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n the United States, a stroke occurs every 45 seconds, and a fatal stroke occurs every 3 minutes.
Stroke is the third leading cause of death and the
leading cause of long-term disability in the United
States. It accounted for $57.8 billion in direct and indirect health care costs in 2005, and a similar estimate
was reported for 2006.1 Ischemia is the most common
etiology of stroke, accounting for 88% of cases, with
hemorrhage accounting for the remaining 12%.1
Of the 700,000 strokes that occur yearly in the United States, 200,000 are recurrent events.1 The risk of
recurrent stroke has been reported as 11.5% at 7 days,
6% to 15% at 30 days, and 18.5% at 3 months.2,3 Following a transient ischemic attack (TIA), the estimated risk
of recurrent stroke was 8% at 7 days, 11.5% at 1 month,
and 17.3% at 3 months.3 Given this increased risk, secondary stroke prevention is crucial. Preventive measures
instituted at the time of hospital discharge may have the
greatest impact on stroke prevention because patients
appear to be at highest risk for recurrent stroke during
the first 3 months after the initial event1,3 and because
instituting medications in the hospital after a serious
event has been shown to optimize patient adherence to
therapy.4 Therefore, the physician treating an inpatient
for acute stroke may be best positioned to initiate critical pharmacologic agents to prevent recurrence.
It has been shown that only 11.3% of stroke patients
are managed solely by a neurologist.5 Hospitalists frequently provide most, if not all, of the care for a stroke
patient and are likely to care for the majority of acute
stroke patients in the United States, with or without
assistance from a neurologist.6 Therefore, the hospitalist will likely be responsible for instituting critical
secondary stroke prevention measures at the time of
a patient’s hospital discharge. Practicing hospitalists
should stay abreast of evidence for secondary stroke
prevention measures as the growing number of stroke
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TAKE HOME POINTS
• Following a first transient ischemic attack (TIA)
or stroke, aspirin, clopidogrel, and aspirin plus
extended-release dipyridamole (ER-DP) are acceptable initial therapy for secondary stroke prevention.
• Evidence suggests that clopidogrel and aspirin plus
ER-DP have increased efficacy and similar safety in
secondary stroke prevention compared with aspirin monotherapy.
• There is no added benefit of aspirin plus clopidogrel for secondary stroke prevention. Routine use
of such therapy is not recommended due to an
increased risk of symptomatic hemorrhage.
• Antihypertensive therapy for secondary stroke prevention leads to a relative risk reduction of 30% to
40%.
• Patients with ischemic stroke or TIA should be
treated with a statin to a low-density lipoprotein
level below 100 mg/dL, and below 70 mg/dL for
patients with multiple risk factors.
• Warfarin should be prescribed in patients with
clear evidence of cardiogenic thrombus and cardio
embolic stroke and in those with paroxysmal or
chronic atrial fibrillation in the absence of contraindications.
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survivors in the United States1 will likely fall under
their care.

current guidelines regarding their use in patients who
have experienced a stroke.

OVERVIEW OF SECONDARY STROKE PREVENTION
Secondary stroke prevention is focused on the
treatment of modifiable independent risk factors for
stroke.1,7 Lifestyle modifications should be encouraged
in all patients in addition to initiating pharmacologic
therapy. Smoking, excessive consumption of alcoholic beverages, obesity (particularly central obesity),
and physical inactivity are associated with stroke risk.
Smoking cessation should be stressed in patients who
have smoked in the past year, and smoking cessation
aids should be made available to these patients. Patients also should be advised to limit alcohol intake to
2 drinks per day for men and 1 drink per day for nonpregnant women. Clinicians should recommend that
patients exercise—ideally, 30 minutes of moderate
intensity exercise most days of the week or supervised
exercise for those with disabilities—and balance caloric
intake to lose weight or maintain a body mass index of
18.5 to 24.9 kg/m2 and a waist circumference of less
than 35 in for women and less than 40 in for men.1,7
Emerging risk factors, such as exogenous estrogen
therapy, have been correlated with increased stroke
risk and should be discontinued in patients who have
had a stroke or TIA.7 Elevated homocysteine levels also
have been associated with increased risk of cardiovascular disease and stroke. However, lowering homocysteine levels with folic acid therapy, with or without
vitamins B6 and B12, has not been shown to decrease
cardiovascular or stroke risk in published trials.7–9
For patients with symptomatic carotid artery stenosis, revascularization by surgical intervention may be indicated to decrease the risk of recurrent stroke.10 The
conventional method, carotid endarterectomy, has
been the mainstay of surgical intervention. Recently,
however, less invasive surgical treatment using an endovascular technique with balloon angioplasty and stenting has become an option.11
Tight control of serum glucose to near normal levels in patients with diabetes will decrease risk of microvascular complications and may reduce macrovascular
complications. Patients with diabetes should maintain
a hemoglobin A1C of 7% or less.
Core pharmacologic therapy for secondary stroke
prevention comprises antithrombotic therapy with
either antiplatelet or anticoagulant agents as indicated
and tight control of blood pressure and lipid levels.7
The following sections will review the key evidence for
each component of pharmacologic therapy for stroke
prevention and summarize recommendations from

Antiplatelet Therapy
Because disruption of atherosclerotic plaque and
subsequent thrombosis is the main pathophysiology of
stroke, antithrombotic therapy is a cornerstone of therapy for treatment and secondary prevention. All patients
with noncardioembolic stroke or TIA should receive
treatment with an antiplatelet agent for secondary prevention.7,12 A meta-analysis of 21 trials comparing 18,270
patients receiving antiplatelet agents with patients receiving placebo for secondary prevention showed a
28% relative odds reduction in nonfatal strokes and a
16% reduction in fatal strokes.13 There are currently
4 antiplatelet agents that have shown efficacy and are
approved by the US Food and Drug Administration
(FDA) for secondary stroke prevention: aspirin, ticlopidine, clopidogrel, and the combination of aspirin and
extended-release dipyridamole (ER-DP). These agents
decrease platelet aggregation through varying mechanisms of action. Aspirin acts by irreversibly inhibiting
the cyclooxygenase enzyme, blocking the prostaglandinmediated pathway of platelet activation. Ticlopidine
and clopidogrel are structurally related thienopyridines
that selectively inhibit adenosine diphosphate–induced
platelet aggregation.14 Clopidogrel has essentially replaced ticlopidine in clinical practice because of its
similar efficacy and superior hematologic safety profile.
Dipyridamole is a potent vasodilator and antiplatelet
agent that may exhibit antiplatelet effects by inhibiting
phosphodiesterases or blocking uptake of adenosine.14
ER-DP is approved for secondary stroke prevention
combined with aspirin therapy. The decision to choose
an agent or a combination of agents should be the
result of careful clinical judgment based on knowledge
of currently available clinical evidence, patient-specific
factors, and cost.
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Aspirin
A meta-analysis of 11 randomized, placebo-controlled
studies showed that aspirin monotherapy appears to reduce the incidence of stroke recurrence by 15% (relative
risk [RR], 0.85; 95% confidence interval [CI], 0.77–0.94)
and that efficacy seems consistent across doses from 50
to 1500 mg/day.13,15 Aspirin doses of less than 75 mg/day
have been suggested to be more desirable because they
“spare” prostacyclin (a platelet antiaggregant and potent
vasodilator) and are associated with less gastrotoxicity.13
The incidence of total bleeding, especially gastrointestinal bleeding, has been correlated to dose in a large
meta-analysis in which the incidence of bleeding was
Hospital Physician December 2007

15

Lee et al : Secondary Stroke Prevention : pp. 14–24
Table 1. Grading System for Evidence
American College of Chest Physicians
Guidelines (2004)12

American Heart Association/American
Stroke Association Guidelines (2006)7

1A

Clear benefit shown in RCTs

I

Evidence or agreement there is benefit

1C+

No RCTs, but strong results are extrapolated or observational studies show clear overwhelming benefit

II

Conflicting evidence/divergence of opinion on benefit

IIA

Weight of evidence or opinion in favor of procedure/
treatment

1B

Clear benefit from RCTs with inconsistent results or methodological flaws

IIB

Usefulness less well established by evidence or opinion

1C

Clear benefit from observational studies

III

2A

Unclear benefit in RCTs

General agreement or evidence that treatment is not
beneficial and/or may be harmful

2C+

Unclear benefit extrapolated or from observational studies

Level A

Data from multiple RCTs

2B

Unclear benefit from RCTs with inconsistent results or methodological flaws

Level B

Data from a single randomized study or nonrandomized
studies

2C

Unclear benefit from observational studies

Level C

Expert opinion or case studies

RCTs = randomized, controlled trials.

3.6% when the dose was less than 100 mg/day and 9.1%
when the dose was 100 to 325 mg/day.16 Major bleeding
incidence has not been well correlated to aspirin dose;
however, these studies may have been underpowered to
detect this difference.13,15,16
Recurrent thrombotic episodes occur while patients
are on aspirin at a rate of 2% to 6% per year.17 Aspirin resistance is a poorly understood concept, but it
has been considered to mean any of the following:
(1) failure to obtain the expected aspirin-induced
abnormalities by classic platelet aggregation studies;
(2) failure to prolong closure time with the Platelet
Function Analyzer; and (3) failure to decrease thromboxane B2 levels.18 The prevalence of aspirin resistance
appears to be approximately 15%.19 The explanation
for aspirin resistance is unclear, although several potential mechanisms have been postulated. These include
mutations in cyclooxygenase-1, increased available
thromboxane A2, and drug interference with nonsteroidal anti-inflammatory drugs.18 The ultimate clinical significance of aspirin resistance is unclear, but it may have
increasing therapeutic implications because aspirin is
likely to be taken over a long length of time.
Current guidelines from the American College of
Chest Physicians (ACCP)12 as well as from the American Heart Association/American Stroke Association
(AHA/ASA)7 recommend aspirin 50 to 325 mg/day
for noncardioembolic ischemic stroke prevention
(Grade 1A [ACCP] and Class IIA, Level of Evidence A
[AHA/ASA]; see Table 1 for an explanation of grading
of evidence from the guidelines). The ACCP guidelines also state it may be prudent to use doses at the
lower end of this range (ie, 50–100 mg/day), especially
in patients at moderate to high risk for bleeding,12 be-
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cause there appears to be similar efficacy for secondary
prevention of stroke and a lower risk of gastrotoxicity
and bleeding.
Finally, timing of initiation of aspirin therapy is important. Two large randomized, placebo-controlled
efficacy trials demonstrated that aspirin therapy should
be initiated as soon as possible, ideally within the first
24 hours after acute stroke onset, and continued over
the long term to prevent stroke recurrence or death.20,21
Clopidogrel
The Clopidogrel Versus Aspirin in Patients at Risk
of Ischaemic Events (CAPRIE) trial compared aspirin
325 mg/day with clopidogrel 75 mg/day in 19,185 patients with atherosclerotic vascular disease. The results
showed a significant RR reduction of 8.7% with clopidogrel in the composite endpoint of ischemic stroke,
myocardial infarction (MI), or vascular death.22 However, these results were primarily driven by the results of
the peripheral vascular disease cohort, whereas in the
ischemic stroke cohort there was only a nonsignificant
trend toward benefit with clopidogrel. The safety of
clopidogrel appeared to be similar to that of aspirin
therapy.22 A post hoc analysis of CAPRIE evaluating
clopidogrel versus aspirin in patients with a history of
cerebrovascular accident or MI showed a significant
absolute risk reduction of ischemic stroke, MI, or vascular death of 3.4% with clopidogrel.23 The authors concluded that clopidogrel has a more pronounced benefit over aspirin in this high-risk group. Current ACCP
guidelines and AHA/ASA guidelines indicate that
clopidogrel should be used in patients with hypersensitivity to aspirin (Grade 1C+ [ACCP] and Class IIa, Level
of Evidence B [AHA/ASA]) and should be considered
www.turner-white.com
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instead of aspirin therapy (Grade 2B [ACCP] and
Class IIb, Level of Evidence B [AHA/ASA].7,12
Two recent trials were designed to evaluate whether
dual antiplatelet therapy with aspirin and clopidogrel was superior to monotherapy with either drug.
The Management of Atherothrombosis with Clopidogrel in High-Risk Patients (MATCH)24 study evaluated 7599 high-risk patients specifically for secondary
stroke prevention. Patients received the combination
of aspirin 75 mg/day plus clopidogrel 75 mg/day or
clopidogrel monotherapy. Results showed a trend
toward benefit in the dual antiplatelet therapy group
for the primary composite cardiovascular endpoint
(RR reduction, 6.4%; 95% CI, –4.6–16.3; P = 0.244)
and reduction in ischemic stroke (RR reduction,
7.1%; 95% CI, –8.5–20.4; P = 0.353), but these results
were not significant. There was a significant increase
in the occurrence of life-threatening bleeding with
combination therapy (RR, 1.26; 95% CI, 0.64–1.88;
P < 0.0001).24
The Clopidogrel for High Atherothrombotic Risk
and Ischemic Stabilization, Management, and Avoidance (CHARISMA)25 trial examined 15,603 patients
with clinically evident cardiovascular disease or multiple risk factors who were receiving the combination of aspirin (75–162 mg/day) and clopidogrel or
aspirin monotherapy. These results echoed those of
the MATCH trial. There was no significant difference
between groups in the primary endpoint, which was
a composite of MI, stroke, or cardiovascular death.
There was a suggestion of benefit for dual antiplatelet
therapy in patients with evidence of cardiovascular
disease, although the results were only marginally
significant (RR, 0.88; 95% CI, 0.77–0.998; P = 0.046).
There was a trend toward a greater incidence of major
bleeding (RR, 1.25; 95% CI, 0.97–1.61; P = 0.09) and a
statistically significant increase in moderate bleeding in
the combination group (RR, 1.62; 95% CI, 1.27–2.08;
P < 0.001). Moderate bleeding was clinically significant
bleeding that required transfusion.25
Taken together, the results of MATCH and
CHARISMA indicate that clinicians should exercise
great caution when considering the use of the combination of aspirin and clopidogrel therapy for secondary
stroke prevention because of the lack of demonstrated
superior efficacy, the increased risk of serious bleeding complications, and the increased cost compared
with low-dose monotherapy with either agent. The
AHA/ASA guidelines state that the addition of aspirin
to clopidogrel increases the risk of hemorrhage and is
not routinely recommended for patients with ischemic
stroke or TIA (Class III, Level of Evidence A).7
www.turner-white.com

It should be noted that there are several exceptions
which may compel clinicians to institute dual aspirin/
clopidogrel therapy for secondary stroke prevention.
The landmark Clopidogrel in Unstable Angina to Prevent Recurrent Events (CURE) trial demonstrated that
the addition of clopidogrel to aspirin in patients with
a recent non–ST elevation MI significantly decreased
the risk of a composite of cardiovascular death, MI, or
stroke, with a small increase in risk of major bleeding.26
This combination may be appropriate for cerebrovascular patients who have a history of recent cardiac
ischemia and appear to be at low risk for hemorrhagic
complications, especially if they have suffered a recurrent stroke while on another antiplatelet therapy. Patients with symptomatic intracranial stenosis are usually
treated with an antiplatelet agent initially, followed by
oral anticoagulation if the initial antiplatelet therapy
fails. If the oral anticoagulation therapy fails, they may
be offered an endovascular treatment with balloon angioplasty and stenting. The FDA has recently granted
humanitarian device exemption approval for a selfexpanding stent (Wingspan Stent System, Boston Scientific) for use in patients who are at high risk of recurrent
strokes with known intracranial stenosis. It is our experience that the use of combination antiplatelet therapy is
appropriate for patients who have received intracranial
stenting in order to prevent thrombotic events.
The concept of clopidogrel resistance exists and
was formulated because of reports of rethrombosis
after stenting. Lack of the inhibition of the adenosine
phosphate response has been documented in some patients.18 The reason for this lack of response is unclear,
although several mechanisms have been postulated:
lack of good measurement guidelines, interaction with
aspirin, receptor polymorphisms, differences in metabolism, and drug interactions.18
Aspirin Plus Extended-Release Dipyridamole
The first large trial evaluating the combination of
aspirin and ER-DP, the European Stroke Prevention
Study-2 (ESPS-2), evaluated aspirin plus ER-DP for secondary stroke prevention in 6602 patients with previous
stroke or TIA.27 Patients received either aspirin 25 mg
twice daily, ER-DP 200 mg twice daily, the combination
twice daily, or placebo, and patients were followed up for
2 years. Aspirin and ER-DP monotherapy reduced the
risk of stroke by 18% and 16%, respectively, compared
with placebo. Combination therapy with aspirin plus
ER-DP reduced stroke risk by 37% compared with placebo. Thus, combination therapy was twice as effective
as either agent alone in the secondary prevention of
stroke after 2 years. The absolute risk reduction with the
Hospital Physician December 2007
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combination of aspirin plus ER-DP in ESPS-2 was 3% after
2 years. A post hoc analysis by Sacco et al28 stratified efficacy data by risk subgroup and found that patients at
highest risk (eg, those with hypertension; those with
prior stroke, TIA, or cardiovascular disease; current
smokers) accrued the greatest benefit from the combination of aspirin and ER-DP therapy.
The most common adverse event experienced in
patients receiving dipyridamole was headache.27 This
headache is upsetting to patients and may result in
early discontinuation of an effective treatment strategy.
The headache appears to be due to cerebral vascular
dilatation29 and is similar to that experienced by patients
taking nitrates. It is characterized as bilateral, frontotemporal throbbing, is particularly evident during the
first month of therapy, and usually resolves with chronic
use.30 One study demonstrated that initiating once daily
aspirin/ER-DP at bedtime for the first 10 days of therapy, then titrating the dose to twice daily significantly decreased headaches and reduced patient discontinuation
of therapy compared with initiating twice daily dosing.30
Acetaminophen has been suggested as prophylaxis or
treatment for dipyridamole-induced headaches. Lipton
et al31 showed that acetaminophen 1000 mg was no
more effective than placebo for prevention or treatment, although the authors added that most headaches
resolved in 2 hours without treatment, and thus there
was a pronounced benefit with placebo.
Risk of bleeding was not increased with combination therapy compared with aspirin monotherapy in
ESPS-2. Diener et al32 performed a post hoc analysis of
patients with coronary disease or history of MI at the
time of enrollment in ESPS-2 to determine whether
dipyridamole was associated with increased cardiac
events in these patients. This analysis mitigated fears
that dipyridamole may increase the number of cardiac
events by causing cardiac “steal” and showed it was safe
and beneficial in this population.
The European/Australasian Stroke Prevention in
Reversible Ischaemia Trial (ESPRIT) included 2739
patients with history of stroke of arterial origin who
received aspirin 30 to 325 mg/day (median, 75 mg/
day) with or without dipyridamole 200 mg twice daily;
ER-DP was used by 83% (n = 1131) of patients taking
the combination regimen.33 The primary composite
cardiovascular endpoint occurred in 13% of patients
taking combination therapy and 16% of patients taking aspirin monotherapy, demonstrating a benefit with
the combination (hazard ratio, 0.80; 95% CI, 0.66–
0.98). Addition of this data to the meta-analysis of previous trials resulted in an overall risk ratio of 0.82 for
the composite of vascular-related death, stroke, or MI
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(95% CI, 0.74–0.91; Figure). There was no difference
in bleeding between groups; however, more patients
discontinued therapy in the combination group, mainly due to headache.33
The ESPS-2 and ESPRIT results are consistent and
provide evidence that the combination of aspirin and
ER-DP improves secondary stroke prevention and prevention of other vascular events following stroke or TIA
compared with aspirin monotherapy, without increasing
bleeding risk. Current guidelines recommend use of the
combination of aspirin 25 mg and ER-DP 200 mg twice
daily for initial therapy for patients with noncardioembolic stroke or TIA. They also suggest use of this combination over aspirin monotherapy (Grade 2A [ACCP]
and Class IIa, Level of Evidence A [AHA/ASA]).7,12
Summary of Antiplatelet Data
The guidelines for antiplatelet therapy for secondary stroke prevention are summarized in Table 2.7,12
Low-dose aspirin therapy remains acceptable due to
its well-documented efficacy, low risk of serious adverse
effects, and minimal cost. However, evidence suggests
that clopidogrel and aspirin plus ER-DP have increased
efficacy and similar safety in secondary stroke prevention compared with aspirin monotherapy. These therapies should be considered in all patients for secondary
stroke prevention and given special consideration in
high-risk patients25 and in patients with a history of
stroke or TIA while receiving aspirin therapy. Both regimens have demonstrated superior efficacy compared
with aspirin monotherapy,22,27,33 although no trials have
specifically evaluated therapy for patients who have an
event while taking aspirin therapy.
Aspirin plus ER-DP is currently recommended with
a higher level of evidence than clopidogrel therapy12
and is further supported by the recent ESPRIT results.33 An indirect comparison of studies may demonstrate that the combination of aspirin and ER-DP is
superior to clopidogrel therapy for secondary stroke
prevention.12 However, there are currently no headto-head trials published evaluating clopidogrel versus
aspirin plus ER-DP for secondary stroke prevention.
The Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS; www.profess-study.com) trial,
the largest secondary stroke prevention trial thus far, is
comparing the efficacy and safety of aspirin plus ER-DP
with clopidogrel, and the efficacy of telmisartan with
placebo in secondary prevention of stroke.34 PRoFESS
represents the first head-to-head trial of alternative
antiplatelet regimens to aspirin for secondary stroke
prevention and aims to determine which (if any) is
the superior regimen. More than 20,000 patients have
www.turner-white.com

Lee et al : Secondary Stroke Prevention : pp. 14–24
Aspirin +
Dipyridamole
(n/N)

Aspirin
Alone
(n/N)

12/137
30/202
79/448
6/88
875
127

Pre-ESPS-2
Toulouse transient ischemic attack
AICLA
ACCS
Kaye
Subtotal
Total events
Test for heterogeneity: χ2 = 1.73, df = 3,
P = 0.63, l2 = 0%
Test for overall effect: Z = 0.24, P = 0.81
ESPS-2
ESPS-2
Subtotal
Total events
Test for heterogeneity: not applicable
Test for overall effect: Z = 3.15, P = 0.002
ESPRIT
ESPRIT
Subtotal (95% CI)
Total events
Test for heterogeneity: not applicable
Test for overall effect: Z = 2.39, P = 0.02
Total
Total events
Test for heterogeneity: χ2 = 4.31, df = 5,
P = 0.51, l2 = 0%
Test for overall effect: Z = 3.61, P = 0.0003

Weight
(%)

Risk Ratio
(fixed)
(95% CI)

11/147
31/198
85/442
3/95
882
130

1.67
4.93
13.46
0.45
20.51

1.17 (0.53–2.56)
0.95 (0.60–1.51)
0.92 (0.70–1.21)
2.16 (0.56–8.37)
0.97 (0.78–1.22)

246/1650
1650
246

314/1649
1649
314

49.42
49.42

0.78 (0.67–0.91)
0.78 (0.67–0.91)

149/1363
1363
149

192/1376
1376
192

30.07
30.07

0.78 (0.64–0.96)
0.78 (0.64–0.96)

3888
522

3907
636

100.00

0.82 (0.74–0.91)

Risk Ratio
(95% CI)

0.5
0.7
1
Favors aspirin
+ dipyridamole

1.5
2
Favors aspirin
alone

Figure. Meta-analysis for composite outcome of vascular death, nonfatal stroke, or nonfatal myocardial infarction in patients with cerebral ischemia. ACCS = American-Canadian Co-operative Study; AICLA = Accidents Ischémiques Cérébraux Liés à l’Athérosclérose; CI =
confidence interval; ESPRIT = European/Australasian Stroke Prevention in Reversible Ischaemia Trial; ESPS-2 = European Stroke Prevention Study 2. (Reprinted from the ESPRIT Study Group. Aspirin plus dipyridamole versus aspirin alone after cerebral ischaemia of arterial
origin [ESPRIT]: randomised controlled trial. Lancet 2006;367:1670. Copyright 2006, with permission from Elsevier.)

been recruited from 720 sites in 35 countries, and results are anticipated in 2008. Mean age of the patients
is 66.3 years, 36% are women, 57.5% are white, and
32.5% are Asian. Patients in PRoFESS have a typical
vascular risk profile: 73% with hypertension, 28% with
diabetes, 47% with hyperlipidemia, and 17% with ischemic coronary artery disease; 21% are current smokers. According to the TOAST criteria, 28% had large
vessel disease, 52% had small vessel disease, 2% had
cardioembolism, 2% had other determined etiology,
and 16% had stroke of undetermined etiology.
Anticoagulation Therapy
Warfarin therapy demonstrated similar efficacy to
aspirin therapy for secondary stroke prevention in patients with noncardioembolic stroke or symptomatic inwww.turner-white.com

tracranial stenosis in 2 recent trials.35,36 However, treatment with warfarin was associated with a significantly
higher risk of adverse bleeding events at an international normalized ratio goal of 2 to 3 and 3 to 4.5;36,37
quality-of-life concerns are also associated with its use.
In addition, the rates of death from vascular and nonvascular causes were higher in the warfarin group
in 1 trial.36 Therefore, current guidelines indicate
that for most patients with noncardioembolic stroke
or TIA, antiplatelet agents are recommended over
oral anticoagulation (Grade 1A [ACCP] and Class I,
Level of Evidence A [AHA/ASA]), unless the patient
has concomitant prothrombotic conditions that require oral anticoagulation.7,12
Warfarin is recommended for secondary stroke prevention in patients with cardioembolic stroke or TIA,
Hospital Physician December 2007
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Table 2. Summary of ACCP and AHA/ASA Guideline Recommendations for Antiplatelet Therapy for the Secondary Prevention
of Noncardioembolic Stroke or Transient Ischemic Attack
American College of Chest
Physicians Guidelines (2004)

American Heart Association/American Stroke
Association Guidelines (2006)

Antiplatelet agents

Recommended in all patients (Grade 1A)

Recommended rather than anticoagulants to reduce risk of recurrent stroke
and cardiovascular events (Class I, Level of Evidence A)
Insufficient data exist to make recommendations between agents other than
aspirin

Aspirin

Recommended dose of 50–325 mg/day
Recommended dose of 50–100 mg/day in
patients with moderate to high risk of
bleeding (Grade 1C+)

Recommended dose of 50–325 mg (Class IIa, Level of Evidence A)
No evidence to support increasing the dose if patient has an event while on
therapy or to change to a specific therapy
No single agent or combination has been well studied in patients who have
an event while receiving aspirin

Clopidogrel

Recommended over aspirin (Grade 2B)
Recommended if patient has aspirin hypersensitivity (Grade 1C+)

Recommended over aspirin (Class IIb, Level of Evidence B)
Reasonable if patient has aspirin hypersensitivity (Class IIa, Level of Evidence B)
Monotherapy considered safe (Class IIa, Level of Evidence A)
Addition to aspirin increases risk of hemorrhage and is not routinely recommended (Class III, Level of Evidence A)

Aspirin and
extended-release
dipyridamole

Recommended dose of 25/200 mg
twice daily
Recommended over aspirin (Grade 2A)

Considered safe and suggested over aspirin (Class IIa, Level of Evidence A)

most commonly secondary to atrial fibrillation (AF)
(Grade 1A [ACCP] and Class I, Level of Evidence A
[AHA/ASA]).12 Warfarin has been shown to be superior to aspirin therapy for secondary stroke prevention
in patients with nonrheumatic AF.38 Although essentially
a primary prevention study, a recent trial demonstrated
superiority of warfarin over the combination of aspirin
and clopidogrel therapy for stroke prevention in patients
with AF.39 Warfarin is indicated for secondary prevention
of stroke or TIA in patients with other potential cardiogenic sources, such as mechanical prosthetic heart valves,
and should be considered in patients with MI with left
ventricular thrombus or dilated cardiomyopathy.7
Although warfarin is currently the most effective approved agent for prevention of stroke in patients with
AF, its narrow therapeutic index, need for continuous
laboratory monitoring, and extensive drug-drug and
drug-diet interactions limit its usefulness. Therefore,
the search continues for an equally efficacious agent
that has a more predictable dose response and superior
pharmacokinetic profile, thus requiring less aggressive
monitoring. A potential future alternative to warfarin,
with once or twice daily oral dosage and without need
for adjustments, is the family of drugs known as direct
thrombin inhibitors. Two studies, SPORTIF III and
SPORTIF V (Stroke Prevention Using the Oral Direct
Thrombin Inhibitor Ximelagatran in Patients with Atrial Fibrillation), compared ximelagatran with warfarin
in patients with AF and showed noninferiority of ximelagatran in preventing stroke.40,41 Ximelagatran patients
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had fewer hemorrhagic complications, and this drug
has practical advantages of fixed dosing and no need
for serologic monitoring. Unfortunately, 6% of patients
receiving ximelagatran experienced an increase in liver
enzymes greater than 3 times the upper limit of normal,
and there were rare instances of liver failure. Because of
this adverse effect, Exanta (melagatran/ximelagatran)
was withdrawn from the market, and the manufacturers
have terminated its development.
Current phase 3 trials are ongoing comparing warfarin therapy with a new oral direct thrombin inhibitor,
dabigatran, in patients with AF and prior stroke or
1 additional risk factor. Dabigatran appears to have a
predictable dose response, eliminating the need for
regular laboratory monitoring and indicating minimal
drug-drug and drug-diet interactions.
Antihypertensive Therapy
A meta-analysis of major randomized, controlled trials showed that antihypertensive therapy for secondary
stroke prevention resulted in an approximately 30% to
40% reduction in the risk for stroke (Level of Evidence
A).42 However, the management of blood pressure
during acute stroke is controversial. Blood pressure in
the immediate post-stroke period is often elevated and
is thought to be a compensatory mechanism to maximize cerebral perfusion. Therefore, it is standard practice to reduce or withhold antihypertensive therapy—
except in extreme cases when systolic blood pressure is
above 220 mm Hg or diastolic blood pressure is 120 to
www.turner-white.com
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140 mm Hg or when thrombolytics are warranted7—
until the patient is stabilized.43 Evidence defining the
specific time period when it is safe to initiate chronic
antihypertensive therapy after acute stroke is lacking,
and clinical guidelines fail to comment on this dilemma. Clinically, we tend to initiate aggressive antihypertensive therapy after the hyperacute phase, approximately 72 hours following the initial stroke onset
in most patients.
No specific antihypertensive agent has proved to be
superior to all others for stroke protection.43 Limited data
exist specifically for antihypertensive therapies for secondary stroke prevention. The Perindopril Protection Against
Recurrent Stroke Study (PROGRESS) evaluated 6105
hypertensive and nonhypertensive patients with a history of stroke or TIA.44 Patients received the angiotensinconverting enzyme (ACE) inhibitor perindopril with or
without the diuretic indapamide (at the physician’s discretion) or placebo. The combination of perindopril and
indapamide reduced blood pressure by 12/5 mm Hg
and stroke risk by 43% compared with placebo (95% CI,
30–54). Single-drug therapy decreased blood pressure by
5/3 mm Hg and produced no discernable reduction in
stroke risk. Benefit was seen in patients who were hypertensive and nonhypertensive at study admission.
In a systematic review of 7 trials including 15,527
participants with stroke (ischemic or hemorrhagic) or
TIA, antihypertensive medications were associated with
reductions in all recurrent stroke, nonfatal recurrent
stroke, MI, and all vascular events. These benefits were
seen in hypertensive and nonhypertensive patients and
were related to reductions in blood pressure.45 The
Evaluation of Acute Candesartan Cilexetil Therapy
in Stroke Survivors (ACCESS) study, a small study not
included in the systematic review, recruited 500 stroke
patients requiring treatment of hypertension according to guidelines based on measurements taken within
36 hours after hospital admission. Cumulative 12-month
mortality and number of vascular events differed significantly in favor of candesartan (odds ratio, 0.475; 95%
CI, 0.252–0.895), leading investigators to stop the study
after 342 patients had been randomized.46
Other studies have shown benefit for stroke prevention with ramipril,47 losartan,48 candesartan,49 hydrochlorothiazide,50 and amlodipine.50 However, these
studies were mainly primary prevention studies, as few
subjects had a history of stroke or TIA, and occurrence
of stroke was not the primary endpoint.
Current guidelines state that antihypertensive therapy is indicated for secondary stroke prevention and
prevention of other vascular events in patients who
are beyond the hyperacute period. Therapy should
www.turner-white.com

be considered in patients with and without hypertension. Benefit has been associated with a reduction of
10/5 mm Hg, and normal blood pressure has been defined as less than 120/80 mm Hg. The choice of drug
should be patient specific; however, current data support the use of ACE inhibitors and diuretics.7,43
Lipid-Lowering Therapy
The Heart Protection Study Collaborative Group
evaluated 20,536 patients with a history of coronary
artery disease, diabetes, or other arterial occlusive disease receiving simvastatin 40 mg/day or placebo. In
the subgroup enrolled with prior stroke or TIA and
no other evidence of coronary artery disease, there
was a 21% risk reduction in vascular events. This made
the number needed to treat 102 per year to prevent
1 event. Benefit in this trial extended to patients with
an initial low-density lipoprotein (LDL) cholesterol
level below 116 mg/dL, in whom levels were lowered
to below 77 mg/dL.51,52 A meta-analysis of 38 randomized trials of lipid-lowering therapies for stroke
prevention (83,161 patients; mean follow-up, 4.7 yr)
demonstrated that statin drugs reduced rates of stroke
and cardiovascular disease independent of cholesterol
levels or individual statin drug.53
The Stroke Prevention by Aggressive Reduction in
Cholesterol Levels (SPARCL) study was the first trial
of statins for secondary stroke prevention in patients
without other evidence of coronary artery disease.
This trial evaluated 4732 patients with LDL cholesterol
levels of 100 to 190 mg/dL who had stroke or TIA in
the past 1 to 6 months and were receiving atorvastatin
80 mg/day or placebo. Atorvastatin was associated with
a 16% risk reduction in the primary endpoint of time
to occurrence of fatal or nonfatal stroke (P = 0.03);
this risk reduction increased to 23% when TIAs were
included in the endpoint (P < 0.001).54
These studies all lend support to the use of statin
drugs for secondary stroke prevention. Current guidelines indicate that patients with ischemic stroke or TIA
should be treated with a statin agent to an LDL level
below 100 mg/dL7,55 and below 70 mg/dL for veryhigh-risk patients with multiple risk factors (Class I,
Level of Evidence A).7,56 Patients with ischemic stroke
and no indication for statin therapy (normal cholesterol levels, no history of coronary artery disease or atherosclerosis) are reasonable candidates for statin therapy
(Class IIa, Level of Evidence B).7 Given early benefits
seen in trials, including patients with acute coronary
syndromes, initiation of statins during hospitalization
for first ischemic stroke of atherosclerotic origin is probably justified and may increase rates of long-term use.52
Hospital Physician December 2007

21

Lee et al : Secondary Stroke Prevention : pp. 14–24
CONCLUSION
Stroke is a significant cause of morbidity and mortality that is best prevented by modification of patient risk
factors. All patients who experience a noncardioembolic
stroke or TIA should receive an antiplatelet agent unless
there is a contraindication to therapy. Clopidogrel or the
combination of aspirin plus ER-DP appear to be superior
to aspirin monotherapy; however, head-to-head trials are
necessary to identify the superior antiplatelet regimen.
Results of the PRoFESS trial should provide more information regarding optimal antiplatelet therapy. Warfarin
should be prescribed in patients with clear evidence of
cardiogenic thrombus and cardioembolic stroke; those
with either paroxysmal or chronic AF should be started
on warfarin therapy in the absence of contraindications.
Blood pressure–lowering therapy should be administered to all patients with stroke. ACE inhibitors and thiazide diuretics appear efficacious, but head-to-head trials
are necessary to identify whether there is a superior antihypertensive agent. Finally, statin therapy should be administered to patients with ischemic stroke. Atorvastatin
and simvastatin have demonstrated benefit, but data suggest that all statins may be beneficial. Hospitalists should
expect to encounter more stroke patients because the
number of available neurologists is limited and the number of stroke survivors is increasing. Hospitalists are best
positioned to implement these critical, evidence-based
secondary prevention measures at the time of patients’
hospital discharge.
HP
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