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Abstract

The modern management of patients with ischemic stroke begins by having a system in place that organizes the provision of
preventive, acute treatment, and rehabilitative services. In the acute setting, initial evaluation is aimed at rapidly establishing
a diagnosis by excluding stroke mimics, distinguishing between ischemic and hemorrhagic strokes, and determining if the
patient is a candidate for treatment with intravenous tissue plasminogen activator (IV-tPA, alteplase). In some centers, select
patients who do not qualify for administration of IV-tPA may be considered for endovascular intervention. General measures
include the use of platelet antiaggregants, treatment of fever, blood pressure management, and continuation of statins if

the patient has already been taking them. Post-acute evaluation and management is aimed at secondary prevention and
optimizing recovery, including recognition and treatment of post-stroke depression.

Introduction: Organizing Acute Stroke Care

The modern medical management of patients with acute
ischemic stroke focuses on limiting the extent of brain injury,
avoiding stroke-related complications, instituting appropriate
secondary prevention, and facilitating post-stroke recovery.
Given the time-sensitive nature of acute-stroke therapy, having
an organized system of care is critical. An American Heart
Association policy statement highlights the importance of stroke
care systems beginning with primordial prevention and extending
to primary prevention, prehospital care, treatment related to
the acute event, and post-stroke rehabilitation and community
reintegration.! Primary Stroke Centers that emphasize care in the
acute setting and initiation of secondary preventive interventions
have been established across the country, with certification by
the Joint Commission or other groups based on demonstration of
compliance with recommendations from the Brain Attack Coalition
and American Heart Association guidelines.?3 Comprehensive
Stroke Centers, capable of providing the full range of stroke-
related care for patients with complex cerebrovascular conditions
and for those who might benefit from advanced interventions,
are also being certified.* Although many noncertified hospitals
have excellent patient outcomes, care at hospitals with certified
stroke centers is generally associated with lower mortality rates
as compared to noncertified hospitals.>” Participation in quality
improvement efforts such as the American Heart Association Get
with the Guidelines program or the Coverdale National Stroke

Registry is associated with incremental improvements in compliance
with evidence-based, guideline-recommended treatments over time.®
Having the appropriate infrastructure is a necessary prerequisite for
optimizing the process of stroke care and patient outcomes.

Initial Evaluation

Figure 1 provides an example of one general algorithm outlining
the approach to evaluating and treating patients with acute ischemic
stroke. Different hospitals may reasonably vary their practices, and
involvement in research protocols may further alter this evaluation
and management paradigm.
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The presence of acute facial paresis, arm drift, or abnormal
speech increases the likelihood of stroke 5.5-fold (95% CI, 3.3-9.1)°
Although presentation with acute, focal neurologic deficits is the
hallmark of stroke, initial symptoms can vary. Many patients,
particularly women, have nontraditional symptoms such as
generalized weakness, fatigue, and cognitive change that can
make rapid diagnosis challenging!® ! Common stroke mimics
include seizures, sepsis, space-occupying lesions, and toxic/
metabolic conditions.!? Even in patients who have had a stroke,
distinguishing between ischemic and hemorrhagic causes is
critical. Although certain clinical features increase the likelihood
of hemorrhagic stroke (e.g., initial depressed level of consciousness,
vomiting, severe headache, warfarin therapy, systolic blood
pressure > 220 mm Hg, and glucose > 170 mg/dL in a patient
without diabetes), the accuracy of discriminant models is similar
to clinician judgment, with neither sufficient for determining
treatment.’ In addition to basic laboratory studies including blood
glucose, oxygen saturation, serum electrolytes/renal function tests,
complete blood count including platelet count, cardiac enzymes,
prothrombin time, activated partial thromboplastin time, and
electrocardiogram, neuroimaging with a brain CT or MRI is
required to help exclude stroke mimics and to reliably distinguish
ischemic from hemorrhagic stroke.2 A toxicology screen should be
considered and a chest X-ray obtained in those with respiratory
symptoms or other specific indications.!® Blood tests should be
obtained as soon as possible in all patients suspected of having an
acute stroke, with the goal of having results available within 45
minutes.

After assuring the integrity of the patient’s airway, oxygenation,
and circulatory status, a history is obtained and rapid general and
neurological examinations are performed with an immediate goal
of determining the appropriateness of acute reperfusion therapy.
This should include a standardized, reliable, and validated graded
neurologic score that can be used to help determine the risks and
benefits of interventions, to aid in estimating prognosis,** and for
communicating with other clinicians. The National Institutes of
Health Stroke Scale is among those most commonly used for these
purposes.®

Acute Reperfusion Therapy

Treatment with acute reperfusion therapy is based on the
principle that whether a given area of ischemic brain tissue
becomes irreversibly damaged (i.e., infarcted) depends on both
the degree and duration of ischemia.l® Administration of alteplase
(IV-tPA) within 3 hours of symptom onset is currently the only
treatment for acute ischemic stroke approved by the U.S. Food
and Drug Administration (FDA).2 Figure 2A gives the odds of an
excellent outcome (i.e., no functional disability at 90 days) based
on a pooled analysis of data from four randomized trials of IV-tPA
(n = 1850) compared to placebo (N = 1820).” Approximately 4.5
patients need to be treated within 1.5 hours, 9 between 1.5 to 3
hours, and 14.1 between 3 to 4.5 hours to have one additional
patient with no disability at 90 days. Although national guidelines
recommend treatment of selected patients up to 4.5 hours after
symptom onset,” the longer the delay between symptom onset
and treatment, the less likely the patient will benefit (Figure 2A).”
As a result, patients should be treated as soon as possible, and the
American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care set a goal for
the emergency department arrival to treatment time of 1 hour.!®

The primary complication of treating patients with IV-tPA for acute
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Figure 2. Effect of IV-tPA administration on outcome in patients with acute
ischemic stroke based on time between symptom onset and treatment
(adjusted for baseline NIH Stroke Scale score [NIHSSS], age, diastolic

blood pressure, prior hypertension, prior stroke, and interaction of age

and NIHSSS). (A) Effect of treatment on having no disability after 90 days
(modified Rankin score 0-1). (B) Effect of treatment on having a parenchymal
hemorrhage within 36 hours (adjusted for baseline NIHSSS, age, and
diastolic blood pressure). Data from Lees et al.'” IV-tPA: intravenous tissue
plasminogen activator (alteplase).

ischemic stroke is brain hemorrhage. In the pooled analysis, large
intracranial hemorrhage occurred in 5.2% of patients in the IV-tPA
group versus 1.0% of controls (OR 5.37, 95% CI, 3.22-8.95)."7 There
was no significant relationship between bleeding risk and time
between symptom onset and treatment up to 6 hours (Figure 2B).
Recent national guidelines provide detailed inclusion and
exclusion criteria for selecting patients for treatment with IV-tPA,2
but a few points should be emphasized. Although ideally only
patients with acute ischemic stroke should be given IV-tPA,
patients with an ischemic stroke mimic may sometimes be treated
due to difficulties in diagnosis. In these cases, administration
of IV-tPA does not carry untoward risk provided that treatment
inclusion and exclusion criteria are otherwise observed.”
Patients with what may be considered mild symptoms can have
significantly impaired quality of life and should be considered
for treatment.?*2! In the absence of a history or findings
on examination suggestive of a coagulopathy or the use of
anticoagulants, it is not necessary to delay treatment until the
results of relevant blood tests are available.?
Endovascular treatment of patients with acute stroke may
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involve intra-arterial infusion of a thrombolytic agent (most
commonly tPA) and/or use of a mechanical clot retrieval device
(FDA-approved as tools to remove clots from brain arteries but
not as treatments for acute stroke)—a treatment associated with
favorable results compared to placebo or no intervention in
selected patients.?? The SYNTHESIS Expansion trial compared

a strategy of primary endovascular intervention versus IV-tPA
in patients with acute ischemic stroke, with the underlying
hypothesis that direct treatment of a thrombus would lead to
better outcomes.? The trial found that primary endovascular
therapy was not superior to IV-tPA (30.4% in the endovascular
therapy group and 34.8% in the IV-tPA group were alive without
disability after 3 months; adjusted OR 0.71, 95% CI, 0.44-1.14, P =
0.16; fatal or nonfatal symptomatic intracranial hemorrhage within
7 days occurred in 6% of the patients in each group).

“Rescue” endovascular therapy in patients not having an
immediate clinical response to treatment with IV-tPA has also
been advocated. It should be noted, however, that although
patients treated with IV-tPA in the landmark National Institute
of Neurological Disorders and Stroke trial more frequently had
little or no disability compared to those treated with placebo after
3 months, there was no effect on neurologic impairment after 24
hours.?* In addition, observational studies suggest that strokes
related to a large clot burden (e.g., proximal middle cerebral artery
or intracranial carotid bifurcation [“carotid-T”] occlusions) may
be relatively refractory to lysis with IV-tPA.%26 Because patient
outcomes are thought to be better if rapid recanalization can be
obtained,” “rescue” endovascular therapy has also been advocated
for those with a persistent radiographic occlusion immediately
after receiving IV-tPA. The Interventional Management of Stroke-
[T (IMS-III) trial evaluated the effect of additional endovascular
therapy in patients with an acute ischemic stroke who had received
IV-tPA within 3 hours of symptom onset.?® Although the study
found no important safety issues, the proportions of patients
who were functionally independent after 3 months were similar
in the two groups (40.8% treated with endovascular therapy vs.
38.7% treated with IV-tPA alone; absolute adjusted difference
1.5%, 95% CI, 6.1%-9.1%). There was also no difference in those
with more severe strokes who were thought to likely have more
proximal occlusions. The lack of clinical benefit occurred despite
an estimated 40% greater revascularization rate with the addition
of endovascular therapy. This discrepancy between reperfusion
and recanalization is consistent with other observations showing
a stronger association between good clinical outcome and
radiographic markers of reperfusion compared to recanalization.?’

Clinical trials show that the benefit of IV-tPA is in part
dependent on the time between symptom onset and treatment
(Figure 2A). This is reflected in the previously cited national
guidelines and FDA approval of IV-tPA, with symptom onset
taken as the last time the patient was known to be well. MRI and
CT studies can be used to show the relative volumes of ischemic,
potentially salvageable, and infarcted tissue. Basing treatment
decisions on radiographic criteria evaluating the extent of the
ischemic penumbra holds promise, especially among those with
stroke symptoms beginning after 4.5-hours, including those
awakening in the morning having had a stroke while asleep.%3!
The MR RESCUE (Mechanical Retrieval and Recanalization of
Stroke Clots Using Embolectomy) trial is the most recent evaluating
the use of MRI- or CT-based markers of the ischemic penumbra to
select patients for reperfusion therapy.® This phase IIb, controlled,
open-label (blinded outcome assessment), multicenter trial

randomized patients with an acute anterior circulation ischemic
stroke to standard care (including IV-tPA as appropriate) or
endovascular embolectomy in addition to standard care based
on whether the patient had a favorable radiographic penumbral
pattern (i.e., relatively large volume of salvageable compared to
infarcted tissue) or a nonpenumbral pattern (i.e., relatively large
amount of infarcted tissue with a small or no penumbra). After 3
months, there was no overall difference between those who were
or were not treated with embolectomy in addition to standard
therapy and no difference in the effect of embolectomy based on
the presence or absence of a favorable penumbral pattern. Thus,
the trial found that selecting patients for embolectomy based on
neuroimaging that indicated the presence of a penumbra was not
useful. Additional studies using “penumbral imaging” are in
progress.

The SYNTHESIS Expansion trial, IMS-III, and MR RESCUE
have been the subjects of extensive discussion and critique. For
example, the SYNTHESIS Expansion trial did not select patients
for endovascular therapy based on the presence of a radiographic
(MR or CT angiography) proximal occlusion. The use of a stent
clot retriever was found to result in better recanalization rates
and better clinical outcomes compared to an older “corkscrew”
retriever,® but the older device could be used in both IMS-III and
MR RESCUE. Based on the results of the SYNTHESIS Expansion
trial and given its higher costs and limited availability, at this
time endovascular interventions should generally not be used
instead of IV-tPA in patients who qualify for that treatment.?
Although not FDA-approved as a treatment for acute stroke,
endovascular treatment is reasonable to consider in patients with
specific contraindications for IV-tPA, such as having undergone
recent surgery (Figure 1).2 At this point, evidence of clinical
benefit from prospective, randomized, controlled trials of “rescue”
endovascular therapy and of patient selection for embolectomy
based on imaging of a “favorable” penumbral pattern are lacking,
and the approaches should be considered investigational.

7

General Measures

Regardless of whether or not a patient is treated with IV-tPA
or endovascular therapy, additional management is aimed at
providing general medical care, preventing complications, and
optimizing functional recovery (Figure 1).

In terms of general care, in the absence of a specific
contraindication, patients with acute ischemic stroke should be
treated with a platelet antiaggregant within 48 hours of symptom
onset (delayed for 24 hours in those treated with IV-tPA).2
Treatment with aspirin is associated with nine fewer deaths and
nonfatal strokes over the ensuing few weeks per 1,000 persons
treated (P = 0.001).3 Comparable data for platelet antiaggregants
other than aspirin are generally unavailable. The Clopidogrel in
High-Risk Patients with Acute Non-disabling Cerebrovascular
Events (CHANCE) trial compared clopidogrel plus aspirin versus
aspirin alone started within 24 hours and continued for 21 days
in Chinese patients with minor ischemic stroke or TIA.35 Over
90 days, 8.2% of patients in the clopidogrel-plus-aspirin group as
compared to 11.7% in the aspirin-only group had a stroke (HR 0.68,
95% CIL, 0.57-0.81, P < 0.001). A companion study (the POINT trial)
is being conducted in the United States. If the results are similar,
the combination may replace aspirin for short-term treatment after
minor stroke or high-risk TIA. The combination is contraindicated
for long-term use for secondary stroke prevention due to a higher
risk of bleeding with no reduction in ischemic events compared
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to monotherapy.®> ¥ The emergent use of anticoagulants is not
recommended to improve patient outcomes, halt neurologic
worsening, or lessen the risk of early recurrent stroke.?

Fever in patients with an acute ischemic stroke is associated
with poorer outcome.?® A phase-III trial evaluated the effect of
prophylactic acetaminophen in patients with acute ischemic
stroke but was stopped early because of a lack of funding.® It is,
however, reasonable to treat fever aggressively in patients with
acute cerebral ischemia. The use of therapeutic hypothermia to
improve patient outcomes after acute ischemic stroke remains
investigational.?

Owing to a lack of data, blood pressure management in the
setting of acute ischemic stroke remains controversial, with current
recommendations largely empiric.?’ At least one trial found that
lowering blood pressure in the acute setting was associated with
poorer clinical outcomes.*! Because of concern about reducing
perfusion to an already ischemic brain, “permissive hypertension”
(goal less than 220/120 mm Hg) in the absence of another medical
condition warranting treatment is recommended over the first 24
hours.2 One exception is patients who are otherwise candidates
for IV-tPA and whose blood pressure can be lowered to less than
185/110 mm Hg and maintained at or below 180/105 mm Hg after
treatment.? The optimal time to start antihypertensive treatment
after acute stroke is also uncertain. Based on available data,
starting after 24 hours is reasonable.?

Treating patients who have experienced a noncardioembolic
stroke with a high-potency statin reduces the risk of recurrent
events, but the impact on functional outcome is less certain.*> Both
a randomized trial and observational data indicate that stopping
a statin in the acute setting is associated with poorer outcomes
compared to maintaining statin therapy.*> 4 Other aspects of the
general care of patients with acute stroke are reviewed in current
guidelines.?

Acute Complications, Secondary Prevention, and
Recovery

Medical complications occur in 30% to 60% of patients after an
acute ischemic stroke.*> Pulmonary and urinary tract infections
and deep vein thrombosis are among the more common.
Obtaining a swallowing evaluation prior to oral medications and
nutrition, avoiding placement and early removal of indwelling
bladder catheters, and use of mechanical and pharmacologic
prophylaxes for deep vein thrombosis can decrease the likelihood
of these complications.?

Approximately 20% of strokes are recurrent events. Effective
secondary prevention depends on management of general stroke
risk factors (e.g., hypertension, hyperlipidemia, obesity, smoking
cessation) and identification of specific conditions that could have
caused the stroke (e.g, atrial fibrillation, carotid stenosis). The
management of these and other potential causes of stroke are
reviewed in current secondary prevention guidelines.*

The process of recovery begins as soon as the patient
is stabilized. Although techniques vary, multidisciplinary
rehabilitation is associated with improved functional outcome after
stroke (five extra patients returned home in an independent state
for every 100 treated), including reductions in death (OR = 0.66,
95% CI, 0.49-0.88), death or institutionalization (OR = 0.70, 95% CI,
0.56-0.88), and death or dependency (OR = 0.65, 95% CI, 0.50-0.85).%

The frequency of post-stroke depression varies among studies,
depending on diagnostic criteria and the characteristics of the
study cohort.*® One prospective study found that 10% to 20% of
patients were depressed 3 months after stroke.*® Recognition of
depression is important as it contributes to post-stroke morbidity
and is frequently undertreated.®® At least one study found that
treatment with fluoxetine led to improved functional outcome
after stroke.’

Conclusion

The modern medical management of patients with acute
ischemic stroke is complex, and this report reviewed only the
highlights. Detailed, evidence-based recommendations for acute
treatment and secondary prevention can be obtained from the
cited American Heart Association guidelines.
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