The

n e w e ng l a n d j o u r na l

of

m e dic i n e

clinical practice

Acute Ischemic Stroke
H. Bart van der Worp, M.D., Ph.D., and Jan van Gijn, F.R.C.P.
This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the authors’ clinical recommendations.

A 62-year-old man has sudden weakness of the left arm and leg and slurred speech.
Except for untreated hypertension, his medical history is unremarkable. He is a current smoker with a smoking history of 45 pack-years. On arrival at the emergency
department 1 hour 15 minutes after the onset of symptoms, he reports no headache or
vomiting. His blood pressure is 180/100 mm Hg, and his pulse is 76 beats per minute
and is regular. Neurologic examination shows dysarthria, a left homonymous hemianopia, severe left-sided weakness, and a failure to register light touch on the left side
of the body when both sides are touched simultaneously (left tactile extinction). How
should this patient be evaluated and treated in the short term?
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Stroke ranks second after ischemic heart disease as a cause of lost disability-adjusted
life-years in high-income countries and as a cause of death worldwide.1 The incidence of stroke varies among countries and increases exponentially with age. In
Western societies, about 80% of strokes are caused by focal cerebral ischemia due
to arterial occlusion, and the remaining 20% are caused by hemorrhages.2
Ischemic brain injury is thought to result from a cascade of events from energy
depletion to cell death. Intermediate factors include an excess of extracellular excitatory amino acids, free-radical formation, and inflammation.3 Initially after
arterial occlusion, a central core of very low perfusion is surrounded by an area of
dysfunction caused by metabolic and ionic disturbances but in which structural
integrity is preserved (the ischemic penumbra). In the first minutes to hours, therefore, clinical deficits do not necessarily reflect irreversible damage. Depending on
the rate of residual blood flow and the duration of ischemia, the penumbra will
eventually be incorporated into the infarct if reperfusion is not achieved (Fig. 1).3
Thirty-day case fatality rates for ischemic stroke in Western societies generally
range between 10 and 17%.2 The likelihood of a poor outcome after stroke increases with increasing age, with the coexistence of diseases such as ischemic
heart disease and diabetes mellitus, and with increasing size of the infarct. The
likelihood also varies according to the infarct site. Mortality in the first month
after stroke has been reported to range from 2.5% in patients with lacunar infarcts4 to 78% in patients with space-occupying hemispheric infarction.5

S t r ategie s a nd E v idence
Acute stroke is typically characterized by the sudden onset of a focal neurologic
deficit, though some patients have a stepwise or gradual progression of symptoms.
Common deficits include dysphasia, dysarthria, hemianopia, weakness, ataxia,
sensory loss, and neglect. Symptoms and signs are unilateral, and consciousness is
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generally normal or impaired only slightly, except rare cases, such as if infective endocarditis is
in the case of some infarcts in the posterior cir- suspected. In the days thereafter, transthoracic
culation.
echocardiography or, preferably, transesophageal
echocardiography may be indicated to rule out
Initial Assessment
cardioembolism.
In the majority of cases of stroke, making the
diagnosis is straightforward. However, especially Imaging
in patients with unusual features (e.g., gradual on- Cerebral infarction cannot be distinguished with
set, seizure at the onset of symptoms, or impaired certainty from intracerebral hemorrhage on the
consciousness), the differential diagnosis should basis of symptoms and signs alone. In all patients
include migraine, postictal paresis, hypoglyce- with suspected ischemic stroke, computed tomogmia, conversion disorder, subdural hematoma, raphy (CT) or magnetic resonance imaging (MRI)
and brain tumors.
of the brain is therefore required. Noncontrast
Atherosclerosis (leading to thromboembolism CT may suffice (Fig. 2); as compared with MRI,
or local occlusion) and cardioembolism are the it is more widely available, faster, less susceptible
leading causes of brain ischemia. However, un- to motion artifacts, and less expensive. Both CT
usual causes should be considered, especially if and MRI have a high sensitivity for acute intrapatients are younger (e.g., below 50 years of age) cranial hemorrhage, but MRI has a much higher
and have no apparent cardiovascular risk factors. sensitivity than CT for acute ischemic changes,
Some clinical clues that suggest alternative diag- especially in the posterior fossa and in the first
noses are ptosis and miosis contralateral to the
deficit (carotid-artery dissection), fever and a cardiac murmur (infective endocarditis), and headache and an elevated erythrocyte sedimentation
rate in patients older than 50 years of age (giantcell arteritis).
Deficits should be assessed by careful neurologic examination. Several scales have been developed to quantify the severity of the neurologic
Figure 1. Progression over Time (Left to Right) of the Infarct Core (Red),
with Irreversible Damage at the Expense of the Ischemic Penumbra (Green).
deficit, mainly for use in research studies; the
National Institutes of Health Stroke Scale6 is most
often used. An irregular pulse suggests atrial
fibrillation. A very high blood pressure may signal hypertensive encephalopathy and precludes
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hours after an ischemic stroke.9 Cytotoxic edema
is detectable within minutes after the onset of
ischemia, with a reduced apparent diffusion coefficient on diffusion-weighted imaging (Fig. 3).10
However, it remains unclear whether early visualization of ischemia has important implications
for management.
For patients in whom acute invasive treatment
strategies (such as intraarterial thrombolysis or
mechanical clot retrieval) are considered, urgent
CT or magnetic resonance angiography is useful
to identify the site of arterial occlusion (Fig. 2).
Either method can provide complete visualization
from the aortic arch to the circle of Willis and
beyond.10 Carotid duplex ultrasonography and
transcranial Doppler ultrasonography have also
been used to detect the site of occlusion.10
intravenous Thrombolysis

The National Institute of Neurological Disorders
and Stroke Recombinant Tissue Plasminogen Activator (NINDS rt-PA) Stroke Study, a multicenter,
randomized trial, has demonstrated the efficacy
of treatment with intravenous rt-PA (alteplase)
started within 3 hours after the onset of symptoms.11 Among patients treated with rt-PA (0.9 mg
per kilogram of body weight, with 10% of the
dose administered as a bolus and the rest infused
over 1 hour and a maximum total dose of 90 mg),
31 to 50% had a favorable neurologic or functional outcome at 3 months (depending on the scale
used), as compared with 20 to 38% of patients
given placebo; mortality rates were similar in the
two groups. Symptomatic intracranial hemorrhage
A

B

Figure 3. MRI Scans Obtained 2 Days after the Onset of Ischemic Stroke
in the Territory of the Right Middle Cerebral Artery.
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occurred in 6.4% of patients treated with intravenous rt-PA and in 0.6% of controls. Four other
trials of intravenous rt-PA therapy given within
6 hours after the onset of symptoms (with few
patients treated within 3 hours) failed to find a
benefit of thrombolysis separately, but if analyzed in combination, they provided support for
a benefit of treatment administered within the first
3 hours after stroke.12,13 Even within the 3-hour
time frame, the benefit of rt-PA is greater the
sooner treatment is started.13
The risk of symptomatic intracranial hemorrhage after thrombolysis is higher in patients with
more severe strokes and with increased age.14
However, a post hoc subgroup analysis of the
NINDS rt-PA Stroke Study found no significant
differences in the benefit from rt-PA therapy
across these and other subgroups,15 but the numbers of patients in each subgroup were small.
Similar concerns have been raised about the efficacy and safety of rt-PA in patients with early
ischemic changes on CT. Other post hoc analyses of data from the NINDS rt-PA Stroke Study
showed that in the first 3 hours after the onset of
symptoms, the appearance of ischemic changes
on CT was not an independent predictor of an
increased risk of symptomatic intracranial hemor
rhage or other adverse outcomes after treatment
with rt-PA.16 Several observational studies have
suggested that intravenous thrombolysis with
rt-PA can be used in the community setting with
efficacy and safety similar to that found in the
randomized trials.17,18
Other Treatments

Aspirin

C
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In two large randomized trials, the use of aspirin
(160 or 300 mg per day), initiated within 48 hours
after the onset of stroke and continued for 2 weeks
or until discharge, led to reduced rates of death
or dependency at discharge or at 6 months,19,20
probably by means of reducing the risk of recurrent ischemic stroke. In both trials, the routine
use of aspirin was recommended as secondary
prevention after the first few weeks. Although
the benefit was small (77 patients would need to
be treated to prevent a poor outcome in 1 patient),
aspirin is inexpensive, has a good safety profile,
and appears to be effective across the range of
patients with ischemic stroke.21 Because the effect
of aspirin in combination with rt-PA is uncertain,
it seems wise to withhold aspirin for 24 hours in
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patients treated with the use of intravenous thrombolysis. The use of dipyridamole or clopidogrel in
the acute phase of ischemic stroke has not been
tested in randomized trials.
A meta-analysis of six randomized trials involving
21,966 patients found no evidence that the use
of anticoagulants (unfractionated heparin, lowmolecular-weight heparins, heparinoids, thrombin
inhibitors, or oral anticoagulants) in the acute
phase of stroke improves functional outcomes.22
According to this analysis, nine fewer cases of
recurrent ischemic stroke would be expected per
1000 patients treated, but so would nine more
cases of symptomatic intracranial hemorrhage.22
A meta-analysis of seven trials similarly failed to
show improvement in functional outcome with
the use of anticoagulant therapy in patients with
acute cardioembolic stroke.23

ment in 93 patients 60 years of age or younger
with space-occupying infarction in the territory
of the middle cerebral artery, surgical treatment
in the first 48 hours after the onset of stroke reduced both the case fatality rate (22%, vs. 71%
in the medical-management group) and the rate
of moderately severe or severe disability or death
(57% vs. 79%).29 Surgery appeared to be less beneficial for patients with aphasia (vs. those without aphasia), patients older than 50 years of age
(vs. those 50 years of age or younger), and patients in whom surgery was performed on the
second day after the onset of stroke (vs. the first
day after onset); however, the numbers of patients
in these subgroups were small.
Data from randomized and other trials indicate that patients who receive care in a stroke unit
are more likely to survive, regain independence,
and return home than are those who do not receive such organized care.30

Prevention and Management
of Complications

Strategies to Reduce Risk of Recurrent
Stroke or Other Cardiovascular Events

Nutrition is often compromised in patients admitted to the hospital with stroke. However, in randomized trials, neither the routine use of oral
nutritional supplements24 nor early tube feeding25
to prevent or treat undernutrition in hospitalized
patients with stroke resulted in improved longterm functional outcome.
Patients with acute stroke are at increased risk
for deep venous thrombosis and pulmonary embolism, and the risk increases with increasing age
and stroke severity.26 Although the use of anticoagulants does not improve overall functional
outcomes, the use of subcutaneously administered
low-dose unfractionated heparin or low-molecularweight heparin has been recommended in patients
at high risk for deep venous thrombosis, such as
patients who are immobile (e.g., due to paralysis
of a leg).8,27
In patients with large supratentorial infarcts,
space-occupying brain edema may lead to transtentorial or uncal herniation, usually between the
second and fifth days after the onset of stroke.5
Case series of such patients in intensive care units
have reported early case fatality rates of up to
78%.5 No medical therapy has proved effective.28
In a pooled analysis of three randomized trials
comparing surgical treatment (hemicraniectomy
and duraplasty, the insertion of a dural patch to
enlarge the intradural space) with medical treat-

In patients presenting with stroke, attention to
secondary prevention of stroke and other cardiovascular complications is routinely warranted. Although space limitations preclude a detailed discussion of recommended strategies, they include
the use of low-dose aspirin and dipyridamole in
patients with ischemic stroke of arterial origin31;
oral anticoagulation in patients with cardiac embolism; treatment of hypertension; statin therapy
for the lowering of lipid levels; glucose control in
patients with diabetes; smoking cessation; and
carotid endarterectomy in patients with substantial ipsilateral carotid stenosis. These issues have
been discussed in detail elsewhere.32,33

Anticoagulant Therapy

n engl j med 357;6

A r e a s of Uncer ta in t y
Even in high-income countries such as the United
States, only a small minority of patients with acute
ischemic stroke receive intravenous rt-PA.34 Its use
is currently restricted to a 3-hour time window
after the onset of symptoms, on the basis of results of the NINDS rt-PA Stroke Study,11 but a
pooled analysis of six randomized trials has suggested a potential benefit within up to 6 hours
after the onset of stroke.13 Trials assessing treatment in this extended time frame among broad
populations of patients with ischemic stroke are
under way.
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Preliminary data have suggested that the identification of patients who would benefit from
thrombolysis beyond a 3-hour interval might be
improved by quantification of the ischemic penumbra with the use of diffusion–perfusion MRI
or perfusion CT techniques (Fig. 4).35-37 This suggestion requires further study.
Although the intent of intravenous thrombolysis is to recanalize occluded arteries, none of the
pivotal clinical trials tested whether recanalization actually occurred. Other studies have shown
that complete recanalization of an occluded middle cerebral artery 2 hours after the start of
thrombolysis was achieved in only up to one third
of patients.38,39 In one controlled trial, continuous
2-MHz transcranial Doppler ultrasonography applied for 2 hours augmented the rate of rt-PA–
induced arterial recanalization.38 Limited data
suggest that the addition of intravenous galactose–based microbubbles to this treatment strategy may further increase rates of recanalization.39
Because it is still uncertain whether additional
measures to improve perfusion also improve
functional outcome, these techniques cannot be
recommended for use outside clinical trials.
As compared with intravenous thrombolysis,
intraarterial thrombolysis may increase the likelihood of recanalization, but the two strategies
have not been directly compared in a sufficiently
large randomized trial. In a small randomized
trial, the administration of both intraarterial recombinant prourokinase and intravenous heparin, as compared with intravenous heparin alone,
within 6 hours after the onset of stroke resulted
in a higher rate of recanalization of the middle
cerebral artery (66% vs. 18%) and a higher rate
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of a favorable functional outcome (no disability
to slight disability) at 3 months (40% vs. 25%,
P = 0.04).40 However, the procedures required to
deliver the thrombolytic agent to the site of vascular occlusion involve more time than does intra
venous therapy. Thrombolytic “bridging therapy,”
in which intravenous thrombolysis is followed by
intraarterial thrombolysis,41 could permit more
rapid treatment and improved rates of recanalization but is resource intensive, limiting widespread application. Mechanical thrombectomy in
patients with acute intracranial occlusion of the
intracranial carotid artery has resulted in a high
rate of recanalization in case series,42 but controlled trials are lacking.
Other Treatments

High blood pressure,43 a high serum glucose level,44 and a high body temperature45 in the first
hours to days after ischemic stroke have all been
associated with poor long-term outcomes. The effects of the early lowering of blood pressure and
maintenance of normothermia and normoglycemia are currently being tested in large randomized trials.43,46,47
Data from randomized trials are needed to
guide the management of blood pressure in the
context of acute stroke. Given concerns about ad
verse effects of the short-term lowering of blood
pressure on cerebral perfusion, current guidelines
based on consensus opinion recommend withholding antihypertensive therapy during the acute
phase of stroke unless the diastolic blood pressure exceeds 120 mm Hg or the systolic blood
pressure exceeds 220 mm Hg in patients who are
not candidates for rt-PA.8 Blood-pressure monitoring is recommended before, during, and after
rt-PA therapy, and intravenous antihypertensive
therapy is recommended to maintain the systolic
blood pressure below 180 mm Hg and the diastolic blood pressure below 105 mm Hg.
Neuroprotection

Figure 4. Perfusion CT Scans Obtained 1 Hour 45 Minutes after the Onset
of Ischemia in the Territory of the Right Middle Cerebral Artery.
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Hundreds of neuroprotective strategies have been
shown to improve outcome in animal models of
focal cerebral ischemia,48 but thus far only rt-PA
and aspirin have been shown to be clearly efficacious in patients. Although early data suggested a
possible benefit of the free-radical–trapping agent
NXY-059 in acute ischemic stroke,49 a large multicenter trial reported on by Shuaib et al. in this
issue of the Journal showed no improvement in
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functional outcomes of patients who were treated
with this agent within 6 hours after the onset of
symptoms.50
Hypothermia has been shown to reduce infarct volume and improve neurologic outcomes
in animal models of focal cerebral ischemia51; it
has also improved functional outcomes in randomized clinical trials involving patients with
global cerebral ischemia after cardiac arrest,52,53
but the improvement was not consistent among
those with traumatic brain injury.54 Large clinical trials testing the effect of hypothermia in pa
tients with acute ischemic stroke are warranted.

Guidel ine s from
Profe s siona l S o cie t ie s

Table 1. Main Contraindications to Intravenous Thrombolysis in Patients
with Acute Ischemic Stroke.*
Onset of symptoms >3 hr before start of treatment
Intracranial hemorrhage on CT or MRI
Head trauma or stroke in previous 3 mo
Myocardial infarction in previous 3 mo
Gastrointestinal or urinary tract hemorrhage in previous 21 days
Major surgery in previous 14 days
History of intracranial hemorrhage
Systolic blood pressure ≥185 mm Hg or diastolic blood pressure
≥110 mm Hg
Evidence of active bleeding or acute trauma on examination
Use of oral anticoagulants and an INR ≥1.7
Use of heparin in previous 48 hr and a currently prolonged aPTT
Platelet count <100,000 per cubic millimeter
Blood glucose level <50 mg/dl (2.7 mmol/liter)
Seizure with postictal residual neurologic impairments
8

from Adams et al., which provides a more complete overview of inPractice guidelines have been issued by the Stroke * Adapted
dications and contraindications. INR denotes international normalized ratio,
Council of the American Heart Association and
and aPTT activated partial-thromboplastin time.
the American Stroke Association8 and by the European Stroke Initiative.55 The recommendations
in this article are generally consistent with those tient presented within 3 hours after the onset of
guidelines.
symptoms, we would recommend therapy with
intravenous rt-PA. We would start aspirin after 24
hours (300 mg daily for the first 2 weeks) and
C onclusions
would then administer lower-dose aspirin and dia nd R ec om mendat ions
pyridamole for secondary prevention. Aggressive
The patient described in the vignette had a sudden management of other cardiovascular risk factors
left-sided hemiparesis, strongly suggestive of a — including encouraging the patient to stop smok
right hemisphere stroke. CT or MRI of the brain ing, treating his hypertension, and initiating statin
should be performed promptly; MRI is more sen- therapy — is also warranted.
sitive for early ischemic changes, but either methDr. van der Worp reports receiving lecture fees from Glaxo
od can fully rule out hemorrhage. In the absence SmithKline, Pfizer, and Servier; and Dr. van Gijn, consulting and
of bleeding or other contraindications to throm- lecture fees from Sanofi-Aventis. No other potential conflict of
bolysis (e.g., spontaneous, complete clearing of interest relevant to this article was reported.
We thank Audrey Tiehuis, M.D., for providing the scans shown
the deficits or an increase in blood pressure to in Figures 2 and 4 and L. Jaap Kappelle, M.D., for his valuable
185/110 mm Hg or more) (Table 1), since the pa- comments on an early version of the manuscript.
References
1. Lopez AD, Mathers CD, Ezzati M, Jami

son DT, Murray CJ. Global and regional
burden of disease and risk factors, 2001:
systematic analysis of population health
data. Lancet 2006;367:1747-57.
2. Feigin VL, Lawes CM, Bennett DA,
Anderson CS. Stroke epidemiology: a review of population-based studies of incidence, prevalence, and case-fatality in the
late 20th century. Lancet Neurol 2003;2:
43-53.
3. Dirnagl U, Iadecola C, Moskowitz MA.
Pathobiology of ischaemic stroke: an in
tegrated view. Trends Neurosci 1999;22:
391-7.
4. Norrving B. Long-term prognosis after

lacunar infarction. Lancet Neurol 2003;
2:238-45.
5. Hacke W, Schwab S, Horn M, Spranger
M, De Georgia M, von Kummer R. ‘Malignant’ middle cerebral artery infarction:
clinical course and prognostic signs. Arch
Neurol 1996;53:309-15.
6. Brott T, Adams HP Jr, Olinger CP, et
al. Measurements of acute cerebral infarction: a clinical examination scale. Stroke
1989;20:864-70.
7. Hankey GJ, Warlow CP. Symptomatic
carotid ischaemic events: safest and most
cost effective way of selecting patients for
angiography, before carotid endarterectomy. BMJ 1990;300:1485-91.

n engl j med 357;6

www.nejm.org

8. Adams HP Jr, del Zoppo G, Alberts MJ,

et al. Guidelines for the early management
of adults with ischemic stroke: a guideline from the American Heart Association/
American Stroke Association Stroke Council, Clinical Cardiology Council, Cardiovascular Radiology and Intervention Council, and the Atherosclerotic Peripheral
Vascular Disease and Quality of Care Outcomes in Research Interdisciplinary Working Groups: the American Academy of
Neurology affirms the value of this guideline as an educational tool for neurologists. Stroke 2007;386:1655-711. [Erratum,
Stroke 2007;38(6):e38.]
9. Chalela JA, Kidwell CS, Nentwich LM,

august 9, 2007

The New England Journal of Medicine
Downloaded from nejm.org at OREGON HEALTH & SCIENCE UNIV on April 7, 2012. For personal use only. No other uses without permission.
Copyright © 2007 Massachusetts Medical Society. All rights reserved.

577

The

n e w e ng l a n d j o u r na l

et al. Magnetic resonance imaging and
computed tomography in emergency assessment of patients with suspected acute
stroke: a prospective comparison. Lancet
2007;369:293-8.
10. Muir KW, Buchan A, von Kummer R,
Rother J, Baron JC. Imaging of acute
stroke. Lancet Neurol 2006;5:755-68.
11. The National Institute of Neurological Disorders and Stroke rt-PA Stroke
Study Group. Tissue plasminogen activator for acute ischemic stroke. N Engl J
Med 1995;333:1581-7.
12. Wardlaw JM, Zoppo G, Yamaguchi T,
Berge E. Thrombolysis for acute ischae
mic stroke. Cochrane Database Syst Rev
2003;3:CD000213.
13. Hacke W, Donnan G, Fieschi C, et al.
Association of outcome with early stroke
treatment: pooled analysis of ATLANTIS,
ECASS, and NINDS rt-PA stroke trials.
Lancet 2004;363:768-74.
14. Khatri P, Wechsler LR, Broderick JP.
Intracranial hemorrhage associated with
revascularization therapies. Stroke 2007;
38:431-40.
15. NINDS t-PA Stroke Study Group. Generalized efficacy of t-PA for acute stroke:
subgroup analysis of the NINDS t-PA
Stroke Trial. Stroke 1997;28:2119-25.
16. Patel SC, Levine SR, Tilley BC, et al.
Lack of clinical significance of early ische
mic changes on computed tomography in
acute stroke. JAMA 2001;286:2830-8.
17. Graham GD. Tissue plasminogen activator for acute ischemic stroke in clinical
practice: a meta-analysis of safety data.
Stroke 2003;34:2847-50.
18. Wahlgren N, Ahmed N, Dávalos A, et
al. Thrombolysis with alteplase for acute
ischaemic stroke in the Safe Implementation of Thrombolysis in Stroke-Monitoring
Study (SITS-MOST): an observational study.
Lancet 2007;369:275-82. [Erratum, Lancet
2007;369:826.]
19. International Stroke Trial Collaborative Group. The International Stroke Trial
(IST): a randomised trial of aspirin, subcutaneous heparin, both, or neither among
19,435 patients with acute ischaemic
stroke. Lancet 1997;349:1569-81.
20. CAST (Chinese Acute Stroke Trial)
Collaborative Group. CAST: randomised
placebo-controlled trial of early aspirin
use in 20,000 patients with acute ischae
mic stroke. Lancet 1997;349:1641-9.
21. Chen ZM, Sandercock P, Pan HC, et al.
Indications for early aspirin use in acute
ischemic stroke: a combined analysis of
40 000 randomized patients from the Chinese Acute Stroke Trial and the International Stroke Trial. Stroke 2000;31:1240-9.
22. Gubitz G, Sandercock P, Counsell
C. Anticoagulants for acute ischaemic
stroke. Cochrane Database Syst Rev 2004;
3:CD000024.
23. Paciaroni M, Agnelli G, Micheli S,
Caso V. Efficacy and safety of anticoagulant treatment in acute cardioembolic

578

of

m e dic i n e

stroke: a meta-analysis of randomized
controlled trials. Stroke 2007;38:423-30.
24. Dennis MS, Lewis SC, Warlow C. Routine oral nutritional supplementation for
stroke patients in hospital (FOOD): a multi
centre randomised controlled trial. Lancet
2005;365:755-63.
25. Idem. Effect of timing and method of
enteral tube feeding for dysphagic stroke
patients (FOOD): a multicentre randomised
controlled trial. Lancet 2005;365:764-72.
26. Kelly J, Rudd A, Lewis R, Hunt BJ. Venous thromboembolism after acute stroke.
Stroke 2001;32:262-7.
27. Francis CW. Prophylaxis for thromboembolism in hospitalized medical patients.
N Engl J Med 2007;356:1438-44.
28. Hofmeijer J, van der Worp HB, Kappelle LJ. Treatment of space-occupying
hemispheric infarction. Crit Care Med
2003;31:617-25.
29. Vahedi K, Hofmeijer J, Juettler E, et al.
Early decompressive surgery in malignant
infarction of the middle cerebral artery:
a pooled analysis of three randomised controlled trials. Lancet Neurol 2007;6:215-22.
30. Stroke Unit Trialists’ Collaboration.
Organised inpatient (stroke unit) care for
stroke. Cochrane Database Syst Rev 2002;
1:CD000197.
31. Halkes PH, van Gijn J, Kappelle LJ,
Koudstaal PJ, Algra A. Aspirin plus dipyrid
amole versus aspirin alone after cerebral
ischaemia of arterial origin (ESPRIT):
randomised controlled trial. Lancet 2006;
367:1665-73. [Erratum, Lancet 2007;369:
274.]
32. Johnston SC. Transient ischemic attack. N Engl J Med 2002;347:1687-92.
33. 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: co-sponsored
by the Council on Cardiovascular Radiology and Intervention: the American Academy of Neurology affirms the value of
this guideline. Stroke 2006;37:577-617.
34. Douglas VC, Tong DC, Gillum LA, et
al. Do the Brain Attack Coalition’s criteria
for stroke centers improve care for ische
mic stroke? Neurology 2005;64:422-7.
35. Kidwell CS, Alger JR, Saver JL. Beyond
mismatch: evolving paradigms in imaging
the ischemic penumbra with multimodal
magnetic resonance imaging. Stroke 2003;
34:2729-35.
36. Wintermark M, Flanders AE, Velthuis
B, et al. Perfusion-CT assessment of infarct core and penumbra: receiver operating characteristic curve analysis in 130
patients suspected of acute hemispheric
stroke. Stroke 2006;37:979-85.
37. Albers GW, Thijs VN, Wechsler L, et
al. Magnetic resonance imaging profiles
predict clinical response to early reperfusion: the diffusion and perfusion imaging

n engl j med 357;6

www.nejm.org

evaluation for understanding stroke evolution (DEFUSE) study. Ann Neurol 2006;
60:508-17.
38. Alexandrov AV, Molina CA, Grotta
JC, et al. Ultrasound-enhanced systemic
thrombolysis for acute ischemic stroke.
N Engl J Med 2004;351:2170-8.
39. Molina CA, Ribo M, Rubiera M, et al.
Microbubble administration accelerates
clot lysis during continuous 2-MHz ultrasound monitoring in stroke patients treat
ed with intravenous tissue plasminogen
activator. Stroke 2006;37:425-9.
40. Furlan A, Higashida R, Wechsler L,
et al. Intra-arterial prourokinase for acute
ischemic stroke — the PROACT II Study:
a randomized controlled trial. JAMA 1999;
282:2003-11.
41. The IMS Study Investigators. Combined intravenous and intra-arterial recanalization for acute ischemic stroke:
the Interventional Management of Stroke
Study. Stroke 2004;35:904-11.
42. Flint AC, Duckwiler GR, Budzik RF,
Liebeskind DS, Smith WS. Mechanical
thrombectomy of intracranial internal
carotid occlusion: pooled results of the
MERCI and Multi MERCI Part I trials.
Stroke 2007;38:1274-80.
43. Willmot M, Leonardi-Bee J, Bath PM.
High blood pressure in acute stroke and
subsequent outcome: a systematic review.
Hypertension 2004;43:18-24.
44. Capes SE, Hunt D, Malmberg K,
Pathak P, Gerstein HC. Stress hyperglycemia and prognosis of stroke in nondiabetic and diabetic patients: a systematic
overview. Stroke 2001;32:2426-32.
45. Reith J, Jørgensen S, Pedersen PM, et al.
Body temperature in acute stroke: relation
to stroke severity, infarct size, mortality,
and outcome. Lancet 1996;347:422-5.
46. van Breda EJ, van der Worp HB, van
Gemert HM, et al. PAIS: Paracetamol
(Acetaminophen) In Stroke; protocol for
a randomized, double blind clinical trial.
BMC Cardiovasc Disord 2005;5:24.
47. Gray CS, Hildreth AJ, Alberti GK,
O’Connell JE. Poststroke hyperglycemia:
natural history and immediate management. Stroke 2004;35:122-6. [Erratum,
Stroke 2004;35:1229.]
48. O’Collins VE, Macleod MR, Donnan
GA, Horky LL, van der Worp BH, Howells
DW. 1,026 Experimental treatments in
acute stroke. Ann Neurol 2006;59:46777.
49. Lees KR, Zivin JA, Ashwood T, et al.
NXY-059 for acute ischemic stroke. N Engl
J Med 2006;354:588-600.
50. Shuaib A, Lees KR, Lyden P, et al.
NXY-059 for the treatment of acute ischemic stroke. N Engl J Med 2007;357:56271.
51. van der Worp HB, Sena ES, Donnan
GA, Howells DW, Macleod MR. Hypothermia in animal models of acute ischaemic
stroke: a systematic review and meta-analy
sis. Brain (in press).

august 9, 2007

The New England Journal of Medicine
Downloaded from nejm.org at OREGON HEALTH & SCIENCE UNIV on April 7, 2012. For personal use only. No other uses without permission.
Copyright © 2007 Massachusetts Medical Society. All rights reserved.

clinical pr actice
52. Bernard SA, Gray TW, Buist MD, et al.

Treatment of comatose survivors of outof-hospital cardiac arrest with induced
hypothermia. N Engl J Med 2002;346:55763.
53. Hypothermia after Cardiac Arrest
Study Group. Mild therapeutic hypother-

mia to improve the neurologic outcome
after cardiac arrest. N Engl J Med 2002;
346:549-56. [Erratum, N Engl J Med 2002;
346:1756.]
54. McIntyre LA, Fergusson DA, Hébert
PC, Moher D, Hutchison JS. Prolonged
therapeutic hypothermia after traumatic

n engl j med 357;6

www.nejm.org

brain injury in adults: a systematic review.
JAMA 2003;289:2992-9.
55. Hack W, Kaste M, Bogousslavsky J, et
al. European Stroke Initiative recommendations for stroke management — update
2003. Cerebrovasc Dis 2003;16:311-37.
Copyright © 2007 Massachusetts Medical Society.

august 9, 2007

The New England Journal of Medicine
Downloaded from nejm.org at OREGON HEALTH & SCIENCE UNIV on April 7, 2012. For personal use only. No other uses without permission.
Copyright © 2007 Massachusetts Medical Society. All rights reserved.

579

