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Acute ischemic stroke is the third leading cause of death in the
United States and the leading cause of adult disability. The direct
and indirect costs of stroke care exceed $51 billion annually. In
1996, the US Food and Drug Administration approved the first
treatment for acute ischemic stroke, intravenous tissue plas-
minogen activator. Later that year, the National Institute of
Neurologic Disorders and Stroke (a branch of the National In-
stitutes of Health) convened a consensus conference on the
Rapid Identification and Treatment of Acute Ischemic Stroke,
setting goals for stroke care in the United States. Since then, it
has become imperative that emergency physicians understand
the pathophysiology of stroke, the basis and rationale for treat-
ment, and the therapeutic approaches. This article reviews the
state of the art of acute stroke treatment, its foundation, as
well as its future.

[Lewandowski C, Barsan W. Treatment of acute ischemic
stroke. Ann Emerg Med. February 2001;37:202-216.]

I N T R O D U C T I O N

The US Food and Drug Administration (FDA) approved
intravenous tissue plasminogen activator (tPA) as the first
treatment for acute ischemic stroke in June 1996. Since
then, stroke has been in the forefront of discussion not
only because of this new treatment but also because it is a
major and growing health problem in the United States.1

Stroke is a medical emergency that requires rapid initial
evaluation and management to decrease its impact on
patients and on society.2 Other therapies are being devel-
oped that may also require rapid emergency department
evaluation and treatment.3

The National Institute of Neurologic Disorders and
Stroke (NINDS) defines the term “stroke” as a sudden loss
of brain function resulting from an interference with the
blood supply to the brain. It limits stroke to an acute vas-
cular phenomenon that includes both ischemic strokes
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and hemorrhagic strokes. Acute ischemic stroke makes
up the majority (85%) of the annual 600,000 strokes in
the United States, with a mortality rate of 20% to 50%,
making it the third leading cause of death. Disability is the
major sequela of stroke with 4.4 million survivors, 70% of
whom do not return to gainful employment even 7 years
after the stroke. Direct and indirect costs for stroke care in
the United States exceed $51 billion per year.1

This article reviews the pathophysiology of acute
ischemic stroke, its diagnosis, special issues in acute sup-
portive care, acute primary therapy, and future directions. 

P A T H O P H Y S I O L O G Y  O F  A C U T E  I S C H E M I C
S T R O K E

Acute vascular occlusion is the central event in acute
ischemic stroke precipitating the primary injury by limit-
ing the flow of oxygen and glucose to a region of the brain.
The occlusion is rarely complete. The residual cerebral
blood flow (CBF) depends on the degree of obstruction
and the availability of collateral flow. Because the brain
does not store energy, it relies on a continuous supply of
nutrients to meet its metabolic demands. Ultimately, the
amount of injury is proportional to the duration and
severity of the ischemia.4

Normal CBF is approximately 50 to 60 mL/100 g of tis-
sue per minute but varies in different regions of the brain.
The oxygen extraction fraction is approximately 50%,
and the glucose extraction fraction is about 30%.5 As the
amount of flow diminishes, the brain compensates by local
vasodilatation, opening of collaterals, and increasing the
fraction of extracted oxygen and glucose.6 When CBF is
reduced below 50% of normal, synaptic transmission stops
and electrical silence ensues, thereby decreasing cerebral
energy use by 50%. Further decline in CBF results in mem-
brane and ionic gradient failure, leading to a cascade of
events that result in cell death.

In the area of ischemia, there is a central core with
marked reduction in CBF and a surrounding area of
marginal blood flow called the “ischemic penumbra.”7

The CBF in the core is usually below 25% of normal. The
CBF in the penumbra is 25% to 50% of normal, which is
sufficient to preserve energy metabolism and to maintain
tissue viability for a period of hours. Autoregulation is
lost in the area of ischemia. The ischemic area becomes
perfusion-dependent, and any decrease in systemic blood
pressure can extend the area of ischemia and infarction.

The core is characterized by pannecrosis as a result of
rapid depletion of energy stores leading to anaerobic
metabolism, lactic acid accumulation, and acidosis.

Energy-dependent membrane ion pumps fail causing loss
of normal ion gradients and membrane depolarization.
There is an uncontrolled release of large presynaptic
stores of excitatory amino acids, primarily glutamate and
aspartate, that open calcium channels such as the N-
methyl-D-aspartate (NMDA) and α-amino-3-hydroxy-5-
methyl-4-isoxazole propionate (AMPA) channels. This
excitotoxic response results in further membrane depo-
larization with calcium, sodium, and chloride influx
while large intracellular potassium stores leak out. Intra-
cellular calcium acts to activate a series of destructive
cellular enzymes (proteases, endonucleases, phospholi-
pases, and nitric oxide synthetase) while releasing more
calcium from intracellular stores. This occurs in an aci-
dotic medium (pH 6.5 to 6.9) that accelerates free radical
formation, activates pH-dependent endonucleases, and
further alters intracellular calcium metabolism. Elevated
plasma glucose levels contribute to the development of
acidosis by fueling anaerobic metabolism resulting in
increased lactic acid production.8 Phospholipases attack
the cell membrane releasing arachodonic acid, free radi-
cals, and triggering an inflammatory cascade. A series of
mediators including cytokines, interleukins, tumor
necrosis factor, and platelet activating factor are pro-
duced. These begin the process of chemotaxis of neutro-
phils and macrophages, and platelet activation, leading to
microvascular occlusion. Reperfusion and cellular infil-
tration may further exacerbate the inflammatory response.
It begins within 1 hour, peaks in 12 hours, and lasts about
48 hours.9 Within the first hour, the most severe areas of
ischemia progress to infarction and begin to spread out-
ward to adjacent areas.

In the penumbra, there is moderate ischemia. Grada-
tions of residual blood flow exist, but cellular membrane
integrity and function is preserved. The penumbra be-
comes electrically silent within minutes of the initial vas-
cular occlusion. Over time, this area is recruited into the
growing core as it infarcts. Its duration of viability depends
on local factors including CBF and may last 6 to 8 hours or
longer. Moderate ischemia produces a mild acidosis and a
hyperpolarization of the cell membrane that acts to pro-
tect the cell. Intermittent waves of depolarization (spread-
ing depressions) caused by excitatory amino acids and
massive calcium influx5,6 occur in the penumbra. In an
environment of limited CBF, these spreading depressions
cause cellular injury and use large amounts of precious
energy for repolarization. NMDA/AMPA channel antago-
nists can inhibit these peri-infarct waves of spreading
depression and decrease their frequency. Prolonged peri-
ods of moderate ischemia in the penumbra facilitate de-
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15.8%, P=.04). The target population analysis also had a
higher mortality with tPA, but it did not reach statistical
significance (19.4% versus 14.8%, P=.17). Forty-eight
percent of those treated with rtPA who had major signs of
infarction on initial CT (n=31) died. The rate of large
parenchymal ICH was significantly greater in the rtPA
group in both analyses (intention to treat, 19.8% versus
6.5%; and target population, 19.4% versus 6.8%). 

ECASS failed to demonstrate an improvement with tPA
in functional outcome (90-day Barthel Index) (Table 1) in
either population. The target population did show im-
provement in the median Rankin score, and 41% of the
rtPA target population compared with 29% of the placebo
target population was considered independent (Rankin
score ≤2) at 90 days.

The authors concluded that rtPA therapy could im-
prove outcome in a carefully selected subgroup of patients,
especially those without major infarct signs on the initial
CT scan. Treating patients who do not meet strict eligibil-
ity criteria carries a high risk of ICH or death. Thus, throm-
bolytic treatment within 6 hours of symptom onset was
not recommended for general use because the subgroups
may be difficult to identify.

In the United States, a series of trials funded by NINDS
ultimately demonstrated the safety and efficacy of intra-
venous rtPA for acute ischemic stroke when started with-
in 3 hours of symptom onset. The NINDS trials were pre-
ceded by 2 open-label dose ranging pilot studies and a
pilot randomized trial.

The NINDS rtPA Stroke Trial15 was conducted at 8 cen-
ters (totaling 45 hospitals, 5 academic medical centers,
and 40 community hospitals). It was conducted as 2 con-
secutive trials that were reported together as Part 1 and
Part 2. These were double-blind, randomized, placebo-
controlled trials of intravenous rtPA at 0.9 mg/kg (10% as

velopment of the delayed processes such as inflammation
and apoptosis (programmed cell death).10

Therapy for acute ischemic stroke relies on the presence
of brain tissue that is viable and salvageable. The core
requires almost immediate reperfusion if it is to be saved.
The penumbra, maintaining viability for a longer time, is
a natural target for medical intervention.

C L I N I C A L  T R I A L S

Thrombolysis for acute ischemic stroke is a strategy that
dates back to the 1950s. The first modern randomized
trials, which involved intravenous streptokinase, failed.
The Multicenter Acute Stroke Trial of Europe (MAST-E),11

the Multicenter Acute Stroke of Italy (MAST-I),12 and the
Australian Streptokinase Trial (ASK)13 were stopped early
because of increased early mortality and high intracerebral
hemorrhage (ICH) rates. They used 1.5 million units of
streptokinase over 1 hour started within 6 hours of onset
of symptoms for the MAST trials and within 4 hours for
the ASK trial. The MAST-I study attempted to study the
effect of aspirin in addition to streptokinase. Heparin use
was not controlled, and the dose of streptokinase was not
determined by dose escalation trials. The ASK investigators
prospectively divided patients into 2 groups, those treated
in the 0- to 3-hour window, and those treated after 3 hours.
They concluded that treatment with streptokinase within
3 hours of onset was safer than treatment after 3 hours,
but it did not show clinical benefit over placebo. Cur-
rently, treatment with streptokinase is not warranted and
no further trials of streptokinase are planned.

Acute ischemic stroke trials using intravenous tPA have
been completed in Europe and in the United States. The
European Acute Stroke Trial (ECASS)14 was a double-blind,
randomized, placebo-controlled trial of intravenous re-
combinant tPA (rtPA; 1.1 mg/kg over 1 hour, 10% as a bolus,
maximum 100 mg) where infusion began within 6 hours of
symptom onset. Patients with severe neurologic deficits or
initial computed tomographic (CT) scans with major signs
of infarction involving more than one third of the middle
cerebral artery distribution were to be excluded. Two analy-
ses were performed. The intention-to-treat analysis included
all patients entered into the trial, and the target population
analysis was only for those that met the strict inclusion crite-
ria. One hundred nine patients were excluded from the
intention-to-treat population, most for CT violations
(n=66), leaving 511 in the target population analysis. The
mean time to treatment was 4.4 hours.

The mortality rate in the intention-to-treat analysis
was greater for the rtPA group at 90 days (22.4% versus

Table 1.
Stroke scales of long-term functional outcome used in recent
studies.

Stroke Scale Scoring Description

Modified Rankin Scale 0 to 5-point scale 0: No symptoms; 4 to 5: severe disability
Patients with scores ≤2 are considered

functionally independent
Barthel Index 0 to 100 points 5 to 10 points are awarded for activities

of daily living
95 to 100: Minimal or no disability; >65:

functionally independent
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a bolus, and a 1-hour infusion, 90 mg maximum) versus
placebo that enrolled a total of 624 patients.

In Part 1, the primary purpose was to test drug activity
at 24 hours; 3-month functional outcome data were also
collected. There was no significant difference in the pri-
mary outcome measure between the rtPA group and the
placebo group; 47% versus 39% of patients achieved a 4-
point improvement on the National Institutes of Health–
Stroke Scale Score (NIH-SSS) (Table 2) at 24 hours (P=.21).
However, 17% of patients treated with tPA returned to
normal or near-normal status (NIH-SSS 0, 1) at 24 hours
compared with 3% of those treated with placebo. Three-
month functional outcome data in Part 1 showed a strong
and consistent improvement in the rtPA group with an
absolute difference of 15% to 20% more patients attain-
ing a favorable outcome at 3 months. The odds ratio (OR)
of 2.1 (95% confidence interval [CI] 1.3 to 3.2; P=.001)
favored treatment with rtPA.

Part 2 was the pivotal study that established long-term
efficacy, with a primary end point of normal or near-nor-
mal function at 3 months. There was an absolute increase
of 11% to 13% in the proportion of patients achieving this
favorable outcome in the rtPA group compared with the
placebo group (or a 24% to 35% relative increase). The
OR for improvement with rtPA was 2.0 (95% CI 1.3 to
3.1) after adjusting for baseline differences in age, weight,
and aspirin use. This positive effect was consistently pre-
sent in subgroup analysis by age, baseline NIH-SSS,
stroke subtype (lacunar, large-vessel, and cardioem-
bolic), and aspirin use before treatment. The FDA consid-
ered the secondary (3-month) outcomes of Part 1 confir-
matory evidence of long-term efficacy.

Symptomatic ICH (within 36 hours of stroke) occurred
in 6.4% of the rtPA-treated patients and in 0.6% of placebo-
treated patients (P<.001). The patients with symptomatic
ICH had a higher median NIH-SSS at baseline than those
without (20 versus 14). The rate of asymptomatic ICH was
not statistically different (4.5% versus 2.9%). Despite the
increased risk of ICH with rtPA treatment, and a 50%
mortality rate associated with symptomatic ICH (in either
placebo or rtPA group), the 3-month mortality rate was
not different; 17% of rtPA-treated patients and 21% of the
placebo-treated patients died within 3 months (P=.30).

The authors concluded that despite an increased risk
of symptomatic ICH, treatment with rtPA provided a con-
sistent benefit in functional outcome at 3 months without
increasing mortality.

Attempts at demonstrating efficacy of intravenous tPA
beyond the 3-hour window for acute ischemic stroke con-
tinued in the ECASS II trial16 and the Alteplase Throm-

Table 2.
NIH-SSS summary.

Categories and Point Assignments

1a. Level of consciousness
0:* Alert
1: Drowsy
2: Stuporous
3: Comatose
1b. Level of consciousness questions (ask age and month)
0: Answers both correctly
1: Answers 1 correctly
2: Both incorrect
1c. Level of consciousness commands (close your eyes, make a fist)
0: Obeys both correctly
1: Obeys 1 correctly
2: Both incorrect
2. Best gaze
0: Normal 
1: Partial gaze palsy
2: Forced deviation
3. Visual fields
0: No visual loss
1: Partial hemianopia
2: Complete hemianopia 
3: Bilateral hemianopia 
4. Facial paresis
0: Normal movement
1: Minor paresis
2: Partial paresis
3: Complete palsy
5-8. Best motor (repeat for each arm and each leg)
0: No drift
1: Drift
2: Some effort versus gravity 
3: No effort versus gravity
4: No movement
9: Untestable
9. Limb ataxia (scored only if present)
0: Absent
1: Present in 1 limb
2: Present in 2 limbs
10. Sensory (pinprick)
0: Normal
1: Partial loss
2: Dense loss
11. Best language
0: No aphasia
1: Mild to moderate aphasia
2: Severe aphasia
3: Mute
12. Dysarthria
0: Normal articulation
1: Mild to moderate dysarthria
2: Unintelligible or worse
X: Untestable
13. Neglect/Inattention
0: No neglect
1: Partial neglect
2: Complete neglect
Total NIH-SSS _____ (0 to 42)
*Numbers represent the point score assigned for each variable within the category.
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The Trial of ORG 10172 (danaparoid) in Acute Stroke
Treatment (TOAST)22 versus placebo within the first 48
hours of acute ischemic stroke is the largest LMWH trial
to date. It did not show any significant difference in favor-
able outcome at 3 months, mortality, or recurrence of
stroke. There was an increased risk of major bleeding and
ICH. In general, there is no proven benefit of heparin or
LMWH in the treatment of acute ischemic stroke beyond
that of prevention of deep venous thrombosis.

Clinical trials of intravenous neuroprotective agents
have not been as successful as reperfusion agents.23 Despite
highly successful studies in animal models, translation
into human trials has proved difficult. To date, none of the
neuroprotective agents have shown efficacy in clinical
outcome or in prolongation of the therapeutic window.

Intra-arterial thrombolysis for acute ischemic stroke is
an attractive approach. Recent advances in catheter tech-
nology have made superselective infusion of a throm-
bolytic drug directly into the culprit clot possible. This
provides delivery of the drug directly to the thrombus,
thereby requiring lower doses, and possibly higher re-
canalization rates, more rapid thrombolysis, and fewer
complications. However, it is a strategy that is highly
technical and not widely available, requiring a longer
time to initiation of treatment. Intra-arterial thrombolysis
is used only in patients with a visible clot. Yet not all vas-
cular occlusions can be visualized angiographically, espe-
cially those involving small penetrating arteries such as
the lenticulostriate arteries, eliminating patients who
may otherwise respond to intravenous therapy.

The only randomized, placebo-controlled, double-
blind trials of intra-arterial therapy for acute ischemic
stroke have been of recombinant pro-urokinase (r-pro-UK)
in the Prolyse in Acute Cerebral Thromboembolism
(PROACT) trials. PROACT I24 was a pilot study that
found greater recanalization with r-pro-UK than with
placebo for proximal middle cerebral artery occlusions
without a significant difference in symptomatic ICH
rates. This led to a larger phase 3 trial.

PROACT II25 enrolled 180 patients to evaluate the re-
canalization, safety, and efficacy of intra-arterial therapy
within 6 hours of middle cerebral artery occlusions. Re-
canalization was clearly better with 9 mg of r-pro-UK
infused directly into the proximal one third of the clot
for 120 minutes than with placebo. TIMI grade 2 or 3
flow (partial or full perfusion) was established in 67% of
the treated group (n=108) versus 17% of the placebo
group (n=55).26 Safety analysis did not reveal any differ-
ence in mortality (26% versus 24%), but there were
more symptomatic ICHs within the first 36 hours with
r-pro-UK (10% versus 2%). There was a clinical benefit at

bolysis for Acute Noninterventional Therapy in Ischemic
Stroke (ATLANTIS) trial17 using the 0.9-mg/kg dose.
These trials had more ICH with tPA than with placebo,
but no difference in mortality or functional outcome.
Both studies failed to provide evidence to support using
thrombolysis beyond the 3-hour window.

Ancrod, a selective defibrinogenating agent derived
from the venom of the Malaysian pit viper, has been shown
to improve outcome for patients with acute ischemic
stroke.18 Ancrod works by lowering the fibrinogen level,
thereby decreasing serum viscosity and increasing CBF. It
also acts as an anticoagulant, preventing thrombus for-
mation, while promoting thrombolysis by stimulating
endogenous tPA release, inhibiting plasminogen activator
inhibitor, plasmin inhibitor, and platelet function. 

The Stroke Treatment with Ancrod Trial (STAT) was a
double-blind, randomized, placebo-controlled trial of
ancrod versus placebo within 3 hours of onset of symp-
toms. Ancrod was infused for 5 days and adjusted for a
target fibrinogen level of 40 to 70 mg/dL. Forty-two per-
cent of the patients in the ancrod group and 34% in the
placebo group (P<.05) achieved functional independence
at 90 days. Symptomatic ICH occurred in 5.2% with ancrod
and 2.0% with placebo; the mortality rates were identical
at 10%. Patients whose fibrinogen level decreased to too-
low levels (<40 mg/dL) had a symptomatic ICH rate of 13%.

Aspirin, heparin, and low molecular weight heparin
(LMWH) have been investigated as primary treatment in
randomized trials. The International Stroke Trial (IST)19

investigated the use of aspirin alone, subcutaneous hep-
arin alone (high-dose and low-dose), and both in combi-
nation compared with no treatment in an open trial in-
volving 19,435 patients. IST showed that aspirin given
within 48 hours and continued for 14 days prevented 11
recurrent strokes per 1,000 treated patients and caused 1
ICH per 1,000 treated patients, and 14 per 1,000 fewer
patients were dead or dependent at 6 months. The Chinese
Acute Stroke Trial (CAST)20 was a placebo-controlled
trial of aspirin given within 48 hours of onset and contin-
ued for 4 weeks in 21,106 patients. It showed a benefit
with 13 fewer patients dead or dependent per 1,000
treated at hospital discharge. Patients who had been tak-
ing aspirin and were treated in the NINDS tPA Stroke Trial
did not have a measurable increase in risk of ICH.21

In IST, treatment with heparin in the first 48 hours
after acute ischemic stroke decreased the rate of pul-
monary embolism and recurrent acute ischemic stroke,
but increased bleeding complications and mortality re-
lated to ICH. The final result was that there was no differ-
ence in outcome with heparin in terms of 14-day mortal-
ity or death and disability at 6 months.
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90 days; 40% of the r-pro-UK group functioned inde-
pendently compared with 25% of the placebo group
(P=.043).

Intra-arterial thrombolysis has also been used in basi-
lar artery occlusion.27 Basilar artery occlusion often pre-
sents with bilateral sensory and motor findings combined
with cranial nerve and cerebellar dysfunction. This can
progress to the locked-in syndrome, stupor, and coma.
Because of the devastating nature of this syndrome, which
carries a mortality rate of up to 90%, it is important to rec-
ognize imminent basilar artery occlusion.28 The clinical
presentation of basilar artery thrombosis is often stutter-
ing, and the deficit may not be maximal at onset. For
intra-arterial thrombolysis, the time from onset of symp-
toms to lysis has been empirically extended out as far as
24 hours with reasonable success. Hacke et al29 compared
intra-arterial treatment with standard heparin treatment.
Recanalization occurred in 19 of 43 patients treated with
local intra-arterial urokinase. Fourteen of these patients
survived, 10 with a favorable outcome. Eighty-six percent
of patients with standard therapy died, as did all of those
without recanalization. At this time, a randomized con-
trolled trial of intra-arterial urokinase for basilar artery
occlusion is under way in Australia. Until the results of
this trial are available, patients with basilar artery occlu-
sion could be considered for intra-arterial treatment on a
compassionate basis.

A unique approach to recanalization combines the
advantages of both the intravenous and intra-arterial
approaches. This strategy allows patients to begin treat-
ment as soon as possible with a lower dose of intravenous
tPA (0.6 mg/kg over 30 minutes), followed by angiogra-
phy and superselective intra-arterial therapy. If no occlu-
sion is present at angiography, no further intra-arterial
treatment is offered. Those without angiographically visi-
ble occlusion may have small-vessel disease and still
receive intravenous treatment. The results of a pilot ran-
domized trial30 were sufficiently encouraging to warrant
further investigation of this approach.

P R I N C I P L E S  O F  E M E R G E N C Y  M A N A G E M E N T

Diagnosis
Acute ischemic stroke occurs at a median age of 65

years, just at the beginning of the retirement years. It is
characterized by a sudden onset of focal neurologic deficit,
which is generally maximal at the time of onset, but can
wax and wane over the initial few hours. Approximately
5% of patients with acute ischemic stroke present with a
seizure, and up to 30% have a headache.31 Those at great-
est risk often have risk factors similar to those for coro-

nary artery disease, or a history of transient ischemic
attack (TIA), previous stroke, or atrial fibrillation. The
time of onset of the stroke is a critical piece of information
in establishing eligibility for thrombolytic therapy. Out-
of-hospital care providers can be very helpful in deter-
mining the time of onset especially if they transport a fam-
ily member or witness with the patient.

A general examination should be undertaken to assess
the overall condition of the patient and to prevent omis-
sion of other associated problems that may be life-threat-
ening. Attention should be directed to blood pressure in
both upper extremities, symmetry of pulses, and signs of
trauma.

The neurologic examination is the cornerstone of
determining whether a focal neurologic deficit in a char-
acteristic vascular distribution exists. To provide for uni-
form assessments that are consistent and reproducible
between examiners, various stroke severity scales have
been developed. The National Institutes of Health Stroke
Scale (Table 1) is a 42-point standardized scale that was
developed for the NINDS rtPA Stroke Trial and is cur-
rently in common use as an indicator of the severity of
neurologic dysfunction.32 It is easy to learn and has good
interrater and intrarater reliability.33 Low NIH-SSSs of 0
or 1 indicate a normal or near-normal examination. Scores
of 1 to 4 indicate minor strokes though certain syndromes
(such as global aphasia) may be severely disabling while
having a low NIH-SSS. Scores of 5 to 15 generally indicate
a moderate stroke, 15 to 20 a moderately severe stroke,
and more than 20 a severe stroke. It also allows for accu-
rate documentation of stroke severity for outcome analy-
sis or comparison of therapeutic interventions but does
not replace the conventional neurologic examination.
Functional stroke scales (Table 1) are used to assess a
patient’s functional capacity after stroke but are of limited
use in the acute setting. The severity of the stroke should
be judged in relation to its impact on the specific individ-
ual patient and not by the score alone.

The differential diagnosis of stroke includes seizures,
trauma, structural central nervous system abnormalities,
vascular disorders, metabolic abnormalities, infections,
and other neurologic conditions such as Bell’s palsy,
complex migraine, and dural sinus thrombosis. These
disease processes can be quickly distinguished from a
stroke by history of abrupt onset, a physical examination
demonstrating a focal neurologic deficit in a vascular ter-
ritory, a CT scan of the brain, and a basic laboratory eval-
uation.

TIAs are exact mimics of acute ischemic stroke. These
brief episodes of focal neurologic deficit resolve (by defi-
nition) in less than 24 hours and do not cause tissue in-
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artery territory has been defined as involving 2 of the fol-
lowing 4 areas: frontal, parietal, or temporal lobes, and
the basal ganglia.17 In the ECASS I trial, 8.4% of the 620
patients presented with early ischemic signs within 6
hours of symptoms onset. They had a 67% rate of severe
disability or death when treated with tPA and a 77% rate
of severe disability or death when treated with placebo.39

In the NINDS trial, clear hypodensity on baseline CT scan
of any size increased the risk of ICH (OR 7.8, 95% CI 2.2
to 27.1). These patients still responded to tPA without an
increased risk of severe disability or death (56% with tPA,
52% with placebo).21

Initial CT scan of the acute stroke patient may also
reveal a hyperdense middle cerebral artery. This is
thought to be caused by fresh clot or embolus in the stem
of the middle cerebral artery. It is often associated with
other signs of severe ischemia on CT scan, larger neuro-
logic deficits, and a poor prognosis. It is an extremely
specific sign of middle cerebral artery occlusion (85% to
100%) but it is not very sensitive (25% to 69%). Because
other signs and symptoms are associated with hyper-
dense middle cerebral artery, it has not been shown to
have any independent prognostic value for outcome or
for response to tPA.21,40

Recent advances in CT technology (helical CT) have
allowed for the development of additional CT imaging
modalities. Adjuncts to the emergency evaluation of stroke
patients such as CT angiogram,41 perfusion CT,42 triphasic
helical CT,43 and xenon CT44 are currently under investiga-
tion to determine their role in patient management.

Magnetic resonance imaging (MRI) is becoming more
important in the evaluation of the acute stroke patient.
Although conventional MRI has little advantage over
noncontrast CT imaging for the early evaluation of acute
ischemic stroke,36 it does provide better contrast resolu-
tion and multiplanar imaging without the use of ionizing
radiation. Conventional MRI can show early edema and
mass effect better than CT scanning, and is useful for
imaging the posterior fossa and brainstem where artifact
from bone renders CT scanning of limited value. The abil-
ity of conventional MRI to detect ICH is limited and de-
pends on the stage of hematoma evolution. Therefore, in
the acute phase, ICH is more difficult to detect on conven-
tional MRI than on CT scan.35 MRI requires 5 to 10 min-
utes to generate a set of images and any patient movement
can distort not just one but all of the images. Further,
patient management can be difficult in the magnet, posing
problems with monitoring and claustrophobia. Patients
with any ferromagnetic objects in their body are not eligi-
ble for any type of MRI.

farction or any residual neurologic deficit. The majority
(80%) of TIAs last only 7 to 10 minutes, but focal deficits
lasting as short as 1 hour may cause permanent infarction.
Patient observation during the initial evaluation period
can help distinguish a TIA from a stroke. TIAs carry a 30%
5-year risk of stroke.

Basic diagnostic studies should be included in the ini-
tial evaluation of patients with an acute stroke. The
American Heart Association recommends an ECG, chest
radiograph, CBC count, platelet count, partial thrombo-
plastin time, prothrombin time, serum electrolytes, and
glucose level.34 Other studies should be ordered as indi-
cated.

Noncontrast CT scanning of the brain is the mainstay
of emergency imaging of acute stroke patients. It is widely
available, rapid, and reliable. It is the most reliable method
for diagnosing ICH with a sensitivity of nearly 100%. Fresh
blood is hyperdense (white) on the CT scan. It has a den-
sity of 50 to 85 Hounsfield units (HU), whereas calcifica-
tions have a density of approximately 120 HU (70 to 200
HU) allowing for differentiation from other hyperdense
structures.35 Rare false-negative scans can occur in patients
with an extremely low hematocrit (<20%) when intracra-
nial blood may be isodense with brain tissue.

In the hyperacute phase of stroke, CT scanning gener-
ally does not show signs of acute ischemia. Its sensitivity
for an acute stroke depends on the time of imaging from
onset of symptoms. Within 3 hours of onset, the sensitiv-
ity is low (30%), within 24 hours it improves to more than
60%, and to 100% by 7 days.36 Early signs of ischemia
can be seen on CT scans but should prompt a reevaluation
of the time of onset of symptoms, especially in candidates
for intravenous thrombolysis.

The CT scan can provide valuable prognostic informa-
tion when early findings are present in the hyperacute
phase. These findings are subtle but can be seen as early as
2 hours from onset of symptoms. They are thought to
reflect cytotoxic edema with an increase in intracellular
water content. Effacement of sulci or ventricles, blurring
of the basal ganglia, mass effect, and loss of the normal
gray-white junction especially in the insula (the cortex
beneath the sylvian fissure), or loss of the insular ribbon37

may be seen on the initial study. Later, hypodensity is visi-
ble and is thought to be a marker of tissue destined to be-
come necrotic.

Major early ischemic findings, primarily hypodensity,
involving more than 33% of the middle cerebral artery
territory portend a poor prognosis and an increased risk
of ICH with thrombolytic treatment according to the
ECASS investigators.38 One third of the middle cerebral
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New MRI technology called echo-planar MR imaging
(EPI) uses high-speed pulsations and can acquire data for
image production in milliseconds, scanning the entire brain
in 5 to 10 seconds.45 It can produce functional imaging
through diffusion-weighted imaging and perfusion imag-
ing techniques. Diffusion-weighted imaging detects dif-
fusion of water molecules over time. In acute ischemic
stroke, edema restricts water movement. Lesions seen
with diffusion-weighted imaging are thought to represent
the ischemic core of the stroke.46

Perfusion imaging requires gadolinium contrast and
provides an image of relative cerebral blood volumes.
Perfusion imaging provides information about areas of
hypoperfusion. The combination of the diffusion-
weighted and perfusion imaging is thought to provide
information about the core (diffusion-weighted imaging),
the ischemic penumbra (perfusion imaging), and the
amount of reversible ischemia. Additionally, MR angiog-
raphy allows visualization of occlusions in the neck and
major intracranial arteries. In the future, this modality
may assist clinicians in assessing the pathophysiologic
state of patients with acute ischemic stroke in real time
and help determine appropriate time windows or treat-
ment strategies on an individual basis.47

Noncontrast CT scan of the brain remains the imaging
technique of choice for acute ischemic stroke because it is
readily available, fast, reliably visualizes ICH, and provides
prognostic information to assist in the treatment of acute
stroke patients. 

Acute supportive care
General supportive care should be instituted for all

patients with stroke to ensure maximal perfusion and
oxygenation of the brain regardless of the underlying
pathology (subarachnoid hemorrhage, ICH, or ischemic
stroke). Emergency physicians are well versed in this
approach. Some aspects of care deserve special attention
as they affect every stroke patient.

Hypertension is common in acute stroke and should be
treated cautiously if at all.34,48 In most cases, hyperten-
sion should not be treated at all during the acute phase
of a stroke as it resolves spontaneously over hours to
days.49,50 Exceptions include certain patients with
intracranial hemorrhage and hypertension that develops
during or soon after rtPA administration for ischemic
stroke. Consensus on the exact management of hyperten-
sion in acute stroke does not exist. The American Heart
Association recommends treating hypertension in the
acute stages of stroke if the systolic blood pressure is more
than 220 mm Hg, or if the mean arterial pressure is more

than 130 mm Hg.34 The National Stroke Association rec-
ommends treating hypertension in the acute stages of
stroke if the blood pressure exceeds 220/115.51 If patients
have signs or symptoms of other end organ damage, such
as an acute myocardial infarction, congestive heart fail-
ure, or an aortic dissection, the blood pressure should be
treated accordingly. For patients with ischemic stroke
undergoing evaluation for thrombolysis, the American
Heart Association guidelines recommend that the blood
pressure not exceed 185/110 mm Hg at the time of treat-
ment.50 The blood pressure should not be aggressively
treated to bring it into the normal range, but mild forms of
drug therapy are acceptable (Table 3). Simple maneuvers
such as elevation of the head of the bed may help control
hypertension by increasing the cerebral venous drainage.

Hypotension can dramatically decrease the cerebral
perfusion pressure and cerebral blood flow, extending the
area of infarction.52 Hypotension should be viewed in the
context of the past medical history, understanding that
for patients with long-standing hypertension, the auto-
regulatory curve is shifted to a higher blood pressure
range. During an acute stroke, perfusion of ischemic areas
is directly related to the mean arterial pressure. Hypo-
tension should be evaluated and treated aggressively with
intravenous fluids, inotropic agents, or vasopressors as

Table 3.
Blood pressure guidelines.

Pretreatment blood pressure guidelines
If the blood pressure is >185/110 mm Hg, the blood pressure may be treated with
nitroglycerin paste or 1 to 2 doses of intravenous labetalol, 10 to 20 mg each. If
these do not reduce blood pressure to <185/110 mm Hg over 1 h, the patient
should not be treated with rtPA.
During and after treatment
For systolic blood pressure 180 to 230 mm Hg or diastolic blood pressure 105 to
120 mm Hg on 2 readings 5 to 10 min apart, use:

1. Labetalol, 10 mg intravenously over 1 to 2 min, repeat or double every 10 to 20
min; total maximum dose 150 mg

2. Monitor blood pressure every 15 min
For systolic blood pressure >230 mm Hg or diastolic blood pressure 121 to 140 mm
Hg for 2 or more readings, for at least 2 readings 5 to 10 min apart:

1. Use labetalol, 10 mg intravenously over 1 to 2 min, repeat or double every 10
min, to a maximum of 150 mg

2. Monitor blood pressure every 15 min
3. If response unsatisfactory, use sodium nitroprusside with continuous blood

pressure monitoring
For diastolic blood pressure >140 mm Hg for 2 or more readings, 5 to 10 min apart,
use:

1. Sodium nitroprusside
2. Monitor blood pressure every 15 min

Avoid hypotension
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Seizures are a serious complication of acute stroke. They
occur in approximately 5% of patients and may be related
to involvement of the cerebral cortex or very large strokes.
Seizures in the acute stroke patient should be managed in
the same manner as any other seizure would be managed
in the ED. Phenytoin should be administered after the
seizure, but no evidence exists to support prophylactic
use in acute ischemic stroke.34,51

Oxygen delivery and oxygenation should be optimized.
Additional supplemental oxygen for those who are not
hypoxic has not been shown to improve outcomes in
acute ischemic stroke.

Finally, aspirin should be given in the early stages of
stroke unless the patient is a candidate for thrombolytic
therapy, in which case it is prohibited for the first 24
hours only.

Acute primary treatment
Primary treatment of acute ischemic stroke currently

consists of reperfusion through intravenous thromboly-
sis. Intra-arterial thrombolysis with r-pro-UK27 and treat-
ment with ancrod18 have been shown to be safe and effec-
tive in initial trials but are not approved by the FDA. The
treatment of basilar artery occlusion with intra-arterial
therapy appears to be a reasonable option even beyond
the 3- to 6-hour window, although this therapy is yet
unproven. Neuroprotective agents are still under investi-
gation. Because intravenous tPA is the only FDA-approved
primary therapy at this time, it is the focus of the remain-
der of this discussion.

Appropriate patient selection for intravenous throm-
bolysis is founded on close adherence to the inclusion
and exclusion criteria that have been adapted from the
experience gained in the major thrombolytic trials (Table
4). The inclusion and exclusion criteria for thrombolysis
are listed in Table 5. They are similar in many respects to
those used for thrombolysis for acute myocardial infarc-
tion. Their intent is to differentiate those patients who do
not have a stroke, have transient neurologic deficits, or
could be harmed by therapy. These criteria are generally
self-explanatory.

The most difficult part of the inclusion criteria is accu-
rate determination of the time of onset of symptoms as
infusion must start within 3 hours. The critical first step is
to understand when the patient’s condition was last known
to be “normal.” Patients who awaken with their symptoms
are considered to have an onset when they went to sleep.
Emergency medical services (EMS) personnel can assist
by determining the time of onset or transporting family
members with the patient to the hospital. 

necessary to maintain organ perfusion and prevent exten-
sion of the infarct.

ECG changes such as T-wave inversions occur in 15%
to 75% of acute stroke patients.53 Cardiac rhythm and
function can be affected by an acute stroke, especially
hemispheric strokes that involve the insula, although it is
most commonly associated with subarachnoid and intra-
cerebral hemorrhages. Cardiac disturbances are the result
of increased sympathetic tone, catecholamine release
from the brain, and decreased parasympathetic tone.
Treatment of arrhythmias should be instituted if there is
any hemodynamic compromise.

Hypervolemic hemodilution may improve cerebral
blood flow by decreasing serum viscosity and increasing
cardiac output.54 There is no evidence that the addition of
colloid volume expanders such as albumin, hydroxyethyl
starch, or low molecular dextran improve clinical outcome,
or are better than isotonic volume expansion. Elderly
patients who are prone to dehydration, who use diuretics,
or who may present with unknown downtimes may require
isotonic fluids. Hypotonic fluid (5% dextrose [D5W])
should be avoided as it may contribute to cerebral edema.34

Patients with hyperglycemia at the time of the acute
event, whether previously know to be diabetic or not,
have worse outcomes.55 The influence of glucose is
related to continued anaerobic metabolism in ischemic
tissues with production of lactic acid. Residual blood flow
to the ischemic area is a requisite for glucose mediated
injury. Glucose levels do not affect outcomes after lacunar
infarcts as they involve end arteries.56 Insulin acts as a
neuroprotective agent by decreasing blood glucose levels
and through direct interaction with ischemic tissue.
Therefore, intravenous fluids should not include glucose,
and hyperglycemic patients should be treated with insulin
to achieve euglucemia.

Elevations in brain temperature have also been shown
to worsen cerebral ischemia and are associated with in-
creased stroke severity, infarct size, mortality, and worse
outcome. In a study of 390 acute ischemic stroke patients,
each temperature elevation of 1°C increased the risk of
poor outcome by a factor of 2.2.57 Elevations in tempera-
ture have the greatest effect and are most important in the
first 24 hours after stroke. Hyperthermia is easy to under-
estimate, as brain temperature is higher than core body
temperature and varies within regions of the brain.58

Studies of induced hypothermia in acute ischemic stroke
have been encouraging but are not definitive.34 At this
time, fever of any degree, even mild hyperthermia, should
be treated with antipyretics (acetaminophen) and its cause
should be investigated.
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Some of the exclusion criteria are absolute contraindi-
cations (ie, ICH on initial CT scan or blood pressure
>185/110 mm Hg at time of treatment), whereas others
are warnings. For example, patients with seizure at symp-
tom onset may suffer an injury that would increase their
risk of ICH or may present with Todd’s paralysis. But if a
patient has a witnessed seizure in front of the health care
team during the early phases of the stroke without injury,
he or she should not be excluded. In fact, this may be an
indication of a relatively large amount of ischemic
penumbra that is still viable.59 Patients with a TIA gener-
ally have dramatic and rapid improvement (within an
hour), whereas many stroke patients have waxing and
waning symptoms that may improve but significant
deficits persist. The period from “door to needle” is suffi-
cient to understand this difference. In the NINDS trial,
only 2% of placebo patients had an NIH-SSS of 0 (normal)
at 24 hours, thereby technically meeting the definition of
a TIA.

Patients with mild strokes should not be treated as they
generally do well. But there is no cutoff on the NIHSS
below which patients should not be treated, as certain
stroke syndromes (ie, aphasia) can be devastating without
producing a high score.

The ECASS investigators found that patients with more
than 33% of the middle cerebral artery territory involved
with early signs of ischemia on the baseline CT scan who
received tPA were at increased risk for ICH and early death
(67% with severe disability or death).47 This is a contro-
versial finding because it is based on a 6-hour treatment
window. The American Heart Association advises that
patients with initial CT findings of recent major infarction
should not be treated with tPA,50 whereas the National
Stroke Association recommends caution and that its use
be weighed against the anticipated benefit.51 Most often,
early signs of cerebral edema indicate that the time from
onset is longer than 3 hours.

Despite the demonstrated efficacy of the inclusion and
exclusion criteria, questions still remain about patient
selection. If patients at increased risk for ICH could be
excluded or patients who respond the best or least to
treatment could be identified, then the safety and efficacy
of this approach might be enhanced. In an effort to address
these issues, the NINDS investigators conducted 2 analy-
ses.

The first analysis attempted to identify pretreatment
patient characteristics associated with an increased risk of
ICH21 related to tPA. Two factors were found to be inde-
pendently associated with an increased risk of ICH: the
severity of the stroke and clear signs of infarction (hypo-
density or mass effect) on baseline CT scan. Patient age
was not found to be an independent risk factor for ICH in
this analysis.

The severity of stroke was categorized by the baseline
NIH-SSS (Table 5). Patients with baseline NIH-SSS less

Table 4.
Inclusion and exclusion criteria for use of thrombolysis in acute
ischemic stroke.

Inclusion criteria
1. Ischemic stroke with a measurable defect on NIHSS
2. Clearly defined time of onset within 3 h of the start of treatment
3. Age >18 y
Exclusion criteria
Contraindications
1. Evidence of intracranial hemorrhage on pretreatment CT scan
2. Clinical presentation consistent with subarachnoid hemorrhage, even with a

normal CT scan
3. Known arteriovenous malformation or aneurysm
4. Prior intracranial hemorrhage
5. Active internal bleeding
6. Known bleeding diathesis including but not limited to: platelet count

<100,000/mm3; prothrombin time >15 seconds, international normalized ratio
>1.7, or current use of oral anticoagulants; use of heparin within 48 h and
prolonged partial thromboplastin time

7. Systolic blood pressure >185 mm Hg, or diastolic blood pressure >110 mm Hg on
repeated measurement at the time treatment is to begin (aggressive measures
should not be used to reduce blood pressure to these limits)

8. Within 3 mo of: intracranial surgery, serious head trauma, or previous stroke
9. Major surgery within 14 d
10. Pregnancy
11. Post–myocardial infarction pericarditis
Warnings
1. Rapid improvement of neurologic signs
2. Mild stroke or isolated neurologic deficits
3. Gastrointestinal or genitourinary bleeding within 21 d
4. Recent lumbar puncture
5. Recent arterial puncture at noncompressible site
6. Blood glucose level <50 or >400 mg/dL
7. Seizure at same time stroke observed

Table 5.
Risk of symptomatic ICH by baseline NIH-SSS in the NINDS
tPA Stroke Trial.

NIH-SSS Patients With Symptomatic ICH (%)

1–5 2
6–10 3
11–15 5
16–20 4
<20 17



A C U T E  I S C H E M I C  S T R O K E
Lewandowski & Barsan

2 1 2 A N N A L S  O F  E M E R G E N C Y  M E D I C I N E 3 7 : 2 F E B R U A R Y  2 0 0 1

In summary, patients should be selected based on the
inclusion and exclusion criteria of the National Stroke
Association,51 American Heart Association,50 or Ameri-
can Academy of Neurology.65 Patients with signs of early
ischemia or severe strokes (NIH-SSS >20) may be accept-
able candidates based on individual considerations de-
spite higher rates of ICH. Patients with signs of edema or
mass effect on the initial CT scan should have the time of
onset of symptoms confirmed. If the time of onset is cor-
rect, they may represent a subgroup with more severe
ischemia and an increased risk of ICH.

The treatment of patients with tPA can be divided into
3 phases: the out-of-hospital phase, the ED phase, and the
hospital phase. First, the patients and their families should
be aware of the signs and symptoms of stroke. The fastest
and safest way to get to the hospital for acute treatment is
to activate the 911 system.66

The EMS dispatcher should suspect a stroke based on
the initial call and dispatch an appropriate unit. Once on
the scene, the EMS personnel must evaluate the patient,
provide critical lifesaving interventions, notify the receiv-
ing hospital, and transport the patient. Prenotification
allows preparations to take place while en route. Trans-
porting a family member or witness with the patient facil-
itates confirmation of the time of onset of symptoms. EMS
personnel should be very sensitive to identify all potential
candidates using the inclusion criteria. 

The ED role is to be very specific in candidate selection
by assessing the exclusion criteria as well as confirming
the inclusion criteria. The NIH-SSS confirms and quanti-
fies the extent of the stroke, facilitates discussions about
risks and benefits, improves communication with col-
leagues, and allows for accurate reassessment of progress.
Critical laboratory evaluation includes CBC count with
platelets, blood glucose, and partial thromboplastin time
or prothrombin time. The prothrombin time/partial
thromboplastin time determinations are not mandatory
when there is no history of anticoagulant use or no history
of bleeding or bleeding disorders.

An emergency CT scan is performed to exclude those
with hyperdensity consistent with intracranial bleeding.
Hypodensity, edema, or mass effect may be seen with
early infarction, but should lead to a reevaluation of the
time of onset. The risks and benefits of thrombolysis and
the risks and benefits of foregoing treatment should be
discussed with the patient, family, or both.

If the patient meets all of the inclusion criteria and none
of the exclusion criteria, then the drug should be mixed
and administered. Mixing takes 5 to 10 minutes; thus, if
time is short, the drug should be prepared in advance. If it

than 10 had a 3% risk of ICH, whereas those with NIH-
SSSs higher than 20 had a 17% risk. Despite this, patients
treated with tPA and an NIH-SSS higher than 20 had an
OR of 4.3 (95% CI 1.6 to 11.9) in favor of full recovery
and a lower risk of being severely disabled or dead (69%
versus 76%, difference not significant) at 3 months.
Therefore, those with large strokes should still be consid-
ered for treatment.

In the NINDS trial, 5% of patients had clear signs of
infarction (hypodensity or mass effect) on baseline CT
scan.21 Initial CT findings were not further categorized
into greater than or less than 33% of the middle cerebral
artery territory. Thirty-one percent (n=5) of those with
hypodensity or mass effect on the baseline CT scan had a
symptomatic ICH, compared with 5% (n=15) of those
without these signs. Nevertheless, those treated with tPA
who had edema or mass effect on baseline CT scan still
had a better outcome: 25% versus 16% returned to nor-
mal (OR 3.4, 95% CI 0.6 to 20.2). The overall efficiency of
these 2 factors in predicting ICH was poor at 57% (sensi-
tivity 60% and specificity 56%).

The second analysis attempted to understand what fac-
tors influenced response to tPA therapy and what factors
predicted 3-month outcome.60 A subgroup of patients
(based on pretreatment characteristics) that did not re-
spond to tPA therapy could not be identified. Treatment
with tPA was independently associated with the likeli-
hood of a favorable outcome (NIH-SSS of 0 or 1) at 3
months (OR 2.02, P=.0001). There was no evidence to
withhold therapy from any subgroup; sicker patients still
may benefit. The clinical benefit of tPA is above and
beyond the ICH rate so that complications should not be
subtracted from its degree of benefit.

Thrombolytic therapy is similar in risk to that of other
standard treatments of acute ischemic stroke. For exam-
ple, the perioperative complication rate (death or stroke)
for carotid endarterectomy (on symptomatic high-grade
stenosis) is approximately 5% to 6%61,62 (requiring 11
surgeries to prevent 1 stroke). The risk of a major hemor-
rhagic complication from anticoagulation with warfarin
(Coumadin) for chronic atrial fibrillation is 1.5% per year,
and 33 patients need to have anticoagulation annually for
every stroke prevented.61,63 These risks are considered
worthwhile because of the devastating effects of acute
ischemic stroke. The risk of symptomatic ICH with lytic
therapy is 6.4%, and 8 patients need to be treated to return
1 person to full function. Furthermore, intravenous tPA is
cost-saving by decreasing the length of hospital stay, dis-
charges to rehabilitation facilities, and discharges to nurs-
ing homes.64
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ultimately is not used, it can be returned to the manufac-
turer for a refund. The dose of tPA is 0.9 mg/kg, 90 mg
maximum, 10% given as a bolus over 1 minute, and the
remainder infused over 1 hour.

Once the patient has been treated, careful monitoring
is required to observe for signs of ICH. Some centers have
developed acute stroke units that have been shown to
decrease long-term morbidity and mortality compared
with standard medical unit care.67 If the patient is at an
institution that cannot provide the level of care required
after treatment, the patient should be transferred as soon
as possible to an appropriate facility.68 Treatment should
not be withheld for transfer as chances for full recovery
decline even within the 3-hour window.

Close observation is required for at least the first 24
hours to watch for any signs of an ICH and provide timely
interventions. Blood pressure should be strictly moni-
tored and treated if it increases above 180 mm Hg systolic
or 105 mm Hg diastolic. Treatment is aimed at lowering
the blood pressure to limit the risk of ICH without caus-
ing hypotension and extension of the infarction. Drugs
such as nifedipine, which can cause precipitous decreases
in blood pressure, should be avoided in favor of drugs
that can be titrated and have a little effect on CBF, such as
labetalol. Antiplatelet or antithrombotic drugs should not
be used in the first 24 hours after tPA infusion.

In the NINDS study, early deterioration was observed
in 17% of the tPA-treated patients and in 18% of the
placebo-treated patients. The most common cause of
deterioration in the tPA patients was ICH, whereas com-
plications from untreated stroke (ie, edema) were the
cause in the placebo group. The most common signs and
symptoms associated with an ICH are decreased level of
consciousness, increased weakness, new headache, or
sudden increase in blood pressure or pulse. Analyses of
posttreatment variables associated with an increased risk
of ICH include minor external oozing (at intravenous
sites or around the gums; OR 2.3, 95% CI 1.2 to 4.6) and a
pulse pressure greater than 50 mm Hg (OR 1.02, 95% CI
1.004 to 1.035). The pulse pressure is highly correlated to
mean arterial pressure and the systolic pressure and is an
indicator that increased blood pressure after tPA treat-
ment increases the risk of ICH.21

If an ICH is suspected in a patient, any remaining infu-
sion of tPA should be stopped, and an immediate CT scan
of the brain should be obtained (Table 6). If the scan does
not demonstrate an ICH, the tPA infusion may be resumed.
Otherwise, blood samples should be sent for coagulation
studies and blood products should be prepared. tPA
causes a decrease in fibrinogen levels in approximately

30% of patients that can be replaced by cryoprecipitate
administration. Neurosurgical consultation should be
obtained within 2 hours.69 In the NINDS trial, only 1
patient required neurosurgical intervention among 22
who had ICH.21 Most institutions already have arrange-
ments for neurosurgical consultations as they receive and
care for patients who present with other neurosurgical
emergencies such as subarachnoid hemorrhage, trau-
matic brain injuries, and spontaneous ICH. These same
arrangements generally suffice to support thrombolysis
in acute ischemic stroke. After the first 24 hours, the stan-
dard stroke therapies and workups should proceed as
with any other stroke patient.

Managing acute stroke patients in the already busy ED
environment requires forethought and planning. Pre-
planned pathways or protocols allow for rapid and effi-
cient response to pathophysiologic states that require
immediate attention and intervention. This is currently
done for other disease processes such as trauma, myocar-
dial infarction, and other critical illnesses. The 1996
NINDS consensus conference69 established goals for the
care of the acute stroke patient in the United States in a
manner similar to the National Heart Attack Alert Pro-
gram. The development of care paths for stroke patients
in the ED was specifically recommended. Other goals for
emergency care were endorsed: 10 minutes for door to
physician time, 25 minutes for door to CT scan, 45 min-
utes from door to CT scan reading, and 60 minutes for
door to drug time. Neurologic expertise should be avail-
able within 15 minutes and neurosurgical expertise
should be available within 2 hours of patient arrival.

Table 6.
Algorithm for management of intracranial hemorrhage.

1. Monitor neurologic function for signs of deterioration: headache, acute
hypertension, nausea, or vomiting.

2. Discontinue tPA if deterioration occurs.
3. Obtain immediate CT scan.
4. Obtain blood samples for prothrombin time, partial thromboplastin time, platelet

count, fibrinogen levels.
5. Prepare cryoprecipitate and fibrinogen (6–8 units).
6. Prepare platelets (6–8 units).
7. If ICH is present on CT scan, evaluate laboratory results and consider

replacement of fibrinogen.
8. Obtain neurosurgical consultation.
9. Consider consultation with hematologist.
10. Consider repeating CT scan for assessment of progression.
11. Develop consensus for treatment.
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develop protocols for either acute treatment for ischemic
stroke or immediate transfer to a facility capable of treat-
ment.68 Second, there is a need to continue to find ways
to make thrombolytic therapy for stroke safer. This may
be done through better patient selection, improvements
in patient management (ie, blood pressure), or treatment
with other agents that may decrease the risk of hemorrhage.

Beyond thrombolytic treatment within 3 hours, the
challenge is to find better methods of reperfusion and ad-
junctive agents that may either lengthen the therapeutic
window or improve clinical efficacy within the therapeu-
tic window.81 Intra-arterial treatment with pro-urokinase
seems promising at this point for patients later than 3 hours
after symptom onset. Other interventional techniques are
also being studied.82 Although most trials with neuropro-
tective agents to this point have been unsatisfactory, there
may be the potential for neuroprotective agents to have
beneficial effects when used in combination with reperfu-
sion techniques.83 It is hoped that the addition of neuro-
protective agents to reperfusion techniques will both
improve clinical efficacy and potentially prolong the ther-
apeutic window, thereby improving the outcome for vic-
tims of acute ischemic stroke.
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