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EDITOR’S PREFACE
Stroke has long been part of the “bread and butter” of practicing neurologists.
For years, the management of acute ischemic stroke, which accounts for an
overwhelming majority of cerebrovascular cases, has been a source of frustra-
tion and dismay for patients, families, and physicians alike, as effective treat-
ment to reverse a neurologic deficit was lacking. Now, however, despite the
availability of thrombolytic therapy that can potentially lead to recovery or at
least significant improvement, the exasperation continues as the percentage of
patients receiving such treatment languishes in the single digits. The battle-
grounds in the struggle to provide better care for the patient with ischemic
stroke now include patient education, logistic organization both before and
during hospitalization, economic and legal issues, as well as the continuing
quest for more effective therapies. A touchstone for the improvement of stroke
therapy lies with the education of physicians involved in the treatment of these
patients. Indeed, if neurologists wish to retain acute stroke care as part of their
“turf,” they must be knowledgeable about current best treatment and make
themselves available to provide it. In this issue of , Dr Steven Levine
has assembled his own “stroke team,” whose members have worked together
throughout this issue to promote your understanding of modern acute ischemic
stroke care.

A key to more effective stroke management is its prompt recognition. Accurate,
as well as rapid, diagnosis is essential. In the first chapter, Drs Kevin Barrett,
Joshua Levine, and Karen Johnston review this critical matter, emphasizing not
only the importance of distinguishing ischemic from hemorrhagic stroke, but
also the exclusion of a variety of conditions that can mimic ischemic stroke.
Clearer understanding of the principles of treating stroke is enhanced in the
next chapter in which Drs Tudor Jovin, Andrew Demchuk, and Rishi Gupta
provide a lucid discussion of the pathophysiology of acute ischemic stroke.
Recognition of the importance of the so-called ischemic penumbra should
drive home the message that for many stroke patients salvation of critical brain
tissues is possible.

With these fundamentals under your belt, you will be better equipped to
tackle the next three chapters, which address treatment directly, focusing pri-
marily on thrombolytic therapy. First, Drs Pooja Khatri, Joshua Levine, and
Jovin address “Intravenous Thrombolytic Therapy for Acute Ischemic Stroke,”
and then Dr Barrett teams with Drs Khatri and Jovin to examine the very
important subject of the prevention and management of the complications of
acute ischemic stroke and its treatment. Time is brain has become an appro-
priate mantra for the delivery of better acute stroke care, and the earlier chap-
ters have emphasized its importance. Yet, no matter what we do, many
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patients will fail to reach the hospital within the short timeframe currently recommended for
administration of IV thrombolytic therapy. In the next chapter, Drs Demchuk, Gupta, and
Khatri combine to discuss emerging therapies not only for hyperacute patients, but also for
those whose treatment must be delayed beyond 6 hours. 

Contemporary effective stroke care is complex, and its optimization requires the coopera-
tion and efforts of many individuals with different training and skills. Regulatory agencies,
including the federal and local governments, have gotten into the act; and reimbursement
conditions make it attractive for a hospital to be able to deliver topnotch stroke treatment. In
the next chapter, Drs Steven Levine, David Adamowicz, and Johnston address many issues
under the rubric of “Primary Stroke Center Certification.” In order for the development of
more effective stroke therapy, much clinical research remains to be done. This will best be
accomplished through the participation not only of “academic” neurologists, but also of those
working in the trenches as “community” neurologists. In the final didactic chapter of this
issue, Drs Steven Levine, Adamowicz, and Johnston partner in providing a “‘How To’ Guide
for Clinicians Interested in Becoming Involved in Clinical Stroke Research.”

The physician dealing with stroke patients is often confronted with knotty ethical dilem-
mas. Drs O. O. Zaidat, Junaid Kalia, and John R. Lynch discuss the care of a patient with
locked-in-syndrome in the Ethical Perspectives in Neurology section. Although this is a very
unusual outcome of stroke, the principles discussed are generalizable. In this issue, we
also reintroduce a section on Practice Issues in Neurology, and I am very pleased that
Dr Larry Goldstein, himself a well-recognized stroke specialist at Duke University, has
agreed to serve as ’s Associate Editor for Practice. Drs Lawrence Wechsler and
Syed Zaidi discuss some issues related to consent for thrombolytic therapy.

As usual, a series of exercises that follow the didactic portions of will help
you fortify your knowledge of acute ischemic stroke and recognize those areas in which you
might still need to “bone up.” Drs Ronnie Bergen and Eduardo Benarroch will challenge you
with their multiple-choice questions, and Drs Gupta and Joshua Levine will help you apply
the information on current therapy as you work through the patient management problem.

Accompanying this issue is another edition of Quintessentials. If you have not yet tried the
new streamlined version of QE—or even if you have—I invite you to engage in this highly
clinical exercise that will help you test your knowledge of the subject of acute ischemic
stroke management. You will work through a couple of case vignettes, and then a month
later you will have the opportunity to repeat the process with new, but similar, cases to see
whether you have acquired and maintained the recommended management principles.

Many of our subscribers may not yet have realized that you now have the option to access
online. Now would be a great time to try this service, which has several recent

enhancements. Not only can you access the full text of , but you can answer the
multiple-choice questions and receive instant feedback as well as CME credits within two
business days. In addition, you can now perform a keyword search of , access
and download key points for each chapter and for each issue as whole, and obtain
PowerPoint slides of the figures and tables for your own use as teaching tools. The AAN and
the staff are very pleased to offer these improvements to our online capabilities
and welcome your feedback and suggestions.

I am grateful to Dr Steven Levine for using the team approach to which he is accustomed
as a provider of stroke care to build a collaborative group of experts who have provided an
outstanding issue. I am confident that utilization of the didactic material, as well
as the many other educational opportunities provided, will enable you to deliver the best
stroke care possible and help to reduce the huge number of severely affected patients that
currently makes this condition the leading cause of long-term disability in the United States.

— Aaron E. Miller, MD
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DIAGNOSIS OF
STROKE AND STROKE
MIMICS IN THE
EMERGENCY SETTING
Kevin M. Barrett, Joshua M. Levine, Karen C. Johnston

ABSTRACT

Patients with suspected stroke require urgent evaluation in order to identify those
who may be eligible for time-sensitive therapies. A focused and systematic
approach to diagnosis improves the likelihood of identifying patients with
probable ischemic stroke and minimizes the chances of exposing patients with
alternate diagnoses to potentially harmful treatment. This chapter emphasizes the
historical, examination, and neuroimaging findings useful in the rapid evaluation
and diagnosis of patients with suspected ischemic stroke. Other entities that may
present with strokelike symptoms will also be discussed.

Continuum Lifelong Learning Neurol 2008;14(6):13–27.

INTRODUCTION

Stroke typically presents with the
sudden onset of focal neurologic def-
icits. Appropriate delivery of acute
stroke therapies depends on accu-
rately establishing the time of symp-
tom onset, performing a focused bed-
side assessment, and rapidly interpreting
ancillary tests. This chapter emphasizes
a systematic diagnostic approach that
will facilitate expeditious identification
of patients eligible for acute therapies.
By necessity, the discussion that follows
is presented sequentially. However, it is
important to recognize that many ele-

ments of the stroke evaluation occur in
parallel, depending on resource avail-
ability or clinical circumstances. Specific
evidence-based stroke therapies are
covered in a subsequent chapter.

BEDSIDE ASSESSMENT

History

The ability to treat acute ischemic
stroke patients with IV thrombolysis
or endovascular therapies depends on
accurately establishing the time of
symptom onset. Under ideal circum-
stances, the patient is able to provide a
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detailed account of symptom onset.
The history should focus on eliciting
information that will establish eligibil-
ity for thrombolytic therapy or identify
potential exclusionary conditions. Sit-
uations may arise in which the precise
time of symptom onset may be diffi-
cult to establish. The use of cues (eg,
‘‘before or after lunch?’’ or ‘‘before or
after the evening news?’’) may be
helpful in generating an estimated
time of onset. If family or friends are
present, it is wise to corroborate the
patient’s report of symptom onset
with eyewitnesses. In some circum-
stances, a precise time of symptom
onset will prove impossible to deter-
mine, and the line of questioning should
then shift to identifyingwhen the patient
was last neurologically normal. For those
patients who awaken with symptoms,
the time of onset becomes the time at
which they went to bed (assuming they
were normal at that time). For patients
with heralding symptoms or TIA, it is
necessary to ensure complete resolution
before the clock can be ‘‘reset.’’

The nature of symptom onset should
be obtained when possible. Symptoms
that begin abruptly suggest a vascular
etiology, whereas symptoms that begin
in one region and gradually spread to
involve other areas may support an
alternate etiology (ie, migraine). Inquiry
should be made regarding risk factors
for vascular disease, as well as any
history of seizures, migraine, insulin
use, or drug abuse that may support
another cause for the patient’s symp-
toms. Information necessary for deci-
sions regarding thrombolysis must be
obtained in a structured fashion to
minimize the possibility of overlook-
ing critical information (Table 1-1).
Accompanying symptoms, particularly
headache, warrant further exploration.
Ictal, or so-called thunderclap head-
ache, should alert the clinician to the
possibility of subarachnoid hemorrhage.
Small bleeds or sentinel leaks from un-

ruptured intracranial aneurysms may not
be evident on CT scan. Further evalua-
tion with lumbar puncture to exclude the
presence of blood in the subarachnoid
space may be warranted (Edlow and
Caplan, 2000).

The initial evaluation of the poten-
tial stroke patient often occurs in a high-
acuity area. Medical personnel respon-
sible for establishing IV access, initiating
cardiorespiratorymonitoring, perform-
ing blood draws, and performing elec-
trocardiography compete for the patient’s
attention. Additionally, the presence
of aphasia or neglect may limit the
patient’s ability to provide accurate
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TABLE 1-1 Important
Historical
Information in
the Suspected
Stroke Patient

" History of the Present Illness

Time of symptom onset

Evolution of symptoms

Convulsion or loss of
consciousness at onset

Headache

Chest pain at onset

" Medical History

Prior intracerebral hemorrhage

Recent stroke

Recent head trauma or loss
of consciousness

Recent myocardial infarction

" Surgical History

Recent surgical procedures

Arterial puncture

" Review of Systems

Gastrointestinal or
genitourinary bleeding

" Medications

Anticoagulant therapy

Continuum: Lifelong Learning Neurol 2008;14(6)
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information. To the physician perform-
ing the initial assessment, these activi-
ties pose significant challenges.

Despite such barriers, critical ele-
ments of the history may be obtained
indirectly. Emergency medical per-
sonnel provide important information
regarding vital signs and blood glucose
levels obtained in the field. Observa-
tions regarding level of consciousness,
initial severity of deficits, and the pres-
ence of bowel or bladder incontinence
at the scene provide useful clues to
the etiology of the presenting symp-
toms. Family members provide impor-
tant observations and additional his-
tory. Reaching a family member by
telephone may be necessary if no one
is immediately available. In certain cir-
cumstances, attempting to reach the
patient’s primary care provider may
prove useful. Documentation of prior

stroke, TIA, or other neurologic mor-
bidity in medical records is valuable.
Chronic or previously resolved deficits
may potentially confound interpretation
of neurologic examination findings in
the acute setting. The presence of ad-
vanced dementia or other neurodegen-
erative process may influence the
decision to pursue further aggressive
interventions. Examination of medica-
tion bottles, if they accompany the
patient, may provide clues to coexisting
medical conditions or anticoagulant use.

Neurologic Examination

The examination should focus on
identifying signs of lateralized hemi-
spheric or brainstem dysfunction con-
sistent with focal cerebral ischemia.
Commonly encountered ischemic stroke
syndromes are outlined in Table 1-2.
The location of vascular occlusion and

15

TABLE 1-2 Common Ischemic Stroke Syndromes

Vascular Territory Signs and Symptoms

Left middle cerebral artery distribution Aphasia, right hemiparesis/hemisensory disturbance, right
homonymous hemianopia, left head and gaze preference

Right middle cerebral artery distribution Left hemispatial neglect, left hemiparesis/hemisensory
disturbance, left homonymous hemianopia, right head
and gaze preference, anosognosia

Left posterior cerebral artery distribution Right visual field defect, impaired reading with intact
writing (alexia without agraphia), poor color naming, right
hemisensory disturbance

Right posterior cerebral artery distribution Left visual field defect, visual neglect, left hemisensory
disturbance

Vertebrobasilar distribution Dizziness, vertigo,nausea,diplopia,quadriparesis, crossedmotor
or sensory findings (ipsilateral face, contralateral body), truncal
or limb ataxia, visual loss/dimming, impaired consciousness

Penetrating artery distribution
(ie, lacunar syndromes)

(A) Internal capsule/corona radiata (A, B) Contralateral hemiparesis alone (pure motor stroke)
OR contralateral hemiparesis + ataxia out of proportion to
weakness (ataxic-hemiparesis); no cortical signs

(B) Ventral pons

(C) Thalamus (C) Contralateral sensory loss alone (pure sensory stroke);
no cortical signs

Continuum: Lifelong Learning Neurol 2008;14(6)
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the extent of collateral flow dictate
whether the complete or partial syn-
drome is present. Frequently, impor-
tant examination findings are observed
while obtaining the history. Thus, level
of consciousness and the presence
of a gaze deviation, aphasia, neglect,
or hemiparesis, may be established
within minutes of the initial encounter.
The NIH Stroke Scale (NIHSS) is a
validated 15-item scale that is used to
assess key components of the stan-
dard neurologic examination and mea-
sure stroke severity (Lyden et al,
1999). Although initially designed to
measure clinical differences in experi-
mental stroke therapy trials (Brott et al,
1989), the NIHSS has gained wide-
spread acceptance as a standard clinical
assessment tool. The scale assesses
level of consciousness, ocular motility,
facial and limb strength, sensory func-
tion, coordination, language, speech, and
attention. Scores range from 0 (normal)
to 42 (maximal score) (Table 1-3). The
NIHSS may be performed rapidly and
predicts short-term and long-term neu-
rologic outcomes (Adams et al, 1999).
Even health care providers without
expertise in the neurologic examination
may be trained to perform the assess-
ment reliably with only a few hours of
instruction (Goldstein and Samsa, 1997).
Additionally, NIHSS severitymay provide
information regarding the likelihood
of identifying a large vessel occlusion
with vascular imaging (Fischer et al,
2005).

The NIHSS has important limita-
tions. It does not include a detailed
assessment of the cranial nerves, and
relatively low scores may occur in
patients with disabling brainstem or
cerebellar infarction (Kasner, 2006).
Likewise, milder deficits caused by fo-
cal cerebral ischemia, such as impaired
hand dexterity or fine finger move-
ments, may escape detection if not
specifically tested. Stroke severity may
not be accurately reflected in nondom-

inant hemisphere syndromes as com-
paredwith dominant hemisphere strokes
(Woo et al, 1999), and a reliable score
is often difficult to obtain in patients
with encephalopathy or cognitive dys-
function. Clinically important changes
on serial examination may not be re-
flected as a measurable change on the
NIHSS. Finally, one should recognize
that the presence of an abnormality on
the NIHSS does not support or re-
fute a diagnosis of stroke. As discussed
below, many other conditions may
cause strokelike symptoms and NIHSS
abnormalities.

Findings on general physical exam-
ination may facilitate stroke diagnosis
and influence treatment decisions. As
in any critically ill patient, the first
priority is assessment and stabilization
of the patient’s airway, breathing, and
circulation. When performing the gen-
eral examination, attention should be
focused on the cardiovascular system.
The presence of a cervical bruit, car-
diac murmur, or irregularly irregular
heart rhythm may provide an impor-
tant clue to the underlying stroke
mechanism. Unequal extremity pulses
may suggest aortic dissection or the
presence of concomitant peripheral
arterial disease. Funduscopic examina-
tion may reveal signs of chronic hy-
pertensive arterial disease or endo-
carditis. Signs of head or neck trauma
(eg, contusions, lacerations) prompt
consideration of occult cervical spine
injury. Other findings, such as rales on
chest examination or bilateral asterixis,
may suggest an alternate explanation
(ie, pneumonia or metabolic enceph-
alopathy) for the patient’s symptoms.

Ancillary Testing

Laboratory and cardiac evaluation sup-
plement the clinical impression de-
rived from the bedside assessment.
Some conditions that may present
with strokelike symptoms may be iden-
tified based on laboratory results (eg,

16

Continuum: Lifelong Learning Neurol 2008;14(6)

KEY POINTS

A The NIH

Stroke Scale is

a validated,

15-item scale,

which is utilized

to assess key

components of

the standard

neurologic

examination

in patients

with stroke.

A Cardiac enzymes

and a 12-lead

EKG are

recommended

for all patients

with stroke.

"DIAGNOSIS AND MIMICS

Copyright @ American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



hypoglycemia). In addition, abnormal
laboratory values may exclude patients
from receiving thrombolytic therapy.
Recently published guidelines recom-
mend routine laboratory testing of
blood glucose, electrolytes, complete
blood count, prothrombin time, activat-
ed partial thromboplastin time, interna-
tional normalized ratio, and renal
function (Adams et al, 2007). Testing
for stool guaiac is not routinely recom-
mended unless an indication exists (eg,
melena or hematochezia). Initiating
treatment with IV recombinant tissue-
type plasminogen activator (rt-PA) pri-
or to obtaining results of coagulation
studies may be safe and feasible (Sattin
et al, 2006). In patients otherwise
eligible for thrombolytic therapy, the
American Heart Association/American
Stroke Association (AHA/ASA) guide-
lines support the decision to initiate
treatment prior to results of platelet
or coagulation studies, unless a bleed-
ing disorder or thrombocytopenia is
suspected.

Cardiac abnormalities are common
in patients with stroke. Cardiac en-
zymes and a 12-lead EKG are recom-
mended for all stroke patients.
Myocardial infarction and atrial fibrilla-
tion are common causes of cardioemb-
olism and are readily identified in the
acute setting. The utility of routine chest
radiography as part of the acute stroke
evaluation is limited (Sagar et al, 1996)
and currently not routinely recom-
mended. As discussed previously, unless
warranted by the presence of sudden,
severe headache, there is no role for
routine CSF examination. Urine toxicol-
ogy screen, blood alcohol level, arterial
blood gas, or pregnancy tests may be
indicated when the clinical history is
limited or uncertain.

NEUROIMAGING

Brain imaging is the only reliablemeans
to differentiate between ischemic and

17
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TABLE 1-3 NIH Stroke Scalea

Category Scale Definition

1a. Level of consciousness 0 = Alert
1 = Not alert, arousable
2 = Not alert, obtunded
3 = Unresponsive

1b. Questions 0 = Answers both correctly
1 = Answers one correctly
2 = Answers neither correctly

1c. Commands 0 = Performs both tasks correctly
1 = Performs one task correctly
2 = Performs neither task

2. Gaze 0 = Normal
1 = Partial gaze palsy
2 = Total gaze palsy

3. Visual fields 0 = No visual loss
1 = Partial hemianopsia
2 = Complete hemianopsia
3 = Bilateral hemianopsia

4. Facial palsy 0 = Normal
1 = Minor paralysis
2 = Partial paralysis
3 = Complete paralysis

5a. Left motor arm 0 = No drift
1 = Drift before 10 seconds
2 = Falls before 10 seconds
3 = No effort against gravity
4 = No movement

5b. Right motor arm 0 = No drift
1 = Drift before 10 seconds
2 = Falls before 10 seconds
3 = No effort against gravity
4 = No movement

6a. Left motor leg 0 = No drift
1 = Drift before 5 seconds
2 = Falls before 5 seconds
3 = No effort against gravity
4 = No movement

6b. Right motor leg 0 = No drift
1 = Drift before 5 seconds
2 = Falls before 5 seconds
3 = No effort against gravity
4 = No movement

7. Ataxia 0 = Absent
1 = One limb
2 = Two limbs

continued on next page
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hemorrhagic stroke and is therefore
mandatory prior to thrombolytic ther-
apy (Besson et al, 1995; Mader and
Mandel, 1998). This chapter will cover
the basics of standard CT and MRI
used in the emergency setting. More
advanced vascular and physiologic
imaging will be discussed in another
chapter.

CT

Noncontrast head CT is the study
most readily available in most stroke
centers. CT is sensitive to intracranial
blood and may be rapidly performed
as part of the acute stroke evaluation.
CT is also inexpensive and less sus-
ceptible than MRI to artifact intro-
duced by patient movement. In the

acute setting, early ischemic change
(EIC) may be apparent on CT. Loss of
differentiation of the gray-white mat-
ter interface, particularly in the region
of the insular cortex or the lentiform
nucleus, may be indicative of early
cerebral ischemia. Sulcal effacement,
representing focal tissue edema, may
be appreciated in areas of relative
hypoperfusion and may be another
early indicator of ischemia. Whether
these changes are present in the
minutes to hours after symptom onset
is probably related to the severity and
extent of ischemia, collateral circula-
tion, and presence of large vessel
occlusion. Detection of EIC is variable
(Grotta et al, 1999) and is likely related
to reader experience. One study iden-
tified EICs in 75% of patients present-
ing within 3 hours of symptom onset
(Barber et al, 2000), and an even
higher prevalence was observed
within 6 hours in patients with hemi-
spheric strokes (von Kummer et al,
1996). The presence of EICs involving
greater than one-third of the middle
cerebral artery (MCA) territory was
used as an exclusion criterion in early
clinical trials of thrombolytics in an
effort to minimize the risk of hemor-
rhagic complications (Hacke et al,
1995). The presence of EICs, however,
was not independently associated with
adverse outcome after rt-PA treatment
in the National Institute of Neurological
Disorders and Stroke (NINDS) trial and
therefore should not preclude throm-
bolytic therapy in otherwise eligible
patients (Patel et al, 2001).

Increased CT attenuation within
an arterial segment, the ‘‘hyperdense’’
artery sign, is an occasional finding. It
is observed most commonly in the
MCA and is associated with occlusive
thrombus within the vessel lumen
(Tomsick et al, 1989) (Figure 1-1).
Although the hyperdense MCA sign is
fairly specific for vascular occlusion
(Bastianello et al, 1991), the sensitivity
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TABLE 1-3 Continued

Category Scale Definition

8. Sensory 0 = Normal
1 = Mild loss
2 = Severe loss

9. Language 0 = Normal
1 = Mild aphasia
2 = Severe aphasia
3 = Mute or global aphasia

10. Dysarthria 0 = Normal
1 = Mild
2 = Severe

11. Extinction/inattention 0 = Normal
1 = Mild
2 = Severe

aThe full NIH Stroke Scale with instructions and scoring sheet is
available online at www.ninds.nih.gov/doctors/NIH_Stroke_Scale.pdf.
Accessed August 20, 2008.

Reprinted with permission from Adams HP Jr, del Zoppo G, Alberts MJ, et al. Guidelines
for the early management of adults with ischemic stroke: a guideline from the American
Heart Association/American Stroke Council, Clinical Cardiology Council, Cardiovascular
Radiology and Intervention Council, and the Atherosclerotic Peripheral Vascular Disease
and Quality of Care Outcomes in Research Interdisciplinary Working Groups: the
American Academy of Neurology affirms the value of this guideline as an educational
tool for neurologists [published errata appears in Stroke 2007;38(6):e38 and Stroke
2007;38(9):e96]. Stroke 2007;38(6):1655–1711.
Data fromNational Institute ofNeurological Disorders and Stroke. [accessed July 28, 2008]
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of this finding is low. The MCA ‘‘dot
sign’’ seen in the sylvian fissure with
occlusion of distal MCA branches
(Barber et al, 2001) and the hyper-
dense basilar artery sign in patients
with basilar artery thrombosis (Ehsan
et al, 1994) have also been described.
A recent systematic review of studies
reporting on early CT signs in acute
ischemic stroke found interobserver
agreement to be moderate to poor
and increased likelihood of poor func-
tional outcome when early infarction
signs were present (Wardlaw and
Meilke, 2005). An example of early
ischemic changes is demonstrated in
Case 1-1.

The appearance of ischemic changes
on CT evolves over time. Within 12 to
24 hours, an indistinct area of low
density becomes apparent in the
affected vascular distribution. After 24
hours, the ischemic region becomes
increasingly hypodense and better
circumscribed. Mass effect develops

and results in sulcal asymmetry or
ventricular distortion. The presence of
a clearly delineated area of hypoden-
sity with associated mass effect should,
therefore, prompt reassessment of the
time of symptom onset in patients
thought to be eligible for thrombolytic
therapy, as distinct hypodensity is in-
consistent with focal cerebral ischemia
of less than 3 hours’ duration.

Neurologists involved in the eval-
uation of patients with acute stroke
must be sufficiently skilled to identify
radiographic contraindications to throm-
bolytic therapy. Generally speaking, a
‘‘central to peripheral’’ approach to
visual inspection of CT images may help
to rapidly identify nonischemic causes
of strokelike symptoms and to identify
subtle EIC. First, inspection of the
midline structures (ie, ventricles and
basal cisterns) for shift may help rap-
idly identify space-occupying mass le-
sions, which may require urgent sur-
gical intervention. The basal cisterns,
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between

ischemic and

hemorrhagic

stroke and is
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representing
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and may be

another early
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ischemia.

FIGURE 1-1 Noncontrast head CT from a 74-year-old woman with the abrupt onset
of dysarthria and left-sided weakness. The hyperdense right middle cerebral
artery (arrows) is visible on these axial images at two sequential levels (A, B).
Follow-up cerebral angiography confirmed occlusion of the proximal right
middle cerebral artery.
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interhemispheric fissure, and sylvian
fissures should be scrutinized for
subarachnoid blood. The fourth ven-
tricle should be identified, particularly
in patients with posterior circulation
symptoms. Although CT evaluation of
the posterior fossa may be challenging
because of technical limitations, dis-
tortion of the fourth ventricle may
result from mass effect related to
cerebellar infarction and often heralds
obstructive hydrocephalus due to
evolving edema. Examination of the
periphery of the brain parenchyma for
extraaxial collections should follow.

The brain parenchyma should approx-
imate the inner table of the skull in a
fairly symmetric fashion, acknowledg-
ing that atrophy may occur in a regional
distribution. As with ischemic changes,
the appearance of subdural collections
evolves with time and these may appear
isodense to brain parenchyma. Finally,
careful inspection for early ischemic
changes (see above) may be guided
by localizing information from the
clinical examination. Effective and
timely administration of acute stroke
therapy relies on accurate bedside as-
sessment and exclusion of intracranial

20

Continuum: Lifelong Learning Neurol 2008;14(6)

KEY POINTS

A Increased CT
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A The appearance

of ischemic

changes on
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Case 1-1
A 48-year-old man was seen by the acute stroke intervention team after he
had developed left-sided weakness. He was last known to be normal
2 hours earlier. The patient reported mild headache but otherwise denied
any problems.

Neurologic examination demonstrated a right head and gaze
preference, left homonymous hemianopsia, left lower facial weakness,
dysarthria, and dense left hemiparesis with absent sensation in the left arm
and leg. The patient did not acknowledge the presence of his left-sided
weakness. His NIHSS score was 14. Noncontrast head CT demonstrated a
large area of subtle hypodensity with loss of the gray-white interface in the
insular ribbon (white arrow) consistent with right MCA distribution
ischemia. Sulcal effacement and blurring of the deep nuclei (arrowhead)
are also seen (Figure 1-2).

Comment. This
case exemplifies
early ischemic
changes that may
be seen with CT
in the early hours
after stroke onset.
The clinical
syndrome fit
well with a
nondominant
hemisphere
ischemic event,
and the early
ischemic changes
appreciable on
noncontrast CT
helped confirm
the clinical assessment. The patient underwent emergent vascular imaging
and was found to have a right internal carotid artery occlusion.

FIGURE 1-2
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hemorrhage. Subtle changes of early
ischemia, while helpful in confirming
clinical suspicion, are often identified
with the assistance of a radiologist and
should not directly influence therapeu-
tic decisions.

MRI

Evaluation of patients with acute
stroke with MRI has clear advantages.
Compared with CT, MRI with diffu-
sion-weighted imaging (DWI) se-
quences is more sensitive for acute
cerebral ischemia and improves diag-
nostic accuracy (Fiebach et al, 2002).
DWI may detect abnormalities within
minutes after onset of cerebral ische-
mia (Hjort et al, 2005) and delineates
the location, size, and extent of
hyperacute ischemia. MRI better eval-
uates the posterior fossa and improves
visualization of small cortical infarc-
tions (Figure 1-3).

Historical concerns about the ability of
MRI to identify acute intracerebral hem-
orrhage have been addressed by sev-
eral studies. Conventional T1-weighted
and T2-weighted MRI pulse sequences
are able to identify subacute and
chronic blood, but they are less sensi-
tive for parenchymal hemorrhage dur-
ing the first 6 hours after symptom
onset. Susceptibility-weighted MRI, or
gradient-recalled echo (GRE), se-
quences have improved sensitivity for
recently extravasated blood products
(Patel et al, 1996). A prospective study
of MRI and CT performedwithin 6 hours
of stroke symptom onset demonstrated
that the accuracy of GRE sequences
for acute hemorrhage is equal to that
of CT (Kidwell et al, 2004). A smaller
multicenter study found a similarly
high accuracy of GRE for identifica-
tion of acute intracerebral hemorrhage
(Fiebach et al, 2004).

Some centers have developed ex-
tensive experience with MRI in acute
stroke and have adopted the use of
MRI protocols for routine evaluation

of patients with stroke. A recent pro-
spective study performed at such a
center demonstrated the superiority
of MRI for detection of acute stroke in
the full spectrum of patients who
presented for emergency assessment
of strokelike symptoms (Chalela et al,
2007). Based on these results, the
authors have advocated the use of
MRI as the sole modality in the eval-
uation of patients with suspected
stroke. The utility of MRI in detecting
subarachnoid hemorrhage has not
been rigorously evaluated, and only
limited data are available (Wiesmann
et al, 2002). The previous studies of
MRI for the acute evaluation of stroke
were performed using 1.5 tesla (T)
magnets. Further studies will be need-
ed to clarify the role of newer gener-
ation 3T MRI scanners for hyperacute
stroke diagnosis.
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FIGURE 1-3 CT and MRI images from a 39-year-old man
who developed sudden speech difficulty. The
CT images (top row) demonstrate hypodensity

in the posteroinferior left frontal (top left, white arrow) lobe and
adjacent superior left temporal lobe as well as loss of gray-white
junction and sulcal effacement in the posterior parietal region
(top right, white arrow). MR diffusion-weighted images (bottom
row) demonstrate the abnormalities clearly (bright signal).
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The vast majority of emergency
departments lack the resources nec-
essary to perform emergent MRI.
The costs of the technology, including
around-the-clock technician support,
are prohibitive for many centers and
have limited widespread implemen-
tation. Abbreviated stroke MRI proto-
cols have been developed to ad-
dress concerns about additional time
needed to acquire MRI images com-
pared with CT. This issue is important
given the association between time to
initiation of thrombolytic therapy and
likelihood of an excellent neurologic
outcome (Marler et al, 2000). MRI is
contraindicated in patients with pace-
makers or other metallic hardware
and is further limited by its suscepti-
bility to motion artifact in agitated
patients.

STROKE MIMICS

When acute ischemic stroke is sus-
pected, it is crucial to consider and to
exclude alternative diagnoses, espe-
cially intracranial hemorrhage. Many
conditions, including systemic abnor-
malities and other nervous system
diseases, present with focal neurologic
deficits that ‘‘mimic’’ acute ischemic
stroke. Table 1-4 lists commonly
encountered stroke mimics. Some
stroke mimics may be discovered early
during the course of evaluation (eg,
hypoglycemia), but others may re-
quire more extensive investigation
and/or neuroimaging (Case 1-2). The
history and examination help deter-
mine the probability of a stroke mimic
as the cause of neurologic dysfunc-
tion. Distinguishing features of some
stroke mimics are highlighted in
Table 1-5.

Early studies found the frequency of
stroke mimics range from 1% (O’Brien
et al, 1987) to 19% (Libman et al, 1995)
in patients with suspected or initially
diagnosed stroke. The time of patient
assessment relative to symptom onset,

examiner experience, and availability
of imaging results at the time of initial
diagnosis were variable in these stud-
ies. A recent prospective study of more
than 300 patients who presented to
an urban teaching hospital with sus-
pected stroke found mimics in 31%
at the time of final diagnosis (Hand
et al, 2006). The most frequent mimics
were postictal deficits (21%), sepsis
(13%), and toxic-metabolic disturban-
ces (11%). Seventy-five percent of
mimics in the study were neurologic
disorders, and 42% of patients with a
mimic had experienced a previous
stroke. Eight variables independently
associated with a correct diagnosis
were identified. The most powerful
predictors of an accurate stroke diag-
nosis were ‘‘definite history of focal
neurologic symptoms’’ (odds ratio
[OR] 7.21; 95% confidence interval
[CI], 2.48–20.93) and an NIHSS score
greater than 10 (OR 7.23; 95% CI,
2.18–24.05). In patients with known
cognitive impairment, the likelihood
of having a stroke was markedly
reduced (OR 0.33; 95% CI, 0.14–0.76).

While studies such as these improve
our general understanding of the
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TABLE 1-4 Common Acute
Stroke Mimics

" Postictal deficits
(Todd paralysis)

" Hypoglycemia

" Migraine
(hemiplegic, with aura)

" Hypertensive encephalopathy

" Reactivation of prior deficits

" Mass lesions

" Subarachnoid hemorrhage

" Peripheral vestibulopathy

" Conversion reaction

KEY POINTS

A When acute

ischemic stroke

is suspected,

it is crucial to

consider and

to exclude

alternative

diagnoses,

especially

intracranial

hemorrhage.

A Many conditions,

including

systemic

abnormalities

and other

nervous system

diseases, present

with focal

neurologic

deficits that

‘‘mimic’’ acute

ischemic stroke.

A A recent

prospective

study of more

than 300

patients who

presented to an

urban teaching

hospital with

suspected

stroke found

mimics in 31%

at the time of

final diagnosis.

"DIAGNOSIS AND MIMICS

Copyright @ American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



Case 1-2
An 82-year-old woman was seen by the acute stroke intervention team for
the sudden onset of speech difficulty 90 minutes earlier. She had been
working with a physical therapist at home when she became unable to
speak. There was no associated weakness, alteration of consciousness, or
headache. Per report, she had experienced a minor ‘‘stroke’’ approximately
2 weeks earlier but had made some improvement.

The woman was afebrile, her initial blood pressure was 142/72 mm Hg,
and the finger-stick glucose level was 188 mg/dL. She was awake, alert,
and appropriate. Language examination was remarkable for impaired
fluency with the ability to say only fragments of words. She was able to
follow simple midline commands but was unable to follow complex
commands. She was unable to repeat, read, or name objects. There was
no limb weakness or sensory disturbance. Her NIHSS score was 6.

Noncontrast head CT demonstrated a subtle hyperdense lesion with mass
effect involving the left temporoparietal region (Figure 1-4, top, arrows). Given
the radiographic findings suggestive of an underlying structural lesion, the
patient did not receive thrombolytic therapy. Follow-up MRI demonstrated an
ill-defined enhancing lesion involving the white matter and cortex of the left
parietal lobe suggestive of a low-grade neoplasm (Figure 1-4, bottom, arrows).

Comment. This case is an example of a stroke mimic. The abrupt onset
of symptoms might not prompt initial consideration of an underlying
structural lesion as a potential etiology. However, one study found that 6%
of patients with brain tumors presenting to an emergency department
had symptoms of less than 1 day’s duration (Snyder et al, 1993). Sudden
onset of focal symptoms in patients with either diagnosed or undiagnosed
tumors may result from seizures, hemorrhage into the tumor, or obstructive
hydrocephalus caused by increasing mass effect.

FIGURE 1-4
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frequency and nature of stroke
mimics, the results are less applicable
to individual patients. As emphasized
previously, the diagnosis of stroke is
based on a composite of information
obtained from the history and the
pattern of findings on physical exam-
ination. A single symptom or sign
cannot be used to rule in or rule out
the diagnosis (Goldstein, 2006).

STROKE CHAMELEONS

The clinician should also be aware of
common atypical stroke presenta-
tions. Recognition of these entities is
important so as not to miss an op-
portunity to offer treatment to an
otherwise eligible patient with stroke.
These patients may not be triaged
into acute stroke pathways and, there-
fore, may be at higher risk of mis-
diagnosis. The term stroke chameleon
has been aptly used to describe an

atypical stroke presentation that ap-
pears to mimic another disease pro-
cess (Huff, 2002). The clinician should
suspect such problems when symptom
onset is abrupt or occurs in patients
with risk factors for cerebrovascular
disease.

A small proportion of patients with
stroke may present with symptoms
suggestive of an acute confusional state
(eg, delirium). While encephalopathy
typically reflects diffuse hemispheric
dysfunction, a ‘‘pseudo-encephalopathy’’
may occur with focal cerebral ischemia
involving the limbic cortex or orbito-
frontal regions. ‘‘Confusion’’ may also
be reported in patients with fluent
aphasia or neglect syndromes without
accompanying motor deficits. System-
atic neurologic examination should
identify these focal features and in-
crease the clinical suspicion of stroke.
Likewise, examination of visual fields
will avoid overlooking patients with
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TABLE 1-5 Characteristics of Common Stroke Mimics

Diagnosis Comments

Seizure (postictal) Focal deficits likely are caused by seizure-induced
neuronal dysfunction (reversible). May occur with simple
partial or generalized seizures. Clinical seizure is often
unwitnessed or unrecognized. Spontaneous resolution
occurs over hours (may last up to 48 hours).

Hypoglycemia Aphasia or hemiplegia may be present. Variable
drowsiness or obtundation. Blood glucose usually
<45 mg/dL. Resolution of symptoms (immediate!hours)
with IV glucose.

Metabolic
encephalopathy

Etiologies include hyperosmolar hyperglycemia,
hyponatremia, and hepatic encephalopathy. May be
associated with altered level of consciousness, poor
attention, or disorientation (eg, delirium) asterixis.

Conversion reaction Diagnosis of exclusion. Conversion disorder is the most
common psychiatric diagnosis. Comorbid psychiatric
problems are common. Paresis, paralysis, and movement
disorders are common.

Reactivation of
prior deficits

Imaging evidence or history of remote stroke is often
apparent. Previous deficit may have resolved completely.

"DIAGNOSIS AND MIMICS
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cortical blindness or visual neglect
syndromes.

Chest pain or discomfort mimicking
myocardial ischemia has been reported
in patients with infarction of the thal-
amus, corona radiata, or lateral medulla
(Gorson et al, 1996). In some of these
patients, the sensory symptoms were
part of a more extensive stroke syn-
drome, but the clinician should be
aware of this possibility. Distal arm
paresis with patterns of weakness
conforming to peripheral nerve distri-
butions may result from focal cerebral
ischemia. Radial or ulnar involvement
has been reported with small cortical
infarction of the motor cortex (Gass
et al, 2001). Again, abrupt onset and
the presence of vascular risk factors
should alert the astute clinician.

CONCLUSION

Timely and accurate diagnosis of acute
ischemic stroke in the emergency set-
ting relies on eliciting a focused his-
tory, performing an efficient, thorough,
neurologic examination, and inter-
preting the results of laboratory and
neuroimaging studies. The sudden
onset of focal neurologic symptoms
in a recognizable arterial distribution
is the hallmark of stroke. Accurately
determining time of symptom onset,
measuring the severity of neurologic
deficit, and excluding nonischemic
causes of strokelike symptoms may
lead to identification of patients eligi-
ble for acute stroke therapy. An effi-
cient and systematic approach to
stroke diagnosis facilitates evidence-
based treatment.
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PATHOPHYSIOLOGY
OF ACUTE ISCHEMIC
STROKE
Tudor G. Jovin, Andrew M. Demchuk, Rishi Gupta

ABSTRACT

In acute ischemic stroke, abrupt vessel occlusion results in a drop in regional CBF,
leading to time-dependent compartmentalization of the ischemic brain into tissue
that is irreversibly damaged (ischemic core), tissue that is functionally impaired but
structurally intact and thus potentially salvageable (penumbra), and tissue that is
hypoperfused but not threatened under normal circumstances (oligemic brain).
At a cellular level, neuronal damage occurs through a complex interaction of
mechanisms (necrosis, apoptosis, excitotoxicity, inflammation, peri-infarct depo-
larization, acidosis, and free radical formation) that are characteristic for each
compartment. All these mechanisms are potential targets for neuroprotective
therapy, which, combined with flow restoration strategies, is likely to improve
outcome significantly in human stroke.

Continuum Lifelong Learning Neurol 2008;14(6):28–45.

INTRODUCTION

Acute ischemic stroke is characterized
by abrupt neurologic dysfunction due
to focal brain ischemia resulting in
persistent neurologic deficit or accom-
panied by characteristic abnormalities
on brain imaging (Albers et al, 2002).

Until recently, stroke was defined
using clinical criteria alone, based on
duration of symptoms lasting 24 hours
or longer (Ad Hoc Committee, 1975). If
the symptoms persisted for less than 24
hours, the condition was termed tran-
sient ischemic attack (TIA) However,
modern neuroimaging techniques, es-
pecially diffusion MRI, have shown that
defining stroke or TIA based only on
duration of symptoms may not be ac-

curate, since permanent brain damage
can occur even when symptoms last
only minutes (Ay et al, 1999; Engelter
et al, 1999; Kidwell et al, 1999). There-
fore, recently proposed definitions of
TIA take into account both the dura-
tion of symptoms (typically less than
an hour) and lack of acute infarction
on brain imaging (Albers et al, 2002).
Ovbiagele and colleagues (2003) esti-
mated that adopting a definition of
TIA based on the above criteria would
reduce estimates of the annual inci-
dence of TIA by 33% (currently esti-
mated to be 180,000 annually) and
increase annual number of strokes
by 7% (currently estimated at 820,000
per year).
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ETIOLOGIC AND
PATHOLOGIC ASPECTS

It is important to recognize that ische-
mic stroke results from a heteroge-
neous group of disorders whose final
common pathway leading to clinical
manifestations is interruption of blood
flow through vascular occlusion. This
results in an infarct of which the size is
dependent on extent, duration, and
severity of ischemia. Brain infarcts
resulting from arterial occlusion are
divided based on their macroscopic
appearance into white (bland) and red
(hemorrhagic) infarcts (Garcia et al,
1998). By gross anatomy, the former
are composed of few or no petechiae
while the latter are characterized by
grossly visible blood. This latter term
is equivalent to hemorrhagic transfor-
mation, which refers to leaking of red
blood cells into a dying and ischemic
brain tissue, and should not be con-
fused with parenchymal hematoma,
which represents a homogenous col-
lection of blood usually resulting from
a ruptured blood vessel. Serial brain
imaging studies in patients with acute
stroke have demonstrated that hem-
orrhagic transformation of an initially
bland infarct can occur in up to 80% of
patients (Hart and Easton, 1986; Lyden
and Zivin, 1993; Mayer et al, 2000). The
risk of early hemorrhagic transformation
and parenchymal hematoma is greatly
increased by administration of thrombo-
lytics or anticoagulants in acute ische-
mic stroke (Larrue et al, 1997).

Gross anatomy studies reveal that
arterial infarcts evolve over several
stages (Garcia et al, 1998). In the first
12 to 24 hours after the ictus, the le-
sion is barely visible to the naked eye.
Swelling reaches its zenith at days 3 to
5; in large strokes this can become life
threatening due to displacement and
compression of neighboring structures.
Between days 5 and 10, the infarcted
brain becomes sharply demarcated
from the unaffected brain tissue. The

chronic stage, occurring weeks or
months after the ictus, features a fluid-
filled cavity that results from reabsorp-
tion of necrotic debris, hence the name
liquefaction necrosis.

STROKE MECHANISMS

Two major mechanisms are responsible
for ischemia in acute stroke: thrombo-
embolism and hemodynamic failure.
The former usually occurs as a result
of embolism or in situ thrombosis and
leads to an abrupt fall in regional
cerebral blood flow (CBF). The latter
usually occurs with arterial occlusion or
stenosis, when collateral blood supply
maintains CBF at levels that are suffi-
cient for preservation of brain function
under normal circumstances. In these
cases, cerebral ischemia may be trig-
gered by conditions that decrease per-
fusion proximally to the arterial lesion
(systemic hypotension or low cardiac
output) and increase metabolic de-
mands (fever, acidosis) or conditions
that lead to ‘‘steal’’ of blood from af-
fected to unaffected areas in the brain
(carbon dioxide retention) (Alexandrov
et al, 2007). Strokes occurring through
these mechanisms are located predom-
inantly in the so-called borderzones
or watershed regions, which are areas
in the brain bordering major vascular
territories such as the middle cerebral
artery (MCA)/internal carotid artery or
MCA/posterior cerebral artery interface
(Klijn et al, 1997). Caplan and Hennerici
(1998) postulated that embolism and
hypoperfusion oftentimes coexist and
potentiate each other. They proposed
impaired clearance of emboli due to
low flow states as a link between these
two factors in the pathophysiology of
brain infarction.

Embolism

Embolic material formed within the
heart or vascular system travels through
the arterial system, lodging in a vessel
and partially or completely occluding it.
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The most common sources of emboli
are the heart and large arteries. Other
rare sources of emboli are air, fat, cho-
lesterol, bacteria, tumor cells, and par-
ticulate matter from injected drugs
(Caplan, 2000).

Cardioembolism. Cardioembolism
accounts for 20% to 30% of all ischemic
stroke (Grau et al, 2001; Kolominsky-
Rabas et al, 2001; Petty et al, 2000;
Sacco et al, 1995). Table 2-1 outlines
the high risk versus low or uncertain
risk conditions for cardioembolic stroke
(Ferro, 2003). Conditions considered at
high risk for embolization to the brain
are atrial fibrillation, sustained atrial
flutter, sick sinus syndrome, left atrial
thrombus, left atrial appendage throm-
bus, left atrial myxoma, mitral stenosis,
prosthetic valve, infective endocarditis,
noninfective endocarditis, left ventric-
ular thrombus, left ventricular myxoma,
recent anterior myocardial infarct, and
dilated cardiomyopathy. Conditions con-
sidered at low or uncertain risk for brain
embolization include patent foramen
ovale, atrial septal aneurysm, sponta-
neous atrial contrast, mitral annulus
calcification, mitral valve prolapse, cal-
cified aortic stenosis, fibroelastoma,
giant Lambl excrescences, akinetic or
dyskinetic ventricular wall segment,
subaortic hypertrophic cardiomyop-
athy, and congestive heart failure
(Marchal et al, 1999).

Artery-to-artery embolism. Em-
boli occluding brain arteries can also
originate from large vessels situated
more proximally, such as the aorta,
extracranial carotid, or vertebral ar-
teries or intracranial arteries. In these
circumstances, the embolic material is
composed of clot, platelet aggregates
or plaque debris that usually breaks off
from atherosclerotic plaques (Furlan
et al, 1996). This is a major mechanism
responsible for stroke due to large
vessel atherosclerosis, which accounts
for 15% to 20% of all ischemic strokes
(Grau et al, 2001; Kolominsky-Rabas
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TABLE 2-1 High Risk
Versus Low or
Uncertain Risk
Conditions for
Cardioembolic
Stroke

" High Risk Conditions

Atrial fibrillation

Sustained atrial flutter

Sick sinus syndrome

Left atrial thrombus

Left atrial appendage
thrombus

Left atrial myxoma

Mitral stenosis

Mechanical valve

Infective endocarditis

Noninfective endocarditis

Left ventricular myxoma

Recent anterior myocardial
infarct

Dilated cardiomyopathy

" Low or Uncertain
Risk Condition

Patent foramen ovale

Atrial septal aneurysm

Spontaneous atrial contrast

Mitral valve prolapse

Calcified aortic stenosis

Fibroelastoma

Giant Lambel excrescence

Akinetic or dyskinetic
ventricular wall segment

Subaortic hypertrophic
cardiomyopathy

Congestive heart failure

Reprinted from Ferro JM. Cardioembolic
stroke: an update. Lancet Neurol 2003;2(3):
177–188. Copyright # 2003, with permission
from Elsevier.
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et al, 2001; Petty et al, 2000; Sacco et al,
1995).

Thrombosis

Thrombosis represents an obstruction
of flow with thrombus formation result-
ing from an occlusive process initiated
within the vessel wall. In the vast
majority of cases this is caused by
atherosclerotic disease, hence the name
atherothrombosis. Less common vascu-
lar pathologies leading to vessel stenosis
or occlusion include arterial dissection
(intracranial or extracranial), fibromus-
cular dysplasia, vasospasm (drug in-
duced, inflammatory, or infectious),
radiation-induced vasculopathy, extrin-
sic compression such as tumor or other
mass lesion, or moyamoya disease.

Small vessel disease. Thrombotic
occlusion of the small penetrating ar-
teries in the brain is another important
cause of strokes, accounting for an-
other approximately 20% to 30% of all
ischemic strokes. This type of vascu-
lar lesion is strongly associated with
hypertension and is characterized path-
ologically by lipohyalinosis, micro-
atheroma, fibrinoid necrosis, and
Charcot-Bouchard aneurysms (Bamford
and Warlow, 1988; Fisher, 1982; Fisher,
1998; Mohr, 1982). Lipohyalinosis is
characterized by replacement of the
normal vessel wall with fibrin and col-
lagen and is specifically associated with
hypertension. Microatheroma repre-
sents an atheromatous plaque of the
small vessel that may involve the origin
of a penetrating artery (Caplan, 1989).
This latter mechanism is believed to be
responsible for larger subcortical in-
farcts. Fibrinoid necrosis is usually as-
sociated with extremely high blood
pressure, leading to necrosis of smooth
muscle cells and extravasation of plas-
ma proteins, which appear micros-
copically as fine granular eosinophilic
deposits in the connective tissue of
the vessel wall. Charcot-Bouchard an-
eurysms are areas of focal dilata-

tion in the small vessel wall, which
may thrombose, leading to vessel
occlusion.

CEREBRAL BLOOD
FLOW CHANGES

Introduction

Following vessel occlusion, the main
factors ultimately determining tissue
outcome are regional CBF and duration
of vessel occlusion. A decrease in re-
gional CBF leads to diminished tissue
perfusion. In persistent large vessel oc-
clusion, local perfusion pressure, which
is the main factor influencing the even-
tual outcome of tissue (Baron, 2001),
depends on several factors such as the
presence and extent of collaterals and
systemic arterial pressure (due to loss
of the ischemic brain’s autoregulatory
capacity). It is inversely correlated to
the local tissue pressure (which is
increased by ischemic edema).

Cerebral Blood Flow Thresholds
in Acute Cerebral Ischemia

The difference in tissue outcome follow-
ing arterial occlusion is based on the
concept that CBF thresholds exist, below
which neuronal integrity and function
are differentially affected (Figure 2-1).
Early human studies performed in the
1950s during carotid artery clamping for
carotid endarterectomy using intracaro-
tid xenon 133 injections (Boysen, 1971;
Jennett et al, 1966) reported that hemi-
paresis occurred when regional CBF fell
below 50% to 30% of normal, and per-
manent neurologic deficit occurred if
mean CBF fell below 30% of normal.
Evidence also indicated that develop-
ment of permanent neurologic sequelae
is a time-dependent process; for any
given blood flow level, low CBF values
are tolerated only for a short period
of time, while higher CBF values re-
quire longer time for infarction to
occur. Several investigators (Sundt et al,
1974; Trojaborg and Boysen, 1973) have

31

Continuum: Lifelong Learning Neurol 2008;14(6)

KEY POINTS

A Thrombosis is

associated with

thrombus

formation as

a consequence

of an occlusive

process

initiated within

the vessel wall

and is usually

caused by

atherosclerotic

disease.

A Occlusive

disease of small

penetrating

arteries in the

brain (small

vessel disease)

accounts for

20% to 30% of

ischemic strokes.

A Following vessel

occlusion, the

main factors

ultimately

determining tissue

outcome are

regional cerebral

blood flow and

duration of vessel

occlusion.

A The difference in

tissue outcome

following arterial

occlusion is based

on the concept

that cerebral

blood flow

thresholds exist,

below which

neuronal integrity

and function are

differentially

affected.

Copyright @ American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



studied the relationship between EEG
changes and regional CBF during carotid
clamping. EEG would slow down when
mean CBF fell below 23 mL/100 g/min,
while at values below 15 mL/100 g/min
the EEG would become flat.

The concept of CBF threshold in
focal cerebral ischemia proposed by
these early human studies was then
reinforced by landmark studies per-
formed by Symon and colleagues
(1977), who investigated the relation-
ship between severity of local CBF im-
pairment and degree of neurologic
dysfunction at various durations of is-
chemia in a baboon model of MCA oc-
clusion. Symon and colleagues (1977)
demonstrated that brain tissue perfu-
ses between certain CBF values (22 mL/
100 mg/min to 8 mL/100 mg/min) even
when prolonged hypoperfusion stops
functioning, but maintains its structural
integrity and, most importantly, can be
salvaged with reperfusion. Figure 2-2
depicts a summary of metabolic and
electrophysiologic disturbances accord-
ing to reductions of cortical blood flow
at different thresholds.

The time dependence of ischemic
thresholds in producing permanent or
transient neurologic damage has been
demonstrated by Jones and colleagues
(1981) in primate studies using a
temporary or permanent MCA occlu-
sion model. These experiments dem-
onstrated that the CBF values below
which brain tissue becomes infarcted
are dependent on the duration of
vessel occlusion. Two hours of contin-
uous MCA occlusion in awake ma-
caque monkeys required CBF values of
5 mL/100 g/min to produce infarction,
while 3 hours of continuous occlusion
resulted in infarction if CBF values
were 12 mL/100 mg/min or less. Per-
manent occlusion resulted in infarc-
tion if flows were 18 mL/100 mg/min
or less. It should be noted that
30 minutes of occlusion did not result
in infarction even at CBF values below
5 mL/100 mg/min.

It is important to understand that
the blood flow thresholds studied in
most animal and human experiments
refer to ischemic tolerance of the brain
cortex. Thresholds for deep white
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FIGURE 2-1 Schematic drawing of the different cerebral blood flow thresholds in man.

aFurlan M, Marchal G, Viader F, et al. Spontaneous neurological recovery after stroke and the fate
of the ischemic penumbra. Ann Neurol 1996;40(2):216–226.
Marchal G, Beaudouin V, Rioux P, et al. Prolonged persistence of substantial volumes of potentially
viable brain tissue after stroke. Stroke 1996;27(4):599–606.
Marchal G, Benali K, Iglésias S, et al. Voxel-based mapping of irreversible ischaemic damage
with PET in acute stroke. Brain 1999;122(pt 12):2387–2400.
bHeiss WD, Grond M, Thiel A, et al. Tissue at risk of infarction rescued by early reperfusion: A positron
emission tomography study in systemic recombinant tissue plasminogen activator thrombolysis
of acute stroke. J Cereb Blood Flow Metab 1998;18(12):1298–1307.
Heiss WD, Thiel A, Grond M, Graf R. Which targets are relevant for therapy of acute ischemic
stroke? Stroke 1999;30(7):1486–1489.

Baron JC. Perfusion thresholds in human cerebral ischemia: historical perspective and therapeutic
implications. Cerebrovasc Dis 2001;11(suppl 1):2–8. Reprinted with permission from S. Karger, AG, Basel.
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matter or basal ganglia have not been
studied rigorously and are simply un-
known. It is believed, however, that
gray matter is more susceptible to
infarction than white matter, and that
within the gray matter the basal ganglia
have a lower ischemic tolerance than
the cortex (Marcouz et al, 1982).

Concept of Ischemic Core and
Ischemic Penumbra

The notion that in acute stroke, de-
pending on the extent and duration
of hypoperfusion, the tissue supplied
by the occluded artery is compartmen-
talized into areas of irreversibly dam-
aged brain tissue and areas of brain
tissue that are hypoperfused but viable
led to the concept of ischemic core
and ischemic penumbra proposed
by Astrup and colleagues (1981). The
ischemic core represents tissue that is
irreversibly damaged. PET studies in
humans suggest that beyond a certain
time limit (probably no longer than an
hour) the ischemic core corresponds
to CBF values of less than 7 mL/100
mg/min (Furlan et al, 1996; Marchal

et al, 1996; Marchal et al, 1999) to
12 mL/100 mg/min (Heiss, 2000; Heiss
et al, 2001b). The ischemic penum-
bra represents tissue that is function-
ally impaired but structurally intact
and, as such, potentially salvageable.
It corresponds to a high CBF limit of
17 mL/100 mg/min to 22 mL/100 mg/
min and a low CBF limit of 7 mL/100
mg/min to 12 mL/100 mg/min. Salvag-
ing this tissue by restoring its flow to
nonischemic levels is the aim of acute
stroke therapy. Another compartment,
termedby Symon and colleagues (1977)
oligemia, represents mildly hypoper-
fused tissue from the normal range
down to around 22 mL/100 mg/min. It
is believed that under normal circum-
stances this tissue is not at risk of
infarction (Baron, 2001). It is con-
ceivable, however, that under certain
circumstances, such as hypotension,
fever, or acidosis, oligemic tissue can
be incorporated into penumbra and
subsequently undergo infarction.

Evidence in the literature suggests
that there is temporal evolution of the
core, which grows at the expense of
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FIGURE 2-2 Thresholds of metabolic (left) and electrophysiologic (right) disturbances
during gradual reduction of cortical blood flow.

SEP = somatosensory evoked potentials; EEG = electroencephalogram; ATP = adenosine triphosphate.

Hossmann KA. Pathophysiology and therapy of experimental stroke. Cell Mol Neurobiol 2006;26(7–8):1057–1083.
Reprinted with permission from Springer Science and Business Media.
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penumbra (Ginsberg, 2003; Heiss et al,
2001a; Raichle, 1982) (Figure 2-3). This
process occurs because of the interac-
tion of a multitude of complex factors
acting concomitantly or sequentially
(Hossmann, 2006). It is known that
the ischemic penumbra represents a
dynamic phenomenon that evolves
in space and time. If vessel occlusion
persists, the penumbra may shrink
because of progressive recruitment
into the core. Alternatively, it may re-
turn to a normal state following vessel
recanalization or possibly neuropro-
tective interventions. It thus appears
that the ischemic penumbra repre-

sents a transitional state between evo-
lution into permanent ischemia as one
possibility and transformation into
normal tissue as the other possibil-
ity. On the basis of a rat model of MCA
occlusion studied in a multimodal
fashion assessing CBF, metabolism,
and gene expression, Ginsberg (2003)
concluded that the penumbra lies
within a narrow range of perfusion
and thus is precariously dependent
on small perfusion pressure changes;
that the penumbra is electrophysi-
ologically dynamic and undergoes
recurrent depolarizations; and that
it is metabolically unstable, being
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FIGURE 2-3 Experimental model of middle cerebral artery occlusion in rats. Serial MRIs (coronal sections) at three
levels in the brain depicting the apparent diffusion coefficient of water (ADC) (blue) demonstrating the
time-dependent growth of the ischemic core.

Hossmann KA. Pathophysiology and therapy of experimental stroke. Cell Mol Neurobiol 2006;26(7–8):1057–1083. Reprinted with permission from
Springer Science and Business Media.
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the site of severe metabolism/flow
dissociation.

Restriction of acute stroke therapy
aimed at vessel recanalization to 3
hours from onset of symptoms for IV
thrombolysis and 6 hours for intraar-
terial thrombolysis is based on the
concept that the ischemic penumbra
has a short lifespan, being rapidly in-
corporated into the core within hours
of the ictus (Heiss et al, 2001b; Kaufman
et al, 1999). Recent evidence suggests,
however, that penumbral brain tissue
of significant extent is present even
beyond 6 hours of stroke onset. PET
studies using quantitative CBF assess-
ment (Furlan et al, 1996; Marchal et al,
1999) or markers of tissue hypo-
xia such as 18F fluoromisonidazole
(Read et al, 2000) to assess penumbra,
included patients studied within 6
hours to as late as 51 hours after stroke
onset and reported the existence of
penumbra comprising 30% to 45% of
the total ischemic tissue at risk. Several
investigators have estimated the pen-
umbra based on diffusion/perfusion
MRI (diffusion-weighted imaging [DWI]/
perfusion-weighted imaging [PWI]) mis-
match in acute stroke (Hjort et al, 2005;
Schlaug et al, 1999). Since the diffusion
abnormalities are presumed to repre-
sent an approximation of the irrevers-
ible ischemic lesion and the perfusion
abnormalities are presumed to repre-
sent the brain territory at risk, the area
of mismatch between DWI and PWI
is considered a territory still viable but
at risk of undergoing infarction and
corresponds theoretically to the con-
cept of ischemic penumbra. The major
shortcoming of this concept derives
from the lack of quantitative data
provided by MRI imaging. It has been
shown that the DWI lesion is not
precise in distinguishing between ir-
reversible and reversible ischemia
(Guadagno et al, 2005). It incorporates
both types of ischemia and therefore
cannot be considered equivalent to the

ischemic core (Guadagno et al, 2004;
Guadagno et al, 2005; Sobesky et al,
2005). Additionally, the PWI lesion has
been shown to incorporate both immi-
nently threatened brain and brain that
will not undergo infarction as a conse-
quence of persistent vessel occlusion
(Heiss et al, 2004). Since, by definition,
penumbra represents tissue that will
undergo infarction with continuous
vessel occlusion, assessment of penum-
bral extent based on perfusion MRI is
also not precise.

Using MRI technology, Schlaug and
colleagues (1999) demonstrated that
penumbra comprises about 40% of
the total ischemic territory in a
cohort of patients that was studied
within 24 hours of symptom onset.
Similar extent of penumbral volumes
has been reported by numerous other
investigators (Barber et al, 1999;
Rordorf et al, 1998; Schellinger et al,
2001; Staroselskaya et al, 2001). These
reports have also described that the
presence of diffusion/perfusion mis-
match is highly correlated with the
presence of large vessel (internal
carotid artery, MCA, or major division)
occlusion. SPECT studies performed
acutely in patients with large vessel
occlusion have confirmed these find-
ings (Ogasawara et al, 2000; Ueda et al,
1999). Insights into the pathophysiol-
ogy of acute stroke as it relates to
reversible versus irreversible brain tis-
sue are provided by a study in which a
homogenous group of patients with
stroke due to angiographically proven
M1 MCA occlusion were studied within
6 hours of symptom onset with xenon-
CT-CBF technology ( Jovin et al, 2003).
This study, in which core and penum-
bra were determined based on estab-
lished perfusion thresholds, indicated
that within this time frame, irrespec-
tive of the point in time at which the
patients were studied, the ischemic
penumbra was consistently present
and relatively constant, comprising
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approximately one-third of the MCA
territory. In contrast to the penumbra,
the ischemic core was highly variable,
ranging from 20% to 70% of cortical
MCA territory. The authors found that
both in patients who recanalized and
in those who did not recanalize, the
extent of core and not that of penum-
brawas correlatedwith clinical outcome.

CELLULAR MECHANISMS OF
ISCHEMIC NEURONAL INJURY
IN ACUTE STROKE

Introduction

At a cellular level, the biochemical and
electrophysiologic mechanisms in-
volved in the ischemic brain injury
vary according to the extent of cere-
bral ischemia. Neuronal cell death
occurs as a result of two main mech-
anisms: necrosis and apoptosis. Ne-
crosis is a process that is not regulated
or programmed and is the predomi-
nant mechanism that follows acute
permanent focal vascular occlusion.
Necrosis occurs mainly as a conse-
quence of disruption of cellular ho-
meostasis due to energy failure and is
accompanied by cellular swelling,
membrane lysis, inflammation, vascu-
lar damage, and edema formation
(Bhardwaj et al, 2003) (Figure 2-4).
Apoptosis, or programmed cell death,
is characterized by cell shrinkage,
chromatin clumping, and cytoplasmic
blebbing and is not associated with
inflammation or secondary injury to
surrounding brain (Graham and Chen,
2001; Thompson, 1995; Vaux et al,
1994) (Figure 2-5). These two distinct
types of neuronal death appear to rep-
resent opposite poles of a spectrum
that coexist within the ischemic brain,
with necrosis being the main mecha-
nism of neuronal injury in the ischemic
core and apoptosis being the main
mechanism of neuronal injury in the
penumbra where, because of the milder
degree of ischemia, sufficient energy is

produced to allow for expression of
new proteins that mediate apoptosis
(Bhardwaj et al, 2003; Dirnagl et al,
1999; Graham and Chen, 2001).

Acute vascular occlusion triggers a
complex sequence of pathophysiologic
events that evolve over time and space.
Major pathogenic mechanisms of the
ischemic cascade leading to neuronal
injury constitute active targets for
various neuroprotective strategies and
include cytotoxicity, peri-infarct depo-
larization, inflammation, tissue acidosis,
nitric oxide, and free radical produc-
tion, as well as, at a later stage, apop-
tosis (Barber et al, 2003; Doyle et al,
2008; Dirnagl et al, 1999).

Excitotoxicity, Peri-infarct
Depolarizations, Acidosis,
Inflammation

The reduction in regional CBF through
insufficient delivery of the neuron’s
main energy substrates, oxygen and
glucose, results in inadequate produc-
tion of energy required to maintain
ionic gradients (Martin et al, 1994).
Since the transport of calcium from
the cell into the extracellular space is an
energy-dependent process, this leads to
intracellular accumulation of calcium.
Calcium influx is further enhanced by
impairment in the energy-dependent
reuptake of excitatory amino acids,
especially glutamate, and by release
of excitatory amino acids into the
extracellular space. An increase in
extracellular glutamate leads to in-
creased calcium influx, through in-
creased stimulation of the NMDA or
non-NMDA (mainly �-amino-3-hydroxy-
5-methylisoxazole-4-propionicacid[AMPA])
receptor (Budd, 1998). At the same
time, sodium and chloride enter the
neuron via channels for monovalent
ions (Tyson et al, 1996). Water follows
osmotic gradients, leading to edema,
which is predominantly cytotoxic and
can further diminish perfusion in re-
gions surrounding the core, leading to
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recruitment of penumbral areas into
the core (Hossmann, 2006; Raichle,
1982). Effects of delayed edema for-
mation (at this stage predominantly
vasogenic) include increased intracra-
nial pressure, shift and displacement

of brain structures, vascular compres-
sion, and herniation (Hossmann, 2006).

The accumulation of intracellular cal-
cium leads to a series of events at both
the cytoplasmic and nuclear levels that
result in cell death through several
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FIGURE 2-4 Cellular mechanisms of ischemic neuronal injury in acute stroke.

IL-1b = interleukin 1b; TNF� = tumor necrosis factor-�; ICAM = intercellular adhesion molecule;
ECAM = endothelial cell adhesion molecule.

Reprinted with permission from Barber PA, Demchuk AM, Hirt L, Buchan AM. Biochemistry of ischemic stroke. In: Barnett HJM, Bogousslavsky
J, Meldrum H, eds. Advances in neurology: ischemic stroke. Philadelphia: Lippincott Williams & Willkins, 2003:151.
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mechanisms: activation of enzymes that
degrade cytoskeletal proteins (Baudry
et al, 1981; Chen and Strickland, 1997),
activation of lipoxygenase and cyclo-
oxygenase, xanthine oxydase and nitric
oxide synthase with resultant accumu-
lation of highly cytotoxic oxygen free
radicals oxygen (O2�), hydrogen perox-
ide (H2O2), hydroxyl (OH�), and nitric
oxide (NO�). These reactions occur
both in the cytoplasm and in the mito-
chondria. Mitochondria are an impor-
tant source of reactive oxygen species.
As a consequence of free radical–
mediated disruption of the inner mito-
chondrial membrane and the oxidation
of the proteins that mediate electron
transport (Dugan and Choi, 1994),
the mitochondrial membrane becomes
leaky through the formation of a so-

called mitochondrial permeability tran-
sition pore in the mitochondrial mem-
brane (Mergenthaler et al, 2004). This
results in mitochondrial swelling, intra-
mitochondrial calcium accumulation,
impaired energy production, and reac-
tive oxygen species production (Kristian
and Siesjo, 1998). Another consequence
of disrupted mitochondrial permeability
is the release of proapoptotic molecules,
such as cytochrome c and caspase-9
(Dirnagl et al, 1999; Doyle et al, 2008).

Following energy loss, membrane
potentials cannot bemaintained, leading
to depolarization of neurons and glia
(Dirnagl et al, 1999). While in the core
region depolarization may be perma-
nent, in the penumbral area cells can
depolarize and then undergo repetitive
depolarization, an active energy-requiring
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FIGURE 2-5 Overview of molecular events involved in apoptosis.

PKC = protein kinase C; CAD = capase activated DNAase.

Reprinted with permission from Barber PA, Demchuk AM, Hirt L, Buchan AM. Biochemistry
of ischemic stroke. In: Barnett HJM, Bogousslavsky J, Meldrum H, eds. Advances in neurology:
ischemic stroke. Philadelphia: Lippincott Williams & Willkins, 2003:151.
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process. This so-called peri-infarct depo-
larization contributes to the increase in
size of the infarct by further depleting
energy reserves (Back et al, 1996; Doyle
et al, 2008; Hossmann, 1996).

Acidosis, arising during ischemia,
enhances brain damage through sev-
eral mechanisms, such as edema for-
mation, accumulation of hydrogen
ions in the cell, inhibition of lactate
oxidation, and impairment of mito-
chondrial respiration (Barber et al,
2003). On the other hand, acidosis
appears to have antiexcitotoxic effects,
and therefore some authors argue that
the role of acidosis in focal cerebral
ischemia is complex and poorly un-
derstood (Mergenthaler et al, 2004).

Inflammation further exacerbates
the ischemic injury. Soon after onset
of ischemia, astrocytes, microglia, en-
dothelial cells, and leukocytes are
activated. Peripherally derived leuko-
cytes, such as polymorphonuclear leu-
kocytes, T lymphocytes, and natural
killer cells, also accumulate in the
ischemic tissue (Clark et al, 1993a;
Clark et al, 1993b; Ritter et al, 2000).

The accumulation of inflammatory
cells in the ischemic lesion occurs as a
result of intracellular calcium accumu-
lation, increase in oxygen free radicals,
as well as hypoxia itself (Dirnagl et al,
1999) and appears to be mediated
through adhesion molecules such as
integrins, selectins, and immunoglo-
bulins (Doyle et al, 2008). Activation of
inflammatory cells in the ischemic lesion
results in the production of cytokines
(Rothwell, 1997), such as tumor necrosis
factor-�, interleukin-6, and interleukin-1.
The last exacerbates the ischemic injury
through fever, arachidonic acid release,
enhancement of NMDA-mediated excito-
toxicity, and stimulation of nitric oxide
synthesis (Doyle et al, 2008).

Another deleterious effect of cyto-
kines is the enhanced expression of
adhesion molecules on the endotheli-
al cell surface, including intercellular

adhesion molecule-1, P selectin, and
E selectin (Doyle et al, 2008; Gong
et al, 1998; Lindsberg et al, 1991;
Mergenthaler et al, 2004; Zhang et al,
1998). As a consequence, more neu-
trophils, and, later, macrophages and
monocytes, adhere to the endothe-
lium, cross the vascular wall, and enter
the brain parenchyma. Microvascular
obstruction by neutrophils can aggra-
vate the degree of ischemia (del
Zoppo et al, 1991) through worsening
of microvascular perfusion. This phe-
nomenon is similar to the no-reflow
phenomenon known from the cardi-
ology literature and may explain why,
in some instances, tissue perfusion
fails to improve significantly despite
proximal vessel recanalization (Doyle
et al, 2008). Other deleterious effects
of inflammation on ischemic tissue in-
clude production of toxic mediators
(oxygen free radicals, toxic prostanoids,
tumor necrosis factor-�) by activated
inflammatory cells and facilitation of
apoptosis (Iadecola et al, 1997).

Apoptosis (Programmed
Cell Death)

Apoptosis represents the predominant
mechanism of neuronal damage in
milder ischemic injury. It is charac-
terized by an ordered and tightly
controlled set of changes in gene ex-
pression and protein activity that re-
sults in neuronal cell death (Graham
and Chen, 2001). A central role in
apoptosis-mediated mechanisms of is-
chemic injury is attributed to genes
that suppress or promote cell death
and to a family of aspartate-specific
cysteine proteases called caspases, of
which 14 different enzymes have, to
date, been described (Graham and
Chen, 2001). These enzymes are protein
cleaving and ultimately lead to destruc-
tion of key intracellular proteins with
resultant cell disassembly and death.

Genes that control apoptosis in-
clude those that prevent cell death,
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such as BCL2, and genes that promote
cell death, such as BAX or p53. The
main sites at which apoptosis can be
initiated are the mitochondria, cell
membrane receptors, and chromo-
somal DNA. Mitochondrial injury may
result in release of cytochrome c, lead-
ing to activation of apoptosis through
caspase-dependent mechanisms. How-
ever, a caspase-independent mecha-
nism may also initiate apoptosis at
the mitochondrial level (Green and
Read, 1998). DNA damage can trigger
apoptosis by inducing expression of
the transcription factor p53 (Miyashita
et al, 1994). This leads to alteration
of transcription of several genes (in-
cluding BAX) and in the initiation of
apoptosis.

Blood-Brain Barrier and the
Neurovascular Unit

The integrity of the blood-brain barrier
plays an important role in the patho-
physiology of acute stroke. Cellular
elements that form the blood-brain
barrier matrix include endothelial cells
and astrocytes. During cerebral ische-
mia, the normal structure of this matrix

and its intercellular signal exchange are
affected by the ischemic process. A
prominent role in the changes underly-
ing blood-brain barrier dysfunction is
attributed to a family of proteases called
matrix metalloproteases (Lo, 2008;
Mergenthaler et al, 2004). Increased
presence of these enzymes, especially
metalloproteinase-9, has been corre-
lated with damage to the blood-brain
barrier, with an increased risk of hemor-
rhagic transformation after tissue plas-
minogen activator (t-PA) administration
and with the extent of neuronal dam-
age (Mergenthaler et al, 2004).

An emerging concept in the patho-
physiology of acute stroke is that of
the neurovascular unit comprising
endothelium and astrocytes in addi-
tion to the neuron (Lo, 2008; Lo et al,
2005). While, traditionally, stroke has
been seen as primarily a neuronal
disorder, the interaction between neu-
rons, endothelium, and astrocytes
through cell-cell signaling and cell-
matrix interactions is regarded as
increasingly important in the under-
standing of stroke and its response to
stroke treatments (Lo, 2008).
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INTRAVENOUS
THROMBOLYTIC
THERAPY FOR ACUTE
ISCHEMIC STROKE
Pooja Khatri, Joshua Levine, Tudor Jovin

ABSTRACT

Despite the emergence of many promising therapies for use in acute ischemic
stroke, IV recombinant tissue-type plasminogen activator (rt-PA) within 3 hours
of stroke onset is currently the only available therapy proven to lead to better
patient outcomes. Rapid thrombolytic therapy can substantially limit brain injury,
and early rehabilitation can improve recovery after acute ischemic stroke. This
chapter emphasizes the mechanics of emergent evaluation and administration of
IV rt-PA. Acute rehabilitative interventions are also outlined.

Continuum Lifelong Learning Neurol 2008;14(6):46–60.

INTRODUCTION

In 1996, recombinant tissue-type plas-
minogen activator (rt-PA) (alteplase) was
approved by the US Food and Drug
Administration (USFDA) for acute is-
chemic stroke within 3 hours of symp-
tom onset, based on two randomized
phase 3 trials jointly published as the
National Institute of Neurological Dis-
orders and Stroke (NINDS) rt-PA Stroke
Study (Class A Evidence) (The National
Institute of Neurological Disorders and
Stroke rt-PA Stroke StudyGroup, 1995).

Promising therapies have since
emerged. In 1999, intraarterial deliv-

ery of recombinant prourokinase for
acute middle cerebral artery occlu-
sions within 6 hours of symptom on-
set was shown to be effective in one
phase 3 trial (Furlan et al, 1999). The
USFDA required two phase 3 trials for
approval of this drug. A second trial was
never done, and the drug is no longer
available. Based on this trial, however,
intraarterial therapy with rt-PA has be-
come an option for patients who have
major middle cerebral artery strokes
and who are ineligible for other ther-
apy (Adams et al, 2007). In 2005, intra-
arterial mechanical clot retrieval with
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theMerci Retriever1 devicewas USFDA
approved as an effective device for
extracting clot in the intracranial vas-
culature based on a single-arm phase
2 trial (Smith et al, 2005). Additional
evidence is needed to show that this
treatment approach improves clinical
outcome in randomized trials, and
two phase 3 trials using this device
are underway. These, and additional
promising approaches to acute stroke
treatment, are discussed further in the
chapter ‘‘Emerging Therapies.’’

IV thrombolytic therapy remains the
cornerstone of evidence-based acute
ischemic stroke therapy. Unfortunately,
despite the approval of thrombolytic
therapy since 1996, the use of IV rt-PA
has been limited to 2% to 8.5% of
patients with acute ischemic stroke
based on population-based data from
2004 (Arora et al, 2005; Bambauer et al,
2006; Kleindorfer et al, 2003). A com-
monly cited reason is delayed pres-
entation to emergency departments
(Kleindorfer et al, 2004). Additionally,
improved organization at the hospital
level, including the implementation
of stroke teams, has been well docu-
mented to increase rates of rt-PA use
in many communities. Programs to
develop better health care infrastruc-
tural support for delivery of acute
stroke interventions are underway
(see the chapter ‘‘Primary Stroke Center
Certification’’) (Schwamm et al, 2005).
Hospital reimbursement for acute IV
thrombolysis has also been increased
as of October 2005 (Demaerschalk and
Durocher, 2007). These approaches
may increase acute stroke treatment
rates in the future.

Up to 50% of patients never gain
functional independence after ischemic
stroke (Rosamond et al, 2007). Inter-
ventions aimed at recovery of function
are therefore critical. This chapter will
briefly outline the current clinical prac-
tice guidelines regarding acute reha-
bilitation interventions.

REPERFUSION THERAPY

IV rt-PA is efficacious and cost-effective
for patients with acute ischemic stroke
treated within 3 hours of symptom
onset (Demaerschalk and Yip, 2005;
The National Institute of Neurological
Disorders and Stroke rt-PA Stroke Study
Group, 1995). In part 2 of the NINDS
trial, 39% of rt-PA cases and 26% of
placebo cases achieved minimal or no
disability based on a modified Rankin
score of 0 to 1. (Similar results were
seen in a 3-month analysis of part 1 of
the trial.) This translates to a number
needed to treat of eight for one ad-
ditional patient to achieve minimal or
no disability. This number accounts
for the 6.6% of patients who suffer
the severe complication of sympto-
matic intracranial hemorrhage (sICH).
Furthermore, it has been suggested that
the number needed to treat to con-
tribute to any improvement in clini-
cal outcome may be as a low as three
(Saver, 2004).

The findings of the NINDS trial are
robust. Benefit of IV rt-PA was seen
among all subgroups and in multiple
reanalyses using alternate end points
(Ingall et al, 2004; Johnston et al, 2004;
Kwiatkowski et al, 2005; Marler et al,
2000; Optimising Analysis of Stroke
Trials (OAST) Collaboration et al, 2007;
Saver and Yafeh, 2007). Similar results
have been seen in community cohorts
that follow the NINDS rt-PA protocol
(Graham, 2003).

Emergency Department
Evaluation

Faster administration of IV rt-PA is as-
sociated with better clinical outcomes
(Hacke et al, 2004; Marler et al, 2000),
underscoring an emphasis on mini-
mizing door-to-needle times in the
emergency department, as demon-
strated by Case 3-1. A guide for
maximum times for emergent evalu-
ation steps and treatment of acute
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Case 3-1
A 45-year-old woman was at a grocery store with her daughter when she
suddenly slumped over and became nonverbal at 4:05 PM. Her daughter
called 911 immediately. The patient arrived at the emergency department
at 4:20 PM andwas immediately noted to have global aphasia and severe right
hemiparesis. The emergency physician called the stroke team at 4:30 PMwhile
the patient was taken for CT imaging.

Upon the stroke physician’s arrival at 4:50 PM, a CT scan had been performed.
No intracranial hemorrhage or clear hypodensity was seen. While reviewing
further eligibility for administration of IV rt-PA, the stroke physician asked the
stroke teamnurse tobeginmixing the rt-PA (1:1dilution),whichwas stored in the
emergencydepartmentmedication-dispensing system. The time that thepatient
was last seen normal was confirmed. Blood pressure was 160/85 mm Hg. The
general medical examination was unremarkable. National Institutes of Health
Stroke Scale (NIHSS) score was 18. Finger-stick blood sugar level was 114 mg/dL.
EKG showednormal sinus rhythmandno ST changes. Complete blood count and
coagulation results had not been returned at this time, but it was verified by her
daughter that the patient’s medications did not includewarfarin or heparin and
her medical history was unremarkable. The risks and benefits of rt-PA were
discussed with the daughter, and rt-PA was recommended. Treatment was
initiated at 5:15 PM. Specifically, an IV rt-PA bolus (10% of 0.9 mg/kg with
maximumdose of 90mg) followed by infusion (remaining 90%over 60minutes)
was initiated at 70 minutes from stroke onset. During the infusion, the patient
made a dramatic
recovery, and at 24
hours, she was fluent
with only a mild right
hemiparesis (NIHSS
score of 3).

Comment. Rapid
emergency medical
services activation,
prompt triage,
early stroke team
activation prior to the
head CT, prompt
eligibility evaluation,
and concurrent
preparation of rt-PA
stored in the
emergency
department allowed
this patient to be
treated in 2 hours.
Every effort should
bemade to streamline
this process for
efficiency, as faster
initiation of rt-PA
treatment leads to
agreater likelihoodof
a good clinical
outcome (Figure 3-1).

FIGURE 3-1 The above figure demonstrates that the
likelihood of a favorable clinical outcome
diminishes as time to the initiation of IV rt-PA

initiation increases. This model was derived from a pooled
analysis of major IV rt-PA strokes trials—the ATLANTIS Parts A
and B, ECASS I and II, and National Institute of Neurological
Disorders and Stroke Parts I and II trials—after adjustment for
age, baseline glucose concentration, baseline National Institutes
of Health Stroke Scale (NIHSS) score, baseline diastolic blood
pressure, history of hypertension, and interaction between age
and baseline NIHSS measurement. The likelihood of a favorable
clinical outcome was determined by estimating odds ratios for
90-day NIHSS 0 to 1, modified Rankin Scale 0 to 1, and Barthel
Index 95 to 100, using a global statistical approach.

CI = confidence interval; OR = odds ratio; OTT = overall
treatment time; rt-PA = recombinant tissue-type
plasminogen activator.

Reprinted from Hacke W, Donnan G, Fieschi C, et al. Association of
outcome with early stroke treatment: pooled analysis of ATLANTIS,
ECASS, and NINDS rt-PA stroke trials. Lancet 2004;363(9411):768–774.
Copyright # 2004, with permission from Elsevier.
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ischemic stroke was established by the

1997 NINDS National Symposium on

Rapid Identification and Treatment of

Stroke (Marler et al, 1997) as shown in

Table 3-1.

After establishing cardiopulmonary
stability, the emergent stroke evalua-
tion includes the following key steps:

o Establish time of stroke onset

based on the time the patient was
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TABLE 3-1 National Institute of Neurological Disorders and
Stroke-Recommended Time Frames for Recombinant
Tissue-Type Plasminogen Activator Evaluation
and Treatment

Time From Emergency
Department Arrival Action

10 minutes Evaluate potential stroke patient
(emergency department physician)

15 minutes Notify stroke team or physician
with stroke expertise

25 minutes Initiate head CT

45 minutes Interpret head CT

60 minutes Administer IV recombinant tissue-type
plasminogen activator (ie, door-to-needle time)

Case 3-2
A 98-year-old woman with a history of hypertension presented to the
emergency department after her husband found her with acute left
hemiplegia while watching television. Emergency department staff
called the stroke team at 11:50 PM and reported a head CT with no
intracranial hemorrhage at 2 hours from symptom onset.

The stroke physician arrived at 12:15 AM. The general examination was
notable for an irregularly irregular heart rate of 120. The NIHSS score
was 13. Complete blood count, chemistry, and coagulation laboratory
results were unremarkable. EKG showed atrial fibrillation. The husband
confirmed no recent surgeries, bleeding issues, or history of intracranial
hemorrhage. The stroke physician requested that rt-PA be mixed while
reviewing the CT scan. The CT scan showed no intracranial hemorrhage but
also showed clear hypodensity (darker than white matter) in the left basal
ganglia region. Based on this finding, he deemed the patient ineligible
for rt-PA and asked for the rt-PA to be discarded; the cost of the drug
was reimbursed to the hospital. Upon further questioning, the patient’s
husband noted that he found her in the bedroom watching television
and with left-sided weakness at 9:50 PM. He had last seen her in a normal
neurologic state at 7:00 PM when they had completed eating dinner.

Comment. This case exemplifies the importance of seeking not the time of
stroke onset, but the ‘‘time last seen normal.’’ It is a common source of error,
and treatment at later time points is likely to risk intracranial hemorrhage
without benefit. This sometimes takes creative questioning, including calling
neighbors, checking cell phone call histories, checking television guides
for times of programs watched, and other clues for a time last seen normal.
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last seen in a usual state of

health, as is demonstrated by

Case 3-2.

o Obtain further historical data to
help exclude alternative diagnoses
(stroke mimics) and to rule
out contraindications to rt-PA
administration.

o Calculate the NIHSS score
(see Table 1-3 in the chapter
‘‘Diagnosis of Stroke and Stroke
Mimics in the Emergency
Setting’’).

o Perform diagnostic studies,
particularly head CT, to rule
out intracranial hemorrhage
(Table 3-2).

Eligibility

Standard eligibility criteria are based
on the precedent set by the NINDS
trial and have since been revised and
published in guidelines by the American
Heart Association (AHA) (Table 3-3).

Notes on specific eligibility criteria are:

o Acute ischemic stroke is typically a
clinical diagnosis. A noncontrast
CT scan is necessary to exclude
intracranial hemorrhage. When the
diagnosis is unclear, additional
neuroimaging studies, such as MRI
or CT angiography, may be helpful
(Adams et al, 2007).

o Minor or isolated symptoms
typically are not treated. However,
treating isolated disabling
symptoms, such as aphasia, is
reasonable.

o If the exact time of symptom onset
cannot be determined, then the
time the patient was last seen to be
normal should be substituted for
the time of symptom onset. For
example, if the patient woke up
with new symptoms, then the time
the patient went to bed is used
as the time of onset.

o The finger-stick blood glucose
level should be reviewed during
the eligibility evaluation since this
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TABLE 3-2 Diagnostic Studies to Be Performed in the Emergency
Department Setting

" Noncontrast head CT (or MRI if it will not delay treatment)

" Finger-stick blood glucose

" Serum electrolytes/renal function tests

" EKG

" Cardiac enzymes

" Complete blood count, including platelet counta

" International normalized ratioa

" Activated partial thromboplastin timea

" Oxygen saturation

aUnless suspicion for abnormalities in these values exists, therapy should not be delayed while
awaiting these results.

Adapted with permission from Adams HP Jr, del Zoppo G, Alberts MJ, et al. Guidelines for the early management
of adults with ischemic stroke: a guideline from the American Heart Association/American Stroke Council, Clinical
Cardiology Council, Cardiovascular Radiology and Intervention Council, and the Atherosclerotic Peripheral
Vascular Disease and Quality of Care Outcomes in Research Interdisciplinary Working Groups: the American
Academy of Neurology affirms the value of this guideline as an educational tool for neurologists [published errata
appears in Stroke 2007;38(6):e38 and Stroke 2007;38(9):e96]. Stroke 2007;38(6):1655–1711.
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can always be obtained rapidly.
It is reasonable to proceed with
IV rt-PA administration prior to
obtaining coagulation and platelet
results if there is no clinical
suspicion of a potential abnormality
and awaiting theses results would
delay treatment. (Cucchiara et al,
2007; Gottesman et al, 2006).

o Treatment in the setting of
myocardial infarction is often a
consideration in consultation with
cardiology. If symptoms or signs
of pericarditis are present, however,
then a risk of hemopericardium is
also present (Kasner et al, 1998).

o Stroke patients with recent surgery
may be considered for intraarterial
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TABLE 3-3 Eligibility Criteria for Recombinant Tissue-Type
Plasminogen Activator Therapy

" Diagnosis of ischemic stroke causing measurable neurologic deficit

" Neurologic signs not clearing spontaneously

" Neurologic signs not minor and isolated

" Caution exercised in treating a patient with major deficits

" Symptoms of stroke not suggestive of subarachnoid hemorrhage

" Onset of symptoms less than 3 hours before beginning treatment

" No head trauma or prior stroke in the previous 3 months

" No myocardial infarction in the previous 3 months

" No gastrointestinal or urinary tract hemorrhage in the 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

" Patient not taking an oral anticoagulant or, if anticoagulant being taken,
international normalized ratio �1.7

" If patient has received heparin in the previous 48 hours, a partial
prothrombin time in the normal range

" Platelet count not �100,000 mm3

" Blood glucose concentration not �50 mg/dL (2.5 mmol/L)

" No seizure with postictal residual neurologic impairments

" CT showing no multilobar infarction (hypodensity greater than one-third
cerebral hemisphere)

" Patient or family members understanding of the potential risks and
benefits of treatment

Reprinted with permission from Adams HP Jr, del Zoppo G, Alberts MJ, et al. Guidelines for the early management
of adults with ischemic stroke: a guideline from the American Heart Association/American Stroke Council, Clinical
Cardiology Council, Cardiovascular Radiology and Intervention Council, and the Atherosclerotic Peripheral
Vascular Disease and Quality of Care Outcomes in Research Interdisciplinary Working Groups: the American
Academy of Neurology affirms the value of this guideline as an educational tool for neurologists [published errata
appears in Stroke 2007;38(6):e38 and Stroke 2007;38(9):e96]. Stroke 2007;38(6):1655–1711.

Continuum: Lifelong Learning Neurol 2008;14(6)

Copyright @ American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



therapy based on retrospective
studies (Adams et al, 2007; Chalela
et al, 2001; Katzan et al, 1999).

o Attempts at lowering blood pressure
may be undertaken to obtain the
required parameter of less than
185/110 mm Hg. However, only
nonaggressive measures may be

used because of concerns for o
therwise higher risks of intracranial
hemorrhage with rt-PA therapy. No
evidence-based guidelines for
‘‘nonaggressive measures’’ are
currently available. The AHA
recommendations are presented as
one potential guide (Table 3-4).
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TABLE 3-4 Approach to Hypertension in Acute Ischemic Stroke

" If Patient Is Eligible for Treatment With IV Recombinant Tissue-Type
Plasminogen Activator

Blood pressure level of systolic greater than 185 mm Hg or diastolic greater
than 110 mm Hg

Labetalol 10 mg IV to 20 mg IV over 1 to 2 minutes; may repeat once

Or nitropaste 1 to 2 inches

Or nicardipine infusion, 5 mg/h, titrate up by 2.5 mg/h at 5- to
15-minute intervals, maximum dose 15 mg/h; when desired blood
pressure is attained, reduce to 3 mg/h

If blood pressure does not decline and remains greater than 185/110 mm Hg,
do not administer rt-PA

" Management of Blood Pressure During and After Treatment With
Recombinant Tissue-Type Plasminogen Activator or Other Acute
Reperfusion Intervention

Monitor blood pressure every 15 minutes during treatment and then for
another 2 hours; then every 30 minutes for 6 hours; and then every hour
for 16 hours

Blood pressure level

Systolic 180 mm Hg to 230 mm Hg or diastolic 105 mm Hg to 120 mm Hg

Labetalol 10 mg IV over 1 to 2 minutes; may repeat every 10 to
20 minutes, maximum dose of 300 mg

Or labetalol 10 mg IV followed by an infusion at 2 mg/min to 8 mg/min

Systolic greater than 230 mm Hg or diastolic 121 mm Hg to 140 mm Hg

Labetalol 10 mg IV over 1 to 2 minutes; may repeat every 10 to
20 minutes, maximum dose of 300 mg

Or labetalol 10 mg IV followed by an infusion at 2 mg/min to 8 mg/min

Or nicardipine infusion, 5 mg/h, titrate up to desired effect by
increasing 2.5 mg/h every 5 minutes to maximum of 15 mg/h

If blood pressure is not controlled, consider sodium nitroprusside

Reprinted with permission from Adams HP Jr, del Zoppo G, Alberts MJ, et al. Guidelines for the early management
of adults with ischemic stroke: a guideline from the American Heart Association/American Stroke Council, Clinical
Cardiology Council, Cardiovascular Radiology and Intervention Council, and the Atherosclerotic Peripheral
Vascular Disease and Quality of Care Outcomes in Research Interdisciplinary Working Groups: the American
Academy of Neurology affirms the value of this guideline as an educational tool for neurologists [published errata
appears in Stroke 2007;38(6):e38 and Stroke 2007;38(9):e96]. Stroke 2007;38(6):1655–1711.
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o On occasion, patients present with
a seizure at the time of symptom
onset. In this case, treatment with
rt-PA may be warranted if there is
a confirmed ischemic stroke (for
example byMRI or CT angiography)
and the neurologic deficits are
largely attributed to the stroke
and not to a Todd (postictal)
phenomenon (Adams et al, 2007).

o When considering hypodensity on
head CT, subtle changes should not
be used for exclusion based on
current evidence. Changes should
be clear (darker than white matter
and brighter than CSF) in a large
area (such as greater than one-third
middle cerebral artery territory)
(Khatri et al, 2007).

o Consent is not required for IV rt-PA
as it is considered the standard
of care. However, discussion
with the patient and/or family is
important if possible.

Administration

The only USFDA-approved thrombo-
lytic medication for acute ischemic
stroke is rt-PA (alteplase). This should
not be confused with r-PA (reteplase)
or TNK (tenecteplase), for example,
which are available for coronary artery
reperfusion and under clinical investi-
gation for stroke treatment.

Rapid access to the drug is recom-
mended. Preferably rt-PA should be
stored in the emergency department.
The drug is mixed in a 1:1 dilution
with provided sterile water (normal sa-
line is acceptable as well) with gentle
swirling, but not shaking.

Dosing for acute ischemic stroke is
0.9 mg/kg (maximum of 90 mg). Ten
percent is administered as a bolus over
1 to 2 minutes, and the remainder is
administered as a continuous infusion
over 60 minutes. It should be noted
that this is lower than the myocardial

infarction dose of 1.1 mg/kg, as there
is concern that the risk of symptom-
atic intracranial hemorrhage would
be unacceptably high with the car-
diac dose based on pilot trials (Khatri
et al, 2007).

Patient Monitoring
During/After Treatment

Preventing and identifying sICH are
the foci of patient management both
during the rt-PA infusion and in the
first 24 hours after administration.

Frequent monitoring of vital signs
and clinical and neurologic status is
recommended. Typically, the patient
is assessed every 15 minutes during
the rt-PA infusion, every 30 minutes
for the next 7 hours, and every hour
for the next 16 hours.

Blood pressure greater than 180/
105 mm Hg should prompt urgent
treatment (Table 3-4). In contrast to
the time period prior to initiation of
rt-PA, treatment of hypertension after
rt-PA should be aggressive.

Changes in clinical status of partic-
ular concern are worsening of the
neurologic deficit, a new neurologic
deficit, new or worsening headache,
or nausea/vomiting. These symptoms
should lead to prompt discontinua-
tion of rt-PA (if still infusing) and
emergent CT scan to rule out sICH.
If there is no sICH, the rt-PA infusion
may be reinitiated and efforts to pro-
vide symptomatic relief are appropri-
ate. Management of sICH is discussed
further below. Rarely, as discussed be-
low, angioedema may be observed dur-
ing monitoring.

Management of Symptomatic
Intracranial Hemorrhage
Associated With Recombinant
Tissue-Type Plasminogen
Activator Use

sICH, the most feared complication
of rt-PA therapy, is associated with a
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45% mortality rate (National Institute
of Neurological Disorders and Stroke,
1995). Current treatment recommen-
dations include urgent transfusion of
platelets (6 units to 8 units) and cryo-
precipitate (6 units to 8 units). No
reliable data are available regarding
the optimal approach. The NINDS trial
protocol with updates for current
medical practice is provided as a guide
(Figure 3-2).

Management of Angioedema
Associated With Recombinant
Tissue-Type Plasminogen
Activator Use

Angioedema is typically seen in 1%
to 2% of patients treated with rt-PA
and may be seen in as many as 5.1%
of patients if detailed examinations
are performed. It is more common
in patients on angiotensin-converting
enzyme inhibitors and in patients
with frontal and insular ischemic
infarcts. When orolingual swelling is
unilateral, it is most often on the
contralateral side. While the course is
typically benign, vigilant monitoring
and treatment are recommended
(Hill et al, 2003; Pancioli et al,
1997). While there is no evidence
for a specific treatment protocol, a
suggested protocol used at the Uni-
versity of Cincinnati is shown in
Figure 3-3.

IV rt-PA BEYOND 3 HOURS:
AN UPDATE FROM THE
ECASS III TRIAL

The results of the third European Co-
operative Acute Stroke Study (ECASS III)
were published in September 2008
(Hacke et al, 2008). The study was
conceived after a pooled analysis of
previous major IV rt-PA trials had sug-
gested a beneficial effect, albeit smaller,
of IV rt-PA when given more than 3

hours after symptom onset as shown
in Figure 3-1 (Hacke et al, 2004).

ECASS III was designed to test the
hypothesis that IV rt-PA would be ef-
fective when administered between
3 and 4.5 hours after onset of symp-
toms in patients with acute ischemic
stroke. Patients were randomized in
a double-blind fashion to receive
either 0.9 mg/kg of rt-PA (n = 418)
or placebo (n = 403). Disability at 90
days was assessed by the modified
Rankin Scale and dichotomized as a
favorable outcome (score of 0 or 1)
or an unfavorable clinical outcome
(score of 2 to 6). Intracranial hemor-
rhage associated with clinical deterio-
ration (greater than a 4-point increase
in NIHSS score) or death was consid-
ered symptomatic in ECASS III.

Compared with the NINDS rt-PA
trial (National Institute of Neurological
Disorders and Stroke rt-PA Stroke
Study, 1995), the design of ECASS III
had three notable differences in ex-
clusion criteria:

(1) Exclusion criteria included age
greater than 80 years

(2) Severe stroke (NIHSS score
greater than 25)

(3) History of diabetes with prior
stroke

Treatment with rt-PA was signifi-
cantly associated with a favorable
outcome at 3 months (odds ratio,
1.34; 95% confidence interval, 1.02 to
1.76). Compared to placebo, the
absolute increase in favorable out-
come for the treatment group was
7.2% (52.4% versus 45.2%, P= .04),
suggesting a number needed to
treat of 14. Symptomatic intracranial
hemorrhage was significantly more
frequent in the treatment group
(2.4% versus 0.2%, P= .008). Mortal-
ity was similar for both groups,
with a nonsignificant trend favoring
the rt-PA group (7.7% versus 8.4%,
P= .68). The authors concluded
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FIGURE 3-2 Modified National Institute of Neurological Disorders and Stroke management
protocol for intracranial hemorrhage.

ICH = intracranial hemorrhage; rt-PA = recombinant tissue-type plasminogen activator;
STAT = at once; PT = prothrombin time; PTT = partial thromboplastin time.

Modified from National Institute of Neurological Disorders and Stroke.
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that IV rt-PA given 3 to 4.5 hours
after the onset of stroke symptoms
was associated with a modest but
significant improvement in clinical
outcomes.

The findings of the ECASS III trial
confirm the safety and efficacy of IV

rt-PA for acute ischemic stroke. Up-
dated consensus statements incorpo-
rating the results of ECASS III into
routine clinical practice for ischemic
strokes beyond 3 hours from symp-
tom onset are pending. The emphasis
should remain on treating patients
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FIGURE 3-3 Medical management of angioedema after IV recombinant tissue-type
plasminogen activator.

rt-PA = recombinant tissue-type plasminogen activator; SQ = subcutaneous; ENT = ears, nose, and
throat; STAT = at once.
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with acute ischemic stroke as quickly
as possible after symptom onset.

INTERVENTIONS FOR
PATIENTS INELIGIBLE FOR
RECOMBINANT TISSUE-TYPE
PLASMINOGEN ACTIVATOR

Antithrombotics

While some studies suggest that acute
anticoagulation may prevent recurrent
stroke and may improve recanaliza-
tion, numerous acute stroke trials
suggest that the risk of intracranial
hemorrhage associated with systemic
anticoagulation outweighs any bene-
fit. (Bath et al, 2001; Berge et al,
2000; International Stroke Trial Col-
laborative Group, 1997; Publications
Committee for the trial of ORG 10172
in Acute Stroke Treatment (TOAST)
Investigators, 1998). There are insuffi-
cient data to recommend its use in
subgroups such as those with large
artery stenosis or cardiac thrombus
(Adams et al, 2007). In addition, the
use of anticoagulation in the hyper-
acute setting (less than 3 hours)
requires further study (Camerlingo
et al, 2005).

Initiation of antiplatelet therapy
within 48 hours of ischemic stroke
has been shown to be effective at
preventing recurrent stroke with an
absolute benefit of about 1% over the
first 2 weeks poststroke (CAST [Chi-
nese Acute Stroke Trial] Collaborative
Group, 1997). However, antiplatelet
therapy has no demonstrated role in
improving outcome from the inci-
dent ischemic stroke. Additional acute
prevention strategies are discussed in
the chapter ‘‘Primary Stroke Center
Certification.’’

ACUTE REHABILITATION
INTERVENTIONS

Acute stroke is the leading cause of
disability in the United States (Centers
for Disease Control and Prevention
[CDC], 2005). Maximizing functional
recovery after an ischemic stroke is an
important goal.

Based on the AHA-endorsed Veter-
ans Affairs/Department of Defense clini-
cal practice guideline (Duncan et al,
2005), the following rehabilitation in-
terventions are strongly recommended:

o Organized and coordinated
postacute inpatient care

o Early initiation of rehabilitation
therapy

o Long-term evaluation and
treatment by stroke language
pathologists

o Use of training to improve
attention in the poststroke setting

o Pharmacotherapy for depression
and emotional lability

Additional specific interventions that
may be beneficial include acute speech
therapy, partial body weight–supported
treadmill training, functional electrical
stimulation, pharmacologic treatment of
spasticity, treatments focusing on func-
tional adaptation for visual and spatial
neglect, and the use of pharmaceutical
agents (such as dextroamphetamine
and fluoxetine) believed to enhance
stroke recovery.

Interventions that require further in-
vestigation include specific dysphagia
treatments, neurodevelopmental train-
ing, and biofeedback.

The aforementioned clinical guide-
lines provide a detailed discussion of
these rehabilitation interventions for
the interested reader.
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COMPLICATIONS OF
ISCHEMIC STROKE:
PREVENTION AND
MANAGEMENT
Kevin M. Barrett, Pooja Khatri, Tudor G. Jovin

ABSTRACT

Prevention and proper management of complications in the hospitalized patient
with stroke may improve both short-term and long-term prognosis. General
medical and neurologic complications may be encountered in the early days after
stroke. Common medical complications include deep venous thrombosis,
pulmonary embolism, falls, systemic infections, and neuropsychiatric disturbances.
Frequent neurologic complications include cerebral edema, elevated intracranial
pressure, hemorrhagic transformation, and seizures. Anticipation of complications
can expedite initiation of preventive and therapeutic measures. This chapter
focuses on common medical and neurologic complications that occur after stroke
in the acute hospital setting.

Continuum Lifelong Learning Neurol 2008;14(6):61–79.

PREVENTION AND
TREATMENT OF ACUTE
MEDICAL COMPLICATIONS

Medical complications after stroke are
frequent and have been reported in up
to 85% of hospitalized patients with
stroke (Langhorne et al, 2000) and
negatively impact short-term functional
outcomes and mortality (Johnston et al,
1998). Table 4-1 lists common post-
strokemedical complications. The nega-
tive impact of in-hospital complications
on mortality can be measured as far
out as 4 years poststroke (Bae et al,
2005). Complications related to immo-
bility and infection are most commonly

encountered by the clinician caring for
hospitalized patients with stroke.

Deep Venous Thrombosis
and Pulmonary Embolism

Lower extremity deep venous throm-
bosis (DVT) may occur in up to half of
patients with hemiplegic stroke with-
out the use of heparin prophylaxis
(Kelly et al, 2001). The highest inci-
dence occurs between the second and
seventh day poststroke. Elderly patients
and those immobilized after stroke
appear to be at highest risk (Kelly et al,
2004b). Dehydration, long assumed to
predispose to DVT, was independently
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associated with venous thromboembo-
lism in a cohort of patients with acute
ischemic stroke (Kelly et al, 2004a). The
greatest clinical concern related to
proximal DVT is fatal pulmonary embo-
lism (PE). Estimates of early deaths
attributable to PE range from 13% to
25% and occur most frequently be-
tween the second and fourth week
(Kelly et al, 2001). Asymptomatic DVT
may cause PE, but the exact frequency
and clinical significance are unknown.
The postthrombotic syndrome is char-
acterized by pain, edema, heaviness,
and skin changes in the affected limb
and may develop in up to 50% of
patients with symptomatic DVT (Kahn,

2006). For these reasons, DVTmay slow
recovery and rehabilitation after stroke.

Measures to prevent DVT should be
routine for all patients with ischemic
stroke admitted to the hospital. Avail-
able options for DVT prophylaxis are
presented in Table 4-2. Recommenda-
tions support early mobilization after
stroke as an effectivemeasure to reduce
the likelihood of DVT and other post-
stroke complications. However, hemo-
dynamically unstable patients or those
with fluctuating symptoms cannot be
safely mobilized. Also, patients treated
with thrombolytics are routinely kept
on bed rest for the first 24 hours while
in the intensive care unit.

Several mechanical compressive de-
vices are available for use as DVT
prophylaxis. Tight fitting knee-high or
thigh-high antiembolic stockings re-
duce venous stasis in the leg, although
some patients find them uncomfortable
and difficult to tolerate. They should be
used with caution in patients with sig-
nificant peripheral arterial disease to
avoid compromise of distal circulation.
Alternatively, sequential pneumatic
compression devices can be applied to
the lower extremities of nonambulatory
patients. The intermittent pumping
action replicates normal muscular con-
tractions used to move dependent
venous blood against gravity. These
cumbersome devices may increase the
risk of falls when agitated or cognitively
impaired patients attempt to get out of
bed. They can also be time-consuming
for staff to apply and monitor properly.
A systematic review found insufficient
randomized trial evidence to support
the routine use of physical methods as
the sole method for DVT prophylaxis in
acute stroke (Mazzone et al, 2004).
However, mechanical compression de-
vices may be beneficial for patients
with hemorrhagic infarcts or other
conditions where the use of antithrom-
botics is contraindicated. Practically,
many institutions use a combination
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TABLE 4-1 Medical Complications in Hospitalized
Patients With Stroke

" Complications of Immobility

Deep vein thrombosis/pulmonary embolism

Falls

Pressure sores or ulceration

" Infections

Chest infection

Urinary tract infection

Other infections

" Malnutrition

Dysphagia

Dehydration

" Pain

Shoulder pain (subluxation in the paretic limb)

Miscellaneous pain (headache, musculoskeletal)

" Neuropsychiatric Disturbances

Depression

Acute confusional states (delirium)

" Miscellaneous

Cardiac complications (arrhythmia, myocardial ischemia)

Gastrointestinal bleed

Constipation

"COMPLICATIONS
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of mechanical compression devices
and pharmacologic regimens to reduce
DVT risk.

The use of low-intensity anticoagula-
tion for DVT prophylaxis is recom-
mended for all immobilized patients
with stroke (Adams et al, 2007). Clinical
trials have evaluated various anticoagu-
lation regimens for DVT/PE prophylaxis
in acute ischemic stroke. Subcutane-
ously administered unfractionated hep-
arin (UFH) and low-molecular-weight
heparins have been demonstrated to
reduce the risk of venous thromboem-
bolic events after stroke. Concern for
intracranial or systemic hemorrhage,
particularly in patients with large ische-
mic strokes, has resulted in debate re-
garding the optimal timing and dosage
of anticoagulation for venous throm-
boembolism prophylaxis. The results
of pooled analyses suggest that low-
molecular-weight heparins may offer a
more favorable risk-benefit profile for

reduction of DVT and PE compared
with UFH after ischemic stroke; how-
ever, the conclusions are limited by
study heterogeneity (Kamphuisen and
Agnelli, 2007). Anticoagulants should
not be used for 24 hours after admin-
istration of thrombolytic therapy. In
patientswithprimary intracerebralhem-
orrhage, initiation of anticoagulation
for DVT prophylaxis is often delayed
for 3 to 4 days. However, definitive evi-
dence to guide management after in-
tracerebral hemorrhage is not available.

The Prevention of Venous Thrombo-
embolism After Acute Ischaemic Stroke
(PREVAIL) study attempted to clarify
the optimal DVT prophylactic regimen
after ischemic stroke. PREVAIL was a
randomized, open-label comparison of
daily subcutaneous enoxaparin 40 mg
and twice-daily UFH 5000 interna-
tional units for thromboprophylaxis in
1762 patients with ischemic stroke
(Sherman et al, 2007). Eligible patients
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TABLE 4-2 Options for Deep Venous Thrombosis Prophylaxis

Method Comment

Early mobilization Close monitoring of blood pressure and
neurologic status needed, especially during
initial phases.

May be difficult in patients with severe stroke.

Mechanical compressive devices Useful for prophylaxis in those with
contraindications to antithrombotic therapy
and in the first 24 hours postthrombolysis.
Caution in patients with severe peripheral
arterial disease, peripheral neuropathy,
or cognitive impairment.

� Antiembolic stockings
� Sequential pneumatic
compression devices

Subcutaneous unfractionated
heparin

Effective in reducing incidence of deep
venous thrombosis/pulmonary embolism.
Does not require monitoring. Hemorrhage
risk may be concerning in patients with
large strokes or history of systemic bleeding.

Low-molecular-weight
heparins

Effective. Requires less frequent dosing.
Risk/benefit ratio compared with
unfractionated heparin unclear. Majority
of benefit realized for asymptomatic venous
thrombosis. Further studies needed.
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had radiographically confirmed ische-
mic stroke and a measurable motor
deficit in the leg that prevented inde-
pendent ambulation (ie, high risk for
DVT/PE). Treatment was initiated
within 48 hours of symptom onset and
continued for 10 days. The primary
efficacy end point was a composite of
symptomatic or asymptomatic DVT or
symptomatic or fatal PE during the
study treatment phase. The primary
safety end points were symptomatic
intracranial hemorrhage, major extra-
cranial hemorrhage, and all-cause mor-
tality up to 48 hours after treatment. A
43% relative risk reduction in the
primary efficacy end point favored the
group treated with enoxaparin. There
was no statistically significant difference
in the rates of intracranial hemorrhage
between the two groups; however, the
rate of major extracranial bleeding was
higher with enoxaparin.

Although this study was well
designed and attempted to answer a
clinically important question, methodo-
logic concerns have made interpreta-
tion of the results challenging. The
diagnosis of DVT was made using the
criterion standard method of bilateral
contrast venography. Of the 189 venous
thromboembolic events, 95% were clin-
ically asymptomatic. The difference in
the primary efficacy end point was
largely due to the difference in rates of
asymptomatic DVT identified on venog-
raphy (10% for enoxaparin versus 17%
for UFH) between the groups. The
difference between treatment groups
for symptomatic DVT (0.3% for enox-
aparin versus 1% for UFH) or fatal PE
was not significant. Major extracranial
hemorrhage occurred in seven patients
in the enoxaparin group and none in
the UFH group (P = .015). Given the
limited benefit favoring enoxaparin for
symptomatic thromboembolic events
and the increased risk of symptomatic
hemorrhage, definitive recommenda-
tions for routine practice cannot be

made on the basis of the PREVAIL
results. Future trials of thromboembolic
prophylaxis in acute ischemic stroke
may yield more applicable results by
focusing on symptomatic DVT as the
primary efficacy outcome (O’Donnell
and Kearon, 2007).

Falls

Fall prevention should be an important
part of initial mobilization, and fall
precautions should be used for appro-
priate patients with stroke. Patients with
stroke are at relatively high risk for falls
while hospitalized. A retrospective study
including patients admitted to 23 hospi-
tals found a fall incidence of 8.9 per 1000
patients per day (Tutuarima et al, 1997).
The incidence of second falls was almost
twice that of first falls. Heart disease,
prestroke cognitive impairment, and
urinary incontinence were identified as
incremental risk factors for first falls.
Most occurred during the day (45%), in
the patient’s room (51%), and during
visits to the bathroom (20%). Slight to
severe injuries were reported in approx-
imately 25%, and hip fractures resulted
in 2% of falls. Nurses can play an im-
portant role in minimizing falls by
assessing fall risk at the time of admis-
sion, putting commonly needed items
within hand’s reach, keeping the bed in a
low position, and encouraging the pa-
tient to ask for assistance. Additional
measures to reduce fall risk are outlined
in Table 4-3. Restraints and other
physical devices should be avoided in
agitated or cognitively impaired patients,
as they do not effectively prevent falls
and may worsen the severity of injury
in those who fall (Shorr et al, 2002). Fall
risk remains high during inpatient re-
habilitation (Teasell et al, 2002), and
preventive measures should continue
after discharge to a rehabilitation facility.

Pressure Sores and Ulceration

Early mobilization of neurologically
stable patients can help reduce the
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risk of pressure sores and ulceration.
For patients who cannot be mobilized,
routine assessment for skin breakdown,
particularly in dependent areas, is rec-
ommended. Frequent turning can help
minimize the risk of decubitus ulcers.
Skin should be kept dry and free of
moisture, particularly in patients with
urinary incontinence. In some situa-
tions, oscillating mattress systems may
be necessary to minimize prolonged
pressure on susceptible areas (sacrum,
greater trochanter). Antibiotics and
debridement may be necessary in cases
of severe skin breakdown.

Infections: Pneumonia and
Urinary Tract Infections

Poststroke infection is common during
the first 5 days after admission and is
associated with worse short-term out-
comes (Kwan and Hand, 2007). Fever is
the heralding sign of infection in many
patients and worsens prognosis after
stroke (Azzimondi et al, 1995). Antipy-
retic agents should be administered to
lower temperature in febrile patients
with strokewhile the source of the fever

is ascertained (Adams et al, 2007).
Patients with dysphagia are at high risk
of aspiration pneumonia, but chest
infection may develop in patients with-
out frank aspiration events. A prospec-
tive study of hospitalized patients with
stroke identified the following factors as
independent predictors of pneumonia:
age greater than 65 years, dysarthria or
expressive aphasia (no speech), modi-
fied Rankin Scale score of 4 or greater,
and failure of the bedside water swallow
test (Sellars et al, 2007). Pneumonia
negatively impacts functional outcomes
and mortality after stroke (Aslanyan
et al, 2004). Pneumonia occurred in
5.6% of patients after stroke in a recent
study and was associated with a sig-
nificantly increased cost of hospitaliza-
tion and likelihood of extended care
requirements upon discharge (Katzan
et al, 2007). Appropriate evaluation of
swallowing function and modification
of oral intake may prevent many cases
of pneumonia. General measures to
prevent pneumonia include airway suc-
tion and aggressive pulmonary toilet
in patients with reduced levels of
consciousness. Incentive spirometry
can facilitate air movement and prevent
atelectasis at the lung bases. Mobiliza-
tion and frequent changes in position
may also help. A study of prophylactic
antibiotics to prevent infection after
stroke does not support their routine
use (Chamorro et al, 2005). Prompt
antibiotic therapy is warranted in
patients with radiographically con-
firmed chest infection and in those
where the clinical suspicion is high.
Empiric coverage for both aerobic and
anaerobic pathogens should be used to
treat patients with presumed aspiration
until results of cultures and sensitivities
are available.

Urinary tract infection is another
common infection in the hospitalized
patient with stroke. The majority of uri-
nary tract infections are associated with
use of indwelling bladder catheters,
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TABLE 4-3 Measures to
Prevent Falls in
Hospitalized
Patients With
Stroke

" Use of adult assistive
walking devices

" Motion detectors

" Bed alarms

" Use of convex mirrors to
enable nursing staff to view
hallways from nursing
stations

" Nonslip footwear for patients

" Continuing staff education

" Minimal use of sedative
medications
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which are often placed in immobilized
patients for urinary retention or incon-
tinence after stroke. Prolonged use of
these catheters is discouraged because
of their association with infection. In-
termittent catheterization may be a
reasonable alternative. Pharmacologic
therapy with anticholinergic medica-
tions may help speed the return of
bladder function; however, these agents
should be used with caution given the
potential for adverse cognitive effects.
Routine urinalysis obtained as part of a
fever evaluationwill identify themajority
of urinary tract infections. Prompt anti-
biotic treatment can help minimize the
risk of bacteremia or sepsis.

Less common infections in the pa-
tient with stroke include cellulitis (in
association with IV catheter placement
or pressure ulcers) and cholecystitis.
Endocarditismay be a causative factor in
some ischemic stroke cases, particularly
those involving IV drug use.

Dysphagia

Estimates of clinically apparent dyspha-
gia after stroke range from 51% to 55%
(Martino et al, 2005). Differences in
reported estimates of poststroke swal-
lowing dysfunction result from variable
methods used for diagnosis (ie, clinical
screening versus videofluoroscopy)
and the timing of assessment in relation
to stroke onset. A diverse array of
stroke localizations may result in dys-
phagia. Hemispheric lesions may cause
motor impairment of the face, lips,
or tongue and/or attentional deficits
that can compromise normal swallow
function. Brainstem lesions can impair
the normal coordination of pharyngeal
swallow, laryngeal elevation, glottic
closure, and cricopharyngeal relaxa-
tion. The consequences of dysphagia
include aspiration and resultant chest
infection (Martino et al, 2005), as well
as dehydration, malnutrition, and diffi-
culties with routine administration of
medications.

Prior to allowing oral intake, a formal
screen of swallowing function should
be performed as part of the initial
assessment of all patients with stroke.
The presence or absence of the gag
reflex does not reliably identify those
at risk for aspiration. Several instru-
ments and algorithms are available
for bedside dysphagia screening, and
the use of formal screening protocols
can effectively prevent pneumonia
(Hinchey et al, 2005). The presence
of features listed in Table 4-4 places
patients at highest risk for dyspha-
gia and aspiration. The 3-oz water
swallow test is an appropriate screen-
ing tool (DePippo et al, 1992) for
those without high-risk features. The
patient is given 90 mL of water in a
cup and asked to drink without inter-
ruption. If the patient is able to com-
plete this task without a cough or
change in voice quality, the patient
can be cleared for oral intake. High-
risk patients and those who fail the
3-oz water swallow test should be
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TABLE 4-4 High-Risk
Presentations
for Dysphagia

" Brainstem stroke

" Impaired consciousness

" Difficulty or inability to
sit upright

" Shortness of breath

" Slurred speech

" Facial weakness or droop

" Expressive aphasia

" Pneumonia

" Weak cough

" Hoarse voice

" Wet- or gurgly sounding voice

" Wet cough
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maintained on a ‘‘nothing by mouth’’
status until formally evaluated by a
speech pathologist. Improved outcomes
have been demonstrated with early in-
volvement of speech-language patholo-
gists and management of patients with
dysphagia by organizedmultidisciplinary
teams (SmithHammond et al, 2006). For
patients requiring formal swallowing
evaluation, antiplatelet therapy should
not be delayed as per rectum (PR) pre-
parations of aspirin are available. Em-
phasizing the importance of appropriate
dysphagia screening to emergency de-
partment staff may reduce the likelihood
of a patient inadvertently receiving food
or drink prior to the swallow evaluation.

Patients who cannot safely take food
or liquids orally may require a nasogas-
tric or nasoduodenal tube to provide
nutrition and medications. These mea-
sures, however, do not eliminate the risk
of silent aspiration of oral secretions.
Early institution of tube feedings has not
proven beneficial in dysphagic patients
(Dennis et al, 2005a). Many patients will
demonstrate early improvement of their
swallowing mechanism in the days
following stroke. Therefore, repeated
assessment to document changes in
swallowing function will provide the
opportunity to remove parenteral feed-
ing tubes and advanceof the diet as soon
as possible. Patients whose need for
tube feedings is anticipated to exceed
2 to 3 days may benefit from placement
of a percutaneous endoscopic gastros-
tomy tube. These devices are usually
more comfortable, require less care, and
do not hinder rehabilitation efforts.

After appropriate dysphagia screen-
ing, measures should be taken to en-
sure adequate hydration and nutritional
status. Malnutrition is associated with
worse functional outcomes after stroke
(Finestone et al, 1996). Daily calorie
counts can help prevent malnutrition
during an acute hospitalization. Ran-
domized controlled trial data do not
support the routine use of oral nutri-

tional supplementation in patients who
are able to swallow normally (Dennis
et al, 2005b). Fluid balance should be
monitored, and IV normal saline (0.9%
NaCl [sodium chloride]) should be used
to maintain adequate volume status in
patients with restricted or limited oral
fluid intake. Hypotonic saline should
be avoided, as itmay cause osmotic shifts
of free water from the extracellular to
the intracellular compartment and ex-
acerbate peri-infarct edema.

Pain

Hemiplegic shoulder pain is a common
complication in patients with significant
proximal arm weakness. It has been
associated with reduced functional re-
covery of the affected limb and in-
creased rates of withdrawal from reha-
bilitation programs. Functional electrical
stimulation, positioning programs, ex-
ternal shoulder support devices, and
intraarticular steroid injections have
been used with variable degrees of
success in an attempt to reduce shoul-
der discomfort (Snels et al, 2002). The
results of a randomized study suggested
that therapeutic strapping of an ‘‘at-risk’’
hemiplegic shoulder limited develop-
ment of shoulder pain during rehabili-
tation (Griffin and Bernhardt, 2006).

Headache has been associated with
stroke in the acute/subacute phase
in approximately 25% of patients
(Jorgensen et al, 1994). Discomfort
involving the cervical or lumbar spine,
hip, knee, and/or ankle is common
after stroke and during rehabilitation.
Pain likely results from musculoliga-
mentous injury with overuse, over-
stretching, or poor resting postures
implicated as contributing factors. Anti-
inflammatory medications and the use
of orthotic devices when appropriate
may minimize these complications.

Neuropsychiatric Disturbances

Depression has been reported to occur
in up to 60%of patientswithin 3months
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of stroke onset. A series of patients
assessed for the presence and severity
of depressive symptoms within 3 weeks
after first-ever symptomatic stroke
found mild symptoms in 40% and
moderate to severe depressive symp-
toms in 12% (Nys et al, 2005). This study
found that the severity of depressive
symptomswas related to lesion volume,
functional impairment, and degree of
overall cognitive impairment. A recent
study attempted to identify the preva-
lence of poststroke mood disorders
(anxiety/depression) within the first
weeks after stroke and found 5% of
hospitalized stroke survivors met crite-
ria for a mood disorder within 2 to 5
days poststroke (Townend et al, 2007).
The overall prevalence increased with
subsequent evaluations up to 3 months
and occurred despite improvements in
disability.

Early initiation of antidepressants
after stroke has been studied in an
effort to minimize the development of
mood disorders. A systematic review of
nine prevention trials provided little
support for the routine use of antide-
pressants to prevent depression after
stroke (Hackett et al, 2005). Antidepres-
sants with various mechanisms of ac-
tion, including selective serotonin re-
uptake inhibitors, serotonin antagonist
and reuptake inhibitors, and psychosti-
mulants, were used in these trials. The
duration of treatment varied from 2
weeks to 12 months. Pharmacotherapy
did not have a definitive effect onmood
scores, cognitive function, or disability.
No significant differences in adverse
event rates were seen in the treatment
groups.

Acute confusional states (delirium),
emotional lability, anxiety, and fatigue
have been variably reported after stroke
and may arise as a direct result of the
ischemic injury or may be related to a
general medical condition, such as an
infection or electrolyte imbalance. The
differential diagnosis of delirium is

broad, and the causative factor(s)
should be aggressively identified and
addressed given the high morbidity and
mortality associated with delirium. Pre-
disposing factors include advanced age,
preexisting cognitive impairment, and
malnutrition. Withdrawal states should
also be considered promptly as acute
alcohol and benzodiazepine withdrawal
can be life threatening. Benzodiaze-
pines and antipsychotic medications
can be used in cases of severe agitation
or psychosis. Parenteral administration
of thiaminemay be beneficial in patients
with poor nutritional status or a prior
alcohol history. The clinical presenta-
tion of a typical patient with delirium is
demonstrated in Case 4-1.

Miscellaneous Medical
Complications

Many patients with stroke have co-
morbid cardiac disease and require
surveillance for cardiac arrhythmias
and myocardial ischemia. A standard
12-lead EKG is recommended as part
of the initial stroke assessment, and
continuous telemetry in the stroke unit
can capture paroxysmal arrhythmias.
Patients with cardiac symptoms or ab-
normal ST segments and/or T waves
on EKG should have serial cardiac
enzymes to exclude concurrent myo-
cardial ischemia. Many patients with
acute stroke will have echocardio-
graphy, which can assist in identifying
structural heart disease.

Gastrointestinal (GI) bleeding was
observed as a common complication in
a large cohort of patients with acute
ischemic stroke (Johnston et al, 1998).
The risk of GI hemorrhage appears
higher in older patients, those with
greater stroke severity, and those with
prestroke disability (Davenport et al,
1996). Currently, stroke guidelines do
not recommend routine GI prophylaxis
for all patients with stroke. Given the
widespread availability of H2-antagonists
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and proton-pump inhibitors, however, it
is reasonable to use GI prophylaxis in
stroke patients, particularly those who
are unable to safely take food or liquids
by mouth, as they appear at highest risk.
Routine use of stool softeners can help
prevent constipation.

PREVENTION AND TREATMENT
OF ACUTE NEUROLOGIC
COMPLICATIONS

Many patients hospitalized with acute
stroke will experience a change in
their neurologic status directly attrib-
utable to the stroke. The most fre-
quent neurologic complications of
stroke are listed in Table 4-5. A large
series found that complications result-
ing in a measurable deterioration of

neurologic function occurred in 13%
of patients within 48 to 72 hours of
hospitalization for acute ischemic

69

Case 4-1
A 78-year-old man was admitted to the hospital with an ischemic stroke
involving the left internal capsule. Prior to hospitalization, he had been living
in an assisted living facility because of mild dementia. Two days after
admission he was noted to be agitated and ‘‘confused’’ on a routine nursing
assessment. The examination was remarkable for an irritable, elderly man
constantly attempting to get out of bed and trying to remove his IV access.
Repeated attempts to calm and redirect him were unsuccessful. He was not
oriented to the correct year, month, or date, and when asked why he was
in the hospital he said, ‘‘Because you buggers are holding me hostage here.’’
He was febrile (38.58C), tachycardic (heart rate 105), and had diffuse
paratonia. The right hemiparesis noted on admission was unchanged.
A noncontrast head CT demonstrated an area of hypodensity in the left
posterior limb of the internal capsule and diffuse cerebral atrophy but no
acute intracranial pathology. An EEG demonstrated diffuse slowing over
all head regions without epileptiform activity. A urinalysis was remarkable
for many white blood cells and bacteria.

Comment. Delirium is a common complication in hospitalized elderly
patients, particularly those with preexisting cognitive impairment. It is
often unrecognized, perhaps because it may develop rapidly and fluctuate
between a hyperactive and hypoactive form. Common clinical features
include inattention, disorganized thinking, alterations of consciousness,
perceptual disturbances (eg, hallucinations, paranoia), and altered
sleep-wake cycles. Diffuse paratonia and asterixis may accompany
delirium of any cause. As noted previously, the etiology is often complex
and multifactorial, involving precipitating factors superimposed on a
vulnerable patient with predisposing conditions. In this case, the patient’s
age and preexisting cognitive impairment predisposed him to the
development of an acute confusional state as a result of a urinary tract
infection. Treatment of the urinary tract infection led to a return to
the prior baseline over the course of 24 hours.

TABLE 4-5 Neurologic
Complications
in Hospitalized
Patients With
Stroke

" Cerebral edema

" Mass effect and herniation

" Hemorrhagic transformation

" Seizures

" Progressing ischemia

" Recurrent stroke
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stroke (Weimar et al, 2005). Deterio-
ration was attributed to progressive
stroke (33%), increased intracranial
pressure (27%), recurrent cerebral
ischemia (11%), and secondary paren-
chymal hemorrhage (11%). Another
series found that increased intracra-
nial pressure (8%) and recurrent ce-
rebral ischemia (5%) were the most
common neurologic complications
within the first week of hospital ad-
mission (Weimar et al, 2002).

Cerebral Edema and
Mass Effect

Large infarctions involving the cerebral
hemisphere or cerebellum may result
in space-occupying mass effect due
to cerebral edema. The neurologic
deterioration observed in large hemi-
spheric strokes results from transten-
torial or uncal herniation. Extension
of ischemia into adjacent vascular
territories may occur as tissue shifts
compress the anterior cerebral artery
against the ipsilateral falx or the
posterior cerebral artery against the
incisura. Cerebellar infarction can re-
sult in brainstem compression and
obstructive hydrocephalus when sig-
nificant edema develops within the
restricted confines of the posterior
fossa. Progressive decline in the level
of consciousness, worsening neuro-
logic deficits, headache, and nausea
or vomiting may herald the onset of
clinically important edema (Ayata and
Ropper, 2002). Drowsiness may be
one of the earliest indicators. Life-
threatening cerebral edema associated
with massive middle cerebral artery
(MCA) infarction typically becomes
evident between 2 and 5 days after
stroke onset (Hacke et al, 1996).
However, significant edema can occur
earlier. One case series found that
neurologic deterioration within 24
hours occurred in 36% of patients
with massive MCA infarction (Qureshi
et al, 2003).

Clinically significant edema due to
hemispheric infarction is relatively
uncommon with an estimated fre-
quency of up to 10% of ischemic
strokes. The so-called malignant MCA
syndrome is associated with mortality
rates that approach 80% with conser-
vative treatment (Hacke et al, 1996).
Many of these strokes are caused by
acute embolic occlusion of the distal
internal carotid artery or proximal
MCA. Considerable variability exists in
the degree and timing of edema
formation among patients. Reliable
prediction of those at highest risk
to develop life-threatening cerebral
edema has proven difficult. Clinical
variables associated with increased risk
include a history of hypertension or
heart failure and presence of leukocy-
tosis (Kasner et al, 2001). A retrospec-
tive series that included autopsy data
found younger age, female gender,
absence of prior stroke history, higher
heart weight, carotid artery occlusion,
and an abnormal ipsilateral circle of
Willis were more frequent in patients
who developed brain swelling and
herniation. Involvement of the super-
ficial and deep MCA territory and
infarction of the anterior cerebral/
anterior choroidal territories occurred
more frequently in those with deteri-
oration (Jaramillo et al, 2006). The
presence of hypodensity involving
greater than 50% of the MCA territory
and presence of the hyperdense MCA
sign on noncontrast head CT sign have
also been associated with neurologic
deterioration (Manno et al, 2003).
Case 4-2 provides an example of the
space-occupying mass effect after
hemispheric cerebral infarction.

The optimal treatment of brain
edema remains a controversial issue.
Conventional medical approaches to
the treatment of brain edema and
elevated intracranial pressure are
listed in Table 4-6. Randomized con-
trolled trial data on the effectiveness
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of these medical therapies to mitigate
the effects of cerebral edema are not
available (Bardutzky andSchwab, 2007).
These strategies are often employed
empirically or as a bridge to more
definitive therapy in patients with neu-
rologic deterioration. Consistent evi-

dence supporting a beneficial effect on
functional outcomes for these interven-
tions is lacking.

Hemicraniectomy and duraplasty
have been used as definitive therapy
for life-threatening space-occupying
edema. Decompressive surgery can
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Case 4-2
A 48-year-old man was found by his wife to have left-sided weakness. He had fallen
after attempting to get out of bed in the morning. Upon arrival to the emergency department,
he was found to have a right head and gaze preference, left homonymous hemianopia, left
hemiplegia, and left hemispatial neglect. The patient was last known to be neurologically
normal the night before (greater than 8 hours previous) and was not eligible for acute stroke
therapy. Over the ensuing 48 hours he became progressively more somnolent and was unarousable
to noxious stimulus 72 hours after admission. The patient was intubated for airway protection,
and an urgent noncontrast head CT was ordered (Figure 4-1).

Comment. The
head CT clearly
demonstrated
an extensive
area of
infarction with
associated mass
effect in the
right MCA
territory. Young
patients (aged
less than 55
years) without
significant
cerebral atrophy
are especially
susceptible
to the mass
effect associated
with large
hemispheric
infarction.
Progressive
transtentorial
with brainstem
compression
often results
unlessmedicalor
surgicalmeans
are instituted
to control
intracranial
pressure.

FIGURE 4-1 Sequential axial images from the noncontrast head CT demonstrate an
extensive area of infarction with associated edema in the right MCA territory.
The arrows indicate compression of the right frontal horn of the lateral ventricle
and right-to-left shift of the septum pellucidum.
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create space for the swollen brain to
move out of the cranial cavity, rather
than compressing critical brainstem
structures (Figure 4-2). Because of
the almost uniformly poor outcomes

from the malignant MCA syndrome,
decompressive surgery has been the
subject of prospective evaluation. In
order to provide the stroke commu-
nity with safety and efficacy data in a
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TABLE 4-6 Selected Medical Therapies for Cerebral Edema

Therapy Comments

Mannitol Mechanism: Osmotic agent—facilitates movement
of fluid in the interstitial/intracellular compartment
across the blood-brain barrier (ie, osmotic diuresis).
May decrease blood viscosity. Preferential action at
sites of intact blood-brain barrier raises theoretic
concerns about shrinkage of normal tissue and
exacerbation of tissue shifts. Serum osmolality
usually targeted between 310 mosm/L and
320 mosm/L. 20% Mannitol: 1 g/kg initial bolus.
Maintenance regimens use 0.5 g/kg or 0.25 g/kg
every 4 to 6 hours.

Hypertonic saline Mechanism: Osmotic agent—expands intravascular
volume versus diuretic effect of mannitol. Similar
concerns regarding exacerbation of tissue shifts due to
necessity of intact blood-brain barrier for effect.
Potential complications include hypernatremia,
congestive heart failure, and pulmonary edema.
Concentrations range from 3% to 23.4% saline with
various bolus and continuous-dosing regimens.

Barbiturates Mechanism: Decreases cerebral metabolism—
subsequent reduction of cerebral blood volume and
flow may reduce edema formation. Severe
complications include hypotension (with impaired
cerebral perfusion pressure), hepatic dysfunction,
and increased infection risk. Limited and short-lasting
benefit with potential for severe complications.

Hyperventilation Mechanism: Induces cerebral vasoconstriction—
subsequent reduction of cerebral blood flow and
volume. Duration of benefit likely limited to a few
hours. May reduce blood flow to near-ischemic levels.
Potential for rebound vasodilatation and increasing
edema and intracranial pressure. Partial pressure of
carbon dioxide, arterial (PaCO2) often targeted
to � 30 mm Hg.

Elevated head position Mechanism: Increases venous outflow and reduces
cranial venous hydrostatic pressure and volume. May
cause decreased cerebral perfusion pressure due to
decreased mean arterial pressure. Little evidence to
support clinically meaningful benefit. Head of bed
often kept at 308.

Data from Bardutzky J, Schwab S. Antiedema therapy in ischemic stroke. Stroke 2007;38(11):3084–3094.
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timely fashion, three European hemi-
craniectomy trials pooled their results
and published the combined data
prior to release of the individual trial
results (Vahedi et al, 2007). All three
trials restricted enrollment to patients
aged 60 years or less with surgery
performed within 48 hours of stroke
onset. Ninety-three patients were ran-
domized to surgical or medical ther-
apy, and outcomes were assessed at 1
year with the modified Rankin Scale
(mRS). The pooled analysis demon-
strated the clear benefit of surgery on
mortality with a 49% absolute risk
reduction for fatal outcome favoring
the surgical group (29% versus 78%).
There was no difference between the
groups in severely disabled survivors.
The proportion of patients with min-
imal to moderate disability was signif-
icantly increased in the surgical group
(43%) compared with the medical
group (21%). No additional benefit
was observed for patients undergoing
surgery within 24 hours, and the
benefits of surgery for prevention of
death or moderate to severe disability
was similar in patients with dominant
and nondominant hemisphere infarc-
tions. Prior to the publication of these
results, many practices reserved hemi-
craniectomy for patients with clinical
signs of herniation as a lifesaving
‘‘salvage’’ procedure. Traditionally,
the procedure has not been offered
to patients with dominant hemisphere
infarction for fear of increasing the
number of patients surviving in a
severely disabled, aphasic condition.
How these prospective data change
current practice recommendations has
yet to be established.

Following publication of the pooled
analysis, the results of two of the
individual hemicraniectomy trials have
become available. DESTINY random-
ized 32 patients to either surgical or
medical therapy and found a statistically
significant reduction in mortality after

30 days favoring the surgical group
(12% versus 53%) (Juttler et al, 2007).
A nonsignificant benefit favoring sur-
gery was seen for the primary end point
of achieving an mRS of 0 to 3 (47%
versus 27%). DECIMAL randomized
38 patients with malignant MCA infarc-
tion (aged less than 55 years) to hemi-
craniectomyormedical therapy (Vahedi
et al, 2007). This trial required an ad-
ditional radiographic criterion of a
diffusion-weighted MRI lesion volume
of greater than 145 cm3 to establish
eligibility. A statistically significant 52.8%
absolute reduction in mortality favoring
the surgical group was observed. A
nonsignificant difference favoring sur-
gery was found for the 6-month (25%
versus 5.6%) and 12-month (50% versus
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FIGURE 4-2 Schematic representation of decompressive
hemicraniectomy. Top left, bone flap removed with
cruciate dural incision. Top right, dural graft expands

the intracranial compartment. Bottom left, the dura is fixed at the
craniotomy margin, allowing the brain to herniate outwards with
restoration of midline structures. Bottom right, CT bone window
demonstrated the extent of skull removal.

Reprinted with permission from Wijdicks EF. Management of massive hemispheric
cerebral infarct: is there a ray of hope? Mayo Clin Proc 2000;75(9):945–952.
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22%) functional outcomes of mRS of
3 or less. Based on the results of a
pooled analysis and the individual
results from two trials, hemicraniec-
tomy clearly improves survival after
large MCA territory infarction in select-
ed patients and does not appear to
increase the likelihood of severe dis-
ability in those who survive.

In addition to obstructive hydroceph-
alus caused by edema from cerebellar
infarction, rapid deterioration may oc-
cur due to sudden apnea or cardiac
arrhythmia associated with brainstem
compression. The incidence of space-
occupying edema with posterior circu-
lation syndromes has not been well
characterized. Results from case series
demonstrate improved outcomes with
the use of ventriculostomy and subocci-
pital craniectomy for patients with
progressive clinical deterioration due
to massive cerebellar infarction (Hornig
et al, 1994). Although data are limited,
current guidelines support the use of
ventricular drains in patients with acute
obstructive hydrocephalus and decom-
pressive surgical evacuation for space-
occupying cerebellar infarction (Adams
et al, 2007).

Hemorrhagic Transformation

Another potential cause of neurologic
deterioration after ischemic stroke is
spontaneous hemorrhagic transforma-
tion of the cerebral infarction. Patho-
logic examination supports the notion
that most cerebral infarctions have
some degree of petechial hemorrhage
on close inspection. However, this pe-
techial blood is unlikely to be of
any clinical significance. The exact fre-
quency and risk factors that predis-
pose to hemorrhagic transformation
remain unclear. A systematic review
of observational and clinical trial
data with radiographic follow-up found
an overall frequency of hemorrhagic
transformation to be 8.5% in un-
treated patients. Hemorrhagic trans-

formation accompanied by neurologic
deterioration or frank hematoma for-
mation occurred in 1.5%. The frequency
was higher in patients treated with
antithrombotic or thrombolytic drugs.
Larger infarct size with mass effect
and advanced age (greater than 70)
were suggested as predisposing factors
(Lindley et al, 2004).

Many patients with evidence of hem-
orrhagic transformation are managed
conservatively with short-term discon-
tinuation of antithrombotic agents and
careful control of arterial blood pres-
sure. Progressive neurologic deteriora-
tion due to hematoma-related mass
effect may warrant emergent clot evac-
uation to prevent herniation.

Seizures

Estimates of seizure frequency after
stroke based on retrospective analyses
range from 2% to 23% (Adams et al,
2007). A prospective international study
based on data from multiple centers
reported seizures in 8.6% of patients
after ischemic stroke (Bladin et al,
2000). In this cohort, a cortical loca-
tion of infarction and stroke disability
were independently associated with
seizure occurrence. Cortical irritability
caused by ischemic injury likely serves as
the focus for partial seizures with or
without secondary generalization. Pa-
tients with early-onset seizures (14 days
or fewer poststroke) are at a lower risk
of seizure recurrence than those with
late-onset seizures (Berges et al, 2000).
Status epilepticus may develop in a
small proportion of patients with post-
stroke seizures and negatively impacts
outcomes andmortality (Rumbach et al,
2000). Anticonvulsant therapy should
be initiated in patients with witnessed
or suspected seizures after stroke.
The optimal duration of therapy has
not been established. No studies have
been designed to assess the efficacy of
seizure prophylaxis after stroke. Prophy-
lactic administration of anticonvulsants
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to patients after stroke is not recom-
mended (Adams et al, 2007).

STROKE UNITS

In contrast to many elements of post-
stroke medical and neurologic care
that are based on consensus guidelines,
strong evidence supports the delivery of
medical care after stroke within the
structure of a specialized stroke unit.
The concept of a stroke unit is based on
the delivery of a disease-specific service
in a geographically defined area of the
hospital. These areas are staffed by
multidisciplinary teams with specialized
training in stroke and rehabilitation.
Continuing educational programs for
staff and involvement of caregivers in
the education and rehabilitation pro-
cess are also included in the model of a
stroke unit. Monitoring capabilities al-
low close observation and recognition
of changes in neurologic status or
developing medical complications.

Stroke units are cost-effective, re-
duce mortality, and improve functional
outcomes (Stroke Unit Trialists’ Collab-
oration, 2002). The reduction in risk of
death after stroke in patients who re-
ceive stroke unit care is likely achieved
through the prevention and treat-
ment of complications, particularly in-
fections (Govan et al, 2007). The benefit
of stroke unit care extends better out-
comes across subgroups of all patients,
regardless of age, sex, or severity of

stroke. These advantages are also dura-
ble, with measurable beneficial effects
extending to 10 years after stroke
(Indredavik et al, 1999). In addition,
the merits of stroke units can be
replicated outside the confines of clin-
ical trials (Seenan et al, 2007). Overall,
the magnitude of benefit for stroke unit
care may have greater population ben-
efit than IV thrombolysis or other acute
interventions (Gilligan et al, 2005).

CONCLUSION

Medical and neurologic complications
after stroke are common, and pre-
ventive measures to reduce their fre-
quency may have beneficial effects on
stroke outcomes and neurologic re-
covery. Management of complications
represents an important piece in the
comprehensive care of the hospital-
ized patient with stroke. Close surveil-
lance for signs or symptoms of
complications related to immobility
or infection is necessary. Neurologic
deterioration should prompt assess-
ment for cerebral edema, recurrent
ischemia or hemorrhage, or seizure.
Admission of stroke patients to spe-
cialized stroke units can help mini-
mize the impact of medical complica-
tions. For those not eligible for acute
stroke therapy, effective prevention
and management of complications
may provide the best opportunity to
influence outcomes.
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EMERGING THERAPIES
Andrew M. Demchuk, Rishi Gupta, Pooja Khatri

ABSTRACT

Acute stroke therapies are evolving gradually. The heterogeneity of stroke hasmade
it difficult to achieve success in large randomized trials. There appears to be ‘‘no
shoe that fits all’’ in stroke treatment other than early systemic thrombolysis using
recombinant tissue-type plasminogen activator (rt-PA), which succeeds by achieving
early recanalization, thereby limiting infarct extent. Many lessons have been learned
that have refined our approach to developing new treatments. Emerging therapies
for stroke can be classified into a few basic themes. In ischemic stroke, promising
therapies are aimed at optimizing arterial recanalization through combined systemic
drugs, ultrasound-enhanced treatment, or the use of interventional techniques,
such as intraarterial tissue plasminogen activator, Merci1 catheter, or a combined
systemic/interventional approach. Neuroprotection treatment remains elusive,
although strategies to initiate ultra-early (ambulance-based) neuroprotection
appear justified. Collateral flow augmentation techniques appear promising
in improvement of cerebral blood flow via this backdoor approach. The extension
of treatment windows beyond the first 3 hours is reliant on neurovascular
imaging techniques such as CT perfusion and multimodal MRI to detect significant
penumbra.

Continuum Lifelong Learning Neurol 2008;14(6):80–97.

HYPERACUTE ISCHEMIC STROKE
(LESS THAN 6 HOURS)

Early Recanalization Key to
Good Outcome

The National Institute of Neurological
Disorders and Stroke (NINDS) trials
(Parts A and B) were the first and only
major trials to demonstrate a clear
benefit of IV recombinant tissue-type
plasminogen activator (rt-PA) in acute
ischemic stroke. Despite a 6.4% symp-
tomatic intracranial hemorrhage rate,
approximately 12% more patients re-
covered to independent outcome with
treatment compared with placebo (The
National Institute of Neurological Dis-

orders and Stroke rt-PA Stroke Study
Group, 1995). Most relevant to neurol-
ogists was the observed ‘‘Lazarus effect’’
(14-point improvement in stroke defi-
cit score [NIH Stroke Scale]) in 20%
of rt-PA-treated patients where dra-
matic neurologic improvement oc-
curred within 24 hours compared with
3% of placebo-treated patients (Haley
et al, 1997). The most important factor
predicting benefit from rt-PA is early ini-
tiation of treatment, preferably within
90 minutes of onset (Marler et al,
2000). The benefit of thrombolysis
clearly relates to recanalization of the
occluded vessel (Rha and Saver, 2007).
The magnitude of benefit from such
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therapies is directly related to the speed
that recanalization is achieved (Molina
et al, 2004). Unfortunately, recanaliza-
tion is not achieved early in a majority of
patients treated with tissue plasmino-
gen activator (t-PA). Proximal occlu-
sions in arteries such as the distal
internal carotid or proximal middle
cerebral artery (MCA) infrequently re-
canalize with systemic t-PA in the first
hours (del Zoppo et al, 1992; Saqqur
et al, 2007).

Buying Time for Reperfusion—
Ambulance-Based
Neuroprotection

One approach to acute therapy is to
develop treatments that ‘‘buy time’’
for the brain while waiting for recan-
alization to occur through the initia-
tion of reperfusion strategies. Efforts
to improve such neuronal survivability
by neuroprotection treatment in acute
stroke have failed for a variety of
reasons, which include the complex
multipathway nature of the ischemic
cascade and late initiation of treat-
ment. A single drug has limited ability
to significantly halt the rapid and com-
plex process of neuronal cell death
when deprived of oxygen and glucose,
particularly when given so late in the
excitotoxicity process. Recent clinical
trial benefit of early hypothermia-based
neuroprotective therapy after cardiac
arrest suggests continued hope for this
field even in focal ischemia (Bernard
et al, 2002; Hypothermia after Cardiac
Arrest Study Group, 2002). The future
for neuroprotection likely rests with
ultra-early treatment initiated in the
ambulance or when transport times
are short in the first moments of
emergency department arrival. The
challenge of ambulance-based therapy
is the heterogeneous population in-
volved who are diagnosed as ‘‘stroke.’’
Many such patients spontaneously re-
solve en route (TIA) or may be mis-
diagnosed as stroke (seizure, hypogly-

cemia, etc). Very safe therapies with a
wide therapeutic index are required for
such an approach to limit toxicity risks
if nonstroke patients are going to be
inadvertently treated. Neuroprotection
in the field offers the greatest likeli-
hood to impact the penumbra at a time
when such tissue is at its greatest
extent. Such an approach should buy
time by keeping neurons alive until
careful attention to time of onset,
medical history, and imaging criteria
have determined suitability for initiat-
ing more definitive treatments aimed
at restoring brain perfusion. The first
clinical trial in this regard is the Field
Administration of Stroke Therapy-
Magnesium (FAST-MAG) trial based at
Ronald Reagan UCLA Medical Center
where IV magnesium sulfate is being
tested (Saver et al, 2004). Similar
approaches using high-flow oxygen
therapy (hyperoxia) (Singhal, 2007)
and hypothermia seem ideal for such
an ambulance setting and could be
combined in a cocktail approach with
magnesium sulfate.

Improving Recanalization
Through Systemic Drugs/
Noninvasive Techniques

New systemic fibrinolytics. Novel
agents that achieve higher recanaliza-
tion rates and have greater safety with
lower hemorrhage rates are the goal.
Tenecteplase (TNK), a genetically modi-
fied form of t-PA, is one such agent
with greater fibrin specificity, longer
half-life, and greater resistance to
inhibition by plasminogen activator
inhibitor type 1 (Davydov and Cheng,
2001). The long half-life of TNK
allows for single-bolus administration.
A pilot dose-escalation safety study of
TNK in patients with stroke demon-
strated safety and tolerability of TNK
at several doses with no symptomatic
intracranial hemorrhages observed
among any of the 75 patients treated
at the lowest three dose levels (Haley
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et al, 2005). A large efficacy trial has
now been initiated.

Desmoteplase is found in the saliva of
the blood-feeding vampire bat Desmo-
dus rotundus. Desmoteplase has 72%
sequence homology with t-PA. In mod-
els of arterial thrombosis, desmoteplase
induces faster and more sustained
recanalization than t-PA and produces
less antiplasmin consumption and fibri-
nogenolysis. Desmoteplase has shown
mixed results in a series of phase 2
imaging-based trials in the 3 to 9 hours
after-onset time window when a MRI
diffusion-perfusion mismatch pattern is
present (Hacke et al, 2005). Reteplase is
a recombinant peptide with two similar
domains to human t-PA but with a long
half-life allowing for double-bolus injec-
tion. A small prospective study of in-
traarterial administration revealed high
complete recanalization rates (Qureshi
et al, 2001).

Combining fibrinolytics with
antithrombotics. Embolic or throm-
botic occlusions are resistant to sys-
temic thrombolysis for many reasons,
which include thrombus burden, high
platelet content, resistance to rt-PA
via plasminogen activator inhibitor, or
nonthrombotic occlusion (dissection,
calcium, etc) (Table 5-1). One strategy
is to combine fibrinolytic agents such
as rt-PA with other antithrombotic
therapies such as heparin (Mikulik
et al, 2006) or antiplatelet/glycoprotein
(GP) IIb-IIIa antagonists (Pancioli and
Brott, 2004, Seitz et al, 2004). This ap-
proach has a strong rationale, but
published literature is limited. Prospec-
tive trials are currently underway, com-
bining fibrinolytics with agents such as
abciximab and eptifibatide, both highly
selective GP IIb-IIIa antagonists that
block platelet function.

Ultrasound enhancement of
recanalization—combined IV treat-
ments and ultrasound treatment.
Experimental evidence suggests that
ultrasound enhances thrombolysis and

increases lytic effect of rt-PA, particularly
if used in a low MHz or kHz frequency
range. Ultrasound exposure causes var-
ious changes, such as reversible disag-
gregation of uncross-linked fibrin fibers
(Braaten et al, 1997), microcavity for-
mation in the shallow layer of throm-
bus, and increased enzymatic transport
of rt-PA, improving its uptake and
penetration of rt-PA into clots (Francis
et al, 1995). Pilot work in acute stroke
demonstrated an unusually high rate of
‘‘on the table’’ clinical responders cou-
pled with early complete recanalization
when continuous 2-MHz transcranial
Doppler (TCD) was combined with IV
rt-PA, raising the possibility that ultra-
sonic energy transmission by TCD was
facilitating more rapid thrombolysis
(Alexandrov et al, 2000). The phase 2
randomized controlled trial Combined
Lysis of Thrombus in Brain Ischemia
Using Transcranial Ultrasound and Sys-
temic t-PA (CLOTBUST) demonstrated
an increase in complete recanalization
or dramatic clinical recovery within 2
hours after rt-PA bolus in patients who
were subjected to continuous ultra-
sound (Alexandrov et al, 2004). A new
advance in this field is the development
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TABLE 5-1 Factors Negatively
Impacting
Recanalization of
Arterial Occlusion

" Large clot burden

" Blind alley or dead-end
thrombus (no upstream or
residual flow for systemic
fibrinolytic)

" Nonthrombotic occlusion
(calcium, dissection)

" Platelet-rich thrombus
(less amenable to fibrinolysis)

" Very organized thrombus
(fibrotic)
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of nanobubbles. Nanobubbles were
initially developed as contrast agents
to enhance ultrasound signal detection.
Nanobubbles, however, also adhere to
the surface of clot and require ultra-
sound energy to cavitate and burst each
nanobubble. As they fragment, jets
of fluid and particles erode the ad-
jacent clot. Recent data demonstrated
improved recanalization rates with
combined t-PA/ultrasound/nanobubbles
compared with t-PA alone and t-PA/
ultrasound (Molina et al, 2005). The first
multicenter US Food and Drug Ad-
ministration (USFDA)-registered safety
study of therapeutic nanobubbles com-
bined with IV t-PA and ultrasound is
underway.

Neurointerventional Treatment
to Enhance Recanalization

Intraarterial fibrinolytic therapy
alone. Locally administered intraarte-
rial fibrinolysis directly within throm-
botic occlusions via direct microcatheter
delivery offers several theoretical advan-
tages over systemic fibrinolytic therapy.
This includes attainment of higher con-
centrations of fibrinolytic agent at blood/
thrombus interface, reduced systemic
exposure to fibrinolytics, gentle me-
chanical manipulation or disruption of
the clot by the microcatheter/guidewire,
and precise imaging of vascular anatomy/
collateral patterns. Disadvantages of in-
traarterial fibrinolysis include catheter
manipulation within a vessel damaging
or disrupting vessel wall integrity, hep-
arin administration intraprocedurally to
deter catheter-induced thrombosis, and
delays in initiation of fibrinolysis caused
by preparatory steps required for suc-
cessful angiography and microcatheter
positioning. The main drawbacks of
intraarterial therapy are the labor and
capital-intensive requirements only avail-
able at tertiary care centers.

The only large-scale, multicenter, ran-
domized clinical trial of intraarterial
fibrinolytic therapy alone demonstrated

substantial clinical benefit of therapy
initiated up to 6 hours after onset of an
MCA stem (M1) or division (M2) occlu-
sion. This Prolyse in Acute Cerebral
Thromboembolism II (PROACT II) trial
reflected pharmacologic lysis only be-
cause clot manipulation by microcath-
eter or guidewire was not permitted in
the study (Furlan et al, 1999). Unfortu-
nately the drug used in the study,
prourokinase, is not available in regular
practice because the results of the single
PROACT II trial were insufficient to
obtain USFDA approval. Despite a lack
of randomized trials, rt-PA has been
adopted as the fibrinolytic agent of
choice for intraarterial application based
on multiple large case-series cohorts
suggesting reasonable safety profiles.
The American Stroke Association guide-
lines recognize intraarterial fibrinolysis
alone as a treatment option in select
patients with large vessel occlusions.

Novel catheter-based devices
to enhance recanalization. Novel
catheter-based devices have also been
evaluated to achieve recanalization ei-
ther through improved clot dissolution
or clot extraction. The devices are
classified into three broad categories,
which include endovascular thrombec-
tomy (clot retrieval or suction aspira-
tion), mechanical disruption (laser
energy, angioplasty/stenting), and aug-
mented fibrinolysis (catheter-tipped ul-
trasound). Unfortunately, use of most
of the agents has been abandoned be-
cause of safety concerns or inflexibility
limiting utility in the intracranial circu-
lation. Repeated passage of a micro-
guidewire through a thrombus is a
simple form of mechanical disruption
frequently undertaken during intraarte-
rial fibrinolytic procedures and remains
a mainstay approach. Primary intracra-
nial angioplasty and carotid stenting
are two promising endovascular reper-
fusion strategies in select clinical cir-
cumstances. Intracranial angioplasty
appears particularly useful in patients
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with intracranial atherosclerotic lesions
and supervening in situ thrombi (Ringer
et al, 2001). Angioplasty achieves recan-
alization through controlled cracking
and dissection of underlying athero-
sclerotic lesions. In a small case series,
the more common spongy embolic
material was also successfully ballooned
open with soft silicone balloon angio-
plasty (Lum et al, 2006). Carotid stent-
ing has been performed acutely in the
setting of MCA stroke in the presence of
cervical internal carotid artery occlu-
sions with an 80% internal carotid artery
recanalization rate (Nedeltchev et al,
2005).

The first USFDA-approved device for
clot extraction in ischemic stroke is the
Merci Retriever1, which is made of
nitinol helix loops and retracted into a
thrombus to ensnare the clot and then
withdrawn within the device helix to
allow aspiration of the clot. The Merci
Retriever X5 and X6 devices were tested
in the multicenter Mechanical Embolus
Removal in Cerebral Ischemia (MERCI)
trial in patients with internal carotid
artery occlusion, M1 or M2 MCA occlu-
sion, and vertebral and basilar artery
occlusions within 8 hours of onset.
Partial or complete revascularization
was achieved by using the device alone
in 54% with markedly improved clinical
outcomes in those achieving recanali-
zation. Symptomatic hemorrhage oc-
curred in 5% of patients treated with the
device; half were subarachnoid hemor-
rhage, likely due to vessel wall perfora-
tion by the catheter (Smith et al, 2005).

A second-generation Merci Retriever
LX device was tested in humans in the
multi-Merci clinical trial and achieved
superior recanalization rates compared
with the X5/X6 retriever. The Retriever
LX has concentric helical loops with
polymer filaments attached, increas-
ing clot traction (Smith et al, 2006).
Figure 5-1 describes a case of Merci
deployment with resultant recanaliza-
tion of the MCA.

More recently, a Penumbra System2

has been developed, which removes the
thrombus through two mechanisms:
aspiration and extraction. A three-part
system consisting of a reperfusion
catheter, separator, and thrombus re-
moval ring, the Penumbra System uses
the principle of aspiration through a
suction system. Thrombus material
is aspirated from the occluded vessel
into the catheter lumen and separated
to maintain continuous suction. The
thrombus removal ring is used to
directly engage and remove the residual
thrombus only if aspiration fails.

The Penumbra System has been
tested in a prospective single-arm trial
in patients presenting within 8 hours of
symptom onset with an angiographically
verified occlusion. Remarkably, all 21 of
the treated vessels (100%) were success-
fully revascularized by the Penumbra
System (Bose et al, 2008). Figure 5-2
represents an example of the Penumbra
System deployed in an MCA occlusion to
achieve recanalization.

Combination IV and intraarterial
thrombolytic therapy. Combining
the advantages of systemic thrombolysis
(speed of initiation and widespread
availability) with intraarterial approaches
(titrated dosage, mechanical manipu-
lation of clot) appears very logical. Sev-
eral pilot studies have been completed,
assessing a combined approach of both
IV and intraarterial t-PA treatment (Ernst
et al, 2000; Lewandowski et al, 1999). The
Interventional Management of Stroke
(IMS) I trial evaluated the combined
use of reduced-dose IV rt-PA, followed
by microcatheter-delivered intraarterial
rt-PA. This multicenter study demon-
strated safety and acceptable rates of
good outcome in selected patients with
acute ischemic stroke, as compared with
comparable subjects treated with full
dose of IV rt-PA in the NINDS rt-PA Trial
(The IMS Study Investigators, 2004).

The subsequent IMS II trial eval-
uated the EKOS MicroLysus1Ultrasound
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Catheter system, which is a small micro-
catheter with an ultrasound transducer
tip that delivers ultrasound directly to
the thrombus. When used in the study,
the EKOS Primo sonography micro-
catheter achieved faster and more com-
plete recanalization and reperfusion than
standard microcatheter use in either IMS
study (The IMS II Trial Investigators,
2007). The lesson from these two IMS
pilot studies was that up to 18% of

subjects may recanalize and reperfuse
with reduced-dose IV alteplase alone, but
that an additional 60% achieve distal
perfusion when the EKOS-Ultrasound-
assisted or standard microcatheter in-
traarterial rt-PA thrombolysis is also
applied. IV rt-PA appears to ‘‘pick low-
hanging fruit,’’ leaving occlusions more
amenable to interventional recanaliza-
tion methods, such as intraclot throm-
bolysis, resulting in an overall reperfusion
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FIGURE 5-1 This is a 66-year-old woman who presented with an acute onset of global
aphasia, right-sided hemiplegia, and left gaze preference 4 hours from symptom
onset. She was taken emergently for angiography after an initial head CT

without contrast showed no hemorrhage and no early ischemic changes. A, A left internal carotid
artery injection shows an abrupt cutoff of the proximal left M1 portion of the middle cerebral
artery (white arrow). B, A lateral projection shows absence of filling of the entire left middle
cerebral artery territory. C, A roadmap image shows deployment of the Merci Retrieval1 device
(L5) (black arrow) in the left M1 segment of the middle cerebral artery. D, After one pass with the
device, there is complete recanalization of the middle cerebral artery. The patient was found to
have improvement in her neurologic examination 24 hours postprocedure. She was found to
have a minimal aphasia with a mild dysnomia and moderate weakness of the right arm and leg.
She was discharged to acute rehabilitation.
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rate approaching 80% (Case 5-1). The
IMS-III is the first randomized trial
comparing standard IV treatment with a
combined IV t-PA and interventional
treatment approach, which will include
Merci catheter application at the discre-
tion of the neurointerventionalist.

Collateral Flow
Augmentation—Boosting
Blood Flow Indirectly

One area that rarely attracts attention
in stroke treatment is the collateral
blood supply. This supply is the rea-

son patients have salvageable ischemic
brain in the penumbral zones of flow.
Collateral flow is critical to successful
recanalization, particularly in later time
windows. Induced hypertension is one
method to enhance collateral flow
(Case 5-2). Changes in mean arterial
blood pressure (MAP) within a range of
about 50 mm Hg to 150 mm Hg did not
affect cerebral blood flow (CBF) in
normal individuals because of cerebral
autoregulation (Waltz, 1968). Cerebral
autoregulation, however, is impaired in
ischemic brain, resulting in a linear
increase in CBF with increases in MAP
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FIGURE 5-2 A 58-year-old man with a history of atrial fibrillation who discontinued his warfarin 2 weeks earlier for
an elective colonoscopy presented with an acute onset of left-sided hemiplegia, right gaze preference,
and a left-sided visual neglect. His symptom onset was 5 hours and 45 minutes earlier. A, An initial

head CT showed a hypodensity (white arrow) in the right lentiform nucleus, and his Alberta Stroke Programme Early
CT Score (ASPECTS) was tabulated at 8. B, Emergent angiography showed an occlusion of the right distal M1 segment
of the middle cerebral artery (black arrow). C, A microcatheter was positioned in the thrombus, and selective angiography
confirmed thrombus in the M1/M2 junction (dotted black arrow). D, A Penumbra2 aspiration catheter (dotted white
arrow) was traversed into the thrombus to allow for aspiration thrombectomy of the clot. E, Complete recanalization
of the middle cerebral artery postthrombectomy occurred. The patient had a marked improvement in his neurologic
examination immediately postprocedure (‘‘Lazarus effect’’) with his only deficit being a mild left arm and left leg
pronator drift.

"EMERGING THERAPIES

Copyright @ American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



(Agnoli et al, 1968; Olsen et al, 1983).
These studies led to the concept of
using blood pressure elevation (in-
duced hypertension) as a means of
cerebral reperfusion.

Phenylephrine is the most com-
monly used agent for induced hyper-
tension. It is a selective a1-adrenergic

receptor agonist that increases blood
pressure by peripheral vasoconstric-
tion, without increasing cardiac output
or heart rate. It is administered
intravenously and has a rapid onset
and easy titration. In hypovolemic
patients, major adverse effects include
ischemic bowel and digital necrosis.
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Case 5-1
A 53-year-old man presented with sudden onset of left-sided paralysis
and numbness with slurred speech. He arrived at the emergency
department within 2 hours of last having been seen normal. His past
medical history was limited to hypertension and elevated cholesterol.
He had been taking two antihypertensive medications and a
cholesterol-lowering agent. His neurologic examination revealed severe
deficits consisting of right gaze paresis, left hemiplegia, left hemisensory
loss, left hemineglect, and anosognosia. Laboratory tests were drawn
and a CT scan performed that revealed only modest early ischemic changes
in the right MCA territory and no evidence of hemorrhage. A CT
angiogram revealed a right MCA occlusion in the M1 stem proximal
portion of the vessel obstructing the lenticulostriate perforators. He had
no contraindications to systemic thrombolysis. The risks and benefits
of treatment were discussed with family, and a decision was made to
proceed with treatment. IV rt-PA was injected based on estimated
weight (0.9 mg/kg, with 10% as bolus, and the remaining over 1-hour
infusion) at 2 hours and 40 minutes from symptom onset. Systolic
blood pressure was kept below 185 mm Hg using antihypertensive therapy.
No clinical improvement was seen over the first 20 minutes of rt-PA
infusion.

Comment. This patient has received standard acute stroke treatment
appropriately. Recanalization will result in the greatest benefit if it is
achieved sooner. Major clinical improvement from early recanalization is
expected in no more than about 25% of such patients with systemic
treatment alone because of the large clot burden of an M1 MCA occlusion.
Options include monitoring of this occlusion using TCD techniques to
observe for recanalization. Additional therapeutic effect may also occur
through ultrasound-enhanced thrombolysis. Other options include
contacting the neurointerventional team and arranging for urgent
angiography and consideration of interventional treatment. The exact
timing of this decision is difficult. Systemic thrombolysis achieves early
recanalization usually during the 1-hour rt-PA infusion; however, later
recanalization has been reported with improved outcomes. Most
interventional centers would agree to initiate interventional treatment
if no major clinical improvement has been seen within the first 15 minutes
of IV t-PA administration to limit time delays. Interventional treatment
possibilities include using the Merci catheter (USFDA approved),
administering additional rt-PA at the site of occlusion using microcatheter
(not approved), wire manipulation of thrombus, or even angioplasty
(not approved). Recanalization rates with combined IV and interventional
treatment can approach 50% to 80%.
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Adequate hydration prior to initiation
of IV phenylephrine and close clinical
and telemetric monitoring are re-
quired to avoid complications such as
congestive heart failure, renal failure,
and digital ischemia. Phenylephrine has
minimal effects on the cerebral vascula-
ture (few a1 receptors). Clinical experi-

ence with induced hypertension is
limited to several-day therapy. Modest
clinical improvement of neurologic
deficits is frequently seen and occurs
very quickly (2 to 30 minutes) after
raising blood pressure. The frequency
of clinical responses has been observed
in over 50% of patients in these studies
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Case 5-2
A 75-year-old man presented with sudden onset of fluctuating symptoms
of right-sided weakness and expressive speech difficulties. His symptoms
were ongoing over the past 12 hours with several episodes of significant
neurologic deficit separated by periods of mild neurologic symptoms.
His past medical history was limited to hypertension and smoking. He had
been taking three antihypertensive medications. In the emergency
department he was witnessed to deteriorate substantially with significant
neurologic deficits that included a severe nonfluent aphasia and loss of
antigravity strength in his right arm. He was unable to extend his right
wrist or fingers. A CT scan revealed no evidence of an acute infarct with
only subtle early ischemic changes in the insula of the left MCA territory
and no evidence of hemorrhage. A CT angiogram revealed a complete
occlusion of the left cervical internal carotid artery. The left MCA was
patent but appeared smaller in caliber compared to the right MCA. The
internal carotid artery reconstituted from the left ophthalmic artery,
and no posterior communicating artery was visualized. An anterior
communicating artery was present, but the left A1 segment of the
anterior cerebral artery appeared atretic. His blood pressure was
150 mm Hg systolic.

Comment. This patient has evidence of a large artery obstruction
resulting in hemodynamic impairment of the left MCA territory, which
causes fluctuating neurologic deficits. The absence of an infarct on CT
despite 12 hours of symptoms suggested no or minimal ischemic core and a
large region of brain at risk. Fibrinolytic therapy is not an option at this
moment since the neurologic deficits have fluctuated for 12 hours without
witnessed complete resolution. Acute carotid angioplasty and stenting of
the carotid occlusion could be considered; however, this risks dislodging
thrombotic material at the site of the cervical internal carotid artery
occlusion into the distal internal carotid artery or MCA, resulting in further
ischemic compromise. The most prudent option would be collateral blood
flow augmentation with induced hypertension treatment. His blood
pressure is not excessively high for this. A 10% to 20% increase in
blood pressure should increase CBF in the ischemic left hemisphere.
Significant neurologic improvement should be seen within 30 minutes
of instituting phenylephrine infusion and would confirm a therapeutic
response. A 1-day to 5-day stay in the neurointensive care unit could
facilitate this treatment and allow for monitoring of complications.
In time, collateral blood flow formation should develop or spontaneous
recanalization of the cervical internal carotid artery occur, resulting in
stabilization of symptoms.
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(Hillis et al, 2003; Rordorf et al, 2001).
Responses to induced hypertension
were most often seen in the setting of
previous TIA prior to stroke deficits,
presence of large vessel occlusive dis-
ease, or fluctuating neurologic deficits
(Rordorf et al, 1997). Further studies
are needed to determine the optimal
target blood pressure and the length
of time that induced hypertension can
be safely used, as well as to select the
most appropriate patients.

Catheter-based collateral flow aug-
mentation represents another emerg-
ing approach. An intraaortic balloon
known as the NeuroFlo2 catheter de-
vice has been demonstrated to aug-
ment cerebral perfusion by redirecting
flow to the cerebral circulation. The
device produces a partial aortic obstruc-
tion with 70% balloon occlusion of
the abdominal aorta proximal and
distal to the renal arteries (Liebeskind,
2008). Phase 2 studies are now under-
way in a variety of clinical scenarios
as either a stand-alone or adjuvant
therapy.

Collateral flow augmentation with
therapies such as induced hypertension
or catheter-based flow diversion has po-
tential to maintain cerebral perfusion
by opening the collateral circulation as
‘‘bridging therapy’’ until recanalization
of the occluded vessel occurs naturally
or with therapeutic efforts. This bridge
approach may be most useful in patients
with instability of collateral circula-
tion, manifesting as TIA, and fluctuating
or progressive stroke (Caplan, 2002)
(Table 5-2).

ACUTE ISCHEMIC STROKE
(GREATER THAN 6 HOURS)

Imaging-Based Selection
for Recanalization Treatment
Beyond Conventional
Time Windows

The adage that ‘‘time is brain’’ reflects
the extreme vulnerability of brain tis-

sue to ischemia and the propensity
for growing recruitment of the
ischemic penumbra into the infarct
core with prolonged vessel occlusion.
However, the evolution of acute
stroke is highly variable from patient
to patient, and it is clear that a time-
based thrombolysis strategy has limi-
tations. Some patients who present
within 3 hours of stroke onset will
have well-developed infarction and
little remaining ischemic penumbra,
thus presenting a risk for hemorrhagic
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TABLE 5-2 Emerging
Therapies in
Ischemic
Stroke Treatment

" Enhance Early Recanalization

Systemically

New fibrinolytics
(tenecteplase, reteplase)

Combined t-PA +
antithrombotics
(glycoprotein 2bIIIa
antagonists, heparin, etc)

Ultrasound enhanced
(mHz +/- nanobubbles)

Interventionally

Intraarterial t-PA/clot
manipulation

Clot dissolution devices
(Penumbra2)

Clot extraction devices
(Merci1)

" Augment Collateral Flow

Induced hypertension

Partial aortic obstruction

" Ultra-early Neuroprotection

Ambulance initiated:
magnesium sulfate
(Epsom salt),
hypothermia, hyperoxia

t-PA = tissue plasminogen activator.

KEY POINT

A Collateral flow

is critical to

neuronal

survival during

ischemia.

Augmentation

of collateral

flow via induced

hypertension or

downstream

obstruction

could allow

more time for

recanalization

therapies to

work.
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conversion following thrombolysis de-
spite little expected tissue salvage.
Alternatively, some patients who pres-
ent many hours from symptom onset
may have relatively small infarct cores
with large areas of ischemic penumbra
and may be ideal thrombolysis candi-
dates, despite their exclusion from
therapy based on the duration of their
symptoms. This is evident in the pooled
analysis of the four major thrombolysis
trials demonstrating diminishing rates
of return over time with treatment.
Benefit is greatest within the first 3
hours but still seen up to 4.5 hours from
onset with a 5% improvement in
clinical outcome between 3 and 4.5
hours. No statistical benefit was seen
4.5 to 6 hours from onset (Hacke
et al, 2004). Selection is critical to
identify appropriate treatment candi-
dates in later time windows. MRI and
CT-based imaging methods provide
this selection using a ‘‘tissue-based’’
treatment strategy. Both CT- and MRI-
based studies can delineate the re-
gion of completed infarction (infarct
core) as well as identify the ischemic
brain tissue that can be salvaged
with reperfusion (ischemic penumbra).
It is important to emphasize that in
any conceivable circumstance, it will
always be crucial to institute therapy
as soon as possible. Imaging to de-
tect penumbra results in a tradeoff
between obtaining more information
and potentially adding to brain injury
through delays in instituting therapy.
The more sophisticated the imaging,
the longer time required and the
greater delay to instituting recanaliza-
tion therapy. In the first few hours
of stroke, most patients have signifi-
cant penumbra, so complex imaging,
such as multimodal MRI requiring
30 or more minutes for prepara-
tion and sequence acquisition, is dif-
ficult to justify and is unlikely to
add significantly to treatment decision
making. In late-presenting patients,

however, a steadily decreasing propor-
tion have substantial penumbra, and
proper selection is critical, warrant-
ing sophisticated and highly accurate
imaging of penumbra such as multi-
modal MRI.

Imaging-based penumbra detection
for thrombolysis can be divided into
three broad categories. It should be
mentioned, however, that none of
these penumbral imaging markers has
been validated sufficiently or translated
into definitive treatment approaches.
One approach is the noncontrast CT/
CT-angiogram paradigm, which we fa-
vor in Calgary because of its simplicity,
practicality, and speed. This is based on
evidence that infarct core can be vi-
sualized on noncontrast CT as early
ischemic changes of hypoattenuation
or loss of gray-white differentiation.
Generally, when early ischemic changes
are evident, the brain ischemia is
irreversible and results in permanent
infarct damage even with early recana-
lization. We apply the Alberta Stroke
Programme Early CT Score (ASPECTS)
scoring system to systematically evalu-
ate the extent of early ischemic
change within the MCA territory
(Barber et al, 2000). Baseline ASPECTS
scores have correlated closely to
final infarct volumes (Demchuk et al,
2005). The penumbra is evaluated by
detection of an intracranial occlusion
using CT angiography, which can be
performed immediately after non-
contrast CT in a matter of minutes
(less than 10 minutes from prepa-
ration to image reformats available
for interpretation). When the extent
of early ischemic change is modest
(high ASPECTS score) and a proximal
MCA occlusion is present, a state of
significant ‘‘penumbra’’ is assumed.
The main disadvantages to this ap-
proach are the difficulty visualizing
early ischemic changes for the less
experienced, limitations in CT angiog-
raphy in detection of multiple distal
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KEY POINT

A Neurovascular

imaging

identifies

penumbra

beyond 3 to 6

hours from

onset, which

could aid

selection of

patients for

recanalization

therapies

despite late

time windows.
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occlusions, and difficulties estimating
penumbral size based on the site of
occlusion, since this can be impacted
significantly by collateral flow. This
approach also fails to properly evaluate
eloquent small volume lesions, such
as lacunar stroke in locations such as
the thalamus or internal capsule.
Source images from CT angiography
may provide an alternative to noncon-
trast CT early ischemic change detec-
tion as whole-brain cerebral blood
volume (CBV)-weighted assessment
reveals infarction with similar accuracy
to diffusion-weighted imaging (DWI)
and can be systematically evaluated
using ASPECTS. Reevaluation of base-
line CT scans in two thrombolysis
clinical trials have confirmed the
value of an ASPECTS-based noncontrast
helical CT/CT angiography penumbral
paradigm. Analysis of CT scans from
the PROACT II study suggested that
for patients with a proximal MCA
occlusion and a baseline ASPECTS score
greater than 7, there was a 3-times
greater likelihood of a good outcome
after treatment with intraarterial prour-
okinase compared to placebo, with
a number needed to treat of 3 to 5
(Hill et al, 2003). Similarly, in an
analysis of the IMS I pilot study of
combined IV and intraarterial t-PA
therapy for stroke, patients with an
M1 MCA occlusion and an ASPECTS
score greater than 7 were most likely
to benefit from the combined ap-
proach (Hill et al, 2006). The intra-
arterial approach adds significant
time to treatment, and a low ASPECTS
score suggests the core is too exten-
sive and penumbra too small to de-
rive benefit from this combined ap-
proach in such patients. Validation of
these findings will be evaluated in the
IMS III trial.

A second and popular penumbral
paradigm uses multimodal MRI in the
form of DWI and perfusion-weighted
imaging (PWI). Essentially, the DWI

lesion is believed to highlight areas of
cytotoxic edema in the infarct core,
and PWI provides an assessment of
cerebral perfusion deficits by assessing
the dynamics of gadolinium contrast
injection over a short period of time
(approximately 60 seconds). Thus, in
the DWI/PWI mismatch hypothesis, the
differential volume between the DWI
lesion and the PWI deficit represents
ischemic penumbra that is potentially
salvageable but will gradually be in-
corporated into the infarct core if
reperfusion is not established. The
diffusion and perfusion imaging evalua-
tion for understanding stroke evolu-
tion (DEFUSE) study is the first trial
to validate the value of DWI/PWI mis-
match in thrombolysis therapy beyond
3 hours from onset. Good clinical out-
comes were seen only in patients treated
with thrombolysis who had DWI/PWI
mismatch. Outcomes were not favor-
able in DWI/PWI-matched deficits or
in patients with large DWI abnormali-
ties (greater than 100 cc) (Albers et al,
2006). Most recently, the Echoplanar
Imaging Thrombolytic Evaluation Trial
(EPITHET) included multimodal MRI
prior to randomization. This study of
patients treated 3 to 6 hours after the
onset of symptoms identified a trend
toward clinical benefit of rt-PA over
placebo in the DWI/PWI mismatch sub-
group of patients (Davis et al, 2008).
The challenges with multimodal MRI
are time requirements and feasibility.
A significant number of patients do
not tolerate or cannot undergo multi-
modal MRI (Hand et al, 2005). A
number of ongoing clinical trials are
refining MR perfusion measures, ex-
ploring the validity of existing MR
perfusion measures, and evaluating
therapeutic impact of the DWI/PWI
mismatch hypothesis with a variety of
therapies, including desmoteplase, rete-
plase (Retevase)/abciximab, Merci cath-
eter, rt-PA, and the Neuroflo aortic
obstruction device.
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KEY POINT

A A noncontrast

helical CT/CT

angiography-

based ‘‘good
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approach to

penumbra

selection is

practical and
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widespread CT

angiography

availability. Good
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as minimal early

ischemic changes

or high ASPECTS

score, and

occlusion is

defined as any

symptom-

relevant

intracranial

occlusion.
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The third penumbral paradigm uses
CT perfusion (CTP) techniques that
offer similar information without the
logistical and availability issues that con-
tinue to plague MRI in acute stroke.
CTP lesions with CBV values under
2.5 mL/100 g correlate well to DWI
lesions, and, similarly, there is excellent
correlation between CTP-defined is-

chemic penumbra (CBF reduction of
34% or more and CBV greater than
2.5 mL/100 g) and mean transit time
lesions on PWI (Wintermark et al,
2002a). Vessel recanalization benefited
patients clinically according to increas-
ing proportion of CTP-defined ischemic
penumbra (Wintermark et al, 2002b).
Clinical trials validating this paradigm
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Case 5-3
A 62-year-old woman presented with new onset of left-sided weakness
and numbness and slurred speech. She arrived at the emergency
department within 5 hours of last having been seen normal. She had
been perfectly well when last seen by her husband. There was a delay
to hospital presentation because she was alone at the time of the event
and was subsequently found by her husband. She is not certain about
the time her symptoms started. Her past medical history was limited to
type 2 diabetes and a seizure disorder. She was only taking aspirin.
Examination confirmed disabling deficits of left hemiplegia, left
hemisensory loss, and dysarthria. Laboratory tests were drawn, and a
CT scan performed, revealing no evidence of an acute or subacute infarct,
no early ischemic changes in the right MCA territory, and no evidence
of hemorrhage.

Comment. This patient represents a common quandary facing
stroke physicians when patients present beyond the traditional
systemic fibrinolysis time windows. The exact timing of ischemia in
this case cannot be accurately estimated since no one witnessed when
it occurred. It is possible the event had just occurred but this is
supposition. This case illustrates the importance of imaging in
determining whether reversible injury has occurred. The baseline
noncontrast CT is helpful, as it suggests that the ischemic core is
small or nonexistent. CT angiography would be the fastest approach
to determining if penumbra exists, as any proximal intracranial
occlusion would suggest a large zone of penumbra and the need
for recanalization therapy, such as intraarterial thrombolysis or
Merci catheter deployment. The absence of a large vessel occlusion
would raise the possibility of a nonischemic cause, such as Todd
paralysis, a lacunar event, or a distal embolic shower to the right
hemisphere. Close evaluation of the posterior cerebral artery is
required in such a patient, considering the deficits and the possibility
of right thalamic involvement with a proximal posterior cerebral artery
occlusion. Misinterpretation of the CT angiography can occur with
the occasional M2 division occlusion of the MCA missed because of
the presence of an MCA trifurcation or other anatomic variant/unusual
anatomy. A normal CT angiogram might trigger additional imaging,
although it is unlikely further therapeutic intervention would be
considered. If performed, a normal multimodal MRI examination
with no diffusion-weighted abnormality would certainly suggest a
postictal Todd paralysis.

KEY POINTS

A Multimodal

MRI perfusion-

weighted/

diffusion-

weighted

mismatch is the

best studied

imaging marker

of penumbra in
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clinical trials

with promising

results to date.

A CT perfusion

cerebral blood

volume/cerebral

blood flow
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another evolving

penumbral
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irreversible
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cerebral blood
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surrounding the
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with the reversible

ischemic
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A Basilar artery
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given the

uniformly

poor prognosis

otherwise.
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with reperfusion strategies are now
underway.

Considering the importance of
time, we favor a quick and simple
approach in the first 6 hours from
onset and prefer the noncontrast
helical CT/CT angiography paradigm
for difficult treatment decision mak-
ing. At later time points or in situa-
tions where the lesion is suspected
to be small volume (lacunar) or occlu-
sions distal, we prefer the multi-
modal MRI paradigm (Case 5-3). In
both cases additional clinical trial data
are needed before widespread im-
plementation of these penumbra imag-
ing approaches can be recommended
(Table 5-3).

Basilar Artery Occlusion—the
Special Case for Late Treatment

Patients with vertebrobasilar ischemia
appear to represent a unique stroke
population with potential for treat-
ment beyond conventional time win-
dows. Mortality in the setting of
basilar artery occlusion is very high
without intervention (Macleod et al,
2005). CT angiography provides rapid
information on basilar artery occlu-
sion status and is frequently used in
the emergency assessment of patients
with sudden coma or suspected verte-
brobasilar ischemia (Brandt et al,
1999). Basilar artery recanalization is
associated with good outcome (Arnold
et al, 2004; Lindsberg and Mattle,
2006). Therapeutic approaches to
basilar occlusion mirror those of
MCA occlusion with recanalization
the goal via whatever means neces-

sary, including invasive interventional
approaches.

CONCLUSION

In summary, neurologists are gradu-
ally gaining an arsenal of emerging
treatments for acute ischemic stroke
predominantly aimed at establish-
ing early and complete recanalization.
Ambulance-based neuroprotection and
collateral flow augmentation offer po-
tential adjuvant avenues of treatment.
An assortment of imaging modalities are
available to measure penumbra, which
should aid selection of patients for
recanalization strategies beyond the
conventional 3-hour time window.
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TABLE 5-3 Penumbral Imaging Paradigms for
Selection of Reperfusion Treatment
(Beyond 3 Hours)

" Rapid Noncontrast Helical CT/CT Angiography–Based
‘‘Good Scan/Occlusion’’ Paradigm

Good scan defined as noncontrast CT with minimal
early ischemic changes (high Alberta Stroke Programme
Early CT Score [ASPECTS]) + occlusion, defined as
intracranial occlusion confirmed on CT angiography

" Multimodal MRI Perfusion-Weighted
Imaging/Diffusion-Weighted Imaging
Mismatch Paradigm

Perfusion-weighted (Mean transit time, time to
peak), volume abnormality at least 20% greater
than diffusion-weighted abnormality

" CT Perfusion Cerebral Blood Volume/Cerebral Blood
Flow Mismatch Paradigm

Penumbra (CBF reduction of 34% or more and CBV
greater than 2.5 mL/100 g) greater than core
(CBV less than 2.5 mL/100 g)

CBF = cerebral blood flow; CBV = cerebral blood volume.
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PRIMARY STROKE
CENTER CERTIFICATION
Steven R. Levine, David Adamowicz, Karen C. Johnston

ABSTRACT

Stroke is common, serious, and expensive. With the advent of a proven therapy
for acute ischemic stroke as well as specific beneficial care processes and stroke
prevention measures, there has been a groundswell of interest in developing
stroke centers. The Joint Commission (formerly Joint Commission on Accredita-
tion of Healthcare Organizations) has adopted stroke centers as a disease-specific
initiative to oversee quality stroke care in America. Several states have initiated
state-based designation procedures and policies. This chapter reviews the medical
and financial issues related to the development of stroke centers, practical infor-
mation for developing a stroke center at one’s local hospital, and resources avail-
able to support this effort.

Continuum Lifelong Learning Neurol 2008;14(6):98–116.

INTRODUCTION

Presently in the United States, approxi-
mately 750,000 new or recurrent strokes
occur every year, resulting in approxi-
mately 150,000 annual deaths. Stroke
is the leading cause of long-term dis-
ability and the third leading cause of
death in this country. Furthermore, its
prevalence is increasing because the na-
tion’s population is aging. Importantly,
acute stroke care has undergone a
transformation in the last decade. The
clear success of the 1995 National In-
stitute of Neurological Disorders and
Stroke (NINDS) recombinant tissue-
type plasminogen activator (rt-PA) stroke
trial led to the first, and to this day
only, US Food and Drug Adminis-
tration (USFDA)-approved drug for the
treatment of acute ischemic stroke

(National Institute of Neurological Dis-
orders and Stroke rt-PA Stroke Study
Group, 1995). rt-PA was shown to signifi-
cantly improve patient outcome when
delivered within 3 hours of symptom
onset, with benefit lasting up to at least
1 year (Kwiatkowski et al, 1999).

IV thrombolytic therapy is still
very much underused, as only 2% to
8.5% of patients with stroke receive it
(Arora et al, 2005; Bambauer et al,
2006; Kleindorfer et al, 2003). Ideally,
more than 40% of all stroke patients
should receive rt-PA (Bambauer et al,
2006). Three major obstacles prevent-
ing additional rt-PA use have been
proposed by Bambauer and colleagues
(2006): (1) poor public awareness of
stroke symptoms, (2) physician fear
of legal liability, and (3) insufficient
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funding for necessary facilities and
personnel. Additional reasons include
a lack of training for both neurologists
and emergency medicine physicians
in the use of the treatment, lack of
adequate reimbursement for provid-
ing acute treatment (Kleindorfer et al,
2005), infringement of lifestyle for
neurologists who are not well adapted
to urgently arriving to an emergency
department (ED) within a very brief
period of time from notification, and
the shortness of the allowable time
window for administration of therapy
(Kleindorfer et al, 2004) when there
is not a cohesive and efficient emer-
gency approach to acute stroke within
a given hospital (Burgin et al, 2001).

THE STROKE CENTER CONCEPT

In 2000, the Brain Attack Coalition pub-
lished recommendations for establish-
ing primary stroke centers (PSCs) with
the main goal of decreasing stroke-
related mortality and morbidity (Alberts
et al, 2000). The goal was to identify
and certify hospitals that are equipped
to treat patients with acute stroke
with the intent of increasing the use
of rt-PA and standardizing stroke care
nationwide (Mohammad et al, 2006). A
PSC is an establishment dedicated to
providing organized and efficient care
for patients with acute stroke.

Stroke centers are now officially
recognized by The Joint Commission
(formerly Joint Commission on Ac-
creditation of Healthcare Organiza-
tions) and, therefore, have to abide
by certain specific criteria. The specific
certification process will be discussed
later in this chapter. Further, several
individual state departments of health
have been designating PSCs in their
state to improve prehospital triage and
ambulance directives of acute stroke
patients to hospitals properly commit-
ted to acute stroke care and rt-PA use.
This chapter will review the procedure

for earning PSC certification and the
benefits that result from it. First, a dis-
cussion of the finances of stroke care
placed within a historical context is
provided as important background for
the groundswell of interest in stroke
care and treatment leading to the con-
cept of the PSC and the need for pub-
lic and professional education about
stroke.

A HISTORY OF A
SLOWLY IMPROVING
FINANCIAL MISMATCH

For most of the period from June
1996, when the USFDA approved rt-PA
for acute ischemic stroke, to today,
hospitals and neurologists were not
appropriately and adequately reim-
bursed for care and services provided
for patients with acute stroke. ED phy-
sicians typically admitted acute stroke
patients to primary care physicians,
most often family practitioners and in-
ternists. Neurologist consultants saw
the patient later that day or frequently
the next day on rounds prior to going
to the office to see outpatients and
perform electrodiagnostic studies. This
care model was generally acceptable
to most clinicians because there was
not proven, time-dependent treat-
ment for acute ischemic stroke until
the USFDA approval of rt-PA. This
occurred despite physicians who care
for acute stroke proclaiming ‘‘time
is brain’’ (Gomez, 1993). More recent
quantification of this concept suggests
a loss of approximately 2 million neu-
rons per minute during a typical large
vessel occlusive stroke (Saver, 2006).

Slowly, a paradigm shift has evolved
based on the significant financial bene-
fit of rt-PA therapy to a health care
system. More recently, hospitals bene-
fited from a new, improved diagnosis-
related group (DRG) reimbursement
structure for patients with acute ische-
mic stroke treated with rt-PA (DRG
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559) (Figure 6-1) (Demaerschalk and
Durocher, 2007). With this financial
paradigm shift, hospital administrators
and health care business managers
have begun to take acute stroke more
seriously (as it positively impacted the
bottom line). They have been more
willing to partner with physician lead-
ers to develop acute stroke care pro-
tocols that incorporate rt-PA within a
hospital emergency setting. Adminis-
tration has provided, at times, some of
the resources needed to provide this
heightened level and multidisciplinary
complexity of care (Steven R. Levine
personal experience with affiliated com-
munity hospitals and informal survey
of stroke neurologists nationally).

IV rt-PA was first found to be cost-
saving by Fagan and colleagues (1998):
a cost savings of $4 million per 1000
patients treated. Demaerschalk and
Yip (2005) performed a financial mod-

eling analysis on the incremental im-
pact of greater utilization of rt-PA.
If the proportion of acute ischemic
stroke patients receiving rt-PA were
increased to 4%, 6%, 8%, 10%, 15%, or
20%, the realized cost savings would
be approximately $15, $22, $30, $37,
$55, and $74 million, respectively. This
increase would result in an enormous
realized savings for America’s health
care system.

PRACTICAL IMPACT ON
PHYSICIAN BILLING

The American Academy of Neurology
(AAN) recommends that physicians bill
using Current Procedural Terminol-
ogy (CPT) evaluation and manage-
ment (E/M) codes (99221-99223 for
initial hospital care, 99291-99292 for
critical care, and 99356-99357 for pro-
longed inpatient service). The AAN’s
stroke coding guide encourages the
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FIGURE 6-1 Revised US federal government diagnosis related group reimbursements for acute
ischemic stroke.

DRG = diagnosis related group; OR/lx = operating room/interventional; CVA = cerebrovascular accident.

Data from Centers for Medicare & Medicaid Services, Medicare Provider Analysis and Review (MEDPAR), 2003.
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use of the critical care codes for stroke
with appropriate documentation of
time. Recommendations from others
include use of E/M codes 99251 to
99255 for the initial inpatient consul-
tation. Codes for rt-PA administration
(37195), physician standby services
(99360), and phone consultations (99371-
99373) are not covered by Medicare
and many private insurance compa-
nies. Code 37195 is not covered be-
cause it does not contain a physician
work value because oftentimes rt-PA
is administered by hospital staff. Two
attempts to combine these CPT codes
in 2002 to bill for rt-PA administration
calculated reimbursement rates be-
tween $445 and $460 (Bambauer et al,
2006). These reimbursement rates are
similar to reading four electroence-
phalograms, injecting botulinum toxin
into either an arm or a leg, and spend-
ing 1 hour with a critically ill stroke
patient. The clinician summary of the
AAN coding guideline for stroke and
critical care is available at www.aan.
com/globals/axon/assets/2858.pdf and
included as an Appendix.

Incentivizing Physicians to
Perform Acute Stroke Care

There is clearly a problem trying
to provide a financial incentive that
outweighs the liability concern for a
neurologist managing acute rt-PA treat-
ment in an emergency setting. Either
the ED or the neurologist, but not
both, can bill for the rt-PA treatment
procedure. The lack of reimbursement
for some of the relevant E/M codes,
combined with a major cloud of po-
tential liability and lawsuits, creates
little incentive for busy neurologists
to interrupt other work or personal
time to help EDs provide rt-PA.

Two years ago, the US Centers for
Medicare & Medicaid Services created
DRG code 559 to increase reimburse-
ment for stroke patients treated with

rt-PA—almost doubling the reimburse-
ment rate for a similar stroke patient
not given rt-PA. This was a critical step
in facilitating hospital and neurologist
involvement in providing this proven
therapy. The current reimbursement
policy, however, falls short for patients
treated in a ‘‘drip and ship’’ fashion
(ie, patient is given IV rt-PA bolus at
one hospital and transferred during IV
infusion to a second hospital). Only
the facility that initiates treatment can
bill and be reimbursed while the re-
ceiving hospital, despite taking on the
brunt of the postthrombolysis care,
cannot be reimbursed for the throm-
bolytic care through DRG 559. It is
important to note, however, that ef-
fective October 1, 2008, a new In-
ternational Classification of Diseases,
Ninth Revision (ICD-9) v-code be-
came available that should be used
to track cases in which the patient
receives rt-PA at one facility and is then
transferred and admitted to another
facility (V45.88 Status postadminis-
tration of t-PA [rt-PA] in a different
facility within the last 24 hours prior
to admission to current facility; code
first condition requiring t-PA adminis-
tration, such as: acute cerebral infarc-
tion [433.0-433.9 with fifth digit 1,
434.0-434.9 with fifth digit 1] acute
myocardial infarction [410.00-410.92]).
Hospital staff need to use this code
so that these cases can be tracked
and data gathered to assess the need
for a new DRG to address the pay-
ment disparity.

While movement in the direction of
a more systematic, coordinated, mul-
tidisciplinary approach to stroke has
been taking place across the United
States over the past decade, many com-
munity hospitals have still not been
able to identify specialty physician lead-
ers (preferably ED physicians or neu-
rologists) who champion stroke care
in their hospital and work hand in
hand with a facilitative administrator
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to optimize stroke care. This seems to
be a particular problem in the more
rural nonurban hospitals where a rela-
tive lack of protocol-driven, evidence-
based stroke care has been highlighted
(Burgin et al, 2001).

WHAT IS A PRIMARY
STROKE CENTER?

The idea of a stroke center was based
on scientific medical literature that
demonstrated advantages of several
treatments and approaches to acute
stroke care. The evidence, derived
from both randomized clinical trials
and observational studies, suggests
that several elements of a stroke cen-
ter would improve patient care and
outcomes (Table 6-1).

The stroke center designation first
became available in November 2003,
and currently more than 500 programs
carry it (Joint Commission, 2008).

Key elements of PSCs include acute
stroke teams, stroke units, written
care protocols, and an integrated
emergency response system. Impor-
tant support services include availabil-
ity and interpretation of CT scans 24
hours every day and rapid laboratory
testing. Administrative support, strong
leadership, and continuing education
are also important elements for stroke
centers. Adoption of these recommen-
dations may increase the use of ap-
propriate diagnostic and therapeutic
modalities and reduce peri-stroke com-
plications. The establishment of PSCs
has the potential to improve the care of
patients with stroke (Lattimore et al,
2003). One of the most important
challenges is coordinating a multidisci-
plinary approach to acute stroke that
involves hospital administration, emer-
gency physicians and nurses, neurolo-
gists, dedicated stroke beds/unit with
appropriate monitoring, radiology, lab-
oratory, pharmacy, patient transport,
and rehabilitation.

Necessary Components

Many hospitals do not have the nec-
essary infrastructure and organization
to treat patients with stroke rapidly
and efficiently. With this fact in mind,
the Brain Attack Coalition has identi-
fied 11 criteria that are necessary for
establishing a PSC. These can be sub-
divided into two groups: patient care
areas and support services.

The former group includes acute
stroke teams, which would be com-
posed of a variety of health care pro-
fessionals who have experience with
cerebrovascular disease. They can take
alternating shifts, but there must be
at least one physician, along with
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TABLE 6-1 Major Elements
of a Primary
Stroke Center

" Patient Care Areas

Acute stroke teams

Written care protocols

Emergency medical services

Emergency department

Stroke unita

Neurosurgical services

" Support Services

Commitment and support
of medical organization;
a stroke center director

Neuroimaging services

Laboratory services

Outcome and quality
improvement activities

Continuing medical education

aA stroke unit is only required for those pri-
mary stroke centers that will provide ongoing
in-hospital care for patients with stroke.

Reprinted with permission from Alberts MJ,
Hademenos G, Latchaw RE, et al. Recommen-
dations for the establishment of primary stroke
centers. Brain Attack Coalition. JAMA 2000;283(23):
3102–3109. Copyright # 2000, American Medical
Association. All rights reserved.
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another professional, available 24 hours
a day, every day. The teams would have
a system for rapid notification and
activation of a stroke code so that they
can be at the patient’s bedside within
15 minutes of admission. The average
annual cost for the stroke teams would
range from $5000 to $10,000, depend-
ing on their size. There should be
written documentation of the exis-
tence of the teams with a description
of their role, and a log should be kept
for quality improvement purposes. Fi-
nancial incentives need to be consid-
ered (Table 6-2).

The next criterion is written care
protocols, which are needed for the
emergency care of patients with is-
chemia or hemorrhage. There must
also be treatment-specific protocols,
such as one for the use of rt-PA. The
protocols should be available in the
ED, and they should be updated once
a year. Recording adherence to these
protocols can help improve quality on
a continuous basis. Examples include
preprinted admission order sets with

checkboxes that prompt the provider
to address the necessary elements of
stroke care, such as deep vein throm-
bosis prophylaxis, dysphagia screen-
ing, and physical and occupational
therapy consultations. Additionally,
tissue plasminogen activator (t-PA)
order sets reduce t-PA-related compli-
cations by enforcing inclusion and ex-
clusion criteria.

Emergency medical services (EMS)
must be available to provide timely care
to patients. Stroke has to be classified as
a high priority in order to make rapid
access possible, which has been shown
to be beneficial for patient outcome.
EMS must be integrated within the
center itself and can cooperate in edu-
cation initiatives that are launched by
the center. Finally, EMS must have a
written plan of action to which it should
adhere as closely as possible.

Getting Started

What are the Joint Commission re-
quirements? The Joint Commission
has a disease-specific care certification
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TABLE 6-2 Ways to Improve Financial Incentives for Using
Recombinant Tissue-Type Plasminogen Activator to
Treat Stroke Patientsa

" Allowing simultaneous reimbursement for multiple providers
from multiple specialties who contribute on the same day to a
patient’s stroke treatment

" Providing Medicare reimbursement for all relevant CPT codes

" Encouraging private insurance reimbursement of these CPT codes

" Creating new CPT codes for acute resuscitative and chronic
stroke care

" Modifying DRG code 014 reimbursement rates to reflect costs
of modern stroke treatment.

aRecommended by the 2002 National Institute of Neurological Disorders and Stroke report
‘‘Incentives for Enhancing Stroke Care.’’

CPT = Current Procedural Terminology; DRG = diagnosis related group.

Data from Schneider SM, Goldstein LB, Adams JG, et al. Improving the chain of recovery for acute stroke in your
community: task force report. Incentives for enhancing stroke care. www.ninds.nih.gov/news_and_events/
proceedings/stroke_2002/acute_stroke_incentives.htm. Updated July 15, 2008. Accessed August 1, 2008.
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TABLE 6-3 Joint Commission Standardized Measure Set Framework

Domains Key Measurement Areas

Urgent care assessment � Stroke team
� Written care protocols
� Initial physical assessment and neurologic evaluation

Ischemic versus hemorrhagic stroke
Vital signs

� Diagnostics
Blood counts, coagulation, chemistry
EKG
Chest x-ray
Vascular imaging
Brain imaging

Acute care hospitalization/
treatment

� Airway/ventilatory support
� Anticoagulation
� Rehabilitation referral
� Antiplatelet therapy
� Antithrombotic therapy
� Avoidance of nifedipine
� Deep vein thrombosis prophylaxis

Risk factor modification � Smoking
� Obesity
� Alcohol intake
� Heart disease
� Sedentary lifestyle/physical activity
� Diet

Secondary prevention � Hypertension
� Medications
� Carotid artery disease
� Smoking cessation
� Diabetes
� High cholesterol
� History of TIA

Education � Cause of stroke
� Adherence to medication use
� Resources for social support or services
� Risk factor modification/healthy lifestyle
� Treatment of stroke
� Discharge preparation

Rehabilitation � Instrumental activities of daily living
� Multidisciplinary evaluations
� Speech therapy

Dysphagia
Speech and oral expression
Aphasia

� Activities of daily living
� Physical therapy
� Vocational therapy
� Sensory disturbances
� Bowel/bladder control
� Occupational therapy
� Psychological evaluation

Reprinted with permission from Stroke Framework. www.jointcommission.org/NR/rdonlyres/27197CD9-702D-
4395-89F9-5E46E2F7BBF2/0/D_Section2.pdf. Accessed December 10, 2007. Copyright # The Joint Commission, 2008.
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program (Morrison, 2005). Available on
its website is the stroke performance
measurement implementation manual,
which includes information on back-
ground, stroke framework, stroke guide-
lines (supporting measures), measure
information, a data element dictionary,
data collection tool, sampling, glossary,
and references. It also includes ICD-9
Clinical Modification (ICD-9-CM) prin-
cipal diagnosis codes for ischemic stroke,
hemorrhagic stroke, and TIA. Because
requirements may change annually, it is
important to check the Joint Commis-
sion website at www.jointcommission.
org for current requirements. Cost to
the hospital for the initial Joint Com-

mission certification can be thousands
of dollars.

The framework contains domains
for urgent care assessment, acute care
hospitalization/treatment, risk factor
modification, secondary prevention, edu-
cation, and rehabilitation. Key mea-
surement areas for these domains are
listed in Table 6-3. The timeline for
certification is shown in Figure 6-2.

The 10 Joint Commission–
recommended stroke-specific care per-
formance measures are listed in
Table 6-4. All 10 measures are required
for certification as of January 1, 2008.
Evidence-based literature to support
each performance measure is provided
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FIGURE 6-2 Disease-specific care certification timeline.

Reprinted with permission from Morrison K. The road to JCAHO disease-specific care
certification: a step-by-step process log. Dimens Crit Care Nurs 2005;24(5):221–227.
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on the Joint Commission website.
These are the new guidelines, and,
therefore, this is an iterative process
that will require revisions as care stand-
ards will evolve. The data elements
required to capture for the certification
process are also listed and explained in a
very straightforward manner. All terms
are defined for standardization of data
collection and reliability.

The data collected allow continuous
quality improvement for the hospital—
to track each of the performance
measures each quarter, to discuss the
results with members of the stroke
center, and to work on processes to
improve the rates of compliance.

BENEFITS OF BECOMING A
PRIMARY STROKE CENTER

By becoming a PSC, an institution can
raise its standard of care for acute stroke.
PSC designation allows a hospital to
develop and implement a protocol for
multidisciplinary care of patients with
acute and subacute stroke and appro-
priate use of rt-PA. An example of this is
shown in Figure 6-3. Expected benefits
of becoming a designated stroke center
are summarized in Table 6-5.

STROKE CENTER PERSONNEL

Stroke is a complex disease that spans
several medical and surgical specialties.
In order to provide stroke center–level
care, it is critical to bring expertise
from these different disciplines together
to provide synergism in the care of a
patient with stroke. Typically, stroke
centers would have some level of re-
presentation or involvement from the
areas of neurology, emergency medicine,
radiology/neuroradiology, neurosurgery,
internal medicine, physiatry, family prac-
tice, vascular surgery, critical care, labo-
ratory medicine/clinical pathology, cardi-
ology, quality assurance, and hospital
administration. Having regular dialogue
and meetings with representatives from
these various fields can help ensure that
care processes and protocols are opti-
mized for the individual stroke center
and that the patient’s needs are given top
priority. A ‘‘quarterback’’—the director
of the stroke center—is needed to
facilitate meetings and processes and
take overall responsibility for the center’s
function. Choosing the best person for
the job is often a critical factor in the
successful operations of the stroke cen-
ter. Typically this person is a neurologist.
Given the current relative lack of subspe-
cialty-boarded vascular neurologists, it is
not practical to have fellowship-trained
stroke physicians at most hospitals.

The director should expect to com-
mit time to the development and
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TABLE 6-4 Joint Commission
Stroke-Specific
Care Performance
Measuresa

" Deep vein thrombosis
prophylaxis

" Discharged on
antithrombotic therapy

" Patients with atrial
fibrillation receiving
anticoagulation therapy

" Thrombolytic therapy
administered

" Antithrombotic therapy
by end of hospital day 2

" Discharged on cholesterol-
reducing medication

" Dysphagia screening

" Stroke education

" Smoking cessation/advice/
counseling

" Assessed for rehabilitation

aEffective January 1, 2008, all 10 measures
are required for certification.

Reprinted with permission from Standardized
stroke measure set (harmonized measures).
www.jointcommission.org/CertificationPrograms/
PrimaryStrokeCenters/standardized_stroke_measure_
set.htm.AccessedDecember10, 2007.Copyright#
The Joint Commission, 2008.

"PRIMARY STROKE CENTERS

Copyright @ American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



maintenance of the stroke center. Much
of the effort to launch the stroke center
occurs at the front end of the process.
It is optimal, through the support
of hospital administration (after they
understand the financial benefits of be-
coming a designated/certified stroke
center), to have a stroke center coordi-
nator who works hand in hand with the

director and the related disciplines to
help conduct quality improvement ac-
tivities (Figure 6-4), insure prospective
data capture of all patients with stroke
seen or admitted, summarize the data,
and help plan the educational activities.
Based on stroke volume, this is either a
part-time (typically approximately half-
time) or full-time position. A skill set for
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EMD = emergency medicine department; ED = emergency department;
CVA = cerebrovascular accident; tPA = tissue plasminogen activator; IA tPA = intraarterial tissue
plasminogen activator; TNU = transitional nursing unit.

Reprinted with permission from Morrison K. The road to JCAHO disease-specific care certification: a step-by-step
process log. Dimens Crit Care Nurs 2005;24(5):221–227.
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both the director and the coordinator
should include consensus building with
good interpersonal abilities, negotiating
savvy, administrative abilities, and ex-
cellent clinical skills. An enlightened
hospital administration may even sup-

port (and should support) part of the
salary/income of the stroke center
director for this added and important
hospital responsibility.

A STEP-BY-STEP GUIDE TO
REQUIRED STROKE SERVICES

Commitment to Stroke Services
and Their Awareness Within the
Hospital and Community

A hospital interested in becoming a
stroke center must have an awareness
of its acute stroke care abilities and
resources and wish to improve them.
Preparing a current inventory of rele-
vant services is helpful. Administration
within the hospital can help by es-
tablishing mechanisms to guide and
guarantee working relationships with
professional and community groups
committed to increasing public aware-
ness of stroke as well as access to
acute stroke care. The stroke cham-
pion or hospital-appointed profes-
sional will be the community liaison
and work to improve timely access to
acute stroke care for all community
members in collaboration with private,
public, and voluntary sectors of the
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TABLE 6-5 Expected Benefits
of Primary Stroke
Centers

" Improved efficiency of
patient care

" Fewer peri-stroke
complications

" Increased use of acute stroke
therapies

" Reduced morbidity and
mortality

" Improved long-term
outcomes

" Reduced cost to health care
system

" Increased patient satisfaction

Reprinted with permission from Alberts MJ,
Hademenos G, Latchaw RE, et al. Recommenda-
tions for the establishment of primary stroke
centers. Brain Attack Coalition. JAMA 2000;
283(23):3102–3109. Copyright # 2000, Ameri-
can Medical Association. All rights reserved.

FIGURE 6-4 Examples of measuring Joint Commission (formerly JCAHO) performance measures.
Percentage of patients with ischemic stroke receiving (A) prophylaxis for deep
vein thrombosis (DVT) and (B) serum lipid profile testing during admission.

Reprinted with permission from Stradling D, Yu W, Langdorf ML, et al. Stroke care delivery before vs after JCAHO stroke
center certification. Neurology 2007;68:469–470. Copyright # 2007, AAN Enterprises Inc. All rights reserved.
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community. Twice a year, the hospital
stroke center should provide a public
education program on stroke risk
factors, warning signs, prevention,
and acute treatment.

Maximize Optimal Stroke Care

An ongoing and detailed monitoring
process is necessary to optimize acute
stroke care. This includes time-to-care-
process documentation, quality mea-
sures, working through barriers, and
addressing areas that fall below na-
tional benchmark standards. There
must be coordination of services with
EMS, the ED, nurses, the neurologist,
and the departments of radiology,
pharmacy, clinical laboratory, reha-
bilitation, and administration. Ideally,
an area should be designated for pa-
tients with stroke, which includes des-
ignated stroke beds. The leadership
of the stroke center should be docu-
mented on an ongoing basis, with
written acknowledgment by adminis-
tration, regular stroke team/center
meetings, and on-file documentation
(curricula vitae) of key stroke center
personnel training and expertise. There
should be a listing of resources avail-
able for the stroke center and a budget.

Maintain Written Care
Protocols and Pathways

Written standing orders should be
developed based on evidence from
the published peer-reviewed medi-
cal literature and endorsed by the
American Stroke Association/American
Heart Association, the AAN, and/or the
NIH. This provides and encourages
consistency of care and avoids using
out-of-date, unproven, and potentially
dangerous therapies. These guidelines
would include practical approaches to
use of diagnostic studies, patient
monitoring type and frequency, medi-
cations, consultants, and discharge
planning. These guidelines should be
reviewed and updated annually.

Organize an Acute Stroke Team

A qualified health professional (typi-
cally a neurologist, neurosurgeon, or
someone with expertise and experi-
ence in acute stroke care) should lead
the stroke team. At a minimum, a
stroke center leader who is board
certified or board qualified (as not
enough fellowship-trained stroke spe-
cialists are available) with special
competence in caring for and treat-
ing patients with stroke should be
designated. In addition, there should
be another health care professional,
such as a registered nurse, nurse prac-
titioner, or physician’s assistant, who
is also experienced in caring for pa-
tients with stroke. Written docu-
mentation of administrative support,
staffing, notification plans, response
times, and quality improvement pro-
cedures and actions taken should
be implemented. The acute stroke
team should be on call 24 hours a
day, 7 days a week, 365 days a year
and be available at the bedside within
15 minutes of being notified. A stroke
log should be maintained that sum-
marizes all patients with acute stroke
that led to stroke team notification,
the team’s response times, patient di-
agnosis, treatments, and outcomes.

Integration of Emergency
Medical Services

Well-developed communication lines
with EMS should be in place. This can
be facilitated with a letter of commit-
ment to integrate EMS within the ED
of the hospital and can help empha-
size the need for rapid patient trans-
port and prehospital stroke scales and
assessment. Educational activities for
EMS personnel should be provided at
least twice a year.

Educate Emergency
Department Personnel

Physicians and other health care
professionals working in the ED
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should receive formal education on all
aspects of acute stroke (ischemic and
hemorrhagic)—history, examination,
NIH Stroke Scale score, diagnostic
studies, treatment (specifically includ-
ing rt-PA), supportive care, monitor-
ing, and outcome. They should also be
updated regularly to ensure familiarity
with procedures for communicating
with EMS and activating the stroke
team. ED personnel should attend
CME programs on stroke at least twice
a year.

Ensure Rapid Access to
Neuroimaging (Typically
Head CT Scanning)

There should be a written agreement
and understanding between the stroke
center leader/director and the chief
of radiology that documents rapid ac-
cess to head CT scanning and its in-
terpretation for acute stroke patients
24 hours a day, 7 days a week, 365
days a year. Head CT (or MRI) should
be performed within 20 minutes of
being ordered and interpreted within
20 minutes of the study’s completion.
This can be performed, as necessary,
using telemedicine (teleradiology).
Documentation, such as a logbook,
should be provided for all stroke CT
requests and interpretations to assess
compliance with these guidelines.

Availability of Laboratory
Services

A written agreement and understand-
ing should be established between the
stroke center leader/director and the
chief of laboratory services that docu-
ments rapid access (within 45 minutes
of being ordered) to specific, stroke-
related (rt-PA protocol required) labo-
ratory studies 24 hours a day, 7 days a
week, 365 days a year. A logbook
should be provided for documenta-
tion of all acute stroke laboratory
studies to assess compliance with
these guidelines.

Stroke Unit/Designated
Beds Availability

A designated unit should be available
for patients with stroke beyond the
acute treatment period, either within
the stroke center or at another site.
These arrangements should be pre-
specified and written. The functions
of the stroke unit should be docu-
mented. These include admission and
discharge criteria, care protocols, pa-
tient census, and outcomes data. Phy-
sicians, nurses, and staff on the stroke
unit team must receive a minimum of
8 hours of CME or its equivalent credit
annually in the area of care of pa-
tients with cerebrovascular disease.
The stroke unit should be equipped
with necessary tools and technology
to properly care for patients with
stroke who are medically stable. These
include written care protocols and
capability to continuously and non-
invasively monitor blood pressure and
cardiac rhythm. This may be accom-
plished by locating the acute stroke
designated beds within an intensive
care unit.

Focus on Secondary
Stroke Prevention

A key part of the stroke center is
the coordinated multidisciplinary ap-
proach to prevent recurrent stroke
and vascular events. Standardized pre-
written orders should be available to
ensure stroke mechanism-based pre-
vention measures, treatments, and risk
factor modification. Prewritten orders
to assess/monitor and address poten-
tial complications are also required.

Focus on Patient/Family
Education and Support

Standing orders to address education
requirements should be available for
all patients and their families. Infor-
mation should address definition of
a stroke, types of stroke, prognosis,
treatment options, complications, risk
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factors and their modification, post-
stroke support services (including
stroke clubs), and warning signs.

Discharge Planning

Each patient with acute stroke admit-
ted to the stroke center should have
a clear plan for discharge and place-
ment after acute hospitalization. There
should be a systematic identification of
potential candidates for rehabilitation
as well as follow-up for continuity of
care with a physician knowledgeable
about stroke.

Continuous Quality
Improvement for
Stroke Outcomes

The stroke center must have estab-
lished outcome measures that are
time specific and quantifiable. At least
annual comparison of stroke out-
comes at the stroke center with es-
tablished national benchmarks and
comparator hospitals should be
done. The stroke center director
ought to maintain a stroke database/
data system/registry that can track the
number and type of stroke patients
seen, their treatments, time to key
processes, and the quality improve-
ment indicators. Regular meetings
should be held (at least 2 to 3 times
a year and preferably quarterly) involv-
ing the stroke team and personnel
from quality assurance. Data should be
reviewed and critiqued; bad outcomes
and indicators below national stand-
ards should be discussed with the
focus on improving current systems
of care. The stroke center director
should maintain documentation of
steps taken to improve outcomes,
costs, reduce length of stay, increase
admissions, and establish uniform
practice standards among physicians
caring for patients with stroke. The
stroke center priorities will be based
on this information and the need to
provide continuity of professional and

public education. Finally, a strategic
plan for the stroke center should be
formulated by the stroke center direc-
tor and stroke team. This will assess
the population’s need for acute stroke
care and the stroke center’s capabil-
ity to provide for these needs. Ongo-
ing internal and external monitoring
should be done with adjustments
made as needed (Tilley et al, 1997).
Figure 6-5 provides an example of
tracking t-PA use before and during
a pilot phase and after developing a
stroke team within a stroke center.

Once a stroke center is up and
running, there are ongoing mainte-
nance costs to maintain the high
quality of care (Table 6-6).

STROKE EDUCATION

The need to educate both profession-
als and the public about stroke is
great, considering that fewer than 5%
of all patients with strokes receive the
only USFDA-approved and proven
therapy for acute ischemic stroke. Key
areas include providing information
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FIGURE 6-5 Percentage of patients
treated with recombinant
tissue-type plasminogen

activator related to the establishment of a
primary stroke center.

t-PA = tissue plasminogen activator.

Reprinted with permission from Lattimore SU,
Chalela J, Davis L, et al. Impact of establishing a
primary stroke center at a community hospital on the
use of thrombolytic therapy: the NINDS Suburban
Hospital Stroke Center experience. Stroke
2003;34(6):e55–e57.
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about why stroke is a major medical
emergency and that stroke is common,
serious, and expensive. The need to
activate 911 is a crucial public mes-
sage. The data from Table 6-7 support
the need for professional education.

The Joint Commission requires that
the core stroke team have 8 hours of
continuing stroke education annually.
Each team is defined by the individual
hospital. The core team is typically
composed of staff responsible for
oversight of the stroke program and
protocols. The 8 hours of continu-
ing education can be accomplished
through various methods, such as
grand rounds, seminars or confer-
ences, internet-based learning, and
literature review. Certified medical
education (CME) is not specifically re-
quired by the Joint Commission. The
methods used for continuing educa-
tion may not have CME attached but
need to be specific to stroke.

As stated on the Joint Commission
website, the American Stroke Associa-

tion expert panel would recommend
that this team have 8 hours of con-
tinuing education units from confer-
ences that provide updates on acute
stroke care. A minimum of 80% of the
ED staff is required to be knowledge-
able about the organization’s acute
stroke protocol. The staff that pro-
vides direct care to the patient with
stroke should receive stroke educa-
tion, but 8 hours is not required. This
would include staff from the critical
care, neurology, and step-down units
or wherever the stroke patient may
receive care in the organization. Nurses
on nonstroke units, where patients
with stroke are not routinely provided
care, and ancillary staff, such as house-
keeping and dietary, are supposed to
understand the signs and symptoms of
stroke. In addition, they need to un-
derstand how to activate the organiza-
tion’s emergency response team.

Specific content typically addressed
at conferences geared for profes-
sional stroke education updates include
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TABLE 6-6 Annual Cost Estimates for Primary Stroke Centers

Cost Item Amounta

Acute stroke team $5000 to $20,000

Stroke unitb $0 to $120,000

Radiology technician coverage $0 to $50,000

Physician leader $0 to $20,000

Staff education support $1000 to $5000

Public educational programs $2000 to $10,000

Marketing $0 to $20,000

aThese cost estimates vary based on the current staffing levels, programmatic support, reimburse-
ment policies, and infrastructure at a specific hospital. Hospitals with ongoing stroke programs may
not have to expend additional monies in these areas.
bCosts for the stroke unit are based on additional staffing needs and do not include the costs of new
infrastructure (ie, room renovations, telemetry equipment) needed to build a new unit. Staffing
costs will vary depending on current staffing levels, duties, and coverage at specific hospitals.

Reprinted with permission from Alberts MJ, Hademenos G, Latchaw RE, et al. Recommendations for the estab-
lishment of primary stroke centers. Brain Attack Coalition. JAMA 2000;283(23):3102–3109. Copyright # 2000,
American Medical Association. All rights reserved.
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management of both hemorrhagic and
ischemic acute stroke, management of
acute TIAs, pre–hospital care of acute
stroke, updates on stroke certifica-
tion and designation processes (Joint
Commission and state based), stroke
pathogenesis and etiology, brain and
vascular imaging, treatment (the spec-
trum of acute options), risk factor iden-
tification and management, ongoing
relevant clinical trials, rehabilitation/
recovery/repair and restoration, and
nursing issues.

DEVELOPING A LINK TO
A COMPREHENSIVE
STROKE CENTER

While focusing at first on primary stroke
centers, the Brain Attack Coalition also

mentioned the need for establishing
comprehensive stroke centers (CSCs).
PSCs would provide emergency care
and stabilize patients, and the CSCs
would provide complete care for the
most complex stroke cases. Everything
that is needed for stroke care would be
available at the CSC site, and patients
could be transferred from a PSC to the
nearest CSC if deemed necessary. CSC
certification brings stroke care to an
even higher level, and recommenda-
tions were established in 2005 in order
to make this next step possible
(Mohammad et al, 2006). Once enough
CSCs are established, PSCs need to
develop a link with the closest CSC so
as to develop regional networks for
acute stroke care, in which several PSCs
would branch off each CSC. These
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TABLE 6-7 Results of Opinion Questions About Stroke Centers
Provided by Specialty

Opinion

Resultsa

GN SCCN EP NS NSA All

Felt there is a need for stroke centers 82 77 58 88 98 79

Expressed desire for their primary hospital
to be designated as a primary stroke center

79 80 72 86 90 81

Expressed desire for their primary
hospital to be designated as a
comprehensive stroke center

74 71 59 89 94 76

Felt EMS diversion of patients with
acute stroke to designated stroke centers
is a good idea

74 68 50 84 91 72

Felt that national regulations should
be developed to standardize EMS

61 67 50 66 90 64

Felt that the benefit of IV t-PA
outweighs the risk

76 80 53 73 95 74

Felt that the level of reimbursement
influences IV t-PA administration decisions

3 5 1 2 6 3

aNumbers are percentages.

GN = general neurologists; SCCN = stroke and critical care neurologists; EP = emergency
department physicians; NS = neurosurgeons; NSA = National Stroke Association Stroke Center
Network members; EMS = emergency medical services; t-PA = tissue plasminogen activator.

Data from Kidwell CS, Shephard T, Tonn S, et al. Establishment of primary stroke centers: a survey of physician
attitudes and hospital resources. Neurology 2003;60(9):1452–1456.
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networks would then allow for fast
patient transfers and make it easier to
enroll patients in clinical trials, which
are needed to develop new, more

effective treatments for stroke. Linking
a PSC to a CSC allows ongoing support
and development of relationships that
can only improve patient care.
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‘‘HOW TO’’ GUIDE FOR
CLINICIANS INTERESTED
IN BECOMING
INVOLVED IN CLINICAL
STROKE RESEARCH
Steven R. Levine, David Adamowicz, Karen C. Johnston

ABSTRACT

Clinical stroke research is typically performed within the domain of large academic
medical centers led by stroke specialists generally well versed in clinical trial
methodology and performance. Practitioners who see and treat patients with
stroke on a regular basis, either as inpatients acutely or as outpatients after the
acute hospitalization, have the opportunity to help advance stroke care by testing
the same new and promising therapies that are being employed at academic
medical centers. This chapter provides an overview of clinical trial structure and
implementation that we hope will provide impetus to the practitioner to consider
becoming involved in stroke clinical trials. The benefits to practitioners include
providing the same promising treatments that patients receive at tertiary care
stroke centers, greater patient satisfaction in knowing they are getting state-of-
the-art care, enhanced referral patterns, and financial remuneration, among
others. Topics covered include resources needed, relationship to academic medical
centers, ethical and institutional review board issues, patient perspective, budget,
recruitment, informed consent, data collection and management, safety, outcome
measures, and lessons from other diseases.

Continuum Lifelong Learning Neurol 2008;14(6):117–132.

INTRODUCTION

Clinical research allows discovery of
new knowledge and improved patient
care that is immediately transferable
to patients. In the setting of clinical
equipoise when the stroke community

does not know which treatment is bet-
ter, randomized clinical trials (RCTs) are
conducted as the criterion standard
for evaluating treatments to determine
optimal care. RCTs are essential in
such a setting when the preferred
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treatment is unknown. Improved
evidence-based stroke care can only
emerge as a result of carefully con-
ducted clinical research, primarily
from RCTs, although many other types
of clinical research exist. As rapid
enrollment facilitates efficient an-
swers to important clinical questions,
a commitment to clinical research by
both academic and practicing physi-
cians would improve stroke patient
care (Table 7-1). Additionally, the
availability of clinical research options
offers the patients an additional treat-
ment option that may improve their
outlook, as well as their outcome,
after stroke or in the prevention of
stroke. This chapter will review basic
information about conducting clini-
cal research (with a focus on RCTs),
the available resources, and the po-
tential benefits and potential costs of
participation.

An evaluation of 28 National Insti-
tute of Neurological Disorders and
Stroke (NINDS)-funded RCTs con-
ducted over 2 decades from 1980 to
2000 determined that the cost to

taxpayers was $335 million, but the
net benefit to society over a 10-year
period was $15.2 billion. An estimated
470,000 additional quality-adjusted life
years were saved as a result of these
trials (Johnston et al, 2006).

Research performed in the private
practice setting allows access to an un-
selected heterogeneous patient popu-
lation (versus selection biases inherent
to tertiary referral centers). Further,
practice-based research participation
may speed enrollment into clinical
trials so that answers can be forth-
coming in a more timely manner.

ASPECTS TO CONSIDER

A private practitioner can become
involved in clinical trials in several
ways. The most direct method is to
become an investigator. Many physi-
cians list time commitment as a major
barrier to involvement (Ross et al,
1999). However, with careful plan-
ning, in addition to an organized and
well-trained supporting staff, the time
commitment can be kept to the min-
imum necessary.
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TABLE 7-1 Potential Benefits of Participating in Clinical Trials

" Networking with other clinicians interested in the same problem
or disease

" Becoming an active member of the clinical research community

" Helping answer important questions about the causes of disease

" Being able to offer patients state-of-the-art/cutting-edge treatments
that are often only available at large, academic medical centers

" Advancing the field and helping to create new knowledge

" Improving generalizability of research results

" Providing faster answers to important clinical questions

" Receiving named participation in publications and presentations
(good advertising for the practice)

" Enhancing referral patterns from clinicians in neighboring areas who are
not participating in trials

" Bringing supplemental income into the practice
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The first requirement for becoming
an investigator is motivation. A moti-
vated investigator will positively affect
all those working on the project,
which will help the trial move along
smoothly. The investigator also needs
practical experience in the target area
(eg, acute stroke and/or stroke pre-
vention), as well as knowledge of the
RCT study design and, if so predis-
posed, statistical methods. Figure 7-1
outlines the basic steps involved in
conducting a clinical trial. Certain
characteristic features of trials can be
learned along the way through orga-
nizational meetings, a manual of oper-
ations, Web sites, and telephone assis-
tance, among other things. Certain
universities and teaching hospitals as
well as private and commercial re-
search organizations offer courses in
conducting clinical trials, which may
also be useful for getting started.

Before starting, the investigator must
consider various aspects of the trial
(Chen and Worrall, 2006a; Chen and
Worrall, 2006b), including what stage
of development the drug is in, what
kind of doses given, and what ethical
issues involved (Figure 7-2). It is also
important to know whether a placebo
arm is used and whether the trial is

double-blinded, which reduces the
possibility of bias.

If it is a phase 3 RCT, the appropriate
in vitro and in vivo work should have
been done beforehand. Unfortunately,
this is not always the case because of
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FIGURE 7-1 General steps in conduct of randomized controlled trials.

Adapted with permission from Lader EW, Cannon CP, Ohman EM,
et al. The clinician as investigator: participating in clinical trials in the practice setting.
Circulation 2004;109(21):2672–2679.

FIGURE 7-2 How to decide whether to participate in a clinical trial.

Adapted with permission from Lader EW, Cannon CP, Ohman EM,
et al. The clinician as investigator: participating in clinical trials in the practice setting.
Circulation 2004;109(21):2672–2679.
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competitive time pressure from the
sponsoring agencies, such as pharma-
ceutical companies (Chappell, 2001).

Many sources are available to help
private practitioners identify suitable
trials that are looking for investigators
(discussed later in this chapter). Once
having become investigators, they can
go a step farther by becoming part of
writing groups, helping to report the
results of the trials in which they have
participated. Another way for physi-
cians to become involved in clinical
trials, although less direct, is simply to
refer patients to trials that are recruit-
ing subjects. These trials could be going
on in nearby hospitals or research
centers. Because private practitioners
see so many clinical cases, such a small
step would provide great support to
those conducting trials.

Evidence from nonurban emergency
departments (Burgin et al, 2001) indi-
cates that acute stroke care is gener-
ally not performed according to pub-
lished guidelines or clinical trial results
(evidence-based medicine). This sug-
gests that simply by having the practi-
tioner enroll eligible patients in acute
stroke trials, the quality and level of acute
stroke care would be optimized with the
additional added benefit of avoiding
potential malpractice allegations.

RESOURCES NEEDED

Additional personnel are recom-
mended when adding clinical trials to
a private practice. A research coordina-
tor (preferably one with previous clini-
cal trial experience) can be helpful in
greatly limiting the investigator’s time
commitment to the trial. The coordina-
tor would typically be a nurse, nurse
practitioner, physician’s assistant, or
trained individual with a medical back-
ground (Lader et al, 2004). The coor-
dinator would be in charge of the day-
to-day activities relating to the trial,
including overseeing trial logistics such
as training the other staff involved,

making sure that all the equipment
and supplies necessary are available,
and following up regularly with the
patients. The coordinator would also
track the course of the trial. There
could be a need for more nurses in
order to cut down on waiting times. It
can also be useful to hire research
assistants who would collect and
process the data. All staff involved
should be familiar with the design of
the trial and the specific aspect of
the protocol assigned for which they
are responsible. If a telemedicine unit
is used, additional technical staff may
be necessary to operate the unit. The
number of new personnel that are
needed will depend on the size of the
trial and the number of concurrent
trials going on in the office or hospital.

Private practitioners have a plethora
of resources at their disposal to help
them become involved in clinical trials
for stroke. Many government-sponsored
Web sites as well as university Web sites
are looking for investigators for clinical
trials. Large academic institutions are
often involved in multiple multicenter
trials that are sponsored by the gov-
ernment or by pharmaceutical compa-
nies, and private practitioners can par-
ticipate with their institution as one
of the study sites (Figure 7-3). The
Stroke Trial Registry (www.strokecenter.
org/trials) is an extensive online data-
base of ongoing and completed stroke
trials. The NIH Web site (www.nih.gov)
also has a listing of clinical trials for
stroke. In addition to its listings, the
NIH has created an online community-
based network dedicated to clinical re-
search through its NIH Roadmap for
Medical Research Initiative (nihroadmap.
nih.gov) so that investigators can share
resources (Lader et al, 2004). The NINDS
also has a similar network, which is
called the NINDS Clinical Research
Collaboration (nindscrc.org or www.
ninds.nih.gov/funding/research/clinical_
research/crc.htm).
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The NIH-funded Clinical Research
Collaboration project facilitates the in-
clusion of private doctors to partici-
pate at various levels (highly flexible)
in clinical research activities. This is a
great resource, and we strongly en-
courage the reader to access the Web
site and learn more. An extremely help-
ful researcher’s toolkit walks a clinician
through the process. Practitioners can
participate in registries and all phases
of clinical trials, including RCTs, or they
can just identify patients from their prac-
tice and send them to nearby enrolling
sites. Alternatively, they can participate
in full enrollment and follow-up through
final outcome measures.

For government-sponsored trials,
one can sort listings on the Web site
clinicaltrials.gov by condition and in-
clude only the ones relating to stroke.

A ‘‘site visit’’ or ‘‘field trip’’ to
another regional practice involved in
clinical research is a good way to gain
insight into the advantages and chal-
lenges that accompany becoming in-
volved in clinical research.

Regular, optimally weekly, meetings
of the clinical trial personnel and in-
volved staff is extremely useful to re-

view trial progress, recruitment issues,
and unexpected challenges and barriers.

RELATIONSHIP TO
ACADEMIC CENTERS

For the successful operation of a
clinical trial performed in the private
practice setting, working with a nearby
or regional academic medical center is
very useful. It can help with develop-
ing the study design and protocol, as-
sisting with institutional review board
(IRB) and Health Insurance Portability
and Accountability Act (HIPAA) issues
and approval, as well as the logistics of
the trial, including staffing, resources,
and equipment requirements. For ex-
ample, an academic center can pro-
vide quick responses to tests that
cannot be done at the private practice
itself. In addition, it can review the
ethics of the trial and help with staff
training. For trials that involve acute
stroke treatments in which the subjects
usually have to be enrolled within a
certain narrow time window after symp-
tom onset, this training is necessary in
order to minimize delays in the chain
from time of enrollment to the admin-
istration of treatment (Lyden et al, 1994).
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FIGURE 7-3 Simplified organizational structure of clinical trial.

Reprinted with permission from Lader EW, Cannon CP, Ohman
EM, et al. The clinician as investigator: participating in clinical trials in the practice
setting. Circulation 2004;109(21):2672–2679.
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ETHICAL AND INSTITUTIONAL
REVIEW BOARD ISSUES

Before being able to recruit patients
for a clinical trial, the investigator must
work with an IRB. The IRB will de-
termine whether it feels the trial pro-
tocol is ethical and might require
certain changes to be made. The pro-
cedure for obtaining consent is heavily
scrutinized, especially in the case where
patients cannot give consent themselves
because of their medical condition. The
IRB also makes sure that there are no
conflicts of interest, such as the primary
investigator having a stake in the

company producing the drug about
to be investigated (eg, stock or other
investments). If any financial incen-
tives are involved, they must be dis-
closed to the IRB for review.

Investigators must understand the
moral and legal duties to which they
are obligated throughout the trial, as
well as the regulations that govern all
kinds of human research (Figure 7-4).
They must also comply with HIPAA,
which was designed to protect patient
privacy (Lader et al, 2004). When pri-
vate practitioners do not have direct
access to an IRB through their own
institution, they can work with a re-
gional IRB or one from a nearby teach-
ing hospital.

The practitioner must be aware of
patients’ ‘‘therapeutic misconceptions’’
that exist about clinical trials. Clinical
practice is not the same as clinical re-
search. The primary goal of clinical
practice includes providing the best
established care for each patient. The
primary goal of clinical research is to
test the safety and/or efficacy of a new
and promising treatment in a scientific
manner. This concept must be un-
derstood by the practitioner before
entering the clinical trials arena and
must also be accurately conveyed to
the patient for whom a clinical trial is
being considered. Patients should not
be misled about the real or perceived
benefits of participating in a clinical
trial that would go above and beyond
their usual care.

PATIENT PERSPECTIVE

Patients enrolling in clinical trials should
not regret doing so and, in the ideal
world, should be made to feel eager
to participate to receive cutting-edge
care and a chance at a treatment that
is most promising for a serious dis-
ease. Unfortunately, many patients
feel that they are being asked to
be ‘‘guinea pigs’’—to be the one to
test a treatment that has not been
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FIGURE 7-4 Overview of regulations governing human research.

GCP = good clinical practice; IRB = institutional review
board; CFR = Code of Federal Regulations; NIH = National Institutes of
Health; FDA = US Food and Drug Administration.

Reprinted with permission from Lader EW, Cannon CP, Ohman EM, et al. The clinician as
investigator: participating in clinical trials in the practice setting. Circulation 2004;109(21):
2672–2679.
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established to be safe or useful. Some
degree of distrust exists, in part be-
cause prior ethical issues in clinical
trials have been highly publicized.
Specifically, the Tuskegee Experiment
was one of the United States’ most
historical and grievous breaches of
clinical trial ethics. The study involved
399 African American men with syph-
ilis who were deliberately not treated
so investigators could study how the
disease damages the body. A study like
that certainly could not be conducted
today with the sensitized and watchful
eyes of IRBs.

There should be no cost for the
patient when participating in clinical
trials, even for follow-up to a study
(Lader et al, 2004). Travel fees, as well
as any other expenses stemming from
the trial, should be reimbursed. The
health of the patient should be a
primary concern, and the trial should
be able to be stopped at any time in
the event of serious adverse effects.
Furthermore, patients should have the
right to stop participating in a trial at
their request. A change in the doctor-
patient relationship has been cited as a
barrier to participation in clinical trials
(Ross et al, 1999), but using the guide-
lines above, trust can be maintained in
the relationship, and patient satisfac-
tion can be ensured.

Patients should also be educated on
the different phases of clinical trials,
such as phase 1, which is typically
conducted for safety and feasibility.
Most phase 2 studies are RCTs. Often
these studies are double-blinded—
neither the patients nor the research-
ers know who is getting the experi-
mental drug. Comparative information
about the relative safety of the new
drug and its effectiveness can be ob-
tained. Only about one-third of exper-
imental drugs successfully complete both
phase 1 and phase 2 studies. Phase 3
RCTs are typically conducted to obtain
definitive data on a treatment’s bene-

fits and risks based on promising re-
sults from phase 2 studies. Phase 4
trials are post–US Food and Drug Ad-
ministration (USFDA) approval studies
investigating how the treatment is
working in ‘‘the real world’’—safety
and efficacy.

A useful Web site, www.sephmersciences.
com/Test.html, provides information
(videos) about the conduct of clinical
trials and strategies to help patients
make decisions and allows investi-
gators to gain insight into the ethics
required in conducting clinical trials.
The USFDA also has a Web site, www.
fda.gov/oc/gcp/, that discusses good clin-
ical practice in USFDA-regulated clin-
ical trials. CenterWatch provides a
clinical trials listing service, www.
centerwatch.com/patient/backgrnd.html.

For such devastating diseases as ALS
and glioblastoma multiforme for which
there is no proven beneficial treat-
ment, clinical research (ie enrollment
into an RCT) may be the only hopeful
option for patients. For stroke, some
treatments exist, but many patients
have few options without research.
Clinical research provides hope and
choices, and therefore control, as well
as improved care.

BUDGETARY ISSUES

Before beginning a clinical trial, a bud-
get must be negotiated among the
investigators, coordinating center, and
sponsor. Prior to signing any con-
tracts with the sponsoring agency, it
is very important for first-time and
inexperienced investigators to discuss
and review the budgets with more ex-
perienced researchers. This will en-
sure that the costs associated with the
trial conduct are not underestimated
because doing so would then impose
financial burden on the practice.

Individuals working in the trial
should be paid in accordance with
the extent to which they are involved
in the conduct of the trial. The cost for
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supporting the trial should include, in
addition to remuneration for the staff
(investigators, coordinators), the cost
of additional equipment if necessary,
costs for laboratory and diagnostic
testing (that is not part of routine
clinical care), and training and adver-
tising costs. Typically, hospitals and
clinics offer a discounted cost for re-
search-related diagnostic testing.

In the case of laboratory tests, such
as those used for screening purposes,
not being covered in the budget, the
investigator can often negotiate a dis-
counted rate with a laboratory or local
hospital. All costs should be included
in the budget whenever possible so
that conducting the trial is not a losing
financial proposition. Other costs that
are not covered in the budget can
sometimes be paid through a research
fund, which has been established using
the surplus funds from earlier trials.
Based on the agreed-upon amount for
the investigator’s and coordinator’s time
and effort, ample opportunity exists to
craft a budget that could allow monies
into the clinical practice from patient
enrollment. This could then offset clin-
ical care costs for uninsured or under-
insured patients. The institution or
practice group participating may also
receive indirect financial benefits, such
as added prestige, which should be
considered when drafting a budget
(Lader et al, 2004).

RECRUITMENT ISSUES

Recruiting subjects for clinical trials
is not as easy as it may seem when
dealing with stroke patients. Issues re-
garding consent can be troublesome,
for instance when the patient is unable
to give consent. This could be due to
loss of consciousness or aphasia, for
example. Surrogate consent is often ob-
tained for participation in acute stroke
clinical trials. The closest legal relative
or spouse is provided with the infor-
mation about the patient’s condition,

prognosis, and treatment options and
reads and discusses the informed con-
sent document with the study person-
nel. This surrogate makes the final
determination about whether the pa-
tient should be enrolled in the trial.

Two crucial factors need to be con-
sidered when recruiting: (1) the num-
ber of subjects needed and (2) the
duration of time it will take to enroll
them (Elkins et al, 2006). Efficiency in
recruiting will be influenced by the
organization of the trial, as well as the
stringency of entry criteria (ie, inclu-
sion and exclusion criteria). Some trials
will require a very specific subset of
patients with stroke, such as only
those patients with lacunar infarcts or
patients with acute stroke associated
with hyperglycemia. Therefore, it could
take a long time to gather a body of
data that is large enough for meaning-
ful analysis and definitive results. In
some cases, a compromise has to be
made by relaxing the entry criteria—for
example expanding the eligibility from
lacunar infarcts alone to all subcortical
strokes. However, in doing so, the
trial’s integrity cannot be jeopardized.
Many acute stroke trials testing neuro-
protective drugs have made the mis-
take of including subjects with lacunar
infarctions and have failed to show
efficacy (De Keyser et al, 1999). This
inclusion of subjects who are not pri-
marily targeted by the drug could ex-
plain the failure of those trials.

Another potential tradeoff exists be-
tween the allowable treatment win-
dow and ease of recruitment (Elkins
et al, 2006). This is because the shorter
the time window after the stroke that is
eligible for entry, the harder it will be
to recruit. Yet recombinant tissue-type
plasminogen activator (rt-PA), which is
as of now the only USFDA-approved
drug for acute ischemic stroke, has to
be given within a short time after symp-
tom onset in order to be most effective.
In this case of treatment within 180
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minutes of symptom onset, it will be
more difficult to recruit patients.

Trials with large numbers of study
centers have been less efficient in
recruiting subjects, and competition
among trials can be a limiting factor as
well (Adams et al, 1995). Therefore, if
multiple stroke trials are being con-
ducted in the same center, it would be
advisable that the inclusion criteria not
overlap, unless enough patients are
available to satisfy recruitment in all of
the trials, in which case overlap would
not matter. The development of re-
gional acute stroke referral networks is
a step in a positive direction, which
should greatly support recruitment in
stroke trials by directing patients to
trials for which they would be eligible.

In the recruiting process itself, pri-
vate practitioners should be aware of
the principle of ‘‘equipoise’’ (Lader et al,
2004). This means that the physician
expresses uncertainty toward which
arm of a particular study is more ef-
fective (ie, not sure if treatment A is
better, worse than, or equal to treat-
ment B). Clinicians must set their per-
sonal beliefs and interests aside and rely
on the fact that the trial is being con-
ducted because no definitive, evidence-
based data yet exist, (‘‘if we knew what
we were doing, it would not be re-
search’’). In the case where an effec-
tive, proven treatment (a standard of
care) is already available, it would be
unethical to include a placebo arm to
the study. Exceptions to this rule in-
clude trials for minor conditions where
temporary omission of treatment would
cause no serious harm, and circum-
stances in which there are ‘‘compel-
ling scientifically sound methodologic
reasons’’ to use a placebo (Lader et al,
2004). A trial for acute cerebral infarct
now is unlikely to have a placebo arm
because rt-PA has been approved as
the standard drug.

Many centers performing clinical
trials, both academic and private prac-

tice, advertise their involvement in a
given trial. This can be done through
newspapers, magazines, radio, Internet/
Web site, brochures, and community
lectures. Some of the benefits of ad-
vertising include enhanced recruitment,
promotion of new and promising treat-
ments within the community, and sup-
port of local stroke center awareness
and activities. Some of the cons of
advertising include competitive feelings
among others in the community not
doing similar trials and the potential
appearance of self-promotion.

A relatively new obstacle to enroll-
ment into clinical trials is the issue of
potentially biased sampling. As the
number of simultaneously enrolling
clinical trials has increased and the
growing number of available but un-
proven therapies (off-label medication
use or devices) has increased, the im-
portance of considering biased enroll-
ment and resulting slow enrollment in
some cases has come to the forefront
of clinical trial obstacles. Physicians
who agree to participate in stroke
trials must carefully consider this issue
and agree to invite all eligible patients
to participate in the trial. This may
mean declining participation in other
overlapping trials and/or not offering
unproven therapies for patients who
are eligible for the trial.

INFORMED CONSENT

Informed consent is the mandatory pro-
cess of allowing the patient or surrogate
consent provider to understand the pro-
cedures and treatments and the risks
and benefits of the study. It must be ex-
plained that it is our (the investigator’s)
lack of knowledge of what constitutes
best care that allows us to invite par-
ticipation. Informed consent is the actual
discussion process; the signed consent
form, although necessary, is simply the
documentation of that conversation.

The physician or staff enrolling the
potential participant must explain in
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detail what the study will involve, mak-
ing sure to maintain equipoise. Partic-
ipation should be completely volun-
tary, and the physician must let
patients know that a decision not to
participate will not negatively affect
their future care. It is important to
keep in mind that patients’ belief
systems and values will heavily influ-
ence their views about whether or not
to participate in a clinical trial. Study
personnel must be knowledgeable
about these aspects of a patient’s
individuality, respect them, and work
within them to help the patient feel
positive about trials in general and
participating in a specific trial.

If possible, it is preferable for some-
one other than the treating physician
to obtain informed consent to avoid
potential conflict of interest and po-
tential patient duress. This position is
strongly encouraged by the American
Medical Association.

DATA COLLECTION
AND MANAGEMENT

Most clinicians in practice are most
familiar and comfortable with free-style
documentation in an office chart or
hospital record (with possible subse-
quent dictation). However, document-
ing clinical, laboratory, and radiologic
data on a patient enrolled in a clinical
trial is typically performed on case
report forms (CRFs), which are stan-
dardized and typically require more de-
tailed information than that reported in
an office visit or hospital consultation.
For a given trial or registry, however,
the forms could be as brief as one page
or involve several detailed and longer
forms. The key is capturing valid data.

It is important to remember that the
case report forms for the study must be
kept separate from the patient’s clinical
care record, both for data source ver-
ification and for confidentiality.

The standardization is necessary so
that the same information is obtained

on every patient in the trial. Without
this information, potential confound-
ing variables that could influence treat-
ment responses, outcome, or safety of
the medication could not be rigorously
and properly assessed.

Data collection must be consistent
throughout the trial, and certain stan-
dardized outcome measures should
be used. These typically would in-
clude the NIH Stroke Scale (NIHSS).
Standardization of outcome measures
allows for various trials to be easily
compared later on. As shown by mi-
graine trials, meta-analyses and head-to-
head comparisons remain powerful
tools for looking at the results from
several trials. However, head-to-head tri-
als are the criterion standard for com-
parison between treatment approaches
(Tfelt-Hansen, 2006).

During the trial, it is important to
collect data in a timely manner. It is
more difficult to try to reconstruct or
determine missing data after long pe-
riods of time than after days to a week.
Data will generally be reviewed by ex-
ternal study personnel and edited in
order to maintain the quality of the
results. Typically, study monitors will
conduct regularly scheduled site visits
in order to perform data verification
from source documents (eg, hospital
records, office charts, laboratory re-
ports, radiology reports) and ensure
that the study data are an accurate and
valid representation of the patient’s
medical status. These visits usually occur
on a regularly scheduled basis, either a
certain number of times per year or after
a certain number of patients are enrolled
at that site.

Table 7-2 provides an example of a
typical table of contents for the write-
up of a study, which includes topics
that need to be addressed.

SAFETY REPORTING

Safety reporting is an essential aspect
of the conduct of a clinical trial, and
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clinical trial personnel must understand
and appreciate the issues involved, as
well as the legal requirements. Any clin-
ical, laboratory, or radiologic abnormal-
ity that occurs during the course of the
clinical trial has to be judged, both by
the local investigator and often by an
independent medical monitor, as to
the degree of relatedness of the event
to the study protocol, drug, or device.

Standard definitions are used for
reporting specific types of safety data,
including adverse events (AE), adverse
reactions (AR), serious adverse events
(SAE), serious adverse reactions (SAR),
and suspected unexpected serious ad-
verse reactions (SUSAR); and each type
has different reporting requirements.
AEs and SAEs are any events that occur
during time of trial but not necessarily
related to treatment or trial. Further
details of these respective terms are
beyond the scope of this article but can
be found at www.admin.ox.ac.uk/rso/
clinical/conduct.shtml.

Above all, the key message is that
safety comes first.

UNDERSTANDING OUTCOME
MEASURES TO ENHANCE
TRIAL CONDUCT

Practice-based research participation
requires some understanding and ap-
preciation for deciding how a treat-
ment can actually be determined to be
beneficial. In order to scientifically de-
termine a therapeutic effect, there must
be a measurable, quantitative difference
in the primary outcome measure be-
tween the experimental therapy and
the standard treatment (or placebo).

When thinking about what outcome
measures to use, it is important to
consider what factors are most relevant
to the patient. For example, patients’
ability to participate in various activities
upon recovery will be more important
to them than the amount of reduction
of brain damage that has occurred.
From a review including 51 acute
stroke trials, only 29 specifically de-
fined the primary end points used.
Looking at all measures of outcome
from those trials (Table 7-3), only one
study reported a measure for quality
of life, and none included a measure
of participation (Duncan et al, 2000).
Even though approximately 75% of the
studies included a measure of activity,
11 different measurement tools were
used. The modified Rankin Scale (mRS)
and Barthel Index (BI) were the most
commonly used scales for measuring
activity, but having so many others
makes comparisons across studies more
complicated. In addition, even when
the same scale was used, cutoff points
between a favorable and an unfavorable
outcome varied (Duncan et al, 2000).

Clinical trials grapple with optimiz-
ing the time that is best for determin-
ing an end point. As a result, there has
been inconsistency in the timing of
these assessments. Time of recovery
does vary as a function of the severity
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TABLE 7-2 Protocol Table
of Contents

" Introduction

" Objectives

" Study design summary

" Study population

" Inclusion/exclusion criteria

" Study size justification

" Dosage and administration

" Efficacy, pharmacokinetics,
and safety evaluations

" Data analysis methods

" Informed consent, ethical
review, and regulatory
considerations

Adapted with permission from Chappell AS.
Pearls and pitfalls of clinical trial investigation:
should I get involved in the drug development
process? Semin Neurol 2001;21(4):417–424.
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of the stroke, but there should still be
a standard time to assess final out-
come. On average, spontaneous re-
covery plateaus in patients taking a
placebo have occurred 5 to 6 months
after the stroke; yet the most com-
monly used time frame in the studies
that were surveyed was only 3 months
(Figure 7-5). To solve these issues, it
is essential to define a standard set
of outcome measures for acute stroke

trials. Cutoff points should not be chosen
arbitrarily, but the whole range of data
should be taken into account using
statistical analysis. Timing of assessments
should be consistent, and certain mea-
sures, such as quality of life, should be
given greater importance (Duncan et al,
2000).

LESSONS FROM
OTHER DISEASES

Epilepsy and migraine trials are a valu-
able source of wisdom for conducting
clinical trials in the private practice
setting. Epilepsy trials have shown that
it is feasible to run clinical trials and at
the same time continue to see patients
regularly without much interference.
The main advantage of enrolling pa-
tients directly from the private practice
is quick entry into clinical trials, as well
as a more user-friendly environment.
The patients have the possibility of par-
ticipating soon after they are first diag-
nosed, and their physician can guide
them through the process. A trial can
offer new hope to patients who can-
not be treated satisfactorily with the
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TABLE 7-3 End Points (Clinical Outcomes) Measured

End Point/Clinical Outcomes Studies, n

Used as
Primary End
Point, n

Pathophysiologic parameters (eg, blood
pressure, coagulation, hematocrit, recanalization)

9 1

Death 34 12

Impairment 42 7

Activitya 39 20

Participation 0 0

Quality of life/health status 1 0

Combined or global score 4 1

aRankin Scale categorized as activity.

Adapted with permission from Duncan PW, Jorgensen HS, Wade DT. Outcome measure in acute stroke trials: a
systematic review and some recommendations to improve practice. Stroke 2000;31(6):1429–1438.

FIGURE 7-5 Time frame of final outcome assessment.

Reprinted with permission from Duncan PW, Jorgensen HS, Wade DT.
Outcome measure in acute stroke trials: a systematic review and some recommendations
to improve practice. Stroke 2000;31(6):1429–1438.
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drugs that are currently available. As
an example, one private practice cen-
ter in Australia was able to successfully
incorporate clinical trials of antiepilep-
tic drugs into its program by working
with a pharmaceutical industry repre-
sentative as well as colleagues from
teaching hospitals (Beran and Tilley,
1994). The local teaching hospital
offered support in terms of training,
which was done using an apprentice
approach, where responsibility is
transferred gradually. Before starting,
it was confirmed that the center had
the necessary facilities, equipment,
and staff for conducting the trials.
More staff had to be hired to reduce
waiting times for the regular patients,
and a practice manual had to be
created for reference by the new staff
when needed. Many patients felt com-
fortable participating in clinical trials in
this setting, and some also appreciated
the opportunity to interact in the wait-
ing room with others who had the
same problem. Thus, there was also a
psychosocial factor to patient satis-
faction. These aspects of an epilepsy
trial could translate well to stroke
prevention RCTs for patients with re-
cent strokes seen in a similar practice
setting.

Potential barriers to success also
exist. Epilepsy trials have shown that
certain obstacles can present when
trying to translate the results of clinical
trials to practice. Because the trials
have a rigorous protocol and design,
it is hard to generalize their results.
The goal with a new drug is to use it so
that all patients will benefit from
maximum efficacy and experience a
minimum of adverse effects. In the
usual therapeutic setting, treatments
must be individualized. This situation
differs from that of a clinical trial, in
which everything, ranging from dos-
age to timing, is standardized for
control purposes. The ultimate goal
for the patient is good overall health,

not just stopping the seizures that
result from epilepsy. Clinicians must
remember this when getting involved
with clinical trials and subsequently
having to interpret results for use in
their practice (Gilliam, 2005).

Some strategies can be learned
from migraine trials. It is necessary to
realize that there are many possible
goals for the results of a clinical trial,
and it is important to know which one
in particular is being pursued. The
usual main purpose of clinical trials
is to determine a new drug’s efficacy
(compared with a placebo or a stan-
dard drug). This could mean that the
new drug is more efficient, that it has
fewer adverse effects, or a combina-
tion of the two. In migraine trials that
involved various types of triptans, for
example, pharmaceutical companies
worked toward different goals de-
pending on which triptan they chose
to investigate. For instance, one com-
pany tried to achieve a better com-
plete response; another tried to lessen
adverse effects and recurrences; and
yet another tried to achieve a quicker
onset of action (Tfelt-Hansen, 2006).
There are many ways to improve a
current drug, and all of these are valid
approaches.

A VIEW INTO THE FUTURE:
TELEMEDICINE FOR STROKE

Telemedicine may also be a helpful tool
to offer faster treatment to patients with
acute stroke (Levine and Gorman, 1999;
Schwab et al, 2007) by including rural
hospitals that have not previously given
acute thrombolytic therapy (Hess et al,
2006). Stroke specialists from the aca-
demic medical center can help diag-
nose patients in emergency situations
and assess whether they could be
candidates for a particular trial. This is
especially useful for experimental treat-
ments with a short allowed treatment
interval, as the diagnosis through tele-
medicine would be much faster than
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having the specialist travel to the
patient’s bedside in a remote emer-
gency department. This approach has
the potential to allow for more patients
to be involved in clinical trials, pres-
ently through transfer of the patient
from the remote site to the academic
medical center (hub). Currently we are
unaware of any RCTs being conducted
at remote/private practice sites using
an experimental therapy. Two RCTs
that are comparing telestroke to conven-
tional care are in progress (ClinicalTrials.
gov NCT00283868 at Bichat Hospi-
tal in France and ClinicalTrials.gov
NCT00279149 at UCSD).

Telemedicine has been shown to
allow for faster treatment in hospitals
that have no stroke specialist, and this
would increase the pool of patients
available for time-sensitive clinical tri-
als (Fisher, 2005; Levine and Gorman,
1999).

SUMMARY

Clinicians in private practice interested
in participating in clinical research
should have the following require-
ments: motivation, staff support (data
collection requirements), and liability
insurance for protection against claims
arising out of damage from the new
treatment. The practitioner should
carefully read the Clinical Investiga-
tor’s Brochure and protocol. The clini-
cal practice setting typically reflects
standard patient care more closely than
academic medical centers and, there-
fore, could enhance patient recruit-
ment and management.

Participation in clinical research is
voluntary for patients. The availability
of clinical trials increases their options
and potentially improves their care.
For doctors/researchers, participation
allows them to make a long-lasting con-
tribution to the health and well-being

130

Continuum: Lifelong Learning Neurol 2008;14(6)

TABLE 7-4 Useful Web Sites for Information on Participation in
Clinical Trials

" Stroke Trials Registry. www.strokecenter.org/trials. Accessed October 30, 2007.

" US Department of Health and Human Services. National Institutes of
Health (NIH). www.nih.gov. Accessed October 30, 2007.

" nihroadmap.nih.gov.

" National Institute of Neurological Disorders and Stroke. NINDS
Clinical Research Collaboration. nindscrc.org. Accessed October 30, 2007.

" National Institute of Neurological Disorders and Stroke. NINDS Clinical
Research Collaboration. www.ninds.nih.gov/funding/research/clinical_
research/crc.htm. Updated October 10, 2007. Accessed October 30, 2007.

" US National Institutes of Health. ClinicalTrials.gov. clinicaltrials.gov.
Accessed October 30, 2007.

" Sephmer Sciences. GCP/Ethics—preparing research investigators.
www.sephmersciences.com/Test.html. Accessed October 30, 2007.

" US Food and Drug Administration. Clinical trials—information for
health professionals. www.fda.gov/oc/gcp/. Accessed October 30, 2007.

" CenterWatch. Background information on clinical research. www.
centerwatch.com/patient/backgrnd.html. Accessed October 30, 2007.

" University of Oxford. Research services: clinical trials—trial conduct.
www.admin.ox.ac.uk/rso/clinical/conduct.shtml. Accessed October 30, 2007.
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of their patients in conjunction with
their colleagues from all over the coun-
try and/or world, which they would not
be able to make alone. A list of Web
sites to help the clinician make an
educated decision about clinical trial
participation is provided in Table 7-4.
Clinical research is optional, but poten-
tially beneficial, for physicians, patients,

and populations who have the oppor-
tunity to participate.
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APPENDIX

Stroke Coding Guide for Critical Care Coding

Critical Care CPT1 codes can be used for managing an unstable, critically ill stroke patient. The
progress or admitting note must mention the time spent that day and should state that the patient is
‘‘unstable, critically ill.’’ We recommend that the latter is an explicit statement in the Impression.

The critical care codes do not use bullet points. There are no other criteria for content of the notes,
beyond specifying the total time spent and clarifying that the patient is unstable and critically ill.

A stroke patient is unstable and critically ill when there is a high probability of imminent life-
threatening deterioration. Many stroke patients meet that criterion. Note that a therapy, such as IV tPA,
qualifies for critical care coding when it creates a high risk of a life-threatening intracranial bleed.

The critical care codes are used by the physician(s) managing the patient. They are not used by
consultants. More than one physician can use the codes each day if each manages an aspect of the
patient’s critical illness.

There are two codes: one for the first hour (99291), the other for each additional half-hour (99292).
The second code can be used in multiple units.

More Than One Neurologist: Sometimes more than one neurologist manages the patient that
day. For example, the covering physicians rotate at mid-day. One provides care for the first 12 hours,
and the other for the second 12 hours.

If the physicians are from the same group and share the same Medicare provider number, then they
should aggregate (add together) their time and bill once. The second shift physician should document
in his or her note the total time spent by both physicians, and bill accordingly for the combined time.

More Than One Specialty: Sometimes a neurologist manages the stroke and another specialist
manages a different part of the patient’s care at the same time, such as ventilator management by an
ICU physician. Both may use the critical care codes.

Location: These codes can be billed at any location, eg, emergency department (ED), radiology,
floor bed, or ICU. The time spent must track where the patient is. As an example, a physician spends
45 minutes with the patient in the ED evaluating and arranging the admission, then 45 minutes with
the patient in radiology completing the examination and reading the imaging as it appears, and
another hour with the patient in the ICU organizing the admission management and testing. In that
case, all 2 hours 30 minutes is billable critical care time.

Time in Other Locations: If the patient is already in the ICU, then time does not count toward
the total when spent off the floor away from the patient at radiology reviewing images or at the office
making phone calls. Time only counts when it is spent on the unit where the patient is.

Family Time: If the patient cannot speak for him/herself, then the family is expected to speak for
the patient. Time then counts toward the total critical care time when it is spent explaining the
situation to the family, obtaining additional history, and discussing treatment options. If the patient is
able to speak for him/herself, then family time only counts if the patient is present.

Resident’s Time: Time spent by residents, or medical students, does not count toward total critical
care time. Only the time spent by a billing attending counts.

E/M Code and Critical Care Billing: Both can be billed if both services were provided. The record
should document that the E/M service was separate from [that] of the critical care service. Both services
must be documented. Particular time spent can be counted either for the E/M or for the critical care
service, but not for both.
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CPT
1

INSTRUCTIONS FOR USING THE CRITICAL CARE CODES—OFFICIAL DETAILS:
99291 Critical care, evaluation and management of the critically ill or critically injured patient; first

30 to 74 minutes
99292 Each additional 30 minutes (List separately in addition to code for primary service.)
Code 99291 is used to report the first 30 to 74 minutes of critical care on a given date. It should

be used only once per date even if the time spent by the physician is not continuous on that date.
(Note: All time from a given date should be noted in the patient record and totaled for the entire date
to determine the appropriate amount of critical care time to bill for.)

Critical care is the direct delivery by a physician(s) of medical care for a critically ill or critically
injured patient. A critical illness or injury acutely impairs one or more vital organ systems such that
there is a high probability of imminent or life-threatening deterioration in the patient’s condition.
Critical care involves high complexity decision making to assess, manipulate, and support vital system
function(s) to treat single or multiple vital organ system failure and/or to prevent further life-
threatening deterioration of the patient’s condition.

Providing medical care to a critically ill, injured, or postoperative patient qualifies as a critical care
service only if both the illness or injury and the treatment being provided meet the above
requirements. Critical care is usually, but not always, given in the critical care area, such as the coronary
care unit, intensive care unit, pediatric intensive care unit, respiratory care unit, or the emergency care
facility.

Note: For the purposes of reporting critical time, the ‘‘unit’’ constitutes the location of the patient.
For example, if the physician accompanies the patient to radiology to view scans this can be
included in critical care time.

Critical care may be provided on multiple days, even if no changes are made in the treatment rendered
to the patient, provided that the patient’s condition continues to require the level of physician attention
described above.

Critical care and other E/M services may be provided on the same patient on the same date by the
same physician.

Note: When two physicians from the same group are billing for critical care, total time for each
physician should be added together and billed under one physician’s tax ID number; two physicians
from different groups may also bill for critical care as long as they are involved in different aspects of
the patient’s care.

Total Duration of Critical Care Codes

Less than 30 Minutes Appropriate E/M Codes

31 to 74 Minutes (1/2 Hour to 1 hour 14 minutes) 99291 � 1

75 to 104 Minutes (1 Hour 15 minutes to 1 hour 44 minutes) 99291 � 1 and 99292 � 1

105 to 134 Minutes (1 Hour 45 minutes to 2 hours 14 minutes) 99291 � 1 and 99292 � 2

135 to 164 Minutes (2 Hours 15 minutes to 2 hours 44 minutes) 99291 � 1 and 99292 � 3

165 to 194 Minutes (2 Hours 45 minutes to 3 hours 14 minutes) 99291 � 1 and 99292 � 4

194 Minutes or longer (3 Hours 15 minutes, etc) 99291 and 99292 as appropriate (see
illustrated reporting examples above)
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Documentation

Time spent with the individual patient should be recorded in the patient’s record. The time that can be
reported as critical care is the time spent engaged in work directly related to the individual patient’s
care whether that time was spent at the immediate bedside or elsewhere on the floor or unit.

Also, when the patient is unable or clinically incompetent to participate in discussions, time spent on
the floor or unit with family members or surrogate decision makers obtaining a medical history,
reviewing the patient’s condition or prognosis, or discussing treatment or limitations(s) of treatment
may be reported as critical care, provided that the conversation bears directly on the management of
the patient. Time spent in activities that occur outside of the unit or off the floor (eg, telephone calls,
whether taken at home, in the office, or elsewhere in the hospital) may not be reported as critical care
since the physician is not immediately available to the patient. Time spent in activities that do not
directly contribute to the treatment of the patient may not be reported as critical care, even if they are
performed in the critical care unit (eg, participation in administrative meetings or telephone calls to
discuss other patients). Time spent performing separately reportable procedures or services should not
be included in the time reported as critical care time.

Note: As there are not specific instructions other than this as to what should be documented, it is
important to note in the patient’s record that the patient is ‘‘unstable and critically ill.’’ It is
important to keep in mind that increased usage of critical care codes may prompt an audit;
physicians should make sure that they are documenting correctly to ensure a positive outcome.

ACUTE STROKE CASES

Case 1. You are called to the ED to see a 68-year-old man with onset of aphasia and right hemiplegia 2
hours ago. You arrive in the ED at 6:00 PM and find him globally aphasic with no movement of the right
extremities. NIHSS score is 18. CT brain was done before your arrival and you read it as normal.
Laboratory values including glucose, platelets, and INR are all normal. His wife is in the room and you
find he has a history of hypertension and atrial fibrillation. His medications include warfarin and Altace.
He had no prior history of stroke and no recent trauma or surgical procedures. You ask the nurse for a
blood pressure, which is 150/90 mm Hg. You complete the tPA checklist and decide he is an
appropriate candidate for IV tPA. You explain the risks and benefits of IV tPA to his wife. She consents
to proceeding with treatment. You ask the nurse to mix IV tPA and give him 0.9 mg/kg with 10% as a
bolus. She mixes the tPA, draws the bolus into a syringe. You administer the bolus and the nurse starts
the IV infusion of tPA. You write admission orders, dictate a note, and leave the ED at 7:10 PM.

Your note documents that you personally attended to this critically ill patient for 1 hour 20 minutes
including acute stroke evaluation, determining the appropriateness of administering IV tPA, discussing
with the family, and initiating treatment. This was exclusive of any time spent on E/M services.

Critical care time: 1 hour 20 minutes (80 minutes)
Billing codes: 99291, 99292

Case 2. You are called to evaluate a 58-year-old woman with aphasia and right hemiplegia. She was last
observed to be neurologically normal at 8:00 AM. You arrive in the ED at 11:30 AM. You examine her and
find an NIHSS score of 20. She has a normal blood pressure, normal laboratory values, and you read
her CT as showing early hypodensity in the basal ganglia but otherwise no abnormality. You meet with
her son and husband and explain that she is past the window for IV tPA but intraarterial thrombolysis
or removal of the clot with the Merci1 clot retriever are considerations. You explain the risks, benefits,
and USFDA status of these treatments. They would like to proceed with angiography and possible clot
lysis/removal. You call the interventional neurologist, and he asks that the patient be sent immediately
to the angiography suite. You call anesthesia for intubation. The patient is sedated and intubated and
you then accompany the patient to the angiography suite. The angiogram is started at 1:00 PM.

Angiography demonstrates complete occlusion of the left MCA. After discussion between you and
the interventionalist, it is decided to attempt clot retrieval with the Merci device.
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You leave at 1:30 PM. briefly to see another consult in the hospital. The interventionalist passes the
clot retriever, but despite several attempts the MCA does not recanalize. You return to the angio suite
at 2:00 PM. After discussion, you and the interventionalist decide to terminate the procedure, and the
patient is transferred to the ICU at 2:30 PM. You write admitting orders for the ICU and dictate an
admitting note documenting your history, examination, and your discussion with the family regarding
risks and benefits. You also document that you were present during the interventional procedure
except for 30 minutes, monitored the status of the patient, and contributed to the process of deciding
on treatment. Total critical care time is 2 hours 30 minutes.

Critical care time: 2 hours, 30 minutes (150 minutes)
Billing codes: 99291, 99292 � 3

Case 3. You are called by a nurse in the ICU because a 31-year-old patient you had previously seen in
consult with a large right hemisphere stroke is worse. You arrive in the ICU at 5:00 PM. Examination
shows that he responds to voice by opening his eyes briefly but does not follow commands. The right
pupil is larger than the left, irregular, and poorly responsive to light. He withdraws the right extremities
to pain, but pinch on the left elicits extension of the left arm and triple flexion of the left leg. Both
plantar responses are extensor. You determine that the mental status changes, papillary abnormality,
and extensor plantar response on the right are new and suggest impending tentorial herniation. You call
the neurosurgeon and order a stat CT scan. You order mannitol. As the nurses prepare the patient for
transport to CT, you call the patient’s wife and discuss the situation as well as the risks and benefits of
decompressive craniotomy. His wife consents to the procedure. You accompany the patient to CT and
immediately view the CT with the neurosurgeon who has now arrived. After discussion, the decision is
made to proceed with decompressive craniotomy. The patient is taken emergently to the OR for the
procedure at 6:50 PM.

You document the change in neurologic status, your discussion with the family and with the
neurosurgeon. You state that you remained at the bedside of this critically ill patient through CT and
the decision making process for a total of 2 hours.

Critical care time: 1 hour, 50 minutes (110 minutes)
Billing codes: 99291, 99292 � 2

CPT codes # 2006 American Medical Association. All Rights Reserved. CPT is a trademark of the
AMA. No fee schedules, basic units, relative values or related listings are included in CPT. The AMA
assumes no liability for the data contained herein. Applicable FARS/DFARS restrictions apply to
government use.

The Current Procedural Terminology, CPT
1
, information is from CPT

1
2007, Professional Edition,

# 2006 American Medical Association. The text following the table is from page 19, ‘‘Critical Care
Services.’’

Available at www.aan.com/globals/axon/assets/2858.pdf.
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Osama O. Zaidat, Junaid Kalia, John R. Lynch

The practice of neurology presents a series of ethical challenges for the clinician. These
rarely have simple or straightforward solutions, but require careful consideration by the
neurologist. This section of , written by colleagues with particular interest in
the area of bioethics, provides a case vignette that raises one or more ethical questions
related to the subject area of this issue. The discussion that follows should help the reader
understand and resolve the ethical dilemma.

LOCKED-IN SYNDROME: ENDOVASCULAR STROKE THERAPY AND 
END-OF-LIFE DECISIONS

NOTE: The following is based on an actual case.

A 33-year-old man presented to an emergency department with shortness of breath and
altered mental status. He was awake and following commands on arrival, but was nonverbal.
His mental status declined, and he became unresponsive. An MRI of the brain showed
acute bilateral pontine infarctions consistent with basilar artery thrombosis. He was 
transferred to a hospital with a neuro-intensive care unit (ICU) and neuroendovascular
interventional capabilities. There, he was intubated. His examination was consistent with
locked-in-syndrome (LIS) with quadriplegia, ophthalmoplegia, and anarthria. Immediately
upon admission he had the ability to communicate using eye blinking. Attempts to treat
the midbasilar artery occlusion with balloon angioplasty resulted in partial recanalization
but no clinical improvement.

The family members were uncertain of the patient’s wishes and whether he would like
to be sustained on artificial life-support measures. He did not have a living will, and initially
it was difficult to determine whether he was conscious. The family was ambivalent about
the plan of care, and was unable to come to a decision. As a result, full support was 
maintained. The patient gradually became more alert and was able to communicate with
eye blinking, but the family and some members of the ICU team were uncertain about his
comprehension and ability to make decisions. This case generated much discussion among
the health care team about futility of care, quality of life, power of attorney, and burden to
the community.

COMMENT

The term locked-in was first described by Plum and Posner in 1966 to describe the
clinical condition of quadriplegia, lower cranial nerve palsies, and anarthria with 
preserved consciousness. It is difficult to ascertain whether patients with LIS can 
understand or communicate complex concepts, which makes the assessment of 
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decision-making capacity in LIS very difficult. If a patient is incorrectly determined 
to have decision-making capacity when it is actually lacking, then the eye-blinking 
pattern may wrongly be interpreted as informed communication. On the other hand, if
a patient is incorrectly determined to lack decision-making capacity when it is actually
present, then the patient’s surrogate may make decisions that are either consistent or
inconsistent with the patient’s actual wishes. It is possible that the patient could be
fully aware of the decisions, which would potentially add further emotional and 
psychological stress if the decision made is counter to the awake patient’s wishes.

DISCUSSION

It is well known that patients with LIS can retain their cognitive abilities and recover
enough function to be able to communicate. For example, the 1997 book The Diving
Bell and the Butterfly is the memoir of Jean-Dominique Bauby, who developed LIS as
a result of a stroke at age 43. Bauby “dictated” the memoir to an assistant by eye blinks
and a communication board. In describing living in the LIS state, he eloquently
recounts the onset of his stroke, “Half conscious, I feel extremely strange, as if I had
swallowed an LSD tablet…Not for a second does it occur to me that I may be
dying…Then I sink to coma” (Bauby, 1997).

Not all patients with LIS, however, regain full consciousness, and the rate of 
recovery of consciousness is hard to predict. Especially if the patient neither has an
advance directive nor has discussed such a scenario with family or friends, this leaves
the patient’s family and the ICU team with the dilemma of deciding how long to 
continue ICU treatment while waiting for communication capacity to return.
Furthermore, even if the ability to communicate is established, it is especially 
challenging to determine comprehension and decision-making capacity when the 
ability to communicate is limited to eye blinking or eye movements.

There is evidence to suggest that the recovery of communication capacity takes
months, which may mean that decisions to withdraw life-sustaining therapies should 
be delayed, especially if the goal is to allow the patient the opportunity to participate
in the decision. Family members are the first to notice that the patient is able to 
communicate in over 50% of cases, with a mean time to recognition of the LIS 
(ie, recognition of consciousness) of 78 days (Leon-Carrion et al, 2002). Such a long
wait, however, is likely to extend beyond the initial ICU admission, and arrangements
would need to be made to reevaluate the patient’s ability to communicate at regular
intervals. Ideally this should be done by neurologists or rehabilitation specialists 
familiar with LIS and also should incorporate efforts by communication experts, 
possibly with facilitated communication devices and methods. Actual physician 
practices, however, may vary. A 1997 survey of 93 physicians treating patients with 
LIS found that 55% recommended intubating the patient in the presence of swallowing
disturbances and imminent aspiration, 38% were in favor of stopping intensive care,
52% advocated not treating severe infections with antibiotics, 58% were in favor of 
discussing these problems in detail with the patient, and 87% advocated discussing
them with relatives (Thiel et al, 1997). 

Surrogate decision making is well known to be fraught with uncertainty. In the
case of LIS, health care professionals and even family may assume that the quality 
of life of a patient with LIS is so poor and limited that it is not worth living. Thus,
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knowledge of long-term outcomes is important. The 5-year and 10-year survival rates
may be as high as 85% (Casanova et al, 2003; Doble et al, 2003). Interviews with the
families and caretakers of long-term survivors of LIS suggest that these patients can
develop meaningful roles in their families and communities, despite their severe
impairment (Doble et al, 2003). The 1993 AAN position statement on the care of 
irreversibly paralyzed patients with retained consciousness and cognition recommends
regularly reassessing patients’ general medical condition, psychological state, and 
cognitive and communicative abilities to assure their ability to make sound decisions
about sustaining or withholding life-support measures (American Academy of
Neurology, 1993).

Not all physicians and nurses in the ICU setting may be willing to sustain a patient
with possible LIS whose outcome requires prolonged ICU support, as they may consider
such care futile. Health care professionals sometimes use their own views and biases 
of long-term outcome when advising families about early decisions, which is why
familiarity with outcomes research is important. Nonetheless, there may still be health
care professionals who feel they cannot participate in the care of such patients or who
feel that such care is burdensome to society. Consultation from a hospital ethics 
committee can be helpful, as can consultation from a specialist familiar with outcomes
in LIS. If a patient with LIS is determined to have both the capacity to communicate
and make informed decisions, and if the patient wishes to have treatment continued,
then there is little ethical foundation for health care professionals to refuse to 
participate in the patient’s care. On the other hand, if the patient lacks capacity, or if
surrogate decision makers have asked for care that the health care professionals
believe is causing more burden than benefit to the patient, an option is to request not
to be assigned to the patient’s care, but in doing so, it is important that neither the
patient nor the family be abandoned.

Family members carry a great burden and responsibilities when a patient has no
advance directive and has not had prior discussions about goals of care. Furthermore,
few patients would ever have contemplated an illness that would leave them 
quadriplegic, mute, wheelchair bound, and ventilator dependent. It is not surprising 
that conflicts can arise within the family over decisions to be made.

First and foremost for the ICU team caring for the patient and family is to 
acknowledge their burden and the uncertainty of the circumstances and to offer to
help them make the best decisions they can. Considering the length of time necessary
for patients with possible LIS to recover to the point that their ability to communicate is
established, requests from the family for more time to observe the patient’s response to
therapy are probably reasonable. The ICU team can use this time to provide the family
with an overview of the LIS and its long-term outcomes. As for establishing the 
emergence of the patient’s communication ability, the family can be encouraged to
establish an eye-blinking communication code with the patient. Once the communication
code is established, it can then be determined whether the patient has decision-making
capacity and (even more important) whether the patient wishes to make decisions. 
All autonomous patients have the option of deferring decision-making authority to
someone else, and this option should be discussed and offered to patients with LIS
who may find such complex communication so difficult that they would rather their
surrogate make such decisions for them. Even if this is the case, it is important for the
surrogate and the ICU team to inform the patient of the decisions they have made. 
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CONCLUSION

In this case, after the patient became more alert and very brisk and consistent with his
eye-blinking responses to the family’s questions, the family gained confidence in his
cognitive abilities and felt very strongly that he should make his own decisions. The
patient wanted to be maintained on life-support measures. He is now thinking of 
writing his own memoir with encouragement from his family.
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In addition to the lifelong learning of new clinical and scientific knowledge, neurologists
must understand the constantly evolving environment in which they practice. Changes
occur rapidly in reimbursement and regulatory areas, in the integration of evidence-based
medicine, and in the implementation of patient safety measures into clinical practice.

This section of presents a case-based example of these issues as they
relate to the clinical topic. These vignettes are written by neurologists with particular
experience in systems-based practice and practice-based learning and improvement.

CASE

A 68-year-old man is evaluated in the emergency department because of aphasia and 
right-sided weakness. He was at a restaurant with his wife when he suddenly stopped
speaking and fell to the floor unable to move his right side. Emergency medical services
were called, and he was transported immediately to the emergency department. He arrived
1 hour after the onset of the deficit. A stroke code was called.

On examination, his NIH Stroke Scale (NIHSS) score is 20. He is mute and does not
follow verbal commands. He has a left gaze deviation and does not respond to threat from
the right. There are no movements of the right extremities. He has dense right facial 
weakness. He does not respond to pain on the right.

He has a history of atrial fibrillation treated only with aspirin. There is no prior history
of stroke or TIA. His wife is present at the bedside and provides the history. CT of the
brain is performed and shows no hemorrhage or early ischemic changes. Blood pressure is
150/85 mm Hg. International normalized ratio, platelet count, and blood glucose are all
normal. The patient is considered a candidate for IV tissue plasminogen activator (t-PA).
Because the patient is not competent to give informed consent, the patient’s wife is
advised of the risks and benefits of IV t-PA, including a 6% risk of intracerebral
hemorrhage possibly causing neurologic worsening or even death. She is told that, despite
this risk, more patients who receive t-PA recover from their strokes than those who do not.
The patient’s wife consents to proceeding with IV t-PA treatment, which is administered
1 hour and 40 minutes after stroke onset.

DISCUSSION

In “Consent issues in the management of cerebrovascular diseases,” a position paper 
of the AAN’s Ethics, Law, and Humanities Subcommittee (1999), three elements were
considered necessary and sufficient for a valid consent: adequate decision-making
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capacity, presentation of adequate information for an informed consent, and freedom
from coercion. Adequate decision-making capacity requires that the patient is capable
of understanding the relevant issues and can accurately convey his or her responses to
the examiner. Many stroke patients would fall outside of this standard, particularly in
the setting of impaired consciousness, aphasia, or significant cognitive deficits.
Determining the necessary information regarding IV t-PA for the consent process is a
significant challenge. The AAN guidelines specify that information must be adequate
for a reasonable patient to make an informed decision, including risks and benefits,
choice of options, and an explanation of a recommended course of action. In the case
of IV t-PA, this information should include the increased short-term risk of hemorrhage
and the potential long-term benefit of improved stroke outcomes. The decision-making
process must not be unduly influenced by physicians, other family members, or any
outside agency.

Discussion of the risks and benefits of IV t-PA may include a summary of the 
published studies. The National Institute of Neurological Disorders and Stroke (NINDS)
t-PA trial randomized 624 patients treated within 3 hours of onset of stroke to treatment
with either IV t-PA or placebo (The National Institute of Neurological Disorders and
Stroke rt-PA Stroke Study Group, 1995). This study found an 11% absolute increase
(55% relative) in favorable outcomes (NIHSS less than 1) at 90 days despite a 10-fold
increase in intracerebral hemorrhage (6% versus 0.6%). There was no significant 
difference in mortality (17% versus 21%). The study has been criticized because of a
baseline imbalance in stroke severity between the two groups. A subsequent reanalysis
showed that even after statistical adjustment for this imbalance, patients were twice as
likely to achieve a favorable outcome if they received IV t-PA (Ingall et al, 2004).
Similar experience with IV t-PA has been reported for treatment of patients in
community and academic hospitals outside the setting of randomized controlled trials
(Albers et al, 2000; Tanne et al, 1999). Other trials of IV thrombolysis for acute stroke
failed to find significant benefit, but longer time windows for initiation of treatment 
(6 hours) (Clark et al, 1999; Hacke et al, 1995; Hacke et al, 1998), the use of different
thrombolytics (streptokinase) (Donnan et al, 1996; Multicenter Acute Stroke 
Trial—Europe Study Group, 1996; Multicentre Acute Stroke Trial—Italy [MAST-I]
Group, 1995), and other methodologic differences make direct comparisons difficult. 
A pooled analysis of all prior IV t-PA trials confirmed the benefit of IV t-PA up to 3 hours
after stroke onset and indicated the benefit extended to 4.5 hours (Hacke et al, 2004).
The Safe Implementation of Thrombolysis in Stroke-Monitoring Study (SITS-MOST)
registry of 6483 patients treated within 3 hours of stroke onset at 285 centers also
found outcomes similar to those achieved in previous randomized controlled trials
with no increase in hemorrhage rate or mortality (Wahlgren et al, 2007).

No general agreement exists on the extent of details necessary to properly advise a
patient or surrogate regarding the risk and benefits of IV t-PA. The information included
in the informed consent process varies and largely depends on the physician’s level of
comfort that sufficient information has been provided to allow an informed decision.

Documentation of Informed Consent for IV t-PA

Some physicians and hospitals prefer a formal written consent documenting 
information regarding the risks and benefits signed by the patient or surrogate. Current
American Heart Association/American Stroke Association guidelines do not support the
need for a formal written consent (Adams et al, 2003), but recommend a detailed 
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discussion with the patients and their families providing potential risks and benefits
associated with thrombolytic therapy. The discussion should be documented in the
medical record, including the person or persons receiving the information, the content
of the discussion, and the source of the consent. If consent is not given, the reasons
for denial should be noted. When a surrogate is used for consent, the nature of the
deficits that render the patient incapable of giving consent should be noted.

Emergency Consent

In some cases, a patient is considered incapable of giving consent, and no surrogates
are available in the emergent timeframe necessary for treatment with IV t-PA. In such
situations, an exemption to the informed consent process exists that justifies initiation
of treatment without specific consent (Fleck and Hayes, 2002). Four conditions should
be met to invoke this exemption: (1) delay in treatment would have significant adverse
effects; (2) no alternatives are available that would be equally effective but allow 
additional time for the consent process; (3) a reasonable person, if given sufficient time
to consider the evidence, would agree to the treatment; and (4) the treatment should
be considered as usual care. Most would agree that the first two conditions are satisfied
for IV t-PA. Differences of opinion may exist regarding the third and fourth conditions,
and physicians must decide for themselves whether the evidence regarding IV t-PA and
the approval of the US Food and Drug Administration satisfies these criteria.
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These items are an integral part of the issue. They are not intended as 
an examination but rather as a means of stimulating thought and helping 
you assess your general understanding of the material presented in this issue.
Some are designed to stimulate independent study; the comments and
references provided with the preferred responses should assist in this process.

For each item, select the single best response, marking it on the answer 
form provided inside the back cover of this issue and return your completed
form to the AAN. No formal grade is assigned, as the goal is to encourage 
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TYPE A QUESTIONS (ONE BEST ANSWER)
1. An intraaortic balloon device that produces partial obstruction to aortic
blood flow has been tested in small pilot studies as a therapy to improve
stroke outcome. What is the guiding principle behind the use of such a
device after stroke?

A. It disrupts cerebral autoregulation
B. It increases blood flow to the brain
C. It prevents further cerebral emboli
D. It prevents platelet aggregation
E. It raises systemic blood pressure

2. A 70-year-old woman with a history of hypertension and type 2 diabetes
is admitted to the hospital 1 hour after the acute onset of inability to move
the left side. On admission, she has a left hemiparesis, greater in the arm
than leg, and hemispatial neglect. MRI with diffusion-weighted imaging
demonstrates an acute right middle cerebral artery infarct, and recombinant
tissue-type plasminogen activator (rt-PA) is administered without complication.
The stroke team is concerned about her inability to move the left leg well. 
If the follow-up head CT shows no intracranial hemorrhage, how long after
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administration of rt-PA should the team wait before initiating deep venous
thrombosis prophylaxis with anticoagulants?

A. 24 Hours
B. 3 to 4 Days
C. 7 to 10 Days
D. Contraindicated
E. Not contraindicated, but not useful

3. A 47-year-old man is evaluated for acute onset of right hemiplegia. The MRI
of the head shows an area of diffusion-weighted imaging/perfusion-weighted
imaging mismatch on MRI. Which of the following mechanisms primarily leads
to cell death in the jeopardized area of penumbra in this case?

A. Caspase-triggered nuclear fragmentation
B. Closure of mitochondrial permeability transition pore
C. Decreased expression of endothelial cell adhesion molecules 
D. Phospholipase-induced membrane destruction 
E. Total depletion of mitochondrial-produced adenosine-5’-triphosphate

4. 70-year-old man with a history of hypertension and hyperlipidemia is
transported within 30 minutes of the onset of acute inability to move his left
side from a rural area to a hospital that is a designated primary stroke
center. He is assessed by emergency medical services personnel in the field
and by an emergency department physician on arrival. According to the
authors of the chapter “Primary Stroke Center Certification,” which of the
following aspects of primary stroke center care may lead to a better
outcome for this patient?

A. Any place that treats more strokes will be better at it
B. Experimental protocols can be used for difficult cases
C. The patient is more likely to receive recombinant tissue-type

plasminogen activator
D. Physician reimbursement is better, so specialists are more likely to come in
E. Treatment is more conservative and less likely to produce morbidity

5. A 55-year-old man is seen by the acute stroke intervention team 2 hours
after acute onset of right-sided weakness and aphasia. Should this patient be
eligible for treatment with tissue plasminogen activator (t-PA), which of the
following tests should be conducted prior to initiating t-PA?

A. Arterial blood gases
B. Blood glucose
C. Chest x-ray
D. Liver function
E. Stool guaiac

6. A 62-year-old woman is brought to the emergency department within
30 minutes of acute-onset left-sided weakness. Evaluation within 15 minutes
of arrival reveals dense left hemiparesis and left gaze preference. Blood
pressure is 200/115 mm Hg. A CT shows effacement of the gray-white
matter junction in the right insula. EKG, cardiac enzymes, oxygen saturation,
blood glucose, electrolytes and platelet count, prothrombin time, and
activated partial thromboplastin time test results are normal. The patient has
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no history of previous head trauma or stroke; cerebral, gastrointestinal, or
urinary hemorrhage; recent arterial puncture; or seizures. Which of the
following drugs is recommended for treatment of hypertension before
considering administration of IV recombinant tissue-type plasminogen
activator (rt-PCA) in this patient?

A. Clonidine
B. Enalapril
C. Hydralazine
D. Labetalol
E. Nifedipine

7. In addition to the fact that timing of final assessments in stroke trials is
not standardized, the authors of the chapter “‘How To’ Guide for Clinicians
Interested in Becoming Involved in Clinical Stroke Research” state that there
is little agreement on the best outcome measures to be used in acute stroke
trials. Which of the following outcome measures is felt to be the most
meaningful according to the authors?

A. Impairment measures
B. Measures of activity
C. Percent of brain tissue damaged
D. Prevention of future strokes
E. Quality-of-life questionnaires

8. A group of neurologists servicing a large community hospital approach
the board of directors and express their desire to organize a dedicated
stroke unit. They provide information to the board that shows that
functional outcomes in stroke units are superior and that benefits to patients
are lasting. Which of the following is the most likely explanation for the
improved outcomes in certified stroke units?

A. Availability of interventional radiology
B. Better nursing to patient ratio
C. Better prevention and treatment of infections
D. Higher profits increase future unit funding
E. Inclusion of rehabilitation services

9. The use of several imaging techniques for rapidly and accurately
identifying the ischemic penumbra in patients with stroke is discussed by
the authors of the chapter “Emerging Therapies.” Which of the following
suggests a large area of penumbra?

A. Distal middle cerebral artery occlusion
B. Early ischemic changes on CT
C. Lacunar infarction in the internal capsule
D. Large diffusion-weighted imaging abnormality
E. Large diffusion-weighted imaging/perfusion-weighted imaging mismatch

10. A 75-year-old man with a history of atrial fibrillation treated with
warfarin presents to an urgent care clinic because of inability to use his left
hand since awakening that day. He reports no pain or numbness in the
hand but has been unable to raise his wrist. He states that he slept in his
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bed last night, although he has a tendency to doze off in his recliner. He is
also treated with atenolol for mild hypertension. On examination, cognition
is normal. Blood pressure is 130/80 mm Hg, and heart rate is irregular at
60 beats per minute. He is unable to extend the left wrist or fingers.
Forearm extensors are normal. There is no sensory deficit along the dorsal
thumb. He is sent home from the urgent care center and referred to a
neurologist. The neurologist suspects a central lesion. Presence of which of
the following signs or symptoms may alert the clinician to the possibility of
stroke as a cause of distal arm weakness?

A. Gradual onset
B. Headache
C. Sensory symptoms
D. Stroke risk factors
E. Unilateral involvement

11. A 75-year-old man is brought by ambulance to an emergency
department (ED) 30 minutes after the acute onset of right-sided weakness
and difficulty speaking. He is seen by an ED physician, and a noncontrast
CT scan of the brain is normal. He is felt to be a candidate for recombinant
tissue-type plasminogen activator (rt-PA) and receives a bolus of the drug.
He is then accepted for transfer to a major university hospital. What is
the current policy on reimbursement for rt-PA infusion as it relates to
this patient?

A. The facility with the greatest number of hospital days for poststroke 
care can bill

B. The first hospital cannot bill for rt-PA because it provided only a bolus
C. The first hospital cannot bill for rt-PA because it was not given 

by a neurologist
D. The first hospital cannot bill if it is not a certified stroke center
E. The second hospital cannot bill for rt-PA because it was initiated in

another facility

12. A 56-year-old right-handed man is evaluated for acute onset of right
hemiplegia and aphasia. A CT scan of the head shows loss of gray-white
matter differentiation in the left insular cortex and basal ganglia and a
hyperdense left middle cerebral artery sign. There is an area of 
diffusion-weighted imaging (DWI)/perfusion-weighted imaging mismatch
on MRI, suggesting an area of penumbra in the left cerebral cortex.
Which of the following mechanisms accounts for increased DWI signal in
this patient?

A. Acute inflammation
B. Increased blood-brain barrier permeability
C. Intracellular edema
D. Luxury perfusion
E. Myelin breakdown

13. A 65-year-old man with new-onset atrial fibrillation is admitted to the
hospital after awakening with right-sided weakness and difficulty producing
the right word. He is diagnosed with an acute left middle cerebral artery
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infarct and placed in a step-down unit. Initial nursing assessment notes that
he coughs when attempting to swallow water. Which of the following
measures is most likely to be effective in preventing the development of
pneumonia in this patient?

A. Daily pulmonary function tests
B. Formal swallowing evaluation
C. Prophylactic antibiotics 
D. Transfer to an intensive care unit
E. Urgent percutaneous endoscopic gastrostomy placement

14. Among the advantages of intraarterial delivery of fibrinolytic agents is the
ability to deliver high concentrations of drug directly to the clot with less
systemic exposure to the agent. However, widespread use of this technique is
most likely to be limited because of which of the following factors?

A. High incidence of distal emboli 
B. Lack of general availability of fibrinolytics
C. Lack of trained radiology personnel
D. Prohibitive liability costs
E. Specialized facilities and expertise required for 

neurointerventional treatment

15. A 72-year-old man with a history of hypercholesterolemia, hypertension,
and an ST-elevation myocardial infarction 1 month ago is brought to the
emergency department 60 minutes after acute-onset right-sided weakness
and speech difficulties. Current medications include enalapril, atorvastatin,
and aspirin. Evaluation reveals a right hemiparesis and global aphasia.
Blood pressure is 170/100 mm Hg. A CT shows a hyperdense left middle
cerebral artery and effacement of the gray-white matter boundary in the left
insula. Cardiac enzymes, blood glucose, electrolytes, platelet counts,
prothrombin time, and activated partial thromboplastin time are normal.
Which of the following findings makes this patient ineligible for treatment
with IV recombinant tissue-type plasminogen activator (rt-PA) according to
current guidelines?

A. Aspirin use
B. Head CT scan findings
C. Hypertension
D. Recent myocardial infarction
E. Severity of neurologic deficit

16. At the beginning of 2008, the Joint Commission established 10 
stroke-specific care performance measures as required for primary stroke
care center certification. Which of the following is included in that group
of measures?

A. Anticoagulation for atrial fibrillation
B. Diabetes screening
C. Echocardiogram by day 2
D. Heparin for carotid artery disease 
E. Repeat neuroimaging by day 2
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17. A neurologist is discussing with a patient, a 60-year-old man with
atherosclerotic large vessel disease, his potential enrollment in a phase 2
trial on a new antithrombotic drug compared to aspirin. According to the
principle of equipoise, which of the following should the neurologist
discuss with the patient?

A. Exactly half of recruited patients will receive the experimental drug,
and half will receive aspirin

B. The investigator will cover 50% of the patient’s expenses stemming
from the trial

C. It is uncertain whether the tested drug is more effective than aspirin
D. The tested drug is expected to have at least 50% fewer side effects

than aspirin
E. The tested drug is likely to be at least 50% as efficacious as aspirin

18. A 70-year-old man with a history of coronary artery disease and
myocardial infarction 2 years ago is brought to the emergency department
within 30 minutes of acute-onset right-sided weakness and speech difficulties.
Evaluation within 15 minutes of arrival reveals dense right hemiparesis
and aphasia. Blood pressure is 170/95 mm Hg. A CT is obtained within
20 minutes and shows an effacement of the gray-white matter junctions near
the left insula and lenticular nucleus. EKG, cardiac enzymes, oxygen saturation,
blood glucose, electrolytes, and platelet count test results are normal. The
results of prothrombin time and activated partial thromboplastin time are
pending. The patient has no history of receiving oral anticoagulants or heparin,
known liver disease, bleeding disorder, previous head trauma, stroke, cerebral
hemorrhage, gastrointestinal or urinary hemorrhage, recent arterial puncture, or
seizures. Current medications include lisinopril, atorvastatin, and aspirin. What
is the recommended approach regarding treatment with IV recombinant 
tissue-type plasminogen activator (rt-PCA) in this patient?

A. Administer rt-PA as soon as possible, and no later than 60 minutes of
emergency department arrival

B. Await the results of coagulation studies before administering tissue
plasminogen activator

C. Do not administer rt-PA in this patient since he has been taking aspirin 
D. Obtain written informed consent, given the risk posed by the patient’s

age and cardiac comorbidity
E. Reduce arterial blood pressure to about 150/85 mm Hg to reduce risk of

intracerebral hemorrhage

19. A 56-year-old right-handed man is evaluated for acute onset of right
hemiplegia and aphasia 2 hours ago. A CT scan of the head shows loss of
gray-white matter differentiation in the left insular cortex and a hyperdense left
middle cerebral artery sign. Which of the following mechanisms is primarily
responsible for neuronal loss in the ischemic core in this hypoperfused area at
this time?

A. Accumulation of intracellular calcium 
B Activation of caspases
C. Efflux of sodium from neurons
D. Increased glutamate uptake by astrocytes
E. Permanent hyperpolarization

Copyright @ American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



Continuum: Lifelong Learning Neurol 2008;14(6)

152

ACUTE ISCHEMIC STROKE�

20. A 62-year-old man is seen by the acute stroke intervention team after he
is brought to the emergency department by a neighbor who found him
alone and “confused.” The onset of the event was not witnessed.
Examination reveals right hemiparesis and aphasia. A noncontrast CT is
performed. Which of the following findings would represent a
contraindication for thrombolytic therapy?

A. A clearly delineated hypodense lesion in the left middle cerebral
artery territory

B. Hyperdense left middle cerebral artery sign
C. Loss of gray-white matter differentiation in the left insular cortex
D. Loss of gray-white matter differentiation in the left lentiform nucleus
E. Sulcal effacement in the left hemisphere

21. A 44-year-old right-handed woman with no previous history of stroke is
found by her husband on the floor at home in the evening. She has
paralysis of the right side of the body and is unable to understand or talk.
She was normal when he left her to go to work early that morning. Upon
evaluation at the emergency department, she has a severe dense hemiplegia,
global aphasia, and gaze preference to the left. A CT scan of the head
performed within 20 minutes of arrival shows a hyperdense left middle
cerebral artery (MCA) sign and hypodensity involving greater than 50% of
the MCA territory. She is admitted to the stroke unit for optimal
management of blood pressure, airway, and other parameters. Two days
after admission, she becomes increasingly somnolent and eventually
comatose. Which of the following is the most likely cause of her
neurologic deterioration?

A. Aspiration pneumonia
B. Cerebral edema
C. Hemorrhagic transformation
D. Progressing ischemia
E. Status epilepticus

22. A 66-year-old woman with a history of hypertension is brought to the
emergency department at 8:00 AM because she awoke with acute onset of
left-sided weakness in the left side of the body 1 hour before. According to
the patient and her husband, she was normal when she went to bed at
9:00 PM the previous night. Evaluation on arrival reveals a left hemiparesis
and dysarthria. Blood pressure is 175/100 mm Hg. A CT scan shows early
ischemic changes in the right insula and lenticular nucleus. EKG, cardiac
enzymes, blood glucose, platelet count, prothrombin time, and activated 
partial thromboplastin time are normal. Which of the following is the most
appropriate treatment for this patient according to current guidelines?

A. Aspirin
B. Heparin
C. Intraarterial recombinant tissue-type plasminogen activator
D. IV recombinant tissue-type plasminogen activator
E. Labetalol
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23. In a recent prospective study of 300 patients with suspected strokes
conducted in an urban teaching hospital, about one-third of patients were
ultimately diagnosed with stroke mimics. Which of the following factors
correlated most strongly with an ultimate accurate diagnosis of stroke?

A. Age over 55
B. Concurrent headache
C. History of focal neurologic symptoms
D. History of prior stroke
E. Normal metabolic profile in the emergency department

24. A 60-year-old right-handed woman is evaluated for acute onset of left arm
and face weakness 2 hours ago. She has a history of hypertension that is well
controlled with hydrochlorothiazide. At the time of her evaluation in the
emergency department, her left arm weakness had improved slightly. She was
found to have a blood pressure reading of 160/100 mm Hg, and she was
treated with labetalol, resulting in a reduction of blood pressure to her basal
levels of 140/90 mm Hg. A few minutes later, however, her weakness
worsened, resulting in left hemiplegia. Which of the following mechanisms is
most likely to explain the neurologic deterioration in this patient?

A. Hemorrhagic transformation
B. Ischemic vasoconstriction
C. Loss of autoregulation
D. Neuronal hyperpolarization
E. Vasogenic edema

25. Very early initiation of neuroprotective therapies is one approach being
investigated for preservation of the penumbra in early stroke. Which of the
following factors places the greatest limitation on the development and
evaluation of potential neuroprotective therapies?

A. Many patients will ultimately have stroke mimics
B. Many therapies cannot be given during prehospital transport
C. Many therapies may conflict with common medications
D. Most patients are treated too late to help
E. Neuroprotective agents are not profitable for pharmaceutical companies

26. The recent Joint Commission stroke-specific care performance measures
include which of the following treatment requirements?

A. Discharge on a cholesterol-lowering medication 
B. Discharge on an angiotensin-converting enzyme inhibitor
C. Screen for dysarthria 
D. Start antithrombotic therapy by the end of the first week 

of hospitalization
E. Start antithrombotic therapy within 2 months of discharge

27. A 35-year-old woman is evaluated because she noticed that she became
acutely unable to read the newspaper 2 hours ago. On examination she is
alert and oriented and has no focal weakness. She is able to write a simple
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sentence on dictation but is unable to read it. This is most likely due to an
infarction in which of the following vascular territories?

A. Left lenticulostriate
B. Left middle cerebral
C. Left posterior cerebral
D. Right middle cerebral
E. Right posterior cerebral

28. Which of the following is the objective of a phase 2 clinical trial 
on a new drug?

A. To assess bioavailability of the drug in the target tissue
B. To determine how the drug is working in the “real world,” both in

terms of efficacy and safety, after US Food and Drug Administration
(USFDA) approval

C. To determine whether the drug produces toxic effects on
experimental animals

D. To obtain comparative information about relative safety and efficacy of
the drug in a randomized controlled trial (RCT) 

E. To obtain, in an RCT, definite data on the drug’s benefits and risks based
on promising results from previous RCTs

29. Which of the following interventions is recommended as a first-line
treatment for controlling hypertension after the administration of
recombinant tissue-type plasminogen activator?

A. Bolused, then infused, labetalol
B. Infused IV clonidine 
C. Infused IV nimodipine
D. IV sodium nitroprusside drip
E. Nitropaste

30. In order to develop a successful primary stroke center, the authors of
the chapter “Primary Stroke Center Certification” outline numerous resources
that should be made available and requirements that should be met. In
order to ensure improved patient outcomes, which of the following is
continually emphasized by the authors?

A. Admission orders should be tailored to the individual patient
B. Constant documentation and logbooks must be kept
C. Emergency department personnel should defer to neurologists

for stroke management
D. A stroke center is best led by a group of physicians
E. The stroke team should respond within 1 hour of being notified

31. A 70-year-old man is brought to the emergency department 1 hour after
the onset of difficulty speaking and right-hand clumsiness. He has a history
of coronary artery disease, type 2 diabetes mellitus, hypertension, and
hyperlipidemia. He underwent coronary artery bypass grafting 2 years ago
and a cystoscopy 3 weeks ago. One year ago, a small thalamic hemorrhage
was found after he underwent a head CT done after a confusional episode.

Copyright @ American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



On examination, he is alert. Blood pressure is 170/90 mm Hg, and heart
rate 55 beats per minute. Language is nonfluent with difficulty naming and
repeating as well as with writing. Comprehension is generally preserved.
Right upper extremity pronator drift and difficulty with fine motor 
movements in the right hand are present. A noncontrast CT of the brain 
is normal. The treating physicians are considering the use of recombinant 
tissue-type plasminogen activator (rt-PA). Which of the following excludes
the use of rt-PA in this patient?

A. Elevated blood pressure
B. Inability to give informed consent
C. Prior coronary artery bypass grafting
D. Prior intracranial hemorrhage
E. The recent urologic procedure

32. A group of researchers begins to recruit patients for an acute stroke trial
involving a medication designed to limit the area of infarct in cortical
strokes. The medication used has shown promising results in phase 2 trials
involving small numbers of patients. After 6 months, the number of patients
recruited falls 30% short of the target. Some of the investigators suggest
changing the protocol to include subcortical strokes. According to the
authors of the chapter “‘How To’ Guide for Clinicians Interested in
Becoming Involved in Clinical Stroke Research,” what is a potential
drawback of this strategy?

A. The drug may not work for a different pathophysiology
B. The investigators will appear to be motivated by personal gain
C. It may be unethical to change the rules midway through the trial
D. The mechanism of action may not be understood
E. There is potential to harm those recruited under new criteria

33. Deep venous thrombosis (DVT) is a well-recognized severe
complication of acute ischemic stroke. The authors of the chapter
“Complications of Ischemic Stroke: Prevention and Management” discuss
the Prevention of Venous Thromboembolism After Acute Ischaemic Stroke
(PREVAIL) trial, designed to determine the optimal anticoagulant for use
in prevention of poststroke DVT. They note, however, that despite the
fact that the PREVAIL trial was well designed, its efficacy and safety end
points failed to determine whether enoxaparin (low-molecular-weight
heparin) or unfractionated heparin was a better treatment. Which of the
following statements summarizes the results of this trial?

A. Enoxaparin was less safe and less effective.
B. Enoxaparin was safer but less effective.
C. Results were indeterminate.
D. Unfractionated heparin was less safe and less effective.
E. Unfractionated heparin was safer but less effective.

34. A 46-year-old right-handed woman is evaluated for acute onset of left
hemiplegia and sensory loss. A CT scan of the head shows loss of 
gray-white matter differentiation in the right middle cerebral artery territory.
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Which of the following mechanisms may reduce NMDA-mediated excitotoxic
neuronal loss in this area?

A. Activation of matrix metalloproteinases
B. Calcium release from the endoplasmic reticulum
C. Extracellular acidosis
D. Inhibition of glutamate transport by astrocytes
E. Neuronal depolarization

35. A 62-year-old man with a history of hypertension and
hypercholesterolemia treated with lisinopril, atorvastatin,
hydrochlorothiazide, and aspirin is brought to the emergency department at
60 minutes after acute-onset left-sided weakness. Evaluation upon arrival
reveals a left hemiparesis and dysarthria. Blood pressure is 160/90 mm Hg.
A CT scan shows early ischemic changes in the right insula. EKG, cardiac
enzymes, blood glucose, platelet count, prothrombin time, and activated
partial thromboplastin time test results are normal. The patient has no
history of head trauma, stroke, hemorrhage, or recent surgeries or arterial
punctures. Which of the following is a potential risk of IV recombinant
tissue-type plasminogen activator (rt-PA) in this patient?

A. Angioedema
B. Hyponatremia
C. Myonecrosis
D. Rash
E. Seizures

36. According to the authors of the chapter “‘How To’ Guide for Clinicians
Interested in Becoming Involved in Clinical Stroke Research,” which of the
following criteria should be met before entering patients into clinical trials?

A. The different phases of clinical trials should be explained to patients
B. Expenses related to the trial are the patient’s responsibility
C. Free drug should be given if the trial is successful
D. Patients must agree to complete the trial
E. The trial must have a placebo arm

37. A 56-year-old right-handed woman is evaluated for acute onset of left
hemiplegia 2 hours ago. A CT scan of the head shows loss of gray-white
matter differentiation in the left insular cortex and basal ganglia. There is an
area of diffusion-weighted imaging (DWI)/perfusion-weighted imaging
(PWI) mismatch on MRI. Which of the following statements best describes
the area of ischemic penumbra in this case?

A. The area of penumbra includes neurons that are at risk of 
undergoing apoptosis.

B. The cerebral blood flow in the area of ischemic penumbra is typically less
than 7 mL/100 g/min.

C. The DWI abnormalities correspond to a core that remains unchanged
with the duration of ischemia.

D. The DWI abnormalities precisely delineate the area of irreversible cell damage.
E. The DWI abnormality represents areas of increased permeability of the

blood-brain barrier.
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38. A 65-year-old man with a history of hypertension, hyperlipidemia and
type 2 diabetes mellitus notes the acute onset of unsteadiness with inability
to walk 30 minutes after returning from the golf course. He is mildly
nauseated but does not have vertigo. His glucometer reading at home is
130. He is taken by ambulance to an emergency department (ED) where he
is examined by an ED resident 90 minutes after the onset of his symptoms.
Vital signs show a blood pressure of 170/90 mm HG and are otherwise
normal, as is his blood sugar. Further examination shows gaze-evoked
nystagmus with mildly slurred speech. Finger-to-nose and heel-to-shin
testing are fairly unremarkable. The NIH Stroke Scale (NIHSS) score is 1. He
stands with assistance but is completely unable to walk, listing to the left.
The radiology department calls to report an abnormal diffusion-weighted
imaging reading on MRI. What is the most likely explanation for the
inconsistency between the clinical findings and the NIHSS score?

A. Dysarthria is not a component of the scale
B. It was performed by a non-neurologist
C. It was performed too acutely
D. The NIHSS does not provide a comprehensive neurologic assessment
E. The patient probably did not have a stroke

39. In the Interventional Management of Stroke I and II pilot studies,
reduced-dose IV recombinant tissue-type plasminogen activator (rt-PA) was
combined with intraarterial rt-PA delivered either by microcatheter or an
EKOS MicroLysus® Ultrasound Catheter. Approximately what additional
percentage of patients achieved distal perfusion when intraarterial methods
were combined with IV treatment?

A. No advantage to combined therapy
B. 10%
C. 25%
D. 60%
E. 100%

40. An 80-year-old man is admitted to a hospital stroke unit 2 hours after
awakening with right-sided weakness and slurred speech. He is not treated
with thrombolytic therapy and is placed on aspirin. He is initially alert and
able to communicate, although he has “thick” speech. He walks with
assistance. On the second hospital day, staff notes that he is now weaker on
the right side and unable to ambulate to the bathroom. He is afebrile and
alert with normal laboratory values. Statistically, according to a large study
cited by the authors of the chapter “Complications of Ischemic Stroke:
Prevention and Management,” what is the most likely reason for deterioration
in this patient’s neurologic status?

A. Hemorrhagic conversion 
B. Hydrocephalus
C. Increased intracranial pressure
D. A new, second stroke
E. Progression of the stroke
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Rishi Gupta, Joshua M. Levine

The following patient management problem was chosen to reinforce the subject matter
presented in this issue. It emphasizes decisions facing the practicing physician. At each
decision point determine how you, as the neurologist, would respond. Then answer the
questions provided. The weight or “value” indicates the relative strength or weakness 
of the response as determined by the faculty. Use these values, as well as the critical
comments, to assess your own understanding and handling of the problem. A review of 
all responses, not merely the ones you select, is recommended.

Educational Objective

Neurologists are often consulted in the treatment of acute ischemic stroke. This 
patient management problem helps to reinforce the key issues neurologists face in the
emergency department at the time of an acute ischemic stroke and helps to address
some of the practical patient management issues that may occur.

Case History

A 75-year-old man with a history of hypertension and atrial fibrillation presents to 
the emergency department 90 minutes from last being seen normal with a left gaze
deviation, global aphasia, and right-sided hemiplegia. At the time of arrival to the
emergency department, his NIH Stroke Scale (NIHSS) score is 24.

Past medical/social history. The patient had been scheduled for a colonoscopy to
be performed in 2 days and had held the last dose of his warfarin in preparation for
the procedure. He is accompanied by his wife, who confirms the time of onset.

Evaluation. In the emergency department, blood work is sent for basic chemistries,
coagulation profile, and complete blood counts. The patient is en route to the CT scanner.

Decision Point A. Based on the above information, what should be the next step in
the management of this patient?

A1. Examine the patient prior to the CT scan of the brain
A2. Obtain more history from his wife 

PATIENT MANAGEMENT PROBLEM

ACUTE ISCHEMIC STROKE
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A3. Add a CT angiogram to the noncontrast CT of the brain
A4. Have the emergency department staff ensure that alteplase is at the bedside
A5. Obtain results of the blood work and vital signs

The patient undergoes CT of the brain without contrast, which reveals no evidence of
an intracranial hemorrhage and no evidence of early ischemic changes. A CT
angiogram reveals the presence of a left carotid terminus occlusion. The patient has
normal laboratory blood work except for an international normalized ratio (INR) of 1.5.
The neurologist speaks with the wife, who reports the patient has no history of surgical
procedures. His blood pressure is 190/100 mm Hg. A neurologic examination confirms
his NIHSS score of 24, and the patient is now 120 minutes from symptom onset.

Decision Point B. What treatments are warranted at this point?

B1. IV alteplase total 0.9 mg/kg with a 10% bolus and the rest over 1 hour
B2. IV labetalol 10 mg to lower the blood pressure
B3. IV alteplase total 0.6 mg/kg with a 15% bolus and then call interventionist for 

intraarterial thrombolysis
B4. No IV therapy; call interventionist for intraarterial thrombolysis
B5. No therapy, as patient has an INR of 1.5

One dose of IV labetalol is administered, and the blood pressure is reduced to 
160/80 mm Hg. The glucose level is noted to be 200 mg/dL. The patient weighs 
120 kg and is given a bolus of 9 mg of alteplase; an infusion of 81 mg is given over 
1 hour. The patient shows no neurologic improvement after 60 minutes and is noted to
have an NIHSS score of 24.

Decision Point C. What are the options for the next step in the management of
this patient?

C1. Admit to the neurointensive care unit for further observation
C2. Call interventionist and offer patient intraarterial therapy
C3. Carefully monitor glucose level
C4. Allow blood pressure to rise to help perfusion to the brain

The patient is admitted to the neurointensive care unit, and a sliding scale insulin
protocol is initiated to help bring the glucose level to below 150 mg/dL. The patient
shows little clinical improvement after 24 hours.

Decision Point D. What should be the next management step for the patient?

D1. Start a heparin drip, given that atrial fibrillation is the cause of the stroke
D2. Obtain a CT of the brain to assess for hemorrhagic conversion
D3. Obtain an MRI of the brain to assess for extent of injury
D4. Consult a neurosurgeon for a hemicraniectomy
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WEIGHTS AND COMMENTS
EXPLANATION OF WEIGHTS:

+5 Unequivocally required for diagnosis or effective treatment, without which 
management would be negligent

+3 Important for diagnosis and treatment but not immediately necessary

+1 Potentially useful for diagnosis and treatment (routine studies fall into this category)

0 Neutral impact, neither clearly helpful nor harmful under given circumstances

–1 Not harmful, but nonproductive, time-consuming, and not cost-effective

–3 Nonproductive and potentially harmful

–5 Totally inappropriate and definitely harmful; may threaten life

A1. Examine the patient prior to the CT scan of the brain +3

It is important in the setting of an acute ischemic stroke to have a system in place to
increase efficiency. If the patient is already en route for a CT scan, this time may be
used to obtain more history, clarify the time of onset, and gather pertinent information
about surgical history in order to determine if the patient is suitable for IV alteplase.
Once the patient has returned, it is important to perform a thorough examination that,
along with the NIHSS score, will help to determine the severity of the clinical deficit.

A2. Obtain more history from his wife +3

If the patient’s family member is not at the bedside to corroborate the history, it is
helpful to attempt to contact witnesses. The emergency medical services (EMS) team
generally records contact information for witnesses or next of kin. Sometimes the 
time of onset can only be determined from the EMS team’s discussion with witnesses
at the scene. If ambiguity exists about the clinical history, phone calls can help 
clarify matters.

A3. Add a CT angiogram to the noncontrast CT of the brain +1

CT angiography is being increasingly used at institutions to assess for a large artery
occlusion at the time of clinical presentation. This test requires placement of an 
18-gauge IV into the antecubital vein and may sometimes delay the noncontrast head
CT. For a patient within the window for IV alteplase therapy, a noncontrast head 
CT is the only test required to decide whether the therapy is warranted.

A4. Have the emergency department staff ensure that alteplase is at the bedside +5

Many institutions have implemented a “clot box” that is available in the emergency
department for patients with acute ischemic stroke. It is helpful to notify the
emergency department nurse to have alteplase available at the bedside at the time of
examination and while the patient is undergoing a CT scan. Delays can occur if the
medication is not available at the bedside when a decision has been made to proceed
with treatment. This step ensures efficiency and avoids time delays for administration
of alteplase.
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A5. Obtain results of the blood work and vital signs +5

The results of the blood work are crucial as there are laboratory values that may
exclude this patient from treatment with IV alteplase. A glucose level less than 
50 mg/dL or greater than 400 mg/dL, a platelet count less than 100,000, or an INR
greater than 1.7 are considered relative contraindications for administration of the
medication. The blood pressure is important to monitor as blood pressure elevation
has been linked to hemorrhagic conversion after alteplase administration.

B1. IV alteplase total 0.9 mg/kg with a 10% bolus and the rest over 1 hour –3

The patient has a contraindication to the administration of the medication with an
elevated blood pressure of 190/100 mm Hg. Prior to treatment with thrombolysis,
the blood pressure should be reduced to less than 185/110 mm Hg.

B2. IV labetalol 10 mg to lower the blood pressure +5

Administration of IV antihypertensive medications can be performed prior to
treatment with thrombolysis. A total of three doses of IV labetalol can be attempted.
If a patient requires a continuous infusion of antihypertensive medication, then
treatment with IV thrombolysis is contraindicated.

B3. IV alteplase total 0.6 mg/kg with a 15% bolus and then call interventionist for
intraarterial thrombolysis 0

This treatment modality is currently being investigated as part of a phase 3 
clinical trial in which patients are randomized to treatment with standard IV
alteplase (0.9 mg/kg total dose) and compared with patients treated with two-thirds
of the dose followed by intraarterial delivery of thrombolytics. The results of this 
study will aid in answering this important question for patients with large 
vessel occlusions.

B4. No IV therapy; call interventionist for intraarterial thrombolysis 0

Patients with exclusions to IV thrombolysis, such as recent surgery, or elevated INRs
can be considered for mechanical or pharmacologic treatment with intraarterial
therapy. In the example given, the patient’s blood pressure was lowered with one
dose of labetalol, and he has no exclusions to IV thrombolysis. The patient should be
considered for IV thrombolysis first.

B5. No therapy, as patient has an INR of 1.5 –3

An INR level greater than 1.7 is an exclusion for IV alteplase. This patient had an INR
of 1.5, which should not exclude him from consideration for therapy.

C1. Admit to the neurointensive care unit for further observation +3

Patients who have been treated with IV thrombolytics should be admitted to a unit 
that allows for careful neurologic assessments along with careful monitoring of blood
pressure and glucose. Patients admitted to neurointensive care units are found to 
have better clinical outcomes when compared to general medical and surgical intensive
care units for the diagnosis of ischemic stroke. After administration of thrombolytics,
patients should not be placed on anticoagulation therapy for at least 24 hours.
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C2. Call the interventionist and offer patient intraarterial therapy +1

Patients who have a persistent large vessel occlusion after administration of IV
alteplase may be candidates for rescue therapy with endovascular approaches. 
It is hoped that the ongoing Interventional Management of Stroke Trial III (IMS III) 
will address the question of efficacy of combined IV plus intraarterial therapy versus 
IV therapy alone. Studies have shown that the recanalization rate of thrombus after
administration of IV alteplase is dependent on the location of the thrombus. Clots 
in more proximal locations (ie, carotid terminus) have a lower recanalization rate
compared with distal middle cerebral artery branches. On a case-by-case basis,
consideration can be given to endovascular therapy for such clinical situations until
data from the randomized controlled study become available.

C3. Carefully monitor glucose level +3

Recent evidence suggests that hyperglycemia is linked with higher rates of intracranial
hemorrhage after administration of thrombolytics. In patients with elevated glucose 
levels, it may be of benefit to treat and carefully monitor glucose levels, but it is
important to avoid hypoglycemia as this may be more detrimental. Ongoing studies are
determining whether insulin drip protocols lead to improved outcomes in patients who
have suffered an acute ischemic stroke, and they may help to guide how aggressively
glucose should be controlled in the acute setting.

C4. Allow blood pressure to rise to help perfusion to the brain 0

Studies suggest that in the setting of a large vessel occlusion, induced hypertension
may help to reduce clinical deficits by improving perfusion to the tissue. For patients
receiving thrombolytics, keeping the blood pressure below 185/110 mm Hg aids in
reducing the risk of hemorrhage. For the patient in the clinical scenario presented,
aggressively lowering the blood pressure too quickly may be harmful, while targeting a
blood pressure above normotensive may be more beneficial.

D1. Start a heparin drip, given that atrial fibrillation is the cause of the stroke –3

The patient is now 24 hours from administration of alteplase, but no imaging study has
been performed to determine the size of the infarct or whether hemorrhage is present.
Hemorrhage, particularly petechial hemorrhage, may be clinically asymptomatic in
patients with large strokes. Because there is concern for a large infarct based on the
clinical examination, heparin at this time point may place the patient at a high risk 
for hemorrhagic transformation. Given that the risk of stroke from atrial fibrillation is
6% per year, the day-to-day risk is relatively low and probably does not justify the risk
of hemorrhage that would be associated with the use of heparin at this time.

D2. Obtain a CT of the brain to assess for hemorrhagic conversion +3

A CT scan 24 hours after thrombolysis allows the clinician to identify the extent of
injury in this instance as well as assess for early signs of edema, particularly given the
concern for a large infarct. If hemorrhage is present, it is important to discuss the
prognosis as well as the goals of therapy with the family. Patients with large infarcts
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and global aphasia with right-sided weakness may require a feeding tube for nutrition
and will likely suffer significant disability, and the family will need education about
caring for the patient.

D3. Obtain an MRI of the brain to assess for extent of injury –3  0

An MRI of the brain can help to define the severity of the brain injury on 
diffusion-weighted maps early in the stroke course. In the current clinical scenario, a
noncontrast CT 24 to 48 hours after admission can often give the same degree of
information. Evidence of a large infarct on diffusion-weighted maps on MRI may help
the clinician decide which patients are at high risk for malignant cerebral edema and
brain herniation from a massive stroke.

D4. Consult a neurosurgeon for a hemicraniectomy 0

Given the age of the patient and the fact that the clinical deficit is in the left
hemisphere, hemicraniectomy may be a lifesaving measure but will not help to reduce
the clinical deficit. Recent studies have shown that younger patients appear to derive
the most benefit from such procedures and that older patients are often left with
significant disability and full dependence of care. No randomized controlled study has
been completed to date to help address this question. Several studies were initiated,
but none was completed.
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Following are the preferred responses and critiques for the multiple-choice
items in this issue. The questions and answer selections are
repeated, and the preferred response appears in bold print. In most cases, 
this is followed by an explanation and, in some instances, a reference with
which you may seek more specific information. No score will be assigned 
to the answer form you mail in, since the emphasis of this program is 
on self-assessment. You are encouraged to review the responses and 
explanations carefully to evaluate your general understanding of the 
course material.

TYPE A QUESTIONS (ONE BEST ANSWER)

1. An intraaortic balloon device that produces partial obstruction to aortic
blood flow has been tested in small pilot studies as a therapy to improve
stroke outcome. What is the guiding principle behind the use of such a
device after stroke?

A. It disrupts cerebral autoregulation
B. It increases blood flow to the brain
C. It prevents further cerebral emboli
D. It prevents platelet aggregation
E. It raises systemic blood pressure

The correct answer is B. This device has been shown in small pilot studies to
redirect systemic blood flow to the brain with the goal of increasing collateral
circulation to the ischemic penumbra. In one case series of 16 patients cited
by the authors, no resulting increase in systemic blood pressure was shown.
Another approach to increasing collateral circulation after stroke would be
to induce systemic hypertension pharmacologically. The authors of the
chapter “Emerging Therapies” report that these therapies may prove of some
value as “bridging therapies” until occluded vessels can be recanalized.

2. A 70-year-old woman with a history of hypertension and type 2 diabetes
is admitted to the hospital 1 hour after the acute onset of inability to move
the left side. On admission, she has a left hemiparesis, greater in the arm
than leg, and hemispatial neglect. MRI with diffusion-weighted imaging
demonstrates an acute right middle cerebral artery infarct, and recombinant
tissue-type plasminogen activator (rt-PA) is administered without
complication. The stroke team is concerned about her inability to move
the left leg well. If the follow-up head CT shows no intracranial
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hemorrhage, how long after administration of rt-PA should the team wait
before initiating deep venous thrombosis prophylaxis with anticoagulants?

A. 24 Hours
B. 3 to 4 Days
C. 7 to 10 Days
D. Contraindicated
E. Not contraindicated, but not useful

The correct answer is A. The authors of the chapter “Complications of
Ischemic Stroke: Prevention and Management” state that anticoagulants for
prevention of deep venous thrombosis (DVT) in ischemic stroke can be
initiated 24 hours after rt-PA therapy. Antiembolic stockings and pneumatic
compression devices can be used safely in the immediate postthrombolysis
period for DVT prophylaxis. In intracranial hemorrhage (obviously without
use of rt-PA), no definitive information is available, but 3 to 4 days
postevent is suggested. There is no contraindication to the use of
anticoagulants in doses used to prevent DVT after 24 hours from the use
of thrombolytic therapy, nor has evidence been presented that they are
not useful.

3. A 47-year-old man is evaluated for acute onset of right hemiplegia. The MRI
of the head shows an area of diffusion-weighted imaging/perfusion-weighted
imaging mismatch on MRI. Which of the following mechanisms primarily leads
to cell death in the jeopardized area of penumbra in this case?

A. Caspase-triggered nuclear fragmentation
B. Closure of mitochondrial permeability transition pore
C. Decreased expression of endothelial cell adhesion molecules 
D. Phospholipase-induced membrane destruction 
E. Total depletion of mitochondrial-produced adenosine-5’-triphosphate

The correct answer is A. Cell death in the area of ischemic penumbra
primarily involves a mechanism of apoptosis. This process depends on
activation of caspases in response to cytochrome c release from
mitochondria into the cytoplasm via a permeability transition pore. Caspase
activation requires a residual reserve of adenosine triphosphate and triggers
fragmentation of nuclear DNA. Apoptosis does not trigger inflammation,
which typically occurs in areas of necrosis in response to release of
intracellular contents following plasma membrane fragmentation by action
of calcium-activated phospholipases, oxidative stress, and other factors.

4. 70-year-old man with a history of hypertension and hyperlipidemia is
transported within 30 minutes of the onset of acute inability to move his left
side from a rural area to a hospital that is a designated primary stroke
center. He is assessed by emergency medical services personnel in the field
and by an emergency department physician on arrival. According to the
authors of the chapter “Primary Stroke Center Certification,” which of the
following aspects of primary stroke center care may lead to a better
outcome for this patient?

A. Any place that treats more strokes will be better at it
B. Experimental protocols can be used for difficult cases
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C. The patient is more likely to receive recombinant tissue-type
plasminogen activator

D. Physician reimbursement is better, so specialists are more likely to come in
E. Treatment is more conservative and less likely to produce morbidity

The correct answer is C. Many reasons are put forth by the authors of the
chapter “Primary Stroke Center Certification” to argue for expansion and
emphasis on developing primary stroke care centers with the goal of
improved patient outcomes from stroke, including those that have to do
with standardization of stroke care, continuing education of staff, and
continuous data analysis. Stroke neurologists have worked for better
reimbursement of acute stroke care rendered by physicians, but thus far this
reimbursement is not exclusive to designated centers. Treatment is likely to
be more aggressive and less conservative—ie, patients are more likely to
receive recombinant tissue-type plasminogen activator, which, per several
studies cited in the text, shows improved patient outcome at 1 year. The
authors imply that treating a lot of strokes without following standardized
protocols does not offer an advantage to patients; experimental protocols
may be available in some primary stroke care centers, but their effect on
outcomes may be unknown.

Kwiatkowski TG, Libman RB, Frankel M, et al. Effects of tissue plasminogen
activator for acute ischemic stroke at one year. National Institute of
Neurological Disorders and Stroke Recombinant Tissue Plasminogen Activator
Stroke Study Group. N Engl J Med 1999;340(23):1781–787.

5. A 55-year-old man is seen by the acute stroke intervention team 2 hours
after acute onset of right-sided weakness and aphasia. Should this patient be
eligible for treatment with tissue plasminogen activator (t-PA), which of the
following tests should be conducted prior to initiating t-PA?

A. Arterial blood gases
B. Blood glucose
C. Chest x-ray
D. Liver function
E. Stool guaiac

The correct answer is B. In the acute stroke setting, blood glucose
measurement can quickly exclude hypoglycemia or hyperglycemia as a
potential stroke mimic. Cardiac enzymes and 12-lead EKG electrolytes,
complete blood count, prothrombin time, activated plasma thromboplastin
time, and renal function tests are recommended for all patients. In contrast,
chest x-ray and stool guaiac test are not routinely recommended; arterial
blood gases and liver function tests may be indicated in specific cases.

6. A 62-year-old woman is brought to the emergency department within
30 minutes of acute-onset left-sided weakness. Evaluation within 15 minutes
of arrival reveals dense left hemiparesis and left gaze preference. Blood
pressure is 200/115 mm Hg. A CT shows effacement of the gray-white
matter junction in the right insula. EKG, cardiac enzymes, oxygen saturation,
blood glucose, electrolytes and platelet count, prothrombin time, and
activated partial thromboplastin time test results are normal. The patient has
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no history of previous head trauma or stroke; cerebral, gastrointestinal, or
urinary hemorrhage; recent arterial puncture; or seizures. Which of the
following drugs is recommended for treatment of hypertension before
considering administration of IV recombinant tissue-type plasminogen
activator (rt-PCA) in this patient?

A. Clonidine
B. Enalapril
C. Hydralazine
D. Labetalol
E. Nifedipine

The correct answer is D. If the patient is eligible for treatment with IV rt-PA
but the systolic blood pressure is greater than 185 mm Hg or the diastolic
blood pressure is greater than 110 mm Hg, antihypertensive treatment
should be initiated to reduce the risk of hemorrhage. Drugs recommended
include IV labetalol or nicardipine infusion.

7. In addition to the fact that timing of final assessments in stroke trials is
not standardized, the authors of the chapter “‘How To’ Guide for Clinicians
Interested in Becoming Involved in Clinical Stroke Research” state that there
is little agreement on the best outcome measures to be used in acute stroke
trials. Which of the following outcome measures is felt to be the most
meaningful according to the authors?

A. Impairment measures
B. Measures of activity
C. Percent of brain tissue damaged
D. Prevention of future strokes
E. Quality-of-life questionnaires

The correct answer is B. The authors of the chapter “‘How To’ Guide for
Clinicians Interested in Becoming Involved in Clinical Stroke Research” state
that both the optimal timing of assessments poststroke and the outcome
measures used in various trials have hardly been standardized and make
cross-trial comparisons difficult. They feel that while objective measures
such as percent of brain tissue damaged and other ratings, such as those in
impairment measures and quality-of-life questionnaires, are important, they
are probably less meaningful overall than measures of activity that patients
are able to resume. Additionally, the authors note that even when common
scales to measure activity (eg, the Modified Rankin Scale) are used, cutoff
points differ among trials.

8. A group of neurologists servicing a large community hospital approach
the board of directors and express their desire to organize a dedicated
stroke unit. They provide information to the board that shows that functional
outcomes in stroke units are superior and that benefits to patients are
lasting. Which of the following is the most likely explanation for the
improved outcomes in certified stroke units?

A. Availability of interventional radiology
B. Better nursing to patient ratio
C. Better prevention and treatment of infections
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D. Higher profits increase future unit funding
E. Inclusion of rehabilitation services

The correct answer is C. The authors of the chapter “Complications of
Ischemic Stroke: Prevention and Management” note that disease-specific
care in a dedicated stroke unit of a hospital results in reduced stroke
mortality, better functional outcomes, and lowered costs. They cite a paper
by Govan and colleagues (2007) and note that the likely reason for better
outcomes is a reduction in poststroke complications, particularly infections.
While it may be true that stroke units lower costs and that they include
multidisciplinary teams (rehabilitation, interventional radiology, skilled
nursing staff), it is the prevention and early treatment of stroke-related
complications (particularly infections) that account for better outcomes.

Govan L, Langhorne P, Weir CJ; Stroke Unit Trialists Collaboration. Does the
prevention of complications explain the survival benefit of organized inpatient
(stroke unit) care?: further analysis of a systematic review. Stroke
2007;38(9):2536–2540.

9. The use of several imaging techniques for rapidly and accurately
identifying the ischemic penumbra in patients with stroke is discussed by
the authors of the chapter “Emerging Therapies.” Which of the following
suggests a large area of penumbra?

A. Distal middle cerebral artery occlusion
B. Early ischemic changes on CT
C. Lacunar infarction in the internal capsule
D. Large diffusion-weighted imaging abnormality
E. Large diffusion-weighted imaging/perfusion-weighted imaging

mismatch

The correct answer is E. Several imaging techniques are already in use to
better define the extent of the ischemic penumbra in patients with stroke so
that a more precise strategy might be employed utilizing recanalization
therapy outside the normal therapeutic windows. The authors of the chapter
“Emerging Therapies” note that stroke is a very heterogeneous disease and
that some patients may only have a small core of infarcted tissue even
several hours out from their event. Early ischemic changes on CT can be
seen in the core infarct; however, more information is needed (eg, from CT
angiography) to try to calculate the area of the penumbra. A large 
diffusion-weighted imaging (DWI) abnormality suggests little salvageable
tissue while a proximal (not distal) middle cerebral artery occlusion with a
limited volume of early ischemic change suggests a large penumbra.
Lacunar infarcts in strategic regions such as the internal capsule are
difficult to evaluate in terms of distant effects on the penumbra. DWI/
perfusion-weighted imaging mismatch implies that the infarcted core is
relatively small while the area of perfusion deficit may be large and is
reflective of the penumbra.

10. A 75-year-old man with a history of atrial fibrillation treated with
warfarin presents to an urgent care clinic because of inability to use his left
hand since awakening that day. He reports no pain or numbness in the
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hand but has been unable to raise his wrist. He states that he slept in his
bed last night, although he has a tendency to doze off in his recliner. He is
also treated with atenolol for mild hypertension. On examination, cognition
is normal. Blood pressure is 130/80 mm Hg, and heart rate is irregular at
60 beats per minute. He is unable to extend the left wrist or fingers.
Forearm extensors are normal. There is no sensory deficit along the dorsal
thumb. He is sent home from the urgent care center and referred to a
neurologist. The neurologist suspects a central lesion. Presence of which of
the following signs or symptoms may alert the clinician to the possibility of
stroke as a cause of distal arm weakness?

A. Gradual onset
B. Headache
C. Sensory symptoms
D. Stroke risk factors
E. Unilateral involvement

The correct answer is D. The authors of the chapter “Diagnosis of Stroke
and Stroke Mimics in the Emergency Setting” cite a paper from Gass and
colleagues (2001) describing 14 MRI-documented cases of distal arm
(hand) weakness mimicking a peripheral nerve distribution but caused by
small cortical strokes. Although abrupt onset—or rather onset after
awakening—is a typical history given in peripheral palsies, certainly abrupt
onset in an awake patient in an appropriate age group and with stroke risk
factors should alert the clinician to the possibility of a central cause of
hand/distal arm weakness. No mention is made of associated headache
(unlikely, due to the small tissue volume of these strokes); sensory symptoms,
although sometimes subjectively encountered in central lesions, are more likely
to be found in a peripheral nerve lesion. Unilateral involvement is typical for
either peripheral or central lesions. A history of prior strokes, while certainly
possible, does not exclude a peripheral etiology.

Gass A, Szabo K, Behrens S, et al. A diffusion-weighted MRI study of acute
ischemic distal arm paresis. Neurology 2001;57(9):1589–1594.

11. A 75-year-old man is brought by ambulance to an emergency
department (ED) 30 minutes after the acute onset of right-sided weakness
and difficulty speaking. He is seen by an ED physician, and a noncontrast
CT scan of the brain is normal. He is felt to be a candidate for recombinant
tissue-type plasminogen activator (rt-PA) and receives a bolus of the drug.
He is then accepted for transfer to a major university hospital. What is
the current policy on reimbursement for rt-PA infusion as it relates to
this patient?

A. The facility with the greatest number of hospital days for poststroke care
can bill

B. The first hospital cannot bill for rt-PA because it provided only a bolus
C. The first hospital cannot bill for rt-PA because it was not given by a

neurologist
D. The first hospital cannot bill if it is not a certified stroke center
E. The second hospital cannot bill for rt-PA because it was initiated in

another facility
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The correct answer is E. The authors of the chapter “Primary Stroke Center
Certification” discuss the fact that reimbursement for administration of rt-PA
has significantly improved under a new diagnosis related group (DRG) code
(559); however, the facility that initiates the treatment is the only one that
can bill for it. There is no current requirement for a neurologist to be
present, nor is there a stipulation that rt-PA can only be given in a certified
stroke center. Finally, choice A is cited as an irony in the current situation:
the center that provides the most care may not, in fact, be able to bill for
the drug if the patient has been transferred.

12. A 56-year-old right-handed man is evaluated for acute onset of right
hemiplegia and aphasia. A CT scan of the head shows loss of gray-white
matter differentiation in the left insular cortex and basal ganglia and a
hyperdense left middle cerebral artery sign. There is an area of 
diffusion-weighted imaging (DWI)/perfusion-weighted imaging mismatch on
MRI, suggesting an area of penumbra in the left cerebral cortex. Which of
the following mechanisms accounts for increased DWI signal in this patient?

A. Acute inflammation
B. Increased blood-brain barrier permeability
C. Intracellular edema
D. Luxury perfusion
E. Myelin breakdown

The correct answer is C. The increased DWI signal in the setting of cerebral
ischemia represents restricted water diffusion (low apparent diffusion
coefficient) that reflects intracellular (cytotoxic) edema.

13. A 65-year-old man with new-onset atrial fibrillation is admitted to the
hospital after awakening with right-sided weakness and difficulty producing
the right word. He is diagnosed with an acute left middle cerebral artery
infarct and placed in a step-down unit. Initial nursing assessment notes that
he coughs when attempting to swallow water. Which of the following
measures is most likely to be effective in preventing the development of
pneumonia in this patient?

A. Daily pulmonary function tests
B. Formal swallowing evaluation
C. Prophylactic antibiotics 
D. Transfer to an intensive care unit
E. Urgent percutaneous endoscopic gastrostomy placement

The correct answer is B. The authors of the chapter “Complications of
Ischemic Stroke: Prevention and Management” note the severe impact
caused by the development of pneumonia after acute stroke, as it both
complicates the acute hospitalization and may prolong the recovery period.
They note that the use of prophylactic antibiotics was not supported in a
recent study, nor do they support immediate percutaneous endoscopic
gastrostomy placement since many patients show improved swallowing
function in the first few days. No evidence is presented that the patient’s
outcome will be better in an intensive care unit or with daily formal
pulmonary assessment. However, the appropriate evaluation of swallowing
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function with possible changes to oral diet based on the outcome is cited by
the authors as a plausible measure to take to prevent pneumonia.

14. Among the advantages of intraarterial delivery of fibrinolytic agents is the
ability to deliver high concentrations of drug directly to the clot with less
systemic exposure to the agent. However, widespread use of this technique is
most likely to be limited because of which of the following factors?

A. High incidence of distal emboli 
B. Lack of general availability of fibrinolytics
C. Lack of trained radiology personnel
D. Prohibitive liability costs
E. Specialized facilities and expertise required for neurointerventional

treatment

The correct answer is E. The authors of the chapter “Emerging Therapies” note
that intraarterial fibrinolytics have been used successfully in thrombolysis and
definitely have a role in certain cases of large vessel occlusion. However, these
procedures require trained interventional radiologists and angiography and,
therefore, will most likely only be performed in tertiary care centers.

15. A 72-year-old man with a history of hypercholesterolemia, hypertension,
and an ST-elevation myocardial infarction 1 month ago is brought to the
emergency department 60 minutes after acute-onset right-sided weakness
and speech difficulties. Current medications include enalapril, atorvastatin,
and aspirin. Evaluation reveals a right hemiparesis and global aphasia.
Blood pressure is 170/100 mm Hg. A CT shows a hyperdense left middle
cerebral artery and effacement of the gray-white matter boundary in the left
insula. Cardiac enzymes, blood glucose, electrolytes, platelet counts,
prothrombin time, and activated partial thromboplastin time are normal.
Which of the following findings makes this patient ineligible for treatment
with IV recombinant tissue-type plasminogen activator (rt-PA) according to
current guidelines?

A. Aspirin use
B. Head CT scan findings
C. Hypertension
D. Recent myocardial infarction
E. Severity of neurologic deficit

The correct answer is D. According to the 2007 American Heart Association
guidelines, eligibility criteria for IV rt-PA include no myocardial infarction in the
previous 3 months. Although caution should be exercised when treating
patients with major deficits, early ischemic changes that are not clear and do
not affect multiple lobes or greater than one-third of the cerebral hemisphere
should not preclude IV rt-PA in otherwise eligible patients. Age is not a
contraindication for rt-PA treatment. Although the patient is hypertensive, his
current blood pressure is less than 185 mm Hg systolic and less than 110 mm Hg
diastolic and is therefore acceptable for treatment with IV rt-PA.

16. At the beginning of 2008, the Joint Commission established 
10 stroke-specific care performance measures as required for primary
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stroke care center certification. Which of the following is included in that
group of measures?

A. Anticoagulation for atrial fibrillation
B. Diabetes screening
C. Echocardiogram by day 2
D. Heparin for carotid artery disease 
E. Repeat neuroimaging by day 2

The correct answer is A. While some of the above may be done in practice,
per Table 6-4, anticoagulation for atrial fibrillation is correct.

17. A neurologist is discussing with a patient, a 60-year-old man with
atherosclerotic large vessel disease, his potential enrollment in a phase 2
trial on a new antithrombotic drug compared to aspirin. According to the
principle of equipoise, which of the following should the neurologist
discuss with the patient?

A. Exactly half of recruited patients will receive the experimental drug, and
half will receive aspirin

B. The investigator will cover 50% of the patient’s expenses stemming from
the trial

C. It is uncertain whether the tested drug is more effective than
aspirin

D. The tested drug is expected to have at least 50% fewer side effects than
aspirin

E. The tested drug is likely to be at least 50% as efficacious as aspirin

The correct answer is C. Equipoise means that the physician expresses
uncertainty toward which arm of a particular study is more effective.

18. A 70-year-old man with a history of coronary artery disease and
myocardial infarction 2 years ago is brought to the emergency department
within 30 minutes of acute-onset right-sided weakness and speech difficulties.
Evaluation within 15 minutes of arrival reveals dense right hemiparesis
and aphasia. Blood pressure is 170/95 mm Hg. A CT is obtained within
20 minutes and shows an effacement of the gray-white matter junctions near
the left insula and lenticular nucleus. EKG, cardiac enzymes, oxygen
saturation, blood glucose, electrolytes, and platelet count test results are
normal. The results of prothrombin time and activated partial thromboplastin
time are pending. The patient has no history of receiving oral anticoagulants
or heparin, known liver disease, bleeding disorder, previous head trauma,
stroke, cerebral hemorrhage, gastrointestinal or urinary hemorrhage, recent
arterial puncture, or seizures. Current medications include lisinopril,
atorvastatin, and aspirin. What is the recommended approach regarding
treatment with IV recombinant tissue-type plasminogen activator (rt-PCA) in
this patient?

A. Administer rt-PA as soon as possible, and no later than 60 minutes
of emergency department arrival

B. Await the results of coagulation studies before administering tissue
plasminogen activator
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C. Do not administer rt-PA in this patient since he has been taking aspirin
D. Obtain written informed consent, given the risk posed by the patient’s

age and cardiac comorbidity
E. Reduce arterial blood pressure to about 150/85 mm Hg to reduce risk of

intracerebral hemorrhage

The correct answer is A. The National Institute of Neurological Disorders
and Stroke recommends administration of IV rt-PA at 60 minutes from arrival
in patients who are eligible according to current American Heart Association
criteria. The patient has not been taking anticoagulants or received heparin
in the previous 48 hours, has no clinical or CT evidence of bleeding, and
has no previous conditions that may predispose to bleeding. Therefore, 
rt-PA can be administered even before results of the prothrombin time and
activated partial thromboplastin time are available. Although the patient or
family members should understand the potential risks and benefits of IV 
rt-PA treatment, informed consent is not required as IV rt-PA is considered
standard of care.

19. A 56-year-old right-handed man is evaluated for acute onset of right
hemiplegia and aphasia 2 hours ago. A CT scan of the head shows loss of
gray-white matter differentiation in the left insular cortex and a hyperdense
left middle cerebral artery sign. Which of the following mechanisms is
primarily responsible for neuronal loss in the ischemic core in this
hypoperfused area at this time?

A. Accumulation of intracellular calcium 
B. Activation of caspases
C. Efflux of sodium from neurons
D. Increased glutamate uptake by astrocytes
E. Permanent hyperpolarization

The correct answer is A. Cell death in the ischemic core typically occurs
by a mechanism of necrosis. This is triggered by impaired adenosine
triphosphate (ATP) production and disruption of ATP-dependent pumps,
including the sodium/potassium adenosine triphosphatase. This results in
accumulation of sodium in the cells (resulting in cytotoxic edema), impaired
astrocyte reuptake of glutamate, and neuronal depolarization, which lead to
massive influx of calcium both via glutamate- and voltage-gated calcium
channels. Calcium activates phospholipases, nucleases, and proteases,
leading to membrane destruction and cell death.

20. A 62-year-old man is seen by the acute stroke intervention team after he
is brought to the emergency department by a neighbor who found him
alone and “confused.” The onset of the event was not witnessed.
Examination reveals right hemiparesis and aphasia. A noncontrast CT is
performed. Which of the following findings would represent a
contraindication for thrombolytic therapy?

A. A clearly delineated hypodense lesion in the left middle cerebral
artery territory

B. Hyperdense left middle cerebral artery sign
C. Loss of gray-white matter differentiation in the left insular cortex
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D. Loss of gray-white matter differentiation in the left lentiform nucleus
E. Sulcal effacement in the left hemisphere

The correct answer is A. The presence of an area of clearly delineated
hypodensity with associated mass effect is indicative of established
infarction and most likely inconsistent with a focal cerebral ischemia of
less than 3 hours’ evolution. Its presence is associated with increased risk
of symptomatic intracerebral hemorrhage and constitutes a contraindication
for thrombolysis.

21. A 44-year-old right-handed woman with no previous history of stroke is
found by her husband on the floor at home in the evening. She has
paralysis of the right side of the body and is unable to understand or talk.
She was normal when he left her to go to work early that morning. Upon
evaluation at the emergency department, she has a severe dense hemiplegia,
global aphasia, and gaze preference to the left. A CT scan of the head
performed within 20 minutes of arrival shows a hyperdense left middle
cerebral artery (MCA) sign and hypodensity involving greater than 50% of
the MCA territory. She is admitted to the stroke unit for optimal
management of blood pressure, airway, and other parameters. Two days
after admission, she becomes increasingly somnolent and eventually
comatose. Which of the following is the most likely cause of her
neurologic deterioration?

A. Aspiration pneumonia
B. Cerebral edema
C. Hemorrhagic transformation
D. Progressing ischemia
E. Status epilepticus

The correct answer is B. The clinical examination and CT findings are
significant clues. Although edema due to hemispheric infarction is relatively
uncommon, with an estimated frequency of up to 10% of ischemic strokes,
the findings in this patient are consistent with the so-called malignant MCA
syndrome. Younger age, female gender, absence of prior stroke, and the
presence of the hyperdense MCA sign and hypodensity involving greater
than 50% of the MCA territory on noncontrast head CT have all been
associated with neurologic deterioration.

22. A 66-year-old woman with a history of hypertension is brought to the
emergency department at 8.00 AM because she awoke with acute onset of
left-sided weakness in the left side of the body 1 hour before. According to
the patient and her husband, she was normal when she went to bed at
9:00 PM the previous night. Evaluation on arrival reveals a left hemiparesis
and dysarthria. Blood pressure is 175/100 mm Hg. A CT scan shows early
ischemic changes in the right insula and lenticular nucleus. EKG, cardiac
enzymes, blood glucose, platelet count, prothrombin time, and activated
partial thromboplastin time are normal. Which of the following is the most
appropriate treatment for this patient according to current guidelines?

A. Aspirin
B. Heparin
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C. Intraarterial recombinant tissue-type plasminogen activator
D. IV recombinant tissue-type plasminogen activator
E. Labetalol

The correct answer is A. Initiation of antiplatelet therapy within 48 hours of
ischemic stroke has been shown to be effective at preventing recurrent
ischemic stroke. For a patient who awakens with symptoms, the time of onset
is considered to be the time when the patient went to bed, assuming that the
patient was known to be normal at this time, which is the case with this
patient. Thus, this patient is beyond the therapeutic window for either IV or
intraarterial recombinant tissue-type plasminogen activator. The role of
hyperacute anticoagulation is not yet well defined, although numerous acute
stroke trials suggest that the risk of intracerebral hemorrhage outweighs any
benefit. Unless there is jeopardy to target organs, aggressive lowering of blood
pressure is not indicated in the setting of acute stroke as it may reduce blood
flow to the ischemic penumbra and to areas lacking cerebral autoregulation.

23. In a recent prospective study of 300 patients with suspected strokes
conducted in an urban teaching hospital, about one-third of patients were
ultimately diagnosed with stroke mimics. Which of the following factors
correlated most strongly with an ultimate accurate diagnosis of stroke?

A. Age over 55
B. Concurrent headache
C. History of focal neurologic symptoms
D. History of prior stroke
E. Normal metabolic profile in the emergency department

The correct answer is C. According to the authors of the chapter “Diagnosis of
Stroke and Stroke Mimics in the Emergency Setting” in the prospective study
by Hand and colleagues (2006), eight variables were independently associated
with a correct diagnosis of stroke. Of those, the two most powerful predictors
were a definite history of focal neurologic symptoms (choice C) and an NIH
Stroke Scale score greater than 10. The most common stroke mimic in this
study was the postictal state, followed by sepsis and toxic-metabolic
encephalopathies. 

Hand PJ, Kwan J, Lindley RI, et al. Distinguishing between stroke and mimic
at the bedside: the brain attack study. Stroke 2006;37(3):769–775.

24. A 60-year-old right-handed woman is evaluated for acute onset of
left arm and face weakness 2 hours ago. She has a history of hypertension
that is well controlled with hydrochlorothiazide. At the time of her
evaluation in the emergency department, her left arm weakness had
improved slightly. She was found to have a blood pressure reading of
160/100 mm Hg, and she was treated with labetalol, resulting in a
reduction of blood pressure to her basal levels of 140/90 mm Hg. A few
minutes later, however, her weakness worsened, resulting in left hemiplegia.
Which of the following mechanisms is most likely to explain the neurologic
deterioration in this patient?

A. Hemorrhagic transformation
B. Ischemic vasoconstriction
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C. Loss of autoregulation
D. Neuronal hyperpolarization
E. Vasogenic edema

The correct answer is C. A typical feature of the area of ischemic penumbra
is maximum vasodilatation, which disrupts cerebral blood flow
autoregulation and makes local blood flow directly dependent on the
cerebral perfusion pressure. Transient increase in arterial pressure in the
setting of acute stroke may provide a protective mechanism that maintains
cerebral perfusion pressure in this region. Lowering of arterial pressure,
particularly in patients with chronic hypertension (resulting in leftward shift
of the autoregulatory curve) may result in reduced blood flow in this
jeopardized area, thus worsening neurologic symptoms either reversibly or
irreversibly (by incorporating these neurons into the “core”).

25. Very early initiation of neuroprotective therapies is one approach being
investigated for preservation of the penumbra in early stroke. Which of the
following factors places the greatest limitation on the development and
evaluation of potential neuroprotective therapies?

A. Many patients will ultimately have stroke mimics
B. Many therapies cannot be given during prehospital transport
C. Many therapies may conflict with common medications
D. Most patients are treated too late to help
E. Neuroprotective agents are not profitable for pharmaceutical companies

The correct answer is D. The authors of the chapter “Emerging Therapies” note
that neuroprotection trials may have failed because drug was administered in
late time windows when most of the brain infarction had already occurred.
Neuroprotection will need to be initiated much earlier if the drugs are safe
enough to use in the ambulance to patients even without stroke.

26. The recent Joint Commission stroke-specific care performance measures
include which of the following treatment requirements?

A. Discharge on a cholesterol-lowering medication 
B. Discharge on an angiotensin-converting enzyme inhibitor
C. Screen for dysarthria 
D. Start antithrombotic therapy by the end of the first week of

hospitalization
E. Start antithrombotic therapy within 2 months of discharge

The correct answer is A. Joint Commission stroke-specific care performance
measures include discharge on cholesterol-lowering medication, as well as
deep venous thrombosis prophylaxis, anticoagulation therapy for patients
with atrial fibrillation, antithrombotic therapy by end of hospital day 2,
discharge on antithrombotic therapy, dysphagia screening, stroke education,
smoking cessation/advice/counseling, and assessment for rehabilitation.

27. A 35-year-old woman is evaluated because she noticed that she became
acutely unable to read the newspaper 2 hours ago. On examination she is
alert and oriented and has no focal weakness. She is able to write a simple
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sentence on dictation but is unable to read it. This is most likely due to an
infarction in which of the following vascular territories?

A. Left lenticulostriate
B. Left middle cerebral
C. Left posterior cerebral
D. Right middle cerebral
E. Right posterior cerebral

The correct answer is C. The patient has alexia without agraphia, which
typically occurs with lesions in the territory of the left posterior cerebral
artery. The classic lesion involves the left calcarine cortex or optic radiations
(producing right hemianopsia) plus the splenium of the corpus callosum,
interrupting the connections from the right to the left occipital association
cortex, which provides access to areas involved in recognition of words.

28. Which of the following is the objective of a phase 2 clinical trial on a
new drug?

A. To assess bioavailability of the drug in the target tissue
B. To determine how the drug is working in the “real world,” both in terms

of efficacy and safety, after US Food and Drug Administration (USFDA)
approval

C. To determine whether the drug produces toxic effects on experimental
animals

D. To obtain comparative information about relative safety and
efficacy of the drug in a randomized controlled trial (RCT) 

E. To obtain, in an RCT, definite data on the drug’s benefits and risks based
on promising results from previous RCTs

The correct answer is D. Most phase 2 studies are RCTs, often blinded, to
obtain comparative information about the relative safety and efficacy of a
new drug. Phase 1 trials typically assess safety and feasibility. Phase 3 RCTs
are typically for definitive data on a treatment’s risk and benefit based on
promising results from phase 2 trials. Phase 4 trials are post-USFDA-approval
studies to assess the safety and efficacy of the treatment in the targeted
patient population.

29. Which of the following interventions is recommended as a first-line
treatment for controlling hypertension after the administration of
recombinant tissue-type plasminogen activator?

A. Bolused, then infused, labetalol
B. Infused IV clonidine 
C. Infused IV nimodipine
D. IV sodium nitroprusside drip
E. Nitropaste

The correct answer is A. The authors of the chapter “IV Thrombolytic
Therapy for Acute Ischemic Stroke” enumerate several approaches to treating
hypertension after recombinant tissue-type plasminogen activator (rt-PA)
administration as per 2007 American Heart Association guidelines. As opposed
to treating hypertension prior to rt-PA, the recommendation postinfusion is
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for aggressive blood pressure treatment. Recommended first-line agents 
are IV labetalol, nitropaste, or infused nicardipine (choice A). Sodium 
nitroprusside (choice D) is not recommended as a first-line agent.

30. In order to develop a successful primary stroke center, the authors of
the chapter “Primary Stroke Center Certification” outline numerous resources
that should be made available and requirements that should be met. In
order to ensure improved patient outcomes, which of the following is
continually emphasized by the authors?

A. Admission orders should be tailored to the individual patient
B. Constant documentation and logbooks must be kept
C. Emergency department personnel should defer to neurologists for stroke

management 
D. A stroke center is best led by a group of physicians
E. The stroke team should respond within 1 hour of being notified

The correct answer is B. The authors of the chapter “Primary Stroke Center
Certification” relate in detail current Joint Commission criteria for stroke
center certification and outline their interpretation of these guidelines. They
state that while a stroke center’s staff will inevitably comprise individuals
from multiple disciplines, ideally there should be a director who is most
likely to be a neurologist. Admission orders should be standardized and not
highly variable, and emergency department personnel must be trained to
initiate acute stroke care. Answer B is continually emphasized by the
authors: in order to critically analyze outcomes and improve care, stringent
case-by-case documentation of all facts of care must be undertaken by the
stroke center.

31. A 70-year-old man is brought to the emergency department 1 hour after
the onset of difficulty speaking and right-hand clumsiness. He has a history
of coronary artery disease, type 2 diabetes mellitus, hypertension, and
hyperlipidemia. He underwent coronary artery bypass grafting 2 years ago
and a cystoscopy 3 weeks ago. One year ago, a small thalamic hemorrhage
was found after he underwent a head CT done after a confusional episode.
On examination, he is alert. Blood pressure is 170/90 mm Hg and heart rate
55 beats per minute. Language is nonfluent with difficulty naming and
repeating as well as with writing. Comprehension is generally preserved.
Right upper extremity pronator drift and difficulty with fine motor
movements in the right hand are present. A noncontrast CT of the brain is
normal. The treating physicians are considering the use of recombinant
tissue-type plasminogen activator (rt-PA). Which of the following excludes
the use of rt-PA in this patient?

A. Elevated blood pressure
B. Inability to give informed consent
C. Prior coronary artery bypass grafting
D. Prior intracranial hemorrhage
E. The recent urologic procedure

The correct answer is D. The authors of the chapter “Intravenous
Thrombolytic Therapy for Acute Ischemic Stroke” provide a table of 
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current eligibility criteria (American Heart Association guidelines) for the
use of rt-PA (see Table 3-3). The patient’s cystoscopy, aside from not
being major surgery, was more than 2 weeks ago, and prior coronary
artery bypass grafting is not an exclusionary criterion unless the time
requirement (2 weeks out) is not met. This patient’s blood pressure is
within established boundaries for rt-PA administration (greater than 
185 mm Hg systolic, greater than 110 mm Hg diastolic). The patient,
although aphasic, seems able to comprehend enough to understand the
consent form (which could also be given to a family member); 
furthermore, informed consent would not be necessary for IV rt-PA
patients who meet standard eligibility criteria. Although it seems that the
patient suffered no residua from his prior thalamic hemorrhage, prior
intracranial hemorrhage is an exclusionary criterion.

32. A group of researchers begins to recruit patients for an acute stroke
trial involving a medication designed to limit the area of infarct in cortical
strokes. The medication used has shown promising results in phase 2
trials involving small numbers of patients. After 6 months, the number of
patients recruited falls 30% short of the target. Some of the investigators
suggest changing the protocol to include subcortical strokes. According to
the authors of the chapter “‘How To’ Guide for Clinicians Interested in
Becoming Involved in Clinical Stroke Research,” what is a potential 
drawback of this strategy?

A. The drug may not work for a different pathophysiology
B. The investigators will appear to be motivated by personal gain
C. It may be unethical to change the rules midway through the trial
D. The mechanism of action may not be understood
E. There is potential to harm those recruited under new criteria

The correct answer is A. The authors of the chapter “‘How To’ Guide for
Clinicians Interested in Becoming Involved in Clinical Stroke Research”
address the issue of revising a clinical trial protocol while a study is in
progress. According to the authors, certain ethical considerations are
already a given in a trial (eg, consent obtained from someone other than
the treating physician, no financial conflicts of interest with use of a
particular experimental agent), and, therefore, no particular ethical
consideration is raised in revising protocols. However, they do cite the
example of broadening inclusion criteria in stroke trials (in an attempt to
recruit more subjects) leading to failure of a trial because of presumed
different pathophysiology not targeted by the experimental drug.

33. Deep venous thrombosis (DVT) is a well-recognized severe complication
of acute ischemic stroke. The authors of the chapter “Complications of
Ischemic Stroke: Prevention and Management” discuss the Prevention of
Venous Thromboembolism After Acute Ischaemic Stroke (PREVAIL) trial,
designed to determine the optimal anticoagulant for use in prevention of
poststroke DVT. They note, however, that despite the fact that the PREVAIL
trial was well designed, its efficacy and safety end points failed to determine
whether enoxaparin (low-molecular-weight heparin) or unfractionated
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heparin was a better treatment. Which of the following statements 
summarizes the results of this trial?

A. Both therapies are effective in preventing DVTs.
B. Enoxaparin is not cost-effective.
C. Enoxaparin produced fewer systemic hemmorhages.
D. Results were indeterminate.
E. Unfractionated heparin is more hazardous in general.

The correct answer is A. The authors note that in the PREVAIL trial,
enoxaparin prevented more asymptomatic DVTs but had a higher rate of
extracranial hemorrhages. Cost is not raised as an issue. Unfractionated
heparin and enoxaparin were basically equivalent and effective in
preventing symptomatic DVTs and fatal pulmonary emboli. Unfractionated
heparin had a lower rate of hemorrhagic complications.

34. A 46-year-old right-handed woman is evaluated for acute onset of left
hemiplegia and sensory loss. A CT scan of the head shows loss of 
gray-white matter differentiation in the right middle cerebral artery territory.
Which of the following mechanisms may reduce NMDA-mediated 
excitotoxic neuronal loss in this area?

A. Activation of matrix metalloproteinases
B. Calcium release from the endoplasmic reticulum
C. Extracellular acidosis
D. Inhibition of glutamate transport by astrocytes
E. Neuronal depolarization

The correct answer is C. Activation of NMDA receptors by L-glutamate, by
increasing influx of calcium to neurons and glial cells, is an important trigger
of cell death (excitotoxicity) in the setting of cerebral ischemia. Acidosis
reduces the probability of opening of the NMDA receptor-linked calcium
channel. In contrast, impaired astrocyte glutamate transport (leading to
synaptic accumulation of L-glutamate), neuronal depolarization, and release 
of intracellular calcium all potentiate NMDA receptor–mediated excitotoxicity.
Activation of matrix metalloproteinases disrupts the blood-brain barrier,
allowing influx of inflammatory cells that release cytokines, which potentiates
NMDA receptor–mediated injury.

35. A 62-year-old man with a history of hypertension and hypercholesterolemia
treated with lisinopril, atorvastatin, hydrochlorothiazide, and aspirin is brought
to the emergency department at 60 minutes after acute-onset left-sided 
weakness. Evaluation upon arrival reveals a left hemiparesis and dysarthria.
Blood pressure is 160/90 mm Hg. A CT scan shows early ischemic changes 
in the right insula. EKG, cardiac enzymes, blood glucose, platelet count, 
prothrombin time, and activated partial thromboplastin time test results are
normal. The patient has no history of head trauma, stroke, hemorrhage, or
recent surgeries or arterial punctures. Which of the following is a potential risk
of IV recombinant tissue-type plasminogen activator (rt-PA) in this patient?

A. Angioedema
B. Hyponatremia
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C. Myonecrosis
D. Rash
E. Seizures

The correct answer is A. Angioedema is typically seen in 1% to 2% of
patients treated with IV rt-PA and is more common in patients receiving
angiotensin-converting enzyme inhibitors and with insular or frontal strokes.

36. According to the authors of the chapter “‘How To’ Guide for Clinicians
Interested in Becoming Involved in Clinical Stroke Research,” which of the
following criteria should be met before entering patients into clinical trials?

A. The different phases of clinical trials should be explained to
patients 

B. Expenses related to the trial are the patient’s responsibility
C. Free drug should be given if the trial is successful
D. Patients must agree to complete the trial
E. The trial must have a placebo arm

The correct answer is A. According to the authors of the chapter “‘How To’
Guide for Clinicians Interested in Becoming Involved in Clinical Stroke
Research,” patients should have an understanding of the meaning of the
various phases of clinical trials so that they can better evaluate the potential
risks and benefits of entering a trial. Although free drug is sometimes
provided in extension periods after the completion of clinical trials, this is
not always the case. Study-related expenses should be covered by the study
budget. Patients have the right to opt out of a clinical trial at any time. If an
effective approved therapy exists, the study will most likely not have a
placebo arm.

37. A 56-year-old right-handed woman is evaluated for acute onset of left
hemiplegia 2 hours ago. A CT scan of the head shows loss of gray-white
matter differentiation in the left insular cortex and basal ganglia. There is an
area of diffusion-weighted imaging (DWI)/perfusion-weighted imaging
(PWI) mismatch on MRI. Which of the following statements best describes
the area of ischemic penumbra in this case?

A. The area of penumbra includes neurons that are at risk of 
undergoing apoptosis.

B. The cerebral blood flow in the area of ischemic penumbra is typically less
than 7 mL/100 g/min.

C. The DWI abnormalities correspond to a core that remains unchanged
with the duration of ischemia.

D. The DWI abnormalities precisely delineate the area of irreversible cell
damage.

E. The DWI abnormality represents areas of increased permeability of the
blood-brain barrier.

The correct answer is A. It has been shown that the DWI lesion, which
represents areas of intracellular edema, is not precise in distinguishing
between reversible and irreversible ischemia. The area of PWI/DWI
mismatch includes jeopardized neurons that are at risk of irreversible
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damage if perfusion is not restored. The accumulative risk increases with
the duration of ischemia, which may lead to progressive increase of the core
at the expense of the penumbra.

38. A 65-year-old man with a history of hypertension, hyperlipidemia and
type 2 diabetes mellitus notes the acute onset of unsteadiness with inability
to walk 30 minutes after returning from the golf course. He is mildly
nauseated but does not have vertigo. His glucometer reading at home is
130. He is taken by ambulance to an emergency department (ED) where he
is examined by an ED resident 90 minutes after the onset of his symptoms.
Vital signs show a blood pressure of 170/90 mm HG and are otherwise
normal, as is his blood sugar. Further examination shows gaze-evoked
nystagmus with mildly slurred speech. Finger-to-nose and heel-to-shin
testing are fairly unremarkable. The NIH Stroke Scale (NIHSS) score is 1. He
stands with assistance but is completely unable to walk, listing to the left.
The radiology department calls to report an abnormal diffusion-weighted
imaging reading on MRI. What is the most likely explanation for the
inconsistency between the clinical findings and the NIHSS score?

A. Dysarthria is not a component of the scale
B. It was performed by a non-neurologist
C. It was performed too acutely
D. The NIHSS does not provide a comprehensive neurologic assessment
E. The patient probably did not have a stroke

The correct answer is D. The NIHSS, according to the authors, includes a
relatively cursory examination of cranial nerve and cerebellar functions and
does not assess gait impairment due to causes other than weakness. Even
patients with some limb ataxia and dysarthria will emerge with low scores
on the scale while their syndromes may be quite disabling (eg, inability to
walk). In the absence of significant motor deficits on bedside testing, gait
assessment should be performed in all patients.

39. In the Interventional Management of Stroke I and II pilot studies,
reduced-dose IV recombinant tissue-type plasminogen activator (rt-PA) was
combined with intraarterial rt-PA delivered either by microcatheter or an
EKOS MicroLysus® Ultrasound Catheter. Approximately what additional
percentage of patients achieved distal perfusion when intraarterial methods
were combined with IV treatment?

A. No advantage to combined therapy
B. 10%
C. 25%
D. 60%
E. 100%

The correct answer is D. The authors report that in the Interventional
Management of Stroke (IMS)-1 study (combining IV reduced-dose rt-PA and
intraarterial rt-PA delivered by microcatheter) and the IMS-2 study
(microultrasound catheter plus IV rt-PA), whereas 18% of patients achieved
recanalization and reperfusion with low-dose rt-PA, another 60% recanalized
and reperfused (for a total of 80%) with the additional intraarterial methods.
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40. An 80-year-old man is admitted to a hospital stroke unit 2 hours after
awakening with right-sided weakness and slurred speech. He is not treated
with thrombolytic therapy and is placed on aspirin. He is initially alert and
able to communicate, although he has “thick” speech. He walks with
assistance. On the second hospital day, staff notes that he is now weaker on
the right side and unable to ambulate to the bathroom. He is afebrile and
alert with normal laboratory values. Statistically, according to a large study
cited by the authors of the chapter “Complications of Ischemic Stroke:
Prevention and Management,” what is the most likely reason for
deterioration in this patient’s neurologic status?

A. Hemorrhagic conversion 
B. Hydrocephalus
C. Increased intracranial pressure
D. A new, second stroke
E. Progression of the stroke

The correct answer is E. In the study cited, a large series of patients was
looked at for deterioration of neurologic function within the first 2 to 3 days
after stroke. The authors found that greater than 13% of patients followed
showed deterioration in neurologic status directly attributable to their stroke.
Within that group, one-third was found to have progression of their original
lesion as the most likely etiology of their functional decline. Hemorrhagic
conversion or a second stroke was far less common (about 10% each);
increased intracranial pressure accounted for over one-quarter of the cases
in this study. Hydrocephalus is not discussed but would be assumed to be
relatively uncommon in ischemic stroke. 

Weimar C, Mieck T, Buchthal J, et al. Neurologic worsening during the acute
phase of ischemic stroke. Arch Neurol 2005;62(3):393–397.
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Quintessentials is designed to help practicing neurologists identify and make changes to
their practices to improve patient care. Composed of two case-based questionnaires and
preferred responses, the program is intended to stimulate thought and help you assess
your practice behavior against expert opinion. The comments, references, and links to
information provided in this issue of should assist you in this process.

This program consists of three parts:

Part 1-—Baseline 
1. Go to www.aan.com/go/elibrary/continuum/quintessentials to complete 

Part 1—Baseline Questionnaire. Alternatively, you may cut out and complete 
Part 1—Baseline Questionnaire on the following pages and then mail or fax 
your completed forms to the AAN.

2. Review the preferred responses to the Baseline Questionnaire either online or 
in this Quintessentials section. The preferred responses direct you to pertinent 
discussion in the issue and should help stimulate possible changes 
in your practice of patients with acute ischemic stroke.

Part 2—Follow-up
Approximately 1 month after receipt of your Part 1—Baseline Questionnaire, the AAN
will send you an email reminding you to complete Part 2—Follow-up Questionnaire. If
you completed Part 1 on paper, you will need to complete Part 2 on paper, and the AAN
will mail the questionnaire to you. This case-based questionnaire will reexamine your
knowledge and behaviors related to your practice of patients with acute ischemic stroke.

1. Complete Part 2—Follow-up Questionnaire at www.aan.com/go/elibrary/
continuum/quintessentials, or mail or fax your completed forms to the AAN.

2. Review the preferred responses to the Follow-up Questionnaire. Like the preferred
responses to the Baseline Questionnaire, they will direct you to pertinent discussion
in the issue and should help stimulate possible changes in your practice.

Part 3—Feedback and Evaluation
Upon receipt of your Part 2—Follow-up Questionnaire, you will immediately receive an
electronic comparison report of your responses to Part 1—Baseline Questionnaire and
Part 2—Follow-up Questionnaire and a program evaluation form. These forms will be
sent by mail to participants who have submitted Parts 1 and 2 on paper. The comparison
report is intended to help you identify any changes you made in your practice as a result
of the program.

1. Complete the evaluation form at www.aan.com/go/elibrary/continuum/
quintessentials or mail or fax the evaluation form to the AAN in order to be 
granted CME for participation in the program.

ACUTE ISCHEMIC STROKE
Continuum Lifelong Learning Neurol 2008;14(6):186–187.
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2. A transcript of credits earned in Quintessentials Acute Ischemic Stroke will be
available to you electronically in two business days. If you completed the module
on paper, you will be sent your transcript within 2 months of receipt of your 
evaluation form.

Faculty

KEVIN M BARRETT, MD, MSC

Senior Associate Consultant, Mayo Clinic, Jacksonville, Florida

Relationship Disclosure: Dr Barrett has nothing to disclose.
Unlabeled Use of Products/Investigational Use Disclosure: Dr Barrett has nothing to disclose.

Learning Objectives

Upon completion of Quintessentials Acute Ischemic Stroke, the participant will be able to:
• Expeditiously evaluate a patient with suspected acute stroke
• Utilize clinical and radiographic criteria to determine eligibility for treatment with 

IV recombinant tissue-type plasminogen activator (rt-PA)
• Properly care for the patient who has received thrombolytic therapy
• Recognize and manage potential complications after treatment with rt-PA

CORE COMPETENCIES
Quintessentials Acute Ischemic Stroke covers the following core competencies: Patient
Care, Medical Knowledge, and Systems-Based Practice.

ESTIMATED TIME TO COMPLETE
The estimated time to complete Parts 1 and 2 is 3 hours.

ACCREDITATION
The American Academy of Neurology (AAN) is accredited by the Accreditation Council 
for Continuing Medical Education to provide continuing medical education for physicians.
The AAN designates this educational activity (Quintessentials Acute Ischemic Stroke) for a
maximum of 3 hours of AMA PRA Category 1 Credits™. Physicians should only claim credit
commensurate with the extent of their participation in the activity.
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ACUTE ISCHEMIC STROKE
Part 1—Baseline Questionnaire

Continuum subscribers may complete and submit this questionnaire online at 
www.aan.com/go/elibrary/continuum/quintessentials.

Today’s Date:       /      /
First Name MI Last Name AAN ID #* (mm/dd/yyyy)

*If you do not know your AAN ID# or do not have an AAN ID#, contact AAN Member Services at memberservices@aan.com or (800) 879-1960, (651)
695-1940 international.

Mailing Address (Number and Street Address)

City State Zip Code Country Phone Number

Directions: Please complete each question as thoroughly as possible. Your responses will be kept confidential.

Case 1

History: A 72-year-old man is gardening with his wife when he develops trouble speaking. She asks him a
question several times, but he does not respond. He appears unsteady on his feet and drops his spade from
his right hand. His wife is able to help him to the ground, and she notes that he is unable to move his right
side. He does not lose consciousness but appears “dazed,” and his wife is unable to communicate with him
despite repeated efforts. After several minutes, she calls 911. The patient arrives in the local emergency 
department 45 minutes after symptom onset.

Past Medical History: Hypertension, hyperlipidemia, osteoarthritis.

Past Surgical History: Appendectomy, lumbar laminectomy.

Medications: Amlodipine 10 mg daily, atorvastatin 20 mg daily, aspirin 81 mg daily, chondroitin sulfate 
1200 mg daily.

Family History: No family history of stroke or neurologic disease. Mother and brother with hypertension.

Social History: Retired civil engineer. Married for 51 years. Remote tobacco use; quit more than 30 years ago.
No regular alcohol use.

Part 2 will be sent to you in 4 weeks. Participation in the Quintessentials Acute Ischemic Stroke module 
closes on December 31, 2011. For questions regarding CME, please call (651) 695-2706.

• This questionnaire is designed to allow you to benchmark your knowledge of the practice of acute
ischemic stroke.

• You will be able to use this self-audit information, in conjunction with other information provided to you
through this module, to identify areas in which you may want to improve your practice.

• You will be identified with your responses only in your personalized reports.

• Answer the following questions as you would actually perform these activities.

Page 1 of 77
Copyright @ 2008 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Page 2 of 7
Copyright @ 2008 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



PART 1—BASELINE QUESTIONNAIRE CONTINUED�

During the initial clinical assessment of this patient, how likely are you to perform the following?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

1. A full neurologic examination (ie, detailed evaluation of 
mental status, sensation, etc)

❍ ❍ ❍ ❍

2. A focused neurologic examination using a standardized 
assessment tool

❍ ❍ ❍ ❍

Examination: Temperature 37.1°C, blood pressure 179/89 mm Hg, pulse 91 and irregular, respirations 16.
He is awake, alert, and in no distress. The neck is supple. No cervical bruits or cardiac murmurs are
present. He is unable to state his age or the current month. He is able to close his eyes to command but
protrudes his tongue when asked to make a fist with his left hand. He is unable to read or name objects.
There is a left gaze preference that can be overcome with vigorous stimulation from the right side. No
appreciable visual field deficit is present. The motor examination demonstrates dense hemiparesis involving
the right lower face, arm, and leg. There are trace distal movements in the right hand and foot. The sensory
examination is remarkable for decreased pin sensation in the right face, arm, and leg. There is no evidence
of ataxia or hemispatial neglect.

How likely are you to order the following tests in the evaluation of this patient?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

3. Finger-stick glucose ❍ ❍ ❍ ❍

4. Complete blood count ❍ ❍ ❍ ❍

5. Lumbar puncture ❍ ❍ ❍ ❍

6. Coagulation profile (activated partial thromboplastin time [aPTT], 
international normalized ratio)

❍ ❍ ❍ ❍

7. Chest radiograph ❍ ❍ ❍ ❍

8. Noncontrast head CT ❍ ❍ ❍ ❍

After obtaining normal laboratory and noncontrast head CT results, how likely are you to administer
the following medications to this patient 100 minutes after symptom onset?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

9. IV unfractionated heparin infusion to achieve aPTT 2.5 times 
the baseline value

❍ ❍ ❍ ❍

10. IV recombinant tissue-type plasminogen activator (rt-PA) ❍ ❍ ❍ ❍

How likely are you to administer IV rt-PA to an otherwise eligible patient with the following findings on
noncontrast head CT?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

11. Intraparenchymal hyperintensity in a clinically relevant area ❍ ❍ ❍ ❍

12. Loss of gray-white differentiation in the insular cortex 
or lentiform nucleus

❍ ❍ ❍ ❍

13. Well-demarcated area of hypodensity with mass effect 
involving greater than one-third of the middle cerebral artery 
territory in the clinically relevant hemisphere

❍ ❍ ❍ ❍
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Prior to administration of IV rt-PA to an eligible patient with stroke, how likely are you to obtain 
the following?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

14. Testing for stool guaiac ❍ ❍ ❍ ❍

15. Written informed consent ❍ ❍ ❍ ❍

Case 2

History: A 53-year-old man arrives in the emergency department by ambulance 1 hour after he suddenly 
developed slurred speech and difficulty walking. His son was with him when the symptoms began, and he
reports that his father was “staggering” and appeared “sweaty.” The patient reports no headache, visual
changes, or loss of feeling. There was no witnessed loss of consciousness and no prior history of stroke 
or TIA.

Past Medical History: Coronary artery disease, peripheral vascular disease, hypertension, 
non–insulin-dependent diabetes, hyperlipidemia.

Past Surgical History: Percutaneous coronary angioplasty and two stents. 

Medications: Aspirin 325 mg daily, clopidogrel 75 mg daily, amlodipine 10 mg daily, hydrochlorothiazide 
25 mg daily, lisinopril 10 mg daily, simvastatin 20 mg daily.

Family History: Mother with diabetes. Father deceased with stroke. Two “healthy” brothers.

Social History: Smokes 1.5 packs of cigarettes daily. Drinks two to three beers nightly.

Examination: Temperature 37.6°C, blood pressure 200/99 mm Hg, pulse 95 and regular, respirations 18. The 
general physical examination is remarkable for a left cervical bruit and a 2/6 systolic ejection murmur heard
best at the right upper sternal border with radiation to the suprasternal notch. He is able to correctly state his
age and the current month. There is no evidence of aphasia or neglect. There is no gaze preference or visual
field deficit. Ocular motility is full with persistent nystagmus on left lateral gaze. Speech is markedly dysarthric.
The motor examination is normal without evidence of drift. The sensory examination shows no evidence of
sensory asymmetry to pin or hemispatial neglect. There is marked ataxia on finger-to-nose testing of the left
arm and heel-to-shin testing of the left leg.

Management: The patient undergoes a noncontrast head CT that shows no evidence of acute intracranial 
hemorrhage. The finger-stick glucose level is 121. The remainder of the laboratory evaluation is within normal
limits. There is no past history of intracranial hemorrhage, recent head trauma, recent surgical procedures, 
gastrointestinal or genitourinary hemorrhage, or recent arterial puncture. A bolus of IV labetalol 20 mg is 
administered, and the blood pressure 5 minutes later is 176/78 mm Hg. The risks, benefits, and alternatives of 
IV rt-PA are discussed with the patient and his family. Alteplase 0.9 mg/kg is ordered; 10% of the dose is given
as a bolus over 1 minute, and the remainder of the dose is started as a continuous infusion over the next hour.

How likely are you to recommend continued care for this patient in the following setting?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

16. A monitored bed on a general medical ward ❍ ❍ ❍ ❍

17. A medical or neurologic intensive care unit ❍ ❍ ❍ ❍
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PART 1—BASELINE QUESTIONNAIRE CONTINUED�

Following transfer to an appropriate unit, how likely are you to recommend the following 
for this patient?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

18. Intraarterial blood pressure monitoring ❍ ❍ ❍ ❍

19. Unfractionated heparin 5000 international units 3 times daily ❍ ❍ ❍ ❍

20. Lower extremity sequential pneumatic compression devices ❍ ❍ ❍ ❍

Investigations: Thirty minutes after initiation of rt-PA therapy a blood pressure of 235/110 mm Hg 
is obtained. 

How likely are you to administer the following agents to this patient?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

21. Sodium nitroprusside ❍ ❍ ❍ ❍

22. IV nicardipine infusion at 5 mg/h ❍ ❍ ❍ ❍

Interval Case History: Shortly after the elevated blood pressure measurement, a change occurs in the
patient’s neurologic condition. The patient reports a severe occipital headache, and his speech is more
dysarthric. He vomits once, and the headache continues to worsen.

In response to the change in the patient’s clinical condition, how likely would you be to perform 
the following?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

23. Administer oxycodone + acetaminophen 5/100 two tablets 
by mouth 

❍ ❍ ❍ ❍

24. Discontinue rt-PA infusion ❍ ❍ ❍ ❍

25. Order an urgent noncontrast head CT ❍ ❍ ❍ ❍

Investigations Continued: The noncontrast head CT reveals a cerebellar hemorrhage.

How likely are you to perform the following?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

26. Administer antithrombin III ❍ ❍ ❍ ❍

27. Administer cryoprecipitate and platelets ❍ ❍ ❍ ❍

28. Obtain neurosurgical consultation ❍ ❍ ❍ ❍

Thank you for your time.
Please send your completed survey by fax to (651) 361-4806 or by mail to:

Lori Strachota
American Academy of Neurology

1080 Montreal Avenue
St. Paul MN 55116

Please review the preferred answers, which follow this questionnaire. 
Part 2 will be sent to you in 4 weeks.
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ACUTE ISCHEMIC STROKE
Preferred Responses

Part 1—Baseline

The following are the preferred responses accompanied by comments and pertinent links to material presented
within this issue of for the Quintessentials Acute Ischemic Stroke Part 1—Baseline Questionnaire. 
The cases and questions are repeated, and the preferred responses are indicated in bold. On the
pages referenced in this section you will see yellow-shaded text including material specific to the question. 
No score will be assigned to the questionnaire you complete since the emphasis of this program is on 
self-assessment. You are encouraged to review the responses and explanations carefully and consider making
changes in your practice. One month after you submit the Part 1—Baseline Questionnaire online, you will
receive an email reminder to complete Part 2—Follow-up Questionnaire, which will help you assess whether 
you have adjusted your practice behavior based on the learning points provided in the Part 1 preferred 
responses. If you submitted the questionnaire by mail or fax, you will receive Part 2 by mail.

Case 1 (Acute Ischemic Stroke—Eligible for IV Recombinant 
Tissue-Type Plasminogen Activator) 

History: A 72-year-old man is gardening with his wife when he develops trouble speaking. She asks him a
question several times, but he does not respond. He appears unsteady on his feet and drops his spade from
his right hand. His wife is able to help him to the ground, and she notes that he is unable to move his right
side. He does not lose consciousness but appears “dazed,” and his wife is unable to communicate with him
despite repeated efforts. After several minutes, she calls 911, and the patient arrives in the local emergency
department 45 minutes after symptom onset.

Past Medical History: Hypertension, hyperlipidemia, osteoarthritis.

Past Surgical History: Appendectomy, lumbar laminectomy.

Medications: Amlodipine 10 mg daily, atorvastatin 20 mg daily, aspirin 81 mg daily, chondroitin sulfate 
1200 mg daily.

Family History: No family history of stroke or neurologic disease. Mother and brother with hypertension.

Social History: Retired civil engineer. Married for 51 years. Remote tobacco use; quit more than 30 years ago.
No regular alcohol use.

During the initial clinical assessment of this patient, how likely are you to perform the following?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

1. A full neurologic examination (ie, detailed evaluation of 
mental status, sensation, etc)

❍ • ❍ ❍

The time-sensitive nature of acute stroke therapy necessitates an expeditious examination focused on 
identifying signs of lateralized hemispheric or brainstem dysfunction suggestive of focal cerebral ischemia
(page 15). Many elements of the full neurologic examination require a degree of patient cooperation and
attention that may be difficult to achieve in a high-acuity setting (ie, emergency department).
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ACUTE ISCHEMIC STROKE�

Definitely Probably Probably Definitely

Would Not Would Not Would Would

2. A focused neurologic examination using a 
standardized assessment tool

❍ ❍ ❍ •
The NIH Stroke Scale (NIHSS) is a standardized clinical assessment tool that measures key aspects of 
neurologic function often involved in stroke syndromes. The NIHSS can be performed rapidly, and providers
can be trained to reliably perform the assessment in a short period of time. The NIHSS allows quantitative
measurement of stroke severity, facilitates communication between providers regarding a patient’s neurologic

Examination: Temperature 37.1°C, blood pressure 179/89 mm Hg, pulse 91 and irregular, respirations 16. 
He is awake, alert, and in no distress. The neck is supple. No cervical bruits or cardiac murmurs are present.
He is unable to state his age or the current month. He is able to close his eyes to command but protrudes his
tongue when asked to make a fist with his left hand. He is unable to read or name objects. There is a left
gaze preference that can be overcome with vigorous stimulation from the right side. No appreciable visual
field deficit is present. The motor examination demonstrates dense hemiparesis involving the right lower face,
arm, and leg. There are trace distal movements in the right hand and foot. The sensory examination is
remarkable for decreased pin sensation in the right face, arm, and leg. There is no evidence of ataxia or
hemispatial neglect.

How likely are you to order the following tests in the evaluation of this patient?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

3. Finger-stick glucose
❍ ❍ ❍ •

Guidelines recommend routine testing of blood glucose in patients with suspected stroke (page 50; 
Table 3-2). Hypoglycemia and hyperglycemia may present with strokelike symptoms, and these conditions
can be readily identified by measurement of finger-stick blood glucose. A blood glucose concentration of
greater than 50 mg/dL (2.7 mmol/L) is necessary for IV recombinant tissue-type plasminogen activator 

Definitely Probably Probably Definitely

Would Not Would Not Would Would

4. Complete blood count
❍ ❍ ❍ •

Guidelines recommend routine testing of the complete blood count in patients with suspected stroke 
(page 50; Table 3-2). Thrombocytopenia may increase the risk of hemorrhagic complications with reperfusion
therapy, and eligibility criteria for IV rt-PA include a platelet count of greater than 100,000 mm3 (page 51;
Table 3-3).

Definitely Probably Probably Definitely

Would Not Would Not Would Would

5. Lumbar puncture • ❍ ❍ ❍

The routine evaluation of a patient with stroke does not include lumbar puncture unless symptoms suggestive
of subarachnoid hemorrhage are present (page 14). Subarachnoid hemorrhage should be considered in 
a patient with a severe headache that reaches maximal intensity at onset or within seconds of onset. If 
such a history is elicited, lumbar puncture may be warranted to exclude a small subarachnoid bleed from
an unruptured intracranial aneurysm (ie, sentinel leaks) when blood is not evident on routine noncontrast
head CT.

Page 2 of 8
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(status, and can capture changes in neurologic status over time page 16 .)
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Definitely Probably Probably Definitely

Would Not Would Not Would Would

6. Coagulation profile (activated partial thromboplastin 
time [aPTT], international normalized ratio)

❍ ❍ ❍ •
Routine laboratory testing of the aPTT and international normalized ratio (INR) are recommended in patients
with suspected stroke (page 50; Table 3-2). Eligibility criteria for IV rt-PA include aPTT in the normal range
and an INR less than or equal to 1.7 (page 51; Table 3-3).

Definitely Probably Probably Definitely

Would Not Would Not Would Would

7. Chest radiograph
❍ • ❍ ❍

The utility of routine chest radiography as part of the acute stroke evaluation is limited (page 17). Performing
a chest radiograph without a specific indication is likely to introduce unnecessary delays into the evaluation
and treatment of eligible patients with stroke.

Definitely Probably Probably Definitely

Would Not Would Not Would Would

8. Noncontrast head CT
❍ ❍ • ❍

Brain imaging is the only reliable means to differentiate between ischemic and hemorrhagic stroke prior to
administration of thrombolytic therapy (pages 17-18). Noncontrast head CT is sensitive to intracranial blood,
is widely available, and can be performed rapidly as part of the acute stroke evaluation. For these reasons, CT
remains the most widely used imaging modality in the acute setting.  MRI is sensitive to acute cerebral
ischemia and intracranial hemorrhage and is an acceptable modality to evaluate patients with acute stroke
when readily available. 

After obtaining normal laboratory and noncontrast head CT results, how likely are you to administer
the following medications to this patient 100 minutes after symptom onset?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

9. IV unfractionated heparin infusion to achieve aPTT 2.5 times 
the baseline value • ❍ ❍ ❍

Current evidence does not support the use of urgent anticoagulation to prevent early recurrent stroke or 
neurologic worsening or to improve outcomes after stroke (page 57).

Definitely Probably Probably Definitely

Would Not Would Not Would Would

10. IV recombinant tissue-type plasminogen activator 
❍ ❍ ❍ •

IV rt-PA is the standard of care for patients with acute ischemic stroke within 3 hours of symptom onset 
(page 47). Patients with a clinical syndrome consistent with acute stroke and no laboratory or radiographic
contraindications should receive treatment after discussing the risks and benefits with the patient and family. 
A negative CT scan in the acute setting should not cast doubt on a clinical diagnosis of stroke in the 
appropriate clinical setting.
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ACUTE ISCHEMIC STROKE�

How likely are you to administer IV rt-PA to an otherwise eligible patient with the following findings
on noncontrast head CT?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

11. Intraparenchymal hyperintensity in a clinically relevant area • ❍ ❍ ❍

An intraparenchymal hyperintensity on noncontrast head CT is indicative of acute hemorrhage and is a 
contraindication to administration of thrombolytic therapy (page 18).

Definitely Probably Probably Definitely

Would Not Would Not Would Would

12. Loss of gray-white differentiation in the insular cortex or 
lentiform nucleus

❍ ❍ ❍ •
Loss of differentiation of the gray-white matter interface in the insula or lentiform nucleus and sulcal 
effacement due to focal tissue edema are early CT indicators of ischemia (page 18). These so-called early
ischemic changes are often identified with the assistance of a radiologist and can be helpful in confirming
an early diagnosis of ischemic stroke (page 18). In the pivotal clinical trial demonstrating the efficacy of 
rt-PA, the presence of early ischemic changes was not independently associated with adverse outcome after
rt-PA treatment. Therefore, early ischemic changes should not directly influence therapeutic decisions.

Definitely Probably Probably Definitely

Would Not Would Not Would Would

13. Well-demarcated area of hypodensity with associated 
mass effect involving greater than one-third of the middle • ❍ ❍ ❍

cerebral artery territory in the clinically relevant hemisphere

In contrast to subtle early ischemic changes, a clearly delineated area of hypodensity with associated mass
effect is a contraindication to IV rt-PA (page 51; Table 3-3). A distinct hypodensity in a clinically relevant
brain region is unlikely to develop within 3 hours of stroke onset and should prompt reconsideration of the
time of symptom onset.

Prior to administration of IV rt-PA to an eligible patient with stroke, how likely are you to obtain 
the following?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

14. Testing for stool guaiac
❍ • ❍ ❍

Testing for stool guaiac is not routinely recommended unless a specific indication such as melena or 
hematochezia exists (page 17).

Definitely Probably Probably Definitely

Would Not Would Not Would Would

15. Written informed consent
❍ • ❍ ❍

IV rt-PA is the standard of care for acute ischemic stroke, and written consent is not required prior to treatment
(page 53). However, a full discussion of the potential risks, benefits, and alternatives should be discussed with
the patient and/or family when possible.
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Case 2 (Acute Ischemic Stroke—Postthrombolysis)

History: A 53-year-old man arrives in the emergency department by ambulance 1 hour after he suddenly
developed slurred speech and difficulty walking. His son was with him when the symptoms began, 
and he reports that his father was “staggering” and appeared “sweaty.” The patient reports no headache, 
visual changes, or loss of feeling. There was no witnessed loss of consciousness and no prior history 
of stroke or TIA.

Past Medical History: Coronary artery disease, peripheral vascular disease, hypertension, non–insulin-
dependent diabetes, hyperlipidemia.

Past Surgical History: Percutaneous coronary angioplasty and two stents.

Medications: Aspirin 325 mg daily, clopidogrel 75 mg daily, amlodipine 10 mg daily, hydrochlorothiazide 
25 mg daily, lisinopril 10 mg daily, simvastatin 20 mg daily.

Family History: Mother with diabetes. Father deceased with stroke. Two “healthy” brothers.

Social History: Smokes 1.5 packs of cigarettes daily. Drinks two to three beers nightly.

Examination: Temperature 37.6°C, blood pressure 200/99 mm Hg, pulse 95 and regular, respirations 18. 
The general physical examination is remarkable for a left cervical bruit and a 2/6 systolic ejection murmur
heard best at the right upper sternal border with radiation to the suprasternal notch. He is able to correctly
state his age and the current month. There is no evidence of aphasia or neglect. There is no gaze preference
or visual field deficit. Ocular motility is full with persistent nystagmus on left lateral gaze. Speech is markedly
dysarthric. The motor examination is normal without evidence of drift. The sensory examination shows no
evidence of sensory asymmetry to pin or hemispatial neglect. There is marked ataxia on finger-to-nose testing
of the left arm and heel-to-shin testing of the left leg.

Management: The patient undergoes a noncontrast head CT that shows no evidence of acute intracranial
hemorrhage. The finger-stick glucose level is 121. The remainder of the laboratory evaluation is within normal
limits. There is no past history of intracranial hemorrhage, recent head trauma, recent surgical procedures,
gastrointestinal or genitourinary hemorrhage, or recent arterial puncture. A bolus of IV labetalol 20 mg is
administered, and the blood pressure 5 minutes later is 176/78 mm Hg. The risks, benefits, and alternatives 
of IV rt-PA are discussed with the patient and his family. Alteplase 0.9 mg/kg is ordered; 10% of the dose 
is given as a bolus over 1 minute, and the remainder of the dose is started as a continuous infusion over the
next hour.

How likely are you to recommend continued care for this patient in the following setting?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

16. A monitored bed on a general medical ward
❍ • ❍ ❍

The available resources on a general medical ward are not typically able to provide the required frequent
monitoring of vital signs and clinical status during and after rt-PA infusion (page 53). Additionally, a general
medical ward may not able to provide the resources and monitoring necessary for administration of IV
blood pressure medications when clinically indicated.

Definitely Probably Probably Definitely

Would Not Would Not Would Would

17. A medical or neurologic intensive care unit
❍ ❍ ❍ •

Observation of a patient in an intensive care unit setting for the first 24 hours after rt-PA administration is
generally accepted. The intensive care unit setting provides the support necessary to follow the recommended
regimen of clinical and vital sign monitoring every 15 minutes during the rt-PA infusion, every 30 minutes
for the next 7 hours, and every hour for the following 16 hours (page 53).
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Following transfer to an appropriate unit, how likely are you to recommend the following for 
this patient?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

18. Intraarterial blood pressure monitoring • ❍ ❍ ❍

Placement of intraarterial pressure catheters, indwelling bladder catheters, and nasogastric tubes should be
delayed at the time of treatment with IV rt-PA (Adams et al, 2007). The purpose of this recommendation is
to reduce the risk of hemorrhage associated with invasive procedures in the immediate period surrounding
rt-PA administration. Although frequent monitoring of blood pressure is necessary during and after rt-PA
administration, noninvasive cuff measurements should be sufficient in most clinical situations.

Definitely Probably Probably Definitely

Would Not Would Not Would Would

19. Unfractionated heparin 5000 international units 3 times daily • ❍ ❍ ❍

Although the use of low-intensity anticoagulation for deep venous thrombosis prophylaxis is recommended
for all immobilized patients with stroke (page 63), anticoagulants should not be used during the initial 
24-hour period after administration of thrombolytic therapy.

Definitely Probably Probably Definitely

Would Not Would Not Would Would

20. Lower extremity sequential pneumatic compression devices 
❍ ❍ ❍ •

Although insufficient evidence exists to support the routine use of mechanical compressive devices as the
sole method for deep venous thrombosis prophylaxis in acute stroke (pages 62-63), the use of these devices
is appropriate in the initial 24-hour period postthrombolysis when anticoagulants are contraindicated.

Investigations: Thirty minutes after initiation of rt-PA therapy a blood pressure of 235/110 mm Hg is obtained.

How likely are you to administer the following agents to this patient?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

21. Sodium nitroprusside
❍ • ❍ ❍

Blood pressure greater than 180/105 mm Hg may be a significant risk factor for symptomatic intracranial
hemorrhage after rt-PA treatment and warrants aggressive treatment (page 53). However, sodium 
nitroprusside is not considered a first-line agent in the management of hypertension during and after 
rt-PA treatment (page 52; Table 3-4). Sodium nitroprusside lacks a smooth dose response and may cause
precipitous declines in blood pressure and excess hypotension, particularly in older adults. Additionally,
sodium nitroprusside is a potent arterial and venodilator that may cause an undesired increase in 
intracranial pressure.

Definitely Probably Probably Definitely

Would Not Would Not Would Would

22. IV nicardipine infusion at 5 mg/h
❍ ❍ • ❍

Nicardipine is recommended as a first-line agent in the management of hypertension during and after 
rt-PA treatment (page 52; Table 3-4). Nicardipine is an arterial vasodilator with a predictable dose-response
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relationship and is less likely to cause precipitous changes in blood pressure. The recommended initial
infusion rate is 5 mg/h and can be titrated to the desired effect by increasing by 2.5 mg/h every 5 minutes
up to a maximum of 15 mg/h. The goal of therapy should be to keep the blood pressure under the 
acceptable upper limits rather than achieving normotension.

Interval Case History: Shortly after the elevated blood pressure measurement, there is a change in the
patient’s neurologic condition. The patient reports a severe occipital headache, and his speech is more
dysarthric. He vomits once, and the headache continues to worsen.

In response to the change in the patient’s clinical condition, how likely would you be to perform 
the following?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

23. Administer oxycodone + acetaminophen 5/100 
two tablets by mouth • ❍ ❍ ❍

The focus of management during and after rt-PA treatment is prevention and detection of symptomatic
intracranial hemorrhage (page 53). Clinical signs that may herald intracranial hemorrhage include a sudden
increase in blood pressure, worsening or new neurologic deficit, headache, or nausea and vomiting. If
these symptoms develop, urgent neuroimaging is warranted and symptomatic treatment can be initiated
after exclusion of intracranial hemorrhage.

Definitely Probably Probably Definitely

Would Not Would Not Would Would

24. Discontinue rt-PA infusion
❍ ❍ ❍ •

Prompt discontinuation of rt-PA is recommended given the concern for intracranial hemorrhage (page 53).

Definitely Probably Probably Definitely

Would Not Would Not Would Would

25. Order an urgent noncontrast head CT
❍ ❍ ❍ •

An urgent noncontrast head CT is necessary to exclude symptomatic intracranial hemorrhage (page 53).

Investigations Continued: The noncontrast head CT reveals a cerebellar hemorrhage.

How likely are you to perform the following?

Definitely Probably Probably Definitely

Would Not Would Not Would Would

26. Administer antithrombin III • ❍ ❍ ❍

Antithrombin III is not indicated for the management of symptomatic intracranial hemorrhage associated
with rt-PA use. Antithrombin III is used for reversal of coagulopathy associated with IV heparin.
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Definitely Probably Probably Definitely

Would Not Would Not Would Would

27. Administer cryoprecipitate and platelets
❍ ❍ ❍ •

Although no evidence exists to support the optimal approach to management of rt-PA-associated intracranial
hemorrhage, current treatment recommendations include urgent transfusion of cryoprecipitate (6 units to 8
units) and platelets (6 units to 8 units) (page 54; Figure 3-2). In addition, consultation with a hematologist, if
available, is appropriate.

Definitely Probably Probably Definitely

Would Not Would Not Would Would

28. Obtain neurosurgical consultation
❍ ❍ ❍ •

Neurosurgical consultation is appropriate to discuss the potential risks and benefits of surgical hematoma
evacuation, particularly in cases where there is significant mass effect or midline shift (Figure 3-2).
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76r–79r
cardiac arrhythmias and myocardial ischemia, 68
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deep venous thrombosis and pulmonary embolism, 
61–64, 63t

dysphagia, 66 –67, 66t
falls, 64, 65t
gastrointestinal bleeding, 68 –69
infections, 61, 65 –66
mortality and, 61
neuropsychiatric disturbances, 67– 68, 69c
pain, 67
pressure sores and ulceration, 64 –65
prevalence of, 61

Medicare, 101
Merci Retriever® device, 47, 80, 84, 85f, 97r
Metabolic encephalopathy, 24t
Microatheroma, 31
Middle cerebral artery (MCA)/internal carotid artery 

interface, 29
Middle cerebral artery (MCA)/posterior cerebral artery 

interface, 29
Middle cerebral artery (MCA) stroke

cerebral edema after, 70, 71c, 71f
early ischemic changes involving more than one-third

of MCA territory, 18
hyperdense MCA sign on CT, 18 –19, 19f, 25r, 70
imaging of ischemic core in, 34 –36, 34f
intraarterial rt-PA for, 46
ischemic stroke syndromes with MCA distribution, 15t
malignant MCA syndrome, 70, 72, 76r, 77r, 79r
MCA “dot” sign on CT, 19, 25r
Merci Retrieval® device for, 84, 85f

Migraine, 14
clinical trials in, 129, 132r

Mitochondrial permeability, 38, 42r
Mitral stenosis, 30
Modified Rankin Scale, 127
Mortality from stroke, 98
Moyamoya disease, 31
MRI. See Magnetic resonance imaging
Multicentre Acute Stroke Trial—Italy (MAST-I), 142, 144r
Myocardial infarction, 17, 30, 51
Myxoma, 30

N
Nanobubbles combined with rt-PA and ultrasound, 83
Nasogastric or nasoduodenal tube feedings, 67
National Institute of Neurological Disorders and Stroke

(NINDS), 18, 46, 47, 60r, 80, 98
Clinical Research Collaboration, 120–121
cost-benefit analysis of clinical trials funded by, 118
management protocol for intracranial hemorrhage, 

54, 55f
National Institutes of Health

Roadmap for Medical Research Initiative, 120
Web site for, 120

Neglect syndromes, 14, 24
NeuroFlo™ catheter, 89
Neuroimaging, 17–22, 25r–27r, 28. See also specific 

imaging modalities
CT, 18–21, 19f–21f, 20c

ensuring rapid access to, 110
of hemorrhagic transformation, 44r
of ischemic core and penumbra, 34 –36, 34f
MRI, 21–22, 21f
in transient ischemic attack, 28

Neurologic complications of ischemic stroke, 69 –75,
69t, 76r–79r
cerebral edema and mass effect, 70 –74, 71c, 71f, 

72t, 73f
hemorrhagic transformation, 74
seizures, 74 –75

Neurologic deficits, 28. See also Presenting signs 
and symptoms
cerebral blood flow thresholds for, 31–32, 32f
nature of symptom onset, 14
at presentation, 13
reactivation of prior deficits, 24t
time of symptom onset, 13–14

Neurologic examination, 15 –16
common ischemic stroke syndromes, 15t

NIH Stroke Scale, 16, 17t –18t
Neurologic recovery, spontaneous, 42r
Neuronal cell death, 28, 36 – 40, 41r, 43r

necrosis vs apoptosis, 36, 37f, 38f
Neuroprotection, 28, 80

ambulance-based, 81
hypothermia-based, 81, 94r, 95r
magnesium sulfate, 81, 97r

Neuropsychiatric disturbances, poststroke, 67–68, 77r–79r
Neurovascular unit, 40
Neutrophils, 39
Nicardipine, for hypertension, 52t
NIH Stroke Scale (NIHSS), 16, 17t –18t, 20c, 22,

25r–27r, 48c, 49c, 110, 126, 141
NINDS. See National Institute of Neurological Disorders 

and Stroke
Nitric oxide, 39
Nitric oxide synthase, 38, 43r
NMDA receptors, 36
No-reflow phenomenon, 39
Normal saline, 67
Nutritional support, 67

O
Oligemic brain, 28, 33–34
Oxygen free radicals, 38, 39, 42r
Oxygen therapy, 81, 97r

P
p53, 40, 44r
P selectin, 39
Pain, poststroke, 67
Parenteral feeding, 67
Pathophysiology of ischemic stroke, 28–40, 40r–45r

cellular mechanisms of ischemic neuronal injury, 28,
36 –40
apoptosis, 36, 38f, 39 – 40
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blood-brain barrier and neurovascular unit, 40
excitotoxicity, peri-infarct depolarizations, acidosis,

inflammation, 36 –39
necrosis, 36, 37f, 38f

cerebral blood flow changes, 28, 29, 31–36
CBF thresholds in acute ischemia, 31–32, 32f, 33f
ischemic core and ischemic penumbra, 33 –36, 34f

final common pathway, 29
hemorrhagic transformation, 29, 40, 74
stroke mechanisms, 29 –31

embolism, 29 –31
thrombosis, 31

white vs red infarcts, 29
Patient/family education and support, 110–111
Patient participation in clinical trials, 122–123

education for, 123
informed consent for, 122, 125–126
recruitment for, 124 –125
referral for, 120
reimbursement for expenses, 123
“therapeutic misconceptions” of, 122
via telemedicine, 129–130
withdrawal from trial, 123

PE (pulmonary embolism), 62
anticoagulation for prevention of, 63–64

Penetrating artery distribution ischemia, 15t, 31
Penumbra. See Ischemic penumbra
Penumbra System™, 84, 86f, 94r
Percutaneous endoscopic gastrostomy tube, 67
Perfusion-weighted imaging (PWI), 35, 44r, 91, 97r
Peri-infarct depolarizations, 39, 42r
Pericarditis, 51
Peripheral arterial disease, 16

antiembolic stockings for patients with, 62
PET (positron emission tomography), 33, 35, 43r, 44r
Phenylephrine, to induce hypertension, 87–88, 88c
Physical examination and stabilization, 16
Physicians

billing codes for stroke care, 100–101, 103t, 133 –136
ethical perspectives for, 137–140, 140r
incentivizing to perform stroke care, 101–102
participation in randomized clinical trials, 117–131,

131r –132r
practice issues for, 141–143, 143r –144r

Plasminogen activator inhibitor, 81, 82
Platelet-activating factor, 43r
Pneumatic compression devices, 62–63, 63t
Pneumonia, poststroke, 65, 76r–78r
Polymorphonuclear leukocytes, 39, 41r
Positron emission tomography (PET), 33, 35, 43r, 44r
Posterior cerebral artery compression, 70
Posterior cerebral artery occlusion, 15t, 92c
Postthrombotic syndrome, 62, 77r
Practice issues in neurology, 141–143, 143r –144r
Prehospital neuroprotective therapy, 81, 97r
Presenting signs and symptoms, 13

atypical, 24 –25
common ischemic stroke syndromes, 15–16, 15t
defining stroke based on duration of, 28

determining etiology of, 14 –15
determining time of onset of, 13–14, 49c, 50
family observations of, 14, 15
nature of onset of, 14
NIH Stroke Scale for assessment of, 16, 17t –18t

Pressure sores and ulceration, 64–65
Prevention of Venous Thromboembolism After Acute

Ischaemic Stroke (PREVAIL) study, 63–64
Primary stroke center (PSC), 98, 99, 102–114, 114r –116r

acute stroke protocol of, 106, 107f
availability of laboratory services in, 110
benefits of becoming, 106, 108t
commitment to stroke services and their awareness in 

hospital and community, 108–109
continuous quality improvement in, 106, 107, 108f, 111
coordination of care in, 102, 106
coordinator of, 107–108
cost estimates for, 111, 112t
developing link to a comprehensive stroke center,

113–114
director of, 106–108
discharge planning in, 111
education of emergency department personnel of,

109–110
integration of emergency medical services with, 103, 109
Joint Commission certification of, 98, 99, 103 –106,

104t, 114r
standardized measure set framework, 104t
stroke specific care performance measures,

105–106, 106t
timeline for, 105f

key elements of, 102, 102t
maximizing optimal stroke care in, 109
necessary components of, 102–103
number of, 102
patient/family education and support in, 110–111
personnel of, 106 –108
quality improvement activities of, 106, 107, 108f
rapid access to neuroimaging in, 110
results of opinion questions to specialists about, 113t
secondary stroke prevention in, 110
stroke team of, 102–103, 106, 109
stroke unit/designated beds availability in, 110
tracking rt-PA use in, 111, 111f
written care protocols and pathways of, 103, 109

PROACT II (Prolyse in Acute Cerebral
Thromboembolism II) trial, 83, 91

Programmed cell death, 36, 38f, 39 – 40, 42r, 
44r, 45r

Prolyse in Acute Cerebral Thromboembolism II
(PROACT II) trial, 83, 91

Prosthetic heart valves, 30
Proton-pump inhibitors, 69
Prourokinase, intraarterial, 46, 59r, 91, 95r
PSC. See Primary stroke center
Pseudo-encephalopathy, 24
Pulmonary embolism (PE), 62

anticoagulation for prevention of, 63–64
PWI (perfusion-weighted imaging), 35, 44r, 91, 97r
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Q
Quality improvement, 106, 107, 108f, 111, 115r

R
Radial nerve involvement, 25
Radiation-induced vasculopathy, 31
Rales, 16
Randomized clinical trials (RCTs), 117–131, 131r–132r

benefits of physician participation in, 118, 118t
biased sampling in, 125
budget for, 123–124
data collection and management for, 126

protocol table of contents, 127t
determining end points for, 127–128, 128f
double-blinded, 123
ethical and institutional review board issues for, 121,

122, 122f, 123
involvement of private practitioners in, 118 –120

decision making about, 119f
government-sponsored trials, 121
identifying suitable trials, 120
learning how to conduct a trial, 119
maintaining equipoise, 125, 126
motivation for, 119
relationship to academic centers, 121
resources needed for, 120 –121
time commitment for, 118, 120

lessons from epilepsy and migraine trials, 128–129
organizational structure of, 121f
outcome measures for, 127–128, 128t
patient participation in, 122–123

education for, 123
informed consent for, 122, 125–126
recruitment for, 124 –125
referral for, 120
reimbursement for expenses, 123
“therapeutic misconceptions” of, 122
via telemedicine, 129–130
withdrawal from trial, 123

phase 1 trials, 123
phase 2 trials, 123
phase 3 trials, 119–120, 123
phase 4 trials, 123
physician advertising of participation in, 125
primary goal of, 122
protecting patient privacy in, 122
research coordinator for, 120
of rt-PA, 46, 47, 80, 98, 142, 143r–144r
safety reporting for, 126–127
steps in conduct of, 119, 119f
Stroke Trial Registry of, 120
Web sites for information on participation in, 

130t, 131
Reactive oxygen species, 38, 39
Recanalization

ambulance-based neuroprotection to buy time for, 81

antithrombotics for, 57, 58r
combined with fibrinolytics, 82

of basilar artery, 93
collateral flow augmentation and, 86–89, 88c
early, benefits of, 80–81, 89–90, 95r, 96r
factors negatively impacting, 82t
fibrinolytics for, 81–82

combined with antithrombotics, 82
intraarterial, 83

imaging-based treatment selection beyond
conventional windows, 89–93, 92c, 93t

intravenous rt-PA for, 26r, 27r, 46 –57, 58r–60r, 80
novel catheter-based devices for, 83 – 84, 85f, 86f

intracranial angioplasty and carotid stenting, 83– 84
Merci Retriever® device, 47, 80, 84, 85f
Penumbra System™, 84, 86f

ultrasound enhancement of, 82–83
Recombinant tissue-type plasminogen activator (rt-PA),

26r, 27r, 46 –57, 58r–60r, 80
combined with antithrombotics, 82
early ischemic changes and outcome of, 18
interventions for patients who are ineligible for, 57
intraarterial, 46, 51–52
intravenous, 46 –57, 58r–60r

administration of, 53
angioedema associated with, 54, 56f, 60r
clinical trials of, 46, 47, 80, 98, 142, 143r–144r
combined with intraarterial therapy, 84 –86, 87c,

94r, 95r
consent for treatment with, 53, 141–143, 143r
cost-effectiveness of, 47, 100, 114r
dosage of, 53
efficacy of, 47, 80, 98
eligibility criteria for, 13, 14, 48c, 49c, 50 –53, 51t, 

59r, 115r
emergency department evaluation for, 47–50, 48c,

49c, 49t, 50t
hypertension management for, 52, 52t, 53
improving financial incentives for use of, 103t
initiating before results obtained from coagulation

studies, 17, 48c, 51
intracranial hemorrhage associated with, 40, 53–54, 

55f, 80
“Lazarus effect” of, 80
mixing of, 48c, 53
obstacles to use of, 98 –99
patient monitoring during and after, 53
for patients with myocardial infarction, 51, 53
for patients with seizures, 53
rates of use of, 47
reimbursement for, 47, 49c, 99–101, 114r
storage in emergency department, 48c, 53
timing for initiation of, 13, 35, 46, 47, 48c, 48f, 49c, 80
ultrasound enhancement of, 82–83
underuse of, 98
use beyond 3 hours after symptom onset, 54–57, 59r
written care protocols for use of, 103

tracking use in stroke center, 111, 111f
Recruiting subjects for clinical trials, 124–125, 131r
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Red infarcts, 29
Referring patients to clinical trials, 120
Regulations governing human research, 122, 122f
Rehabilitation interventions, 57
Reimbursement

for expenses of clinical trial participants, 123
for stroke care, 47, 49c, 99–101, 114r

Reperfusion therapy. See Recanalization; Recombinant 
tissue-type plasminogen activator

Reteplase, 53, 82, 91, 96r
Right middle cerebral artery distribution ischemia, 15t,

20c, 20f
Right posterior cerebral artery distribution ischemia, 15t
rt-PA. See Recombinant tissue-type plasminogen 

activator

S
Safe Implementation of Thrombolysis in Stroke-

Monitoring Study (SITS-MOST), 142, 144r
Safety reporting for clinical trials, 126–127
Secondary stroke prevention, 110
Seizures, 14, 24t

poststroke, 74 –75, 76r
rt-PA for patients with, 53

Selectins, 39
Sequential pneumatic compression devices, 62–63, 63t
Shoulder pain, hemiplegic, 67, 76r, 78r
Sick sinus syndrome, 30
Single photon emission computed tomography (SPECT),

35, 44r, 45r
SITS-MOST (Safe Implementation of Thrombolysis in 

Stroke-Monitoring Study), 142, 144r
Small vessel disease, 31
Sodium nitroprusside, for hypertension, 52t
SPECT (single photon emission computed tomography),

35, 44r, 45r
Standard of care, 106
Standard Treatment with Alteplase to Reverse Stroke

(STARS) study, 143r
Status epilepticus, poststroke, 74, 78r
Streptokinase, 142, 143r
Stroke center

comprehensive, 113–114
primary, 98, 99, 102 –114, 114r –116r

Stroke chameleons, 24–25, 26r
Stroke education, 111–113

for emergency department personnel, 109–110, 112
for patient/family, 110–111
for public, 111–112

cost of, 112t
for stroke team, 112–113

Stroke log, 109
Stroke mimics, 22 –24, 23c, 23f, 26r–27r, 50

characteristics of, 24t
examples of, 22t
frequency of, 22

Stroke team, 47, 48c, 49c, 102–103, 106, 109
continuing education for, 112–113
cost of, 112t

Stroke Trial Registry, 120, 130t
Stroke unit, 75, 78r, 110

cost of, 112t
Subarachnoid hemorrhage, 14, 26r

MRI detection of, 21, 27r
Swallowing function, 66–67. See also Dysphagia

T
Telemedicine for stroke, 129–130, 131r, 132r
Tenecteplase (TNK), 53, 81–82, 94r, 95r
Thiamine, 68
Thrombolytic therapy, 26r, 46 –57, 58r–60r. See also

Recombinant tissue-type plasminogen activator
bed rest after, 62
clinical trials of, 46–47
combined intravenous and intraarterial treatment,

84 –86, 87c, 94r, 95r
contraindications to, 14, 50

on CT, 18, 19, 49c
early ischemic changes involving more than 

one-third of middle cerebral artery territory, 18
eligibility criteria for, 13, 14, 48c, 49c, 50–53, 51t, 

59r, 115r
hemorrhagic transformation after, 29, 40, 53–54, 

55f, 74
interventions for patients who are ineligible for, 57
intraarterial, 46, 51–52, 59r

combined with IV rt-PA, 84–86, 87c
intravenous rt-PA, 46 –57, 58r–60r
laboratory evaluation for, 17, 50t
MRI criteria for, 42r
ultrasound enhancement of, 82–83
use beyond 3 hours after symptom onset, 

54–57, 59r
Thrombosis, 31
TIA. See Transient ischemic attack
“Time is brain,” 89, 99, 114r
Time of symptom onset, 13–14, 49c, 50
Tinzaparin, 58r
Tirofiban, 97r
TNK (tenecteplase), 53, 81– 82, 94r, 95r
Transcranial Doppler, 96r

for enhancement of recanalization, 82, 94r
Transient ischemic attack (TIA), 14, 15, 89

definition of, 28, 40r
duration of symptoms in, 28
incidence of, 28
neuroimaging in, 28

Transtentorial herniation, 70, 71c
Treatment. See also Recanalization

ambulance-based neuroprotection, 81
benefits of early recanalization, 80–81, 89, 90, 

95r, 96r
emerging therapies, 80 – 93, 93r–97r
evidence-based, 118
fibrinolytics, 81– 82
informed consent for, 53, 141–143
intravenous recombinant tissue-type plasminogen

activator, 26r, 27r, 46 –57, 58r–60r
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at primary stroke centers, 98 –114, 114r–116r
reimbursement for, 47, 49c, 99–101, 114r

Tube feedings, 67, 76r
Tumor necrosis factor-α, 39, 42r
Tuskegee Experiment, 123

U
Ulnar nerve involvement, 25
Ultrasound enhancement of recanalization, 82 – 83, 94r

nanobubbles and, 83
Uncal herniation, 70
Urinary tract infection, poststroke, 65–66, 69c, 76r

V
Vascular disease, 14, 25
Vascular territories of distribution, 15t

Vasospasm, 31
Vertebrobasilar distribution ischemia, 15t. See also

Basilar artery occlusion
Visual field examination, 24–25
Visual neglect syndromes, 25

W
Water swallow test for dysphagia, 66, 76r
Watershed regions, 29
White infarcts, 29
Written stroke care protocols and pathways, 103, 109

X
Xanthine oxydase, 38
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AAN American Academy of Neurology

AHA American Heart Association

APTT Activated partial 
thromboplastin time

ASPECTS Alberta Stroke Programme
Early CT Score

CBF Cerebral blood flow

CBV Cerebral blood volume

CI Confidence interval

CME Continuing medical education

CSC Comprehensive stroke center

CSF Cerebrospinal fluid

CT Computed tomography

CTP CT perfusion

DNA Deoxyribonucleic acid

DRG Diagnosis-related group

DVT Deep venous thrombosis

DWI Diffusion-weighted imaging

ED Emergency department

EEG Electroencephalogram

EIC Early ischemic changes

EKG Electrocardiogram

E/M Evaluation and management

EMS Emergency medical services 

FLAIR Fluid-attenuated inversion recovery

GI Gastrointestinal

GP Glycoprotein

GRE Gradient-recalled echo

HIPAA Health Insurance Portability and
Accountability Act

ICU Intensive care unit

IMS Interventional Management 
of Stroke

INR International normalized ratio

IRB Institutional review board

IV Intravenous

LIS Locked-in syndrome 

MAP Mean arterial pressure

MCA Middle cerebral artery

MR Magnetic resonance

MRI Magnetic resonance imaging

mRS Modified Rankin Scale

NIH National Institute of Health

NIHSS National Institutes of Health 
Stroke Scale

NINDS National Institute of Neurological
Disorders and Stroke

NMDA N-methyl-D-aspartate

OR Odds ratio

PE Pulmonary embolism

PET Positron emission tomography

PREVAIL Prevention of Venous
Thromboembolism After Acute
Ischaemic Stroke

PROACT II Prolyse in Acute Cerebral
Thromboembolism II

PSC Primary stroke center

PT Prothrombin time

PWI Perfusion-weighted imaging

RCT Randomized clinical trial

rt-PA Recombinant tissue-type 
plasminogen activator

sICH Symptomatic intracranial 
hemorrhage

SPECT Single-photon emission 
computed tomography

T Tesla

TCD Transcranial Doppler

TIA Transient ischemic attack

TNK Tenecteplase

t-PA Tissue plasminogen activator

UFH Unfractionated heparin

USFDA US Food and Drug Administration

LIST OF ABBREVIATIONS
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