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n 1994, a panel appointed by the Stroke Council of the

American Heart Association authored guidelines for the
management of patients with acute ischemic stroke.® After the
approval of the use of intravenous recombinant tissue plas-
minogen activator (rtPA) for treatment of acute ischemic
stroke by the Food and Drug Administration, the guidelines
were supplemented by a series of recommendations 2 years
later.2 Several promising interventions for the treatment of
acute ischemic stroke have subsequently been tested in
clinical trials, and other components of acute management
have been evaluated since the previous guidelines were
published. These new data have prompted the present revi-
sion of the prior guideline statement.

The goal of these guidelines is to provide updated recom-
mendations that can be used by primary care physicians,
emergency medicine physicians, neurologists, and other phy-
sicians who provide acute stroke care from admission to an
emergency department through the first 24 to 48 hours of
hospitalization by addressing the diagnosis and emergent
treatment of the acute ischemic stroke in addition to the
management of its acute and subacute neurological and
medical complications.

Several groups have now written statements about man-
agement of stroke.3” These statements also include recom-
mendations about public educational programs, the organiza-
tion of stroke resources, and other aspects of patient
management. For example, the Brain Attack Coalition pub-
lished recommendations for organizing stroke services in a
community, and the recommendations of the American Heart
Association Emergency Cardiovascular Care Committee pro-
vide an outline for emergency medical services.® The current
panel elected not to duplicate these recent efforts.

Therapies to prevent recurrent stroke, also a component of
acute management, are similar to prophylactic medical or
surgical therapies used for patients with transient ischemic
attacks and other high-risk patients. The reader is referred to
relevant recent statements for additional information.8°

In developing the present guidelines, the panel applied the
Rules of Evidencel® and formulation of strength of recom-
mendations used by other American Heart Association
(AHA) guidelines panels (Table 1). If the panel concluded
that the data support or do not support the use of a particular
intervention, appropriate recommendations to use or to not
use a specific therapy were made. If data were not definitive,
the panel made no specific recommendation. In some cases,
supporting evidence based on clinical research is not avail-
able for a specific intervention, but nonetheless represents
current customary practice. In such circumstances, the panel
has provided a recommendation but indicated that the recom-
mendation was based on customary practice.

In addition, for assessing the status of brain imaging tests,
the panel used the rules of evidence adapted from the quality
of evidence ratings for diagnostic tests developed by the
American Academy of Neurology Therapeutics and Technol-
ogy Subcommittee (Table 2).11

Immediate Diagnosis and Evaluation
Thefirst goa of theinitial diagnostic evaluation isto confirm
that the patient’s impairments are due to ischemic stroke and
not due to another systemic or neurological illness, especialy
intracranial hemorrhage. Second, the evaluation helps deter-
mine advisability for acute treatment with thrombolytic
agents. Third, diagnostic studies are carried out to screen for
acute medical or neurological complications of stroke. Fi-
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TABLE 1. Levels of Evidence

Level of evidence

Level | Data from randomized trials with low
false-positive and low false-negative errors

Level Il Data from randomized trials with high
false-positive or high false-negative errors

Level Il Data from nonrandomized concurrent
cohort studies

Level IV Data from nonrandomized cohort studies
using historical controls

Level V Data from anecdotal case series

Strength of recommendation

Grade A Supported by level | evidence
Grade B Supported by level Il evidence
Grade C Supported by level IIl, IV, or V evidence

nally, the evaluation provides historical data or other infor-
mation that can be used to establish the vascular distribution
of the stroke and to provide clues about its likely pathophys-
iology and etiology. These data are essential for further
rational decisions about prevention of recurrent stroke.

History and Physical Examination

Obtaining a history and performing general medical and
neurological examinations rapidly provide the foundation of
the urgent evaluation. The clinical assessment is supple-
mented with selected diagnostic tests.

The physician must first determine the reason for the
patient’s neurological impairments. Stroke patients usually
present with a history of sudden or rapid onset of focal
neurological symptoms. Some patients may have a stepwise
or gradual worsening or waxing and waning of symptoms.
Most patients are aert, although patients with major hemi-
spheric infarctions, basilar artery occlusion, or cerebellar
strokes with edema causing brain stem compression can have
a decreased level of consciousness. Headaches occur in
approximately 25% of cases. Nausea and vomiting can occur
with strokes in the brain stem or cerebellum.
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TABLE 3. Common Patterns of Neurological Impairments
Among Patients With Acute Ischemic Stroke

Left (dominant) hemisphere—major or branch cortical infarction:
Aphasia
Right hemiparesis
Right-sided sensory loss
Right-sided spatial neglect
Right homonymous hemianopia
Impaired right conjugate gaze
Right (nondominant) hemisphere—major or branch cortical infarction:
Left hemiparesis
Left-sided sensory loss
Left-sided spatial neglect
Left homonymous hemianopia
Impaired left conjugate gaze
Deep (subcortical) hemisphere or brain stem
Hemiparesis (pure motor stroke) or sensory loss (pure sensory stroke)
Dysarthria, including dysarthria-clumsy hand
Ataxic-hemiparesis
No abnormalities of cognition, language, or vision
Brain stem
Motor or sensory loss in all 4 limbs
Crossed signs (signs on same side of face and other side of body)
Dysconjugate gaze
Nystagmus
Ataxia
Dysarthria
Dysphagia
Cerebellum
Ipsilateral limb ataxia
Gait ataxia

Common patterns of neurological abnormalities among
patients with ischemic stroke are listed in Table 3. In general,
the diagnosis of stroke is straightforward. The accuracy (the
degree to which a diagnosis agrees with a perceived “stan-
dard”) of physicians’ diagnosis of stroke generally is good. In
one study, emergency department physicians correctly iden-

TABLE 2. Quality of Evidence Ratings for Radiological Diagnostic Tests

Level of evidence

Class A Evidence provided by a prospective study in a broad spectrum of persons with the suspected condition, using a “gold standard” for case
definition, where test is applied in a blinded evaluation, and enabling the assessment of the appropriate tests of diagnostic accuracy.
Class B Evidence provided by a prospective study of a narrow spectrum of persons with a suspected condition, or a well-designed retrospective

study of a broad spectrum of persons with an established condition (by the “gold standard”) is compared to a broad spectrum of controls,
where test is applied evaluation and enabling the assessment of appropriate tests of diagnostic accuracy.

Class C Evidence supplied by a retrospective study where either persons with an established condition or controls are of a narrow spectrum, and

where test is applied in a blinded evaluation.

Class D Any design where test is not applied in blinded evaluation OR evidence provided by expert opinion alone or in descriptive case series

(without controls).
Strength of recommendation

Grade | Established as useful/predictive or not useful/predictive for the given condition in the specified population.
Grade I Probably useful/predictive or not useful/predictive for the given condition in the specified population.
Grade Il Possibly useful/predictive or not useful/predictive for the given condition in the specified population.

Grade IV

Data are inadequate or conflicting. Given current knowledge, the test/predictor is unproven.
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TABLE 4. Immediate Diagnostic Studies: Evaluation of a
Patient With Suspected Acute Ischemic Stroke

All patients:
Brain CT (brain MRI could be considered at qualified centers)
Electrocardiogram
Blood glucose
Serum electrolytes
Renal function tests
Complete blood count, including platelet count
Prothrombin time/international normalized ratio
Activated partial thromboplastin time
Selected patients:
Hepatic function tests
Toxicology screen
Blood alcohol determination
Pregnancy test
Oxygen saturation or arterial blood gas tests (if hypoxia is suspected)
Chest radiography (if lung disease is suspected)

Lumbar puncture (if subarachnoid hemorrhage is suspected and CT is
negative for blood)

Electroencephalogram (if seizures are suspected)

CT indicates computed tomography; MRI, magnetic resonance imaging.

tified 152 of 176 consecutive stroke patients (sensitivity,
86.4%) and 1818 of 1835 patients without stroke (specificity,
99.1%).22 However, errors in clinical diagnosis can occur.

In one series of 821 consecutive patients initially diagnosed
with stroke, 13% were later determined to have other condi-
tions23 Severa conditions mimic stroke. Frequent aternative
diagnoses include unrecognized seizures, confusional states,
syncope, toxic or metabolic disorders, including hypoglycemia,
brain tumors, and subdural hematoma. These stroke mimics are
commonly, but not always, associated with globa rather than
foca neurologica symptoms and are usudly readily detected
with standard laboratory tests (Table 4).

Differentiation of ischemic or hemorrhagic stroke is espe-
cialy important, because of the marked difference in the
management of these conditions. Some studies show that
features on the history and physical examination can be used
to help distinguish hemorrhagic from ischemic strokes.14-16
For example, one study found that the chance of intracranial
hemorrhage was more than doubled with the presence of at
least one of the following findings: coma on arrival, vomit-
ing, severe headache, current warfarin therapy, systolic blood
pressure >220 mm Hg, or glucose level >170 mg/dL in a
nondiabetic patient.1s The absence of these features decreases
the odds of hemorrhage by approximately one third. Scalesto
differentiate ischemic or hemorrhagic stroke have been de-
veloped based on these types of studies. However, diagnostic
errors based solely on clinical features still occur and the level
of accuracy is insufficient to guide treatment decisions.t”
Because clinical findings overlap, a brain imaging study is
mandatory to distinguish ischemic stroke from hemorrhage or
other structural brain lesions that may imitate stroke.18

Anatomic localization based on clinical features can help
determine the vascular distribution of the ischemic lesion. A

stroke in the distribution of the middie cerebral artery can
result from cardioembolism, carotid occlusion, arterial dis-
section, or local arterial thrombosis. Small subcortical hemi-
sphere or brain stem infarctions can occur through avariety of
mechanisms and are not necessarily due to local small-vessel
disease.1®

Specific features of the history are important when consid-
ering treatment with thrombolytic agents. Among these, the
time of symptom onset is most critical. For the purposes of
treatment, the onset is assumed as the time that the patient
was last known to be symptom-free. Because ischemic stroke
is often painless, most patients are not awakened by its
occurrence. Thus, for a patient with symptoms of stroke on
awakening, the time of onset is assumed to be the time the
patient was last known to be symptom-free before retiring. If
a patient had mild impairments but then had worsening over
the subsequent hours, the time the first symptom began is
assumed to be the time of onset. In contrast, if a patient has
symptoms that completely resolved (TIA) and then has a
second event, the time of onset of the new symptomsis used.
Other important information includes a report of any recent
medical or neurological events, including trauma, hemor-
rhage, surgery, myocardia infarction, or previous stroke.
Patients also should be queried about their use of medica-
tions, especialy oral anticoagulants and antiplatelet agents. If
the patient is confused, aphasic, or unconscious, historical
information might be available from family, friends, or
emergency medical service personnel. A coworker, shop
owner, apartment manager, or other observer might be
reached by phone. They might be able to provide information
about the time of onset of stroke.

Particular attention should be paid to the patient’s vita
signs. Issues related to the importance of disorders of breath-
ing, arrhythmias, hypertension, or fever and their treatment
are discussed subsequently. However, the vital signs also
provide clues about the cause of stroke and prognosis. An
irregularly irregular heart rhythm might suggest atrial fibril-
lation. Severe elevations of blood pressure might point to
hypertensive encephalopathy or increase the likelihood of a
primary intracranial hemorrhage. Fever can point toward an
infectious cause of stroke or it may be secondary to an acute
complication of the neurological illness. In addition, the
general examination includes an assessment for signs of
trauma and a cardiovascular evaluation. Specific contraindi-
cations for treatment with thrombolytic agents such as clini-
cal evidence of active bleeding should also be sought.

The severity of stroke, based on the findings detected by
neurological examination, is a strong indicator of prognosis.
Severad reliable and well-validated scoring systems have been
developed; each has strengths and limitations.2%22 Among
these scales, the National Institutes of Health Stroke Scale
(NIHSS) has come into widespread use in the United States
(Table 5).2223 The initial NIHSS score provides important
prognostic information.17.24.25 Approximately 60% to 70% of
patients with an acute ischemic stroke and a baseline NIHSS
score <10 will have a favorable outcome after 1 year as
compared with only 4% to 16% of those with a score >20.25
The NIHSS score can aso help identify those patients at
greatest risk for intracranial hemorrhage associated with
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TABLE 5. National Institutes of Health Stroke Scale
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Tested
Item

Title

Responses and Scores

1A

1B

1C

10

1

Level of consciousness

Orientation questions (two)

Response to commands (two)

Gaze

Visual fields

Facial movement

Motor function (arm)
a. left
b. right

Motor function (leg)
a. left
b. right

Limb ataxia

Sensory

Language

Articulation

Extinction or inattention

O0—alert

1—drowsy

2—obtunded
3—coma/unresponsive
0—answers both correctly
1—answers one correctly
2—answers neither correctly

0—performs both tasks correctly

1—performs one task correctly
2—performs neither

0—normal horizontal movements

1—partial gaze palsy
2—complete gaze palsy
0—mno visual field defect
1—partial hemianopia
2—complete hemianopia
3—bilateral hemianopia
O0—mnormal

1—minor facial weakness
2—opartial facial weakness
3—complete unilateral palsy
0—no drift

1—drift before 5 seconds
2—falls before 10 seconds
3—no effort against gravity
4—no movement

0—no drift

1—drift before 5 seconds
2—falls before 5 seconds
3—no effort against gravity
4—no movement

0—no ataxia

1—ataxia in one limb
2—ataxia in two limbs
0—no sensory loss
1—mild sensory loss
2—severe sensory loss
O0—mnormal

1—mild aphasia
2—severe aphasia
3—mute or global aphasia
O0—mnormal

1—mild dysarthria
2—severe dysarthria
O0—absent

1—mild (loss 1 sensory modality)

2—severe (loss 2 modalities)

There are 15 items in this version of the National Institutes of Health Stroke
Scale (NIHSS).3¢ This version contains a rating of the unaffected (contralateral)
arm and leg and emphasizes the recording of observations without neuroana-
tomic interpretation. The actual form for recording the data contains detailed
instructions for the use of the scale. The complete scale with instructions can
be obtained from the National Institute of Neurological Disorders and Stroke.
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thrombolytic treatment. In the NINDS trial of rtPA, those
with a score of 20 or greater on the NIHSS had a 17% chance
of intracranial hemorrhage, whereas the risk of bleeding was
only 3% among those with a score <10.26

Brain Imaging

As therapeutic options evolve, brain imaging strategies are
playing an increasingly important role in patients initial
evaluation. Brain imaging findings, including the size, loca-
tion, and vascular distribution of the infarction as well as the
presence of bleeding, affect both acute and long-term treat-
ment decisions. In addition, information about the possible
degree of reversibility of ischemic injury, the status of
intracranial vessels, and cerebral hemodynamic status can be
obtained from modern imaging studies.2” Neuroimaging tests
might improve selection of patients who could be treated with
thrombolytic agents by identifying those with regions of
salvageable brain tissue, alow risk for hemorrhagic transfor-
mation, or occlusions of large arteries that might or might not
be amenable to therapy.

At present, the usua brain imaging test is computed
tomography (CT). The diagnostic yield and clinical utility of
other newer neuroimaging procedures must be weighed
against the time cost of acquiring the data, as well as the
availability and financial costs of these tests. At present, the
clinical utility of these techniques in the emergent evaluation
of patients with ischemic stroke is not fully demonstrated and
additional research isrequired.2 Asaresult, thereis a general
agreement that the performance of these tests should not
delay treatment with intravenous rtPA (grade C).2°

Noncontrast-Enhanced Computed Tomographic
Scan of the Brain

Emergent, noncontrast-enhanced CT of the brain is currently
the most commonly employed initial neuroimaging study.
There is a uniform agreement that CT accurately identifies
most cases of intracranial hemorrhage and helps discriminate
nonvascular causes of neurological symptoms, eg, brain
tumor (grade B).3° The prior guidelines recommended that
CT be the primary diagnostic brain imaging study for
evaluation of patients with suspected stroke.*3 Although no
randomized trials have tested the utility of CT, most trials
testing interventions in acute stroke, including those that
involved the administration of rtPA, required the test prior to
treatment. While CT is the “gold standard” to which other
brain imaging studies are compared, it isrelatively insensitive
in detecting acute and small cortical or subcortical infarc-
tions, especially in the posterior fossa. In most cases, the use
of acontrast infusion does not provide additional information
and is not necessary unlessit is required for CT angiography
(and more recently CT perfusion) or there is a concern about
a brain tumor or infectious process.

With the advent of rtPA treatment, interest has grown in
using CT to identify subtle, early signs of ischemic brain
injury (early infarct signs) or arterial occlusion that might
affect decisions about treatment. These findings include the
hyperdense middle cerebral artery sign that is indicative of a
thrombus or embolus in the first portion of the middle
cerebral artery. In addition, the loss of the gray-white differ-
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entiation in the cortical ribbon (particularly at the latera
margins of the insula) or the lentiform nucleus, and sulcal
effacement appear to be important.32 These signs may be
detected within 6 hours of onset of symptomsin up to 82% of
patients with ischemia in the territory of the middle cerebral
artery (class C).33 The presence of these signs is associated
with poor outcomes (class A).3435

In addition, the presence of widespread signs of early
infarction is correlated with a higher risk of hemorrhagic
transformation following treatment with thrombolytic agents
(level 1). In onetrial of intravenous rtPA administered within
3 hours of symptom onset, CT evidence of early edema or
mass effect was accompanied by an 8-fold increase in the risk
of symptomatic hemorrhage.3® A second report from this
sametria analyzed outcome in patients with evidence of both
mild and major early infarction, including loss of gray-white
matter distinction, hypodensity or hypoattenuation, and sulcal
effacement or compression of CSF spaces (focal and/or
diffuse brain swelling). In this second analysis, early infarct
signs involving more than one third of the territory of the
middle cerebral artery were not independently associated
with increased risk of adverse outcome after rtPA treatment,
and as a group these patients still benefited from therapy.37 In
a European trial in which thrombolytic therapy was admin-
istered within 6 hours of symptom onset, patients estimated to
have involvement of more than one third of the territory of the
middle cerebral artery had an increased risk of intracerebral
hemorrhage, whereas those with less involvement benefited
the most from thrombolytic treatment.3538 Unfortunately, the
physician’s ability to reliably and reproducibly recognize the
early CT changes is variable (class B).29-42 The accuracy in
detecting ischemic areas involving more than one third of the
territory of the middle cerebral artery is approximately 70%
to 80%.43 Use of scoring systems for early CT changes may
improve identification of cerebral ischemia and might pro-
vide valuable prognostic information, but are not validated
for outcome.*4

For patients who are candidates for treatment with rtPA,
the goal isto complete the CT examination within 25 minutes
of arrival to the emergency department with the study
interpreted within an additional 20 minutes (door to interpre-
tation time of 45 minutes).4>

A subsequent CT often is obtained if the patient worsens
neurologically and may be especialy helpful in identifying
hemorrhagic transformation following administration of
rtPA 2.36

Multimodal MRI

The standard MRI sequences (T1-weighted, T2-weighted,
and proton density) are relatively insensitive to the changes of
acute ischemia within the first hours after onset of stroke.
These sequences will show abnormalities in <50% of pa-
tients (class A).46 Because of early changes of decreased
water diffusion within ischemic brain tissue, diffusion-
weighted imaging (DWI) alows visualization of ischemic
regions within minutes of onset of symptoms.47-48 Perfusion-
weighted imaging (PWI), usualy performed with the rapid
administration of an intravenous paramagnetic contrast agent,
provides relative measures of cerebral hemodynamic status.

Several studies provide preliminary data about the poten-
tia clinical utility of DWI in the evaluation of patients with
suspected stroke. It allows early identification of the lesion
size, site, and age. It can detect relatively small cortical or
subcortical lesions, including those in the brain stem or
cerebellum, areas often poorly visualized with standard CT
scan techniques. It provides information about the involved
vascular territory and has a high sensitivity (88% to 100%)
and specificity (95% to 100%) for detecting acute ischemia,
even at very early time points (class B).49-56 The initia
volumes of the lesions seen on DWI and PWI correlate well
with the final size of the stroke found on follow-up brain
imaging.525758 |n addition, these lesion volumes correlate
well with both severity of stroke as rated by clinical scales
and outcomes. These findings suggest that DWI might
provide helpful early prognostic information (class C).50.57-59

The ischemic penumbra has been characterized on MRI as
regions of perfusion change without a corresponding diffu-
sion abnormality (diffusion-perfusion mismatch). However, a
recent study indicates that at least in some circumstances the
initial diffusion abnormality might be reversible.0 Sequential
MRI studies performed in patients being treated with
thrombolytic therapy have shown that the technique can
detect diffusion and perfusion thresholds for irreversible
ischemia and visualize salvage of penumbra tissue with
smaller volumes of infarction among those patients who had
successful recanaization (class D).61.62

Efforts are under way to develop specific MRI criteria that
could identify regions of irreversible infarction from poten-
tidly reversible ischemia as well as MRI signatures that
portend a high risk of hemorrhagic complications following
thrombolytic therapy.52-68 For example, the addition of MR
spectroscopy might improve selection of patients for treat-
ment, but this procedure will need considerable testing before
itis used in patient care.%® These diagnostic studies offer the
possibility of identifying patients who might be successfully
treated with rtPA or other agents outside the current time-
based therapeutic windows.70.71

An important limitation of the use of MRI is the potential
difficulty in reliably identifying acute intracranial hemor-
rhage. However, several recent reports suggest that intrapa-
renchymal blood can be detected very soon after the ictus by
using gradient-recalled echo (GRE) MRI seguences or echo-
planar susceptibility-weighted MRI (class D).7273 Additional
research is needed to determine the utility of MRI in place of
CT for identifying hemorrhage among patients with sus-
pected stroke. Other limitations of MRI in the acute setting
include cost, relatively limited availability of the test, and
patient contraindications such as claustrophobia, cardiac
pacemakers, or metal implants.

Other Brain Perfusion Techniques

Oxygen-15 positron-emission tomography (PET) can quan-
tify regional brain perfusion and oxygen consumption. PET
provided the first evidence of a penumbra in stroke patients
by identifying regions of decreased cerebral blood flow
(CBF) and increased oxygen extraction fraction (OEF) with
relatively preserved oxygen metabolism (ie, misery perfu-
sion; class D).74-76 PET ligands that specificaly identify
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penumbral regions also show promise.””.” However, logisti-
cal and pragmatic considerations limit the application of PET
in the setting of acute stroke.

Xenon-enhanced CT provides a quantitative measurement
of CBF by employing inhaled xenon. Perfusion CT measures
CBF by mapping the appearance of a bolus of iodinated
contrast. Both can be used to screen for thresholds of
reversible or irreversible ischemia among patients with acute
stroke.”®-81 These techniques have the advantages of acquir-
ing data relatively rapidly and can be performed with con-
ventional CT equipment. The techniques of CT perfusion
imaging discussed are being developed using the more
accessible CT scanner to track a bolus of x-ray contrast
through brain tissue. CT perfusion is more readily quantita-
tive as compared with MR and can be completed within 3 to
5 minutes following the standard noncontrast CT scan.8283
Further studies are needed to determine the clinical utility of
these methods.

Single photon-emission computed tomography (SPECT) is
minimally invasive and measuresrelative CBF. SPECT might
be able to identify thresholds for reversible ischemia and
could be helpful in predicting outcomes or monitoring re-
sponses to treatment.84-86 Limitations include lack of avail-
ability, expense, and the difficulty associated with tracer
preparation.

Cardiac Tests

A clinical cardiovascular examination and a 12-lead ECG
should be performed in all stroke patients (Table 4). Cardiac
abnormalities are prevalent among patients with stroke and
the patient can have an acute cardiac condition that mandates
urgent treatment. For example, acute myocardia infarction
can lead to stroke, and acute stroke can lead to myocardial
ischemia8™9! |n addition, cardiac arrhythmias can occur
among patients with acute ischemic stroke.87:889293 Atrig
fibrillation, an important potential cause of stroke, can be
detected in the acute setting.®4 Cardiac monitoring often can
be conducted after stroke to screen for serious cardiac
arrhythmias.®s

Blood Tests

Several blood tests should be routinely performed to identify
systemic conditions that may mimic or cause stroke, or that
may influence choices for acute treatment. These include
blood glucose, electrolytes, complete blood count with plate-
let count, prothrombin time, activated partial thromboplastin
time, and renal and hepatic function studies (Table 4).
Because time is critical, therapy involving the use of rtPA in
particular should not be delayed while waiting for the results
of the prothrombin time or activated partial thromboplastin
time unless there is clinical suspicion of a bleeding abnor-
mality or unless the patient has been taking warfarin and
heparin or their use is uncertain.

Hypoglycemia may mimic the symptoms and signs of
stroke, and hyperglycemia is associated with unfavorable
outcomes. Determination of the platelet count and, in patients
taking warfarin, the prothrombin time/international normal-
ized ratio (INR) are required prior to administration of
thrombolytic agents.2 A toxicology screen, blood alcohol
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level, and pregnancy test should be obtained if the physician
is uncertain about the patient’s history and/or suggested by
findings on examination. Arterial blood gas levels should be
obtained if hypoxia is suspected.

Chest radiography was previously recommended for the
evaluation of all patients with acute ischemic stroke.l A
subsequent study found that clinical management was altered
in only 3.8% of patients having routine chest radiographs at
the time of admission for stroke,®¢ suggesting that the test is
of little use in the absence of an appropriate clinical indica-
tion (grade B).

Examination of the cerebrospina fluid is indicated if the
patient has symptoms suggestive of subarachnoid hemor-
rhage and a CT does not demonstrate blood. Fortunately, the
clinical features of subarachnoid hemorrhage differ consider-
ably from those of ischemic stroke. Electroencephal ography
may be helpful for evaluating patients in whom seizures are
suspected as the cause of the neurological deficits or in whom
seizures could have been a complication of the stroke.?”
Seizure is a relative contraindication for the use of rtPA in
acute ischemic stroke.

Vascular Imaging

A wide variety of imaging techniques have been used to assess
the status of the large cervicocephalic vessels. Choices depend
on availability, individual patient characteristics, and the type of
information being sought. Transcrania Doppler ultrasonogra
phy, magnetic resonance angiography, CT angiography, and
catheter angiography have been used to detect intracrania or
extracraniad arterial occlusons®® Transcranial Doppler ultra-
sonography and angiography have been employed to monitor
the effects of thrombolytic therapy over time and can help
determine prognosis.21% The necessity of obtaining these tests
on an urgent basis has not been established.

A variety of ancillary tests are available to help clinicians
reach accurate pathophysiological and etiological stroke diagno-
sis and provide information that can be criticd for effective
prevention of recurrent stroke.®10t Vascular imaging is a key
component of the evaluation. The selection of tests needs to be
tailored to the individual patient and clinical setting.

Recommendations

The evaluation of patients with acute ischemic stroke should
be performed immediately. The medical history and the
general and neurological examinations form the cornerstone
of emergent evaluation of patients with suspected ischemic
stroke. The clinical evaluation provides clues about the cause
of the neurological symptoms and screens for potentia
contraindications for treatment with thrombolytic agents
(grade 1).

Patients generally require a limited number of diagnostic
tests as part of the emergent evaluation (Table 4) (grade I).
Because time is of the essence in acute stroke care, institu-
tions should have these diagnostic studies available on a
24-h/day and 7-d/week basis. If the tests are not readily
available, and if time and the patient’s condition permit, the
patient’ stransfer to another medical facility equipped to do so
should be considered.
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Brain imaging is required to guide acute intervention
(grade A). For most cases and at most ingtitutions, CT
remains the most important brain imaging test. A physician
skilled in assessing CT studies should be available to interpret
the scan (grade B). The study should be formally evaluated
for evidence of early signs of infarction. The presence of
early infarct signs on CT (even if they involve greater than
one third of the middle cerebral artery territory) in patients
with awell established stroke onset time of <3 hours does not
preclude treatment with IV rtPA or suggest an unfavorable
response to therapy (grade 1).37.192 There are insufficient data
to make a strong recommendation regarding the use of 1V
rtPA treatment in the rare patient whose CT reveals extensive
(greater than one third of the middle cerebra artery territory)
and clearly identifiable hypodensity in patients with a well-
established stroke onset time of <3 hours. While differences
of opinion exist, some experts would recommend that
thrombolytic therapy not be administered in these patients
because they suspect that the risk/benefit ratio is unlikely to
be favorable.’©2 For patients beyond 3 hours of symptom
onset, intravenous tissue plasminogen activator is not of
proven benefit and is best contemplated only in the setting of
aclinical trial, regardless of CT findings.1°2 In patients seen
within <6 hours of onset, CT currently may be preferred as
the first imaging study because MRI detection of acute
intracerebral hemorrhage has not been fully validated (grade
A). While thereis genera agreement that PWI and DWI brain
imaging studies might be helpful in diagnosis and manage-
ment of patients with acute stroke, there are insufficient data
at this time to recommend these tests for most patients. There
is general agreement that their use, outside of clinica re-
search programs, must not significantly delay treatment of a
patient who is otherwise eligible for intravenous rtPA treat-
ment (grade B).

Other diagnostic studies, including imaging of intracranial
and extracranial arteries and the heart, can be obtained after
the patient receives initial treatment. If intra-arterial
thrombolysis becomes a standard treatment approach, vascu-
lar imaging could become a key component of the initial
evaluation.

General Supportive Care and Treatment of
Acute Complications

Airway, Ventilatory Support, and
Supplemental Oxygen
Maintaining adequate tissue oxygenation is of great impor-
tance during periods of acute cerebral ischemia in order to
prevent hypoxia and potential worsening of the neurological
injury. The most common causes are partial airway obstruc-
tion, hypoventilation, aspiration pneumonia, or atelectasis.
Patients with a decreased level of consciousness or brain stem
stroke have an increased risk of airway compromise due to
impaired oropharyngeal mobility and loss of protective re-
flexes.103.104 |n general, the prognosis of patients who need
endotracheal intubation is very poor; approximately 50% of
these patients die within 30 days of stroke,105.106

Elective intubation might help in the management of
patients with severely increased levels of intracranial pressure

or who have severe brain edema.2%s Although no clinical tria
has tested the utility of endotracheal intubation in this
situation, there is general agreement that an endotracheal tube
should be placed if the airway is threatened (level V).103107
Following stroke, some patients develop Cheyne-Stokes res-
piration with decreases in oxygen saturation that can be
readily reversed with oxygen supplementation.'°® The results
of a recent quasirandomized controlled trial do not support
the use of supplemental oxygen therapy at 3 L/min for most
patients with acute ischemic stroke (level V).19° However,
patients with acute stroke should be monitored with pulse
oximetry with a target oxygen saturation level of =95%
(level V).110 Supplemental oxygen should be administered if
there is evidence of hypoxia by blood gas determination,
desaturation detected by pulse oximetry, or there are other
specific reasons. Hyperbaric oxygen therapy might be useful
for treatment of selected patients with ischemic neurological
symptoms secondary to ar embolism or Caisson disease
(level V).111 Data are lacking to support its general use in
patients with acute ischemic stroke (levels 111 and [V).112-114

Fever

Increased body temperature in the setting of acute ischemic
stroke has been associated with poor neurological outcome,
possibly due to increased metabolic demands, enhanced
release of neurotransmitters, and increased free radical pro-
duction.115-118 A recent meta-analysis suggested that fever
after stroke onset is associated with a marked increase in
morbidity and mortality (level 1).219 The source of any fever
following stroke should be ascertained, and the fever should
be treated with antipyretic agents.3119-121 | owering an
acutely elevated body temperature might improve the prog-
nosis of patients with severe events.122 Measures can include
antipyretic medications and cooling devices. Hypothermia
has been shown to be neuroprotective after experimental
global and focal hypoxic braininjury (levelsll to V).123 Small
clinical studies have addressed the feasibility of inducing
modest hypothermia for treatment of patients with acute
ischemic stroke; however, the efficacy of this approach has
been established (levels 111 and V).124-126

Cardiac Rhythm

Myocardia infarction and cardiac arrhythmias are potential
complications of acute ischemic stroke.2” Patients with
infarctions in the right hemisphere may have a high risk of
arrhythmias, presumably due to disturbances in sympathetic
and parasympathetic nervous system function (level V).88.128—-
131 Electrocardiographic changes secondary to stroke include
ST segment depression, QT interval prolongation, inverted T
waves, and prominent U waves.132-134 Acute or subacute
myocardial infarction is a potential complication related to a
release of catecholamines.134.135 The most common arrhyth-
mia detected in the setting of stroke is atria fibrillation.
While life-threatening cardiac arrhythmias are relatively un-
common, sudden death can occur.87.136

Arterial Hypertension
Despite the prevalence of arteria hypertension following stroke,
its optima management has not been established.’37142 An
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TABLE 6. Approach to Elevated Blood Pressure in Acute Ischemic Stroke

Blood Pressure Level (mm Hg)

Treatment

A. Not eligible for thrombolytic therapy

Systolic <220 OR

Diastolic <120 hypertensive encephalopathy

Observe unless other end-organ involvement, eg, aortic dissection, acute myocardial infarction, pulmonary edema,

Treat other symptoms of stroke such as headache, pain, agitation, nausea, and vomiting
Treat other acute complications of stroke, including hypoxia, increased intracranial pressure, seizures, or hypoglycemia

Systolic >220 OR
Diastolic <121-140
or

Labetalol 10-20 mg IV over 1-2 min
May repeat or double every 10 min (maximum dose 300 mg)

Nicardipine 5 mg/hr IV infusion as initial dose; titrate to desired effect by increasing 2.5 mg/hr every 5 min to

maximum of 15 mg/hr

Aim for a 10% to 15% reduction of blood pressure

Diastolic >140

Nitroprusside 0.5 wg/kg/min IV infusion as initial dose with continuous blood pressure monitoring

Aim for a 10% to 15% reduction of blood pressure

B. Eligible for thrombolytic therapy
Pretreatment

Systolic >185 OR
Diastolic >110

Labetalol 10-20 mg IV over 1-2 min
May repeat X 1 OR Nitropaste 1-2 inches

If blood pressure is not reduced and maintained at desired levels (systolic =185 and diastolic =110), do not

administer rtPA
During and after treatment
1. Monitor BP
2. Diastolic >140

3. Systolic >230 OR
Diastolic 121-140

Labetalol 10 mg IV over 1-2 min

Check BP every 15 min for 2 hours, then every 30 min for 6 hours, and then every hour for 16 hours
Sodium nitroprusside 0.5 wg/kg/min IV infusion as initial dose and titrate to desired blood pressure

May repeat or double labetalol every 10 min to a maximum dose of 300 mg or give the initial labetalol bolus and

then start a labetalol drip at 2 to 8 mg/min

or

Nicardipine 5 mg/hr IV infusion as initial dose;
Titrate to desired effect by increasing 2.5 mg/hr every 5 min to maximum of 15 mg/hr. If BP is not controlled by

labetalol, consider sodium nitroprusside

4. Systolic 180-230 OR
Diastolic 105-120

Labetalol 10 mg IV over 1-2 min

May repeat or double labetalol every 10 to 20 min to a maximum dose of 300 mg or give the initial labetalol bolus

and then start a labetalol drip at 2 to 8 mg/min

elevated blood pressure can result from the stress of the stroke,
a full bladder, pain, preexisting hypertension, a physiologica
response to hypoxia, or increased intracrania pressure. Theoret-
ical reasons to lower the blood pressure include reducing the
formation of brain edema, lessening the risk of hemorrhagic
transformation of the infarction, preventing further vascular
damage, and forestalling early recurrent stroke. However, ag-
gressive treatment of elevated blood pressure could be detrimen-
tal because of secondary reduction of perfusion in the area of
ischemia, which could expand the size of the infarction.143

Because of these conflicting issues and the lack of unam-
biguous data, the appropriate treatment of the blood pressure
in the setting of acute ischemic stroke remains controversial.
In amgjority of patients, a decline in blood pressure without
any specific medical treatment will occur.640 The blood
pressure often falls spontaneously when the patient is moved
to aquiet room, the bladder is emptied, pain is controlled, and
the patient is alowed to rest. In addition, treatment of
increased intracranial pressure can result in a decline in
arterial blood pressure.

Although there are no definitive data from controlled
clinica trials, in the absence of other organ dysfunction
necessitating rapid reduction in blood pressure, or in the
setting of thrombolytic therapy, there is little scientific basis

and no clinically proven benefit for lowering blood pressure
among patients with acute ischemic stroke.*43 In most cir-
cumstances, the blood pressure should generaly not be
lowered. Situations that might require urgent antihypertensive
therapy include hypertensive encephalopathy, aortic dissec-
tion, acute rena failure, acute pulmonary edema, or acute
myocardial infarction.44

Although severe hypertension might be considered as an
indication for treatment, there are no data to define the levels
of arterial hypertension that mandate emergent manage-
ment.243 The consensus is that antihypertensive agents should
be withheld unless the diastolic blood pressure is
>120 mmHg or unless the systolic blood pressure is
>220 mm Hg (level V) (Table 6).

When treatment is indicated, lowering the blood pressure
should be done cautiously. Parenteral agents such as |abetalol
that are easly titrated and that have minimal vasodilatory
effects on cerebral blood vessels are preferred. In some cases,
an intravenous infusion of sodium nitroprusside may be
necessary for adequate blood pressure control. Patients also
can be treated with oral agents, such as captopril or
nicardipine. Sublingual use of a calcium antagonist, such as
nifedipine, should be avoided because of rapid absorption and
asecondary precipitous decline in blood pressure (level V).145
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Among patients who are candidates for treatment with
thrombolytic agents, careful management of blood pressureis
critical before and during the administration of rtPA and
during the ensuing 24 hours'3” because excessively high
blood pressure is associated with parenchymal hemor-
rhage.26:37.38 Thrombolytic therapy is not given to patients
who have a systolic blood pressure >185 mmHg or a
diastolic blood pressure >110 mm Hg at the time of treat-
ment (Table 6).

Arterial Hypotension

Persistent arterial hypotension is rare in patients with acute
ischemic stroke, but if present, the cause should be sought.146
Causes include aortic dissection, volume depletion, and
decreased cardiac output secondary to myocardial ischemia
or cardiac arrhythmias. Correction of hypovolemia and opti-
mization of cardiac output are important priorities during the
first hours after stroke. Treatment includes volume replace-
ment with normal saline and correction of arrhythmias—such
as slowing ventricular response to rapid atrial fibrillation. If
these measures are ineffective, vasopressor agents such as
dopamine may be used. Trials have tested the utility of
volume expansion and drug-induced hypertension for treat-
ment of acute ischemic stroke and are discussed later in this
report.

Hypoglycemia

Because hypoglycemia can cause focal neurological signs
that mimic stroke and because severe hypoglycemia can itself
lead to brain injury, prompt measurement of the serum
glucose concentration and rapid correction of a low serum
glucose concentration isimportant. A finger stick can be done
to rapidly measure glucose levels.

Diabetes mellitus is an important risk factor for ischemic
vascular disease. The severity of strokes may be increased
among diabetic patients. In addition, severa clinical studies
have associated hyperglycemia with poor outcomes,147.148
However, hyperglycemia can be a consequence of a severe
stroke and thus, the elevated blood sugar can be a marker of
a serious vascular event.24° The detrimental effects of hyper-
glycemia are not clearly understood but can include increas-
ing tissue acidosis secondary to anaerobic glycolysis and
increased blood-brain barrier permeability.

Still, there is uncertainty whether hyperglycemia worsens
stroke outcomes.*=° For example, outcome after stroke is not
worse among patients with elevated levels of glycosylated
hemoglobin as compared with persons with normal levels.15t
There are no data evaluating the impact on outcomes of
maintaining euglycemia during the period of acute stroke. A
small randomized trial showed that a glucose and an insulin
infusion could be safely given to patients with mild to
moderate hyperglycemia.’52 However, the efficacy of this
approach is not established (level I1). A randomized trial
testing management of blood sugar levels in this setting is
currently in progress.

Conclusions
As in other serious, acute medical conditions, urgent man-
agement of patients with acute ischemic stroke should begin

with the assessment and treatment of the airway, breathing,
circulation, temperature, and glucose concentration.

Recommendations

There is general agreement to strongly recommend airway
support and ventilatory assistance in the treatment of patients
with acute stroke who have depressed levels of consciousness
or airway compromise (grade C).

Thereis general agreement to strongly recommend supple-
mental oxygen to hypoxic patients (grade C). Nonhypoxic
patients with acute ischemic stroke do not need supplemental
oxygen therapy (grade B). There are insufficient data about
the utility of hyperbaric oxygen to recommend this therapy
for most patients with stroke.

There is general agreement to recommend treatment of
sources of fever and the use of antipyreticsto control elevated
temperatures in the setting of acute stroke (grade B). There
are insufficient data about the usefulness of induced hypo-
thermia to recommend this treatment.

There is genera agreement to recommend cardiac moni-
toring during the initial evaluation of patients with acute
ischemic stroke to detect atria fibrillation and potentially
life-threatening cardiac arrhythmias (grade C).

There is general agreement to recommend a cautious
approach toward the treatment of arterial hypertension in the
acute setting (grade C). Although the level of arteria hyper-
tension that mandates treatment is not known, there is
consensus that antihypertensive agents should be avoided
unless the systolic blood pressure is >220 mmHg or the
diastolic blood pressure is >120 mm Hg (grade C). Agents
that have a short duration of action and little effect on cerebral
blood vessels are preferred (grade C). Because some patients
can have neurological worsening with rapid lowering of the
blood pressure, the use of sublingual nifedipine and other
antihypertensive agents causing precipitous reductions in
blood pressure should be avoided (grade C).

Patients with elevated blood pressure and who are other-
wise eligible for treatment with rtPA can have their blood
pressures lowered cautiously so that their systolic blood
pressure is =185 mm Hg and their diastolic blood pressureis
=110 mm Hg (grade C). Because the maximum interval from
stroke onset until treatment of stroke is short, most patients
with sustained hypertension above recommended levels can-
not be treated with intravenous rtPA.

There is general agreement to recommend control of
hypoglycemia or hyperglycemia following stroke. Until fur-
ther data become available, a judicious approach to manage-
ment of hyperglycemia is recommended. By consensus, a
reasonable goal would be to lower markedly elevated glucose
levels to <300 mg/dL (<16.63 mmol/L) (grade C).12° Man-
agement of an elevated blood glucose level following stroke
should be similar to that given to treatment of other acutely ill
patients who have hyperglycemia. Blood glucose concentra-
tions should be monitored. Intravenous administration of
glucose-containing solutions should be avoided. However,
fluids and insulin should be administered if the blood glucose
concentrations are markedly elevated. Overly aggressive
therapy should be avoided because it can result in fluid shifts,



Adams et al

electrolyte abnormalities, and hypoglycemia, al of which can
be detrimental to the brain.

Treatment of the Acute Ischemic Stroke

Measures to Restore or Improve Perfusion

Because most strokes are due to thromboembolic occlusion of
an intracranial artery, restoration or improvement of perfu-
sion to the ischemic area is a key therapeutic strategy. The
concept of the existence of an ischemic penumbra is funda-
mental to the current approach to treatment of ischemic
stroke: athough a core of infarcted tissue might not be
salvageable, adjacent dysfunctional tissue might be saved if
the circulation is restored and metabolism is normalized. A
number of strategies have been employed to improve blood
flow to the ischemic region. Because of the dynamic conse-
quences of acute stroke, the interval from onset of symptoms
until treatment appears to be critical for success of any
therapy. Thus, restoration of blood flow needs to be achieved
as quickly as possible. To date, only intravenous administra-
tion of rtPA has been proven to be effective.

Intravenous Thrombolysis With rtPA

Five phase Il trials of intravenous rtPA have been report-
ed.35:36.153155 Approval of this treatment by the FDA in 1996
was based on the results of the National Institute of Neuro-
logical Disorders and Stroke (NINDS) rt-PA Stroke Study, in
which 624 patients with ischemic stroke were treated with
placebo or rtPA (0.9 mg/kg IV, maximum 90 mg) within 3
hours of symptom onset with approximately one half treated
within 90 minutes.3¢ The study was conducted in two parts. In
part |, the primary endpoint was neurological improvement at
24 hours as indicated by complete neurological recovery or
an improvement of 4 points or more on the NIH Stroke Scale.
In part 11, the pivotal efficacy tria, the primary end point was
a global odds ratio for a favorable outcome defined as
complete or nearly complete neurological recovery at 3
months after stroke. Favorable outcomes were achieved in
31% to 50% of patients treated with rtPA as compared with
20% to 38% of patients given placebo. The benefit was
similar at 1 year after stroke (level 1).2536 The major risk of
treatment was symptomatic brain hemorrhage, which oc-
curred in 6.4% of patients treated with rtPA and 0.6% of
patients given placebo (level 1). However, the mortality rate
in the two treatment groups was similar at 3 months (17%
versus 20%) and 1 year (24% versus 28%).2535 While the
presence of edema or mass effect on baseline CT were
associated with higher risk of symptomatic intracranial hem-
orrhage, follow-up study demonstrated that presence of early
ischemic changes on CT were not associated with adverse
outcome.3437 The likelihood of favorable outcome also was
affected by the severity of deficits and the patient’s age.
Those with mild-to-moderate strokes (NIHSS score <20) and
those persons younger than 75 had the greatest possibility for
afavorable response to treatment.36.156 Although the chances
of a complete or nearly complete recovery among patients
with severe stroke (NIHSS score =20) improved with treat-
ment, overall success in this group of criticaly ill patients
was low.1%6
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In two large trials, the European Cooperative Acute Stroke
Study (ECASS) and ECASSHI, intravenous rtPA was not
more effective than placebo in improving neurological out-
comes at 3 months after stroke (level 1).36.154 The dosage of
rtPA used in ECASS was marginally higher than that used in
the NINDS trials and patients were treated up to 6 hours after
stroke. Patients with CT evidence of low attenuation (edema
and/or ischemia) involving more than one third of the
territory of the middle cerebral artery were lesslikely to have
agood outcome after treatment with rtPA than did those who
received placebo.1s” However, the numbers were small and
the difference did not reach statistical significance (level I1).
A post-hoc analysis concluded that the patients treated within
3 hours appeared to benefit from rtPA.158

Inthe ECASS-I trial, 800 patients were assigned randomly
to treatment with either rtPA (0.9 mg/kg 1V) or placebo (level
1).153 More than one third of the patients in each group made
an excellent recovery, and no significant benefit was noted
from treatment. A post-hoc analysis of ECASS-I1 showed that
the combination of death or dependency was less among the
patients treated with rtPA (level 11). The trial included
vigorous methodology to avoid recruitment of patients with
CT changes consistent with multilobar infarctions.*® As a
result, the severity of strokes among the patients admitted in
ECASS 1| waslessthan in the other studies, and the generally
more favorable prognosis among patients may have reduced
the likelihood of detecting a therapeutic effect. Still, the rate
of symptomatic intracranial hemorrhage was increased with
rtPA treatment (8.8% versus 3.4%) (level 1). An American
trial tested rtPA up to 5 hours following stroke.’>* Results
were similar in that approximately one third of the patientsin
both treatment groups made an excellent recovery. The rate of
symptomatic hemorrhage was higher in the treatment group
(7% versus 1.1%). Another American trial found no benefit
from rtPA when given up to 6 hours following stroke (level
).160

Subseguent to the approval of rtPA for treatment of
patients with acute ischemic stroke, severa groups reported
on the utility of the treatment in a community setting (level
V).161-169 A recent study showed that favorable responses to
treatment with rtPA were highest among patients with a
NIHSS score <10 and a normal baseline CT scan.’® Some
groups reported rates of intracranial hemorrhage and favor-
able outcomes that are similar to those found in the NINDS
trials. Others have not. Several problems have been identi-
fied. Besides arisk of intracranial hemorrhage, other potential
adverse experiences include systemic bleeding, myocardia
rupture if the agent is given within a few days of acute
myocardia infarction, and alergic reactions including ana-
phylaxis.r’t In addition, patients are given rtPA even though
they have one or more reasons that should preclude treatment,
including many who are treated outside the required time
window.161.162172 \/jglations of the FDA-approved protocol
occur frequently, and these violations may increase the
likelihood of treatment-related complications (level V).173-176

Debate regarding time of initiation of rtPA treatment
merits attention. The NINDS investigators reported a time to
treatment interaction in a subgroup analysis of the NINDS
rt-PA  Trial.277 Treatment with rtPA initiated within 90
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minutes of symptom onset was associated with an odds ratio
of 2.11 (1.33 to 3.55, 95% confidence interval)—for favor-
able outcome at 3 months as compared with placebo. In
comparison, the odds ratio for good outcome at 3 months for
treatment with rtPA initiated within 90 to 180 minutes was
1.69 (1.09 to 2.62). The investigators concluded that the
earlier treatment is initiated, the better. However, 19% of the
patients treated with rtPA between 91 and 180 minutes after
stroke onset had an NIHSS score of =5 compared with 4% of
the placebo patients. On the basis of this observation, it has
been suggested that the relative preponderance of mild
strokes with a likely good outcome in the rtPA treatment
group may explain the entire benefit reported for patients
treated between 91 and 180 minutes.

Even though this time-to-treatment subgroup analysis was
prespecified, it must be considered exploratory. The NINDS
rt-PA Trial was stratified to address time-to-treatment in two
categories, 0 to 90 and 91 to 180. It was not also stratified by
baseline NIHSS. Data obtained from the investigators indi-
cate that the beneficial effect of rtPA in the patients treated 91
to 180 minutes is not entirely explained by the imbalance in
baseline stroke severity. The adjusted odds ratio for 3-month
favorable outcome (odds ratios for treatment as compared
with placebo) for that subgroup of patients from the NINDS
rt-PA Stroke Trial with NIHSS >5 at baseline and time from
stroke onset to treatment of 91 to 180 minutes (n=286) is
1.68 (95% confidence limits 1.02 to 2.77, probability value =
0.041). The “adjusted” odds ratio is the odds ratio after
adjusting for the variables shown to be significantly related to
3-month favorable outcome (age, baseline NIHSS, admission
mean blood pressure [AMBP], diabetes, early CT findings [as
defined in the paper], age X NIHSS, age X AMBP) as well
as for center as described in the NINDS tria paper on
generalized efficacy.1% Thisis aless powerful analysis than
the analysis of the entire trial data set randomized 91 to 180
minutes after stroke onset that indicates similar results.1?”

Intravenous Administration of Streptokinase
Threetrials of streptokinase were halted prematurely because
of an excess of poor outcomes or deaths among treated
patients (level 1).178-181 The dose of streptokinase was 1.5
million units, the same given to patients with myocardial
infarction, and may have been too high for treatment of
patients with stroke. In addition, treatment was initiated up to
6 hours after the onset of symptoms. The trials also enrolled
serioudly ill patients, who were at high risk of bleeding
complications. However, there remains no evidence that
intravenous streptokinase is of benefit in patients with acute
ischemic stroke.

Other Thrombolytic Agents

Other intravenously administered thrombolytic agents, in-
cluding reteplase, urokinase, anistreplase, and staphylokinase
might have been considered for treatment of patients with
acute ischemic stroke. None of these agents have been tested
extensively.

Defibrinating Enzymes
Ancrod, an enzyme derived from snake venom that degrades
fibrinogen, was tested in a series of clinica studies. A

preliminary trial found that ancrod treatment improved out-
comes after stroke in those patients with blood fibrinogen
levels <100 mg/dL having the best responses (level 1).182 A
subsequent study found a favorable benefit-risk profile for
patients (level 1).183

Conclusions

Intravenous administration of rtPA is currently the only
FDA-approved therapy for treatment of patients with acute
ischemic stroke. Its useis associated with improved outcomes
for abroad spectrum of carefully selected patients who can be
treated within 3 hours of onset of stroke (level I). Earlier
treatment (ie, within 90 minutes) may be more likely to result
in afavorable outcome (level I1). Later treatment, at 90 to 180
minutes, is also beneficia (level 1). Treatment with rtPA is
associated with symptomatic intracranial hemorrhage, which
can befatal (level 1). Management of intracranial hemorrhage
following treatment with rtPA is problematic. The best
methods for preventing bleeding complications are careful
selection of patients and scrupulous ancillary care. Close
observation and monitoring of the patient and early manage-
ment of arterial hypertension are critical. The use of antico-
agulants and antiplatelet agents should be delayed for 24
hours after treatment.

Recommendations

Intravenous rtPA (0.9 mg/kg, maximum dose 90 mg) is
strongly recommended for carefully selected patients who
can be treated within 3 hours of onset of ischemic stroke
(grade A).

The decision for treatment with rtPA is based on severa
features (Table 7). The physician should review each of the
criteria to determine the patient’s €ligibility. The safety and
efficacy of rtPA for treatment of pediatric patients are not
established. Patients with major strokes (NIHSS score >22)
have a very poor prognosis whether or not they are treated
with rtPA .24 Because of this, and because the risk of hemor-
rhage is considerable among this population, caution should
be exercised. However, they may still benefit from treatment.
A patient whose blood pressure can be lowered without an
intravenous infusion of sodium nitroprusside might be eligi-
ble for treatment, and the physician needs to assess the
stability of the blood pressure prior to starting treatment.
Because timeislimited, most patients with markedly elevated
blood pressures cannot be managed adequately and still meet
the <3-hour requirement. A patient with a seizure at the time
of onset of stroke might be eligible for treatment as long as
the clinician is convinced that the residual impairments are
due to stroke and not the seizure. Although a written consent
is not necessary, patients and their families should be in-
formed about the potential risks and benefits as with any
other approved medical or surgical intervention.

To date, no other thrombolytic agent has been established
as asafe and effective aternative to rtPA. Currently available
data do not support the clinical use of either streptokinase or
ancrod (grade A).

Recommendations for Ancillary Care and
Treatment of Bleeding Complications

The ancillary care of patients treated with rtPA is outlined in
Table 8. These components of care as well as the other
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TABLE 7. Characteristics of Patients With Ischemic Stroke
Who Could Be Treated With rtPA
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TABLE 8. Regimen for Treatment of Acute Ischemic Stroke
Intravenous rtPA

Diagnosis of ischemic stroke causing measurable neurological deficit
The neurological signs should not be clearing spontaneously

The neurological signs should not be minor and isolated

Caution should be exercised in treating a patient with major deficits

The symptoms of stroke should not be suggestive of subarachnoid
hemorrhage

Onset of symptoms <3 hours before beginning treatment

No head trauma or prior stroke in previous 3 months

No myocardial infarction in the previous 3 months

No gastrointestinal or urinary tract hemorrhage in previous 21 days
No major surgery in the previous 14 days

No arterial puncture at a noncompressible site in the previous 7 days
No history of previous intracranial hemorrhage

Blood pressure not elevated (systolic <185 mm Hg and diastolic
<110 mm Hg)

No evidence of active bleeding or acute trauma (fracture) on examination
Not taking an oral anticoagulant or if anticoagulant being taken, INR <1.5
If receiving heparin in previous 48 hours, aPTT must be in normal range
Platelet count =100 000 mm?®

Blood glucose concentration =50 mg/dL (2.7 mmol/L)

No seizure with postictal residual neurological impairments

CT does not show a multilobar infarction (hypodensity >4 cerebral
hemisphere)

The patient or family understand the potential risks and benefits from
treatment

aspects of general management are crucia for success of
treatment with rtPA. Much of the ancillary care is aimed at
lowering the risk of symptomatic intracranial hemorrhage or
other serious bleeding complications.

Intra-arterial Thrombolysis

The 1996 supplement to these guidelines concluded that
intra-arterial administration of thrombolytic agents was ex-
perimental, and should be used only within a clinica tria
setting.2 This recommendation was based on the results of
uncontrolled or small anecdotal studies that had evaluated a
variety of thrombolytic agents (urokinase, streptokinase,
rtPA) in treatment of patients with acute stroke, including
those with basilar artery occlusion. Several additional studies
have been completed since 1996, and intra-arterial therapy
has been given to an increasing number of patients (level
V).184-1%0

Although recanalization rates for patients with occlusion of
the middle cerebral arteries presumably would be superior
with intra-arterial thrombolysis, there are no studies directly
comparing intravenous and intra-arterial administration of
thrombolytic agents for patients with acute ischemic stroke.
Diffusion and perfusion MRI studies provide some patho-
physiological evidence linking recanalization in the middle
cerebral artery with a smaller volume of infarction and
improved clinical outcomes.19t Conversely, an advantage in
recanalization with intra-arterial administration might be
offset to an unknown degree by inherent risks of catheteriza-

o [nfuse 0.9 mg/kg (maximum of 90 mg) over 60 minutes with 10% of the
dose given as a bolus dose over 1 minute.

o Admit the patient to an intensive care unit or a stroke unit for monitoring.

o Perform neurological assessments every 15 minutes during the infusion
of rtPA and every 30 minutes for the next 6 hours and then every hour
until 24 hours from treatment.

o |f the patient develops severe headache, acute hypertension, nausea, or
vomiting, discontinue the infusion (if agent is still being administered) and
obtain a CT scan of brain on an emergent basis.

® Measure blood pressure every 15 minutes for the first 2 hours, every 30
minutes for the next 6 hours, and then every hour until 24 hours from
treatment.

@ Increase the frequency of blood pressure measurements if a systolic
blood pressure =180 mm Hg or diastolic blood pressure of
=105 mm Hg is recorded. Administer antihypertensive medications to
maintain blood pressure at or below these levels.

o |f diastolic blood pressure 105-120 mm Hg or systolic blood pressure
180-230 mm Hg, intravenously administer 10 mg labetalol over 1-2
minutes. May repeat or double the dosage or labetalol every 10 to 20
minutes to a maximum dose of 300 mg. As an alternative, can start with
the initial bolus dose of labetalol and then follow with a continuous
labetalol infusion given at a rate of 2—8 mg/min.

o |[f diastolic blood pressure 121-140 mm Hg or systolic blood pressure
>230 mm Hg, intravenously administer 10 mg labetalol over 1-2
minutes. May repeat or double labetalol every 10 minutes to a maximum
dose of 300 mg. As an alternative, can start with the initial bolus dose of
labetalol and then follow with a continuous labetalol infusion given at a
rate of 2—8 mg/min. If the blood pressure is not controlled, consider
starting an infusion of sodium nitroprusside.

o |[f diastolic blood pressure >140 mm Hg, start infusion of sodium
nitroprusside at a rate of 0.5 mg/kg/min.

o Delay placement of nasogastric tubes, indwelling bladder catheters, or
intra-arterial pressure catheters.

tion and the delays required to mobilize the resources to
perform the intra-arterial procedure.

A prospective, randomized, placebo-controlled phase 11
study evaluated the utility of intra-arterial administration of
recombinant prourokinase (r-proUK) in combination with
heparin and demonstrated that the combination was success-
ful in achieving recanalization more frequently, but increased
the risk of intracranial bleeding (level 1).192 The results
prompted a second randomized, controlled, multicenter trial
testing the efficacy of intra-arterial thrombolysis with
r-proUK among patients with stroke of <6 hours' duration
secondary to occlusion of the middle cerebral artery.1s4
Heparin was given to both patients who received r-proUK
and those in the control group. In the primary intent-to-treat
analysis, 40% of the 121 patients treated with r-proUK and
25% of the 59 control patients had modified Rankin Score=0
to 2 at 90 days (P=0.043) (level 1).

Recanalization of the middle cerebral artery was achieved
in 66% of the patients treated with r-proUK and 18% of the
patients in the control group (P<<0.001). Intracranial hemor-
rhage with neurological deterioration within 24 hours of
treatment occurred in 10% of patients treated with r-proUK
and in 2% of the control group (P=0.06) (level 1). There was
no difference in overall mortality between the 2 groups. The



1068 Stroke April 2003

FDA has not approved the drug, and r-proUK is not currently
available for clinical use.

The feasibility of combining intravenous and intra-arterial
rtPA in treatment of ischemic stroke was examined in the
Emergency Management of Stroke (EMS) Bridging Trial
(level 111).193 The study suggested that this strategy, which
included early intravenous administration of rtPA in a lower
dose followed by arterial administration, could achieve re-
canalization and might be associated with areasonable degree
of safety. A trial testing the efficacy of combined intravenous
and intra-arterial thrombolysis with rtPA is now in progress.

Physicians with expertise in endovascular therapy are
using intra-arterial techniques to treat patients with acute
ischemic stroke secondary to occlusion of large intracranial
arteriesincluding the basilar or middle cerebral arteries. Most
centers that are performing intra-arterial thrombolysis are
using rtPA although there are limited or no data demonstrat-
ing the efficacy or safety of theintra-arterial administration of
this agent.

Conclusions

Intra-arterial administration of at least one specific
thrombolytic agent appears to be of some benefit in treatment
of carefully selected patients with acute ischemic stroke
secondary to occlusion of the middle cerebral artery (level I).
The relative utilities of intra-arterial or intravenous adminis-
tration of thrombolytic agents is not established. In addition,
the resources (equipment and physician expertise) required to
administer intra-arterial thrombolytic agents are not widely
available. The time to transfer a patient to an institution that
has these resources or to mobilize these services means that
lags in treatment are likely to occur. In addition, the imple-
mentation of ancillary diagnostic tests, such as diffusion and
perfusion MRI, to select the patients to treat might engender
additional delays and affect outcomes. These delays may
lessen the utility of intra-arterial thrombolysis in treating
acute ischemic stroke.

Recommendations

Intra-arterial thrombolysis is an option for treatment of
selected patients with major stroke of <6 hours’™ duration due
to large vessel occlusions of the middle cerebral artery (grade
B).194 It should be recognized that intra-arterial thrombolysis
is not FDA approved. Further, the drug (recombinant
prourokinase) tested in the referenced prospective random-
ized trial of intra-arterial thrombolysis is not available for
clinical use. Therefore, extrapolation to the available
thrombolytic drug (rtPA) is based on consensus as supported
by case series data. Case series data suggest this approach
may also be of benefit in patients with basilar artery occlusion
treated at longer intervals. Treatment requires the patient to
be at an experienced stroke center with immediate access to
cerebral angiography and interventional neuroradiology. Im-
portantly, the availability of intra-arterial thrombolysis should
generally not preclude the administration of intravenous rtPA
in otherwise eligible patients.

Anticoagulants
The usefulness of emergent anticoagulation for acute stroke
care has been the subject of debate, prompting a recent joint

guideline statement from the AHA and the American Acad-
emy of Neurology (AAN).19 There have been disagreements
about the best agent to use, the level of anticoagulation
required, the route of administration, the duration of treat-
ment, and the use of a bolus dose to start therapy. In 1994, the
panel concluded that data about the usefulness of heparin in
management of acute ischemic stroke was uncertain and that
no recommendation could be made.* Furthermore, the panel
stated that the use of heparin was a matter of persona
preference of the treating physician but with the understand-
ing that the use of the medication (or its nonuse) might not
alter outcomes. Since then, severa clinical trials tested the
safety and efficacy of heparin, low-molecular-weight hepa-
rins, and a heparinoid.**¢ Physicians have been uncertain
about the severity of neurological impairments or the CT
finding that would contraindicate the early use of heparin.
The primary safety issue is that urgent anticoagulation might
lead to symptomatic intracranial bleeding.

Anticoagulants often are prescribed to patients with recent
stroke in an effort to prevent early recurrent stroke and to
improve neurological outcomes. The Cerebral Embolism
Study Group estimated that the risk of early recurrent
embolism was approximately 12% among untreated patients
with embolic stroke.197:198 This estimate appears to have been
too high. Recent clinical trials show much lower rates (0.3%
to 0.5%/d).199-201 The relatively low rates of early recurrent
stroke mean that detection of a therapeutic effect in preven-
tion of recurrences by anticoagulation will be difficult.

The International Stroke Trial tested two doses of subcu-
taneously administered heparin.t®® While the trial included
randomization in its design, investigators and patients knew
the nature of treatment. Patients were enrolled up to 48 hours
after stroke. Heparin was given subcutaneously in doses of
5000 U or 25 000 U per day without dose adjustment rather
than via an intravenous infusion. Monitoring the level of
anticoagulation and adjusting dosages to biological responses
were not done. Thus, some patients may have received
excessive doses of the anticoagulant with an increased risk of
bleeding complications while others may have received
inadequate dosages with a resultant loss of efficacy. In
addition, patients enrolled in the trial did not need to have a
brain imaging study prior to treatment. Although heparin was
effective in lowering the risk of early recurrent stroke,
including among patients with atrial fibrillation, an increased
rate of bleeding complications negated this benefit (level 1).

Low-Molecular-Weight Heparins

Several trials tested low-molecular-weight (LMW) heparins
in treatment of patients with acute ischemic stroke. Results
have varied. A small trial from Hong Kong tested two doses
of nadroparin given subcutaneously for 10 days following
stroke.1%6 Although no net benefit from treatment was found
a the end of the treatment period or at 3 months, those
patients who received the larger dose of nadroparin had a
significantly lower mortality at 6 months as compared with
the control group (levels| and I1). Another trial of nadroparin
did not find any improvement in the rates of favorable
outcomes with treatment with either of two doses of the
LMW heparin.22 On the other hand, the risk of serious
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bleeding was increased with administration of nadroparin,
especialy with the larger dose (level 1). A Norwegian tria
compared the utility of dalteparin or aspirin in prevention of
early recurrent stroke or improvement in neurological out-
come among patients with presumed cardioembolic stroke.203
Although no significant differences in outcomes or the rates
of recurrent stroke were noted, the patients receiving aspirin
had fewer second strokes (level 1). The rate of bleeding also
was higher among those patients who were treated with
dalteparin than among those given aspirin. A German tria
compared four different doses of certoparin (level 1).204 The
highest dose of certoparin was associated with the highest
rate of bleeding with no differences in the rates of favorable
outcomes noted among the four groups.

Heparinoid

A randomized, double blind, placebo-controlled trial tested
the usefulness of danaparoid (ORG 10172) in improving
outcomes after acute ischemic stroke.2°t |t was the only
recent trial that tested intravenous therapy, and it included
administration of a bolus dose and dosage adjustments in
response to the level of anticoagulation. The tria halted
treatment of patients with moderate-to-severe stroke (NIHSS
scores of 15 or greater) because of an increased rate of
symptomatic hemorrhagic transformation of the infarction
(level 1). The use of danaparoid did not lessen the risk of
neurological worsening or the rate of recurrent stroke, includ-
ing among the patients with cardioembolism, during the
7-day treatment period. No improvement in the likelihood of
favorable or very favorable outcomes was found with treat-
ment (level I). The trial design included prespecified sub-
group analyses among patients with different subtypes of
ischemic stroke. The only subgroup that showed benefit were
those patients with stroke attributed to large artery athero-
sclerosis (level 11).

Anticoagulants as an Adjunctive Therapy
The administration of anticoagulants and platelet antiag-
gregants is currently contraindicated during the first 24 hours
following treatment with intravenous rtPA. This restriction is
based on the regimen used in the NINDS trial.3¢ The two
trials of prourokinase previously discussed included heparin
as part of the acute treatment regimen with the control
patients receiving only heparin.160193 |n the first study,
recanalization and the risk of hemorrhagic transformation
were greater among the patients who received the higher of
two doses of heparin than among the patients receiving the
lower dose (level 11).193 Two small studies examined the use
of intravenously administered heparin immediately following
treatment with rtPA (level V).165205 The rates of favorable
outcomes were satisfactory and the rates of major bleeding
complications were not higher than expected with treatment
with rtPA alone.

Additional trials of heparin are under way. For example, a
European trial is testing intravenously administered heparin
given within 12 hours of onset of stroke.206

Conclusions
Parenterally administered anticoagulants (heparin, LMW he-
parins, or heparinoid) are associated with an increased risk of
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serious bleeding complications (level 1). These medications
increase the risk of symptomatic hemorrhagic transformation
of ischemic strokes, especially among patients with severe
strokes, and increase the risk of serious bleeding in other parts
of the body. While the risk of hemorrhage appears to be less
than that associated with the administration of thrombolytic
agents, it is sufficiently high to require evidence for efficacy
in order to justify urgent anticoagulation. Bleeding can
complicate either subcutaneously or intravenously adminis-
tered anticoagulants. Monitoring of the level of anticoagula-
tion and adjustment of the dosage/treatment regimen increase
the safety of treatment with these agents.

Present dataindicate that the early administration of the tested
rapidly acting anticoagulants does not lower the risk of early
recurrent stroke, including among patients with cardioembolic
stroke (level 1). Early administration of anticoagulants does not
lessen the risk of neurological worsening (level 1). There are no
adequate data to demonstrate efficacy of anticoagulants in
potentially high-risk groups such as those patients with intracar-
diac or intra-arterid thrombi. The efficacy of urgent anticoagu-
lation is not established for treatment of patients with vertebro-
basilar artery disease or arterid dissection.

Urgent administration of the tested anticoagulants does not
increase the likelihood of a favorable outcome following acute
ischemic stroke (level I). A subgroup andysis from one tria
found that an anticoagulant might improve the chances of
favorable outcomes among patients with stroke secondary to
large artery atherosclerosis (level 11). Additiona information
about the utility of urgent anticoagulant trestment is needed
before the therapy can be considered as effective in this setting.

Additiond research is needed to define the role of adjunctive
anticoagulation in addition to mechanica or pharmacologica
thrombolysisfor treetment of acute ischemic stroke (levels 1l to V).

Recommendations

In agreement with the independent recent Joint Guideline
Statement from the AHA and AAN,29 the present panel
recommends the following:

Urgent routine anticoagulation with the goal of improving
neurological outcomes or preventing early recurrent stroke is
not recommended for the treatment of patients with acute
ischemic stroke (grade A). More studies are required to
determineif certain subgroups (large-vessel atherothrombosis
or patients perceived to be at high risk of recurrent embolism)
may benefit from urgent anticoagul ation.

Urgent anticoagulation is not recommended for treatment
of patients with moderate-to-severe stroke because of a high
risk of serious intracranial bleeding complications (grade A).

Initiation of anticoagulant therapy within 24 hours of
treatment with intravenously administered rtPA is not recom-
mended (grade A).

Parenteral anticoagulants should not be prescribed until a
brain imaging study has excluded the possibility of a primary
intracrania hemorrhage. The level of anticoagulation should be
closely monitored if a patient is receiving one of these medica-
tions. Adjustment in the dosage of medication should be done if
the level of anticoagulation is outside the desired range.
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Antiplatelet Agents
Data about the usefulness of aspirin or other antiplatelet agents
in patients with acute stroke are less certain than those for
treatment of acute myocardia ischemia. Recent clinica trials
have evaluated the potentid utility of antiplatelet agents in the
setting of acute stroke, and additiona research is in progress.

Aspirin

Aspirin was tested alone and in combination with streptoki-
nase in the Multicentre Acute Stroke Trial-ltaly.183 Aspirin
alone was not superior to placebo in preventing early recur-
rent events or reducing death or disability (level I1). The trial
was halted prematurely because of an unacceptably high
incidence of early mortality and intracranial hemorrhage
among the patients who received the combination of aspirin
and streptokinase (level 1).

The International Stroke Tria tested aspirin alone (300
mg/d) or in combination with one of two doses of subcuta-
neously administered heparin in comparison to heparin aone
or control.1®° Thetrial demonstrated a significant reduction in
recurrent events by aspirin within the first 2 weeks, but acute
mortality was not reduced (level I). A modest but significant
increase in serious systemic hemorrhages was noted with
aspirin during the 14-day treatment period, and asmall (0.1%
absolute) significant increase in the incidence of intracrania
hemorrhage was noted (level 1). At 6 months, patients
assigned aspirin had a significantly lower incidence of death
and dependency, but there was no significant improvement in
the proportion of patients free from disability (level 1).

The Chinese Acute Stroke Trial tested aspirin, 160 mg/d, in
arandomized, placebo-controlled trial.2°° A significant reduc-
tion in mortality and recurrent stroke was noted with aspirin
during the 28 days of treatment (level 1). A modest but not
significant increase in the risk of intracranial hemorrhage and
asignificant increase in systemic hemorrhage were found. At
the time of discharge, mortality was significantly reduced
with aspirin, but the rates of long-term complete recovery or
death and disability were not significantly improved (level 1).

A preplanned combined analysis showed that early admin-
istration of aspirin was associated with a small but significant
increase in the risk of hemorrhagic transformation of the
infarction (level I). On the other hand, aspirin was effectivein
reducing recurrent ischemic stroke, death, or dependency
(level I). It should be noted that the authors of the combined
analysis also acknowledge that the differences in populations
studied and the differences in rates of favorable outcomes
may lead some to question the appropriateness of combining
the two trials.

Other Antiplatelet Agents

Potent inhibitors of the glycoprotein Ilb/llla receptor are
being used alone or in combination with other medications to
treat patients with acute myocardial ischemia or as an adjunct
to cardiovascular procedures.207.208° A small, randomized,
placebo-controlled dose-escalation trial of one of these
agents, abciximab, demonstrated that the agent was relatively
safe (level 11).200

Conclusions

Two large trias of aspirin give somewhat conflicting results.
Although the International Stroke Trial demonstrated a ben-
efit from aspirin in preventing recurrent stroke within 14
days, the results were not definitive at 30 days in the Chinese
Acute Stroke Trial. The trials each showed a nonsignificant
trend in preventing death and disability with aspirin, and only
when the data were combined was the small beneficial result
statistically significant.

The risk of serious bleeding complications with urgent use
of aspirin is relatively low and much less than that which
accompanies the use of anticoagulants or thrombolytic
agents. The adjunctive use of aspirin may increase the risk of
bleeding from the thrombolytic agents (level I1). The primary
benefit of aspirin seems to be in preventing recurrent events.
On this basis, the use of aspirin within 24 to 48 hours after
stroke in attempts to reduce death and disability is reasonable
(level 1).

Data reflecting the efficiency of other platelet antiag-
gregants are too limited to support any conclusions.

Recommendations

In agreement with the independent recent Joint Guideline
Statement from the AHA and the AAN,195 the present panel
recommends the following:

Aspirin should be given within 24 to 48 hours of stroke
onset in most patients (grade A).

The administration of aspirin as an adjunctive therapy,
within 24 hours of the use of thrombolytic agents, is not
recommended (grade A).

Aspirin should not be used as a substitute for other acute
interventions, especialy intravenous administration of rtPA,
for the treatment of acute ischemic stroke (grade A).

No recommendation can be made about the urgent admin-
istration of other antiplatelet aggregating agents (grade C).

Volume Expansion, Vasodilators, and
Induced Hypertension

Drug-induced hypertension and isovolemic or hypervolemic
hemodilution have been used successfully to prevent ische-
mia secondary to vasospasm following subarachnoid hemor-
rhage.21° This treatment involves the use of colloid solutions
and often the intravenous administration of vasopressors,
such as phenylephrine or dopamine. Because of the risk of
myocardial ischemia, congestive heart failure, pulmonary
edema, intracranial hemorrhage, hypertensive encephalopa-
thy, or increased brain edema, this treatment regimen requires
close observation and cardiovascular monitoring. Studies of
these approaches in the setting of acute ischemic stroke have
been inconclusive, but generally negative (levels Il to
V)_211—218

Two trials of hemodilution therapy for treatment of pa-
tients with acute stroke showed no improvement in outcomes
(level 1).219220 New strategies to improve collateral flow by
improving the rheological characteristics of the blood are
being studied (level V).22t The cross-linked hemoglobin
oxygen carrier, diaspirin, was tested in a small clinical trial.
Unfortunately, the agent was associated with an increased
mortality and other poor outcomes (level 1).222
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Conclusions

At present, strategies to improve blood flow by changing the
rheological characteristics of the blood or by increasing
perfusion pressure are not established as useful (level 1).
These therapies are associated with a risk of serious neuro-
logical or cardiovascular complications, and treated patients
require very close monitoring.

Recommendations

Strategies to improve blood flow by changing the rheological
characteristics of the blood or by increasing perfusion pres-
sure are not recommended outside a clinical trial setting for
the treatment of most patients with acute ischemic stroke
(grade A).

Surgical Interventions

Carotid Endarterectomy

Little information exists about the efficacy of surgical treat-
ment of patients with acute ischemic stroke. Most cases of
immediate operation are performed in the setting of an acute
stroke following carotid endarterectomy. Emergency carotid
endarterectomy generally isnot performed in other settings of
acute ischemic stroke because the risks of the procedure are
perceived to be high. The sudden restoration of blood flow
might increase the development of brain edema or lead to
hemorrhagic transformation, especially among patients with
major infarctions. In addition, the time required for detecting
the arteria lesion and mobilizing the operating room limits
the utility of surgery.

However, some surgeons report encouraging results from
emergent operations for patients with severe stenosis or
occlusion of theinternal carotid artery existing for 24 hours or
less (level V).223-231 |n general, improvement following
surgery was found among patients with mild-to-moderate
neurological impairments. Still, the data are limited and the
usefulness of urgent surgery among patients with severe
neurological deficits is even less clear.

The indications for immediate carotid endarterectomy in a
patient with an acute ipsilateral ischemic stroke and an
intraluminal thrombus associated with an atherosclerotic
plague at the carotid bifurcation are controversial. The mor-
bidity of operation appears to be high among patients with an
intraluminal thrombus demonstrated by cerebral angiogra-
phy.232-235 Although some groups report low rates of compli-
cations and good neurological outcomes with immediate
surgery (level V),219.233.234 others have reported better results
when the patients are treated initially with anticoagulants
followed by delayed operation (level V).235

EC-IC Bypass

Immediate extracranial-intracranial (EC-1C) arterial bypass
for treatment of ischemic stroke failed to improve outcomes
and was associated with a high risk of intracrania hemor-
rhage (level V).236 Some surgeons have reported favorable
results with emergent bypass procedures (level V).237.238 |n an
occasional patient with an acute neurological deficit second-
ary to an embolus of the middle cerebral artery, outcome
might be improved by an emergent microsurgical embolec-
tomy of the middle cerebral artery (level V).239.240 Experience
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with immediate surgical procedures for treatment of acute
ischemic stroke in the vertebrobasilar circulation is extremely
limited.

Conclusions

There are no definitive data about either the efficacy or safety
of acute surgical procedures in the treatment of patients with
ischemic stroke. Data about the safety and efficacy of carotid
endarterectomy for treatment of patients with acute ischemic
stroke are not sufficient to permit a recommendation (level
V). Surgical procedures may have serious risks and may not
favorably alter the outcome of the patient.

Recommendations

Because of the lack of evidence about the safety and efficacy
of emergent carotid endarterectomy or other surgical proce-
dures, these procedures are not recommended for treatment of
most patients with acute ischemic stroke outside of aresearch
setting (grade C).

Endovascular Treatment

Several new interventional neuroradiological techniques de-
signed to speed or augment vascular recanalization have been
examined. Reports are from individual case seriesfrom single
institutions (level V).241-248 Techniques include direct me-
chanical balloon angioplasty of the thrombus, mechanical
removal of clot from the middle cerebral artery, intravascular
stenting of the underlying occlusive atherosclerotic lesion for
restoring arterial patency, suction thrombectomy, laser-
assisted thrombolysis of emboli, and power-assisted Doppler
thrombolysis. Intravenous or intra-arterial administration of
glycoprotein Ilb/llla inhibitors has been used to enhance the
effects of clot lysis.208:209.249 No controlled clinical trials have
been performed to test the efficacy and safety of these
procedures.

Conclusions

Although anecdotal reports describe the potential utility of
mechanical endovascular procedures for treatment of patients
with acute ischemic stroke, no controlled data on the safety
and efficacy of these interventions are available.

Recommendations

Because of the lack of evidence about the safety and efficacy
of these procedures, they are not recommended for treatment
of most patients with acute ischemic stroke outside of a
research setting (grade C).

Neur opr otective Agents

A large number of clinical trials testing a variety of putative
neuroprotective agents have been completed. These trials
have produced negative or disappointing results. Although
some of these trials were small and had other significant
methodological limitations, others have been sufficiently
large and were well designed. To date, no consistent benefit
of these approaches has been demonstrated, and, in some
cases, treated patients had poorer outcomes or an unaccept-
able rate of adverse experiences.
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Nimodipine is approved for the prevention of ischemic
neurological impairments following subarachnoid hemor-
rhage.210 Because of that success, severa groups tested the
usefulness of nimodipine in treating patients with acute brain
ischemia, but the results are largely negative (level |).250-256
In some of these trials, outcomes were worse among patients
treated with nimodipine presumably due to its antihyperten-
sive effects. A tria of another calcium channel blocker,
flunarizine, also was negative (level 1).257 Clinical studies of
the NMDA receptor antagonists, aptiganel and Y M-90K, also
were inconclusive because of unacceptable effects attributed
to the agent (levels | and I1).258 Lubeluzole was tested in
clinica trials with negative results (levels | and 1l).259-261
Trials of glutamate antagonist, selfotel, the GABA agonist,
clomethiazole, and glycine site antagonists, gavestinel, also
have been negative (levels | and I11).262274 Although a
preliminary study of citicoline suggested that the agent might
improve outcomes, a subseguent trial was negative (level
1).275.276 None of these agents have demonstrated the capacity
to improve clinical outcomes among treated patients.277-279
Trias of magnesium suggest that this agent may have some
neuroprotective effect, and it is relatively safe,280-282

Neurotrophic factors were shown to decrease the volume
of infarction in experimental models, but a clinical trial of
basic-FGF failed to be completed because of safety and
efficacy concerns (level I). Trials of gangliosides also have
produced negative results (level 1).283284 Hypothermia is a
promising form of neuroprotection just entering clinical trias
in acute stroke.?8>

Secondary neurona injury can result from free radical
generation and by the participation of activated leukocytesin
the inflammatory phase of the ischemic injury.28¢ Tirilazad
mesylate, an inhibitor of lipid peroxidation, was shown to
reduce residual injury in animal models of focal cerebral
ischemia (level VI). However, low doses were not efficacious
based on an interim analysis of prospective trialsin ischemic
stroke. A trial at higher doses was terminated when concerns
about safety arose (level 1).287.288 Similar results occurred in
the trial of the murine monoclona antibody to human
ICAM-1, enlimomab.28® The 90-day disability, mortality, and
adverse experiences were significantly increased among
those patients receiving the agent compared with those
receiving placebo (level I).

There is reason to believe that most of the trials have not
adequately tested their underlying hypotheses.20 A number
of limitations have been identified. Some trials have not
adhered to preclinical testing paradigms and have had inad-
equate power. Others have been curtailed because of dose-
limiting effects (eg, hypotension or somnolence). Trias have
aso been limited by inadequate or inappropriate dosing,
inadequate preclinical testing, flawed clinical trial design,
thresholding of outcome events, and other issues. Therefore,
the results of those trials should not be considered to show
unequivocal evidence of the lack of efficacy of neuroprotec-
tive agents.

Finally, the hypotheses that neuroprotective agents can
reduce cellular injury, enhance the efficacy of an intrave-
nously delivered thrombolytic agent, or improve blood flow
have not been rigorously tested.29t

Conclusions

Considerable work remains before an agent with identified
neuroprotective properties in preclinical models can be ap-
plied to successful treatment of patients with acute ischemic
stroke. Trials testing a number of neuroprotective agents are
under way. It is hoped that their results will demonstrate the
efficacy and safety of the neuroprotective agents, alone or in
combination, with thrombolytic agents or other therapies.

Recommendations

No agent with putative neuroprotective effects can be recom-
mended for the treatment of patients with acute ischemic
stroke at thistime (grade A). No such agents are available for
clinical use.

Admission to the Hospital and Treatment of
Neurological Complications
Approximately 25% of patients can worsen during the first 24
to 48 hours after stroke. However, it is difficult to predict
which patients will deteriorate.148292-294 The potential for
preventable medical or neurological complications aso
means that patients should be admitted to the hospital in most
circumstances.3 The goals of early posttreatment care after
admission are to (1) observe for changes in the patient’s
condition that might prompt initiation of medical or surgical
interventions, (2) facilitate medical or surgica measures
aimed at improving outcome after stroke, (3) begin measures
to prevent subacute complications, (4) plan for long-term
therapies to prevent recurrent stroke, and (5) start efforts to
restore neurological function through rehabilitation and good

supportive care.

Several studies performed in Europe have demonstrated
the utility of comprehensive stroke units in lessening mortal-
ity and morbidity from stroke with positive effects persisting
for years (level 1).295-303 The benefits from treatment in this
type of a stroke unit are comparable to the effects achieved
with intravenous administration of rtPA. There is no strict
definition of what constitutes a stroke unit but, in general, the
units evaluated had a geographically defined facility staffed
by a group of skilled professionals, including physicians,
nurses, and rehabilitation personnel. The units can have
monitoring capabilities, which permit close observation for
neurological worsening or other complications. Regular com-
munications and coordinated care also are key components of
the stroke unit. An advantage of stroke units is that this
specialized care can be given to a broad spectrum of patients
regardless of the interval after stroke or severity of neurolog-
ical impairments. It should be noted that most stroke unitsin
the United States have much shorter lengths of stay than do
the units evaluated in the European studies, and most do not
incorporate comprehensive rehabilitative care.

General Care

Most of the individual components of general medical man-
agement have not been tested by clinical studies (level
V/).103:304-306 Thus, recommendations are based on customary
care. The patient’s neurological status and vital signs should
be assessed frequently during the first 24 hours after admis-
sion. Most patients are first treated with bed rest, but
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mobilization should begin as soon as the patient’ s condition is
judged to be stable. Some patients can have neurological
worsening on movement to an upright position. Thus, close
observation should be included during the transition to sitting
and standing. Early mobilization is favored because it lessens
the likelihood of major complications such as pneumonia,
deep vein thrombosis, pulmonary embolism, and pressure
sores.3°7 Immobility also can lead to contractures, orthopedic
complications, and pressure palsies.298309 Passive and full-
range-of-motion exercises for paralyzed limbs can be started
during the first 24 hours. Frequent turning, the use of
aternating pressure mattresses, and close surveillance of the
skin help prevent pressure sores. Measures to avoid falls are
an important part of mobilization.31°

Alimentation

Sustaining nutrition isimportant because the malnutrition that
can develop after stroke might interfere with recovery.311-313
There is some evidence that nutritional supplementation can
improve outcome after stroke, but a definitive trial has not
been performed. Many patients cannot receive food or fluids
by mouth because of impairments in swallowing or mental
status, and intravenous fluids are needed.314-316 Persons with
infarctions of the brain stem, multiple strokes, large hemi-
spheric lesions, or depressed consciousness are at the greatest
risk for aspiration. Swallowing impairments are associated
with an increased mortality. An abnormal gag reflex, im-
paired voluntary cough, dysphonia, or cranial nerve pasies
should alert the physician of the risk. An assessment of the
ability to swallow isimportant before the patient is allowed to
eat or drink. A wet voice after swallowing, incomplete
oral-labial closure, or a high NIHSS score aso are indepen-
dent predictors of aspiration risk. A preserved gag reflex
might not indicate safety from aspiration. A water swallow
test performed at the bedside is a useful screening test, and a
videofluoroscopic modified barium swallow examination can
be performed later if indicated.317-31° When necessary, a
nasogastric or nasoduodenal tube can be inserted to provide
feedings and to expedite administration of medications.32°
Intravenous hyperalimentation is rarely necessary. Some
research indicates that percutaneous placement of an endo-
gastric tube is superior to nasogastric tube feeding if a
prolonged need for devices is anticipated (level 11).321-323

Infections

Pneumoniais an important cause of death following stroke.324
It usually occurs among patients who are immobile or who
are unable to cough. The appearance of a fever after stroke
should prompt a search for pneumonia and appropriate
antibiotic therapy should be administered early.

Urinary tract infections are common and secondary sepsis
can develop in approximately 5% of patients.32> An indwell-
ing bladder catheter is sometimes needed to treat inconti-
nence or urinary retention. It should be avoided if possible
because of the risk of infection. Acidification of the urine or
intermittent catheterization might lessen the risk of infection
and help avoid the need for prophylactic antibiotics. Anticho-
linergic agents may help in recovery of bladder function.

Management of Patients With Ischemic Stroke 1073

Venous Thrombosis

Pulmonary embolism accounts for approximately 10% of
deaths after stroke, and the complication can be detected in
approximately 1% of persons who have had a stroke.326 With
prophylaxis, proximal deep vein thrombosis can be detected
by plethysmography in one third to one half of patients who
have moderately severe stroke.32” Advanced age, immobility,
paralysis of the lower extremity, severe paralysis, and atrial
fibrillation are associated with an increased risk of deep vein
thrombosis.328 In addition, continued use of hormone replace-
ment therapy may increase the risk of deep venous thrombo-
sis in immobilized patients.32® Anticoagulants are given to
prevent deep vein thrombosis and pulmonary embolism
among bedridden patients with recent stroke. A meta-analysis
of studies of anticoagulants demonstrated that these agents
are effective in preventing deep vein thrombosis (level
1).330-332 Sybcutaneous administration of heparin or low-
molecular-weight heparins and heparinoids (level 1)320:333-340
as well as the use of dternating pressure stockings (level
I1)341342 gre effective in preventing deep vein thrombosis.
Aspirin a'so may be effective for patients who have contra-
indications to the use of anticoagulants (level 1).343344 Sup-
port stockings are of unproven value.

After Care

After stabilization of the patient’s condition, rehabilitation,
measures to prevent long-term complications, family support,
and treatment of depression can be started when appropriate.
In addition, the patient should have an evaluation to deter-
mine the most likely cause of the stroke, and medical or
surgical therapies to prevent recurrent ischemic events can be
initiated.

Recommendations

The use of comprehensive speciadized stroke care units
(stroke units), incorporating comprehensive rehabilitation, is
recommended (grade A).

Early mobilization and measures to prevent subacute com-
plications of stroke (aspiration, malnutrition, pneumonia,
deep vein thrombosis, pulmonary embolism, pressure sores,
orthopedic complications, and contractures) are strongly rec-
ommended (grades B and C).

The subcutaneous administration of anticoagulants (grade
A) or the use of intermittent external compression stockings
or aspirin for patients who cannot receive anticoagulants
(grades A and B) is strongly recommended to prevent deep
vein thrombosis among immobilized patients.

Antibiotics to treat infectious complications of stroke are
strongly recommended (grade A). Treatment of concurrent
medical conditions also is strongly recommended (grade A).

Treatment of Acute Neurological
Complications
The most important acute neurological complications of
stroke are (1) cerebra edema and increased intracranial
pressure, which can lead to herniation or brain stem compres-
sion, (2) seizures, and (3) hemorrhagic transformation of the
infarction with or without formation of a hematoma.
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Brain Edema and Increased Intracranial Pressure
Brain edemaand increased intracranial pressure largely occur
with occlusions of mgjor intracranial arteries that lead to
multilobar infarctions.304.345-348 Brain edema usually peaks at
3 to 5 days after stroke. It usually is not a problem within the
first 24 hours of the ictus except among patients with large
cerebellar infarctions. Less than 10% to 20% of patients
develop clinically significant edema that could warrant med-
ical intervention.3#° Increased intracranial pressure also can
result from acute hydrocephalus secondary to obstruction of
cerebrospinal fluid pathways by a large cerebellar lesion.

The goals of management of brain edema are to (1) reduce
intracranial pressure, (2) maintain adequate cerebral perfu-
sion to avoid worsening of the brain ischemia, and (3) prevent
secondary brain injury from herniation. Initial care includes
mild restriction of fluids (levels Il to V).103:304.350 Hypo-
osmolar fluids, such as 5% dextrose in water, may worsen
edema 35! Factors that exacerbate raised intracranial pressure
(eg, hypoxia, hypercarbia, and hyperthermia) should be
treated. The head of the bed can be elevated by 20 to 30
degrees in an attempt to help venous drainage. An elevation
of the arterial blood pressure may be a compensatory re-
sponse to maintain adequate cerebral perfusion pressure in a
patient with a markedly elevated intracranial pressure. Anti-
hypertensive agents, particularly those that induce cerebral
vasodilation, should be avoided in this setting (levels Il to
V).351-353

Patients with raised intracranial pressure whose neurolog-
ical condition is deteriorating can be treated with hyperven-
tilation, osmotic diuretics, drainage of cerebrospinal fluid, or
surgery. Although anecdotal case reports and small case
series report success with such measures, there are no trials
that address the efficacy of such aggressive management
following stroke (levels Il to V). Furthermore, the value of
continuous intracranial pressure monitoring in this population
has not been established, although the results can help predict
the patient’s outcome and guide the choice of therapies.3>*

Hyperventilation is an emergency measure that acts almost
immediately; a reduction of the Pco, by 5 to 10 mm Hg can
lower intracranial pressure by 25% to 30% (levels Il to
V/).105:355-357 Hyperventilation is a temporizing measure and
should be supplemented by another intervention to defini-
tively control brain edema and intracranial pressure. Main-
taining adequate brain perfusion is necessary since hyperven-
tilation can lead to vasoconstriction that might aggravate
ischemia.

Conventional or large doses of corticosteroids have been
tested in clinical trials, but no improvement of outcomes after
stroke was found (level 1).358-361 |n gddition, infections were
more common among patients treated with corticosteroids.

Although furosemide or mannitol often are prescribed to
treat cerebral edema after stroke, no trials of these agents
prove their value in improving outcomes after stroke (levels
I11 to V). An acute intravenous bolus of 40 mg of furosemide
has been used as an adjunct in the care of patients whose
condition is rapidly deteriorating, but it is not used in
long-term care. Mannitol (0.25 to 0.5 g/kg) intravenously
administered over 20 minutes lowers intracranial pressure
and can be given every 6 hours.362:363 The usual maximum

daily dose is 2 g/kg. Glycerol has been examined in clinica
trials and can lower mortality among patients with larger
strokes (level 11).364-366 However, it has not been widely used
because glycerol is not well tolerated orally and it can induce
hemolysis when given intravenously. Barbiturates can be
used to reduce intracranial pressure, but benefit from treat-
ment has not been shown (level 11).367-3%8 Hypothermia also
has been used to treat elevated intracranial pressure and is
being tested in clinical trials.124125.369

If hydrocephalusis present, drainage of cerebrospina fluid
via an intraventricular catheter can rapidly lower intracranial
pressure. Hemicraniectomy and temporal |obe resection have
been used to control intracranial pressure and prevent herni-
ation among those patients with very large infarctions of the
cerebral hemisphere (levels |1l to V).370-379 Hemicraniectomy
to remove the skull and relieve dural compression has been
used to treat malignant brain edema. Further information is
needed about the quality of life among persons who survive
these aggressive therapies for multilobar infarctions.

Ventriculostomy and suboccipital craniectomy, especially
in concert with aggressive medical therapies, appear to be
effective in relieving hydrocephalus and brain stem compres-

sion caused by large cerebellar infarctions (levels Il to
V)_380—385

Seizures

The reported frequency of seizures during the first days after
stroke ranges from 4% to 43% depending on study designs
(levels 111 to V).97:304386-391 The true risk of seizures appears
to be toward the lower end of the estimates. Seizures are most
likely to occur within 24 hours of stroke and are usualy
partial with or without secondary generalization. Recurrent
seizures develop in approximately 20% to 80% of patients.
Intermittent seizures seem not to alter the overall prognosis
after stroke. However, status epilepticus can be life-
threatening.392 Fortunately, it is uncommon. There are no data
about the utility of prophylactic administration of anticonvul-
sants after stroke. There are few data concerning the efficacy
of anticonvulsants in the treatment of stroke patients who
have experienced seizures; thus, recommendations are based
on the established management of seizures that may compli-
cate any acute neurological illness.

Hemorrhagic Transformation

There is considerable information about the natural rate of
early hemorrhagic transformation of ischemic stroke.393-401
Some studies suggest that amost al infarctions have some
element of petechial hemorrhage. Using CT, one prospective
study estimates that approximately 5% of infarctions will
spontaneously develop symptomatic hemorrhagic transfor-
mation or frank hematomas.3®® The location, size, and etiol-
ogy of stroke can influence the development of this compli-
cation. Further information about the influence of
hemorrhagic transformation on outcome after stroke is
needed. Small asymptomatic petechiae are much less impor-
tant than hematomas, which can be associated with neurolog-
ical decline. The use of al antithrombotics, but especially
anticoagulants and thrombolytic agents, increases the likelihood
of serious hemorrhagic transformation.26:36.:38.1821183,201,402. The
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early use of aspirin also isassociated with asmal increasein the
risk of clinicaly detectable hemorrhage.199200 Management of
patients with hemorrhagic infarction depends on the amount of
bleeding and its symptoms.

Recommendations

Corticosteroids are not recommended for the management of
cerebral edema and increased intracrania pressure following
ischemic stroke (grade A).

Osmotherapy and hyperventilation are recommended for
patients whose condition is deteriorating secondary to in-
creased intracranial pressure, including those with herniation
syndromes (grade B).

Surgical interventions, including drainage of cerebrospinal
fluid, can be used to treat increased intracranial pressure
secondary to hydrocephalus (grade C).

Surgical decompression and evacuation of large cerebellar
infarctions that are leading to brain stem compression and
hydrocephalus is recommended (grade C).

Surgical decompression and evacuation of a large infarc-
tion of the cerebral hemisphere can be a life-saving measure,
but survivors have severe residual neurological impairments
(grade C).

Recurrent seizures should be treated as with any other
acute neurological condition (grade C). Prophylactic admin-
istration of anticonvulsants to patients who have had stroke
but not seizures is not recommended (grade C).

Summary Statement

The management of patients with acute ischemic stroke is
multifaceted, and indications for specific therapies vary
among patients. There is strong evidence that outcomes after
stroke can be improved and that death or disability from
stroke can be reduced with appropriate treatment. This
statement aims to provide guidance to physiciansfor the early
treatment of patients.

1. Patients with acute ischemic stroke should be evaluated
and treated immediately. Stroke should be approached as
the life-threatening emergency it is. A regional or loca
organized program to expedite stroke care is recom-
mended. This organized approach can increase the number
of patients who can be treated.

2. Urgent evaluation is aimed primarily at determining that
ischemic stroke is the likely cause of the patient’s symp-
toms and whether the patient can be treated with intrave-
nous rtPA.

3. Urgent treatment should include measures that protect the
airway, breathing, and circulation (life support), especialy
among seriously ill or comatose patients. An elevated
blood pressure should be lowered cautiously.

4. Intravenous administration of rtPA (0.9 mg/kg; maximum
90 mg) is strongly recommended for treatment of carefully
selected patients who can receive the medication within 3
hours of onset of stroke. Safe use of rtPA requires
adherence to NINDS selection criteria, close observation,
and careful ancillary care. Intravenous administration of
streptokinase or other thrombolytic agents cannot be sub-
stituted safely for rtPA.

5. The intra-arterial administration of thrombolytic agents is
being given to an increasing number of patients. While

Management of Patients With Ischemic Stroke 1075

intra-arterial thrombolysis holds promise for treating pa-
tients at time periods longer than 3 hours after the onset of
stroke, the patient selection criteria and effectiveness of
this form of therapy have not been fully established.

6. Urgent administration of anticoagulants has not yet been
associated with lessening of the risk of early recurrent
stroke or improving outcomes after stroke. Because urgent
anticoagulation can increase the risk of brain hemorrhage,
especially among patients with moderately severe strokes,
the routine use of this therapy cannot be recommended.
Aspirin can be administered within the first 48 hours
because of reasonable safety and a small benefit.

7. No medication with putative neuroprotective effects has
yet been shown to be useful for treatment of patients with
acute ischemic stroke.

8. Comprehensive stroke unit care, including comprehensive
rehabilitation, can be given to a broad spectrum of patients.

9. Subsequent treatment in the hospital should include mea-
sures to prevent or treat medical or neurological compli-
cations of stroke. An evauation to determine the most
likely cause of the patient’ s stroke should lead to institution
of medica or surgical therapies to lessen the risk of
recurrent stroke. Rehabilitation and plans for care after
hospitalization aso are important components of acute
management of patients with stroke.

Statement
The American Heart Association/American Stroke Associa-
tion has received funding from a number of pharmaceutical
companies through its Pharmaceutical Roundtable program.
The American Stroke Association also has received funding
to help promote Operation Stroke, a program that aims at
increasing public awareness of stroke and urging early
treatment of stroke. Individual members of the panel have
interacted with a large number of pharmaceutical companies
through their research and consultation or by giving lectures.

References

1. Adams HP Jr, Brott TG, Crowell RM, et a. Guidelines for the man-
agement of patients with acute ischemic stroke: a statement for
healthcare professionals from a specia writing group of the Stroke
Council, American Heart Association. Circulation. 1994;90:1588—-1601.

2. Adams HP Jr, Brott TG, Furlan AJ, et a. Guidelines for thrombolytic
therapy for acute stroke: a supplement to the guidelines for the man-
agement of patients with acute ischemic stroke: a statement for
healthcare professionals from a Special Writing Group of the Stroke
Council, American Heart Association. Circulation. 1996;94:1167-1174.

3. The European Ad Hoc Consensus Group. Optimizing intensive care in
stroke: a European perspective. Cerebrovasc Dis. 1997;7:113-128.

4. Aboderin I, Venables G. Stroke management in Europe: Pan European
Consensus Meeting on Stroke Management. J Intern Med. 1996;240:
173-180.

5. NorrisJW, Buchan A, Cote R, et al. Canadian guidelines for intravenous
thrombolytic treatment in acute stroke: a consensus statement of the
Canadian Stroke Consortium. Can J Neurol Sci. 1998;25:257-259.

6. Alberts MJ, Hademenos G, Latchaw RE, et al. Recommendations for the
establishment of primary stroke centers: Brain Attack Coalition. JAMA.
2001;283:3102-3109.

7. Brott T, Bogousslavsky J. Treatment of acute ischemic stroke. N Engl
J Med. 2000;343:710-722.

8. Albers GW, Amarenco P, Easton JD, Sacco RL, Teal P. Antithrombotic
and thrombolytic therapy for ischemic stroke. Chest. 2001;119:
300S-320S.

9. Albers GW, Hart RG, Lutsep HL, Newell DW, Sacco RL. AHA Sci-
entific Statement: Supplement to the guidelines for the management of
transient ischemic attacks: a statement from the Ad Hoc Committee on



1076

10.

11

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.
22.
23.

24.

25.

26.

27.
28.
29.

30.

31

32.

33.

35.

Stroke April 2003

Guidelines for the Management of Transient Ischemic Attacks, Stroke
Council, American Heart Association. Stroke. 1999;30:2502—-2511.
Sackett DL. Rules of evidence and clinical recommendations on the use
of antithrombotic agents. Chest. 1986;89:2S-3S.

Fife TD, Tusa RJ, Furman JM, Zee DS, Frohman E, Baloh RW, Hain T,
Goebel J, Demer J, Eviatar L, Assessment. vestibular testing techniques
in adults and children: report of the Therapeutics and Technology
Assessment Subcommittee of the American Academy of Neurology.
2000;55:1431-1441.

von Arbin M, Britton M, de Faire U, Helmers C, Miah K, Murray V.
Validation of admission criteria to a stroke unit. J Chronic Dis. 1980;
33:215-220.

Norris JW, Hachinski VC. Misdiagnosis of stroke. Lancet. 1982;1:
328-331.

von Arbin M, Britton M, de Faire U, Helmers C, Miah K, Murray V.
Accuracy of bedside diagnosis in stroke. Sroke. 1981;12:288—293.
Panzer RJ, Feibel JH, Barker WH, Griner PF. Predicting the likelihood
of hemorrhage in patients with stroke. Arch Intern Med. 1985;145:
1800-1803.

Gross CR, Shinar D, Mohr JP, et a. Interobserver agreement in the
diagnosis of stroke type. Arch Neurol. 1986;43:893—-898.

Muir KW, Weir CJ, Murray GD, Povey C, Lees KR. Comparison of
neurological scales and scoring systems for acute stroke prognosis.
Sroke. 1996;27:1817-1820.

Britton M, Hindmarsh T, Murray V, Tyden SA. Diagnostic errors
discovered by CT in patients with suspected stroke. Neurology. 1984,
34:1504-1507.

Millikan C, Futrell N. The falacy of the lacune hypothesis. Stroke.
1990;21:1251-1257.

Roden-Jullig A, Britton M, Gustafsson C, Fugl-Meyer A. Vaidation of
four scales for the acute stage of stroke. J Intern Med. 1994;236:
125-136.

Hantson L, De Keyser J. Neurological scales in the assessment of
cerebral infarction. Cerebrovasc Dis. 1994;4(suppl 2):7-14.

Brott T, Adams HP Jr, Olinger CP, et a. Measurements of acute cerebral
infarction: a clinical examination scale. Sroke. 1989;20:864—870.
Goldstein LB, Bertels C, Davis JN. Interrater reliability of the NIH
stroke scale. Arch Neurol. 1989;46:660—662.

Adams HP Jr, Davis PH, Leira EC, et a. Baseline NIH Stroke Scale
score strongly predicts outcome after stroke. Neurology. 1999;53:
126-131.

Kwiatkowski TG, Libman RB, Frankel M, Tilley BC, Morgenstern LB,
Lu M. Effects of tissue plasminogen activator for acute ischemic stroke
at one year: Nationa Institute of Neurological Disorders and Stroke
Recombinant Tissue Plasminogen Activator Stroke Study Group. N Engl
J Med. 1999;340:1781-1787.

The NINDS t-PA Stroke Study Group. Intracerebral hemorrhage after
intravenous t-PA therapy for ischemic stroke. Stroke. 1997;28:
2109-2118.

Kidwell C, Villablanca JP, Saver JL. Advancesin neuroimaging of acute
stroke. Current Atheroscler Rep. 2000;2:126-135.

Keir SL, Wardlaw JM. Systematic review of diffusion and perfusion
imaging in acute ischemic stroke. Sroke. 2000;31:2723-2731.

Powers WJ. Testing a test: a report card for DWI in acute stroke.
Neurology. 2000;54:1549-1551.

Jacobs L, Kinkel WR, Heffner RR Jr. Autopsy correlations of comput-
erized tomography: experience with 6,000 CT scans. Neurology. 1976;
26:1111-1118.

Adams HP, Jr, Brott TG, Furlan AJ, et a. Guidelines for thrombolytic
therapy for acute stroke: a supplement to the guidelines for the man-
agement of patients with acute ischemic stroke: a statement for
healthcare professionals from a Special Writing Group of the Stroke
Council, American Heart Association. Stroke. 1996;27:1711-1718.
Moulin T, Cattin F, Crepin-Leblond T, et a. Early CT signs in acute
middle cerebral artery infarction: predictive value for subsequent infarct
locations and outcome. Neurology. 1996;47:366—375.

von Kummer R, Nolte PN, Schnittger H, Thron A, Ringelstein EB.
Detectability of cerebral hemisphereischaemic infarctsby CT within6 h
of stroke. Neuroradiology. 1996;38:31-33.

. von Kummer R, Allen KL, Holle R, et al. Acute stroke: usefulness of

early CT findings before thrombolytic therapy. Radiology. 1997;205:
327-333.

Hacke W, Kaste M, Fieschi C, et al. Intravenous thrombolysis with
recombinant tissue plasminogen activator for acute hemispheric stroke:

36.

37.

38.

39.

41.

42.

47.

49.

50.

51.

52.

53.

55.

56.

57.

the European Cooperative Acute Stroke Study (ECASS). JAMA. 1995;
274:1017-1025.

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;333:1581-1587.

Patel SC, Levine SR, Tilley BC, GrottaJC, Lu M, Frankel M, Haley EC
Jr, Brott TG, Broderick JP, Horowitz S, Lyden PD, Lewandowski CA,
Marler JR, Welch KM. Lack of clinical significance of early ischemic
changes on computed tomography in acute stroke. JAMA. 2001;286:
2830-2838.

Larrue V, von Kummer R, del Zoppo G, Bluhmki E. Hemorrhagic
transformation in acute ischemic stroke: potential contributing factorsin
the European Cooperative Acute Stroke Study. Stroke. 1997;28:
957-960.

Schriger DL, Kalafut M, Starkman S, Krueger M, Saver JL. Crania
computed tomography interpretation in acute stroke: physician accuracy
in determining eligibility for thrombolytic therapy. JAMA. 1998;279:
1293-1297.

. Marks MP, Holmgren EB, Fox AJ, Patel S, von Kummer R, Froehlich

J. Evaluation of early computed tomographic findings in acute ischemic
stroke. Stroke. 1999;30:389-392.

Wardlaw JM, Dorman PJ, Lewis SC, Sandercock PA. Can stroke phy-
sicians and neuroradiologists identify signs of early cerebral infarction
on CT? J Neurol Neurosurg Psychiatry. 1999;67:651—-653.

Grotta JC, Chiu D, Lu M, et a. Agreement and variability in the
interpretation of early CT changes in stroke patients qualifying for
intravenous rtPA therapy. Sroke. 1999;30:1528-1533.

. Kalafut MA, Schriger DL, Saver JL, Starkman S. Detection of early CT

signs of >1/3 middle cerebral artery infarctions: interrater reliability and
sensitivity of CT interpretation by physicians involved in acute stroke
care. Sroke. 2000;31:1667-1671.

. Barber PA, Demchuk AM, Zhang J, Buchan AM, for the ASPECTS

Study Group. Validity and reliability of a quantitative computed
tomography score in predicting outcome of hyperacute stroke before
thrombolytic therapy: Alberta Stroke Programme Early CT Score.
Lancet. 2000;355:1670-1674.

. Marler JR, Jones PW, Emr M. Proceedings of a national symposium on

rapid identification and treatment of acute stroke; 1997. (GENERIC)
Pamphlet.

. Mohr JP, Biller J, Hilal SK, et al. Magnetic resonance versus computed

tomographic imaging in acute stroke. Sroke. 1995;26:807—812.
Warach S, Gaa J, Siewert B, Wielopolski P, Edelman RR. Acute human
stroke studied by whole brain echo planar diffusion-weighted magnetic
resonance imaging. Ann Neurol. 1995;37:231-241.

. Warach S, Chien D, Li W, Ronthal M, Edelman RR. Fast magnetic

resonance diffusion-weighted imaging of acute human stroke. Neu-
rology. 1992;42:1717-1723.

Lutsep HL, Albers GW, DeCrespigny A, Kamat GN, Marks MP,
Moseley ME. Clinica utility of diffusion-weighted magnetic resonance
imaging in the assessment of ischemic stroke. Ann Neurol. 1997;41:
574-580.

Barber PA, Darby DG, Desmond PM, et a. Prediction of stroke outcome
with echoplanar perfusion- and diffusion-weighted MRI. Neurology.
1998;51:418—-426.

Lee LJ, Kidwell CS, Alger J, Starkman S, Saver JL. Impact on stroke
subtype diagnosis of early diffusion-weighted magnetic resonance
imaging and magnetic resonance angiography. Stroke. 2000;31:
1081-1089.

Barber PA, Darby DG, Desmond PM, et a. Identification of major
ischemic change: diffusion-weighted imaging versus computed
tomography. Sroke. 1999;30:2059—-2065.

Lovblad KO, Laubach HJ, Baird AE, et a. Clinical experience with
diffusion-weighted MR in patients with acute stroke. AINR Am J Neu-
roradiol. 1998;19:1061-1066.

. Ay H, Buonanno FS, Rordorf G, et al. Normal diffusion-weighted MRI

during stroke-like deficits. Neurology. 1999;52:1784—-1792.

van Everdingen KJ, van der Grond J, Kappelle LJ, Ramos LM, Mali
WP. Diffusion-weighted magnetic resonance imaging in acute stroke.
Stroke. 1998;29:1783-1790.

Gonzalez RG, Schaefer PW, Buonanno FS, et a. Diffusion-weighted
MR imaging: diagnostic accuracy in patients imaged within 6 hours of
stroke symptom onset. Radiology. 1999;210:155-162.

Lovblad KO, Baird AE, Schlaug G, et a. Ischemic lesion volumes in
acute stroke by diffusion-weighted magnetic resonance imaging cor-
relate with clinical outcome. Ann Neurol. 1997;42:164-170.



58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

Adams et al

Tong DC, Yenari MA, Albers GW, O'Brien M, Marks MP, Moseley
ME. Correlation of perfusion- and diffusion-weighted MRI with NIHSS
score in acute (<6.5 hour) ischemic stroke. Neurology. 1998;50:
864—870.

Saver JL, Johnston KC, Homer D, et al. Infarct volume as a surrogate or
auxiliary outcome measure in ischemic stroke clinical trias: the
RANTAS Investigators. Stroke. 1999;30:293-298.

Kidwell CS, Saver JL, Mattiello J, et a. Thrombolytic reversal of acute
human cerebral ischemic injury shown by diffusion/perfusion magnetic
resonance imaging. Ann Neurol. 2000;47:621—469.

Jansen O, Schellinger P, Fiebach J, Hacke W, Sartor K. Early recanal-
isation in acute ischaemic stroke saves tissue at risk defined by MRI.
Lancet. 1999;353:2036—2037.

Kidwell CS, Saver JL, Mattiello J, et a. A diffusion-perfusion MRI
signature predicting hemorrhagic transformation following intra-arterial
thrombolysis. Sroke. 2001;58:587-593.

Wu O, Koroshetz WJ, Ostergaard L, et a. Predicting tissue outcome in
acute human cerebral ischemia using combined diffusion- and
perfusion-weighted MR imaging. Sroke. 2001;32:933-942.

. Parsons MW, Yang Q, Barber PA, et a. Perfusion magnetic resonance

imaging maps in hyperacute stroke: relative cerebral blood flow most
accurately identifies tissue destined to infarct. Stroke. 2001;32:
1581-1587.

Jacobs MA, Mitsias P, Soltanian-Zadeh H, et al. Multiparametric MRI
tissue characterization in clinical stroke with correlation to clinical
outcome: part 2. Sroke. 2001;32:950-957.

Tong DC, Adami A, Moseley ME, Marks MP. Prediction of hemor-
rhagic transformation following acute stroke: role of diffusion- and
perfusion-weighted magnetic resonance imaging. Arch Neurol. 2001;58:
587-593.

Kidwell CS, Alger JR, Gobin YP, Sayre J, Duckwiler GR, Vinuela F.
MR signatures of infarction vs. salvageable penumbra in acute human
stroke: a preliminary model. Stroke. 2000;31:285.

Schlaug G, Benfield A, Baird AE, et al. The ischemic penumbra
operationally defined by diffusion and perfusion MRI. Neurology. 1999;
52:1528-1537.

Parsons MW, Li T, Barber PA, et a. Combined 1H MR spectroscopy
and diffusion-weighted MRI improves the prediction of stroke outcome.
Neurology. 2000;55:498-505.

Koroshetz WJ, Gonzalez G, Diffusion-weighted MRI. an ECG for
“brain attack”? Ann Neurol. 1997;41:565-566.

Combremont PC, Fisher M. Patients with acute stroke: recent devel-
opments in neuroimaging. Curr Atheroscler Rep. 2000;2:136-143.
Linfantel, Llinas R, Caplan L, Warach S. MRI features of intracerebral
hemorrhage within 2 hours from symptom onset. Stroke. 1999;30:
2263-2267.

Schellinger PD, Jansen O, Fiebach JB, Hacke W, Sartor K. A stan-
dardized MRI stroke protocol: comparison with CT in hyperacute intra-
cerebral hemorrhage. Stroke. 1999;30:765-768.

Baron JC, Bousser MG, Rey A, Guillard A, Comar D, Castaigne P.
Reversal of focal “misery-perfusion syndrome’ by extra-intracranial
arterial bypassin hemodynamic cerebral ischemia: a case study with 150
positron emission tomography. Stroke. 1981;12:454—4509.

Furlan M, Marchal G, Viader F, Derlon JM, Baron JC. Spontaneous
neurological recovery after stoke and the fate of the ischemic penumbra
Ann Neurol. 1996;40:216—-226.

Heiss WD, Huber M, Fink GR, et al. Progressive derangement of
periinfarct viable tissue in ischemic stroke. J Cereb Blood Flow Metab.
1992;12:193-203.

Read SJ, Hirano T, Abbott DF, et a. Identifying hypoxic tissue after
acute ischemic stroke using PET and 18F-fluoromisonidazole. Neu-
rology. 1998;51:1617-1621.

HeissWD, Grond M, Thiel A, et al. Permanent cortical damage detected
by flumazenil positron emission tomography in acute stroke. Stroke.
1998;29:454—461.

Touho H, Karasawa J. Evaluation of time-dependent thresholds of
cerebral blood flow and transit time during the acute stage of cerebral
embolism: a retrospective study. Surg Neurol. 1996;46:135-145.
Kaufmann AM, Firlik AD, Fukui MB, Wechsler LR, Jungries CA,
Yonas H. Ischemic care and penumbra in human stroke. Stroke. 1999;
30:93-99.

Klotz E, Konig M. Perfusion measurements of the brain: using dynamic
CT for the quantitative assessment of cerebral ischemiain acute stroke.
Eur J Radiol. 1999;30:170-184.

Management of Patients With Ischemic Stroke

82.

83.

85.

86.

87.
88.

89.
90.

91.
92.

93.

95.
96.

97.
98.

99.

100.

101

102.

103.
104.

105.

106.

1077

Wintermark M, Thiran JP, Maeder P, Schnyder P, Meuli R. Simulta-
neous measurement of regional cerebral blood flow by perfusion CT and
stable xenon CT: avalidation study. AJNR Am J Neuroradiol. 2001;22:
905-914.

Lev MH, Segal AZ, Farkas J, Hossain ST, Putman C, Hunter GJ, Budzik
R, Harris GJ, Buonanno FS, Ezzeddine M, Chang Y, Koroshetz WJ,
Gonzaez RG, Schwamm LH. Utility of perfusion weighted CT imaging
in acute MCA stroke treated with intra-arterial thrombolysis: prediction
of final infarct volume and clinical outcome. Stroke. 2001;32:
2021-2028.

. UedaT, Sakaki S, Yuh WT, Nochide |, Ohta S. Outcome in acute stroke

with successful intra-arterial thrombolysis and predictive value of initial
single-photon emission-computed tomography. J Cereb Blood Flow
Metab. 1999;19:99-108.

Grotta JC, Alexandrov AV. tPA-associated reperfusion after acute
stroke demonstrated by SPECT. Stroke. 1998;29:429—-432.
Berrouschot J, Barthel H, von Kummer R, Knapp WH, Hesse S,
Schneider D. 99 m technetium-ethyl-cysteinate-dimer single-photon
emission CT can predict fatal ischemic brain edema. Sroke. 1998;29:
2556-2562.

Oppenheimer SM, Hachinski VC. The cardiac consequences of stroke.
Neurol Clin. 1992;10:167-176.

Oppenheimer SM. Neurogenic cardiac effects of cerebrovascular
disease. Curr Opin Neurol. 1994,7:20-24.

Dimant J, Grob D. Electrocardiographic changes and myocardial
damage in patients with acute cerebrovascular accidents. Sroke. 1977,
8:448—455.

Lavy S, Yaar |, Melamed E, Stern S. The effect of acute stroke on
cardiac functions as observed in an intensive stroke care unit. Sroke.
1974;5:775-780.

Thompson PL, Robinson JS. Stroke after acute myocardial infarction:
relation to infarct size. BMJ. 1978;2:457—-459,

Norris JW, Froggatt GM, Hachinski VC. Cardiac arrhythmias in acute
stroke. Stroke. 1978;9:392-396.

Mikolich JR, Jacobs WC, Fletcher GF. Cardiac arrhythmias in patients
with acute cerebrovascular accidents. JAMA. 1981;246:1314—1317.

. Vingerhoets F, Bogousslavsky J, Regli F, Van Melle G. Atria fibril-

lation after acute stroke. Stroke. 1993;24:26-30.

Reinstein L, Gracey JG, Kline JA, Van Buskirk C. Cardiac monitoring
of the acute stroke patient. Arch Phys Med Rehabil. 1972;53:311-314.
Sagar G, Riley P, Vohrah A. Is admission chest radiography of any
clinical value in acute stroke patients? Clin Radiol. 1996;51:499-502.
Bladin CF, Alexandrov AV, Bellavance A, et al. Seizures Stroke Study
Group: seizures after stroke: a prospective multicenter study. Arch
Neurol. 2000;57:1617-1622.

Wildermuth S, Knauth M, Brandt T, Winter R, Sartor K, Hacke W. Role
of CT angiography in patient selection for thrombolytic therapy in acute
hemispheric stroke. Sroke. 1998;29:935-938.

Christou I, Alexandrov AV, Burgin WS, et a. Timing of recanalization
after tissue plasminogen activator therapy determined by transcranial
doppler correlates with clinical recovery from ischemic stroke. Stroke.
2000;31:1812-1816.

Demchuk AM, Burgin WS, Christou |, et a. Thrombolysis in brain
ischemia (TIBI) transcranial Doppler flow grades predict clinical
severity, early recovery, and mortality in patients treated with intrave-
nous tissue plasminogen activator. Sroke. 2001;32:89-93.

Wolf PA, Clagett GP, Easton JD, et a. Preventing ischemic stroke in
patients with prior stroke and transient ischemic attack. A statement for
healthcare professionals from the Stroke Council of the American Heart
Association. Stroke. 1999;30:1991-1994.

Kidwell CS, von Kummer R, Saver JL, Warach S, Grotta JC, Lyden PD,
Albers GW. Understanding early CT ischemic changes and intravenous
thrombolysis for acute ischemic stroke: the need for an interim
guideline. (submitted for publication).

Hacke W, Krieger D, Hirschberg M. Genera principles in the treatment
of acute ischemic stroke. Cerebrovasc Dis. 1991;1(suppl 1):93-99.
Krieger D, Hacke W. Theintensive care of the stroke patient. In: Barnett
HJM, et a, eds. Stroke: Pathophysiology, Diagnosis and Management.
3rd ed. New York: Churchill Livingstone; 1998.

GrottaJ, Pasteur W, Khwaja G, Hamel T, Fisher M, Ramirez A. Elective
intubation for neurologic deterioration after stroke. Neurology. 1995;45:
640—644.

Bushnell CD, Phillips-Bute BG, Laskowitz DT, Lynch JR, Chilukuri V,
Borel CO. Survival and outcome after endotracheal intubation for acute
stroke. Neurology. 1999;52:1374—1381.



1078

107.
108.

100.

110.

111

112.

113.

114.
115.

116.

117.
118.

119.

120.
121

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

Stroke April 2003

Adams HP J. Management of patients with acute ischaemic stroke.
Drugs. 1997;54(suppl 3):60—69.

Nachtmann A, Siebler M, Rose G, Sitzer M, Steinmetz H. Cheyne-
Stokes respiration in ischemic stroke. Neurology. 1995;45:820—821.
Ronning OM, Guldvog B. Should stroke victims routinely receive sup-
plemental oxygen? A quasi-randomized controlled trial. Stroke. 1999;
30:2033-2037.

Treib J, Grauer MT, Woessner R, Morgenthaler M. Treatment of stroke
on an intensive stroke unit: a novel concept. Intensive Care Med.
2000;26:1598-1611.

Bitterman H, Melamed Y. Delayed hyperbaric treatment of cerebral air
embolism. Isr J Med Sci. 1993;29:22-26.

Rockswold GL, Ford SE, Anderson DC, Bergman TA, Sherman RE.
Results of a prospective randomized trial for treatment of severely
brain-injured patients with hyperbaric oxygen. J Neurosurg. 1992;76:
929-934.

Nighoghossian N, Trouillas P, Adeleine P, Salord F. Hyperbaric oxygen
in the treatment of acute ischemic stroke: a double-blind pilot study.
Sroke. 1995;26:1369—-1372.

Nighoghossian N, Trouillas P. Hyperbaric oxygen in the treatment of
acute ischemic stroke: an unsettled issue. J Neurol Sci. 1997;150:27-31.
Azzimondi G, Bassein L, Nonino F, et al. Fever in acute stroke worsens
prognosis: a prospective study. Stroke. 1995;26:2040—2043.

Reith J, Jorgensen HS, Pedersen PM, et a. Body temperature in acute
stroke: relation to stroke severity, infarct size, mortality, and outcome.
Lancet. 1996;347:422—425.

Castillo J, Davalos A, Marrugat J, Noya M. Timing for fever-related
brain damage in acute ischemic stroke. Stroke. 1998;29:2455-2460.
Ginsberg MD, Busto R. Combating hyperthermia in acute stroke: a
significant clinical concern. Sroke. 1998;29:529-534.

Hajat C, Hajat S, Sharma P. Effects of poststroke pyrexia on stroke
outcome: a meta-analysis of studies in patients. Stroke. 2000;31:
410-414.

Lyden PD, Marler JR. Acute medical therapy. J Sroke Cerebrovasc Dis.
1999;8:139-145.

Wang Y, Lim LL, Levi C, Heller RF, Fisher J. Influence of admission
body temperature on stroke mortality. Sroke. 2000;31:404—409.
Jorgensen HS, Reith J, Nakayama H, Kammersgaard L P, Raaschou HO,
Olsen TS. What determines good recovery in patients with the most
severe strokes? The Copenhagen Stroke Study. Stroke. 1999;30:
2008-2012.

Lindsberg PJ, Roine RO, Tatlisumak T, Sairanen T, Kaste M. The future
of stroke treatment. Neurol Clin. 2000;18:495-510.

Schwab S, Schwarz S, Aschoff A, Keller E, Hacke W. Moderate hypo-
thermia and brain temperature in patients with severe middle cerebral
artery infarction. Acta Neurochir Suppl (Wien). 1998;71:131-134.
Schwab S, Schwarz S, Spranger M, Keller E, Bertram M, Hacke W.
Moderate hypothermia in the treatment of patients with severe middie
cerebral artery infarction. Stroke. 1998;29:2461-2466.

Kammersgaard LP, Rasmussen BH, Jorgensen HS, Reith J, Weber U,
Olsen TS. Feasibility and safety of inducing modest hypothermia in
awake patients with acute stroke through surface cooling: a case-control
study. Stroke. 2000;31:2251-2256.

Myers MG, Norris JW, Hachinski VC, Weingert ME, Sole MJ. Cardiac
sequelae of acute stroke. Stroke. 1982;13:838—842.

Korpelainen JT, Sotaniemi KA, Makikallio A, Huikuri HV, MyllylaVV.
Dynamic behavior of heart rate in ischemic stroke. Sroke. 1999;30:
1008-1013.

Lane RD, Wallace JD, Petrosky PP, Schwartz GE, Gradman AH.
Supraventricular tachycardia in patients with right hemisphere strokes.
Stroke. 1992;23:362—366.

Tokgozoglu SL, Batur MK, Topcuoglu MA, Saribas O, Kes S, Oto A.
Effects of stroke localization on cardiac autonomic balance and sudden
death. Stroke. 1999;30:1307-1311.

Korpelainen JT, Sotaniemi KA, Huikuri HV, Myllya VV. Abnormal
heart rate variability as a manifestation of autonomic dysfunction in
hemispheric brain infarction. Stroke. 1996;27:2059—-2063.

McDermott MM, Lefevre F, Arron M, Martin GJ, Biller J. ST segment
depression detected by continuous electrocardiography in patients with
acute ischemic stroke or transient ischemic attack. Stroke. 1994;25:
1820-1824.

Chua HC, Sen S, Cosgriff RF, Gerstenblith G, Beauchamp NJ Jr,
Oppenheimer SM. Neurogenic ST depression in stroke. Clin Neurol
Neurosurg. 1999;101:44—-48.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151

152.

153.

154.

155.

156.

157.

158.

159.

160.

Kocan MJ. Cardiovascular effects of acute stroke. Progr Cardiovasc
Nurs. 1999;14:61-67.

Koalin A, Norris JW. Myocardial damage from acute cerebral lesions.
Stroke. 1984;15:990-993.

Britton M, de Faire U, Helmers C, Miah K, Ryding C, Wester PO.
Arrhythmias in patients with acute cerebrovascular disease. Acta Med
Scand. 1979;205:425-428.

Brott T, Lu M, Kothari R, et a. Hypertension and its treatment in the
NINDS rt-PA Stroke Trial. Sroke. 1998;29:1504—-1509.

Morfis L, Schwartz RS, Poulos R, Howes LG. Blood pressure changes
in acute cerebral infarction and hemorrhage. Stroke. 1997;28:
1401-1405.

Broderick J, Brott T, Barsan W, et a. Blood pressure during the first
minutes of focal cerebral ischemia. Ann Emerg Med. 1993;22:
1438-1443.

Phillips SJ. Pathophysiology and management of hypertension in acute
ischemic stroke. Hypertension. 1994;23:131-136.

Donnan GA. Investigation of patients with stroke and transient
ischaemic attacks. Lancet. 1992;339:473-477.

Lisk DR, Pasteur W, Rhoades H, Putnam RD, Grotta JC. Early presen-
tation of hemispheric intracerebral hemorrhage: prediction of outcome
and guidelines for treatment allocation. Neurology. 1994;44:133-139.
Powers WJ. Acute hypertension after stroke: the scientific basis for
treatment decisions. Neurology. 1993;43:461-467.

Kaplan NM. Management of hypertensive emergencies. Lancet. 1994,
344:1335-1338.

Grossman E, Messerli FH, Grodzicki T, Kowey P. Should a moratorium
be placed on sublingual nifedipine capsules given for hypertensive
emergencies and pseudoemergencies? JAMA. 1996;276:1328—-1331.
Grotta JC, Pettigrew LE, Allen S, et al. Baseline hemodynamic state and
response to hemodilution in patients with acute cerebral ischemia
Stroke. 1985;16:790—-795.

Bruno A, Biller J, Adams HP Jr, et a. Acute blood glucose level and
outcome from ischemic stroke: Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) Investigators. Neurology. 1999;52:280-284.
Davalos A, Cadtillo J. Potential mechanisms of worsening. Cerebrovasc
Dis. 1997;7(suppl 5):19-24.

Candelise L, Landi G, Orazio EN, Boccardi E. Prognostic significance
of hyperglycemia in acute stroke. Arch Neurol. 1985;42:661—-663.
Weir CJ, Murray GD, Dyker AG, Lees KR. Is hyperglycaemia an
independent predictor of poor outcome after acute stroke? Results of a
long-term follow up study. BMJ. 1997;314:1303—-1306.

Murros K, Fogelholm R, Kettunen S, Vuorela AL, Valve J. Blood
glucose, glycosylated haemoglobin, and outcome of ischemic brain
infarction. J Neurol Sci. 1992;111:59—-64.

Scott JF, Robinson GM, French JM, O’ Connell JE, Alberti KG, Gray
CS. Glucose potassium insulin infusions in the treatment of acute stroke
patients with mild to moderate hyperglycemia: the Glucose Insulin in
Stroke Trial (GIST). Sroke. 1999;30:793-799.

Hacke W, Kaste M, Fieschi C, et al. Randomised double-blind placebo-
controlled trial of thrombolytic therapy with intravenous alteplase in
acute ischaemic stroke (ECASS I1): Second European-Australasian
Acute Stroke Study Investigators. Lancet. 1998;352:1245-1251.

Clark WM, Albers GW, for the ATLANTIS Stroke Study Investigators.
The ATLANTIS rt-PA (ateplase) Acute Stroke Trid. final results.
Sroke. 1999;30:234.

Clark WM, Wissman S, Albers GW, et a. Recombinant tissue-type
plasminogen activator (alteplase) for ischemic stroke 3 to 5 hours after
symptom onset: the ATLANTIS study: a randomized controlled trial.
JAMA. 1999;282:2019-2026.

The NINDS t-PA Stroke Study Group. Generalized efficacy of t-PA for
acute stroke: subgroup analysis of the NINDS t-PA Stroke Trial. Sroke.
1997;28:2119-2125.

von Kummer R, Hacke W. Safety and efficacy of intravenous tissue
plasminogen activator and heparin in acute middle cerebral artery stroke.
Stroke. 1992;23:646—652.

Steiner T, Bluhmki E, Kaste M, et a. The ECASS 3-hour cohort:
secondary analysis of ECASS data by time stratification: ECASS study
group: European Cooperative Acute Stroke Study. Cerebrovasc Dis.
1998;8:198-203.

von Kummer R. Effect of training in reading CT scans on patient
selection for ECASS Il. Neurology. 1998;51:S50—S52.

Clark WM, Albers GW, Madden KP, Hamilton S, for the Thrombolytic
Therapy in Acute Ischemic Stroke Study Investigators. The rtPA (alte-
plase) 0- to 6-hour acute stroke trial, part A (A0276g): results of a



161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171

172.

173.

174,

175.

176.

177.

178.

179.

180.

181

182.

183.

Adams et al

double-blind, placebo-controlled, multicenter study. Stroke.;2000;31:
811-816.

Albers GW, Bates VE, Clark WM, Bell R, Verro P, Hamilton SA.
Intravenous tissue-type plasminogen activator for treatment of acute
stroke: the Standard Treatment with Alteplase to Reverse Stroke
(STARS) study. JAMA. 2000;283:1145-1150.

Katzan IL, Furlan AJ, Lloyd LE, et a. Use of tissue-type plasminogen
activator for acute ischemic stroke: the Cleveland area experience.
JAMA. 2000;283:1151-1158.

Trouillas P, Nighoghossian N, Derex L, et a. Thrombolysis with intra-
venous rtPA in a series of 100 cases of acute carotid territory stroke:
determination of etiological, topographic, and radiological outcome
factors. Sroke. 1998;29:2529—-2540.

Buchan AM, Barber PA, Newcommon N, et al. Effectiveness of t-PA in
acute ischemic stroke: outcome relates to appropriateness. Neurology.
2000;54:679—-684.

Grond M, Stenzel C, Schmulling S, et a. Early intravenous thrombolysis
for acute ischemic stroke in a community-based approach. Stroke. 1998;
29:1544-1549.

Chiu D, Krieger D, Villar-Cordova C, et a. Intravenous tissue plasmin-
ogen activator for acute ischemic stroke: feasibility, safety, and efficacy
in the first year of clinical practice. Sroke. 1998;29:18-22.

Tanne D, Bates VE, Verro P, et d. Initial clinical experience with IV
tissue plasminogen activator for acute ischemic stroke: a multicenter
survey: the t-PA Stroke Survey Group. Neurology. 1999;53:424—427.
Egan R, Lutsep HL, Clark WM, et a. Open label tissue plasminogen
activator for stroke: the Oregon experience. J Sroke Cerebrovasc Dis.
1999;8:287-290.

Wirkowski E, Gottesman MH, Mazer C, Brody GM, Manzella SM.
Tissue plasminogen activator for acute stroke in everyday clinica
practice. J Sroke Cerebrovasc Dis. 1999;8:291-294.

Demchuk AM, Tanne D, Hill MD, et al. Predictors of good outcome
after intravenous tPA for acute ischemic stroke. Neurology. 2001;57:
474-480.

Becker RC, Hochman JS, Cannon CP, et a. Fatal cardiac rupture among
patients treated with thrombolytic agents and adjunctive thrombin an-
tagonists: observations from the Thrombolysis and Thrombin Inhibition
in Myocardia Infarction 9 Study. J Am Coll Cardiol. 1999;33:479—-487.
Lopez-Yunez AM, Bruno A, Williams LS, Yilmaz E, Zurru C, Biller J.
Protocol violations in community-based rtPA stroke treatment are asso-
ciated with symptomatic intracerebral hemorrhage. Stroke. 2001;32:
12-16.

Kasner SE, Villar-Cordova CE, Tong D, Grotta JC. Hemopericardium
and cardiac tamponade after thrombolysis for acute ischemic stroke.
Neurology. 1998;50:1857—1859.

Rudolf J, Grond M, Prince WS, Schmulling S, Heiss WD. Evidence of
anaphylaxy after ateplase infusion. Sroke. 1999;30:1142-1143.
Rudolf J, Grond M, Schmulling S, Neveling M, Heiss WD. Orolingual
angioneurotic edema following therapy of acute ischemic stroke with
ateplase. Neurology. 2000;55:599—600.

Pancioli A, Brott T, Donaldson V, Miller R. Asymmetric angioneurotic
edema associated with thrombolysis for acute stroke. Ann Emerg Med.
1997;30:227-229.

Marler JR, Tilley BC, Lu M, Brott TG, Lyden PC, Grotta JC, Broderick
JP, Levine SR, Frankel MP, Horowitz SH, Haley EC Jr, Lewandowski
CA, Kwiatkowski TP. Early stroke treatment associated with better
outcome: the NINDS rt-PA Stroke Study. Neurology. 2000;55:
1649-1655.

Hommel M, Boissel JP, Cornu C, et a. Termination of trial of strep-
tokinase in severe acute ischaemic stroke: MAST Study Group. Lancet.
1995;345:57.

Donnan GA, Davis SM, Chambers BR, et al. Streptokinase for acute
ischemic stroke with relationship to time of administration: Australian
Streptokinase (ASK) Trial Study Group. JAMA. 1996;276:961-966.
Multicenter Acute Stroke Trial-Europe Study Group. Thrombolytic
therapy with streptokinase in acute ischemic stroke. N Engl J Med.
1996;335:145-150.

Multicentre Acute Stroke Trial-ltaly (MAST-I) Group. Randomised
controlled trial of streptokinase, aspirin, and combination of both in
treatment of acute ischaemic stroke. Lancet. 1995;346:1509—-1514.
The Ancrod Stroke Study Investigators. Ancrod for the treatment of
acute ischemic brain infarction. Stroke. 1994;25:1755-1759.

Sherman DG, Atkinson RP, Chippendale T, et al. Intravenous ancrod for
treatment of acute ischemic stroke: the STAT Study: a randomized

Management of Patients With Ischemic Stroke

184.

185.

186.

187.

188.

189.
190.
191

192.

193.

194.

195.
196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

1079

controlled trial: Stroke Treatment with Ancrod Trial. JAMA. 2000;283:
2395-2403.

Furlan AJ, Higashida R, Wechdler L, Schultz G, PROACT Il Investi-
gators. PROACT II: recombinant prourokinase (r-ProUK) in acute
cerebral thromboembolism: initial trial results. Sroke. 1999;30:234.
Abstract.

Urbach H, Ries F, Ostertun B, Solymosi L. Local intra-arterial fibrino-
lysis in thromboembolic “T” occlusions of the internal carotid artery.
Neuroradiology. 1997;39:105-110.

Casto L, Caverni L, Camerlingo M, et a. Intra-arterial thrombolysisin
acute ischaemic stroke: experience with a superselective catheter
embedded in the clot. J Neurol Neurosurg Psychiatry. 1996;60:
667—670.

Becker KJ, Monsein LH, Ulatowski J, Mirski M, Williams M, Hanley
DF. Intraarterial thrombolysis in vertebrobasilar occlusion. AINR Am J
Neuroradiol. 1996;17:255-262.

Brandt T, Pessin MS, Kwan ES, Caplan LR. Survival with basilar artery
occlusion. Cerebrovasc Dis. 1995;5:182—-187.

Brandt T, von Kummer R, Muller-Kuppers M, Hacke W. Thrombolytic
therapy of acute basilar artery occlusion: variables affecting recanaliza-
tion and outcome. Stroke. 1996;27:875-881.

Wijdicks EF, Nichols DA, Thielen KR, et a. Intra-arterial thrombolysis
in acute basilar artery thromboembolism: the initial Mayo Clinic expe-
rience. Mayo Clin Proc. 1997;72:1005-1013.

Lammie GA, Lindley R, Keir S, Wiggam MI. Stress-related primary
intracerebral hemorrhage: autopsy clues to underlying mechanism.
Sroke. 2000;31:1426-1428.

del Zoppo GJ, Higashida RT, Furlan AJ, Pessin MS, Rowley HA, Gent
M. PROACT: aphase |l 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.

Lewandowski CA, Frankel M, Tomsick TA, et al. Combined intrave-
nous and intra-arterial r-TPA versus intra-arteria therapy of acute is-
chemic stroke: Emergency Management of Stroke (EMS) Bridging
Trial. Stroke. 1999;30:2598—-2605.

The American Heart Association in collaboration with the International
Liaison Committee on Resuscitation. Guidelines. for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care, part 7: the Era of
Reperfusion: section 2: Acute Stroke. Circulation. 2000;2000:102:
204-216.

Coull BM, Williams LS, Goldstein LB, et a. Anticoagulants and anti-
platelet agents in acute ischemic stroke. Stroke. 2002;33:1934—1942.
Kay R, Wong KS, Yu YL, et a. Low-molecular-weight heparin for the
treatment of acute ischemic stroke. N Engl J Med. 1995;333:1588—-1593.
Cerebral Embolism Study Group. |mmediate anticoagulation of embolic
stroke: brain hemorrhage and management options. Sroke. 1984;15:
779-789.

Cerebral Embolism Study Group. Cardioembolic stroke, early anticoag-
ulation, and brain hemorrhage. Arch Intern Med. 1987;147:636—640.
International Stroke Trial Collaborative Group. The International Stroke
Trial (IST): arandomised trial of aspirin, subcutaneous heparin, both, or
neither among 19435 patients with acute ischaemic stroke. Lancet.
1997;349:1569-1581.

CAST (Chinese Acute Stroke Trial) Collaborative Group. CAST: ran-
domised placebo-controlled trial of early aspirin use in 20,000 patients
with acute ischaemic stroke. Lancet. 1997;349:1641-1649.

The Publications Committee for the Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) Investigators. Low molecular weight heparinoid,
ORG 10172 (danaparoid), and outcome after acute ischemic stroke: a
randomized controlled trial. JAMA. 1998;279:1265-1272.

Chamorro A. Heparin in acute ischemic stroke: the case for a new
clinical trial. Cerebrovasc Dis. 1999;9(suppl 3):16—23.

Berge E, Abdelnoor M, Nakstad PH, Sandset PM, on behalf of the
HAEST Study Group. Low molecular-weight heparin versus aspirin in
patients with acute ischaemic stroke and atrial fibrillation: a
double-blind randomised study. Lancet.;2000;355:1205-1210.

Diener HC, Ringelstein EB, von Kummer R, et a. Treatment of acute
ischemic stroke with the low-molecular-weight heparin certoparin:
results of the TOPAS trial: Therapy of Patients with Acute Stroke
(TOPAYS) Investigators. Stroke. 2001;32:22—-29.

Grond M, Rudolf J, Neveling M, Stenzel C, Heiss WD. Risk of
immediate heparin after rt-PA therapy in acute ischemic stroke. Cere-
brovasc Dis. 1997;7:318-323.



1080

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.
218.
219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

Stroke April 2003

Chamorro A. Immediate anticoagulation in acute focal brain ischemia
revisited: gathering the evidence. Sroke. 2001;32:577-578.

Qureshi Al, Luft AR, Sharma M, Guterman LR, Hopkins LN. Pre-
vention and treatment of thromboembolic and ischemic complications
associated with endovascular procedures, part |: pathophysiological and
pharmacological features. Neurosurgery. 2000;46:1344—1359.

Qureshi Al, Suri FK, Khan J, Fessler RD, Guterman LR, Hopkins LN.
Abciximab as an adjunct to high-risk carotid or vertebrobasilar angio-
plasty: preliminary experience. Neurosurgery. 2000;46:1316-1325.
The Abciximab in Ischemic Stroke Investigators. Abciximab in acute
ischemic stroke: a randomized, double-blind, placebo-controlled, dose-
escalation study. Stroke. 2000;31:601—-609.

Mayberg MR, Batjer HH, Dacey R. Guidelines for the management of
aneurysmal subarachnoid hemorrhage. Circulation.
1994;90:2592—2605.

Rordorf G, Cramer SC, Efird JT, Schwamm LH, Buonanno F, Koroshetz
WJ. Pharmacological elevation of blood pressure in acute stroke: clinical
effects and safety. Stroke. 1997;28:2133-2138.

Walzl M, Schied G, Walzl B. Effects of ameliorated haemorheology on
clinical symptoms in cerebrovascular disease. Atherosclerosis. 1998;
139:385-389.

Stoll M, Treib J, Seltmann A, Anton H, Klaus S. Hemodynamics of
stroke patients under therapy with low molecular weight hydroxyethyl
starch. Neurol Res. 1998;20:231-234.

Matthews WB, Oxbury JM, Grainger KM, Greenhal RC. A blind
controlled trial of dextran 40 in the treatment of ischaemic stroke. Brain.
1976;99:193-206.

The Hemodilution in Stroke Study Group. Hypervolemic hemodilution
treatment of acute stroke: results of arandomized multicenter trial using
pentastarch. Stroke. 1989;20:317—-323.

Koller M, Haenny P, Hess K, Weniger D, Zangger P. Adjusted hyper-
volemic hemodilution in acute ischemic stroke. Stroke. 1990;21:
1429-1434.

Strand T. Evaluation of long-term outcome and safety after hemodi-
lution therapy in acute ischemic stroke. Sroke. 1992;23:657—662.
Asplund K. Hemodilution in acute stroke. Cerebrovasc Dis. 1991;
1(suppl 1):129-138.

Italian Acute Stroke Study Group. Haemodilution in acute stroke: results
of the Italian haemodilution trial. Lancet. 1988;1:318—321.
Scandinavian Stroke Study Group. Multicenter trial of hemodilution in
acute ischemic stroke: results of subgroup analyses. Stroke. 1988;19:
464-471.

Berrouschot J, Barthel H, Koster J, et a. Extracorporea rheopheresisin
the treatment of acute ischemic stroke: arandomized pilot study. Stroke.
1999;30:787-792.

Saxena R, Wijnhoud AD, Carton H, et a. Controlled safety study of
hemoglobin-based oxygen carrier, DCLHDb, in acute ischemic stroke.
Stroke. 1999;30:993-996.

Meyer FB, Sundt TM Jr, Piepgras DG, Sandok BA, Forbes G.
Emergency carotid endarterectomy for patients with acute carotid
occlusion and profound neurological deficits. Ann Surg. 1986;203:
82-89.

Walters BB, Ojemann RG, Heros RC. Emergency carotid endarterecto-
my. J Neurosurg. 1987;66:817—823.

Schneider C, Johansen K, Konigstein R. Emergency carotid thrombo-
endarterectomy: safe and effective. World J Surg. 1999;23:1163-1167.
Kasper GC, Wladis AR, Lohr JM, et a. Carotid thromboendarterectomy
for recent total occlusion of the interna carotid artery. J Vasc Surg.
2001;33:242-250.

McCormick PW, Spetzler RF, Bailes JE, Zabramski JM, Frey JL.
Thromboendarterectomy of the symptomatic occluded internal carotid
artery. J Neurosurg. 1992;76:752—758.

Gertler JP, Blankensteijn JDB. Carotid endarterectomy for unstable and
compelling neurologic conditions: do results justify an aggressive
approach? J Vasc Surg. 1994;19:32-42.

Eckstein HH, Schumacher H, Dorfler A, et al. Carotid endarterectomy
and intracranial thrombolysis: simultaneous and staged procedures in
ischemic stroke. J Vasc Surg. 1999;29:459—-471.

Eckstein HH, Schumacher H, Klemm K, et al. Emergency carotid
endarterectomy. Cerebrovasc Dis. 1999;9:270—281.

Eckstein HH, Schumacher H, Laubach H, et al. Early carotid endarter-
ectomy after non-disabling ischaemic stroke: adequate therapeutical
option in selected patients. Eur J Vasc Endovasc Surg. 1998;15:
423-428.

232.

233.

234,

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

Sundt TM, Sandok BA, Whisnant JP. Carotid endarterectomy: compli-
cations and preoperative assessment of risk. Mayo Clin Proc. 1975;50:
301-306.

Biller J, Adams HP Jr, Boarini D, Godersky JC, Smoker WR, Kongable
G. Intraluminal clot of the carotid artery: a clinical-angiographic corre-
lation of nine patients and literature review. Surg Neurol. 1986;25:
467-477.

Heros RC. Carotid endarterectomy in patients with intraluminal
thrombus. Stroke. 1988;19:667—668.

Buchan A, Gates P, Pelz D, Barnett HJ. Intralumina thrombus in the
cerebral circulation: implications for surgical management. Stroke.
1988;19:681-687.

Crowell RM. STA-MCA bypass for acute focal cerebral ischemia. In:
Schmiedek P, ed. Microsurgery for Stroke. New Y ork: Springer Verlag;
1977:244-250.

Yoshimoto Y, Kwak S. Superficial temporal artery-middle cerebral
artery anastomosis for acute cerebral ischemia: the effect of small
augmentation of blood flow. Acta Neurochir. 1995;137:128-137.
Kakinuma K, Ezuka I, Takai N, Yamamoto K, Sasaki O. The simple
indicator for revascularization of acute middle cerebral artery occlusion
using angiogram and ultra-early embolectomy. Surg Neurol. 1999;51:
332-341.

Meyer FB, Piepgras DG, Sundt TM Jr, Yanagihara T. Emergency
embolectomy for acute occlusion of the middle cerebral artery. J Neu-
rosurg. 1985;62:639—647.

Linskey ME, Sekhar LN, Hecht ST. Emergency embolectomy for
embolic occlusion of the middle cerebral artery after internal carotid
artery balloon test occlusion: case report. J Neurosurg. 1992;77:
134-138.

Mori T, Kazita K, Chokyu K. Short-term arteriographic and clinical
outcome after cerebral angioplasty and stenting for intracranial verte-
brobasilar and carotid atherosclerotic occlusive disease. AINR Am J
Neuroradiol. 2000;21:249-254.

Nakayama T, Tanaka K, Kaneko M, Yokoyama T, Uemura K. Throm-
bolysis and angioplasty for acute occlusion of intracrania vertebro-
basilar arteries: report of three cases. J Neurosurg. 1998;88:919-922.
Ueda T, Sakaki S, Nochide I, Kumon Y, Kohno K, Ohta S. Angioplasty
after intra-arterial thrombolysis for acute occlusion of intracranial
arteries. Sroke. 1998;29:2568—-2574.

Tsai FY, Berberian B, Matovich V, Lavin M, Alfieri K. Percutaneous
transluminal angioplasty adjunct to thrombolysis for acute middle
cerebral artery rethrombosis. AJNR Am J Neuroradiol. 1994;15:
1823-1829.

Chopko BW, Kerber C, Wong W, Georgy B. Transcatheter snare
removal of acute middle cerebral artery thromboembolism: technical
case report. Neurosurgery. 2000;40:1529-1531.

Phatouros CC, HigashidaRT, Malek AM, et al. Endovascular stenting of
an acutely thrombosed basilar artery: technical case report and review of
the literature. Neurosurgery. 1999;44:667—673.

Nakano S, Yokogami K, Ohta H, Yano T, Ohnishi T. Direct percuta-
neous transluminal angioplasty for acute middle cerebral artery
occlusion. AJNR Am J Neuroradiol. 1998;19:767—772.

Suh DC, Sung KB, Cho Y, et a. Transluminal angioplasty for middie
cerebral artery stenosis in patients with acute ischemic stroke. AJINR
Am J Neuroradiol. 1999;20:553-558.

Lempert TE, Maek AM, Habach VV, Phatouros CC, Dowd CF,
Higashida RT. Rescue treatment of acute parent vessel thrombosis with
glycoprotein llb/Illa inhibitor during GDC coil embolization. Stroke.
1999;30:693-695.

Kaste M, Fogelholm R, Erila T, et al. A randomized, double-blind,
placebo-controlled trial of nimodipine in acute ischemic hemispheric
stroke. Stroke. 1994;25:1348-1353.

Bogousslavsky J, Regli F, Zumstein V, Kobberling W. Double-blind
study of nimodipine in non-severe stroke. Eur Neurol. 1990;30:23-26.
Ahlsio B, Britton M, Murray V, Theorell T. Disablement and quality of
life after stroke. Stroke. 1984;15:886—890.

The American Nimodipine Study Group. Clinical trial of nimodipine in
acute ischemic stroke. Stroke. 1992;23:3-8.

Wahlgren NG, MacMahon DG, DeKeyser J, Indredavik B, Ryman T.
Intravenous Nimodipine West European Stroke Trial (INWEST) of
nimodipine in the treatment of acute ischaemic stroke. Cerebrovasc Dis.
1994;4:204-210.

Infeld B, Davis SM, Donnan GA, et a. Nimodipine and perfusion
changes after stroke. Sroke. 1999;30:1417-1423.



256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

Adams et al

Mohr JP, Orgogozo JM, Harrison MJ, et a. Meta-analysis of oral
nimodipine trias in acute ischemic stroke. Cerebrovasc Dis. 1999;4:
197-203.

Franke CL, Pam R, Dalby M, et a. Flunarizine in stroke treatment
(FIST): a double-blind, placebo-controlled trial in Scandinavia and the
Netherlands. Acta Neurol Scand. 1996;93:56—60.

Dyker AG, Edwards KR, Fayad PB, Hormes JT, Lees KR. Safety and
tolerability study of aptiganel hydrochloride in patients with an acute
ischemic stroke. Sroke. 1999;30:2038—-2042.

Diener HC, Hacke W, Hennerici M, Radberg J, Hantson L, De Keyser
J. Lubeluzole in acute ischemic stroke: a double-blind, placebo-
controlled phase Il trial: Lubeluzole International Study Group. Stroke.
1996;27:76—81.

Grotta J. Lubeluzole trestment of acute ischemic stroke: the US and
Canadian Lubeluzole Ischemic Stroke Study Group. Stroke. 1997;28:
2338-2346.

Hacke W, Lees KR, Timmerhuis T, et a. Cardiovascular safety of
lubeluzole (Prosynap(R)) in patients with ischemic stroke. Cerebrovasc
Dis. 1998;8:247-254.

Davis SM, LeesKR, Albers GW, et al. Selfotel in acute ischemic stroke:
possible neurotoxic effects of an NMDA antagonist. Stroke. 2000;31:
347-354.

Wahlgren NG, Ranasinha KW, Rosolacci T, et a. Clomethiazole acute
stroke study (CLASS): results of a randomized, controlled trial of
clomethiazole versus placebo in 1360 acute stroke patients. Stroke.
1999;30:21-28.

Wester P, Strand T, Wahlgren NG, Ashwood T, Osswald G. An open
study of clomethiazole in patients with acute cerebral infarction. Cere-
brovasc Dis. 1998;8:188—-190.

Muir KW, Lees KR. Clinica experience with excitatory amino acid
antagonist drugs. Stroke. 1995;26:503-513.

Albers GW, Saenz RE, Moses JA Jr, Choi DW. Safety and tolerance of
oral dextromethorphan in patients at risk for brain ischemia. Stroke.
1991;22:1075-1077.

Albers GW, Atkinson RP, Kelley RE, Rosenbaum DM. Safety, tolera-
bility, and pharmacokinetics of the N-methyl-p-aspartate antagonist dex-
trorphan in patients with acute stroke: Dextrorphan Study Group. Stroke.
1995;26:254-258.

Morris GF, Bullock R, Marshall SB, et a. Failure of the competitive
N-methyl-p-aspartate antagonist Selfotel (CGS 19755) in the treatment
of severe head injury: results of two phase 111 clinical trials: the Selfotel
Investigators. J Neurosurg. 1999;91:737-743.

Dyker AG, Lees KR. Remacemide hydrochloride: a double-blind,
placebo-controlled, safety and tolerability study in patients with acute
ischemic stroke. Sroke. 1999;30:1796-1801.

Dyker AG, LeesKR. Safety and tolerability of GV 150526 (aglycinesite
antagonist at the N-methyl-p-aspartate receptor) in patients with acute
stroke. Stroke. 1999;30:986—992.

Clark WM, Raps EC, Tong DC, Kelly RE, for the Cervene Stroke Study
Investigators. Cervene (Nalmefene) in acute ischemic stroke: final
results of a phase |1 efficacy study. Stroke. 2000;31:1234-1239.
Wahigren NG. The Clomethiazole Acute Stroke Study Collaborative
Group: the clomethiazole acute stroke study (CLASS): results of a
randomised controlled study of clomethiazole versus placebo in 1360
acute stroke patients. Cerebrovasc Dis. 1997;7(suppl 4):24-30.

Lees KR, Asplund K, Carolei A. Glycine antagonist (gavestinel) in
neuroprotection (GAIN International) in patients with acute stroke: a
randomised controlled trial: GAIN International Investigators. Lancet.
2000;355:1949-1954.

Sacco RL, DeRosa JT, Haley EC Jr, et a. Glycine antagonist in neuro-
protection for patients with acute stroke: GAIN Americas: a randomized
controlled trial. JAMA. 2001;285:1719-1728.

Clark WM, Warach SJ, Pettigrew LC, Gammans RE, Sabounjian LA. A
randomized dose-response trial of citicoline in acute ischemic stroke
patients: Citicoline Stroke Study Group. Neurology. 1997;49:671—-678.
Clark WM, Williams BJ, Selzer KA, et al. A randomized efficacy trial
of citicoline in patients with acute ischemic stroke. Stroke. 1999;30:
2592-2597.

Dyker AG, LeesKR. Duration of neuroprotective treatment for ischemic
stroke. Stroke. 1998;29:535-542.

Lees KR. Does neuroprotection improve stroke outcome? Lancet. 1998;
351:1447-1448.

Zivin JA. Neuroprotective therapies in stroke. Drugs. 1997;54(suppl
3):83-89.

Management of Patients With Ischemic Stroke

280.

281.

282.
283.

284.

285.
286.

287.
288.

289.

290.
291.
292.
293.

294.
295.
296.
297.
298.
299.

300.

301.
302.
303.

304.

305.

306.

307.

1081

Muir KW, Lees KR. A randomized, double-blind, placebo-controlled
pilot trial of intravenous magnesium sulfate in acute stroke. Stroke.
1995;26:1183-1188.

Muir KW, Lees KR. Dose optimization of intravenous magnesium
sulfate after acute stroke. Sroke. 1998;29:918-923.

Muir KW. New experimental and clinical data on the efficacy of phar-
macological magnesium infusions in cerebral infarcts. Magnes Res.
1998;11:43-56.

Lenzi GL, Grigoletto F, Gent M, et a. Early treatment of stroke with
monosialoganglioside GM-1: efficacy and safety results of the Early
Stroke Trial. Sroke. 1994;25:1552—-1558.

The SASS Tria. Ganglioside GM1 in acute ischemic stroke. Stroke.
1994;25:1141-1148.

Krieger DW, De Georgia MA, Abou-Chebl A, et al. Cooling for acute
ischemic brain damage (cool-aid): an open pilot study of induced hypo-
thermia in acute ischemic stroke. Sroke. 2001;32:1847-1854.

Barone FC, Feuerstein GZ. Inflammatory mediators and stroke: new
opportunities for novel therapeutics. J Cereb Blood Flow Metab. 1999;
19:819-834.

The RANTTAS Investigators. A randomized trial of tirilazad mesylate
in patients with acute stroke (RANTTAS). Stroke. 1996;27:1453-1458.
Tirilazad International Steering Committee. Tirilazad mesylate in acute
ischemic stroke: a systematic review. Stroke. 2000;32:2257—-2265.
Schneider D, Berrouschot J, Brandt T, et a. Safety, pharmacokinetics
and biological activity of enlimomab (anti-ICAM-1 antibody): an open-
label, dose escalation study in patients hospitalized for acute stroke. Eur
Neurol. 1998;40:78—83.

Muir KW, Grosset DG. Neuroprotection for acute stroke: making
clinical trials work. Stroke. 1999;30:180-182.

Steiner T, Hacke W. Combination therapy with neuroprotectants and
thrombolytics in acute ischaemic stroke. Eur Neurol. 1998;40:1-8.
Roden-Jullig A. Progressing stroke: epidemiology. Cerebrovasc Dis.
1997;7(suppl 5):2-5.

Cadtillo J. Deteriorating stroke: diagnostic criteria, predictors, mech-
anisms and treatment. Cerebrovasc Dis. 1999;9(suppl 3):1-8.
Yamamoto H, Bogousslavsky J, van Melle G. Different predictors of
neurological worsening in different causes of stroke. Arch Neurol. 1998;
55:481-486.

Stroke Unit Trialists Collaboration. How do stroke units improve patient
outcomes? A collaborative systematic review of the randomized trials.
Sroke. 1997;28:2139-2144.

Stroke Unit Trialists' Collaboration. Collaborative systematic review of
the randomised trials of organised inpatient (stroke unit) care after
stroke. BMJ. 1997;314:1151-1159.

Ronning OM, Guldvog B. Stroke unit versus general medical wards, I1:
neurological deficits and activities of daily living: a quasi-randomized
controlled trial. Stroke. 1998;29:586-590.

Ronning OM, Guldvog B. Stroke units versus general medical wards, |:
twelve- and eighteen-month survival: a randomized, controlled trial.
Sroke. 1998;29:58—62.

Indredavik B, Bakke F, Slordahl SA, Rokseth R, Haheim LL. Stroke unit
treatment improves long-term quality of life: a randomized controlled
trial. Sroke. 1998;29:895-899.

Indredavik B, Bakke F, Slordahl SA, Rokseth R, Haheim LL. Stroke unit
treatment: 10-year follow-up. Stroke. 1999;30:1524—1527.

Stegmayr B, Asplund K, Hulter-Asberg K, et al. Stroke units in their
natural habitat: can results of randomized trials be reproduced in routine
clinical practice? Riks-Stroke collaboration. Stroke. 1999;30:709—714.
Jorgensen HS, Kammersgaard LP, Nakayama H, et a. Treatment and
rehabilitation on a stroke unit improves 5-year survival: a
community-based study. Stroke. 1999;30:930-933.

Jorgensen HS, Kammersgaard LP, Houth J, et a. Who benefits from
treatment and rehabilitation in a stroke unit? A community-based study.
Sroke. 2000;31:434—-439.

van der Worp HB, Kappelle LJ. Complications of acute ischaemic
stroke. Cerebrovasc Dis. 1998;8:124-132.

Johnston KC, Li JY, Lyden PD, et al. Medica and neurological com-
plications of ischemic stroke: experience from the RANTTAS trial:
RANTTAS Investigators. Sroke. 1998;29:447—-453.

Langhorne P, Stott DJ, Robertson L, et al. Medical complications after
stroke: a multicenter study. Stroke. 2000;31:1223-1229.

Langhorne P. Measures to improve recovery in the acute phase of stroke.
Cerebrovasc Dis. 1999;9(suppl 5):2-5.



1082

308.

309.

310.

311

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

331

332.

333.

Stroke April 2003

Zorowitz RD, Hughes MB, Idank D, Ikai T, Johnston MV. Shoulder
pain and subluxation after stroke: correlation or coincidence? Am J
Occup Ther. 1996;50:194—-201.

Linn SL, Granat MH, Lees KR. Prevention of shoulder subluxation after
stroke with electrical stimulation. Sroke. 1999;30:963-968.
Tutuarima JA, van der Meulen JH, de Haan RJ, van Straten A, Limburg
M. Risk factors for falls of hospitalized stroke patients. Sroke. 1997,
28:297-301.

Unosson M, Ek AC, Bjurulf P, von Schenck H, Larsson J. Feeding
dependence and nutritional status after acute stroke. Stroke. 1994;25:
366—371.

Choi-Kwon S, Yang YH, Kim EK, Jeon MY, Kim JS. Nutritional status
in acute stroke: undernutrition versus overnutrition in different stroke
subtypes. Acta Neurol Scand. 1998;98:187—192.

Gariballa SE, Parker SG, Taub N, Castleden CM. Influence of nutri-
tional status on clinical outcome after acute stroke. Am J Clin Nutr.
1998;68:275-281.

Robbins J. The evolution of swallowing neuroanatomy and physiology
in humans: a practical perspective. Ann Neurol. 1999;46:279—-280.
Elmstahl S, Bulow M, Ekberg O, Petersson M, Tegner H. Treatment of
dysphagiaimproves nutritional conditionsin stroke patients. Dysphagia.
1999;14:61-66.

Daniels SK, Brailey K, Foundas AL. Lingua discoordination and dys-
phagia following acute stroke: analyses of lesion localization. Dys-
phagia. 1999;14:85-92.

Addington WR, Stephens RE, Gilliland K, Rodriguez M. Assessing the
laryngeal cough reflex and the risk of developing pneumonia after
stroke. Arch Phys Med Rehabil. 1999;80:150-154.

Addington WR, Stephens RE, Gilliland KA. Assessing the laryngeal
cough reflex and the risk of developing pneumonia after stroke: an
interhospital comparison. Sroke. 1999;30:1203-1207.

DePippo KL, Holas MA, Reding MJ. Validation of the 3-oz water
swallow test for aspiration following stroke. Arch Neurol. 1992;49:
1259-1261.

O'Mahony D, Mclntyre AS. Artificial feeding for elderly patients after
stroke. Age Ageing. 1995;24:533-535.

James A, Kapur K, Hawthorne AB. Long-term outcome of percutaneous
endoscopic gastrostomy feeding in patients with dysphagic stroke. Age
Ageing. 1998;27:671-676.

Wijdicks EF, McMahon MM. Percutaneous endoscopic gastronomy
after acute stroke: complications and outcome. Cerebrovasc Dis. 1999;
9:109-111.

Norton B, Homer-Ward M, Donnelly MT, Long RG, Holmes GK. A
randomised prospective comparison of percutaneous endoscopic gas-
trostomy and nasogastric tube feeding after acute dysphagic stroke.
BMJ. 1996;312:13-16.

Nakagawa T, Sekizawa K, Arai H, Kikuchi R, Manabe K, Sasaki H.
High incidence of pneumonia in elderly patients with basal ganglia
infarction. Arch Intern Med. 1997;157:321-324.

Ween JE, Alexander MP, D’ Esposito M, Roberts M. Incontinence after
stroke in a rehabilitation setting: outcome associations and predictive
factors. Neurology. 1996;47:659—-663.

Wijdicks EF, Scott JP. Pulmonary embolism associated with acute
stroke. Mayo Clin Proc. 1997;72:297-300.

Desmukh M, Bisignani M, Landau P, Orchard TJ. Deep vein thrombosis
in rehabilitating stroke patients: incidence, risk factors and prophylaxis.
Am J Phys Med Rehabil. 1991,70:313-316.

Warlow C, Ogston D, Douglas AS. Deep vein thrombosis in the legs
after stroke. BMJ. 1976;1:1178-1183.

Mosca L, Collins P, Herrington DM, et a. Hormone replacement
therapy and cardiovascular disease: a statement for healthcare profes-
sionals from the American Heart Association. Circulation. 2001;104:
499-503.

Sandercock PA, van den Belt AG, Lindley RI, Slattery J. Antithrombotic
therapy in acute ischaemic stroke: an overview of the completed ran-
domised trials. J Neurol Neurosurg Psychiatry. 1993;56:17-25.
Gubitz G, Counsell C, Sandercock P, Signorini D. Anticoagulants for
acute ischaemic stroke. Cochrane Database Syst Rev. 2000;2:
CD000024.

Counsell C, Sandercock P, Low-molecular-weight heparins or heparin-
oids versus standard unfractionated heparin for acute ischaemic stroke.
Cochrane Database Syst Rev.;4:CD000119, 2001.

McCarthy ST, Turner J. Low-dose subcutaneous heparin in the pre-
vention of deep-vein thrombosis and pulmonary emboli following acute
stroke. Age Ageing. 1986;15:84—88.

334.

335.

336.

337.

338.

339.

341.

342.

346.

347.

349.

350.

351.

352.

353.

354.

355.

356.

357.

McCarthy ST, Turner JJ, Robertson D, Hawkey CJ, Macey DJ.
Low-dose heparin as a prophylaxis against deep-vein thrombosis after
acute stroke. Lancet. 1977;2:800—801.

Dumas R, Woitinas F, Kutnowski M, et al. A multicentre, double-blind,
randomized study to compare the safety and efficacy of once-daily ORG
10172 and twice-daily low-dose heparin in preventing deep-vein
thrombosis in patients with acute ischaemic stroke. Age Ageing. 1994;
23:512-516.

Sandset PM, Dahl T, Stiris M, Rostad B, Scheel B, Abildgaard U. A
double-blind and randomized placebo-controlled tria of low molecular
weight heparin once daily to prevent deep-vein thrombosis in acute
ischemic stroke. Semin Thromb Hemost. 1990;16(suppl):25-33.
Turpie AG, Gent M, Cote R, et a. A low-molecular-weight heparinoid
compared with unfractionated heparin in the prevention of deep vein
thrombosis in patients with acute ischemic stroke: a randomized,
double-blind study. Ann Intern Med. 1992;117:353-357.

Levine M, Gent M, Hirsh J, et a. A comparison of low-molecular-
weight heparin administered primarily at home with unfractionated
heparin administered in the hospital for proximal deep-vein thrombosis.
N Engl J Med. 1996;334:677—681.

Gould MK, Dembitzer AD, Doyle RL, Hastie TJ, Garber AM. Low-
molecular-weight heparins compared with unfractionated heparin for
treatment of acute deep venous thrombosis: a meta-analysis of ran-
domized, controlled trials. Ann Intern Med. 1999;130:800—809.

. HyersTM, Agnelli G, Hull RD, et a. Antithrombotic therapy for venous

thromboembolic disease. Chest. 1998;114:561S-578S.

Black PM, Crowell RM, Abbott WM. Externa pneumatic caf com-
pression reduces deep vein thrombosis in patients with ruptured intra-
crania aneurysms. Neurosurgery. 1986;18:25-28.

Kamran Sl, Downey D, Ruff RL. Pneumatic sequential compression
reduces the risk of deep vein thrombosis in stroke patients. Neurology.
1998;50:1683-1688.

. Antiplatelet Trialists' Collaboration. Collaborative overview of ran-

domised trials of antiplatelet therapy, Ill: reduction in venous
thrombosis and pulmonary embolism by antiplatelet prophylaxis among
surgical and medical patients. BMJ. 1994;308:235-246.

. Pulmonary Embolism Prevention (PEP) Tria Collaborative Group. Pre-

vention of pulmonary embolism and deep vein thrombosis with low dose
aspirin: Pulmonary Embolism Prevention (PEP) trial. Lancet. 2000;355:
1295-1302.

. Wijdicks EF, Diringer MN. Middle cerebral artery territory infarction

and early brain swelling: progression and effect of age on outcome.
Mayo Clin Proc. 1998;73:829—836.

Hacke W, Schwab S, Horn M, Spranger M, De Georgia M, von Kummer
R. “Malignant” middle cerebral artery territory infarction: clinical
course and prognostic signs. Arch Neurol. 1996;53:309—-315.

Heinsius T, Bogousslavsky J, Van Melle G. Large infarcts in the middle
cerebral artery territory. etiology and outcome patterns. Neurology.
1998;50:341-350.

. Berrouschot J, Sterker M, Bettin S, Koster J, Schneider D. Mortality of

space-occupying (“malignant”) middle cerebral artery infarction under
conservative intensive care. Intensive Care Med. 1998;24:620—623.
Plum F. Brain swelling and edema in cerebral vascular diseases. Res
Public Assoc Nerv Ment Dis. 1966;41:318-348.

Mayer SA, Coplin WM, Raps EC. Cerebral edema, intracranial pressure,
and herniation syndromes. J Sroke Cerebrovasc Dis. 1999;8:183-191.
Ropper AH, Shafran B. Brain edema after stroke: clinical syndrome and
intracranial pressure. Arch Neurol. 1984;41:26—29.

Marsh ML, Marshall LF, Shapiro HM. Neurosurgical intensive care.
Anesthesiology. 1977;47:149-163.

Tinker JH, Michenfelder JD. Sodium nitroprusside: pharmacology, tox-
icology, and therapeutics. Anesthesiology. 1976;45:340—354.

Schwab S, Aschoff A, Spranger M, Albert F, Hacke W. The value of
intracranial pressure monitoring in acute hemispheric stroke. Neurology.
1996;47:393-398.

Gujjar AR, Deibert E, Manno EM, Duff S, Diringer MN. Mechanical
ventilation for ischemic stroke and intracerebral hemorrhage: indi-
cations, timing, and outcome. Neurology. 1998;51:447—451.

Crockard HA, Coppel DL, Morrow WF. Evaluation of hyperventilation
in treatment of head injuries. BMJ. 1973;4:634—640.

James HE, Langfitt TW, Kumar VS, Ghostine SY. Treatment of intra-
cranial hypertension: analysis of 105 consecutive, continuous recordings
of intracranial pressure. Acta Neurochir (Wien). 1977;36:189—-200.



358.

359.

360.

361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

371

372.

373.

374.

375.

376.

377.

378.

379.

380.

Adams et al

Bauer RB, Tellez H. Dexamethasone as treatment in cerebrovascular
disease, 2: a controlled study in acute cerebral infarction. Stroke. 1973;
4:547-555.

Norris JW. Steroid therapy in acute cerebral infarction. Arch Neurol.
1976;33:69-71.

Norris JW, Hachinski VC. High dose steroid treatment in cerebral
infarction. BMJ (Clin Res Ed). 1986;292:21-23.

Mulley G, Wilcox RG, Mitchell JR. Dexamethasone in acute stroke.
BMJ. 1978;2:994-996.

Manno EM, Adams RE, Derdeyn CP, Powers WJ, Diringer MN. The
effects of mannitol on cerebral edema after large hemispheric cerebral
infarct. Neurology. 1999;52:583-587.

Marshall LF, Smith RW, Rauscher LA, Shapiro HM. Mannitol dose
requirements in brain-injured patients. J Neurosurg. 1978;48:169-172.
Larsson O, Marinovich N, Barber K. Double-blind tria of glycerol
therapy in early stroke. Lancet. 1976;1:832—-834.

Bayer AJ, Pathy MS, Newcombe R. Double-blind randomised trial of
intravenous glycerol in acute stroke. Lancet. 1987;1:405-408.
Mathew NT, Rivera VM, Meyer JS, Charney JZ, Hartmann A.
Double-blind evaluation of glycerol therapy in acute cerebral infarction.
Lancet. 1972;2:1327-1329.

Woodcock J, Ropper AH, Kennedy SK. High dose barbiturates in
non-traumatic brain swelling: ICP reduction and effect on outcome.
Sroke. 1982;13:785-787.

Schwab S, Spranger M, Schwarz S, Hacke W. Barbiturate coma in
severe hemispheric stroke: useful or obsolete? Neurology. 1997;48:
1608-1613.

Schwab S, Spranger M, Aschoff A, Steiner T, Hacke W. Brain tem-
perature monitoring and modulation in patients with severe MCA
infarction. Neurology. 1997;48:762—-767.

Delashaw JB, Broaddus WC, Kassell NF, et a. Treatment of right
hemispheric cerebral infarction by hemicraniectomy. Sroke. 1990;21:
874-881.

KaiaKK, YonasH. An aggressive approach to massive middle cerebral
artery infarction. Arch Neurol. 1993;50:1293-1297.

Kondziolka D, Fazl M. Functiona recovery after decompressive crani-
ectomy for cerebral infarction. Neurosurgery. 1988;23:143-147.
Steiger H-J. Outcome of acute supratentoria cerebral infarction in
patients under 60: development of a prognostic grading system. Acta
Neurochir. 1991;111:73-79.

Rieke K, Schwab S, Krieger D, et al. Decompressive surgery in space-
occupying hemispheric infarction: results of an open, prospective trial.
Crit Care Med. 1995;23:1576-1587.

Carter BS, Ogilvy CS, Candia GJ, Rosas HD, Buonanno F. One-year
outcome after decompressive surgery for massive nondominant hemi-
spheric infarction. Neurosurgery. 1997;40:1168—1175.

Schwab S, Rieke K, Aschoff A. hemicraniectomy in space-occupying
hemispheric infarction. Cerebrovasc Dis. 1996;6:325-329.

Schwab S, Steiner T, Aschoff A, et a. Early hemicraniectomy in
patients with complete middle cerebral artery infarction. Stroke. 1998;
29:1888-1893.

Sakai K, Iwahashi K, Terada K, Gohda Y, Sakurai M, Matsumoto Y.
Outcome after external decompression for massive cerebral infarction.
Neurol Med Chir. 1998;38:131-135.

Mori K, Ishimaru S, Maeda M. Unco-parahippocampectomy for direct
surgical treatment of downward transtentorial herniation. Acta Neu-
rochir. 1998;140:1239-1244.

Rieke K, Krieger D, Aschoff A, Meyding-Lamade V, Hacke W. Ther-
apeutic strategies in space-occupying cerebellar infarction based on
clinical, neuroradiological, and neurophysical logical data. Cerebrovasc
Dis. 1993;3:45-55.

Management of Patients With Ischemic Stroke

381

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

396.

397.

398.

399.

400.

401.

402.

1083

. Mathew P, Teasdale G, Bannan A, Oluoch-Olunya D. Neurosurgical
management of cerebellar haematoma and infarct. J Neurol Neurosurg
Psychiatry. 1995;59:287-292.

Hornig CR, Rust DS, Busse O, Jauss M, Laun A. Space-occupying
cerebellar infarction: clinical course and prognosis. Sroke. 1994;25:
372-374.

Horwitz NH, Ludolph C. Acute obstructive hydrocephalus caused by
cerebellar infarction: treatment alternatives. Surg Neurol. 1983;20:
13-19.

Greenberg J, Skubick D, Shenkin H. Acute hydrocephalus in cerebellar
infarct and hemorrhage. Neurology. 1979;29:409—-413.

ChenHJ, Lee TC, Wei CP. Treatment of cerebellar infarction by decom-
pressive suboccipital craniectomy. Stroke. 1992;23:957-961.
Kilpatrick CJ, Davis SM, Tress BM, Rossiter SC, Hopper JL, Vanden-
driesen ML. Epileptic seizures in acute stroke. Arch Neurol. 1990;47:
157-160.

Kilpatrick CJ, Davis SM, Hopper JL, Rossiter SC. Early seizures after
acute stroke: risk of late seizures. Arch Neurol. 1992;49:509-511.
Davaos A, de Cendra E, Molins A, Ferrandiz M, Lopez-Pousa S, Genis
D. Epileptic seizures at the onset of stroke. Cerebrovasc Dis. 1992;2:
327-331.

Awada A, Omojola MF, Obeid T. Late epileptic seizures after cerebral
infarction. Acta Neurol Scand. 1999;99:265-268.

Pohlmann-Eden B, Cochius JI, Hoch DB, Hennerici M. Stroke and
epilepsy: critical review of the literature. Cerebrovasc Dis. 1997;7:2-9.
Burn J, Dennis M, Bamford J, Sandercock P, Wade D, Warlow C.
Epileptic seizures after afirst stroke: the Oxfordshire Community Stroke
Project. BMJ. 1997;315:1582-1587.

Rumbach L, Sablot D, Berger E, Tatu L, Vuillier F, Moulin T. Status
epilepticus in stroke: report on a hospital-based stroke cohort. Neu-
rology. 2000;54:350—-354.

Hornig CR, Dorndorf W, Agnoli AL. Hemorrhagic cerebral infarction:
a prospective study. Stroke. 1986;17:179-185.

Alexandrov AV, Black SE, Ehrlich LE, Caldwell CB, Norris JW. Pre-
dictors of hemorrhagic transformation occurring spontaneously and on
anticoagulants in patients with acute ischemic stroke. Sroke. 1997;28:
1198-1202.

Lodder J, Krijne-Kubat B, Broekman J. Cerebral hemorrhagic infarction
at autopsy: cardiac embolic cause and the relationship to the cause of
death. Sroke. 1986;17:626—629.

Toni D, Fiorelli M, Bastianello S, et al. Hemorrhagic transformation of
brain infarct: predictability in the first 5 hours from stroke onset and
influence on clinical outcome. Neurology. 1996;46:341-345.

Beghi E, Bogliun G, Cavaletti G, et a. Hemorrhagic infarction: risk
factors, clinical and tomographic features, and outcome: a case-control
study. Acta Neurol Scand. 1989;80:226-231.

Okada Y, Yamaguchi T, Minematsu K, et a. Hemorrhagic transfor-
mation in cerebral embolism. Stroke. 1989;20:598—-603.

Motto C, Aritzu E, Boccardi E, De Grandi C, Piana A, Candelise L.
Reliability of hemorrhagic transformation diagnosis in acute ischemic
stroke. Stroke. 1997;28:302-306.

Motto C, Ciccone A, Aritzu E, et a. Hemorrhage after an acute ischemic
stroke: MAST-1 Collaborative Group. Stroke. 1999;30:761-764.
Jaillard A, Cornu C, Durieux A, et a. Hemorrhagic transformation in
acute ischemic stroke: the MAST-E Study: MAST-E Group. Stroke.
1999;30:1326-1332.

Bogousslavsky J, Regli F. Anticoagulant-induced intracerebral bleeding
in brain ischemia: evauation in 200 patients with TIAs, emboli from the
heart, and progressing stroke. Acta Neurol Scand. 1985;71:464—471.

Key Worbps: stroke B ASA Scientific Statement





