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Learning Objectives 
1. Evaluate risk factors associated with acute ischemic 

stroke (AIS) and assess stroke risk after transient 
ischemic attack (TIA).

2. Discuss reperfusion therapy and justify the expanded 
time window of alteplase for AIS in appropriate 
populations.

3. Evaluate ongoing controversies regarding medical 
management of TIA/AIS.

4. Formulate primary and secondary prevention plans 
using risk factors for patients with TIA/AIS.

5. Delineate future neuroprotective therapies and 
quality improvement measures for the manage-
ment of AIS.

Introduction 
 Strokes are classified as ischemic or hemorrhagic cere-
bral vascular events. More than 85% of all strokes are 
ischemic, whereas about 15% are hemorrhagic (intra-
cranial hemorrhage or subarachnoid hemorrhage). An 
acute ischemic stroke (AIS) and a transient ischemic 
attack (TIA) occur when bloodflow to a focal region of 
the brain is occluded. Although both are caused by the 
occlusion of cerebral vasculature, a TIA differs from a 

stroke in that a TIA is a temporary event that results in 
no permanent damage to the brain tissues. However, 
both TIA and AIS should be treated as medical emer-
gencies because it is difficult to predict who will experi-
ence permanent neurologic injury, and “time is brain.” 
 Traditionally, AIS has been attributed to arterial 
occlusions; however, a stroke may also result from a 
venous occlusion, which is termed a cerebral venous 
thrombosis (CVT). This type of stroke is uncommon 
(about 1% of AISs) and often under-recognized. Clini-
cal features, risk factors, and treatments vary between 
arterial and venous strokes.
 Since their inception in the early 1900s, the Amer-
ican Heart Association/American Stroke Association 
(AHA/ASA) have shaped best practices. The develop-
ment of scientific guidelines and establishment of qual-
ity-of-care measures with Get With The Guidelines–
Stroke program in 2003 allowed reporting of stroke out-
comes in a large national database. The newest guide-
lines from AHA/ASA include management of CVT 
(2011), management of extravascular (carotid and ver-
tebral) diseases (2011), and pediatric stroke manage-
ment (2008). Other guidelines recently updated include 
early management of AIS (2007 and 2009), stroke pre-
vention (2011), and evaluation of TIA (2009).
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 Significant changes in the guidelines that may affect 
clinical pharmacists’ daily practice include expansion of 
the time window for intravenous alteplase (from 3 hours 
to 4.5 hours in selected individuals), dabigatran for pre-
vention of stroke in nonvalvular atrial fibrillation, use 
of antiplatelet agents for noncardioembolic stroke, and 
an enhanced role for statin therapy in individuals with 
atherosclerotic TIA/AIS regardless of coronary disease. 
This chapter provides updates on the prevention and 
management of TIA and AIS based on the new guide-
lines and literature.

Epidemiology 
Prevalence and Economic Impact 
 The annual incidence of AIS in the United States is 
about 795,000; of these, 610,000 are estimated to be a 
first stroke, and 15% of these events are preceded by a 
TIA. Transient ischemic attack carries significant mor-
bidity and mortality; 12% of those who suffer a TIA 
will die within 1 year. It is estimated that up to 50% of 
patients who experience a TIA do not report the event 
to their physicians. 
 Although the overall stroke mortality rate declined 
from 29.7% to 13.5% between 1995 and 2005, stroke is 
the No. 1 cause of long-term disability. It has been esti-
mated that up to 30% of stroke survivors are perma-
nently disabled. An additional 20% of survivors require 
institutional care at 3 months after the incident. As a 
result, AIS contributes significantly to both productiv-
ity loss and public health care costs in the United States. 
The direct and indirect costs of stroke in 2010 have been 
estimated at $73.3 billion, a significant increase from 
$58 billion in 2006.

Risk Factors 
 Recognizing stroke-related risk factors is important 
because preventive measures targeting these risk factors are 
vital in reducing stroke burdens. Important risk factors for 
both arterial and venous AIS are summarized in Box 1-1. 
Most AISs were of arterial origin, and risk factors for these 
strokes are outlined in the AHA/ASA 2011 guidelines.
 Nonmodifiable risk factors remain unchanged since 
the 2006 guidelines, which associated African American 
race, male sex, older age, and family history of TIA/stroke 
with a higher incidence of first-ever AIS. Among modifi-
able risk factors, hypertension and atrial fibrillation are 
the most powerful predictors for first-ever and recurrent 
arterial AIS. The age-adjusted incidence of AIS triples in 
the presence of hypertension and increases 5-fold with 
atrial fibrillation.
 Treatment of AIS secondary to CVT varies greatly 
from arterial AIS because of different risk factors. Cere-
bral venous thrombosis–related AIS is more prevalent 
in younger women. Predisposing conditions for CVT 
include inherited or acquired thrombophilias (e.g., can-
cer-related coagulation disorders). Risk factors are more 
aligned with other venous thrombosis disorders (e.g., 
deep venous thrombosis) and include antithrombin III, 
protein C and S deficiencies; antiphospholipid and anti-
cardiolipin antibodies; and factor V Leiden and pro-
thrombin G2021A mutations. Drugs associated with 
CVT include oral contraceptives, immunoglobulin, and 
recreational drugs such as ecstasy.

Pathophysiology 
 An AIS results from interruption of bloodflow within 
the cerebral vasculature and can be caused by either 
thrombotic (atherosclerotic plaque formation) or 
embolic sources. About 50% of all AISs are atheroscle-
rotic, which refers to in situ obstruction of an artery. 
Embolic AIS is caused by a thrombus traveling from else-
where, resulting in a blockage of the cerebral artery. Car-
diac embolism from atrial fibrillation is the most com-
mon cause of embolic AIS. 
 Autoregulation tightly maintains normal cerebral 
bloodflow at around 50–60 mL/100 g of brain tissue per 
minute. When the autoregulatory mechanism fails and 
cerebral bloodflow falls below 20 mL/100 g of brain tis-
sue per minute, tissue death occurs. This part of the brain 
becomes necrotic, and the injury is irreversible. The area 
of minimally perfused tissue surrounding the infarct is 
composed of potentially viable tissues called the penum-
bra. Most acute stroke therapies aim to salvage the pen-
umbra and prevent enlargement of necrotic tissue.

Classification and Prognosis 
 As discussed, most AISs are arterial, and less than 
1% involve the venous vasculature (CVT). However, 

Abbreviations in This Chapter
ABCD Age, blood pressure, clinical 

features, duration (symptom) 
rating scale

ABCD2 Age, blood pressure, clinical 
features, duration (symptom), 
diabetes rating scale

AIS Acute ischemic stroke
CVT Cerebral venous thrombus
mRS Modified Rankin Scale
NIHSS National Institutes of Health 

Stroke Scale
NINDS National Institute of Neurological 

Disorders and Stroke
SICH Symptomatic intracranial 

hemorrhage
TIA Transient ischemic attack
VTE Venous thromboembolism
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the mortality associated with acute CVT stroke is 
about 3% to 15% because of transtentorial herniation 
or complications associated with venous thromboem-
bolism (VTE) such as pulmonary embolism. There-
fore, the management of CVT generally involves imme-
diate anticoagulation in contrast to arterial AIS, which 
requires thrombolytic therapy.
 The classification of arterial AIS depends on the loca-
tion of ischemia, mechanism of occlusion, and type of 
lesion. Thrombotic AIS, the most common, includes 
large artery atherosclerosis and penetrating small artery 
disease (lacunar infarcts). Cardiogenic embolic stroke, 
the second most common AIS, may be caused by atrial 
fibrillation, valvular disease, or patent foramen ovale. A 
small percentage of AISs are of either undetermined eti-
ology or other causes. In a stroke of undetermined eti-
ology (cryptogenic stroke), several risk factors can be 
identified but not the exact cause. Stroke of other deter-
mined etiology includes rare causes such as arterial 
dissections, drug-induced stroke, and prothrombotic 
states.
 The outcome after an AIS depends largely on the 
timely presentation to a well-equipped and organized 
facility (i.e., certified stroke center) for emergency 
stroke workup and treatment. At greatest risk of dying 
are patients with higher National Institutes of Health 
Stroke Scale (NIHSS) scores (i.e., more than 15), 
advanced age, large vascular territory infarcts (e.g., mid-
dle cerebral artery occlusions), multilobar infarction, 
decreased consciousness, or hemodynamic instability. 
Symptomatic intracranial hemorrhagic (SICH) trans-
formation may occur spontaneously in 5% of patients 
with AIS.

Evolution of TIA 
 The risk of developing AIS after a TIA is significantly 
higher than previously believed. It is estimated that the 
overall risk of AIS after a TIA is 5.2% at 7 days and 15% 
at 30 days. Of the 15%, one-fourth to one-half occur 
within 48 hours after the TIA. 
 The high risk of developing AIS after TIA is partly 
caused by the traditional time-based classification, in 
which TIA is defined as transient neurologic deficits 
lasting less than 24 hours. This definition is thought to 
delay appropriate therapy in some patients because one-
third of individuals previously defined as having a TIA 
were found to have an AIS when evaluated by the newer 
and more sensitive neuroimaging tests. Therefore, the 
AHA/ASA endorsed a tissue-based definition of TIA in 
2009. The definition of TIA now is “a transient episode 
of neurologic dysfunction caused by focal brain, spinal 
cord, or retinal ischemia, without acute infarction.” 
 With this change to a tissue-based definition, 
more aggressive use of neurodiagnostic tests and 
higher urgency for treatment are emphasized in TIA 

Box 1-1. Risk Factors for Primary Stroke Prevention

Nonmodifiable
•	 Age
•	 Family history of stroke or transient ischemic attack
•	 Genetic factorsa

•	 Low birth weight
•	 Race/ethnicity
•	 Sex

Modifiable: Well Documented
•	 Asymptomatic carotid stenosis
•	 Atrial fibrillation
•	 Cigarette smoking
•	 Diabetes
•	 Dyslipidemia
•	 Hypertension
•	 Other cardiac conditionsb

•	 Obesity
•	 Oral contraceptive usec,d

•	 Physical inactivity
•	 Postmenopausal hormone therapy
•	 Sickle cell disease
•	 Parameningeal/sinus infectionsc

•	 Pregnancyc

Modifiable: Less Well Documented
•	 Alcohol consumption (> 60 g/day)
•	 Drug abuse
•	 Elevated lipoprotein(a)
•	 Hypercoagulabilityc,e

•	 Hyperhomocysteinemia
•	 Inflammatory disease
•	 Metabolic syndrome
•	 Migraines with aura
•	 Sleep-disordered breathing

aGenetic factors include cerebral autosomal dominant arte-
riopathy with subcortical infarcts and leukoencephalopathy, 
Marfan syndrome, neurofibromatosis types I and II, and 
Fabry disease.
bOther cardiac conditions include coronary artery disease, 
congestive heart failure, and peripheral arterial disease.
cThese are risk factors for cerebral venous thrombosis–
related stroke.
dOral contraceptive use is a risk factor for both arterial- and 
venous-related stroke.
eHypercoagulability includes both acquired (e.g., trauma 
and cancer) and inherited (e.g., antiphospholipid antibodies; 
hyperhomocysteinemia; and protein C and S deficiency) 
conditions. This is a well-defined risk factor for venous 
thrombosis–related stroke, but it is a less well-defined risk 
factor for arterial stroke.
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management. In addition, several scoring systems have 
been validated to risk-stratify a patient’s risk of AIS after 
TIA. These scoring systems include the age, blood pres-
sure, clinical features, duration of symptoms (ABCD) 
system, the California system (age, diabetes, duration 
of episode, weakness, and speech impairment), and 
the age, blood pressure, clinical features, duration of 
symptoms, diabetes (ABCD2) system (Table 1-1). The 
ABCD2 score, which combines elements from the other 
two systems, has the best prognostic value in predicting 
stroke after TIA at 2, 7, 30, and 90 days. No random-
ized trials have evaluated the use of the ABCD2 score 
in assisting with triage decisions; however, AHA/ASA 
recommends inpatient management as a reasonable 
approach for patients with an ABCD2 score of 3 or more 
when presenting within 72 hours of a TIA.

Diagnosis 
 Physical examination remains an important first step 
in assessing patients with TIA/AIS. A short neurologic 
assessment helps identify the neurologic impairment 
and may predict the vessel involvement and location of 
the infarct. For example, a left hemispheric infarct may 
present with contralateral findings such as right-sided 
hemiparesis.
 Two assessment tools are widely used to determine 
stroke deficits: the NIHSS and the modified Rankin 
Score (mRS). Either tool may be used by health care 
providers certified in this process. The NIHSS evalu-
ates acute neurologic impairment using a scoring sys-
tem of 0–42 points. Higher scores indicate more severe 
neurologic impairment; lower scores indicate less 
severe impairment. A score of 0 indicates the absence of 
impairment. Large strokes, including malignant middle 
cerebral artery infarctions, may decrease bloodflow to 
several vascular territories and result in higher NIHSS 
scores. Any baseline score other than 0 warrants neu-
rologic workup. The mRS, which has a scoring range of 
0–6 points, is often used to assess a patient’s functional 
disability after AIS. Scores of 0–1 represent no to min-
imal disability, whereas scores of 5–6 represent severe 
disability or death.
 The differential diagnosis of TIA/AIS includes ruling 
out hypoglycemia, seizure with postictal paralysis, hem-
orrhagic stroke, head trauma, brain abscess, encephali-
tis, migraine, and brain tumor. Laboratory tests should 
include blood glucose, serum electrolytes, complete 
cell blood count with platelet count, kidney function 
studies, prothrombin time, activated partial thrombo-
plastin time, toxicology screen, oxygen saturation, and 
cardiac markers. Electrocardiography (ECG) should 
be obtained because atrial fibrillation and myocardial 
infarction may contribute to stroke.
 Neuroimaging is an integral part of stroke manage-
ment. Noncontrast-enhanced computed tomography 

(CT) of the brain remains the current criterion standard 
and is useful in differentiating hemorrhagic stroke from 
AIS. It can also provide the clinician with information 
regarding the size, location, and vascular distribution of 
the infarct. Noncontrast imaging is preferred because CT 
with contrast provides no additional information and is 
potentially toxic to brain tissue during a primary or sec-
ondary hemorrhagic event. Other multimodal neuroim-
aging technologies are available that can further provide 
diffusion and perfusion mismatch information.

Pharmacotherapy 
 The overall goals of management are to reduce neu-
rologic injury, decrease mortality, and prevent long-
term disability. Interventions are aimed at limiting the 
area of infarction and salvaging the penumbra, which is 
achieved primarily by removing the occlusion through 
reperfusion therapy. 
 Reperfusion strategies are time-sensitive; therefore, 
establishing protocols for emergency triage and man-
aging patients with acute stroke are critical. The ASA-
established goal is that patient evaluation and treat-
ment decision should occur within 60 minutes (the 
golden hour) of the patient’s arrival to the emergency 

Table 1-1. The ABCD2 Scoring System to Predict 
Stroke After TIA
Criteria Points
Age 60 years or older 1
Blood pressure of  
140/90 mm Hg or higher 1

Clinical features
Unilateral weakness 2
Speech impairment  
without weakness 1

Duration of symptoms
60 minutes or more 2
10–59 minutes 1
Diabetes 1
Total score Risk of AIS Within 2 

days of TIA
6 or 7 High risk (8.1%)
4 or 5 Moderate risk (4.1%)
2 or 3 Low risk (1.3%)

ABCD2 = age, blood pressure, clinical features, duration of 
symptoms, diabetes; AIS = acute ischemic stroke; TIA = tran-
sient ischemic attack.
Information from Johnston SC, Rothwell PM, Nguyen-Huynh 
MN, Giles MF, Elkins JS, Bernstein AL, et al. Validation and 
refinement of scores to predict very early stroke risk after 
transient ischaemic attack. Lancet 2007;369:283–92.
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department. The established goal for neuroimaging 
from door-to-interpretation is 45 minutes, allowing 
25 minutes for imaging and 20 minutes for interpreta-
tion. In addition to reperfusion therapy, acute manage-
ment involves anticoagulation for CVT-related stroke, 
antiplatelet use, and blood pressure management. 
 After acute treatment, preventing and treating medi-
cal complications (e.g., VTE prophylaxis, fever, hyper-
glycemia, infection, hemodynamic instability) and ini-
tiating secondary stroke prevention are important. New 
information on reperfusion therapy, blood pressure 
management for both acute and secondary prevention, 
and antithrombotic therapy for secondary prevention 
are discussed in the following.

Reperfusion Therapy 
 Intravenous alteplase, administered within 3 hours 
of symptom onset, remains the gold standard and is the 
only class I level A reperfusion therapy recommended by 
AHA/ASA. Other reperfusion therapy includes either 
intra-arterial alteplase or mechanical thrombectomy 
alone or in combination with intravenous alteplase. The 
NIHSS and mRS scores are commonly used to assess 
the effectiveness of these interventions. A decrease 
in these scores indicates good outcomes, whereas an 
increase in scores indicates poor outcomes and dimin-
ished effectiveness.

Rationale for Use 
 The potential clinical gains from alteplase pertain to 
tissue reperfusion and attenuation of infarct growth, 
which depend on both the degree of irreversible damage 
and the presence and extent of ischemic penumbra. An 
ischemic penumbra is present in at least 80% of patients 
within 3 hours of stroke onset but diminishes with time. 
Patients who are excluded from intravenous alteplase 
may be considered for catheter-based interventions or 
intra-arterial thrombolytic therapy directly into the 
clot. Mechanical thrombectomy may be accomplished 
using devices for clot extraction and evacuation. Ultra-
sound-enhanced thrombolysis (sonothrombolysis) may 
be used in an attempt to alter the structure of the throm-
bus and accelerate thrombolysis with either intravenous 
or intra-arterial thrombolytic administration.

Intravenous Thrombolysis 
 Alteplase, a tissue plasminogen activator, is an 
enzyme with the ability to convert plasminogen to plas-
min because of fibrin enhancement. At pharmacologic 
concentrations, it binds to fibrin within the thrombus, 
forming an active lytic complex. The recommended 
dose for AIS is 0.9 mg/kg (maximal dose of 90 mg) 
infused over 60 minutes. A bolus dose of 10% is admin-
istered over 1 minute, and the remainder is infused over 
60 minutes. 

 The National Institute of Neurological Disorders and 
Stroke (NINDS) trial established the efficacy of intra-
venous alteplase when administered within 3 hours of 
stroke symptom onset; this was the basis for U.S. Food 
and Drug Administration (FDA) label approval for its 
use in AIS. Patients who received alteplase had signifi-
cant improvements at 90 days as measured by four out-
come scales: NIHSS score, mRS score, Barthel Index, 
and Glasgow Outcome Scale. Alteplase-treated patients 
were at least 30% more likely to have minimal or no dis-
ability at 90 days. In the 1990s after the NINDS trial, sev-
eral large trials evaluated the optimal dose and window 
of opportunity for this agent, but the efficacy of alteplase 
was not shown outside the 3-hour time window.
 The European Cooperative Acute Stroke Study-3 
(ECASS-3) was conducted between 2003 and 2007 at 
130 sites in 19 European countries. The results of this 
study suggest that certain patients may safely receive 
intravenous alteplase up to 4.5 hours after symptom 
onset. Patients with known risk factors for SICH (e.g., 
age older than 80, baseline NIHSS score greater than 25, 
any oral anticoagulant use regardless of international 
normalized ratio [INR], combination of prior stroke 
and diabetes) were excluded. Based on the ECASS-3 
fndings, the AHA/ASA recommended expansion of the 
3-hour time window for intravenous alteplase adminis-
tration to 4.5 hours in certain patients (class 1 level B 
evidence). However, AHA/ASA emphasized the impor-
tance of administering alteplase within 3 hours when it 
is possible, because a greater benefit was seen when the 
drug was administered within 90 minutes of symptom 
onset versus 90–180 minutes and 180–270 minutes. 
These findings suggest that every effort should be made 
to ensure timely administration of alteplase.

Intra-arterial Thrombolysis 
 Intra-arterial thrombolysis with alteplase, with or 
without mechanical thrombectomy, remains a viable 
therapeutic alternative for patients who are excluded 
from receiving intravenous alteplase. Other patients 
who may benefit from this approach include those who 
present with large vessel disease with heavy clot burden 
(including malignant middle cerebral artery infarcts) 
and those whose recanalization after intravenous 
alteplase failed. 
 Advantages of endovascular therapies include expan-
sion of the available treatment window to 6 hours, 
reduced or eliminated risk associated with systemic 
thrombolysis, higher rates of recanalization, and ear-
lier recanalization. However, higher recanalization 
rates do not necessarily translate into better brain tissue 
perfusion or improved outcomes. Lack of perfusion may 
be caused by downstream embolizations from plaque 
showering, blockage of circulation caused by perma-
nent vascular injury from the ischemic event, or tissue 
reperfusion injury. Disadvantages of an endovascular 
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approach include the need for a high level of expertise 
and specialized equipment, potential vascular perfora-
tion, delay in the initiation of thrombolysis, and risk of 
distal embolization.

Thrombectomy 
 Several devices are available for mechanically remov-
ing clots from large intracranial arteries; these devices 
are FDA label approved for use up to 8 hours after symp-
tom onset. The use of diffusion-weighted magnetic reso-
nance imaging (MRI) or CT perfusion studies may iden-
tify patients who are less likely to recanalize with intrave-
nous alteplase alone and who may be candidates for these 
procedures. In addition, thrombectomy with or without 
intra-arterial thrombolysis may be a treatment option for 
patients with contraindications to intravenous alteplase 
or who have NIHSS scores greater than 25.

Complications and Cost-effectiveness 
 The most devastating complications associated with 
thrombolytic therapies remain SICH or death. The 
NINDS alteplase study reported that SICH occurred 
in 6.4% of patients treated with alteplase versus 0.6% 
of patients treated with placebo within 36 hours of 
symptom onset. Strict inclusion and exclusion criteria 
as established by AHA/ASA must be followed because 
several community-based hospital studies have noted 
that protocol violations can increase SICH by as much 
as 15.7%. The main deviations identified in the liter-
ature include uncontrolled hypertension, previous 
administration of alteplase, and administration outside 
the 3-hour window. 
 In the ECASS-3 trial, the SICH rate was 7.9% in the 
alteplase group and 3.5% in the placebo group using the 
NINDS definition of SICH. Although the incidence 
of SICH was significantly different between the two 
groups, it is similar to what was reported in the original 
NINDS trial and community studies. When SICH was 
defined as any intracranial hemorrhage resulting in neu-
rologic deterioration or death, the SICH rate was 2.4% 
in the treatment group and 0.2% in the placebo group. 
In addition to protocol deviation, risk factors associated 
with SICH development include high baseline NIHSS 
scores, large clot burdens, location of stroke (MCA or 
multi-lobar stroke), and early hyperglycemia.
 Despite the benefits and low incidence of complica-
tions of intravenous alteplase for stroke, the drug remains 
underused. Before 2005, financial disincentives to the 
use of alteplase existed. No additional reimbursement 
was made to physicians or hospitals despite a substan-
tial increase in time and hospital-associated costs to care 
for these patients. In 2005, Medicare reimbursement to 
hospitals increased by $6000 (to almost $12,000) per 
patient with stroke when thrombolysis was administered, 
thereby providing an incentive for intravenous alteplase 

use. This occurred after studies showed the drug to be 
both cost-effective and cost saving. 
 One study showed a per-patient savings of $600 
because of decreased rehabilitation and nursing home 
costs. Another analysis found that the increase in hospi-
talization costs of $1.7 million associated with intrave-
nous alteplase was outweighed by a decrease in rehabili-
tation costs of $1.4 million and nursing home costs of 
$4.8 million per 1000 eligible treated patients. The esti-
mated impact on long-term outcomes was 564 quality-
adjusted life-years saved over 30 years per 1000 patients. 
Of interest, only 2% of patients with AIS in this analy-
sis received intravenous alteplase. This study concluded 
that increasing the treatment group to 4%, 6%, 8%, 10%, 
15%, or 20% would realize cost savings (in millions) 
of $15, $22, $30, $37, $55, and $74, respectively, in the 
United States.

Acute Medical Management 
 In addition to reperfusion therapy, management dur-
ing the acute phase of cerebral ischemia centers around 
general supportive care (airway protection and circu-
lation) and management of acute complications (e.g., 
fever, blood glucose, elevated blood pressure, VTE pro-
phylaxis, seizures).
 Fever is common after brain injuries and is often 
not attributable to infection. Several mechanisms are 
suggested as the cause of fever immediately after AIS, 
including increased sympathetic response, inflamma-
tory response, and/or damage to the thermoregulatory 
centers. Fever can lead to poorer outcomes because of 
the production of proinflammatory cytokines, free rad-
icals, and excitatory neurotransmitters, which cause 
further tissue injury. A meta-analysis found that fever 
was associated with prolonged intensive care unit stay, 
higher mortality, and worse functional outcomes as 
measured by the Glasgow Outcome Scale. However, the 
definition of fever varied greatly from study to study, 
ranging from 99.5°F to 102°F (37.5°C–39.0°C).
 Although the negative impact of fever after acute 
neurologic injury is established, it is unclear whether 
any benefit is associated with aggressive management 
of temperature. This is likely because of a lack of clear 
definition of fever, various methods to control tempera-
ture, and unknown duration of aggressive management. 
The current AHA/ASA guidelines recommend main-
tenance of normothermia (less than 100.4°F or 38°C) 
with proper source control (i.e., treating any existing 
infection) and antipyretic drugs. Induced hypothermia 
for fever management is not recommended because of 
insufficient data.
 Both hypo- and hyperglycemia should be addressed 
promptly. The brain lacks the capacity to store neces-
sary nutrients such as glucose; therefore, a constant sup-
ply is essential to maintain cellular function. In addi-
tion to mimicking stroke-like symptoms, hypoglycemia 
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may exacerbate cerebral injury. Maintaining euglyce-
mia is an easy and important step in AIS management. 
Hyperglycemia has been suggested to increase the risk 
of hemorrhagic transformation after thrombolytic ther-
apy. In addition, hyperglycemia is associated with poor 
neurologic outcomes. However, controversy exists on 
the optimal threshold to treat patients with AIS and the 
appropriate glycemic goal. 
 Data suggest that the traditional glucose concentra-
tion of 200 mg/dL is too high and that less than 110 mg/
dL is too low during the acute phase of injury. There-
fore, targeting glucose concentrations of 80–110 mg/dL 
in patients with AIS may subject the brain cells to hypo-
glycemia. The Treatment of Hyperglycemia in Ischemic 
Stroke (THIS) trial tested the feasibility and tolerability 
of aggressive glucose control (less than 130 mg/dL) ver-
sus usual care (less than 200 mg/dL) and found no sig-
nificant adverse events associated with aggressive man-
agement. However, no difference in clinical outcomes 
was noted between the two treatment groups. The recent 
AHA/ASA guidelines reflect the inconsistency in the lit-
erature, stating that a blood glucose concentration greater 
than 140–185 mg/dL should be the trigger for treatment. 
No specific glycemic goal was recommended.
 Acute hypertension occurs in about 80% of patients 
after AIS regardless of medical history, and determi-
nation of acute treatment and goal blood pressure is 
multifactorial. Treatment approaches for elevated blood 
pressure during the acute phase (within 24–48 hours of 
onset) are based on whether the patient is a candidate 
for thrombolytic therapy. For patients who are candi-
dates, aggressive blood pressure management is recom-
mended with a goal systolic/diastolic blood pressure of 
less than 180/105 mm Hg (Figure 1-1). 
 The decision about when and how aggressively to treat 
high blood pressure in patients not receiving throm-
bolytics remains controversial. Aggressive treatment 
during the acute phase is argued to avoid hemorrhagic 
transformation, cerebral edema, and increased intra-
cranial pressure. However, aggressively lowering blood 
pressure is feared to precipitate further cerebral isch-
emia because of a lack of perfusion, and many patients 
have blood pressure decreases without intervention. 
 Limited studies have evaluated the feasibility and 
efficacy of acute blood pressure reduction immedi-
ately after AIS. Two prospective trials evaluated the 
use of angiotensin receptor blockers within 30 hours of 
AIS onset. Of interest, opposite findings were reported, 
although the study designs were similar. The Acute 
Candesartan Cilexetil Therapy in Stroke Survivors 
(ACCESS) trial found that acute use of candesartan sig-
nificantly decreased cardiovascular events with mini-
mal adverse events compared with placebo, whereas the 
Scandinavian Candesartan Acute Stroke Trial (SCAST) 
failed to show any benefit regarding vascular events or 
functional outcomes. Because of conflicting findings, 

the recommendation for blood pressure management in 
patients who are not candidates for thrombolytic therapy 
is to treat systolic blood pressure greater than 220 mm Hg 
or diastolic blood pressure greater than 120 mm Hg. Sev-
eral questions regarding acute blood pressure manage-
ment remain, such as the optimal target blood pressure, 
how quickly to lower blood pressure, and the appropriate 
antihypertensive agents to use in these patients.
 Effective VTE prophylaxis measures after AIS 
include early mobilization, nonpharmacologic mea-
sures (compression stockings), and pharmacologic 
therapies (unfractionated heparin and low-molecular-
weight heparin). The compression devices should only 
be used alone if anticoagulant prophylactic therapy is 
contraindicated. Although the 2007 AHA/ASA guide-
lines recommend early use of either unfractionated 
heparin or low-molecular-weight heparin after AIS for 
VTE prevention in patients without contraindications, 
some recent data suggest that low-molecular-weight 
heparin produces a greater reduction in the VTE inci-
dence than unfractionated heparin without an increase 
in bleeding. The Prevention of Venous Thromboembo-
lism after Acute Ischemic Stroke (PREVAIL) investiga-
tors reported that enoxaparin was associated with a 43% 
relative risk reduction compared with unfractionated 
heparin. A recent meta-analysis found that low-molecu-
lar-weight heparin was associated with reduction in any 
VTE as well as proximal VTE compared with unfrac-
tionated heparin. Subcutaneous enoxaparin 40 mg/day 
was the most commonly studied treatment option and 
was safely initiated within 48 hours of stroke onset.
 Seizures may occur after AIS; however, the overall 
incidence is relatively low. Cortical involvement and 
large infarction are risk factors for developing seizures. 
Currently, there are no data showing the benefit of rou-
tine seizure prophylaxis in AIS. The use of prophylac-
tic antiepileptic drugs is therefore not recommended in 
patients who suffer an AIS, but treatment should be ini-
tiated if a patient experiences seizures after AIS.

Stroke Prevention 
 Preventive strategies in AIS management involve 
goal setting, interventions, and monitoring of out-
comes. Primary prevention involves lifestyle modifica-
tions such as smoking cessation, blood pressure man-
agement, lipid management, and treatment of cardiac 
conditions such as atrial fibrillation. Secondary preven-
tion measures are similar to primary prevention regard-
ing risk factor control; however, more specific recom-
mendations exist regarding blood pressure manage-
ment, antiplatelet use for noncardioembolic stroke, and 
anticoagulation for cardioembolic stroke.

Primary Prevention 
 Both blood pressure and lipid management remain 
vital components of primary stroke prevention. Blood 
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Figure 1-1. Management of acute ischemic stroke.
aEligibility for intravenous alteplase in patients with onset within 3 hours: negative for hemorrhagic stroke or history of hemorrhagic stroke; no 
head trauma, stroke, myocardial infarction in the past 3 months; no gastrointestinal or urinary tract hemorrhage in the past 21 days; no major 
surgery in the previous 14 days; blood pressure not > 185/110 mm Hg; not taking oral anticoagulant or INR ≤ 1.7; platelet count ≥ 100,000/
mm3; blood glucose ≥ 50 mg/dL.
bAdditional eligibility criteria for intravenous alteplase in patients with onset between 3 hours and 4.5 hours: age < 80 years; no history of stroke 
and diabetes; not taking oral anticoagulants regardless of INR; no significant symptomatic improvement within 30 minutes; NIHSS score < 25.
cAll patients should be kept NPO immediately after stroke until dysphasia screening is performed.
dAll patients with stroke may receive mechanical VTE prophylaxis. The current guidelines do not address the timing of initiating pharmacologic 
VTE prophylaxis.
ABCD2 = age, blood pressure, clinical features, duration (symptoms), diabetes rating scale; CT = computed tomography; DBP = diastolic blood 
pressure; DVT = deep venous thrombosis; ECG = electrocardiograhy; ICU = intensive care unit; INR = international normalized ratio; min 
= minutes; NIHSS = National Institutes of Health Stroke Scale; NPO = nothing by mouth; SBP = systolic blood pressure; SUP = stress ulcer 
prophylaxis; TIA = transient ischemic attack; VTE = venous thromboembolism.
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pressure reduction was associated with a 32% risk reduc-
tion in stroke incidence across all age groups. Specific 
pharmacologic therapy and blood pressure goals are 
consistent with the Joint National Committee (JNC) 
7 recommendations. In patients with dyslipidemia, a 
statin is recommended for primary stroke prevention. 
Studies of other lipid-lowering agents (e.g., niacin, fibric 
acid derivatives) have not shown efficacy in stroke risk 
reduction. The recommended lipid goal in AIS preven-
tion mirrors the National Cholesterol Education Pro-
gram guidelines.
 In patients with atrial fibrillation, therapy with 
either aspirin or oral anticoagulation (warfarin) is rec-
ommended for primary AIS prevention. Using an 
antiplatelet drug versus an anticoagulant is based on the 
risk stratification for AIS in patients with atrial fibril-
lation. The congestive heart failure, hypertension, age, 
diabetes, stroke/TIA (CHADS2) score is the most com-
monly used tool for stroke risk assessment. A score of 2 
or greater indicates high risk of AIS in patients with atrial 
fibrillation, and warfarin is recommended for stroke 
prevention in this population. In low-risk patients with 
atrial fibrillation, warfarin was not found more effec-
tive than aspirin when hemorrhagic complications were 
considered. In patients with moderate risk of stroke 
(CHADS2 score of 1), treatment decisions should con-
sider benefits as well as bleeding risk, drug adherence, 
and ability to monitor anticoagulation therapy.
 Concerns with warfarin therapy include a narrow ther-
apeutic window, drug-drug and drug-food interactions, 
need for frequent monitoring, and increased bleeding 
risk; these contribute to underuse of the agent even when 
it is indicated. Dabigatran, a new oral direct thrombin 
inhibitor, was approved for prevention of stroke second-
ary to nonvalvular atrial fibrillation. In the Randomized 
Evaluation of Long-term Anticoagulation Therapy (RE-
LY) study, dabigatran was associated with a 34% relative 
risk reduction in stroke or VTE compared with warfarin. 
Although the risk of major bleeding was similar between 
groups, intracranial bleeding was significantly lower in 
the dabigatran group than in the warfarin group. The 

AHA/ASA issued a 2011 advisory recommending dabi-
gatran as an alternative to warfarin for preventing strokes 
in patients with nonvalvular atrial fibrillation. Warfarin 
remains the drug of choice in patients with prosthetic 
heart valves or valvular disease.
 Although the U.S. Preventive Services Task Force 
(USPSTF) recommends aspirin for the prevention of 
cardiovascular disease, its benefit in stroke prevention 
is not clearly established. Several large trials in high-
risk patients have failed to show a benefit against stroke 
when aspirin was compared with placebo. The Wom-
en’s Health Study showed a 24% stroke risk reduction in 
women younger than 45 years. Although the reduction 
was not statistically significant, the benefit of aspirin 
was more consistently shown in those 65 years or older. 
 Based on current evidence, aspirin is only recom-
mended for prevention of cardiovascular disease in 
high-risk patients (defined as having a 10-year risk of 6% 
to 10% with a low risk of hemorrhagic complications). 
Specific to primary AIS prevention, low-dose aspirin 
(81 mg/day or 100 mg every other day) is recommended 
by AHA/ASA and USPSTF in high-risk women 55–79 
years old without contraindications. Table 1-2 summa-
rizes the role of aspirin in primary stroke prevention.

Secondary Prevention 
 In patients who are ineligible for thrombolytic ther-
apy, aspirin 325 mg is the only antiplatelet agent recom-
mended for acute treatment (i.e., within 24–48 hours of 
AIS). Other antiplatelet agents (e.g., clopidogrel, aspi-
rin/dipyridamole extended release) have not been stud-
ied in the acute phase. Nevertheless, aspirin, clopidogrel, 
and aspirin/dipyridamole extended release remain the 
cornerstone of secondary prevention after noncardio-
embolic stroke.
 Aspirin alone results in a 15% relative risk reduction 
of vascular events compared with placebo; clopidogrel 
has been associated with about a 9% relative risk reduc-
tion compared with aspirin; and aspirin/dipyridamole 
extended release reduces AIS risk by 23% compared 
with aspirin. Although aspirin/dipyridamole extended 

Table 1-2. USPSTF Recommendations Regarding Aspirin for Primary Stroke Prevention
Population and Age (years) Recommendation Level of Evidencea

Men < 45 Recommend against use D
Men 45–70 Potential benefit for reduction of MI A
Women < 55 Recommend against use D
Women 55–79 Potential benefit for reduction in AIS A
Men/Women > 80 Current evidence insufficient for recommendation I

aA = high certainty that the net benefit is substantial; D = no net benefit and possible harm outweighs benefit; I = current evidence is insuf-
ficient to assess balance of benefits and harms.
AIS = acute ischemic stroke; MI = myocardial infarction; USPSTF = U.S. Preventive Services Task Force.
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release appears to be more effective than aspirin alone, 
all three agents are recommended as first line by AHA/
ASA for secondary prevention on the basis of cost, 
patient-specific comorbidities, allergies, and tolerance. 
 The combination of aspirin and dipyridamole imme-
diate release has not been studied and therefore can-
not be recommended as an alternative to aspirin/dipyr-
idamole extended release. Based on available data, the 
combination of aspirin and clopidogrel for stroke pre-
vention alone is not recommended unless patients have 
other comorbidities such as coronary stents; this dual 
antiplatelet therapy was associated with an increase in 
hemorrhagic complications. Another challenge the cli-
nician may face is the patient who develops AIS while 
on an antiplatelet agent. Currently, there are no data 
supporting that changing to a different antiplatelet 
agent reduces the stroke risk.
 In 2009, the FDA issued a clinical advisory about 
the potential suboptimal response to clopidogrel sec-
ondary to coadministration of proton pump inhibitors. 
The concern stems primarily from a randomized trial 
evaluating platelet function in patients receiving both 
omeprazole and clopidogrel; results showed a significant 
decrease in the platelet inhibitory effect of clopidogrel. 
The mechanism for decreased antiplatelet effect was 
thought to be a drug interaction between clopidogrel 
and omeprazole. Clopidogrel is a prodrug that requires 
activation through hepatic metabolism; this metabo-
lism is primarily by CYP2C19, which is also responsi-
ble for omeprazole metabolism. Coadministration may 
decrease clopidogrel activation by competitive binding 
to CYP2C19. Of interest, newer proton pump inhibitors 
such as pantoprazole and lansoprazole do not appear to 
have the same effect on clopidogrel because of less com-
petition for CYP2C19. All studies evaluated platelet 
function as a surrogate marker for clinical outcomes, so 
the clinical implications of an interaction of combined 
clopidogrel and proton pump inhibitors are unclear at 
this time. However, the use of pantoprazole or lansopra-
zole with clopidogrel appears to be safe.
 Acute full anticoagulation within 24 hours of AIS is 
not routinely recommended for secondary stroke pre-
vention; however, the practice continues to be debated 
for patients with cardioembolic stroke or CVT-related 
stroke. In these patients, anticoagulation can be achieved 
with unfractionated heparin, low-molecular-weight hepa-
rin, or warfarin if the benefit outweighs the risk of hem-
orrhage. Dabigatran has not been evaluated immediately 
after noncardioembolic AIS but has been studied for sec-
ondary stroke prevention in patients with atrial fibrilla-
tion. A subgroup analysis of the RE-LY trial found that 
in patients with a history of stroke or TIA, dabigatran 
was associated with a nonsignificant decrease in the rate 
of recurrent stroke or systemic embolism compared with 
warfarin at 2 years. However, intracranial bleeding was 
significantly less in the dabigatran-treated group. The 

definitive role of dabigatran for secondary stroke preven-
tion needs further evaluation.
 In secondary stroke prevention, antihyperten-
sive therapy is recommended regardless of baseline 
blood pressure after the first 24 hours after symp-
tom onset. On the basis of the Perindopril Protection 
Against Recurrent Stroke (PROGRESS) study, a thia-
zide diuretic with or without an angiotensin-converting 
enzyme inhibitor is recommended for secondary stroke 
prevention. Other agent classes such as calcium channel 
blockers or β-adrenergic blockers have been evaluated 
with variable results. After the PROGRESS trial, sev-
eral large randomized studies, including the Prevention 
Regimen for Effectively Avoiding Second Strokes (PRo-
FESS), the Ongoing Telmisartan Alone and in Combi-
nation with Ramipril Global Endpoint Trial (ONTAR-
GET), and the Telmisartan Randomized Assessment 
Study in ACE iNtolerant subjects with Cardiovascu-
lar Disease (TRANSCEND) trial, evaluated the role of 
angiotensin receptor blockers with or without angioten-
sin-converting enzyme inhibitors for stroke/TIA pre-
vention. None of these studies was able to show a sta-
tistically significant reduction in recurrent stroke asso-
ciated with the use of angiotensin receptor blockers. 
The current consensus is that reducing blood pressure 
is the most important factor in stroke prevention. Drug 
selection should be based on patient-specific factors and 
comorbidities.
 The Stroke Prevention by Aggressive Reduction in 
Cholesterol Levels (SPARCL) study further solidified the 
role of statin therapy for secondary stroke prevention in 
patients with low-density lipoprotein cholesterol greater 
than 100 mg/dL and without coronary heart disease. A 
significant risk reduction in nonfatal and fatal stroke was 
observed in the atorvastatin group compared with pla-
cebo. The treatment also resulted in a 12% relative risk 
reduction in ischemic stroke. Therefore, statin therapy is 
recommended for secondary stroke prevention, includ-
ing in patients without coronary heart disease. The goal 
low-density lipoprotein cholesterol concentration has 
been lowered in the guidelines from 100 mg/dL to less 
than 70 mg/dL or a 50% reduction from the baseline.

Future Therapies 
 During the past decades, many neuroprotectants have 
shown great promise in animal trials but no benefit in stud-
ies of humans. 
 Magnesium, which was associated with reduced 
infarction size in animal ischemic stroke models, has 
been examined as a neuroprotectant in subarachnoid 
hemorrhage. The proposed mechanisms of magnesium 
therapy include N-methyl-d-aspartate receptor inhibi-
tion, reduction in glutamate production, and decreased 
calcium influx during ischemic injury by blockage of 
voltage-dependent calcium channels. The Intravenous 
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MAGnesium Efficacy in Stroke (IMAGE) trial was the 
first randomized study to evaluate how magnesium infu-
sion given within 12 hours of stroke onset affected mor-
tality and disability at 90 days. More than 60% of the 
studied population suffered an ischemic stroke, and the 
primary outcome did not differ between magnesium and 
placebo. Although not significant, the mortality rate was 
slightly higher in the magnesium group than in the pla-
cebo group. The Field Administration of Stroke Therapy - 
Magnesium (FAST-MAG) trial group reported the safety 
and feasibility of magnesium administration by paramed-
ics within 2 hours of stroke onset in a pilot study. A large 
phase III trial evaluating the efficacy of field administra-
tion of magnesium is ongoing to further investigate its 
role in functional outcomes after AIS.
 Minocycline is a tetracycline derivative that improves 
neuron survival and decreases cerebral ischemia vol-
ume in animal models. A pilot human study evaluated 
oral minocycline 200 mg/day for 5 days in AIS (given 
6–24 hours after onset). The NIHSS score at 90 days 
compared with baseline was used to evaluate efficacy. 
Although there was a significant improvement in the 
NIHSS score at days 7 and 30 compared with base-
line (1.8 vs. 7.5, respectively), the clinical significance 
is unclear because the NIHSS score on admission was 
low. The Minocycline to Improve Neurologic Outcome 
(MINO) study is under way to evaluate the tolerability 
and safety of four escalating doses in patients with AIS.
 Albumin has also been explored as a neuroprotectant 
after AIS. The Albumin in Acute Stroke (ALIAS) Part 
1 trial showed a trend toward favorable neurologic out-
comes with albumin therapy compared with saline in 
patients who received thrombolysis. These findings set 
the stage for the ALIAS Part 2 trial, which will evaluate 
the effect of albumin initiated within 5 hours of stroke 
onset on neurologic outcomes at 90 days.
 Finally, hypothermic therapy has generated great 
interest because of improved neurologic outcomes 
associated with therapeutic hypothermia after cardiac 
arrest. The theoretical benefit with hypothermia is to 
suppress cerebral metabolism and alleviate further neu-
ronal injury after AIS. Two pilot studies, Cooling Acute 
Ischemic Brain Damage (Cool AID) 1 and 2, showed 
that hypothermia (target temperature 32°C–33°C) in 
conjunction with thrombolytic therapy is feasible in 
patients with major AIS; however, efficacy and safety 
data are lacking. Several clinical trials are under way to 
evaluate the role of moderate-mild hypothermia (locally 
or systemically) in AIS management.

Quality Improvement 
 Many measures have been evaluated and are recom-
mended by AHA/ASA to improve overall stroke care. 
Studies suggest that a dedicated stroke center and spe-
cialized stroke unit contribute to earlier recognition as 

well as more aggressive management, increased use of 
thrombolytic therapy, and decreased hospital length of 
stay and mortality. Electronic communication meth-
ods have gained recognition and acceptance in stroke 
management. Several studies suggest that telemedicine 
improves the use of thrombolytic therapy in rural areas 
and lowers rates of hemorrhagic complications. This is 
an important development in AIS management because 
primary stroke centers and/or specialists are unavail-
able in many areas. 
 Another area of focus in stroke care is a multimodal 
approach for secondary stroke prevention. One study 
evaluated the effect of a combination of five key inter-
ventions (i.e., blood pressure control, antiplatelet ther-
apy, statin use, dietary modification, and exercise) in 
secondary prevention and found an 80% risk reduction 
in all vascular events at 5 years. This emphasizes the 
importance of a multimodal approach in the long-term 
management of patients who suffer a TIA or stroke.
 Pharmacists can be an integral part of public edu-
cation and stroke awareness. Studies have shown that 
pharmacist involvement in the community significantly 
improves both adherence to secondary prevention ther-
apies and patient quality of life. In addition, pharmacists 
have an important role in reducing drug errors, as advo-
cated in a recent scientific statement from AHA. As part 
of the multidisciplinary team, pharmacists contribute 
to reduction in drug errors, improved patient safety, and 
reduced hospital mortality.

Conclusion 
 Ischemic stroke is the leading cause of long-term dis-
ability and imposes significant financial burdens on both 
the individual and society. The high risk associated with 
recurrent stroke after TIA, plus a better understanding 
of the disease from advanced imaging techniques, have 
placed increased urgency and emphasis on TIA manage-
ment similar to the secondary prevention after AIS. 
 The ABCD2 score is a simple and useful prognostic 
tool to estimate a patient’s risk of subsequent stroke after 
a TIA. Another significant change in the acute manage-
ment of AIS is the expanded time window (from 3 hours 
to 4.5 hours) for administering intravenous alteplase after 
stroke symptom onset in selected patients. Because timely 
use of thrombolytic therapy is associated with the great-
est benefit, every effort should be made to treat as early 
as possible. Finally, aggressive stroke prevention employ-
ing several modalities is the best measure to improve out-
comes and reduce stroke burden.
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management, statin therapy, diabetes and glucose con-
trol, and behavior modifications for recurrent stroke/
TIA prevention. Discussed are management of extra-
cranial diseases (carotid disease or vertebrobasilar 
disease), antithrombotic therapy for cardioembolic 
and noncardioembolic stroke prevention, and other 
high-risk populations including dissection, pregnancy, 
hyperhomocysteinemia, and inherited coagulopathy. 
The authoring panel also formulated recommendations 
on the use of anticoagulation, reversal of anticoagu-
lant effect, and reinitiating therapy after spontaneous 
intracranial hemorrhage (a recommendation new to 
the guidelines). In patients who require an oral anti-
coagulant, it is reasonable to reinitiate the therapy in 
7–10 days after the initial intracranial hemorrhage. This 
document is a great resource for clinicians to identify 
original studies supporting the recommendations.

14. Michaels AD, Spinler SA, Leeper B, Ohman EM, 
Alexander KP, Newby LK, et al. Medication errors 
in acute cardiovascular and stroke patients: a scien-
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This is a joint statement issued by the stroke coun-
cil from AHA. The article addresses the common and 
serious drug errors (dosing, dispensing, timing, and 
omission errors) identified in the management of car-
diovascular disease and methods to reduce drug errors. 
The statement also examines drug errors specific to 
each disease state including acute coronary syndrome, 
acute heart failure, and acute stroke. Effective ways to 
reduce drug errors require an integrated system includ-
ing computerized systems; smart pumps; effective 
drug reconciliation; good communication between 
health care providers, patients, and family; and involve-
ment of a multidisciplinary team including physicians, 
pharmacists, and nurses. Pharmacist involvement 
was associated with reduction in medication errors, 
improvement in patient safety, improvement in pre-
scribing appropriate medication for cardiovascular 
protection, and reduction in hospital mortality rate. 
This is an important document to show the value of 
clinical pharmacists.
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1. A 52-year-old man states that his wife just watched a 
documentary on stroke and now she thinks he needs 
to take aspirin daily to prevent a stroke. When you 
inquire about his risk factors, he states his physician 
has given him a clean bill of health. He sees his pri-
mary care physician annually and also exercises and 
runs in marathons at least twice a year. Both of his 
parents were smokers; his father died of a stroke at 
age 56, and his mother died of a myocardial infarc-
tion at age 70. Which one of the following best 
represents this patient’s risk of stroke and his 
optimal stroke prevention strategy?
A. High risk of stroke; aspirin 81 mg daily 

because of male sex, age older than 45 years, 
and family history of stroke.

B. Low risk of stroke; no indications for aspirin 
at this time because of a healthy lifestyle and 
strenuous cardiovascular workouts.

C. Low risk of stroke; aspirin 81 mg daily for 
prevention of myocardial infarction because 
of age, and family history of cardiovascular 
disease.

D. High risk of stroke; aspirin 325 mg daily because 
of family history of cardiovascular disease.

Questions 2 and 3 pertain to the following case.
S.B. is a 28-year-old white woman who presents to the 
emergency department with a chief concern of head-
ache. When showering this morning, she became 
disoriented and went to the kitchen for a glass of water 
without dressing. Her husband considered this behavior 
odd and questioned his wife. S.B. answered inappropri-
ately, stating the flowers should be blooming soon and 
everything would be all right. Her husband called 9-1-
1. S.B. presents to the emergency department within 1 
hour of symptom onset and is now alert and oriented x 
3 but has no memory of the event that landed her in the 
hospital. She denies taking any drugs except for her oral 
contraceptive, a triphasic estradiol and levonorgestrel, 
which she began a year ago. She drinks 1 glass of wine 
every few weeks and has smoked 1 pack/day of ciga-
rettes for the past 6 years. Her mother and sister have 
a history of blood clots. Her husband states that S.B. is 
sedentary and likes to read.

2. Which one of the following risk factors places 
S.B. at highest risk of stroke?
A. Estrogen use and smoking.
B. Wine consumption and smoking.
C. Family history of blood clots. 
D. Sedentary lifestyle.

3. S.B. is suspected of having a venous stroke. Which 
one of the following is the best management for 
S.B.?
A. Intravenous alteplase.
B. Heparin drip with oral anticoagulation.
C. Enoxaparin 30 mg subcutaneously every 12 

hours.
D. Aspirin 325 mg orally now then daily.

Questions 4–6 pertain to the following case.
L.S. is a 62-year-old Hispanic man who presents to the 
emergency department with a chief concern of left-sided 
upper extremity weakness that resolved 20 minutes 
after symptom onset. A transient ischemic attack (TIA) 
is suspected. L.S. states he began having symptoms yes-
terday morning. His current blood pressure is 162/102 
mm Hg. L.S. takes no drugs and has not been to a phy-
sician in 3 years because he lost his job and insurance. 
During his emergency department visit, L.S. has a sim-
ilar episode that lasts about 15 minutes; the episode 
resolves with no residual deficits.

4. Which one of the following best describes L.S.’s 
risk of subsequent stroke within 48 hours?
A. 5.0%.
B. 8.1%.
C. 4.1%.
D. 1.3%.

5. L.S. went for a neuroimaging test about 25 hours after 
initial symptom onset, and an acute infarct was noted 
on the scan. His blood pressure is now 200/105 mm 
Hg. Which one of the following treatments is best 
to accomplish the immediate blood pressure goal 
for L.S.?
A. Start intravenous labetolol and target blood 

pressure to less than 180/105 mm Hg.
B. Start ramipril and target blood pressure to less 

than 140/90 mm Hg.
C.  Start intravenous labetolol and target blood 

pressure to a 25% reduction from baseline.
D. No acute antihypertensive drug is indicated at 

this time to allow for permissive hypertension.

6. Assume that L.S. presented to the emergency 
department within 3.5 hours of his first symptom 
onset. His current blood pressure is 176/95 mm 
Hg, and his laboratory values include prothrom-
bin time 13 seconds, INR 1.1, and platelet count 
150,000/mm3. He has no exclusions to the 3-hour 
time window. Which one of the following would 

Self-Assessment Questions 
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most likely exclude L.S. from receiving intrave-
nous alteplase?
A. History of diabetes.
B. History of ischemic stroke.
C. Modified Rankin Score (mRS) score of 4.
D. National Institutes of Health Stroke Scale 

(NIHSS) score of 28.

Questions 7 and 8 pertain to the following case.
K.C. is a 78-year-old man brought by emergency med-
ical services to the emergency department with stroke 
symptoms. He presents 2.5 hours after stroke symptom 
onset. Door-to-computed tomography (CT) comple-
tion time was 25 minutes. Within another 20 minutes, 
the CT results were interpreted as a right frontal lobe 
infarction. K.C.’s medical history includes diabetes, 
myocardial infarction, stroke, and hypertension. His 
home medications are glyburide, sotalol, and warfarin. 
K.C. states he chewed an aspirin 325 mg after initial 
symptom onset because that worked when he had his 
myocardial infarction. His INR is 1.2, platelet count 
174,000/mm3, prothrombin time 13 seconds, partial 
thromboplastin time 32 seconds, and blood pressure 
168/74 mm Hg; electrocardiography (ECG) indicates 
heart rate 120 beats/minute with atrial fibrillation. 
Other pertinent laboratory values are glucose 97 mg/
dL, sodium 137 mEq/L, potassium 3.8 mEq/L, blood 
urea nitrogen 15 mg/dL, and creatinine 0.5 mg/dL. 
K.C.’s NIHSS score is 8, and his mRS score is 2. He has 
passed the swallowing test. 

7. Which one of the following statements best de-
scribes the role of intravenous alteplase for K.C.? 
A. Not a candidate for alteplase because he took 

an aspirin.
B. Not a candidate for alteplase because he is 

taking warfarin.
C. A candidate for alteplase because he has no 

contraindications.
D. A candidate for alteplase because he is younger 

than 80 years.

8. K.C.’s blood pressure is now 190/80 mm Hg, and 
oxygen saturation is 98% on 2 L by nasal cannula. 
Other laboratory values are glucose 125 mg/dL, 
triglycerides 160 mg/dL, and low-density lipopro-
tein cholesterol 110 mg/dL. Which one of the fol-
lowing is the best additional treatment for him in 
the first 24 hours?
A. Atorvastatin daily.
B. Continuous insulin infusion.
C. Continuous nicardipine infusion.
D. Intravenous phenytoin.

9. A woman with acute ischemic stroke (AIS) is admit-
ted to the medical intensive care unit (ICU) of a pri-
mary stroke center in a small community hospital. 
She does not qualify for intravenous alteplase. The 
critical care physician approaches you about the 
role of induced hypothermia in this patient. Which 
one of the following statements best describes the 
use of induced hypothermia in this patient?

A. Appropriate based on two studies conducted 
in the AIS population.

B. Inappropriate because of unknown efficacy 
and safety in the AIS population. 

C. Appropriate if performed in a primary stroke 
center.

D. Inappropriate because it must be done in 
conjunction with thrombolytic therapy. 

Questions 10 and 11 pertain to the following case.
R.J., a 72-year-old man with no known medical his-
tory, is admitted to a comprehensive stroke center with 
AIS. He was 2 hours from symptom onset upon arrival 
in the emergency department. R.J.’s initial assessment 
reveals an NIHSS score of 27 and an mRS score of 5. 
Neuroimaging indicates a large malignant occlusion of 
his middle cerebral artery (MCA) with cerebral edema. 
His blood pressure is 170/82 mm Hg, heart rate 100 
beats/minute in sinus rhythm, and respiratory rate 16 
breaths/minute. His glucose is 178 mg/dL, INR is 1.5, 
platelet count 202,000/mm3, prothrombin time 14 sec-
onds, and partial thromboplastin time 32 seconds. R.J.’s 
surgical history is noncontributory. The stroke neurol-
ogist completes the stroke workup within 45 minutes.

10. Which one of the following is R.J.’s most impor-
tant risk factor for symptomatic hemorrhagic 
transformation with intravenous alteplase?
A. Elevated blood pressure.
B. INR greater than 1.4.
C. Malignant MCA occlusion.
D. Elevated glucose concentration.

11. Three weeks later, R.J. is discharged to a rehabilita-
tion center. Drugs upon discharge include candes-
artan, clopidogrel, simvastatin, famotidine, hepa-
rin, ciprofloxacin, and insulin sliding scale. Which 
one of the following is best to recommend for 
R.J.’s secondary stroke prevention regimen?

A. Change clopidogrel to aspirin/extended-
release dipyridamole.

B. Change simvastatin to atorvastatin.
C. Add aspirin to clopidogrel.
D. Change candesartan to ramipril.
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12. A patient presenting several new prescriptions states 
he was recently released from the hospital after being 
in the ICU for a month because of a bleeding ulcer. 
He also states he had a minor stroke upon admis-
sion and now has heart failure. His prescriptions 
include lansoprazole 30 mg daily and clopidogrel 75 
mg daily. Which one of the following is the best 
action regarding this patient’s prescriptions?
A. Refuse to fill the lansoprazole and recommend 

ranitidine.
B. Ask the patient if he had pharmacogenomic 

testing done.
C. Fill both prescriptions because benefit 

outweighs risks.
D. Call the physician and ask to replace 

clopidogrel with prasugrel. 
 
13. A patient with atrial fibrillation presents to your 

anticoagulation clinic for follow-up after a stroke 
that occurred last month. His INR was 2.1 at the 
time of his breakthrough stroke. He has been seen 
in your clinic since he was given a diagnosis of non-
valvular atrial fibrillation 5 years ago, and his time 
within therapeutic INR remains around 70%. He 
has had two TIAs during the past 5 years while 
within therapeutic INR range. Which one of the 
following is the best approach to secondary stroke 
prevention in this patient?
A. Change warfarin to dabigatran. 
B. Add aspirin to warfarin.
C. Change warfarin to aspirin.
D. Increase INR goal from 2.2 to 3.2.

14. In the ECASS-3 trial, 52.4% of alteplase-treated 
patients experienced a favorable outcome compared 
with 45.2% in the placebo group. The symptom-
atic intracranial hemorrhage rate was reported to be 
2.4% in the alteplase group and 0.2% in the placebo. 
Which one of the following is the best estimate of 
the number needed to harm? 
A. 2.2.
B. 8.
C. 45.
D. 500.

15. A 22-year-old African American college student has 
an episode of acute-onset severe headache, numb-
ness and tingling periorbitally, and left-sided weak-
ness; the episode resolves within a few minutes. Her 
family notices that she has some slurred speech. She 
currently takes amoxicillin/clavulanate for a sinus 
infection that began 3 days ago and an oral contra-
ceptive. She does not smoke or drink. Her mother 
had an AIS at age 60, and her sister has had blood 

clots after taking long airline flights. Which one of 
the following groups of risk factors is most impor-
tant for this patient’s cerebral venous thrombus–
related stroke?

A. Age and African American race.
B. Family history and oral contraceptive.
C. Antibiotic and family history.
D. Sinus infection and oral contraceptive.

16. A 55-year-old man receives intravenous alteplase 
for a lacunar stroke in the emergency department. 
He is subsequently admitted to the ICU for neu-
romonitoring. Which one of the following is the 
most appropriate management 24 hours after the 
thrombolytic therapy?

A. Subcutaneous heparin for venous 
thromboembolism prophylaxis.

B. Dabigatran for stroke prevention.
C. Phenytoin for seizure prevention.
D. Hypothermic therapy for neurologic recovery.

Questions 17–19 pertain to the following case.
A.J., a 68-year-old man (weight, 72 kg), is admitted to 
the ICU for 24-hour neuromonitoring after administra-
tion of intravenous thrombolytic therapy. He passes the 
swallowing screen, and a regular diet is ordered. A.J.’s 
blood pressure is 165/85 mm Hg, heart rate 100 beats/
minute and sinus rhythm, respiratory rate 18 breaths/
minute, temperature 99.6°F, and glucose 179 mg/dL.

17. Which one of the following is the best action 
regarding A.J.’s glucose management? 
A. Continue to monitor glucose.
B. Start normal saline with dextrose.
C. Start metformin.
D. Start insulin therapy. 

18. On day 2 of hospital admission, A.J. has a tempera-
ture of 101.8°F, and a workup to rule out infection is 
performed. Meanwhile, which one of the follow-
ing is the best measure to manage A.J.’s fever?

A. Start scheduled acetaminophen.
B. Start therapeutic hypothermia.
C. Start appropriate antibiotics.
D. Observe because fever is natural process. 

19. Fifteen hours after the ICU admission, A.J. expe-
riences a headache and has one episode of nausea 
and vomiting. His vital signs include temperature 
100.8°F (38.2°C), respiratory rate 14 breaths/min-
ute, heart rate 95 beats/minute, and blood pres-
sure 175/100 mm Hg. His glucose is 199 mg/dL; all 
other laboratory values are within the normal range. 
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Which one of the following is now the best action 
to take for A.J.?
A. Nicardipine infusion.
B. Immediate head CT scan.
C. Aspirin 325 mg.
D. Insulin infusion.

20. Based on published evidence, which neuropro-
tective strategy is most likely to be of benefit after 
an AIS? 
A.  Minocycline therapy.
B.  Therapeutic hypothermia.
C.  Epoetin.
D.  Magnesium infusion.


