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troke is the third leading cause of death after
cancer and heart disease in the United States,
with approximately 160,000 stroke deaths occurring each year.1 Of the approximately 750,000
strokes that occur annually, over 80% are ischemic.
Recurrent stroke remains the leading cause of serious
long-term disability.1,2 The introduction of the thrombolytic recombinant tissue plasminogen activator (rtPA) in 1995 provided an opportunity for more effective
treatment of acute ischemic stroke and improved patient outcomes.3 Nevertheless, no more than approximately 5% of acute ischemic stroke patients receive
thrombolytic therapy, mostly because few patients present to the emergency department within the 3-hour
therapeutic window following stroke onset. Newer treatment options such as intra-arterial thrombolysis, which
delivers rt-PA directly to the thrombus, and mechanical
clot retrieval devices represent an opportunity to expand the therapeutic window up to 8 hours.4,5 However,
the majority of acute stroke patients currently rely on
in-hospital medical management of their stroke.
Stroke management involves both primary and secondary prevention strategies as well as appropriate
evaluation and treatment of patients with acute stroke.
Identification of stroke risk factors and treatment of hypertension, diabetes, elevated cholesterol, carotid artery
disease, atrial fibrillation, and tobacco use significantly
reduces the occurrence of stroke.6,7 In addition, correct
identification of stroke mechanism (eg, thrombotic versus embolic) leads to appropriate use of antithrombotic
or antiplatelet agents. This review discusses stroke risk
factors and mechanisms, the evaluation of patients with
acute stroke, and therapies and neurointerventional approaches for the treatment of ischemic stroke.
PATHOPHYSIOLOGY
Brain ischemia occurs when blood flow to part of
the brain is interrupted. Survival of brain tissue depends on the length of time the brain is deprived of
oxygen and nutrients. Infarction occurs when areas
of the brain suffer irreversible changes because of
prolonged interruption of blood flow. The extent of
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TAKE HOME POINTS
• Stroke is the third leading cause of death in the
United States and a leading cause of disability
worldwide.
• Identification of specific risk factors and mechanism of stroke through neuroimaging and ultrasonography techniques is essential for preventing
and treating stroke.
• Treating ischemic stroke with intravenous recombinant tissue plasminogen activator within 3 hours
of stroke onset can substantially improve outcome
after stroke.
• Secondary stroke prevention involves treating risk
factors such as hypertension, diabetes, smoking,
dyslipidemia, and atrial fibrillation.
• Newer neurointerventional therapies, such as intraarterial thrombolysis and mechanical clot retrieval,
can extend the therapeutic window to treat thrombosis within intracranial vessels and potentially can
limit the effects of stroke.

infarction depends on the size and location of the occluded artery as well as the adequacy of collateral flow
to that area. Ischemia in the affected region leads to
the failure of ATP-dependent ion transport, resulting
in the accumulation of sodium and water in the cellular elements, an effect referred to as cytotoxic edema.
Cells in the center of infarcted tissue, or core, die.
There is a zone of hypoperfused tissue around the core
of infarction, the ischemic penumbra, representing
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Table 1. Signs and Symptoms Based on Location of Stroke
Middle cerebral artery (MCA)
Contralateral weakness (greater in the face and arm than the leg)
Contralateral sensory changes
Homonymous hemianopsia (loss of half of visual field)
Language disturbance
Aphasia (left MCA)
Dysarthria (right MCA)
Difficulty reading, writing, calculating (left MCA)
Extinction/hemineglect, spatial disorientation (right MCA)
Vertebral-basilar system
Vertigo
Ataxia (gait unsteadiness)
Contralateral weakness
Diplopia
Dysconjugate gaze
Dysphagia

brain tissue that is potentially salvageable if reperfusion
occurs within a short period of time.
Mechanisms of Stroke
The most common causes of ischemic stroke are
atherosclerosis of large arteries (20%), small-vessel or
lacunar disease (25%), and embolic phenomenon
(25%); the cause of cerebral infarction cannot be
determined in approximately 30% of strokes (ie, cryptogenic stroke). Atherosclerosis of extracranial (eg, carotid artery) or intracranial (eg, middle cerebral artery
[MCA]) vessels with progressive narrowing compromises cerebral perfusion or results in artery-to-artery
embolus from coexisting thrombus. The development
of microatheroma or lipohyalinosis in small penetrating arteries in the brain, often due to long-standing
hypertension or diabetes, is the most frequent cause
of small-vessel disease, or subcortical lacunar infarcts.
Ascending aortic arch atherosclerosis can be a source
of embolic strokes. Atrial fibrillation is the most common cause of cardiogenic emboli; other cardioembolic
sources include prosthetic mechanical valves, recent
myocardial infarction with left ventricular thrombus,
atrial myxoma, infective endocarditis, dilated cardiomyopathies, and marantic endocarditis.8 In young
patients with cryptogenic stroke, patent foramen ovale
(PFO) is overrepresented as a potential source of rightto-left shunting and paradoxical embolous.9,10
CLINICAL FEATURES
The clinical features of stroke vary depending on
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the location and extent of the arterial territory affected (Table 1). Most MCA strokes produce contralateral weakness, sensory changes, and visual field deficits
(homonymous hemianopsia). Language disturbances
such as aphasia as well as difficulty in reading, writing, or calculating can occur, particularly with left
hemispheric lesions; with right hemispheric lesions,
extinction to left-sided stimuli (hemineglect), slurred
speech (dysarthria), or spatial disorientation may be
seen. Rare isolated anterior cerebral artery strokes
cause contralateral leg weakness. Lesions affecting the
posterior circulation (vertebral-basilar system) cause
weakness, dysarthria, vertigo, nausea, ataxic gait and
clumsiness, double vision, dysconjugate gaze, and difficulty swallowing. The symptoms of transient ischemic
attack (TIA) are identical to those of stroke but last for
a shorter duration (minutes).
APPROACH TO EVALUATION
Evaluation of the stroke patient includes initial clinical assessment, laboratory testing, neuroimaging, and
ultrasonographic testing.
Stroke Assessment Scales
Assessment of stroke severity based on a complete
neurologic examination is a strong indicator of prognosis. Several reliable, well-validated stroke scoring
systems have been developed, each with strengths
and limitations.11–13 The National Institutes of Health
Stroke Scale (NIHSS) is widely used for clinical assessment of the stroke patient (available at www.ninds.nih.
gov/doctors/NIH_Stroke_Scale.pdf). Possible scores
range from 0 to 42, with severe disability indicated by a
score greater than 20. The initial NIHSS score provides
important prognostic information. Approximately
60% to 70% of acute ischemic stroke patients with a
baseline NIHSS score below 10 will have a favorable
outcome after 1 year compared with only 4% to 16%
of those with a score greater than 20.12–14 The NIHSS
score can also identify patients at greatest risk for intracranial hemorrhage (NIHSS > 20) following thrombolytic treatment.8 Other stroke scales such as the Barthel
Index and modified Rankin Scale are useful in assessing the functional state of the stroke patient.
Laboratory Testing
Tests that should be performed in the evaluation
of the acute stroke patient include measurement of
blood glucose and electrolyte levels, complete blood
and platelet count, determination of prothrombin
time and activated partial thromboplastin time, and
renal and hepatic function testing. These blood tests
www.turner-white.com
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Figure 1. Noncontrast computed tomography scan demonstrating intraluminal
thrombus with (A) hyperdense middle cerebral artery (MCA) sign (arrow) and (B)
sylvian fissure MCA “dot” sign (arrow).

A

B

can identify conditions that mimic stroke (eg, hypoglycemia, hyponatremia) or cause stroke and may influence decision making around thrombolytic therapy
(eg, thrombocytopenia).
Neuroimaging
Noncontrast computed tomography. Emergent, non
contrast computed tomography (CT) scan of the brain
is the neuroimaging study most commonly used in the
initial assessment of stroke patients. Although CT scan
can accurately identify most cases of intracerebral hemorrhage, it is relatively insensitive in detecting acute
ischemic stroke, particularly in the posterior fossa.2
However, CT scan remains the imaging workhorse for
evaluation of suspected stroke because it can be used to
select patients for thrombolysis. A noncontrast CT scan
can identify the following early signs of acute ischemic
stroke: (1) thrombosis within the MCA (hyperdense
MCA sign [Figure 1]); (2) clots in distal sylvian MCA
branches (hyperdense sylvian dot sign [Figure 1]);
(3) loss of gray-white junction differentiation; (4) loss
of cortical ribbon (area between the frontal and temporal lobes); and (5) sulcal effacement. Early findings
on head CT after stroke can help predict bleeding risk
associated with thrombolysis. The presence of early hypodensity (within several hours) in an area larger than
one third of the MCA territory is associated with an
eight-fold increased risk of hemorrhagic conversion of
ischemic stroke if rtPA is administered.3,15,16 Scoring systems based on the initial CT scan may improve identification of early ischemic infarct and provide additional
prognostic information.2,17
CT angiography and perfusion. CT angiography
(CTA) performed after rapid bolus administration of
intravenous contrast provides accurate and detailed images of extracranial and intracranial vessels, allowing for
www.turner-white.com

the identification of atherosclerotic plaque, thrombosis,
or occlusion. CT perfusion (CTP), obtained at the
same time as CTA, can supply vital information regarding regional cerebral blood flow, blood volume, and
mean transit times. Both CTA and CTP can provide important information in the acute stroke patient regarding the extent of ischemic penumbra and presence and
location of occlusion or stenosis as well as help identify
which patients will benefit from thrombolytic therapy.18
Magnetic resonance imaging and angiography. Standard magnetic resonance (MR) imaging sequences
(eg, T1-weighted, T2-weighted images, and fluid attenuation inversion recovery [FLAIR]) are relatively insensitive in detecting early ischemic changes in patients with
stroke. More recently, MR diffusion-weighted imaging
(DWI) has been used to detect infarcted brain tissue
within minutes of stroke.2,19,20 MR DWI imaging detects decreased water diffusion within ischemic brain
tissue, resulting in a bright signal on scan (Figure 2).
An MR perfusion-weighted image (PWI) obtained
through rapid administration of gadolinium contrast
defines brain tissue at risk that is potentially salvageable.
Ischemic penumbra can be defined as the difference
between an MR DWI lesion (infarcted tissue) and
the area at risk delineated by MR PWI (hypoperfused
area), or the “diffusion-perfusion mismatch.” A core
lesion identified on DWI surrounded by much larger
area, defined by PWI, may indicate the need for immediate thrombolysis to establish reperfusion. Initial
lesion volumes identified on DWI correlate well with
the final size of infarct seen on follow-up imaging and
stroke severity assessed by clinical stroke and outcomes
scales.2,20,21 A limitation of MR imaging is its relative insensitivity in identifying acute intracranial hemorrhage
because blood appears isointense to surrounding brain
tissue in the early stages of hemorrhage.
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Figure 2. Acute ischemic stroke demonstrated on magnetic resonance imaging sequences with T2-weighted, fluid attenuation inversion recovery (FLAIR), and diffusion-weighted imaging (DWI). (A) Matching areas of stroke seen on T2-weighted, FLAIR, and DWI.
(B) Increased sensitivity in detecting stroke on DWI not seen with T2-weighted or FLAIR imaging sequences.
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An MR angiogram of the head and neck can examine
both intra- and extracranial vessels and help determine
the cause of stroke (eg, atherosclerosis, dissection).
Echocardiogram
A transthoracic echocardiogram (TTE) is useful in
detecting a cardiac source of emboli, such as left ventricular dysfunction, hypokinetic or akinetic segments, or
left ventricular thrombus. Transesophageal echocardiogram (TEE) may provide detailed information, particularly when examining for apical or left atrial appendage
thrombus or atrial septal defects (eg, PFO) as the cause
of ischemic stroke. TTE is widely used in the evaluation
of stroke patients and some may benefit from a TEE.
Doppler Ultrasound
Carotid Doppler ultrasound is an easy to administer
noninvasive tool that can be used to determine patency of extracranial vessels (eg, carotid and vertebral
arteries). Ultrasound can also provide information
about plaque morphology and composition. Transcranial Doppler (TCD) ultrasonography performed by
positioning a probe over the temporal bone or suboccipital area can detect intracranial arterial stenosis
or occlusion.22 TCD can monitor recanalization of
vessels over time after thrombolytic therapy and determine prognosis.22,23 Recently, the Combined Lysis Of
Thrombus in Brain ischemia using 2 MHz transcranial
Ultrasound and Systemic T-PA (CLOTBUST) study24
showed that continuous energy emitted from TCD improved recanalization rates and safely augmented the
effectiveness of rt-PA following stroke.
MEDICAL THERAPY FOR STROKE PREVENTION
There are nonmodifiable and modifiable risk factors
for stroke.6 Nonmodifiable factors include age, gender,
race, and heredity. Modifiable risk factors include hypertension, TIA/stroke, elevated cholesterol, diabetes, obesity, atrial fibrillation, alchohol use, and smoking. Controlling modifiable risk factors with medical treatment or
reducing high-risk behaviors can significantly decrease
the incidence of stroke (Table 2).7 In addition, evaluation of carotid arteries or the myocardium with duplex
Doppler ultrasound or echocardiogram, respectively, can
identify potential sources for thromboembolic stroke.
Antiplatelet Therapy
For patients with noncardioembolic ischemic stroke
or TIA, antiplatelet therapy is the standard of care for
secondary prevention. The Antiplatelet Trialists’ Collaboration showed that antiplatelet agents reduced the
secondary risk of stroke, myocardial infarction, and
www.turner-white.com

Table 2. Stroke Risk Reduction with Treatment of Vascular
Risk Factors
Factor

Risk Reduction with Treatment

Hypertension

30%– 40%

Smoking

50% at 1 year; baseline after 5 years

Diabetes

44% reduction in hypertensive diabetics with
tight blood pressure control

Hyperlipidemia

20%–30% with statin use in patients with
known coronary artery disease

Atrial fibrillation
(nonvalvular)

68% with warfarin therapy
21% with aspirin therapy

Adapted with permission from Goldstein LB, Adams R, Becker K,
et al. Primary prevention of ischemic stroke: a statement for health
care professionals from the Stroke Council of the American Heart
Association. Circulation 2001;103:165.

vascular death by approximately 27%.25 Aspirin doses
ranging from 30 to 1300 mg have been used,26–29 but the
dose currently recommended by the US Food and Drug
Administration (FDA) for prevention of ischemic stroke
is 50 to 325 mg/day. Other antiplatelet agents (eg, ticlopidine, clopidogrel, dipyridamole) in combination with
low-dose aspirin are alternatives to aspirin. Ticlopidine
is no longer used as it has been associated with the development of severe neutropenia (1%) and thrombotic
thrombocytopenic purpura.30
Guidelines for prevention of stroke in patients with
ischemic stroke or TIA have recently been published.31
In comparison to aspirin alone, combination aspirin
and extended-release dipyridamole or clopidogrel are
safe. Based on direct-comparison trials, the combination of aspirin and extended-release dipyridamole
is suggested instead of aspirin alone,29 and clopidogrel may be used instead of aspirin for treatment of
stroke.31,32 However, the recently published Management of Atherothrombosis with Clopidogrel in Highrisk patients with recent Transient Ischemic Attack or
Ischemic Stroke (MATCH) trial showed no benefit of
combination daily clopidogrel 75 mg and aspirin 75 mg
versus clopidogrel 75 mg alone for prevention of myocardial infarction, stroke, or vascular death.33 The risk
of hemorrhage increased with the addition of aspirin to
clopidogrel; thus combination therapy is not routinely
recommended for ischemic stroke or TIA. Clopidogrel
and aspirin may be acceptable for stroke patients who
have undergone recent carotid artery stenting.2
The Warfarin-Aspirin Recurrent Stroke Study
(WARSS)34 evaluated switching patients with recurrent stroke who had been on aspirin, so-called “aspirinfailure” patients, to warfarin and found no benefit. Similarly, in the Warfarin-Aspirin Symptomatic Intracranial
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Disease (WASID) study, warfarin (international normalized ratio, 2–3) was not superior to aspirin (1300 mg/
day) for stroke prevention in patients with 50% to 99%
stenosis of major intracranial vessels supplying the territory of stroke.35 In this study, symptomatic intracranial
stenosis conferred a significantly higher rate of recurrent
stroke (up to 23%) than expected after first-ever stroke,
and use of warfarin was associated with significantly increased major bleeding rates and higher death rates than
aspirin. Several ongoing trials continue to examine the
benefit of antiplatelet therapy in specific subsets of stroke
patients (Prevention Regimen For Effectively avoiding
Second Strokes or [PRoFESS] and the Secondary Prevention of Small Subcortical Strokes [SPS3] study).
Anticoagulation
Oral anticoagulation is not superior to antiplatelet
therapy for secondary stroke prevention except when
there is an embolic source, such as underlying atrial
fibrillation.36 Whether antiplatelet therapy or anticoagulation should be used for medical management
of complex atherosclerotic aortic plaques, a potential
source of embolic stroke, remains controversial.37 The
incidence of PFO in young stroke patients approaches
40% to 50%, but optimal therapy in these patients remains uncertain. Options include antiplatelet therapy,
anticoagulants, open surgical closure, or closure via
endovascular technique.38–40 Trials are underway to determine the best treatment (closure device placement
versus best medical management) for patients with
PFO and stroke.40
Treatment of Dyslipidemia
Several large clinical trials with statins (3-hydroxy-3methylglutaryl-coenzyme A reductase inhibitors) have
reported an up to 30% reduction in the rate of stroke
with the use of these agents.41–43 Potential mechanisms
of statins in stroke reduction and overall reduction
of vascular events include their effects on endothelial
function,44,45 inflammatory response,46 and plaque stability and thrombus formation.47 Elevated total and
low-density-lipoprotein (LDL) cholesterol levels may
be associated with thickening of the intima-media
layer of carotid arteries as determined by B-mode ultrasonography. Lipid-lowering therapy with statins may
reduce progression of carotid intima-media thickening
and possibly result in regression of plaque.48,49 The
recommended threshold for beginning statin therapy
in stroke patients is an LDL cholesterol level greater
than 100 mg/dL. Periodic liver function and muscle
enzyme testing can be performed to monitor potential
adverse effects of statins.
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MEDICAL THERAPY FOR ACUTE STROKE
Thrombolytics
Prior to 1995, 9 randomized placebo-controlled
trials reported use of intravenous (IV) rt-PA, streptokinase, or intra-arterial recombinant pro-urokinase
(rproUK)50–52 in ischemic stroke. The 1995 landmark trial by the National Institute of Neurological
Disorders and Stroke (NINDS) rt-PA Stroke Study
Group demonstrated substantial benefit with use of IV
rt-PA in patients with ischemic stroke of no more than
3 hours’ duration.3 Based on these results, the FDA
approved the use of rt-PA for use in early ischemic
stroke in 1996. Symptomatic intracerebral hemorrhage
within 36 hours of onset of stroke occurred in 6.4% of
the rt-PA group compared with 0.6% of the placebo
group.3 However, patients treated with rt-PA were at
least 30% more likely to have minimal or no disability
at 3 months compared to placebo patients. Interestingly, there were no significant differences in neurologic
improvement at 24 hours between the rt-PA group and
the placebo group. Despite well-defined inclusion and
exclusion criteria for giving rt-PA in the acute stroke
patient, arriving at the emergency department more
than 3 hours after stroke onset is the main reason patients do not receive IV rt-PA. Other therapies, such
as intra-arterial rt-PA and mechanical clot retrieval devices, have extended the therapeutic time window.4,5
Treatment of Hypertension
Elevated blood pressure is common in the early
stages of acute stroke. Increased blood pressure may
be a physiological response to the stroke itself or may
be due to other unknown factors. Guidelines for an acceptable blood pressure range in acute stroke have been
established based on the NINDS rt-PA Stroke Trial.53
Treatment strategies for potential rt-PA candidates
include maintaining systolic blood pressure (SBP) at
or below 185 mm Hg or diastolic blood pressure at
or below 110 mm Hg within the first 48 to 72 hours.
Acceptable limits for blood pressure may be even
higher (≤ 220/120 mm Hg) for patients who do not
receive thrombolytics.54 The rationale for “permissive hypertension” is to maintain adequate cerebral
perfusion to the penumbral region. Recent studies
support this practice, demonstrating best prognosis
with a SBP of at least 150 mm Hg55 or baseline SBP
of 180 mm Hg and worse prognosis with early correction of hypertension.56 Gentle blood pressure lowering can be achieved with IV labetalol, a combination
α1-adrenergic and nonselective β-adrenergic receptor
blocker given in 10 mg IV pushes up to 200 mg, or with
enalapril, an angiotensin-converting enzyme inhibitor
www.turner-white.com
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(ACEI) given in 1.25 mg IV pushes every 6 hours.
Long-term therapy with ACEIs or angiotensin II receptor blockers may have added benefit in providing
vascular protection beyond their ability to lower blood
pressure.57,58
Anticoagulation
Although several large randomized trials have examined the use of IV or subcutaneous heparin in
acute stroke, none demonstrated a benefit of heparin
in preventing stroke progression or improving neurologic outcomes compared to aspirin or placebo.59,60
The Trial of ORG 10172 in Acute Stroke Treatment
(TOAST)61,62 evaluated the use of low-molecular-weight
heparinoid (danaparoid) or heparin (nadroparin) for
treatment of acute ischemic stroke and failed to show a
significant benefit.
SURGICAL MANAGEMENT
Carotid Endarterectomy/Carotid Stenting
Several groundbreaking trials in the early 1990s
showed that carotid endarterectomy (CEA) performed
within 2 years of a TIA or stroke is beneficial in patients
with symptomatic ipsilateral carotid stenosis of 70% or
more.63,64 However, controversy remains over the timing of CEA after acute stroke. Several studies demonstrated good outcomes in patients with CEA within
days to weeks after stroke, particularly in patients with
mild-to-moderate stroke, stable neurologic examination, and small infarct size on neuroimaging.65,66 The
routine practice of waiting 4 to 6 weeks after stroke
before performing CEA may not be necessary. In fact,
patients may have a risk of recurrent stroke of up to
10% during the waiting period.67 Use of CEA in asymptomatic patients with carotid stenosis of 60% or more
may offer modest benefit.68,69
Only one trial has demonstrated that the efficacy
of carotid artery stenting (CAS) is comparable to CEA
in high-risk patients.70 In this study, use of CAS with an
emboli-protection device among patients with severe
carotid stenosis and coexisting conditions was not inferior to CEA.70 Several ongoing trials and registries are
examining the benefit of CAS in patients with symptomatic or asymptomatic carotid disease.71
Hemicraniectomy
Patients with massive hemispheric strokes or “malignant” MCA territory infarction leading to intracranial
hypertension and tissue shifts have poor outcomes and
mortality rates between 50% and 78%.72,73 Mortality remains high despite aggressive medical therapies,
such as hyperventilation, mannitol, barbiturate coma,
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and hypothermia. Decompressive hemicraniectomy,
first proposed in the 1950s and recently performed
in a large series with early decompression (ie, within
24 hr), was shown to reduce overall mortality and improve stroke outcomes by avoiding brainstem compression and herniation syndrome.74,75 In a retrospective
review of hemicraniectomy for massive MCA stroke,
Gupta et al74 found that age is an important factor for
predicting better functional outcomes; however, timing of surgery, hemisphere infarcted, presence of signs
of herniation before surgery, or involvement of other
vascular territories did not predict outcomes. Worse
outcomes have been seen with older age, more severe
neurologic deficit at admission, and longer duration of
mechanical ventilation and intensive care stay but not
with timing of decompressive surgery.75
NEUROENDOVASCULAR INTERVENTIONS FOR
HYPERACUTE AND RECURRENT ISCHEMIC STROKE
Although IV rt-PA has been shown to significantly
improve outcomes,3 only 2% to 5% of stroke patients
receive this therapy.76,77 There are several important
limitations to IV rt-PA that have discouraged its broader
use, including relatively low recanalization rates in large
vessel occlusion,78 contraindications such as anticoagulation therapy or recent major surgery, and risk of
intracerebral hemorrhage. Catheter-based intra-arterial
thrombolysis for acute ischemic stroke has the potential
to overcome these limitations. Recent technical advances in the flexibility and steerability of microguidewires
and the compliance of microcatheters have made intracranial endovascular access increasingly feasible and
safe. In August 2004, the FDA approved the Mechanical Embolus Removal in Cerebral Ischemia (MERCI;
Concentric Medical, Mountainview, CA) device to treat
vessel thrombosis.4,5 The ischemic penumbra is potentially salvageable if blood flow is restored within the
first few hours after stroke.79 Three broad strategies for
revascularization of the acutely occluded cerebral artery
using endovascular technique include thrombolysis,
thrombectomy, and augmented thrombolysis.80
Intra-arterial Thrombolysis
Intra-arterial thrombolysis delivers thrombolytic
agents directly into thrombus occluding the intracranial artery. The advantages of this technique are
higher drug concentrations at the thrombus site and
decreased systemic concentration, possibly reducing hemorrhagic risk. Recanalization of the artery is
checked by repeat angiogram.
The Prolyse in Acute Cerebral Thromboembolism
(PROACT) I and II trials81 evaluated use of r-proUK
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Table 3. Current Hyperacute Stroke Treatment Time
Windows
Intravenous rt-PA:* 0–3 h
Consider low-dose rt-PA + intra-arterial lysis if M1 or large
artery occlusion is suspected
Intra-arterial rt-PA: 3–6 hr
Intra-arterial mechanical thrombectomy, MERCI device*/intra-arterial
mechanical thrombolysis: 3–8 hr
0–12 hr (maybe 24 hr) for basilar artery occlusion
rt-PA = recombinant tissue plasminogen activator.
*Approved by the US Food and Drug Administration.

in patients with proximal MCA (M1 or M2) occlusions
within 6 hours of stroke symptom onset. Patients who
received r-proUK achieved significantly higher recanalization rates (66%) and had an increased chance of
being independent (40%) at 90 days as compared
to the control group (18% and 25%, respectively)
(P < 0.043); however, the r-proUK group had higher
hemorrhagic transformation rates at 24 hours (35%
versus 13% in controls). Hemorrhagic transformation
resulted in neurologic deterioration in 10% of treated
patients versus 2% of controls. Although r-proUK did
not receive FDA approval because of the small trial size,
intra-arterial thrombolysis is now offered in centers with
neurointerventional capabilities for patients who present outside the traditional 3-hour limit for IV therapy
(Table 3). rt-PA, reteplase, tenecteplase, and urokinase
are the thrombolytics currently used.
Ultrasound-enhanced intra-arterial lysis. Combination therapy with low-dose IV rt-PA followed by intraarterial thrombolysis has been evaluated in clinical trials.
Both the Emergency Management of Stroke (EMS)82
and Interventional Management of Stroke (IMS)83
studies demonstrated higher recanalization rates, similar mortality rates, and significant likelihood of excellent outcomes at 3 months with combination treatment compared to intra-arterial thrombolytics alone.
In the recent IMS-II trial,84 a catheter (MicroLysUS
infusion catheter; EKOS Corporation, Bothell, WA)
designed to deliver an ultrasonographic pulse within
the clot while a thrombolytic agent is infused through
a central port was used in 73 patients who had a cerebral artery occlusion after receiving a modified dose of
IV rt-PA. Patients in the IMS-II study had a higher recanalization rate (69%) compared with patients in the
first IMS study (56%) and a 1.65 times greater chance
of attaining independent status at 90 days.83 In IMS-II,
there were more symptomatic hemorrhages (11%)
compared with the first IMS study (6.3%) and the
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NINDS rt-PA study (6.6%).3 This device is now being
tested in a randomized manner in the IMS-III study to
yield more definitive data regarding its use in routine
clinical care.
MERCI Concentric Retriever Device
The MERCI device is a platinum-tipped nitinol (nickel titanium) wire consisting of a helix with 5 loops of decreasing diameter.4,5 The device is straightened while inside a microcatheter and assumes a helical shape when
advanced out of the microcatheter. The helix is used to
engage and retract occluding thrombus in the cerebral
arteries. The MERCI device within the microcatheter
is advanced past the clot, deployed and turned with
counter-rotary movements to engage the clot, which
is pulled into the microcatheter apparatus. The microcatheter is then removed from the arterial system.
In a prospective multicenter, nonrandomized study
that evaluated MERCI, 151 patients were enrolled up
to 8 hours after stroke symptom onset; the recanalization rates was 46%, significantly higher than expected
using historical controls (18%; P = 0.0001).5 Treatment
of patients with MERCI resulted in significantly higher
chances of being independent, and mortality rates
were reduced. In this study, there was an overall 7.8%
rate of symptomatic intracranial hemorrhage and a
7.1% rate of device-related complications (ie, vessel
perforation, intramural dissection, or distal embolization). More definitive proof of improved stroke outcomes with use of the MERCI device is currently being
sought in an National Institute of Health–sponsored,
randomized controlled trial called MR RESCUE.
CONCLUSION
Diagnostic and therapeutic advances have significantly improved outcomes in acute ischemic stroke.
Patients who present to the emergency department
within the therapeutic time window after stroke may
benefit from thrombolytic or mechanical retrieval
device therapy. Prevention of first or recurrent stroke
is achieved through aggressive management of stroke
risk factors. Newer endovascular therapies are being
developed to extend the treatment window in acute
stroke. Combination medical therapy and neurointerventional devices may be the next logical step toward
improving outcomes following ischemic stroke.
HP

Test your knowledge and
comprehension of this article with the
Clinical Review Quiz on page 48.

www.turner-white.com

B e r n a r d i n i & Ya v a g a l : I s c h e m i c S t r o k e : p p . 1 3 – 2 3
References
1. Brown RD, Whisnant JP, Sicks JD, et al. Stroke incidence, prevalence, and survival: secular trends in Rochester, Minnesota, through 1989. Stroke 1996;27:373–80.
2. Adams HP Jr, Adams RJ, Brott T, et al. Guidelines for
the early management of patients with ischemic stroke:
a scientific statement from the Stroke Council of the
American Stroke Association. Stroke 2003;34:1056–83.
3. Tissue plasminogen activator for acute ischemic stroke.
The National Institute of Neurological Disorders and
Stroke rt-PA Stroke Study Group. N Engl J Med 1995;
333:1581–7.
4. Gobin YP, Starkman S, Duckwiler GR, et al. MERCI 1: a
phase 1 study of Mechanical Embolus Removal in Cerebral Ischemia. Stroke 2004;35:2848–54.
5. Smith WS, Sung G, Starkman S, et al. Safety and efficacy
of mechanical embolectomy in acute ischemic stroke:
results of the MERCI trial. MERCI Trial Investigators.
Stroke 2005;36:1432–8.
6. Sacco RL. Newer risk factors for stroke. Neurology 2001;
57(5 Suppl 2):S31–4.
7. Goldstein LB, Adams R, Becker K, et al. Primary prevention of ischemic stroke: a statement for healthcare
professionals from the Stroke Council of the American
Heart Association. Circulation 2001;103:163–82.
8. Intracerebral hemorrhage after intravenous t-PA therapy for ischemic stroke. The NINDS t-PA Stroke Study
Group. Stroke 1997;28:2109–18.
9. Albers GW, Amarenco P, Easton JD, et al. Antithrombotic
and thrombolytic therapy for ischemic stroke. Chest 2001;
119(1 Suppl):300S–320S.
10. Di Tullio M, Sacco RL, Gopal A, et al. Patent foramen
ovale as a risk factor for cryptogenic stroke. Ann Intern
Med 1992;117:461–5.
11. Roden-Jullig A, Britton M, Gustafsson C, Fugl-Meyer A.
Validation of four scales for the acute stage of stroke.
J Intern Med 1994;236:125–36.
12. Muir KW, Weir CJ, Murray GD, et al. Comparison of
neurological scales and scoring systems for acute stroke
prognosis. Stroke 1996;27:1817–20.
13. Adams HP Jr, Davis PH, Leira EC, et al. Baseline NIH
Stroke Scale score strongly predicts outcome after stroke:
A report of the Trial of Org 10172 in Acute Stroke Treatment (TOAST). Neurology 1999;53:126–31.
14. Kwiatkowski TG, Libman RB, Frankel M, et al. Effects of
tissue plasminogen activator for acute ischemic stroke at
one year. National Institute of Neurological Disorders
and Stroke Recombinant Tissue Plasminogen Activator
Stroke Study Group. N Engl J Med 1999;340:1781–7.
15. Hacke W, Kaste M, Fieschi C, et al. Intravenous thrombolysis with recombinant tissue plasminogen activator for
acute hemispheric stroke. The European Cooperative
Acute Stroke Study (ECASS). JAMA 1995;274:1017–25.
16. Larrue V, von Kummer R, del Zoppo G, Bluhmki E.
Hemorrhagic transformation in acute ischemic stroke.
Potential contributing factors in the European Cooperative Acute Stroke Study. Stroke 1997;28:957–60.

www.turner-white.com

17. Barber PA, Demchuk AM, Zhang J, Buchan AM. Validity
and reliability of a quantitative computed tomography
score in predicting outcome of hyperacute stroke before thrombolytic therapy [published erratum appears
in Lancet 2000;355:2170]. ASPECTS Study Group. Alberta Stroke Programme Early CT Score. Lancet 2000;
355:1670–4.
18. Latchaw RE, Yonas H, Hunter GJ, et al. Guidelines and
recommendations for perfusion imaging in cerebral ischemia: a scientific statement for healthcare professionals by
the writing group on perfusion imaging, from the Council on Cardiovascular Radiology of the American Heart
Association. Council on Cardiovascular Radiology of the
American Heart Association. Stroke 2003;34:1084–104.
19. Warach S, Gaa J, Siewert B, et al. Acute human stroke studied by whole brain echo planar diffusion-weighted magnetic resonance imaging. Ann Neurol 1995;37:231–41.
20. Barber PA, Darby DG, Desmond PM, et al. Identification
of major ischemic change. Diffusion-weighted imaging
versus computed tomography. Stroke 1990;30:2059–65.
21. Lovblad KO, Baird AE, Schlaug G, et al. Ischemic lesion
volumes in acute stroke by diffusion-weighted magnetic
resonance imaging correlate with clinical outcome. Ann
Neurol 1997;42:164–70.
22. Christou I, Alexandrov AV, Burgin WS, et al. Timing of
recanalization after tissue plasminogen activator therapy
determined by transcranial doppler correlates with clinical recovery from ischemic stroke. Stroke 2000;31:1812–6.
23. Sloan MA, Alexandrov AV, Tegeler CH, et al. Assessment:
transcranial Doppler ultrasonography: report of the
Therapeutics and Technology Assessment Subcommittee
of the American Academy of Neurology. Therapeutics
and Technology Assessment Subcommittee of the American Academy of Neurology. Neurology 2004;62:1468–81.
24. Alexandrov AV, Molina CA, Grotta JC, et al. Ultrasound-enhanced systemic thrombolysis for acute ischemic stroke. CLOTBUST Investigators. N Engl J Med
2004;351:2170–8.
25. Collaborative overview of randomized trials of antiplatelet therapy—I: Prevention of death, myocardial
infarction, and stroke by prolonged antiplatelet therapy
in various categories of patients [published erratum appears in BMJ 1994;308:1540]. Antiplatelet Trialists’ Collaboration. BMJ 1994;308:81–106.
26. Swedish Aspirin Low-Dose Trial (SALT) of 75 mg aspirin
as secondary prophylaxis after cerebrovascular ischemic
events. The SALT Collaborative Group. Lancet 1991;
338:1345–9.
27. A comparison of two doses of aspirin (30 mg vs 283 mg
a day) in patients after a transient ischemic attack or minor
ischemic stroke. The Dutch TIA Trial Study Group. N
Engl J Med 1991;325:1261–6.
28. Farrell B, Godwin J, Richards S, Warlow C. The United Kingdom transient ischemic attack (UK-TIA) aspirin trial final results. J Neurol Neurosurg Psychiatry
1991;54:1044–54.
29. Diener HC, Cunha L, Forbes C, et al. European Stroke

Hospital Physician September 2006

21

B e r n a r d i n i & Ya v a g a l : I s c h e m i c S t r o k e : p p . 1 3 – 2 3

30.

31.

32.
33.

34.

35.
36.

37.

38.

39.

40.

41.

Prevention Study. 2. Dipyridamole and acetylsalicylic
acid in the secondary prevention of stroke. J Neurol Sci
1996;143:1–13.
Bennett CL, Weinberg PD, Rozenberg-Ben-Dror K, et
al. Thrombotic thrombocytopenic purpura associated
with ticlopidine. A review of 60 cases. Ann Intern Med
1998;128:541–4.
Sacco RL, Adams R, Albers G, et al. Guidelines for
prevention of stroke in patients with ischemic stroke
or transient ischemic attack: a statement for healthcare
professionals from the American Heart Association/
American Stroke Association Council on Stroke: cosponsored by the Council on Cardiovascular Radiology
and Intervention: the American Academy of Neurology affirms the value of this guideline. Stroke 2006;37:577–617.
A randomised, blinded, trial of clopidogrel versus aspirin in patients at risk of ischaemic events (CAPRIE).
CAPRIE Steering Committee. Lancet 1996;348:1329–39.
Diener HC, Bogousslavsky J, Brass LM, et al. Aspirin
and clopidogrel compared with clopidogrel alone after
recent ischaemic stroke or transient ischemic attack in
high-risk patients (MATCH): randomised, double-blind,
placebo-controlled trial. MATCH investigators. Lancet
2004;364:331–7.
Mohr JP, Thompson JL, Lazar RM, et al. A comparison
of warfarin and aspirin for the prevention of recurrent
ischemic stroke. Warfarin-Aspirin Recurrent Stroke
Study Group. N Engl J Med 2001;345:1444–51.
Chimowitz MI, Kokkinos J, Strong J, et al. The WarfarinAspirin Symptomatic Intracranial Disease Study. Neurology 1995;45:1488–93.
Risk factors for stroke and efficacy of antithrombotic
therapy in atrial fibrillation. Analysis of pooled data
from five randomized controlled trials [published erratum appears in Arch Intern Med 1994;154:2254]. Arch
Intern Med 1994;154:1449–57.
Dressler FA, Craig WR, Castello R, Labovitz AJ. Mobile
aortic atheroma and systemic emboli: efficacy of anticoagulation and influence of plaque morphology on
recurrent stroke. J Am Coll Cardiol 1998;31:134–8.
Bogousslavsky J, Garazi S, Jeanrenaud X, et al. Stroke recurrence in patients with patent foramen ovale: the Lausanne Study. Lausanne Stroke with Paradoxal Embolism
Study Group. Neurology 1996;46:1301–5.
Homma S, Di Tullio MR, Sacco RL, et al. Characteristics
of patent foramen ovale associated with cryptogenic
stroke. A biplane transesophageal echocardiographic
study. Stroke 1994;25:582–6.
Hong TE, Thaler D, Brorson J, et al. Transcatheter closure of patent foramen ovale associated with paradoxical embolism using the amplatzer PFO occluder: initial
and intermediate-term results of the U.S. multicenter
clinical trial. Amplatzer PFO Investigators. Catheter Cardiovasc Interv 2003;60:524–8.
Randomised trial of cholesterol lowering in 4444 patients with coronary heart disease: the Scandinavian Simvastatin Survival Study (4S). Lancet 1994;344:1383–9.

22 Hospital Physician September 2006

42. A coronary primary prevention study of Scottish men aged
45–64 years: trial design. The West of Scotland Coronary
Prevention Study Group. J Clin Epidemiol 199245:849–60.
43. 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 1996;335:1001–9.
44. Anderson TJ, Meredith IT, Yeung AC, et al. The effect
of cholesterol-lowering and antioxidant therapy on
endothelium-dependent coronary vasomotion. N Engl J
Med 1995;332:488–93.
45. Treasure CB, Klein JL, Weintraub WS, et al. Beneficial
effects of cholesterol-lowering therapy on the coronary
endothelium in patients with coronary artery disease.
N Engl J Med 1995;332:481–7.
46. Ridker PM, Rifai N, Pfeffer MA, et al. Inflammation, pra
vastatin, and the risk of coronary events after myocardial infarction in patients with average cholesterol levels.
Cholesterol and Recurrent Events (CARE) Investigators.
Circulation 1998;98:839–44.
47. Corti R, Fuster V, Fayad ZA, et al. Lipid lowering by simva
statin induces regression of human atherosclerotic lesions:
two years’ follow-up by high-resolution noninvasive magnetic resonance imaging. Circulation 2002;106:2884–7.
48. Blankenhorn DH, Selzer RH, Crawford DW, et al. Beneficial effects of colestipol-niacin therapy on the common
carotid artery. Two- and four-year reduction of intimamedia thickness measured by ultrasound. Circulation
1993;88:20–8.
49. Furberg CD, Adams HP Jr, Applegate WB, et al. Effect
of lovastatin on early carotid atherosclerosis and cardiovascular events. Asymptomatic Carotid Artery Progression Study (ACAPS) Research Group. Circulation
1994;90:1679–87.
50. Hacke W, Kaste M, Fieschi C, et al. Randomised doubleblind placebo-controlled trial of thrombolytic therapy
with intravenous alteplase in acute ischaemic stroke
(ECASS II). Second European-Australasian Acute Stroke
Study Investigators. Lancet 1998;352:1245–51.
51. Thrombolytic therapy with streptokinase in acute ischemic stroke. The Multicenter Acute Stroke Trial—Europe Study Group. N Engl J Med 1996;335:145–50.
52. del Zoppo GJ, Higashida RT, Furlan AJ, et al. PROACT:
a phase II randomized trial of recombinant pro-urokinase by direct arterial delivery in acute middle cerebral
artery stroke. PROACT Investigators. Prolyse in Acute
Cerebral Thromboembolism. Stroke 1998;29:4–11.
53. Brott T, Lu M, Kothari R, et al. Hypertension and its treat
ment in the NINDS rt-PA Stroke Trial. Stroke 1998;29:
1504–9.
54. Rose JC, Mayer SA. Optimizing blood pressure in neurological emergencies [published erratum appears in Neurocrit Care 2006;4:98]. Neurocrit Care 2004;1:287–99.
55. Leonardi-Bee J, Bath PM, Phillips SJ, et al. Blood pressure and clinical outcomes in the International Stroke
Trial. IST Collaborative Group. Stroke 2002;33:1315–20.

www.turner-white.com

B e r n a r d i n i & Ya v a g a l : I s c h e m i c S t r o k e : p p . 1 3 – 2 3
56. Castillo J, Leira R, Garcia MM, et al. Blood pressure
decrease during the acute phase of ischemic stroke is
associated with brain injury and poor stroke outcome.
Stroke 2004;35:520–6.
57. Yusuf S, Sleight P, Pogue J, et al. Effects of an angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular events in high-risk patients [published errata appear in N Engl J Med 2000;342:748 and 2000;342:1376].
The Heart Outcomes Prevention Evaluation Study Investigators. N Engl J Med 2000;342:145–53.
58. Randomised trial of a perindopril-based blood-pressurelowering regimen among 6,105 individuals with previous stroke or transient ischaemic attack [published errata appear in Lancet 2001;358:1556 and 2002;359:2120].
Lancet 2001;358:1033–41.
59. The International Stroke Trial (IST): a randomised
trial of aspirin, subcutaneous heparin, both, or neither
among 19435 patients with acute ischemic stroke. International Stroke Trial Collaborative Group. Lancet
1997;349:1569–81.
60. Duke RJ, Bloch RF, Turpie AG, et al. Intravenous heparin for the prevention of stroke progression in acute
partial stable stroke. Ann Intern Med 1986;105:825–8.
61. Kay R, Wong KS, Lu YL, et al. Low-molecular-weight
heparin for the treatment of acute ischemic stroke.
N Engl J Med 1995;333:1588–93.
62. Low molecular weight heparinoid, ORG 10172 (danaparoid), and outcome after acute ischemic stroke: a randomized controlled trial. The Publications Committee
for the Trial of ORG 10172 in Acute Stroke Treatment
(TOAST) Investigators. JAMA 1998;279:1265–72.
63. MRC European Carotid Surgery Trial: interim results for
symptomatic patients with severe (70–99%) or with mild
(0–29%) carotid stenosis. European Carotid Surgery Trialists’ Collaborative Group. Lancet 1991;337:1235–43.
64. Beneficial effect of carotid endarterectomy in symptomatic patients with high-grade carotid stenosis. North
American Symptomatic Carotid Endarterectomy Trial
Collaborators. N Engl J Med 1991;325:445–53.
65. Paty PS, Darling RC 3rd, Feustel PJ, et al. Early carotid
endarterectomy after acute stroke. J Vasc Surg 2004;39:
148–54.
66. Bernardini GL, Sparano A, Santiago AJ, et al. Early
carotid endarterectomy after acute ischemic stroke.
Presented at the 126th Annual Meeting of the American
Neurological Association; 2001 Sep 30; Chicago, IL.
67. Dosick SM, Whalen RC, Gale SS, Brown OW. Carotid endarterectomy in the stroke patient: computerized axial tomography to determine timing. J Vasc Surg 1985;2:214–9.
68. Endarterectomy for asymptomatic carotid artery stenosis. Executive Committee for the Asymptomatic Carotid
Atherosclerosis Study. JAMA 1995;273:1421–8.
69. Halliday A, Mansfield A, Morro J, et al. Prevention of
disabling or fatal strokes by successful carotid endarterectomy in patients without recent neurological symptoms:
randomised control trial [published erratum appears in
Lancet 2004;364:416]. MRC Asymptomatic Carotid Sur-

70.

71.
72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

gery Trial (ACST) Collaborative Group. Lancet 2004;363:
1491–502.
Yadav JS, Wholey MH, Kuntz RE, et al. Protected carotid-artery stenting versus endarterectomy in high-risk
patients. Stenting and Angioplasty with Protection in
Patients at High Risk for Endarterectomy Investigators.
N Engl J Med 2004;351:1493–501.
Hobson RW 2nd. Carotid artery stenting. Surg Clin
North Am 2004;84:1281–94, vi.
Hacke W, Schwab S, Horn M, et al. ‘Malignant’ middle
cerebral artery territory infarction: clinical course and
prognostic signs. Arch Neurol 1996;53:309–15.
Schwab S, Steiner T, Aschoff A, et al. Early hemicraniectomy in patients with complete middle cerebral artery
infarction. Stroke 1998;29:1888–93.
Gupta R, Connolly ES, Mayer S, Elkind MS. Hemicraniectomy for massive middle cerebral artery territory
infarction: a systematic review. Stroke 2004;35:539–43.
Foerch C, Lang JM, Krause J, et al. Functional impairment, disability, and quality of life outcome after decompressive hemicraniectomy in malignant middle cerebral
artery infarction. J Neurosurg 2004;101:248–54.
Katzan IL, Furlan AJ, Lloyd LE, et al. Use of tissue-type
plasminogen activator for acute ischemic stroke: the
Cleveland area experience. JAMA 2000;283:1151–8.
Engelstein E, Margulies J, Jeret JS. Lack of t-PA use for
acute ischemic stroke in a community hospital: high incidence of exclusion criteria. Am J Emerg Med 2000;18:
257–60.
Wolpert SM, Bruckmann H, Greenlee R, et al. Neuroradiologic evaluation of patients with acute stroke treated
with recombinant tissue plasminogen activator. The
rt-PA Acute Stroke Study Group. AJNR Am J Neuroradiol 1993;14:3–13.
Kidwell CS, Saver JL, Mattiello J, et al. Thrombolytic
reversal of acute human cerebral ischemic injury shown
by diffusion/perfusion magnetic resonance imaging.
Ann Neurol 2000;47:462–9.
Nesbit GM, Luh G, Tien R, Barwell SL. New and future
endovascular treatment strategies for acute ischemic
stroke. J Vasc Interv Radiol 2004;15(1 Pt 2):S103–10.
Furlan A, Higashida R, Wechsler L, et al. Intra-arterial
prourokinase for acute ischemic stroke. The PROACT
II study: a randomized controlled trial. Prolyse in Acute
Cerebral Thromboembolism. JAMA 1999;282:2003–11.
Lewandowski CA, Frankel M, Tomsick TA, et al. Combined intravenous and intra-arterial r-TPA versus intraarterial therapy of acute ischemic stroke: Emergency Management of Stroke (EMS) Bridging Trial. Stroke 1999;
30:2598–605.
Combined intravenous and intra-arterial recanalization
for acute ischemic stroke: the Interventional Management of Stroke Study. IMS Study Investigators. Stroke
2004;35:904–11.
Preliminary results of IMS II Trial [abstract]. IMS II Investigators. Stroke 2006;37:708.

Copyright 2006 by Turner White Communications Inc., Wayne, PA. All rights reserved.

www.turner-white.com

Hospital Physician September 2006

23

