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BACKGROUND: Acute ischemic stroke is commonly encountered by the hospitalist. There have been dramatic changes in our

ability to care for these patients acutely. The Joint Commission on Accreditation of Healthcare Organizations (JCAHO)

primary stroke center certification has become progressively more important to institutions nationally and includes many

aspects of initial evaluation and treatment.

PURPOSE: Acute treatment involves the rapid assimilation of patient characteristics, laboratory results, and imaging results.

There are a growing number of potential acute therapies with a range of risk, benefit, necessary time windows, and specific

eligibility criteria.

DATA SOURCES: Primary trials, current guidelines.

CONCLUSIONS: The hospitalist is well-positioned to play a major role in the treatment of stroke patients as well as the

systems work that aids in the management of this population. Journal of Hospital Medicine 2010;5:33–40. VC 2010 Society of

Hospital Medicine.
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The term ‘‘stroke’’ is defined by the World Health Organiza-

tion as ‘‘rapidly developed clinical signs of focal (or global)

disturbance of cerebral function lasting more than 24 hours

(unless interrupted by surgery or death), with no apparent

cause other than a vascular origin; it includes patients pre-

senting clinical signs and symptoms suggestive of subarach-

noid hemorrhage (SAH), intracerebral hemorrhage, or cere-

bral ischemic necrosis.’’1 Stroke is 1 of the leading causes of

death and the number 1 cause of long-term disability in the

United States, with over 700,000 strokes and over 150,000

stroke deaths each year.2

Given the projections of 30,000 hospitalists nationally by

2010 (http://www.hospitalmedicine.org) and only 12,000

neurologists,3 coupled with an aging population, it is impor-

tant now that the practicing hospitalist is facile in the treat-

ment of patients with cerebrovascular disease—and it is

likely to become progressively more important over time.

Case Presentation
A 76-year-old right-handed male with a history of hyperlip-

idemia and myocardial infarction was found at 7 AM with

right-sided paralysis and poor responsiveness on the morn-

ing of admission. He seemed to prefer looking to the left

and to understand what was being said to him, but had

great difficulty speaking. When he went to bed at 9 PM, he

was at his neurological baseline. Upon finding him that

morning, his wife called 911.

With increased knowledge regarding the pathophysiology

of stroke, it has become clear that timeliness is of utmost

importance (‘‘time is brain’’) and that acute stroke should

be regarded as an acute medical/neurological emergency.

This article reviews the approach in evaluating an acute

stroke patient, management strategies, and treatment

options. Where not otherwise referenced, data to support

our comments come from the recently updated and exhaus-

tive American Heart Association (AHA)/American Stroke

Association (ASA) ‘‘Guidelines for the Early Management of

Adults With Ischemic Stroke’’ and will be referred to herein

as the ‘‘Guidelines.’’4 Harborview Medical Center in Seattle

is a Joint Commission–certified Primary Stroke Center and

the home hospital of 2 of the authors (C.L.E., D.L.T.); it is

referred to herein as ‘‘Harborview.’’

Emergency Room Care (see Acute Stroke Algorithm,
Figure 1)
The First 15 Minutes
After assuring stable airway, breathing, and circulation, im-

mediate (STAT) blood draws should be performed, including

full complete blood count (CBC) with platelets, international

normalized ratio/prothrombin time/partial thromboplastin

time (INR/PT/PTT), full electrolytes, and glucose (finger-
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stick blood glucose also recommended). Glasgow Coma

Scale (GCS) score and NIH Stroke Scale (NIHSS) score

should be established via a focused history and physical

exam. The GCS is most appropriate for patients with a sig-

nificantly depressed level of consciousness, while the NIHSS

can be scored for any stroke patient (1-page version of

NIHSS used at Harborview is shown in Figure 2). By quanti-

fying stroke severity, the NIHSS score helps both to facilitate

communication about neurologic deficit as well as serve as

a documented baseline in case of subsequent clinical

change. Emergency department (ED) physicians, hospital-

ists, neurologists, and nursing staff regularly caring for acute

stroke patients would be well-served by obtaining certifica-

tion in the NIHSS (available free online at http://www.nih-

strokescale.org). Two large-bore intravenous lines (IVs)

should be placed and a computed tomography (CT) scanner

should be cleared (if not already done). The pharmacy

should be alerted to the possible need for tissue plasmino-

gen activator (tPA) if the patient presents within the 3-hour

window.

FIGURE 1. Acute Stroke Algorithm.
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Our case patient’s initial NIHSS score was 15, with

points given for drowsiness, inability to answer questions,

partial facial palsy, no movement in right arm or leg,

mild-moderate aphasia, and mild-moderate dysarthria

(Figure 2).

Differential Diagnosis
Many acute conditions can mimic stroke, and 1 of the goals

of the initial emergency room (ER) evaluation is to rule out

such ‘‘stroke mimics.’’ A report of 411 initial ER stroke diag-

noses identified 19% as ‘‘stroke mimics;’’ the most common

FIGURE 2. One-page version of NIH Stroke Scale (NIHSS) used at Harborview.
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mimic diagnoses were seizure, systemic infection, brain tu-

mor, and toxic-metabolic.5 The same study identified

‘‘decreased level of alertness’’ as associated with a final

mimic diagnosis and history of angina as associated with a

final diagnosis of stroke. Another study looked at 350 pre-

sentations with an initial stroke diagnosis and found 31%

‘‘stroke mimics;’’ similarly, the main alternative diagnoses

were seizure, sepsis, toxic-metabolic, space-occupying

lesion, and syncope/presyncope.6 Findings associated with a

mimic diagnosis included no cognitive impairment and

abnormal findings in any other system, while findings asso-

ciated with a stroke diagnosis were a definite history of focal

neurological symptoms, NIHSS score, stroke type classifica-

tion possible, an exact onset that could be determined, and

abnormal vascular findings on imaging.6

Initial Imaging
The patient should receive a STAT noncontrast head CT to

evaluate for the presence or absence of blood. At this time,

magnetic resonance imaging (MRI) is not essential to con-

firm the diagnosis of ischemic stroke, as diagnosis is based

on clinical suspicion. MRI is more sensitive at imaging acute

ischemia (on diffusion-weighted sequences) and recently

has been shown to be equally sensitive in identifying acute

blood (previously thought to be a relative advantage of

CT).7,8 Practical and pervasive barriers to emergent MRI

include study duration, significant patient cooperation, and

that few hospitals are currently set up to perform such rapid

MRIS. The ‘‘Guidelines’’ specifically state that ‘‘In most

instances, CT will provide the information to make decisions

about emergency management’’ (p. 1668),4 that ‘‘vascular

imaging should not delay treatment of patients whose

symptoms started <3 hours ago and who have acute ische-

mic stroke,’’ and that ‘‘emergency treatment of stroke should

not be delayed in order to obtain multimodal imaging stud-

ies’’ (p. 1669).4

Our case patient’s initial imaging, a noncontrast head CT

(Supporting Figures 1 and 2), showed subtle clues consistent

with the diagnosis of acute ischemic stroke. These include a

hyperdense middle cerebral artery (MCA) sign (presumably

representing thrombus), possible obscuration of the basal

ganglia, and, importantly, no acute intraparenchymal (IPH),

SAH, or subdural hemorrhage.

Acute Treatments
After the patient’s head CT is completed, the next steps are

dependent upon what was seen on the scan and the time

from symptom onset.

Blood on the CT Scan
If the initial brain imaging reveals IPH or SAH, further diag-

nostic testing and early treatments are quite different than for

ischemic stroke. New guidelines are available for IPH man-

agement,9 and there have been recent review articles of care

for SAH.10–12 At the authors’ institutions, early care of such

patients always involves aggressive reversal of any antithrom-

botic medications the patient was taking prior to presenta-

tion. Our approach to warfarin reversal includes vitamin K

and fresh frozen plasma (FFP) to achieve an INR � 1.4; others

have used prothrombin complex concentrate (PCC).13 Blood

pressure (BP) treatment goals are generally more aggressive

than for ischemic stroke, while supportive care to avoid aspi-

ration, hyperglycemia, fever, and venous thrombosis (here

initially with sequential compression devices alone) are simi-

lar. Early estimation of prognosis for these patients with IPH

and SAH and discussions with families about continued

aggressive care are of utmost importance, and should involve

providers with sufficient expertise. Care should be taken to

avoid overly pessimistic early prognostication, as early ‘‘do

not resuscitate’’ (DNR) decisions in intercranial hemorrhage

(ICH) can become a self-fulfilling prophecy.14–16 If the deci-

sion is to continue aggressive and supportive care, or if an

appropriately expert consultation is not available at the pre-

sentation hospital, IPH and SAH patients should be consid-

ered for transfer to a hospital with the appropriate resources

(including emergency access to neurosurgeons) or be eval-

uated by such an expert by telemedicine if available.

No Blood on the CT Scan, Results Back in <3 Hours
From Symptom Onset
If such a patient is not rapidly resolving their symptoms,

and the diagnosis continues to remain clear, inclusion/

exclusion criteria for IV tPA should be reviewed (Table 1).

Consent should be obtained much like any other procedure

with significant risk. As many consider tPA to be standard of

care, it is reasonable to proceed in cases of unobtainable

consent as one would with any other emergent therapy.

This situation is a topic of ongoing debate.17,18 The ‘‘Guide-

lines’’ state that ‘‘although written consent is not necessary

before administration of recombinant tPA (rtPA) for treat-

ment of stroke, a full discussion of the potential risks and

benefits of treatment with rtPA with the family and the

patient if possible is recommended’’ (p. 1676).4 After tPA is

given in the ER, the patient should be admitted to an inten-

sive care unit (ICU) setting for 24 hours for careful monitor-

ing of BP, avoidance of invasive procedures, and no use of

antithrombotic medications during that period of time.

Based mainly on the results of the National Institute of

Neurological Disorders and Stroke (NINDS) tPA trial,19 and

recently supported by a large Phase IV observational study

from the European Union,20 IV tPA for acute ischemic stroke

is approved for use in many countries and is endorsed for

the treatment of carefully selected ischemic stroke patients

in a number of practice guidelines.4 Despite this, the emer-

gency medicine community has been less enthusiastic

about the use of IV tPA.21,22 Although the risk of hemor-

rhagic complications is greater in certain subgroups of

patients (ie, the most severe strokes, significant early CT

changes, older age), there is no definitive evidence to sug-

gest that these groups do not still benefit from the
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treatment.23 It is also clear that if patients are not carefully

selected, meeting strict inclusion and exclusion criteria, the

rate of complications is increased.24 Thus, as summarized in

a practice statement of the American College of Emergency

Physicians, ‘‘There is insufficient evidence at this time to

endorse the use of intravenous tPA in clinical practice when

systems are not in place to ensure that the inclusion/exclu-

sion criteria established by the NINDS guidelines for tPA

use in acute stroke are followed.’’21 When counseling

patients and their families about the benefits and risks of IV

tPA, one should keep in mind that the NINDS trial demon-

strated increased odds of excellent outcomes despite a sig-

nificant 10-fold increase in the risk of symptomatic intracra-

nial hemorrhage (6.4% vs. 0.6%), and did not alter 30-day

mortality. The largest Phase IV cohort study of IV tPA treat-

ment, Safe Implementation of Thrombolysis in Stroke Moni-

toring Study (SITS-MOST) was mandated by the European

Union upon approval of the medication for use in acute is-

chemic stroke.20 The results in 6483 patients showed that

tPA, when used in strict accordance with published inclu-

sion and exclusion criteria, could perform as well as it did

in randomized trials.

The recently published European Cooperative Acute

Stroke Study–3 (ECASS-3) trial demonstrated that IV tPA has

efficacy with adequate safety up to 4.5 hours after the onset

of symptoms. A total of 821 patients were enrolled and 375

received tPA. Exclusion criteria included diabetes being

treated with medication with a history of prior stroke, an

NIHSS score >25, or treatment with warfarin. The rates of

hemorrhage (27.0% vs. 17.6%, P ¼ 0.001) were in line with

those of the SITS-MOST study patients who were treated

within the 3-hour time window. There was no significant

difference in mortality (7.7% tPA vs. 8.4% placebo). This

study is relatively new; therefore, the data have not been

reviewed by guideline committees.25

No Blood on the CT Scan, Results Back in >3 Hours,
but �8 Hours, From Symptom Onset
Unfortunately as with our patient, most people do not pres-

ent to an ER in a timely fashion. Nonetheless, there may be

other treatments and interventions possible. If the patient

arrives <8 hours from onset of symptoms, intraarterial (IA)

interventions are a possibility. In such a case, a CT angio-

gram (CTA) of the neck from the arch of the aorta to the

circle of Willis is recommended (barring any contraindica-

tions such as renal failure or iodine allergy). The rationale

behind this study is that other treatment options, such as IA

TABLE 1. IV tPA Inclusion and Exclusion Criteria

Comments (from the authors)

Inclusion criteria

Diagnosis of ischemic stroke causing measurable neurological deficit Usually NIHSS > 4

Neurological signs should not be clearing spontaneously Such a patient may do well without tPA, but there is debate82

Neurological signs should not be minor and isolated.

Onset of symptoms >3 hours before beginning treatment

Patient or family members understand the potential risks and benefits from treatment Debated, as tPA considered standard of care by many

Cautionary criteria

Caution should be exercised in treating a patient with major deficits Higher risk of hemorrhage, but still may benefit from treatment

Exclusion criteria

Symptoms of stroke should not be suggestive of subarachnoid hemorrhage

No head trauma or prior stroke in previous 3 months

No myocardial infarction in the previous 3 months

No gastrointestinal or urinary tract hemorrhage in previous 21 days

No major surgery in the previous 14 days

No arterial puncture at a noncompressible site in the previous 7 days

No history of previous intracranial hemorrhage

Blood pressure not elevated (systolic >185 mm Hg or diastolic 110 mm Hg) Okay to bring down with labetolol, nitropaste, or nicardipine*

No evidence of active bleeding or acute trauma (fracture) on examination

Not taking an oral anticoagulant or, if anticoagulant being taken, INR � 1.7

If receiving heparin in previous 48 hours, aPTT must be in normal range

Platelet count <100,000 mm3

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

Seizure with postictal residual neurological impairments Not absolute if treating physician feels stroke also present, or if confirmed by imaging

CT does not show a multilobar infarction (hypodensity >1/3 cerebral hemisphere) Not strictly evidence based, in NINDS trial this finding did not preclude benefit of tPA

NOTE: From the Guidelines, page 1676.4

* From the Guidelines, page 1671.4

Abbreviations: aPTT, activated plasma thromboplastin time; CT, computed tomography; DVT, deep vein thrombosis; ER, emergency room; INR, international normalized ratio; IV, intravenous; LDL, low-density lipopro-

tein; NIHSS, National Institutes of Health Stroke Scale; NINDS, National Institute of Neurological Disorders and Stroke; PO, by mouth; tPA, tissue plasminogen activator.
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tPA or mechanical thrombectomy may be considered if a

large arterial occlusion is identified. CTA is preferred over

magnetic resonance angiography (MRA) due to the same

time and patient cooperation issues mentioned above,

though some expert centers may be set up to perform MRI

and MRA rapidly in the acute setting. CTA or MRA is of

great value early on in the emergent assessment of ischemic

stroke patients, as it allows detailed evaluation of the cere-

bral vasculature; this knowledge helps define the pathophys-

iology of the ongoing stroke (eg, is there a larger artery

occlusion?) and can help inform the approach to subse-

quent therapies.

The ‘‘Guidelines’’ (p. 1678)4 recommend IA thrombolysis

as a treatment option if it can be started within 6 hours,

based on results from the Prolyse in Acute Cerebral Throm-

boembolism (PROACT) II trial. This study involved angiog-

raphy with identification of the occluded vessel (the proxi-

mal MCA-M1 in this study) and administration of

recombinant pro-urokinase to the clot with functional out-

come as the primary endpoint.26 At 3 months, patients who

received the IA thrombolytic had a 40% chance of ‘‘slight

disability; unable to carry out all previous activities, but able

to look after own affairs without assistance’’ or better (ie, a

modified Rankin Scale score of �2) vs. 25% of those not

receiving the IA thrombolytic. Pro-urokinase is not available

in the United States; therefore, many institutions substitute

IA tPA. The ‘‘Guidelines’’ further state that IA thrombolysis

can be considered for use in some patients with contraindi-

cations to IV tPA (eg, recent surgery), but should not be

used instead of IV tPA in patients otherwise eligible (p.

1678).4

There are now two U.S. Food and Drug Administration

(FDA)-approved devices for mechanical cerebral vasculature

thrombectomy for use up to 8 hours from symptom onset.

The mechanical embolus removal in cerebral ischemia

(MERCI) clot retrieval device was originally approved by the

FDA in August 2004 for ‘‘restoring blood flow in the neuro-

vasculature by removing thrombus in patients experiencing

ischemic stroke.’’ Modified devices have been approved as

recently as January 2007.27 The Penumbra System was FDA-

approved in December 2007 for ‘‘revascularization of

patients with acute ischemic stroke secondary to intracra-

nial large vessel occlusive disease.’’28 In both cases, the FDA

approval was based on demonstration of safety in case se-

ries of patients treated with the devices.29–31 No randomized

trials have shown the use of these devices improves out-

comes for stroke patients. The ‘‘Guidelines’’ state that

‘‘Although the MERCI device is a reasonable intervention for

extraction of IA thrombi in carefully selected patients, the

panel also recognizes that the utility of the device in

improving outcomes after stroke is unclear’’ (p. 1684);4 this

statement applies similarly to the Penumbra device.

More complex imaging techniques, including multimodal

CT (CT, CTA, and CT perfusion) and MR (MRI with diffu-

sion, MRA, and MR perfusion) are being used in some

stroke centers to make decisions about acute ischemic

stroke treatments.32,33 The theory is that by using these

techniques, one can determine the presence or absence of a

‘‘mismatch,’’ whereby the perfusion imaging suggests more

tissue at risk of infarction than is seen as already abnormal

on MR diffusion-weighted images or compared to a clinical

assessment. These mismatch patients are then seen as

appropriate candidates for the more aggressive interventions

(ie, late IV tPA or IA interventions).34 Unfortunately, the 2

largest randomized trials to look at this issue with respect to

>3-hour IV tPA both failed to show a benefit for patients

selected in this manner.35,36 Standardized definitions of

‘‘mismatch’’ are still needed, and larger randomized trials

are needed before this approach can be suggested for rou-

tine care.37–39

More complex interventions, available only at tertiary

or comprehensive stroke centers, include a ‘‘bridging’’ ap-

proach in which IV tPA (at 2/3 standard dose) is followed by

IA tPA, IV tPA with transcranial Doppler (TCD)-enhanced

thrombolysis or IA ‘‘rescue’’ thrombectomy when vascular

imaging after IV tPA shows a persistent large artery occlu-

sion. The ‘‘Guidelines’’ suggests that these more complex

‘‘combinations of interventions to restore perfusion cannot

be recommended outside the setting of clinical trials’’

(p. 1685).4

No Blood on the CT Scan, Results Back in >8 Hours From
Symptom Onset (or if Contraindications to Above Interventions)
This time frame takes the more aggressive interventions off

the table. Per the ‘‘Guidelines,’’ 325 mg of aspirin is the

default antiplatelet agent for use, and has been shown in 2

very large randomized trials to reduce early death and lon-

ger-term disability vs. placebo after acute ischemic

stroke.40,41 Importantly, all patients who do not qualify for

thrombolysis in the 0-hour to 8-hour time window should

receive aspirin.

Although a number of small or pilot studies suggest a

benefit of the addition of clopidogrel to aspirin for a period

(1–3 months) immediately after ischemic stroke,42–44 this

more aggressive antiplatelet intervention is not an endorsed

standard of care. As described below, the long-term use of

this antiplatelet combination has been consistently associ-

ated with a higher risk of hemorrhagic complications. There

are no published data regarding the use of aspirin plus di-

pyridamole in the acute stroke setting. A number of

randomized trials have now been performed that have con-

sistently failed to show a benefit of heparin, or heparin-like

medications, for the routine treatment of acute ischemic

stroke. Despite this, a number of exceptions exist, based

more on tradition and theory than on evidence. These

exceptions, for which an IV heparin drip will at times still

be considered, include acute ischemic stroke due to dissec-

tion of the carotid or vertebral arteries, cardioembolic stroke

with fresh clot seen on echocardiogram (ECHO), and a clini-

cally progressive syndrome suggestive of basilar artery

occlusion (see below).45,46 Good evidence exists to

2010 Society of Hospital Medicine DOI 10.1002/jhm.518

Published online in wiley InterScience (www.interscience.wiley.com).

38 Journal of Hospital Medicine Vol 5 No 1 January 2010



specifically recommend the use of full-dose heparin in the

setting of cerebral venous sinus thrombosis.47

Basilar Artery Occlusion Syndromes
Basilar artery occlusion syndromes warrant special mention.

These may involve patients who present with quadriparesis,

altered mental status, vertigo, diplopia, and other brainstem

signs. Conventional treatment of basilar artery occlusion has

been associated with 40% mortality with 65% of survivors

having severe disability.48 If suspected, an urgent CTA can

usually confirm the diagnosis, and urge the clinician to

expeditiously consider aggressive intervention. Only case se-

ries have been reported regarding basilar artery thrombosis

and acute treatments. Based on these studies, it is generally

agreed upon that patients who appear comatose or quadri-

plegic for more than 3 hours will likely have a very poor

functional outcome regardless of treatment, and interven-

tional treatment is withheld. If a basilar occlusion patient

presents within the 3-hour time window for IV tPA, they are

thus treated, with follow-up vascular imaging, and possible

rescue IA mechanical thrombectomy if recanalization from

the IV tPA does not occur. However, if the patient still has

preserved neurologic function, or is waxing and waning,

there is no clear time limit for IA interventions and they

may be useful a day or more after presentation. For basilar

occlusion patients with severe stenoses not responsive to

lysis, or continuing to be symptomatic, angioplasty and

stenting has also been used.46 Despite a lack of evidence,

many stroke clinicians will use an IV heparin drip for treat-

ment of acute basilar occlusive disease.

Malignant Middle Cerebral Artery (MCA) Infarction
Malignant MCA infarction is another specific clinical syn-

drome worthy of special consideration. It is most generally

defined as a large infarction (1/2 or 2/3) of the MCA terri-

tory, somewhat depressed level of consciousness, and high

stroke scale scores (ie, severe deficits) that goes on to severe

cerebral edema, mass effect, and often herniation with

death.49,50 Associated patient characteristics include younger

age, abnormal (incomplete) ipsilateral collateral circulation,

and internal carotid artery occlusion.51 Maximal edema

occurs 2 to 5 days from stroke onset and, despite best inten-

sive therapy, has been associated with mortality rates of

70% to 80%.49,50 A recent pooling of 3 small randomized tri-

als of early decompressive hemicraniectomy and durotomy

showed a 50% absolute risk reduction for mortality and a

23% absolute benefit in long-term independence (modified

Rankin scale �3).49 This treatment option should be

strongly considered in carefully selected patients., Transfer

to an appropriately equipped facility should be offered if

not available at your hospital.

Returning to our case patient, upon arrival to the ED

with symptoms of partial aphasia, right hemiplegia, and left

gaze preference, there was a high suspicion for a left MCA

stroke. Unfortunately, he was excluded from receiving IV tPA

or any other interventions, as the last time he was known to

be neurologically intact was the prior evening, which is

taken to be the time of onset. Antiplatelet therapy was con-

tinued, and the patient was admitted for further workup.

The initial care of the patient with a cerebrovascular

event is often quite complicated. Assimilation of a great

deal of data must occur and decisions around therapy must

be made in a timely fashion. In prior years there was little

to offer in the way of therapy, which also meant there was

little initial potential for iatrogenic complication. Both diag-

nostic and therapeutic options are evolving rapidly. We now

have much to offer these patients both emergently and in

areas of secondary prevention. In part 2 of this article, the

patient’s inpatient course and therapy will be reviewed.
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