risk cerebral tissue has considerable
clinical relevance because therapy has the potential to salvage vi-
able tissue. Physiologic imaging may detect the presence of so-
called ischemic penumbra (tissue with impaired blood flow but
active metabolism) surrounding infarcted tissue [see Figure 3].
Mismatch between blood flow and aerobic metabolism cannot
be sustained and ultimately results in necrosis. The time course
of this process is poorly defined, although substantial volumes
of brain potentially remain viable for up to 17 hours after stroke.9

Diffusion-weighted imaging (DWI) reveals changes in infarcted
tissue hours before conventional CT or magnetic resonance
imaging. Hyperintensity on DWI is predictive of the extent of in-
farction,10 and quantitative analysis of the apparent diffusion co-
efficient may identify areas of cytotoxic edema, suggesting per-
manently infarcted tissue.11 Perfusion-weighted imaging (PWI)
demonstrates regionally reduced cerebral blood flow.12 The dif-
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ference between the perfusion defect and the diffusion defect
may represent penumbral tissue, which is the target of acute
therapy [see Figure 3]. Further, MRI spectroscopy may provide
biochemical markers of the extent of ischemic injury. However,
these MRI techniques are not available emergently in many cen-
ters, which limits their clinical utility at present.

Several imaging techniques may characterize the acute vascu-
lar lesion. The so-called gold standard is conventional angiogra-
phy, which may demonstrate acute occlusion or an embolus
lodged at a vascular bifurcation. The vasculature can also be vi-
sualized quickly and noninvasively with CT-angiography (CT-
A) and magnetic resonance angiography (MRA).13 Alternatively,
transcranial Doppler ultrasonography can provide indirect evi-

dence of major vascular occlusion and offers the advantage of
real-time bedside monitoring in patients who receive throm-
bolytic therapy.14

medical management of acute ischemic stroke 

Several general medical issues are important for all stroke pa-
tients, such as management of airway and oxygenation, blood
pressure and hemodynamics, blood glucose, and temperature.
Medical complications are also common after stroke, and such
complications are associated with poor outcomes.15 Management
of these common issues and complications is critically important.
Therefore, it is advisable to treat stroke patients in dedicated
stroke units to reduce morbidity, mortality, and disability.16
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Arrival at triage desk

 In Acute Room
ABCs and airway are assessed.  Nurse establishes two 
peripheral I.V. drips and sends laboratory test for stat results.  
Physician completes bedside assessment and NIH stroke scale.  
(Time: 15 min)
Finger-stick glucose and ECG completed.  Physician obtains 
history and time of onset from patient and family.  Physician 
initiates consent process with patient and family.  If patient is 
a candidate for I.V. rt-PA, gentle blood pressure lowering may 
begin, if necessary.  Fluid-need assessment is done and 
treatment begun. 
(Time: 30 min)

Triage nurse suspects stroke and calls physician.  Patient is 
transported to prominent acute room.  Radiology department is
notified of need for stat CT scan. (Time: 5 min) 

              In Radiology Department
CT is reviewed by neurologist and/or radiologist for intracranial 
hemorrhage and mass lesion or hypodensity greater than one 
third of the middle cerebral artery.  CBC with platelets and 
finger-stick glucose are known.  Physician completes bedside
assessment, including NIH stroke scale, and completes check-
list of inclusion and exclusion criteria for I.V. rt-PA.  Physician 
completes verbal-consent process with patient and family. 
(Time: 45 min)

If patient does not meet all of the inclusion criteria and none of 
the exclusion criteria of I.V. rt-PA, do not treat with this agent. 
If CT does not show ICH, begin Aggrenox (dipyridamole, 
200 mg, and aspirin, 25 mg) or aspirin or clopidogrel, 
and evaluate for stroke etiology [see Figure 6].

If CT demonstrates a spontaneous ICH or SAH, do not treat 
with I.V. rt-PA. Determine whether platelet count, PT, and 
PTT are normal. Consult neurosurgeon regarding aneurysm 
clipping or hematoma evacuation for large ICH. Observe 
patient for evidence of hydrocephalus or increased 
intracranial pressure.

                                         In Acute Room
Patient is given 0.9 mg/kg (maximum, 90 mg) of I.V. rt-PA.  
Ten percent is given as a bolus over 1 minute, and the rest is 
given as an I.V. drip over 1 hour.  (Time: 50 min)
Patient undergoes blood pressure and neurologic examinations
(NIH stroke scale is watched carefully).  Remaining labs are 
reviewed.  Nurses and physicians document their notes, 
including verbal-consents. (Time: 60 min)

           In ICU
Continuous hemodynamic monitoring and frequent assess-
ment continue as per the NIH Stroke Study Investigators 
recommendations.  Patient undergoes rigorous evaluation to 
determine proper therapy for secondary stroke prevention.  
(Time: 75 min)  

If ICH is suspected in any patient with clinical deterioration, 
new headache, acute hypertension, nausea, or vomiting:
1. Stop rt-PA infusion
2. Stat noncontrast CT scan
3. Perform laboratory tests for PT, PTT, platelet, fibrinogen, 
    and blood type and cross-match
4. Prepare to give cryoprecipitate with factor VIII infusion 
    and fibrinogen (6 to 8 units).  Also, prepare platelets for 
    transfusion (6 to 8 units)

If CT confirms ICH:
1. Obtain fibrinogen and coagulation study results
2. Consider cryoprecipitate, fibrinogen, and/or platelet
    transfusions
3. Consider hematology and neurosurgery consultation 

Figure 1 Clinical pathway for acute stroke. (ABC—
airway, breathing, and circulation; CBC—complete
blood count; CT—computed tomography; ICH—intra-
cranial hemorrhage; PT—prothrombin time; PTT—partial
thromboplastin time; rt-PA—recombinant tissue plasmin-
ogen activator)



Respiratory function must be evaluated immediately in all
stroke patients. Ventilatory drive is usually intact except after
medullary or massive hemispheric infarction. The ability to pro-
tect the airway from aspiration may also be impaired, particular-
ly in the acute setting. Intubation and mechanical ventilation
may be necessary in these patients.17 Most stroke patients do not
require such aggressive maneuvers, but supplemental oxygen
should be provided to maintain oxygen saturation above 95%.18

Maintenance of adequate blood pressure is vital for all pa-
tients. Cerebral blood flow to ischemic regions is dependent on
cerebral perfusion pressure, which in turn is determined by the
difference between mean arterial pressure and intracranial pres-

sure. Elevated blood pressure is common at the time of initial
stroke presentation, even among patients without chronic hy-
pertension. Rapid lowering of blood pressure may further im-
pair cerebral blood flow and worsen the ischemic injury.19 Ele-
vated blood pressure will often spontaneously and gradually
improve during the first few days after stroke.19 Antihyperten-
sive therapy is indicated (1) before and during thrombolysis
with tissue plasminogen activator (t-PA); (2) after hemorrhagic
conversion of the infarction; (3) in the presence of myocardial is-
chemia or aortic dissection; and (4) in association with hyperten-
sive encephalopathy. Candidates for thrombolysis should be
treated only with modest measures (topical nitropaste or small
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Figure 2 (a) Early computed tomographic findings in acute ischemic stroke. Three hours after onset of left
hemiparesis and neglect, this noncontrast CT scan reveals extensive early findings in the right hemisphere,
including obscuration of the gray-white junction and the basal ganglia and effacement of the cortical sulci.
(b) Detail of CT findings in panel a. (c) Noncontrast head CT scan of a right putamenal intracerebral
hemorrhage. (d) Noncontrast head CT scan of a subarachnoid hemorrhage manifesting the classic star-
shaped area of hyperdensity in the basal cisterns. (C—caudate nucleus; P—putamen; T—thalamus; V—
ventricles)
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intravenous boluses of labetalol) to maintain blood pressure lev-
els below 185/110 mm Hg. Definitive treatment is appropriate
for the other indications, including intravenous infusions of la-
betalol, nicardipine, or sodium nitroprusside.

Careful volume replacement in patients with acute stroke im-
proves cardiac output and cerebral perfusion.20 Patients should
receive isotonic saline to maintain euvolemia. Additional fluid
administration, or hypervolemic hemodilution, may increase
cerebral blood flow while reducing blood viscosity without
causing a reduction in oxygen delivery. However, clinical trials
of hemodilution have yielded mixed results, with the largest of
these trials showing no benefit.21 Further investigation is re-
quired before hemodilution can be advocated.

Brain and body temperatures play an important role in out-
come after stroke. Hypothermia improves outcome after is-
chemic injury in animals and after cardiac and neurosurgical
procedures in humans, but it has not been adequately studied in
acute stroke. Hypothermia may mitigate neurotransmitter toxic-
ity, reduce neuronal metabolic demands, and improve cerebral
edema in acute stroke.22 On the other hand, fever or even mild
hyperthermia is known to be deleterious.23 Elevated body tem-
perature dramatically increases the odds of severe disability or
death, with risk doubling for each 1° C above normal.24 Nor-
mothermia should be maintained with antipyretics or cooling
blankets, but therapeutic hypothermia must undergo more in-
vestigation before it can be recommended. 

Hyperglycemia also appears to correlate with poor outcome.25

Glucose may be metabolized to lactic acid, resulting in acidosis
and increased tissue injury. Although the effect of correcting the
blood glucose level is unknown, normalization is recommended.
The administration of parenteral glucose should be minimized
in patients with acute stroke.

In the most critically ill stroke patients, cerebral edema and el-
evated intracranial pressure may complicate the clinical course.
The expanding infarction may cause both focal and diffuse ef-
fects that typically peak at 2 to 5 days.26,27 In large hemispheric
stroke, malignant middle cerebral artery (MCA) syndrome may
occur, in which the edematous infarcted tissue causes compres-

sion of the anterior and posterior cerebral arteries, resulting in
secondary infarctions.26 Similarly, infarction of the cerebellum
may lead to basilar artery compression and brain stem ischemia.
Mortality in both MCA and infarction of the cerebellum ap-
proaches 80% [see Intracerebral Hemorrhage, below]. Surgical de-
compression has a potential role in a minority of stroke patients.
In acute cerebellar stroke, craniotomy with cerebellar resection is
a lifesaving intervention that has become widely accepted.28

Surgery removes the mass effect and prevents secondary brain
stem and vascular compression. Malignant MCA syndrome
may be similarly amenable to hemicraniectomy; this controver-
sial approach is under investigation.

Prophylaxis for deep vein thrombosis should be instituted
early with heparin (5,000 units given subcutaneously every 12
hours).29 For patients who cannot receive heparin (e.g., patients
with acute hemorrhage), pneumatic compression stockings 
are employed. Similarly, prevention of aspiration pneumonia
should be a priority from the beginning of hospital presenta-
tion. Early intervention with physical therapy, occupational
therapy, and speech therapy is important in recovery and pre-
vention of complications. 

Ischemic Stroke

Patients presenting with the sudden onset of neurologic dys-
function or reporting neurologic signs and symptoms evolving
over a few minutes to a few hours are most likely victims of
stroke. Most of these patients will have ischemic rather than he-
morrhagic stroke [see Table 1]. 

lesion localization 

Two pairs of vessels supply blood to the brain: the internal
carotid arteries and the vertebral arteries. These vessels, which
deliver 20% of the cardiac output, join on the ventral surface of
the brain to form the intracranial vessels and the circle of Willis
[see Figure 4]. The anterior cerebral artery supplies blood to the
medial frontal and deep structures. Occlusion of the anterior
cerebral artery is characterized by contralateral leg weakness [see
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Figure 3 Magnetic resonance imaging scan showing perfusion-diffusion mismatch in acute ischemic stroke. The mismatch between
diffusion and perfusion abnormalities may represent the ischemic penumbra (a). In this case, the patient presented with right hemiparesis,
right-visual-field impairment, right sensory loss, and aphasia. The area of decreased perfusion (b) is much larger than the area identified on
diffusion imaging (c), suggesting that the surrounding tissue may still be salvageable.



Table 2], but isolated infarction of the anterior cerebral artery is
uncommon. The middle cerebral artery divides into two major
trunks, and each trunk divides into five to seven branches that
supply blood to the lateral hemisphere. Because of its large terri-
tory, middle cerebral artery occlusion causes a clinical syndrome
that includes contralateral hemiparesis and hemisensory deficit
(face + arm > leg), aphasia (dominant hemisphere) or neglect
(nondominant hemisphere), contralateral visual-field defect, de-
viation of gaze, dysarthria, and other cortical symptoms. 

The two major branches of the vertebral arteries are arteries to
the spinal cord and the posterior inferior cerebellar artery to the
inferior cerebellum and lateral medulla. The two vertebral arter-
ies then unite to form the basilar artery. The major branches of
the basilar artery are the anterior inferior cerebellar artery and
the superior cerebellar artery, which supply parts of the pons
and cerebellum. Occlusion of the vertebral arteries or basilar
artery leads to a combination of signs and symptoms that de-
pend on the level and extent of infarction. These signs and symp-
toms include so-called crossed facial sensory and body motor
signs, diplopia, facial numbness and weakness, vertigo, nausea
and vomiting, tinnitus, hearing loss, ataxia, gait abnormality,
hemiparesis, dysphagia, and dysarthria. The basilar artery ter-
minates by dividing into two posterior cerebral arteries that sup-
ply the medial temporal lobe, the occipital lobe, and parts of the
thalamus. Occlusion of the posterior cerebral artery results in oc-
cipital infarction and therefore contralateral visual-field loss.
Such occlusion may also cause contralateral hemiparesis and be-
havioral changes. 

After the circle of Willis, the vessels branch repeatedly and ul-
timately become end arteries. Occlusion of these penetrating ves-
sels can cause typical clinical syndromes, such as pure motor
hemiparesis, pure sensory stroke, clumsy hand–dysarthria syn-
drome, and ataxic hemiparesis.

etiology

Common Causes

Ischemic stroke is classically labeled as either thrombotic or
embolic, but these two mechanisms may be impossible to distin-
guish clinically. Ischemic stroke mechanisms are more reliably
categorized as cardioembolism, large vessel atherothromboem-
bolism, small vessel occlusive disease, other identified mecha-
nism, or cryptogenic.30 

Cardioembolism most commonly results from atrial fibrilla-
tion, mural thrombus, ventricular akinesis after myocardial in-
farction, dilated cardiomyopathy, and valvular disease [see Figure
5]. In each of these disorders, thrombus develops within the heart
and embolizes to the brain. Ischemic events may be multiple and
may occur in any major vessel. Therefore, cardioembolism must
be considered in nearly every ischemic stroke patient.
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Possible Cause

Drugs or other 
toxins

Seizure

Metabolic 
derangements

Migraine

Brain tumor

Intracranial 
hemorrhage

Psychiatric 
disease

Table 1 Differential Diagnosis 
of Acute Ischemic Stroke

Comment

Unlikely to cause focal neurologic symptoms; 
exclude by history and toxic screening

Can mimic focal neurologic signs; exclude by 
history

Abnormalities of glucose, calcium, Po2 , Pco2 , and
electrolytes and liver and kidney dysfunction can
all cause neurologic abnormalities; hypoglycemia
and hyperglycemia are notorious for causing focal
signs; exclude by laboratory tests

Although migraine is a diagnosis of exclusion, it
must be considered in patients with stroke; head-
ache can be a prominent component of both 
ischemic and hemorrhagic stroke; exclude by 
history and physical examination

Unlikely to present acutely; exclude by history and
CT scan

Subdural, epidural, subarachnoid, and intracere-
bral hemorrhage can all mimic ischemic stroke; 
exclude by CT scan

Conversion disorder and malingering can usually
be discovered by a careful physical examination
and history

CT—computed tomography Pco2—carbon dioxide tension Po2—oxygen tension
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Figure 4 Cerebrovascular anatomy and common sites of
atherosclerosis are shown. The internal carotid artery (ICA) enters the
skull, and its first major branch is the ophthalmic artery to the eye. Next
are the anterior choroidal artery and the posterior communicating artery
(PCommA). The PCommA connects the anterior circulation to the
posterior circulation. The ICA then terminates as it divides into the
anterior cerebral artery (ACA) and the middle cerebral artery (MCA).
The vertebral arteries (VA) enter the skull and merge at the inferior
border of the pons to form the basilar artery (BA). The BA then
terminates as it divides into the two posterior cerebral arteries (PCA).



Large vessel atherothromboembolism results from atheroscle-
rotic narrowing of the major extracranial or intracranial arteries,
causing acute occlusion of the parent vessel, distal artery-to-
artery embolic stroke, or focal hypoperfusion [see Figure 4]. A
hallmark clinical feature is recurrent similar clinical events in the
same vascular territory caused by involvement of a single large
vessel. In general, atherosclerosis occurs at major arterial branch-
es (e.g., the carotid bifurcation in the neck or intracranial branch
points) and at vessel origins (the origin of the vertebral artery
from the subclavian artery). 

Small vessel occlusive disease is often synonymous with so-
called lacunar infarction. Small vessels are tiny terminal branch-
es of larger vessels, such as those in the internal capsule, corona
radiata, thalamus, and pons. The mechanism of the occlusive
process is uncertain, but lipohyalinosis, local atherosclerosis, and
microthrombosis are possible. The process is most common in
patients with long-standing diabetes or hypertension and is
characterized by several specific clinical syndromes [see Lesion
Localization, above]. The diagnosis of small vessel disease rests
on the clinical syndrome and absence of an alternative etiology. 

diagnostic evaluation

The highest risk of recurrent stroke occurs within the first
month after initial stroke symptoms, so an expeditious evalua-
tion of patients presenting with TIA or suspected stroke should
be undertaken and prophylactic therapy begun immediately at
presentation [see Figure 6]. In a patient with ischemic stroke, the
first step is to localize the lesion [see Lesion Localization, above].
Patients with anterior circulation strokes need an evaluation of
the heart, extracranial carotid arteries, and intracranial anterior
circulation. Cardiac evaluation [see Figure 5] begins with an electro-
cardiogram, a cardiac examination and history, and a transtho-
racic echocardiogram (TTE). If an absolute diagnosis is not made
but these evaluations lead to suspicion of mural thrombus,
valvular disease, or patent foramen ovale, then a transesopha-
geal echocardiogram (TEE) is ordered. A TEE allows visualiza-
tion of structures not seen on a TTE, including clotting in the left
atrial appendage and aortic arch. The extracranial carotid circu-
lation and intracranial anterior circulation can be visualized by
MRA or CT-A. In places where these diagnostic tools are either
not available or of poor quality, carotid ultrasonography should
be performed. Transcranial Doppler imaging can help detect in-

tracranial stenosis. The gold standard remains conventional
cerebral angiography. Because this invasive test has possible
complications (1% risk of stroke in most series) and is expensive,
it should be reserved for cases in which treatment decisions
would be changed. Posterior circulation evaluation involves the
same cardiac evaluation. The posterior circulation is visualized
by MRA, CT-A, or conventional angiography.

Lacunae greater than 1.5 cm are likely thromboembolic in na-
ture and should be evaluated as described, depending on anteri-
or or posterior location. 

Laboratory investigations for all patients include fasting lipids
within 48 hours of symptom onset, homocysteine level, com-
plete blood count, prothrombin time, partial thromboplastin
time, and chemistry panel. If the patient is younger than 45 years
or has no stroke risk factors, the following tests should be or-
dered: anticardiolipin antibody, lupus anticoagulant, sedimenta-
tion rate, factor V Leiden, rapid plasmin reagin, and antinuclear
antibody. Tests for rarer causes of ischemic stroke should in-
clude protein C and S, antithrombin III, HIV, and lactate (for mi-
tochondrial disease). In young patients and patients without risk
factors, a lumbar puncture, TEE, and cerebral angiography
should also be considered.

treatment of acute ischemic stroke

Antiplatelet and Antithrombotic Treatment in Acute 
Ischemic Stroke

Aspirin (160 to 325 mg daily) administered within 48 hours of
stroke onset was shown to significantly reduce the risk of recur-
rent stroke during the first 2 weeks and, possibly, improve out-
come at 6 months.29,31 Therefore, aspirin is recommended as ini-
tial therapy for most acute stroke patients.

Anticoagulation is commonly used in the acute setting to pre-
vent progressive or recurrent thromboembolic events. Despite
its long-standing use in neurologic practice, the efficacy and safe-
ty of anticoagulation are not well established, and its role in clin-
ical stroke management is controversial. Many neurologists use
heparin, although studies have suggested that it offers no appre-
ciable benefit for most patients. The International Stroke Trial
was a multicenter clinical trial that randomized 19,436 patients
within 48 hours of stroke onset to receive 12,500 units of subcuta-
neous heparin twice daily, 5,000 units twice daily, or no heparin
for 14 days.29 Patients were independently randomized to re-
ceive either 300 mg of aspirin daily or no aspirin. The rate of re-
current stroke or death at 14 days was 11.7% in the heparin
groups (either dose) and 12.0% in the nonheparin group, an in-
significant difference, and there was no improvement in out-
come at 6 months. The reduction in ischemic strokes by heparin
was completely counterbalanced by an increase in hemorrhagic
strokes. Similarly, low-molecular-weight heparins (LMWHs)
were studied in randomized clinical trials with no reduction in
recurrent stroke or improvement in outcomes.32-37 Therefore,
most patients with ischemic stroke should not be treated with
anticoagulation. However, carefully selected patients, such as
those with acute basilar thrombosis, are believed to benefit.

Intravenous Recombinant Tissue Plasminogen Activator 

Intravenous recombinant t-PA (rt-PA) for acute ischemic
stroke was approved by the Food and Drug Administration in
June 1996, and consensus statements from the American Acade-
my of Neurology and the American Heart Association support
its use.38 Although the FDA has approved the use of intravenous
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ACA

MCA

PCA

BA

VA

Penetrators

Table 2 Clinical Features of the Major 
Cerebrovascular Occlusive Syndromes

Major Clinical Features

Contralateral leg weakness

Contralateral face + arm > leg weakness, sensory loss, 
visual-field cut, aphasia/neglect

Contralateral visual-field cut

Oculomotor deficits and/or ataxia with “crossed” 
sensory/motor deficits

Lower cranial nerve deficits and/or ataxia with
“crossed” sensory deficits

Contralateral motor or sensory deficit without cortical
signs*

*Cortical signs include aphasia, apraxia, neglect, and other cognitive abnormalities.
ACA—anterior cerebral artery BA—basilar artery MCA—middle cerebral artery
PCA—posterior cerebral artery VA—vertebral artery



rt-PA for acute ischemic stroke within 3 hours of onset of symp-
toms, physicians should strive to treat patients as quickly as pos-
sible [see Table 3].

The major trials that led to approval were the two National
Institute of Neurological Disorders and Stroke (NINDS) rt-PA
acute stroke studies.39 The final outcome measure was return to
independent function (no disability) at 3 months after onset of
stroke. These studies together enrolled 624 patients at eight cen-

ters across the United States. Intravenous rt-PA (0.9 mg/kg;
maximum dose, 90 mg) was compared with placebo for pa-
tients presenting within 3 hours of onset of symptoms. The
symptomatic intracranial hemorrhage rate at 36 hours after ad-
ministration of intravenous rt-PA was 6.5%, compared with
0.6% in the control group. Mortality from intracranial hemor-
rhage was 2.9% in the rt-PA group, compared with 0.3% in the
placebo group. 
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Figure 5 Potential sources of cardioembolism.



Including the risk of intracranial hemorrhage, disability was
significantly reduced when measured at 3 months, 6 months,
and 1 year.40 The rt-PA–treated patients were at least 30% more
likely to recover to independent function than the placebo-treat-
ed patients. Mortality at 1 year was 24% in the rt-PA group and

28% in the placebo group. This benefit was seen in all stroke sub-
types regardless of age or patient risk factors. Patients with large
strokes were more likely to have intracranial hemorrhage after
intravenous rt-PA, but this group was also more likely to have
severe disability or die if left untreated. Recent reports confirm
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Suspected stroke

Noncontrast head CT

Ischemic stroke Intracerebral hemorrhage/
subarachnoid hemorrhage       

Brain magnetic resonance imaging 
(MRI)/ magnetic resonance 
angiography (MRA), transthoracic 
echocardiography (TTE), ECG, 
lipid profile, homocysteine

Treatment

Warfarin

Intracranial 
stenosis by MRA

CTA or angiogram Transesophageal (TEE)/
Holter monitor

Intracranial stenosis confirmed

Extracranial carotid
stenosis by MRA

CTA or angiogram

Computed tomographic
angiography (CTA),
carotid ultrasound, 
and/or angiogram 

Carotid 
endarterectomy

Consider carotid
endarterectomy

Anterior circulation Posterior circulation

Vertebrobasilar stenosis
by MRA

Patient < 44 yr of age or no 
risk factors?

Intracranial  stenosis 
confirmed

       Consider warfarin 

No risk-factor
reduction

Rapid plasmin reagin,  erythrocyte 
sedimentation rate, antinuclear antibody, 
lupus anticoagulant, anticardiolipin 
antibody, factor V Leiden

Cardioembolism suspected 
or not excluded by TTE

Normal studies/no stenosis

Consider cerebral angiogram
and spinal tap

Begin Aggrenox (dipyridamole, 200 mg, and
aspirin, 25 mg) or aspirin or clopidogrel

Consider warfarin

> 70% Stenosis

50%–70% 
stenosis

NoYes

Abnormal  Normal

Specific treatment 

  Atrial fibrillation
or mural thrombus

Figure 6 Algorithm for diagnostic evaluation of
suspected stroke.



what is known from animal stroke studies: the earlier patients
are treated, the better the long-term outcome. If treatment with
rt-PA is suspected of inducing intracranial hemorrhage, use of
rt-PA should be suspended. 

Intra-arterial Thrombolysis

Direct infusion of thrombolytic agents into occluded blood
vessels is a potential alternative or adjunctive therapy to intra-
venous rt-PA [see Figure 7]. Prourokinase (Prolyse) is the highly
clot-specific precursor to urokinase. The Prolyse in Acute Cere-
bral Thromboembolism Trial (ProACT)41 enrolled patients with
ischemic stroke caused by MCA occlusion within 6 hours of on-
set. Eligibility criteria were similar to those for intravenous rt-PA
treatment. Patients underwent emergent angiography, and if
MCA occlusion was confirmed, either intra-arterial prouroki-
nase (9 mg) or placebo was infused for 2 hours. All patients re-
ceived concomitant intravenous heparin. Prourokinase effective-
ly opened 67% of arterial occlusions, compared with only 18% in
patients given placebo. Three months after stroke, 40% of treated
patients were functionally independent, compared with 25% of
those given placebo (P = 0.04). The drug seemed particularly ef-
fective for moderately severe strokes. Symptomatic intracerebral
hemorrhage occurred in 10.2% of treated patients, compared
with 1.8% of those given placebo.

Because prourokinase is not commercially available, many
centers with the ability to perform intra-arterial thrombolysis are
using rt-PA, although it is not approved for this purpose. The in-
tra-arterial rt-PA dose is 0.2 mg/kg (maximum, 20 mg), and all
other aspects of the ProACT protocol may be followed. 

The role of intra-arterial thrombolysis in other cerebral vessels
remains uncertain. Cases of spectacular responses to throm-
bolytics have been reported in patients with basilar occlusion,
even well beyond 6 hours. Although it is claimed that the brain
stem may be relatively more tolerant of ischemia and less sus-
ceptible to hemorrhage, this hypothesis remains to be proved. 

Neuroprotection

Neuroprotective strategies involve interfering with the is-
chemic cascade, thereby prolonging and substantially reducing
stroke size. Regrettably, a number of different compounds that
seemed effective in animal studies have failed in human clinical
trials.42 While several agents are being developed, researchers are
attempting to determine how to best simulate stroke in animals
so that animal data will be more generalizable to humans.

prognosis and recovery

Despite advances in treatment of acute stroke, the majority of
stroke survivors will have residual neurologic dysfunction. Most
patients will have some improvement, but it is rarely complete.
The initial stroke severity is one of the strongest predictors of
outcome,24 and early evidence of improvement is a good prog-
nostic sign.43 Recovery also depends on the size and location of
the infarction or hemorrhage. Small infarctions, particularly sub-
cortical lacunar strokes, may result in little chronic deficit,
whereas large cortical infarctions may cause severe and perma-
nent disability. Comorbid diseases, such as hypertension and di-
abetes, do not appear to affect recovery, but younger patients
have a better prognosis than older patients.43 Despite these pre-
dictors, there remains marked variability among patients that
makes early prognostication difficult. In general, recovery is
greatest in the first 3 months after stroke. 

The mechanisms of recovery after stroke remain poorly un-
derstood. Infarcted brain tissue is irreparable, so recovery of
function has long been presumed to occur by recruiting other
neurons to serve new or additional roles. In rodents, neurons
may be influenced to create new synapses after stroke.44 Electri-
cal brain mapping in monkeys has demonstrated that the cere-
bral cortex can be functionally reorganized during recovery after
an infarction.45 Similarly, functional MRI in humans has shown
increased activity in both hemispheres as patients improve, sug-
gesting recruitment of neighboring cortex as well as the corre-
sponding area of the contralateral cortex.46

Recovery may be improved by inducing these restorative mech-
anisms. Physical, occupational, and speech therapy are widely
used, but no consensus exists regarding the optimal approach or
timing of intervention. Neurotrophic growth factors and amphet-
amines may stimulate neuronal sprouting and also accelerate re-
covery by increasing the activity of uninjured neurons.44 However,
the pharmacologic approaches require extensive research before
they can be advocated for routine use in stroke rehabilitation.

ischemic stroke prevention 

Reduction of Risk Factors 

Numerous risk factors for stroke are modifiable. Reduction of
factors such as alcohol consumption, tobacco use, hypertension,
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Indications

Clinical diagnosis of 
disabling stroke firmly 
established

Patients > 17 yr of age
Onset of symptoms or last

time seen normal < 3 hr
ago

Previously independent
functional status

Table 3 Indications and Contraindications 
for Intravenous rt-PA Treatment 

in Acute Ischemic Stroke

Absolute and Relative Contraindications

Onset > 3 hr ago or patient not seen 
normal within previous 3 hr (absolute)

Intracranial mass lesion or hemorrhage 
on noncontrast head CT (absolute)

Glucose < 50 or > 400 mg/dl (relative)
Previous stroke or serious head trauma

within previous 3 mo (absolute)
Any history of intracranial hemorrhage

(absolute)
Current use of anticoagulants with 

PT > 15 sec or use of heparin within
the past 48 hr (absolute)*

Seizure at stroke onset (relative)
Major surgery within 14 days (relative)
Arterial puncture at a noncompressible

site or LP within 1 wk (relative)
Platelets < 100,000 (absolute)
Rapidly improving symptoms sugges-

tive of TIA (relative)
GI or GU hemorrhage within 21 days 

(relative)
Presenting symptoms suggestive of 

subarachnoid hemorrhage (worst
headache of patient’s life) (absolute)

Blood pressure > 185/110 mm Hg unless
minimal doses of a smooth-acting I.V.
agent such as labetalol were sufficient 
to lower below this range (absolute)†

Previously known cerebral aneurysm or
arteriovenous malformation (absolute)

*PTT and PT results are not needed before therapy unless patient is on anticoagulants.
†Caution: Do not lower blood pressure acutely by more than 10%–15% and avoid
agents that precipitously lower blood pressure. A patient who requires multiple dos-
es should be excluded. After I.V. rt-PA is administered, blood pressure must be kept
below 185/110 mm Hg for at least 24 hours.
CT—computed tomography GI—gastrointestinal GU—genitourinary
LP—lumbar puncture PT—prothrombin time rt-PA—recombinant tissue-
plasminogen activator TIA—transient ischemic attack



diabetes, lipid levels, and homocysteine levels contributes to
stroke prevention [see Table 4]. 

Hypertension Hypertension has the highest population-at-
tributable risk of any of the modifiable risk factors for stroke, and
reduction in blood pressure has been shown to dramatically re-
duce stroke risk.47 The reduction in risk of first stroke for those
treated with antihypertensive agents is 25% to 47%.48 Both dias-
tolic and systolic hypertension has been linked to excess risk of
stroke. Reducing isolated systolic hypertension even in the el-
derly has been shown to markedly lower stroke rates.49 Patients
who are undertreated with antihypertensive agents still have a
higher stroke rate than those who are adequately treated.50 Rec-
ommended actions to reduce the risk of stroke include (1) main-
taining blood pressure below 140/90 mm Hg; (2) frequent

checking of patients’ blood pressure by physicians; and (3) at-
home monitoring of blood pressure by patients.47 Awareness of
the fact that lowering diastolic blood pressure by 5 to 6 mm Hg
can reduce stroke risk by 42%47 should motivate the primary care
physician to assiduously diagnose and treat hypertension. 

Although many antihypertensive agents can effectively reduce
blood pressure, angiotensin-converting enzyme (ACE) inhibitors
appear to have a unique role in stroke prevention. Two major
studies demonstrated that ramipril alone51 or perindopril com-
bined with the diuretic indapamide52 reduces the risk of recurrent
stroke by about 30%. These drugs appeared to decrease the risk
of stroke more than would be expected by their relatively modest
lowering of blood pressure, which suggests the possibility of an
additional beneficial action via an uncertain mechanism. 

Tobacco use Daily cigarette smoking has been shown to in-
crease the risk of stroke by 250%.53 A dose-effect response is seen
in most studies. For those who smoke less than one pack a day,
quitting reduces their risk to baseline within 5 years. For heavy
smokers, the risk is greatly reduced but remains higher than that
in individuals who never smoked. Switching from cigarettes to a
pipe or cigars does not reduce stroke risk.54

Hyperlipidemia Evidence has emerged implicating hyper-
lipidemia as an independent risk factor for stroke, and studies
have demonstrated impressive stroke risk reductions with statin
agents. The Medical Research Council/British Heart Foundation
Heart Protection Study (HPS), which included over 20,500 per-
sons at high risk for coronary artery disease but with characteris-
tics that excluded them from previous statin studies, showed
that long-term treatment with simvastatin (40 mg daily for more
than 5 years) reduced all strokes by 27%. Benefits were apparent
even in patients with total cholesterol levels below 200 mg/dl. 

In an older study of patients with previous myocardial infarc-
tion and cholesterol levels lower than 240 mg/dl, patients given
pravastatin had a 31% reduced risk of stroke, compared with pa-
tients given placebo.55 In a study involving patients with a medi-
an cholesterol level of 218 mg/dl who received pravastatin, the
relative risk reduction of stroke was 19%.56 Meta-analyses also
suggest that the use of statins reduces the risk of first stroke by
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Figure 7 Intra-arterial thrombolysis for acute ischemic stroke. Four
hours after onset of left hemiparesis and neglect, conventional
angiography (lateral view shown) revealed acute occlusion of the
middle cerebral artery (MCA) (a). After treatment with intra-arterial
thrombolysis, the MCA recanalized (b) and the patient had near-
complete recovery of the deficit. Risk Factor

Hypertension
Tobacco
Hyperlipidemia
Diabetes
Alcohol
Exercise
Homocystine or 

homocysteine
Infection
Atrial fibrillation
Symptomatic carotid

stenosis > 70%*
Asymptomatic carotid

stenosis > 60%†

Table 4 Modifiable Risk Factors for Stroke

Prevention

P, S
P, S
P, S
P
P
P, S
P, S

P
P, S
S

S

Risk-Reduction
Potential

25%–47%
?
24%–31%
?
50%
?
?

?
68%
65%

53%

Clinical Trial
Evidence?

Yes
No
Yes
No
No
No
No

No
Yes
Yes

Yes

*Two-year absolute risk reduction of 17%.
†Five-year absolute risk reduction of 6%.
P—primary S—secondary



24% to 29%.57,58 High-density lipoprotein cholesterol may be es-
pecially important in the risk of stroke. Statins may also exert
their protective effects through mechanisms other than pure reg-
ulation of serum lipid concentrations. These effects include the
processes involved in inflammation and thrombosis. In addition
to pravastatin, simvastatin has an FDA indication for stroke pre-
vention in patients with coronary artery disease and elevated
cholesterol levels. Gemfibrozil was found to modestly reduce
stroke in patients with coronary artery disease.59

Diabetes Although diabetes mellitus is a well-recognized
risk factor for stroke, not all features of diabetes appear to con-
tribute equally to that risk. Treatment of elevated blood pressure
and serum lipids appears to be more effective in reducing the
risk of stroke, whereas treatment of hyperglycemia reduces the
risk of microvascular complications.60 At present, there are no
studies that directly link glucose control with reduction in risk of
stroke. However, the international ADVANCE (Action in Dia-
betes and Vascular Disease) study will be examining the effects
of controlling blood pressure and blood glucose in patients with
type 2 diabetes.61

Alcohol consumption In a quadratic model of the risk of
stroke, there appears to be a J-shaped relation between alcohol in-
take and risk. In one report, those who consumed more than six
drinks a day were at increased risk for stroke; those who consumed
one to two drinks a day appeared to benefit from a protective effect
of alcohol that reduced the risk of stroke by almost 50%.62 There did
not appear to be a difference associated with the type of alcoholic
beverage consumed (i.e., wine, beer, or liquor). In another report,
drinking as little as one alcoholic drink a week reduced the risk of
stroke by 22%, compared with drinking no alcohol.63

Homocysteine level Elevated homocysteine levels are an
independent risk factor for stroke.64 Currently, there is a trial
studying whether high doses of vitamins B6, B12, and folic acid
can suppress the elevated homocysteine levels and reduce stroke
risk. Because vitamin supplementation is inexpensive and com-
mercially available, some clinicians have already begun this
therapy. However, studies are needed to determine whether
these high doses are safe and effective.

Exercise Data from the Physician Health Study, a prospective
cohort study of 21,823 men, demonstrated that exercise signifi-
cantly reduced the risk of stroke, most likely by reducing other
risk factors, including hypertension, lipid levels, and diabetes.65

Infection Infection and inflammation may be the single
most important area of stroke research in the next decade.
There have been several observations linking infection and in-
flammation with stroke. People with poor dentition seem to
have a higher incidence of stroke. Although this increase may
be related to other risk factors and access to care, it may also be
related to oral infections. Chlamydia pneumoniae titers have been
shown to be an independent risk factor for stroke.66 Chlamydia
seems to promote thrombosis through effects on fibrinogen
and vascular endothelium.

Therapeutic Measures to Prevent Ischemic Stroke 

Management of risk of cardioembolism Disorders in many
regions of the heart can potentially lead to stroke [see Figure 5].
Cardiac valves affected by bacterial endocarditis can give rise to

septic emboli. The therapy for this condition is aggressive ad-
ministration of antibiotics. Akinetic ventricular segments can
cause mural thrombi that in turn act as cardiac emboli. The treat-
ment for this disorder is anticoagulation with warfarin (interna-
tional normalized ratio [INR], 2.0 to 3.0). Similarly, anticoagula-
tion after myocardial infarction is beneficial for patients with
concomitant atrial fibrillation, decreased left ventricular func-
tion, or left ventricular thrombus.47 Long-term warfarin therapy
is necessary for patients with mechanical prosthetic valves.
However, bioprosthetic valves require only brief anticoagula-
tion, followed by antiplatelet treatment. Other conditions, such
as patent foramen ovale, septal aneurysm, so-called ventricular
smoke, and aortic arch atheroma, are more of a therapeutic
dilemma. Although these conditions are known to be related to
increased stroke risk, there is still uncertainty as to whether an-
tiplatelet or antithrombotic treatment is superior for stroke pre-
vention. Indications for surgical intervention are also uncertain.

The most rigorously studied cardiac condition in terms of
stroke prevention is fortunately the one most commonly related
to stroke: atrial fibrillation [see Table 4]. Nonvalvular atrial fibril-
lation is a common and readily preventable cause of stroke in the
elderly.67 Lack of treatment of at-risk patients remains a signifi-
cant public health challenge. The groups at highest risk for
stroke include those with a history of hypertension, diabetes
mellitus, previous TIA or stroke, poor left ventricular function,
and women older than 75 years. These patients should be treat-
ed with warfarin if they are appropriate candidates. For patients
without risk factors and for those younger than 65 years, the risk
of stroke is 1% a year without therapy. Thus, warfarin treatment
is not necessary. For those individuals 65 to 75 years of age with-
out risk factors, the yearly risk of stroke is 1.1% with warfarin
therapy and 1.4% with aspirin therapy. It is critical to monitor
patients’ INR to keep them in the 2.0 to 3.0 range and minimize
the risk of ischemic stroke or hemorrhage from undertreatment
or overtreatment.68

Management of risk of carotid artery disease Surgical
treatment of symptomatic carotid stenosis greatly reduces stroke
risk. Patients with diameter stenosis greater than 70% who are
good surgical candidates dramatically reduce their 2-year risk of
stroke, from 26% to 9%.69 For patients with 50% to 70% stenosis,
the benefit is not as great. In this moderate-stenosis group, the
risk of stroke over 5 years decreases from 22% to 16%. This bene-
fit is seen mostly in men, in those with recent stroke symptoms,
and in those with hemispheric rather than ocular symptoms.70 

Patients with less than 60% asymptomatic carotid diameter
stenosis also benefit from surgery, but the risk and the results
from surgery are more modest. In the Asymptomatic Carotid
Atherosclerosis Study, stroke risk was reduced at 5 years from
11% to 5%. A surgical benefit was not seen in subgroup analysis
for disabling stroke or death, and no benefit was seen for
women.71 Studies of community practice have suggested that the
risk of carotid endarterectomy may be higher than that seen in
randomized clinical trials.72 Many endarterectomies are done for
asymptomatic patients in low-volume hospitals where perioper-
ative morbidity and mortality are high.73 Referring physicians
should insist that surgeons provide objective evidence of surgi-
cal complication rates no higher than 6% for the beneficial effect
of carotid endarterectomy in symptomatic patients to be real-
ized.74 In asymptomatic carotid stenosis, surgical risk must be
less than 3% because the combined risk of angiography and
surgery in trials demonstrating surgical benefit was 2.4%.74 
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Angioplasty and stenting of the carotid artery is being evalu-
ated as an alternative to carotid endarterectomy. Although some
case series have been performed, there are no data from ran-
domized clinical trials to support angioplasty and stenting ex-
cept as part of a research protocol with appropriate informed
consent from the patient.

Antiplatelet and antithrombotic treatment Inhibition of
platelet activation can be achieved with several available agents,
including aspirin, dipyridamole, ticlopidine, and clopidogrel [see
Table 5]. The role of aspirin in the primary prevention of stroke is
uncertain, although it prevents myocardial infarction in high-
risk patients.75 However, aspirin is clearly indicated for secon-
dary prevention of stroke (for patients already with TIA or stroke).
Numerous trials of antiplatelet therapy demonstrated that as-
pirin reduced the risk of nonfatal stroke by about 30%.76 The ide-
al aspirin dose is controversial, and there is significant variability
among patient responses. For the majority of patients, 50 to 325
mg a day, the dose recommended by the FDA, appears to maxi-
mize the prophylactic effect and minimize the bleeding risk. 

Other antiplatelet drugs offer modest additional preventive
benefit compared with aspirin but at a greater cost and with
more potential adverse effects. These medications are recom-
mended for patients who are unable to tolerate aspirin or who
have recurrent vascular events while on aspirin. Ticlopidine and
clopidogrel reduce the risk of stroke by approximately 21%77 and
7.3%,78 respectively, compared with aspirin. Ticlopidine may
cause significant neutropenia and thrombocytopenia and there-
fore requires complete blood count monitoring every 2 weeks
for the first 3 months. Clopidogrel is associated with a lower fre-
quency of neutropenia than ticlopidine, but thrombotic throm-
bocytopenic purpura has been reported, and monitoring of
platelet counts has been recommended in patients receiving
clopidogrel.79 Dipyridamole inhibits platelet phosphodiesterase
activity and increases the availability of adenosine. Although
early trials failed to demonstrate any benefit of dipyridamole,
the European Stroke Prevention Study–2 compared regimens
consisting of aspirin (50 mg), dipyridamole (extended release,
200 mg), both drugs in combination, and placebo and found a
relative risk reduction with the combination of aspirin and
dipyridamole of 23% when compared with aspirin alone.80

Oral anticoagulation with warfarin is used to inhibit the coag-
ulation cascade and the formation of red blood cell thrombi.
Warfarin may also have a role in prevention of stroke caused by
some noncardiac mechanisms. Retrospective data support war-
farin therapy for intracranial and vertebrobasilar stenosis,81 and
many stroke neurologists also recommend warfarin for internal
carotid artery occlusion and arterial dissection, although con-
trolled trials are lacking. Warfarin is sometimes used empirically
for patients with recurrent cerebrovascular events while on an-
tiplatelet therapy, but in this setting warfarin may not be war-
ranted. The Warfarin Aspirin Recurrent Stroke Study (WARSS)
compared warfarin with aspirin in 2,000 patients with noncar-
dioembolic strokes, most of them lacunar strokes. The risk of re-
current stroke was the same in the two treatment arms, whereas
the risk of hemorrhage tended to be slightly higher in the war-
farin group.82 Consequently, the role of warfarin in noncardioem-
bolic strokes has become somewhat dubious.

Contraindications to warfarin include pregnancy, poor com-
pliance, alcohol abuse, and risk of falling. The long-term risk of
chronic anticoagulation is major hemorrhage, occurring at a rate
of 1% to 3% a year.83

uncommon causes

Unusual causes account for a minority of all strokes, but they
have specific diagnostic and therapeutic implications. Moreover,
they are disproportionately represented in young stroke victims,
accounting for nearly one third of strokes in victims younger
than 45 years.84

The extracranial and intracranial arteries are commonly af-
fected by atherosclerosis, but several nonatherosclerotic disor-
ders may also cause stroke. These disorders include inflammato-
ry arteriopathies such as collagen vascular diseases, Takayasu
disease, and neurovascular syphilis, as well as noninflammatory
arteriopathies such as arterial dissection, fibromuscular dyspla-
sia, moyamoya disease, CADASIL (cerebral autosomal domi-
nant arteriopathy with subcortical infarcts and leukoen-
cephalopathy), radiation vasculopathy, and vasospasm after
subarachnoid hemorrhage (SAH). 

Arterial Dissection 

Dissection of the internal carotid artery and vertebral artery
can occur after head and neck trauma but may also occur spon-
taneously.85 Some connective tissue disorders may be risk fac-
tors, including fibromuscular dysplasia, Marfan syndrome, and
Ehlers-Danlos syndrome. Arterial wall dissection causes vascu-
lar stenosis, occlusion, or a dissecting aneurysm. Clinical features
include neck pain, headache, Horner syndrome, TIA or ischemic
stroke, and tinnitus or audible bruits. Conventional angiography
is the diagnostic gold standard and reveals string sign, tapered
stenosis or occlusion, dissecting aneurysm, intimal flap, distal
pouch formation, and an underlying arteriopathy. Dissection
may be diagnosed noninvasively with ultrasonography, CT-A,
MRI, or MRA, but each has potential limitations.

Prevention of stroke secondary to extracranial arterial dissec-
tion consists primarily of antithrombotic therapy. Heparin
should be considered early because stroke risk is greatest in the
first few days after the initial vascular injury. If anticoagulation is
contraindicated, aspirin is recommended. Patients receive an-
tithrombotic therapy until serial imaging demonstrates recanal-
ization or stabilization of the dissected vessel.86

Inflammatory Arteriopathy 

Inflammatory arteriopathies, or vasculitides, are a heteroge-
neous group of disorders in which vascular inflammation re-
sults in cerebral ischemia.87 Vasculitis may be primary (isolated
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Table 5 Comparison of Antiplatelet Therapies 
for Prevention of Ischemic Stroke

Relative Risk 
Reduction*

(Reference drug)

21%

7.3%

23%

Major Side Effects

Gastritis
Peptic ulcer disease

Neutropenia
Diarrhea
Rash

Rash
Diarrhea
Thrombotic thrombo-

cytopenic purpura

Headache

*Relative risk reduction for stroke.

Antiplatelet Drug

Aspirin

Ticlopidine

Clopidogrel

Dipyridamole + aspirin



angiitis of the central nervous system) or secondary to infec-
tions (syphilis, tuberculosis, or varicella-zoster virus), toxins
(cocaine, amphetamines, or LSD), neoplasms, or systemic in-
flammatory disorders (polyarteritis nodosa, Churg-Strauss
angiitis, Wegener granulomatosis, giant cell arteritis, systemic
lupus erythematosus, or rheumatoid arthritis). Symptoms may
include headache, seizures, focal neurologic deficits, and multi-
focal encephalopathy. Clinical and serologic features of the
vasculitides vary, but angiographic findings tend to be similar
and nonspecific, showing segmental narrowing and dilatation
(beading). Brain biopsy may confirm the diagnosis. Treatment
should be directed at any underlying systemic disorder. Im-
munosuppressive regimens with corticosteroids and other
agents are often used empirically.

Hereditary Causes 

Ischemic stroke may be associated with hereditary and ac-
quired prothrombotic states, including abnormalities of red cell
or platelet function, coagulation factors, or endogenous fibrinol-
ysis. These disorders are uncommon but should be considered
when no alternative etiology is identified.84,88

Cerebral Venous Thrombosis

Cerebral venous thrombosis (CVT) is a rare but important
cause of stroke that is often missed or discovered late in diag-
nosis. Infection is the common cause of CVT in children,
whereas in adults, most cases are associated with pregnancy.
Infrequent etiologies include severe dehydration, sickle cell
anemia, malignancy, and hypercoagulable states. Oral contra-
ceptive agents have also been implicated. Severe headache,
nausea, and vomiting are nonspecific but common symptoms,
and papilledema, if present, may be the only abnormality on
initial examination. Fluctuating focal neurologic deficits, such
as unilateral weakness, numbness, or seizures, may appear.
Lumbar puncture may demonstrate elevated protein, red cells,
or xanthochromia. Noncontrast CT can determine whether
acute hemorrhage or mass effect is present. Contrast CT may
demonstrate a so-called empty delta sign in the sagittal sinus.
MRI and MR venogram (MRV) have better sensitivity for de-
tection of CVT, and conventional cerebral angiography re-
mains the diagnostic gold standard. A small randomized trial
demonstrated safety and efficacy of intravenous heparin in
CVT, even in patients with preexisting hemorrhage.89 Conse-
quently, acute anticoagulation is recommended for most pa-
tients with CVT. Thrombolysis may be considered, but its role

remains unconfirmed, and it should be reserved for patients
whose condition declines despite adequate anticoagulation.90,91

After the acute period, oral anticoagulation is typically used for
several months until MRI or MRV demonstrates sinus patency.
Mortality from CVT is estimated to be 5% to 30%, but survivors
have a good prognosis with little residual deficit.90

Idiopathic Causes 

Cryptogenic (idiopathic) stroke is diagnosed when all other
studies fail to identify the likely stroke mechanism. About half
of strokes in young patients are diagnosed as cryptogenic.84

Hemorrhagic Stroke

intracerebral hemorrhage

Intracerebral hemorrhage (ICH) accounts for 11% of stroke
deaths and notably affects African Americans.92 ICH cannot be
reliably distinguished from ischemic stroke by clinical criteria
alone. Noncontrast CT imaging is required to detect the pres-
ence of blood. Volume of ICH and level of consciousness are
the two most powerful predictors of outcome [see Figure 2].
Specific therapy for ICH remains largely an enigma. Patients
with ICH frequently deteriorate as edema worsens over the
first 24 to 48 hours. Late hematoma evacuation is ineffective in
reducing mortality or improving outcome. Early surgical evac-
uation remains controversial. Theoretically, early hematoma
evacuation may reduce surrounding ischemic injury and pre-
vent edema formation and consequent herniation. Pilot studies
of surgery within 12 hours93 and 24 hours94 suggest early
surgery is feasible and may be beneficial. 

Besides surgery, other potential strategies exist to control 
intracranial pressure (ICP) [see Table 6]. Intraventricular hemor-
rhage is a particularly bad complication of ICH. Prompt ven-
tricular drainage should be performed for any signs of hydro-
cephalus. Ventricular drainage may reduce ICP without 
obvious hydrocephalus. Sedation with or without chemical
neuromuscular paralysis is often helpful in intubated patients
to control ICP. Propofol is an especially useful agent because of
its short half-life. An ICP monitor should be used in all sedated
patients and in patients who are obtunded (Glasgow Coma
Scale score < 9) to follow ICPs. Osmotic diuretics are often use-
ful in the short term before a definitive procedure such as
hematoma evacuation is performed. The benefit of osmotic di-
uretics dissipates after 12 to 24 hours, but rebound increases in
ICP can persist. The same is true of hyperventilation, which
lowers ICP by reducing cerebral blood flow through vasocon-
striction. Although hyperventilation to a carbon dioxide ten-
sion (PCO2) of 30 to 35 may transiently lower ICP, the effect is
short-lived (6 to 12 hours), and rebound-increased ICP is a seri-
ous problem if normocapnia is not slowly restored. Steroids are
not recommended.

Blood pressure management in ICH also remains contro-
versial. Observations suggest that about one third of ICHs ex-
pand in the first 24 hours.95 Some investigators have juxta-
posed this fact with a need to lower blood pressure in acute
ICH. No trial has demonstrated that this action is necessary,
and the concern about reducing cerebral perfusion pressure in
patients with elevated ICP remains. The American Heart As-
sociation guidelines recommend that mean arterial blood
pressure be kept lower than 130 mm Hg in patients with a his-
tory of hypertension.96
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Strategy

Ventricular drainage
Osmotic diuresis

Hyperventilation

Sedation

Neuromuscular blockade
Barbiturate coma

Table 6 Management Strategies 
for Intracranial Pressure

Comment

Most useful in hydrocephalus
Mannitol load, 0.5–1.0 g/kg I.V.; mainte-

nance dose, 0.25–1.0 g q. 6 hr; titrate to
keep serum osmolality 300 to 310
mOsm/kg H2O

Titrate to keep Pco2 30–35 mm Hg; wean
slowly

Consider propofol or other benzodiaze-
pine drip

Always combine with sedation
Rarely indicated



subarachnoid hemorrhage

Spontaneous subarachnoid hemorrhage most commonly re-
sults from aneurysms of the circle of Willis [see Figure 2]. The an-
terior and posterior communicating arteries are most frequently
responsible. Hypertension and cigarette smoking are clear risk
factors for aneurysmal rupture. Family history in first-degree rel-
atives of patients with SAH is also a risk factor for unruptured
aneurysm detection (about 4%), but routine screening is not rec-
ommended.97 The risk of rupture depends on aneurysm size. 
For patients with no history of SAH, the risk of rupture of 
aneurysms less than 10 mm in diameter is 0.05% a year. For
aneurysms greater than 10 mm in diameter, the risk is slightly
less than 1% a year. For aneurysms at least 25 mm in diameter,
the risk jumps to 6% in the first year.98

Diagnosis 

Up to 50% of patients with SAH present with a so-called
warning leak or sentinel hemorrhage. Establishing the diagnosis
early and consequent prompt aneurysm clipping can reduce
long-term morbidity and mortality. Modern head CT imaging
[see Figure 2] can establish the diagnosis in 97% of cases of pa-
tients presenting to the emergency department with “the worst
headache of my life.” In the remaining few percent, lumbar
puncture and examination of the cerebrospinal fluid for xan-
thochromia are necessary.99 In addition to severe headache, the
following all suggest SAH and should prompt a thorough evalu-
ation: rapid onset, photophobia, stiff neck, decreased level of
consciousness, and focal neurologic signs. 

Treatment

The treatment of SAH involves localizing the aneurysm with
cerebral angiography and surgical clipping within 72 hours of
onset. In patients with severe symptoms (coma), surgery is often
delayed and other options, including interventional radiologic
procedures, are frequently employed.100 Before aneurysm clip-
ping, patients are kept mildly sedated in a quiet room and given
stool softeners to reduce the risk of rebleeding. Anticonvulsants
(fosphenytoin) should be given at the first sign of any seizure ac-
tivity. Blood pressure is gently controlled. Although hyperten-
sion is related to rebleeding, some investigators believe that
blood pressure works to tamponade the bleeding, and drastic re-
ductions in blood pressure should be avoided. 

Hydrocephalus is common after SAH and is very treatable
with ventricular drainage. Any change in mental status should
prompt the performance of an emergency CT to look for signs of
hydrocephalus. Because it has been shown to improve outcome,
nimodipine, a calcium channel blocker, is begun on the first day
and continued for 21 days. After aneurysm clipping, the goal is
to prevent vasospasm. Daily transcranial Doppler examinations
are warranted. Patients should be well hydrated, and blood
pressure should be slightly high. At the first clinical or transcra-
nial Doppler sign of vasospasm, triple H (hypertensive, hyper-
volemic, and hemodilution) therapy should be initiated. Both
colloid and crystalloid therapy are employed, and frequently,
pressor support is needed. 

Lewis B. Morgenstern, M.D., is a consultant for Bristol-Meyers Squibb Co. and
participates in the speakers’ bureaus for Boehringer Ingelheim and Genentech.

Scott E. Kasner, M.D., participates in the speakers’ bureaus for Boehringer
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References
1. Broderick J, Brott T, Kothari R, et al: The Greater Cincinnati/Northern Kentucky
Stroke Study: preliminary first-ever and total incidence rates of stroke among blacks.
Stroke 29:415, 1998
2. Sacco RL, Boden-Albala B, Gan R: Stroke incidence among white, black and Hispan-
ic residents of an urban community: the Northern Manhattan Stroke Study. Am J Epi-
demiol 147:259, 1998
3. Morgenstern LB, Spears WD, Goff DCJ: African Americans and women have the
highest stroke mortality in Texas. Stroke 28:15, 1997
4. Gillum RF: Stroke mortality in blacks: disturbing trends. Stroke 30:1711, 1999
5. Frey JL, Jahnke HK, Bulfinch EW: Differences in stroke between white, Hispanic,
and Native American patients: the Barrow Neurological Institute stroke database.
Stroke 29:29, 1998
6. Davalos A, Castillo J, Martinez-Vila E, et al: Delay in neurological attention and
stroke outcome. Stroke 26:2233, 1995
7. Menon SC, Pandey DK, Morgenstern LB: Critical factors determining access to acute
stroke care. Neurology 51:427, 1998
8. von Kummer R, Nolte PN, Schnittger H, et al: Detectability of cerebral hemisphere
ischaemic infarcts by CT within 6 h of stroke. Neuroradiology 38:31, 1996
9. Marchal G, Beaudouin V, Rioux P, et al: Prolonged persistence of substantial vol-
umes of potentially viable brain tissue after stroke: a correlative PET-CT study with
voxel-based data analysis. Stroke 27:599, 1996
10. Warach S, Dashe JF, Edelman RR: Clinical outcome in ischemic stroke predicted by
early diffusion-weighted and perfusion magnetic resonance imaging: a preliminary
analysis. J Cereb Blood Flow Metab 16:53, 1996
11. Hossmann KA: Viability thresholds and the penumbra of focal ischemia. Ann Neu-
rol 36:557, 1994
12. Fisher M, Prichard JW, Warach S: New magnetic resonance techniques for acute is-
chemic stroke. JAMA 274:908, 1995
13. Wong KS, Liang EY, Lam WW, et al: Spiral computed tomography angiography in
the assessment of middle cerebral artery occlusive disease. J Neurol Neurosurg Psychi-
atry 59:537, 1995
14. Alexandrov AV, Demchuk AM, Wein TH, et al: Yield of transcranial Doppler in
acute cerebral ischemia. Stroke 30:1604, 1999
15. Johnston KC, Li JY, Lyden PD, et al: Medical and neurological complications of is-
chemic stroke: experience from the RANTTAS trial. RANTTAS Investigators. Stroke
29:447, 1998
16. Indredavik B, Bakke F, Slordahl SA, et al: Treatment in a combined acute and reha-
bilitation stroke unit: which aspects are most important? Stroke 30:917, 1999
17. Grotta JC, Pasteur W, Khwaja G, et al: Elective intubation for neurologic deteriora-
tion after stroke. Neurology 45:640, 1995
18. Vender RL: Respiratory management after stroke: what to do, what to avoid. J Crit
Illness 7:1895, 1992
19. Lisk DR, Grotta JC, Lamki LM, et al: Should hypertension be treated after acute
stroke? A randomized controlled trial using single photon emission computed tomog-
raphy. Arch Neurol 50:855, 1993
20. Grotta JC, Pettigrew LC, Allen S, et al: Baseline hemodilution state and response to
hemodilution in patients with acute cerebral ischemia. Stroke 16:790, 1985
21. Italian Acute Stroke Study Group: Hemodilution in acute stroke: results of the Ital-
ian haemodilution trial. Lancet 1:318, 1988
22. Maher J, Hachinski V: Hypothermia as a potential treatment of cerebral ischemia.
Cerebrovasc Brain Metab Rev 5:277, 1993
23. Azzimondi G, Bassein L, Nonino F, et al: Fever in acute stroke worsens prognosis: a
prospective study. Stroke 26:2040, 1995
24. Reith J, Jorgensen HS, Pedersen PM, et al: Body temperature in acute stroke: rela-
tion to stroke severity, infarct size, mortality, and outcome. Lancet 347:422, 1996
25. Pulsinelli WA, Levy DE, Sigsbee B, et al: Increased damage after ischemic stroke in
patients with hyperglycemia with or without established diabetes mellitus. Am J Med
74:540, 1983
26. Hacke W, Schwab S, Horn M, et al: The ‘malignant’ middle cerebral artery territory
infarction: clinical course and prognostic signs. Arch Neurol 53:309, 1996
27. Frank JI: Large hemispheric infarction, deterioration, and intracranial pressure.
Neurology 45:1286, 1995
28. Rieke K, Schwab S, Krieger D, et al: Decompressive surgery in space-occupying
hemispheric infarction: results of an open, prospective trial. Crit Care Med 23:1576, 1995
29. The International Stroke Trial (IST): a randomised trial of aspirin, heparin, both, or
neither among 19435 patients with acute ischaemic stroke. International Stroke Trial
Collaborative Group. Lancet 349:1569, 1997
30. Adams HP, Bendixen BH, Kappelle LJ, et al: Classification of subtype of acute is-
chemic stroke: definitions for use in a multicenter clinical trial. Stroke 24:35, 1993
31. Randomised placebo-controlled trial of early aspirin use in 20,000 patients with acute
ischemic stroke. Chinese Acute Stroke Trial Collaborative Group. Lancet 349:1641, 1997
32. Trial of ORG 10172 in Acute Stroke Treatment Investigators: low molecular weight
heparinoid, ORG 10172 (danaparoid), and outcome after acute ischemic stroke. JAMA
279:1265, 1998
33. Hommel M: Fraxiparine in ischemic stroke study (FISS bis). Cerebrovasc Dis 8(sup-
pl 4):19, 1998
34. Bath PMW, Lindenstrom E, Boysen G, et al: Tinzaparin in acute ischaemic stroke
(TAIST): a randomised aspirin-controlled trial. Lancet 358:702, 2001
35. Berge E, Abdelnoor M, Nakstad PH, et al: Low molecular-weight heparin versus as-

© 2002 WebMD Inc. All rights reserved.
July 2002 Update

WebMD Scientific American ® Medicine
NEUROLOGY:IV Cerebrovascular Disorders–14



pirin in patients with acute ischaemic stroke and atrial fibrillation: a double-blind ran-
domised study. Lancet 355:1205, 2000
36. Treatment of acute ischemic stroke with the low-molecular-weight heparin cer-
toparin: results of the TOPAS trial. Therapy of Patients With Acute Stroke (TOPAS) In-
vestigators. Stroke 32:22, 2001 
37. Bath PMW, Iddenden R, Bath FJ: Low-molecular-weight heparins and heparinoids
in acute ischemic stroke: a meta-analysis of randomized controlled trials. Stroke
31:1770, 2000
38. Adams HP, Brott TG, Furlan AJ, et al: Guidelines for thrombolytic therapy for acute
stroke: a supplement to the guidelines for the management of patients with acute is-
chemic stroke. Circulation 94:1167, 1996
39. The National Institute of Neurological Disorders and Stroke rt-PA Stroke Study
Group: tissue plasminogen activator for acute ischemic stroke. N Engl J Med 333:1581,
1995
40. Kwiatkowski TG, Libman RB, Frankel M, et al: Effects of tissue plasminogen acti-
vator for acute ischemic stroke at one year. N Engl J Med 340:1781, 1999
41. Furlan A, Higashida R, Wechsler L, et al: Intra-arterial prourokinase for acute ischemic
stroke. The PROACT II study: a randomized controlled trial. JAMA 282:2003, 1999 
42. Morgenstern LB, Pettigrew LC: Brain protection—human data and potential new
therapies. New Horiz 5:397, 1997
43. Jorgensen HS, Reith J, Nakayama H, et al: What determines good recovery in pa-
tients with the most severe strokes? Stroke 30:2008, 1999
44. Stroemer RP, Kent TA, Hulsebosch CE: Enhanced neocortical neural sprouting,
synaptogenesis, and behavioral recovery with d-amphetamine therapy after neocorti-
cal infarction in rats. Stroke 29:2381, 1998
45. Nudo RJ, Wise BM, SiFuentes F, et al: Neural substrates for the effects of rehabilita-
tive training on motor recovery after ischemic infarct. Science 272:1791, 1996
46. Cramer SC, Nelles G, Benson RR, et al: A functional MRI study of subjects recov-
ered from hemiparetic stroke. Stroke 28:2518, 1997
47. Gorelick PB, Sacco RL, Smith DB, et al: Prevention of a first stroke: a review of
guidelines and a multidisciplinary consensus statement from the National Stroke Asso-
ciation. JAMA 281:1112, 1999
48. O’Brien AA, Rajkumar C, Bulpitt CJ: Blood pressure lowering for the primary and
secondary prevention of stroke: treatment of hypertension reduces the risk of stroke. J
Cardiovasc Risk 6:203, 1999
49. Prevention of stroke by antihypertensive drug treatment in older persons with iso-
lated systolic hypertension. SHEP Cooperative Research Group. JAMA 265:3255, 1991
50. Klungel OH, Stricker BHC, Paes AH, et al: Excess stroke among hypertensive men
and women attributable to undertreatment of hypertension. Stroke 30:1312, 1999
51. Effects of an angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular
events in high-risk patients. The Heart Outcomes Prevention Evaluation Study Investi-
gators. N Engl J Med 342:145, 2000
52. Randomised trial of a perindopril-based blood-pressure-lowering regimen among
6105 individuals with previous stroke or transient ischaemic attack. PROGRESS Col-
laborative Group. Lancet 358:1033, 2001 
53. Haheim LL, Holme I, Hjermann I, et al: Smoking habits and risk of fatal stroke: 18
years follow up of the Oslo study. J Epidemiol Community Health 50:621, 1996
54. Wannamethee SG, Shaper AG, Whincup PH, et al: Smoking cessation and the risk
of stroke in middle-aged men. JAMA 274:155, 1995
55. Sacks FM, Pfeffer MA, Moye LA, et al: The effect of pravastatin on coronary events
after myocardial infarction in patients with average cholesterol levels. Cholesterol and
Recurrent Events Trial investigators. N Engl J Med 335:1001, 1996
56. The LIPID Study Group: Prevention of cardiovascular events and death with
pravastatin in patients with coronary heart disease and a broad range of initial choles-
terol levels. N Engl J Med 339:1349, 1998
57. Hebert PR, Gaziano JM, Chan KS, et al: Cholesterol lowering with statin drugs, risk
of stroke, and total mortality. JAMA 278:313, 1997
58. Bucher HC, Griffith LE, Guyatt GH: Effect of HMG-CoA reductase inhibitors on
stroke: a meta-analysis of randomized, controlled trials. Ann Intern Med 128:89, 1998
59. Rubins HB, Robins SJ, Collins D, et al: Gemfibrozil for the secondary prevention of
coronary heart disease in men with low levels of high-density lipoprotein cholesterol.
N Engl J Med 341:410, 1999
60. Yki-Jarvinen H: Management of type 2 diabetes mellitus and cardiovascular risk:
lessons from intervention trials. Drugs 60:975, 2000
61. Study rationale and design of ADVANCE: action in diabetes and vascular dis-
ease—preterax and diamicron MR controlled evaluation. Diabetologia 44:1118, 2001
62. Sacco RL, Elkind M, Boden-Albala B, et al: The protective effect of moderate alcohol
consumption on ischemic stroke. JAMA 281:53, 1999
63. Berger K, Ajani UA, Kase CS, et al: Light-to-moderate alcohol consumption and the
risk of stroke among U.S. male physicians. N Engl J Med 341:1557, 1999
64. Kittner SJ, Giles WH, Macko RF, et al: Homocyst(e)ine and risk of cerebral infarction in
a biracial population: the stroke prevention in young women study. Stroke 30:1554, 1999
65. Lee IM, Hennekens CH, Berger K, et al: Exercise and risk of stroke in male physi-
cians. Stroke 30:1, 1999
66. Fagerberg B, Gnarpe J, Gnarpe H, et al: Chlamydia pneumoniae but not cytomegalovirus
antibodies are associated with future risk of stroke and cardiovascular disease: a prospec-
tive study in middle-aged to elderly men with treated hypertension. Stroke 30:299, 1999
67. Hart RG, Benavente O, McBride R, et al: Antithrombotic therapy to prevent stroke
in patients with atrial fibrillation: a meta-analysis. Ann Intern Med 131:492, 1999
68. Ezekowitz MD, Levine JA: Preventing stroke in patients with atrial fibrillation.
JAMA 281:1830, 1999

69. Beneficial effect of carotid endarterectomy in symptomatic patients with high-
grade carotid stenosis. North American Symptomatic Carotid Endarterectomy Trial
Collaborators. N Engl J Med 325:445, 1991
70. Barnett HJM, Taylor DW, Eliasziw M, et al: Benefit of carotid endarterectomy in pa-
tients with symptomatic moderate or severe stenosis. N Engl J Med 339:1415, 1998
71. Executive Committee for the Asymptomatic Carotid Atherosclerosis Study: En-
darterectomy for asymptomatic carotid artery stenosis. JAMA 273:1421, 1995
72. Wennberg DE, Lucas FL, Birkmeyer JD, et al: Variation in carotid endarterectomy
mortality in the Medicare population: trial hospitals, volume, and patient characteris-
tics. JAMA 279:1278, 1998
73. Cebul RD, Snow RJ, Pine R, et al: Indications, outcomes, and provider volumes for
carotid endarterectomy. JAMA 279:1282, 1998
74. Biller J, Feinberg WM, Castaldo JE, et al: Guidelines for carotid endarterectomy: a
statement for healthcare professionals from a special writing group of the Stroke Coun-
cil, American Heart Association. Stroke 29:554, 1998
75. Steering Committee of the Physicians’ Health Study Research Group: Final report
on the aspirin component of the ongoing Physicians’ Health Study. N Engl J Med
321:129, 1989
76. Collaborative meta-analysis of randomised trials of antiplatelet therapy for preven-
tion of death, myocardial infarction, and stroke in high risk patients. Antiplatelet Trial-
ists’ Collaboration. BMJ 324:141, 2001
77. Hass WK, Easton JD, Adams HP, et al: A randomized trial comparing ticlopidine
hydrochloride with aspirin for the prevention of stroke in high-risk patients. N Engl J
Med 321:501, 1989
78. A randomised, blinded, trial of clopidogrel versus aspirin in patients at risk of is-
chaemic events (CAPRIE). CAPRIE Steering Committee. Lancet 348:1329, 1996
79. Nara W, Ashley I, Rosner F: Thrombotic thrombocytopenic purpura associated
with clopidogrel administration: case report and brief review. Am J Med Sci 322:170,
2001
80. Diener HC, Cunha L, Forbes C, et al: European Stroke Prevention Study: 2. Dipyri-
damole and acetylsalicylic acid in the secondary prevention of stroke. J Neurol Sci
143:1, 1996
81. Chimowitz MI, Kokkinos J, Strong J, et al: The Warfarin-Aspirin Symptomatic In-
tracranial Disease Study. Neurology 45:1488, 1995
82. A comparison of warfarin and aspirin for the prevention of recurrent ischemic
stroke. Warfarin-Aspirin Recurrent Stroke Study Group. N Engl J Med 345:1444, 2001
83. Bleeding during antithrombotic therapy in patients with atrial fibrillation. The
Stroke Prevention in Atrial Fibrillation Investigators. Arch Intern Med 156:409, 1996
84. Bogousslavsky J, Pierre P: Ischemic stroke in patients under age 45. Neurologic
Clinics 10:113, 1992
85. Mokri B: Traumatic and spontaneous extracranial internal carotid artery dissec-
tions. J Neurol 237:356, 1990
86. Kasner SE, Hankins LL, Bratina P, et al: Magnetic resonance angiography demon-
strates vascular healing of carotid and vertebral artery dissections. Stroke 28:1993, 1997
87. Ferro JM: Vasculitis of the central nervous system. J Neurol 245:766, 1998
88. Adams HP Jr, Kappelle LJ, Biller J, et al: Ischemic stroke in young adults: experi-
ence in 329 patients enrolled in the Iowa Registry of Stroke in Young Adults. Arch
Neurol 52:491, 1995
89. Einhaupl KM, Villringer A, Meister W, et al: Heparin treatment in sinus venous
thrombosis. Lancet 338:597, 1991
90. Bousser M-G, Ross-Russell R: Cerebral Venous Thrombosis. WB Saunders Co, Lon-
don, 1997 
91. Kasner SE, Gurian JH, Grotta JC: Urokinase treatment of sagittal sinus thrombosis
with venous hemorrhagic infarction. J Stroke Cerebrovasc Dis 7:421, 1998
92. Morgenstern LB, Spears WD: A triethnic comparison of intracerebral hemorrhage
mortality in Texas. Ann Neurol 42:919, 1997
93. Morgenstern LB, Frankowski RF, Shedden P, et al: Surgical treatment for intracere-
bral hemorrhage (STICH): a single-center, randomized clinical trial. Neurology 51:1359,
1998
94. Zuccarello M, Brott T, Derex L, et al: Early surgical treatment for supratentorial in-
tracerebral hemorrhage: a randomized feasibility study. Stroke 30:1833, 1999
95. Brott T, Broderick J, Kothari R, et al: Early hemorrhage growth in patients with in-
tracerebral hemorrhage. Stroke 28:1, 1997
96. Broderick JP, Adams HP, Barsan W, et al: Guidelines for the management of spon-
taneous intracerebral hemorrhage. Stroke 30:905, 1999
97. Risks and benefits of screening for intracranial aneurysms in first-degree relatives
of patients with sporadic subarachnoid hemorrhage. The Magnetic Resonance Angiog-
raphy in Relatives of Patients with Subarachnoid Hemorrhage Study Group. N Engl J
Med 341:1344, 1999
98. Unruptured intracranial aneurysms—risks of rupture and risks of surgical inter-
vention. The International Study of Unruptured Intracranial Aneurysms Investigators.
N Engl J Med 339:1725, 1998
99. Morgenstern LB, Luna-Gonzales H, Huber JC Jr, et al: Worst headache and sub-
arachnoid hemorrhage: prospective, modern computed tomography and spinal fluid
analysis. Ann Emerg Med 32:297, 1998
100. Mayberg MR, Batjer HH, Dacey R, et al: Guidelines for the management of
aneurysmal subarachnoid hemorrhage. Stroke 25:2315, 1994

Acknowledgment
Figures 2b, 3a, 4, and 5 Seward Hung.

© 2002 WebMD Inc. All rights reserved.
July 2002 Update

WebMD Scientific American ® Medicine
NEUROLOGY:IV Cerebrovascular Disorders–15


