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Stroke is the third leading cause of death in the
United States.1 Each year in the United
States, approximately 700,000 people have an

acute stroke; one third of these are fatal and the
remainder often produce significant morbidity.
Stroke also has considerable economic conse-
quences, with an estimated combined direct and
indirect cost of $39 billion in the United States in
1996.2 Most strokes (85%) are ischemic and origi-
nate from a thromboembolic source.3 Over the past
decade, significant advances in the management of
ischemic stroke have provided an opportunity to
prevent stroke, improve outcome, and impact
costs. In this article, we review the diagnosis and
management of ischemic stroke, focusing on recent
developments in acute treatment and secondary
prevention.

. . . ETIOLOGY . . .

Ischemic stroke commonly results from 1 of 2
mechanisms, either an embolic occlusion or a
thrombosis that originates at an atherosclerotic
plaque within the arterial intracerebral circulation.
In general, intracerebral thrombosis involving
either large- or small-vessel disease accounts for
approximately two thirds of ischemic stroke and
embolic events account for the remaining one
third.4 The heart is the most frequent source of
emboli in patients with atrial fibrillation, valvular heart
disease, or dilated cardiomyopathy. Alternatively,
emboli can originate from arterial plaques in the
aorta, carotid or basilar arteries, or rarely the venous
circulation. Other causes of ischemic stroke, although
uncommon, include vasculitis, syphilis, endocarditis,
and venous thrombosis from hypercoagulable states
such as proteins C or S deficiency, antithrombin
III deficiency, factor V Leiden mutation, factor II
mutation, or antiphospholipid syndrome.
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. . . CLINICAL PRESENTATION . . .

The hallmark of ischemic stroke is the manifesta-
tion of focal neurologic deficits, the nature of which
depends on the site of the cerebrovascular occlu-
sion. Although the brain has anterior-posterior col-
lateral circulation via the circle of Willis, the carotid
or anterior cerebral circulation primarily supplies
the optic nerve and the frontal, temporal, and pari-
etal lobes. Consequently, stroke in the anterior dis-
tribution can cause monocular blindness, hemi-
anopsia, gaze preference, expressive or receptive
aphasia, unilateral weakness or hemiparesis, unilat-
eral sensory deficits, or, rarely, decreased level of
consciousness.5 Occlusion in the basilar artery or
posterior system, which primarily supplies the
occipital lobe, the brainstem, and the cerebellum,
can produce unilateral or bilateral weakness, com-
plete hemianopsia or cortical blindness, diplopia,
dysarthria, ataxia, dysphagia, vertigo, or sensory
deficits. Coma can occur with large posterior
infarcts. As shown in Table 1, the differen-
tial diagnosis of ischemic stroke is exten-
sive. However, a careful history, physical
examination, screening laboratory tests,
and imaging studies can often quickly nar-
row the diagnosis. 

. . . EVALUATION . . .

The major goals of the initial evaluation
of suspected stroke are to determine the
extent of the neurologic deficit, to classify
the event as hemorrhagic or ischemic, and
to determine the optimal immediate ther-
apy. Because current treatment options
are often time-dependent, patients with
suspected ischemic stroke should be
transported immediately to an emergency
room for evaluation and stabilization.
Unfortunately, the public is poorly
informed regarding the symptoms of
stroke and people often delay seeking
medical attention.6-8 Campaigns are under
way to improve the public’s knowledge of
and response to stroke symptoms.9,10

The initial history should focus on the
time of onset of neurologic symptoms, risk
factors for stroke (Table 2), medications,
bleeding risks, and presence of heart dis-
ease. A neurologic examination using the
National Institutes of Health11 or other
stroke scale can help determine the extent

of the neurologic deficit and the patient’s eligibility
for thrombolytic treatment. Additionally, a focused
cardiopulmonary examination should be performed
to assess for hemodynamic stability, left ventricular
dysfunction, arrhythmia, valvular disease, and the
presence of carotid bruit.

A noncontrast computed tomographic (CT) scan
of the head is the imaging modality of choice in the
initial evaluation of suspected ischemic stroke. The
purpose of the initial CT scan is typically not to diag-
nose the ischemic lesion but rather to exclude other
causes of focal acute neurologic deficit, such as
hemorrhage, abscess, or tumor. Compared with
magnetic resonance imaging, CT is more sensitive in
detecting intracranial blood, can be more rapidly
and less expensively performed, and is more readily
available. Computed tomographic scans can detect
nearly all intracerebral blood and 95% to 98% of all
acute subarachnoid hemorrhage. CT scans cannot
usually delineate new ischemic infarcts within the
first 24 hours of symptom onset, however, unless the

. . .  ISCHEMIC STROKE . . .

Table 1. Differential Diagnosis of Ischemic Stroke*

*Ordered from most to least common.

■ Clinical Entities with Focal Deficits
Ischemic stroke
Intracerebral or cerebellar hemorrhage
Subarachnoid hemorrhage
Subdural or epidural hematoma
Brain abscess or tumor
Bell’s palsy
Seizure with or without Todd’s paralysis
Multiple sclerosis
Peripheral vestibular disease
Hypertensive encephalopathy
Temporal arteritis
Aortic dissection

■ Clinical Entities without Focal Deficits
Electrolyte disturbances: Hyper- or hyponatremia

Hypercalcemia
Metabolic abnormalities: Hyper- or hypoglycemia

Hypercapnia
Hypoxemia
Hepatic failure
Renal failure

Drug intoxication
Seizure
Central nervous system infection
Hypertensive encephalopathy
Generalized cerebral ischemia resulting from profound shock
Bilateral chronic subdural hematoma
Subarachnoid hemorrhage
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stroke is large and accompanied by cerebral edema
or mass effect. Magnetic resonance imaging is supe-
rior to CT for detecting posterior fossa pathology
and can be performed if these conditions are sus-
pected and the initial noncontrast head CT scan is
unrevealing.12 Emerging techniques in neuroimaging
will enable clinicians to identify zones of infarction
acutely as well as clearly delineate the penumbra or
region of ischemic tissue surrounding the core of the
infarction. Magnetic resonance perfusion/diffusion

techniques, single photon emission computed
tomography (SPECT) scanning, and xenon CT can
detect potentially viable peri-infarct ischemia, but
their utility, cost effectiveness, and overall role in
the initial evaluation of stroke await clinical trials
and the results of studies with emerging therapies
directed at neuron salvage.13

As outlined in Table 3, additional studies in the
initial evaluation of stroke are geared toward deter-
mining the cause of the stroke, any contraindications
to thrombolytic therapy, and the presence of other
comorbid conditions. These tests should be per-
formed concurrently with the initial clinical evalua-
tion and CT imaging.

. . . INITIAL MANAGEMENT . . .

During the initial evaluation, the patient should
receive general care to maintain the airway, support
breathing with supplemental oxygen, and monitor
circulation. If the initial workup reveals an acute
ischemic stroke, appropriate treatment requires
a thorough appreciation of the available thera-
peutic options.

Thrombolytic Therapy
The efficacy of thrombolytic therapy for acute

ischemic stroke was demonstrated in the National
Institute of Neurological Disorders and Stroke
(NINDS) rt-PA Stroke Study, a controlled trial of
624 patients with ischemic stroke randomly

assigned to treatment with either tissue
plasminogen activator (t-PA) at a dose of 0.9
mg/kg or placebo within 3 hours of symptom
onset. The patients treated with t-PA were
30% more likely to have little or no neuro-
logic deficit compared with those given
placebo at 3 and 12 months of follow-up.14,15

The thrombolytic drug was effective in all
ischemic stroke subtypes, and mortality was
similar in both groups at 3 months (17% for
t-PA versus 21% for placebo). Patients
receiving t-PA, however, experienced a sig-
nificant 10-fold increase in intracranial
hemorrhage compared with the control
patients (6.6 % versus 0.6%). Hemorrhagic
risk was greater in patients who had a higher
National Institutes of Health stroke scale
score, signs of acute ischemia on the initial
CT scan, or evidence of diabetes or hyper-
glycemia.16,17 In the NINDS trial, throm-
bolytic therapy lowered the costs of treat-
ment by decreasing the length of hospital-

. . .  CME . . .

Table 3. Initial Workup of Suspected Acute Ischemic Stroke

Table 2. Established Risk Factors for Ischemic Stroke

■ History and physical examination, including temperature and
blood pressure

■ Noncontrast head computed tomographic scan

■ Twelve-lead electrocardiogram to screen for acute coronary 
syndromes, atrial fibrillation, and heart disease

■ Electrolytes, glucose, and creatinine to detect other causes of 
central nervous system deficits and identify exclusion criteria for
thrombolytics

■ Complete blood count, prothrombin time, partial thromboplastin
time, and platelets to screen for a bleeding diathesis 

■ Chest x-ray film to assess for cardiopulmonary disease

■ Pregnancy and toxicology screen when clinically appropriate

Prior stroke or transient ischemic attack

Hypertension

Cigarette or cigar smoking

Heart disease

Coronary artery disease

Congestive heart failure

Atrial fibrillation

Valvular disease

Diabetes

Hypercoagulable states

Older age

Male sex

African American or Hispanic race
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ization and reducing the need for nursing home
placement.18 The success of the NINDS trial is due in
part to the stringent eligibility criteria used to enroll
patients (Table 4). Indeed, fewer than 5 % of evaluated
patients met these criteria.

Other studies have not demonstrated a clinical
benefit with thrombolytic thera-
py. The European Cooperative
Acute Stroke Study, a random-
ized, double-blind, placebo-con-
trolled trial, found that patients
with acute ischemic stroke treat-
ed within 6 hours of symptom
onset with t-PA at a dose of 1.1
mg/kg did not have improved
neurologic outcome at 3
months compared with control
patients.19 Furthermore, patients
treated with t-PA had significant-
ly higher mortality at 3 months
(22.4% versus 15.8%) and a
greater frequency of large cere-
bral hemorrhage (19.8% versus
6.5%). The European Cooperative
Acute Stroke Study 2, a follow-
up trial using a lower dose of t-
PA (0.9 mg/kg) given within 6
hours of stroke onset, also
showed no improvement in
functional outcome at 3
months.20 Studies examining
the efficacy of streptokinase in
acute ischemic stroke were
halted early when preliminary
analyses revealed  significantly
higher mortality in patients
treated with this thrombolytic
drug.21-23 Different times to
treatment, CT interpretation
standards, and the specific type
or dose of thrombolytic agent
used likely account for the out-
come disparities of these stud-
ies and stress the importance of
strict eligibility standards. Future
study of thrombolytics should
focus on clarifying these issues
and identifying which patient
subpopulations would benefit
most from this intervention.24

After reviewing the trials on
thrombolytics in acute ischemic
stroke, the Stroke Council of the

American Heart Association and the Food and Drug
Administration recommended thrombolytic therapy
for patients with acute ischemic stroke who met the
eligibility criteria outlined in the NINDS trial.25

Given the potential risks of thrombolytics, the CT
scan should be interpreted by a neuroradiologist and

. . .  ISCHEMIC STROKE . . .

Table 4. Indications, Contraindications, and Dosing for 
Thrombolytic Drugs

■ Indications  (all criteria must be met)

Clinical diagnosis of ischemic stroke with a focal deficit

Symptom onset less than 3 h before treatment is started

Age 18 y or older

■ Contraindications 

Intracranial hemorrhage or evidence of large infarction on head computed 
tomographic scanElevated partial thromboplastin time

Rapidly improving stroke symptoms

Persistent hypertension refractory to initial treatment (systolic blood 
pressure > 185 mm Hg or diastolic blood pressure > 110 mm Hg)

Seizure with onset of stroke

Internal bleeding within previous 21 d

Recent acute myocardial infarction

Neurosurgery, major head trauma, or stroke within previous 3 mo

Surgery or biopsy of parenchymal organ within previous 14 d

Lumbar puncture within previous 24 h

History of central nervous system bleeding, arteriovenous malformation, 
or aneurysm

Warfarin use or coagulopathy with international normalized ratio (INR) > 1.3

Recent arterial puncture

Subarachnoid hemorrhage strongly suspected despite normal head 
computed tomographic scan

Pregnancy or parturition within previous 30 d 

Suspected septic embolus

Platelet count < 100,000µL

Hematocrit < 25%

Elevated partial thromboplastin time

Glucose < 50 or > 400 mg/dL

■ Dosing

0.9 mg/kg as a 10% bolus over 2 minutes with the remainder infused 
over 60 minutes, not to exceed a total dose of 90 mg
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t-PA administered under the direction of a neurolo-
gist.26 Although chronic aspirin therapy is not a con-
traindication to the use of thrombolytics, the initial
treatment of ischemic stroke with aspirin should be
delayed 24 hours in patients receiving thrombolytic
therapy. Heparin should not be used in patients
receiving thrombolytics. All patients receiving t-PA
should be monitored initially in an intensive care
unit or stroke unit and their blood pressure should
be meticulously controlled. If significant neurologic
deterioration occurs during thrombolytic treatment,
the thrombolytic infusion should be promptly dis-
continued and an emergent head CT scan per-
formed to detect intracranial hemorrhage. Blood
should be sent for a platelet count, fibrinogen level,
and prothrombin and partial thromboplastin time.
Fresh frozen plasma and platelets should be given to
correct any coagulation abnormality and a neuro-
surgeon consulted if a hemorrhage amenable to sur-
gical evacuation is identified.25

Aspirin
Two large, randomized, placebo-controlled trials,

the International Stroke Trial (IST) and the Chinese
Acute Stroke Trial (CAST), evaluated the efficacy of
aspirin given within 48 hours of stroke onset.27,28

Taken together, these trials demonstrated that
aspirin at doses of 160 to 300 mg administered
acutely during ischemic stroke prevents, over the
ensuing several weeks, 10 deaths or recurrent
strokes per 1000 patients treated. These findings are
supported by the results of the Multicenter Acute
Stroke Trial, which demonstrated a trend toward
decreased mortality and recurrent stroke when
aspirin was given within 6 hours of initial symptom
onset.22

Heparin
Although the use of heparin in acute stroke has

been a subject of controversy, 2 trials have helped
clarify its role in acute ischemic stroke. The
International Stroke Trial demonstrated that
patients treated with unfractionated heparin at
doses of 5000 or 12,500 units subcutaneously twice
per day had fewer ischemic but more hemorrhagic
strokes at 14 days and therefore received no benefit
from heparin compared with placebo.27 After 6
months of follow-up, there were no significant dif-
ferences in functional status or death rates between
treatment and placebo groups. The Trial of ORG
10172 in Acute Stroke Treatment, a randomized
double-blind study that compared the intravenous
low-molecular-weight heparinoid danaparoid with

placebo, revealed no treatment differences in stroke
prevention or clinical outcome at 3 months.29 In
view of these studies, neither low-molecular-weight
heparin nor unfractionated heparin should be used
routinely in ischemic stroke.

Although heparin should not be used routinely in
ischemic stroke, its use is often advocated in the
special settings of cardioembolic stroke, ischemic
stroke in evolution, and posterior circulation
ischemia. Although substantial evidence supports
chronic anticoagulation to prevent stroke in atrial
fibrillation30 and to a lesser extent in severe car-
diomyopathy after anterior myocardial infarction,31

the practice of acutely heparinizing cardioembolic
stroke has no proven outcome advantage and in fact
may increase hemorrhagic conversion and perhaps
morbidity. Consequently, to balance the benefit of
secondary prevention from chronic anticoagulation
against the risk of hemorrhagic conversion, an
observation period of 72 hours followed by a repeat
head CT scan is prudent before initiating therapeu-
tic anticoagulation for cardioembolic stroke.32 The
efficacy of heparin for stroke in evolution has not been
studied in randomized controlled trials, although sev-
eral small observational studies of heparin in this
setting have revealed high rates of stroke progression
despite intravenous heparin therapy.33,34 Finally,
there are few data from randomized trials support-
ing the use of heparin in posterior ischemic stroke.
In the International Stroke Trial, patients with pos-
terior strokes who received heparin tended to have
worse outcomes than did control patients.27 We
recommend consulting a neurologist before using
heparin therapy in these settings.

Management of Hypertension
Blood pressure is often elevated in ischemic

stroke but in general should not be acutely lowered
because of the risk of inducing hypoperfusion and
extending the infarct. Blood pressure often returns
to pre-stroke levels with 3 to 4 days. In most cases,
patients already maintained on antihypertensive
medication should continue their therapy during
the peri-stroke period. Patients with extreme eleva-
tions of blood pressure (systolic blood pressure >
230 mm Hg or diastolic blood pressure > 130 mm
Hg) should undergo gradual reduction of blood pres-
sure. The exceptions to this strategy that warrant
more aggressive blood pressure management occur
when ischemic stroke is accompanied by use of
thrombolytics, myocardial infarction, severe con-
gestive heart failure, or aortic dissection.25,35

Controversy exists over the optimal medication for

. . .  CME . . .
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efficacy of most of these agents, however, has
not been confirmed in human studies. Currently,
trials are ongoing to evaluate a wide variety of
potential neuroprotective treatments, such as
antioxidants, cytoprotective agents, and calcium
channel antagonists.24,48

. . . PROGNOSIS . . .

The course and recovery after acute ischemic
stroke is quite variable. Up to one third of patients
with an acute ischemic stroke ultimately die from
the stroke, but approximately 50% of  those who sur-
vive regain complete independence in their activi-
ties of daily living. Although the eventual outcome
depends on a heterogeneous collection of factors,
many of the most significant determinants can be
assessed early in the presentation. In the most rig-
orous trials, early predictors of a poor prognosis
include older age, previous stroke, depressed level of
consciousness, disorientation to place and time, low
activities of daily living score, extent and density of
paralysis, urinary incontinence, poor sitting balance,
and lack of social support.49 Formal stroke scales can
be used to independently predict outcome, although
no specific stroke scale is clearly superior in this
regard.50

. . . SECONDARY PREVENTION . . .

After the acute care of ischemic stroke, the focus
turns toward optimizing function and preventing
recurrent stroke. Early rehabilitative efforts are
important because functional improvement after
stroke occurs primarily within the first few
months.51 For secondary prevention, patients can
generally benefit from many different therapies. The
efficacy of some treatments, however, depends on
the cause of the stroke. Consequently, a workup to
determine the underlying etiology is necessary,
especially if the course of therapy may be altered.
Clinicians should also remember that stroke
patients are at equally high risk of cardiac disease,
which should be appropriately managed.  

Carotid Disease
Approximately 15% of ischemic strokes are

caused by emboli originating from the extracranial
carotid arteries.4 After an ischemic stroke or tran-
sient ischemic attack caused by a carotid embolus,
the degree of carotid stenosis is a reasonable predic-
tor of the risk for recurrent stroke. Thus in patients

the acute treatment of hypertension when emergent
therapy is needed. Labetalol is fairly short-acting,
easy to administer, and does not cause central nerv-
ous system arterial or venous dilation that can
increase intracranial pressure. Nitroprusside is a
potent vasodilator, easy to titrate, and effectively
controls high blood pressure. This drug should be
reserved for refractory hypertension, however,
because it can cause intracranial hypertension.36

Stroke Units
Stroke units provide coordinated and specialized

care for stroke patients by using pathways for diag-
nosis, treatment, complication prevention, and
rehabilitation.37 This hospital-based system typical-
ly consists of a multidisciplinary team of neurolo-
gists, nurses, social workers, and physical, occupa-
tional, and speech therapists. Stroke units improve
short and long-term survival, functional outcome,
and quality of life compared with general medical
ward care.38-40 Most of these benefits are imparted
regardless of patient age or stroke severity.
Consequently, stroke units are cost effective41 and
should be organized if the resources are available.

. . . DEVELOPING THERAPIES . . .

Glucose Control
Among diabetic and nondiabetic patients, hyper-

glycemia during an acute ischemic stroke has been
associated with a poor prognosis in most but not all
studies.42,43 Reperfusion treatment and the subtype
of stroke (lacunar versus nonlacunar) may alter the
effects of hyperglycemia.17 The appropriate standard
of care (ie, “tight” versus routine glucose control)
awaits the results of ongoing randomized trials eval-
uating the efficacy of glucose control during acute
stroke.44

Fever
Prospective studies have revealed that patients in

whom fever develops within 7 days of an acute stroke
have a worse outcome during the first few months of
follow-up than do those who do not develop a fever.45,46

Although definitive results of interventional trials to
treat fever in stroke are currently lacking, empiric
antipyretic therapy with acetaminophen is inexpen-
sive, safe, and based on biologically sound theory.47

Specific Neuroprotective Therapy
Many neuroprotective therapies have been shown

to decrease infarct size in animal stroke models. The

. . .  ISCHEMIC STROKE . . .
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with a nondisabling stroke or transient ischemic
attack in the carotid distribution that does not orig-
inate from a suspected cardiac source, duplex ultra-
sonography is indicated to assess the degree of
stenosis. In well-trained hands, this test is 90% to
95% sensitive for detecting significant carotid steno-
sis.52 Based on randomized, controlled trials, in
patients with 70% or greater (severe) stenosis with-
out complete occlusion, carotid endarterectomy
(CEA) provides an absolute 10% to 15% decrease and
a relative 50% decrease in the risk of recurrent ipsi-
lateral stroke at 2 years follow-up.53-55 For those with
moderate stenosis (50% to 69%), CEA provides a
much more modest reduction in the risk of ipsilat-
eral disabling stroke (7% absolute and 30% relative
decrease at 5 years).54 Carotid endarterectomy gen-
erally is not beneficial in patients with stenosis less
than 50%. For appropriate patients, CEA is clearly
cost effective and might even be cost saving com-
pared with medical management.56

When clinicians assess the value of CEA for spe-
cific patients, several points deserve special atten-
tion. First, most of the risk of recurrent stroke or
death in those undergoing CEA occurs up front and
is associated with the surgery, compared with the
more gradual yet persistent risk of stroke and death
in medically treated patients. As a result, the
“crossover” toward a significant surgical benefit gen-
erally occurs in the first year after the incipient
event for those with severe stenosis but not until 4
to 5 years for those with moderate stenosis.54

Second, because only a minority  of medically treat-
ed patients with moderate or severe stenosis suffer a
recurrent ipsilateral stroke, recent studies have
attempted to identify specific subgroups of patients
who would benefit most from CEA. These studies
suggest that those with higher grade stenoses,
atheroma plaque irregularity or ulceration, stroke or
transient ischemic stroke within 2 months, cerebral
rather than ocular event, male sex, absence of
peripheral vascular disease, systolic blood pressure
less than 180 mm Hg, and nonoccluded contralater-
al internal carotid artery preferentially benefit from
CEA.57,58 Finally, the appropriate selection of the
surgeon, hospital, and patient is important to
achieve an optimal outcome. The trials that demon-
strated the efficacy of CEA for symptomatic stenosis
had a perioperative risk of stroke or death of less
than 6%. These rates may not be achievable in rou-
tine settings because of patient selection or surgical
skill, a concern given the twofold increase in CEA
that occurred between 1991 and 1996.59-61 Thus
only patients with sufficiently low operative risk
should be selected to undergo surgery. Furthermore,

surgeons and hospitals that perform a greater vol-
ume of CEA cases have lower rates of complications
and incur less cost compared with those that per-
form fewer of these procedures.62,63

Cardiac and Aortic Disease
At least 20% of ischemic strokes originate from an

embolic cardiac or aortic source.4 In the appropriate
clinical setting, a patient’s readily determined clini-
cal characteristics, such as atrial fibrillation, severe
dilated cardiomyopathy, or left-sided mechanical
heart valve, may impute a cardioembolic cause such
that further etiologic workup is unnecessary
because anticoagulation is generally indicated in
these cases regardless of the imaging results. In
these patients, warfarin therapy to maintain the
international normalized ratio (INR) between 2.0
and 3.0 (2.5 to 3.5 for most mechanical valves) col-
lectively decreases the absolute risk of recurrent
stroke by 8% and the relative risk by 67% and pro-
vides substantial cost savings.64,65

In patients with ischemic stroke who do not have
significant ipsilateral carotid stenosis (≥50%) or the
aforementioned high-risk cardioembolic conditions,
often grouped as stroke of indeterminate etiology,
the diagnostic workup for a possible cardiac cause of
stroke is evolving.66 Transthoracic echocardiography
(TTE) has traditionally been the primary diagnostic
tool used to assess cardioembolic risk. In this inde-
terminate group, TTE identifies a potential cause of
stroke in 15% of persons with concomitant clinical
heart disease and in approximately 5% of those with-
out heart disease.4,67 More recently, transesophageal
echocardiography (TEE), a modality with improved
cardiac and aortic-root imaging ability, has been
demonstrated to substantially improve the detection
of aortic atheroma, patent foramen ovale, left atrial
thrombus, left atrial spontaneous echo contrast, and
atrial septal aneurysm, findings that have been asso-
ciated with an increased risk of ischemic stroke.67,68

Despite these associations and the superior sensi-
tivity of TEE, the usefulness of TEE depends on its
ability to improve treatment. In a study by Rauh et
al,69 the results of TEE led to the initiation of anti-
coagulant therapy in an additional 10% of patients.
Furthermore, recent studies suggest that the risk of
recurrent stroke may be reduced by oral anticoagu-
lant therapy in patients with aortic arch atheroma,
especially those with mobile ulcerated plaques
greater than 4 mm.70-72 In addition, paradoxical
embolus from deep venous thrombosis via moder-
ate-to-large patent foramen ovale appears to be a
real, although uncommon, cause of stroke in this
indeterminate group.73-76 In patients with patent

. . .  CME . . .
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foramen ovale, lower extremity venography may be
necessary to detect venous thrombosis because
these patients often have no symptoms from their
thrombosis, a condition known to decrease the sen-
sitivity of lower extremity duplex.73,74 Finally, cost
analysis of various algorithms for echocardiographic
use indicate that compared with selective or no
echocardiographic workup, TTE alone, or combina-
tions of TTE and TEE, first-line TEE in all patients
in this indeterminate group appears to be cost effec-
tive by reducing the risk of recurrent stroke.77 Thus
echocardiography, especially TEE, should be strongly
considered in patients with an indeterminate cause
of stroke, although the clinician and patient should
appreciate that treatment decisions based on TEE
may rely on emerging but still limited data.

Additional Etiology Evaluation
Numerous additional modalities to identify the

cause of stroke are available and continue to devel-
op, although their role in guiding therapy and their
cost effectiveness are often unclear. These diagnos-
tic techniques include transcranial Doppler to
detect intra- or extracranial arterial stenosis and
occult emboli, magnetic resonance angiography or
conventional angiography to evaluate the cerebral
vasculature, magnetic resonance imaging to better
image the brain, laboratory tests to identify hyper-
coagulable states, and ambulatory electrocardiograph-
ic monitoring in patients suspected of having occult
arrhythmia, such as paroxysmal atrial fibrillation, con-
tributing to the risk of cardiac embolism. Neurologic
expertise and an individual case-by-case approach
help to maximize the benefit of these studies.

. . . GENERAL PREVENTIVE THERAPY . . .

Aside from CEA for significant carotid stenosis
and anticoagulation with warfarin for high-risk
thrombotic states, several therapies can be generally
recommended to prevent recurrent ischemic stroke.

Blood Pressure Control
Both diastolic and systolic hypertension are asso-

ciated with an increased risk of stroke regardless of
age or sex. Treatment of hypertension decreases the
relative risk of stroke by approximately 25% and
the absolute risk by 2% and is cost effective.78,79

In general, elderly patients appear to benefit
most from diuretic therapy, those with coronary
disease from β-blocker therapy; and those with
cardiomyopathy from angiotensin converting
enzyme inhibitor and β-blocker therapy.

Smoking Cessation
Smoking is associated with a twofold increase in

the risk of stroke, a risk that can be reduced to near-
ly that of a nonsmoker with successful cessation.80-83

This benefit begins fairly soon after smoking cessa-
tion and increases with time. Consequently, safe and
typically cost-effective interventions to improve
smoking cessation rates that include physician
counseling, behavioral therapy, nicotine replace-
ment therapy, or bupropion treatment should be
instituted in stroke patients who smoke.83-86

Antiplatelet Therapy
Antiplatelet therapy, primarily in the form of

aspirin, has been a cornerstone of secondary stroke
prevention, although recent developments have
expanded current treatment options and future pos-
sibilities. Aspirin, which inhibits the cyclooxygenase
pathway, reduces the relative risk of recurrent car-
diovascular disease in general by 25% and stroke
specifically by approximately 15%.87,88 Because a
wide range of aspirin dosages (50 to 1300 mg/day)
has produced benefit, the optimal dose is undeter-
mined. The Food and Drug Administration current-
ly recommends a daily dosage of 50 to 325 mg; this
lower dose range may produce fewer gastrointestinal
adverse effects and offers the theoretic advantage of
superior platelet inhibition. 

Newer antiplatelet agents of the thienopyridine
class, ticlopidine and clopidogrel, work by inhibiting
the binding of adenosine 5´-diphosphate to its
platelet receptor, thereby decreasing platelet aggre-
gation.89 Ticlopidine at a dosage of 250 mg twice daily
is marginally but significantly better than aspirin in
preventing recurrent stroke yet is substantially more
expensive, has been associated with the develop-
ment of thrombotic thrombocytopenic purpura, and
produces neutropenia in 1% to 2% of patients, neces-
sitating bimonthly blood count monitoring.89,90

Despite these characteristics, one study suggested
that ticlopidine may be cost effective compared with
aspirin.91 Clopidogrel appears to be comparable to
aspirin in preventing recurrent stroke. Unlike ticlo-
pidine, clopidogrel does not cause neutropenia, but it
is considerably more expensive than aspirin.92

Because the thienopyridines and other antiplatelet
agents inhibit platelet aggregation through mecha-
nisms distinct from those of aspirin, combination
antiplatelet therapy may potentially provide greater
benefits than therapy with a single agent. Indeed, a
recent study demonstrated that the combination of
slow-release dipyridamole 400 mg/day and aspirin 50
mg/day decreased the relative risk of recurrent stroke
an additional 15% compared with aspirin alone.93
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Other combinations await study. Consequently,
aspirin at 50 to 325 mg/day is considered first-line
antiplatelet therapy. Patients who do not respond to
aspirin alone should be treated with a combination
of low-dose aspirin and dipyridamole, switched to
clopidogrel, or have clopidogrel added to their
aspirin regimen. Finally, antiplatelet therapy should
generally be withheld from patients receiving anti-
coagulation treatment, although in rare instances
combined use may be indicated.

Cholesterol Reduction
Although there is little epidemiologic evidence

linking elevated cholesterol levels to the risk of
stroke,94 recent meta-analyses of secondary end-
points have consistently demonstrated a 30% rela-
tive reduction in stroke rates among patients with
coronary artery disease who receive lipid-lowering
therapy with 3-hydroxy-3-methylglutaryl coenzyme
A (HMG CoA) reductase inhibitors.95-97 Although
unproved, this benefit might also extend to persons
with isolated cerebrovascular disease and no coro-
nary artery disease. With few exceptions,98 other
lipid-lowering therapies, including fibrates, resins,
and dietary interventions that are typically associat-
ed with smaller cholesterol reductions, do not
appear to be similarly effective.95 Although the
mechanism of benefit awaits elucidation, HMG CoA
reductase inhibitors may reduce the risk of stroke by
decreasing coronary artery disease, slowing the pro-
gression of cerebral atherosclerosis and stabilizing
atheromatous plaques, or exerting anti-inflammatory
effects.99,100 Furthermore, lipid-lowering treatment
appears to be cost effective.101 In light of these data,
patients with ischemic stroke should generally be
evaluated and treated for lipid abnormalities. 

Homocysteine Reduction
Extreme elevations of homocysteine as found in

homocystinuria, a collection of rare inherited meta-
bolic disorders, appear to promote atherosclero-
sis.102 Furthermore, even modest elevations of
homocysteine, which are seen in the general popu-
lation, have been linked to cardiovascular disease
and stroke in epidemiologic studies.103 This associa-
tion appears to be independent of other established
cardiovascular risks and is largely attributable to
deficiencies of folic acid, an essential cosubstrate in
the metabolism of homocysteine.104 Indeed, treat-
ment with folic acid lowers homocysteine levels
regardless of homocysteine or folic acid status.105

Ongoing randomized trials will determine whether
treatment of hyperhomocystinemia with folic acid
therapy prevents cardiovascular disease.106 Until the

results of these trials become available, it may be
sensible to encourage patients who have had a
stroke to supplement their diet with 0.4 to 1 mg/day
of folic acid, a reasonably safe and inexpensive inter-
vention.107

Hormone Replacement Therapy
Although estrogens and progestins affect vascular

reactivity, lipid profiles, and coagulation factors,108

hormone replacement therapy (HRT), either given
as unopposed estrogen or an estrogen-progestin
combination, has not consistently been associated
with a beneficial or detrimental effect on the risk of
ischemic stroke.109-113 Thus, although most informa-
tion derives from cohort or case-control primary-
event investigations and not randomized, controlled
secondary-prevention studies, HRT currently should
not be initiated to reduce the risk of recurrent
stroke nor should it necessarily be discontinued in a
patient receiving HRT for a separate indication.

Physical Activity
Taken together, numerous studies have not

demonstrated that physical activity definitely
decreases the risk of ischemic stroke.114-120 Because
physical activity favorably affects hypertension and
other cardiovascular risk factors, however, a pro-
gram that encourages attainable physical activity is
a reasonable approach and may ultimately reduce
the risk of recurrent stroke.114

Glucose Control
Diabetes and impaired glucose tolerance are well-

established risk factors for ischemic stroke.121,122 In
randomized, controlled trials, tight glucose control,
when compared with conventional treatment, suc-
cessfully prevented microvascular disease in both
type 1 and 2 diabetes.123,124 Although the degree of
hyperglycemia is associated with macrovascular
complications, there is little direct evidence in type
2 diabetes that tight glucose control reduces
macrovascular disease, the primary cause of mor-
bidity and mortality in this group.123,125 Future trials
may clearly establish the macrovascular advantages
of tight control, although successful management of
established risks, such as hypertension and smok-
ing, are likely to provide greater benefit.126

. . . CONCLUSION . . .

Ischemic stroke continues to be a major public
health problem with substantial personal and socie-
tal costs. Recent therapeutic advances have provid-
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ed an opportunity to improve the acute treatment
and secondary prevention of ischemic stroke. Only
with clinician and public awareness of these and
future developments will better care for ischemic
stroke be realized. 
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1. To be eligible for rt-PA treatment of ischemic
stroke, a patient must

a) have definite onset of symptoms for less than 3
hours

b) not have taken aspirin for at least the previous 72
hours

c) be less than 70 years of age
d) have no prior history of stroke

2. In appropriate patients, rt-PA treatment for acute
ischemic stroke

a) reduces mortality
b) improves functional outcome
c) is not cost effective
d) should be administered and initially monitored

in a general ward setting

3. All of the following factors appear to increase the risk
of thrombolytic-associated intracranial hemorrhage
except

a) elevated blood glucose or diabetes
b) severe neurological deficit based on the stroke

scale score
c) evidence on initial computerized tomography

(CT) scan of acute brain ischemia
d) younger age

4. Currently, for patients presenting with acute
ischemic stroke, heparin

a) should be used routinely to keep the partial
thromboplastin time (PTT) between 60 
and 90 seconds

b) should be initiated immediately if the patient is
found to be in atrial fibrillation

c) increases the risk of hemorrhagic conversion
without improving outcome in most cases

d) should be administered preferentially instead of
aspirin

5. In acute ischemic stroke, urgent blood pressure
control is rarely indicated except in the setting of

a) thrombolytic treatment
b) those patients with a prior history of hypertension
c) concurrent acute myocardial infarction, conges-

tive heart failure, or aortic dissection
d) a and c

6. Following ischemic stroke from a carotid artery
embolus, carotid endarterectomy (CEA) is most likely
to benefit patients who

a) have a high degree of stenosis in the carotid
artery ipsalateral to the ischemic lesion

b) are found on imaging to have an ulcerated or
irregular stenotic atheroma

c) generally have a low surgical risk 
d) have the procedure performed by a surgeon

and hospital with a large experience in CEA
e) all of the above
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7. All of the following statements  concerning ticlo-
pidine are true except

a) ticlopidine is an antiplatelet agent used for the
secondary prevention of ischemic stroke that is
at least as effective as aspirin in the secondary
prevention of ichemic stroke

b) ticlopidine has an uncommon but potentially
serious side effect of neutropenia that man-
dates routine blood count screening

c) ticlopidine has superceded aspirin as the first
line antiplatelet treatment for the secondary
prevention of ischemic stroke

d) the potential risks and benefits of ticlopidine in
combination with aspirin or other antiplatelet
agents remain uncertain 

8. Therapy that has been shown to definitively lower
the risk of ischemic stroke includes

a) tight blood glucose control among persons with
Type 2 diabetes

b) hormone replacement therapy in women

c) warfarin anticoagulation in patients with atrial
fibrillation

d) increased levels of physical activity or exercise

9. Treatment of hyperlipidemia with HMG CoA
reductase inhibitors

a) lowers the risk of stroke among those with
established coronary artery disease

b) likely reduces the risk of ischemic stroke by
multiple biological mechanisms

c) is a reasonable therapeutic approach for patients
with isolated cerebrovascular disease (no clin-
ical coronary artery disease)

d) all of the above

10. Patients on aspirin therapy with recurrent nonem-
bolic ischemic stroke should

a) have their dose of aspirin increased.
b) discontinue aspirin and start warfarin therapy
c) discontinue aspirin and initiate clopidogrel, or

maintain aspirin and add clopidogrel
d) continue aspirin and add dypiridamole
e) c or d
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