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BSTRACT

 

Background

 

Despite the use of antiplatelet agents,
usually aspirin, in patients who have had an ischemic
stroke, there is still a substantial rate of recurrence.
Therefore, we investigated whether warfarin, which
is effective and superior to aspirin in the prevention
of cardiogenic embolism, would also prove superior
in the prevention of recurrent ischemic stroke in pa-
tients with a prior noncardioembolic ischemic stroke.

 

Methods

 

In a multicenter, double-blind, randomized
trial, we compared the effect of warfarin (at a dose ad-
justed to produce an international normalized ratio
of 1.4 to 2.8) and that of aspirin (325 mg per day) on
the combined primary end point of recurrent ische-
mic stroke or death from any cause within two years.

 

Results

 

The two randomized study groups were
similar with respect to base-line risk factors. In the
intention-to-treat analysis, no significant differences
were found between the treatment groups in any of
the outcomes measured. The primary end point of
death or recurrent ischemic stroke was reached by
196 of 1103 patients assigned to warfarin (17.8 per-
cent) and 176 of 1103 assigned to aspirin (16.0 per-
cent; P=0.25; hazard ratio comparing warfarin with
aspirin, 1.13; 95 percent confidence interval, 0.92 to
1.38). The rates of major hemorrhage were low (2.22
per 100 patient-years in the warfarin group and 1.49
per 100 patient-years in the aspirin group). Also, there
were no significant treatment-related differences in
the frequency of or time to the primary end point or
major hemorrhage according to the cause of the ini-
tial stroke.

 

Conclusions

 

Over a two-year period, we found no
difference between aspirin and warfarin in the pre-
vention of recurrent ischemic stroke or death or in the
rate of major hemorrhage. Consequently, we regard
both warfarin and aspirin as reasonable therapeutic
alternatives. (N Engl J Med 2001;345:1444-51.)
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ONG-STANDING doubts, expressed as late
as the 1980s, about the efficacy of warfarin
for the prevention of stroke

 

1

 

 were mitigated
by the results of more recent clinical trials.

Recurrence rates were lower with warfarin than with
placebo in patients who had stroke after myocardial
infarction.

 

2

 

 The rates of first stroke in patients with
atrial fibrillation were lower with warfarin than with

L

 

a range of other therapies,

 

3

 

 placebo,

 

4

 

 or aspirin.

 

5

 

 Also,
in open-label studies, the rates of recurrent stroke
were lower with warfarin than with placebo or aspi-
rin.

 

6

 

 Rates of adverse events with warfarin were ac-
ceptably low at the ranges of the international normal-
ized ratio (INR) used in the studies (1.5 to 3.0).

 

5,7

 

Most previous clinical trials of drugs to prevent re-
current ischemic stroke after a noncardiogenic ische-
mic stroke studied one or more of a wide variety of
platelet-antiaggregant drugs, particularly aspirin, with
which the recurrence rate approximates 8 percent.

 

8-11

 

The organizers of the current trial believed that a trial
comparing warfarin and aspirin in the prevention of
recurrent ischemic stroke was justified. This belief
was based on the success of warfarin in the preven-
tion of strokes among patients with atrial fibrillation
and the inference that some ischemic strokes are due
to embolism.
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 Furthermore, no trial had determined
whether anticoagulant agents were superior to plate-
let-antiaggregant drugs in preventing other, noncar-
dioembolic forms of ischemic stroke.

 

METHODS

 

Study Design

 

The Warfarin–Aspirin Recurrent Stroke Study (WARSS) was an
investigator-initiated, randomized, double-blind, multicenter clini-
cal trial conducted in 48 academic medical centers in the United
States and sponsored by the National Institute of Neurological
Disorders and Stroke. It also served as the basis for four parallel
stroke studies.
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 The trial was formulated and designed by the stroke
research staff at the Neurological Institute of Columbia Presby-
terian Medical Center. Clinical data were collected and monitored
by the data-management center in the Stroke Unit at the Neuro-
logical Institute. Management of data on anticoagulant therapy,
double-blinding procedures, and statistical analysis were conducted
by the statistical-analysis center of the Department of Biostatistics,
Mailman School of Public Health, Columbia University. Study med-
ications were bottled, packaged, and distributed by Quintiles
(Mount Laurel, N.J.). To eliminate variations between laborato-
ries,
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 blood samples for determination of the INR were proc-
essed centrally by Quest Diagnostics (Teterboro, N.J.). The study
protocol was approved by the institutional review board at each
participating center. Written informed consent was obtained from
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each patient. Patient recruitment began in June 1993, and follow-
up ended, as scheduled, in June 2000.

 

Eligibility

 

Eligible patients were 30 to 85 years old, were considered ac-
ceptable candidates for warfarin therapy, had had an ischemic stroke
within the previous 30 days, and had scores of 3 or more on the
Glasgow Outcome Scale. On this scale a score of 3 indicates se-
vere disability, a score of 4 moderate disability, and a score of
5 minimal or no disability. Patients were ineligible if they had a
base-line INR above the normal range (more than 1.4), stroke
that was due to a procedure or that was attributed to high-grade
carotid stenosis for which surgery was planned, or stroke associated
with an inferred cardioembolic source; most of the last group had
atrial fibrillation at the time of stroke. Eligibility was verified be-
fore randomization by telephone contact with the data-manage-
ment center, in which each criterion for eligibility or ineligibility,
the dates of stroke and randomization, magnetic resonance imag-
ing or computed tomography of the brain, and signing of the
consent form were confirmed.

 

Medications and Blinding

 

The medications evaluated were aspirin (Bayer, Morristown,
N.J.), one 325-mg tablet daily, and warfarin (Dupont, Wilmington,
Del.), one 2-mg scored tablet daily. The warfarin doses were ad-
justed to achieve and maintain an INR in the range of 1.4 to 2.8.
The patients were randomly assigned to receive active aspirin and
warfarin placebo or active warfarin and aspirin placebo. Random-
ization was stratified according to site. No patients received two
placebos or two active treatments. All centers and patients were
informed as to the double-blind design and the plan for the use
of false INR values in the group receiving active aspirin and war-
farin placebo. All centers followed the same schedule of visits to
the clinic for drawing of blood to measure the INR, monitoring
of medication, and adjustment of the dose of warfarin or warfarin
placebo.

Blood samples for determination of the INR were sent to
Quest Diagnostics on the same day or by overnight courier service.
Before a center was admitted as a study site, we confirmed that
blood samples sent to Quest Diagnostics were viable and yielded
reliable INR determinations. All INR results were transferred elec-
tronically to the statistical-analysis center, which sent the results
to the local centers by facsimile transmission. According to prior
agreement among the center clinicians and with the use of a meth-
od validated early in the trial,
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 the INR results sent to local cen-
ters were unmodified for the patients receiving active warfarin,
but for patients receiving active aspirin and warfarin placebo, they
were replaced by the statistical-analysis center with fabricated val-
ues that were plausible for the dose and duration of warfarin ther-
apy. No INR results were available directly to the local centers from
Quest Diagnostics. According to the guidelines of the Food and
Drug Administration, high INR values (4.5 or more) were for-
warded to the data-management center and transmitted immedi-
ately to local centers by cellular telephone. To preserve blinding,
some emergency notifications for falsely elevated values in patients
receiving warfarin placebo were also sent by the statistical-analysis
center. The principal clinical investigator reviewed all outgoing
INR reports, writing a personal cautionary note to the local in-
vestigator in the case of reports showing trends for values below
or above the desired ranges. All participants other than the prin-
cipal statistical investigator at the statistical-analysis center were
blinded to the patients’ study-group assignments. During the course
of the trial, unblinding was required for 15 patients, in most cases
because of the need for an invasive surgical procedure. All 15 pa-
tients stopped treatment with study drugs, but their data were in-
cluded in the intention-to-treat analysis.

 

Follow-up

 

Patients were followed for 2 years ±1 month, up to a maximum
of 761 days. Follow-up was conducted monthly by telephone or

in person at the time of drawing of blood for the determination of
the INR to assess compliance and to regulate INR values, quar-
terly in person for clinical evaluation, and annually for detailed
examination; the occurrence of end points was also ascertained at
each contact. Personnel at the data-management center also con-
ducted site visits to audit the records of all patients at each center
for end points and adverse events.

 

Assessment of End Points and Major Adverse Events

 

The primary end point was death from any cause or recurrent
ischemic stroke, whichever occurred first. Recurrent ischemic stroke
was defined as a new lesion detected by computed tomography
or magnetic resonance imaging or, in the absence of a new lesion,
clinical findings consistent with the occurrence of stroke that lasted
for more than 24 hours. Local centers reported potential outcome
events to the events coordinator at the data-management center and
submitted clinical summaries, study forms documenting clinical de-
tails, and brain imaging studies. An independent, treatment-blinded
neuroradiologist reviewed the images. Five treatment-blinded neu-
rologists adjudicated all clinical events using a majority verdict for
decisions about outcomes.

Major hemorrhage was defined as intracranial, intraspinal, intra-
cerebral, subarachnoid, subdural, or epidural hemorrhage or any
other bleeding event requiring transfusion. Minor hemorrhage,
which did not require transfusion, included gastrointestinal, geni-
tourinary, retroperitoneal, joint, subcutaneous or muscular, gingival
or oral, and conjunctival hemorrhage; epistaxis; hemoptysis; ecchy-
moses; and hemorrhage after trauma or from multiple sites. A treat-
ment-blinded adjudicator classified hemorrhagic events as major or
minor, reviewed data on death due to any reported hemorrhage,
and determined the relation of the hemorrhage to treatment.

 

Statistical Analysis

 

The primary null hypothesis was that there would be no differ-
ence between patients receiving warfarin and those receiving as-
pirin in the time to or rate of death from any cause or recurrent
ischemic stroke. Secondary null hypotheses of major clinical inter-
est were that there would be no differences in the time to either
component of the primary end point or to major hemorrhage ac-
cording to sex, race or ethnic group, or cause of prior stroke.

The original target sample size was 1920 patients, which pro-
vided the study with 80 percent power and a 5 percent two-sided
probability of a type I error for a test of the primary null hypoth-
esis according to the intention to treat, allowing for a 30 percent
reduction in the event rate for one therapy from a 16 percent event
rate over two years for the other, and an overall dropout and dis-
continuation rate of 20 percent at two years for both therapies com-
bined. In 1995, while still blinded to event rates according to
treatment group, the performance and safety monitoring board
appointed by the National Institute of Neurological Disorders and
Stroke increased the target sample size to 2200 to adjust for the
possible effects of interruption of therapy. In 1996, they revised the
original stopping rule based on a single interim analysis by adopting
a modified repeated significance test
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 procedure that called for three
scheduled interim analyses and allowed for additional interim analy-
ses. The trial proceeded to its planned completion and final analysis
without crossing the efficacy or safety boundaries.

All the major study hypotheses were prespecified and tested on
an intention-to-treat basis with a two-tailed alpha of 0.05. The Kap-
lan–Meier method
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 was used to estimate curves for the length of
time to the event, and the log-rank test
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 was used to compare
the cumulative incidence curves in the treatment groups. The pri-
mary analysis was adjusted for loss to follow-up by a prespecified
stratified imputation procedure that distinguishes different types of
loss to follow-up and incorporates assumptions appropriate to each.
The reported P values and confidence intervals have not been ad-
justed for interim analyses.

 

RESULTS

 

A total of 2206 patients were randomly assigned
to treatment groups at a steady rate during the re-
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cruitment phase. Their clinical and demographic fea-
tures are shown in Table 1. Of these, 1302 (59 per-
cent) were over the age of 60 years, 1309 (59 percent)
were male, 1499 (68 percent) had hypertension, 705
(32 percent) had diabetes, 504 (23 percent) had car-
diac disease, 390 (18 percent) had angina or prior
myocardial infarction, and 629 (29 percent) had prior
amaurosis fugax, transient ischemic attack, or stroke.
The end-point status at two years was established for
2173 (98.5 percent). An additional 33 (1.5 percent)
withdrew consent or were lost to follow-up for other
reasons, at a mean of 10.2±7.5 months after random-
ization. Figure 1 illustrates follow-up and imputation
of events according to treatment.

 

Laboratory Testing

 

Quest Diagnostics determined 48,931 INR values.
The mean interval between the dates of blood sam-
pling was 27.9±12.6 days. The mean daily INR for
patients taking warfarin was 2.1 (median, 1.9). Over-
all, 70.7 percent of daily INR values determined 28
or more days after randomization were within the tar-
get range (1.4 to 2.8), 13.0 percent were above the
range, and 16.3 percent were below the range. There
were no significant differences in INR values among
patients with different types of prior stroke (crypto-
genic; small-vessel or lacunar; severe stenosis, or oc-
clusion of a large artery; other, determined cause; and
conflicting mechanism [there was more than one di-

 

*The treatment groups did not differ significantly in any characteristic. Percentages may not sum to 100 because of rounding. Plus–minus values are
means ±SD. CT denotes computed tomography, and MRI magnetic resonance imaging.

†Cardiac disease was defined as myocardial infarction, congestive heart failure, angina, atrial fibrillation, arrhythmia, or valvular heart disease. Unknown
means data were missing on all of these cardiac conditions, or any combination of missing data and “No.”

‡Scores on the Glasgow Outcome Scale range from 1 to 5; 1 indicates death, 2 a persistent vegetative state, 3 severe disability (with the patient conscious
but disabled), 4 moderate disability (with the patient disabled but independent), and 5 minimal or no disability.

§Scores on the Barthel Index range from 0 to 100, with scores of 0 to 60 indicating dependence, scores of 65 to 90 moderate independence, and scores
of 95 to 100 complete independence.
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Clinical and demographic characteristics Characteristics of initial stroke

 

Age — yr 63.3±11.2 62.6±11.4 Duration of symptoms — no. (%)
«24 hr, with clinically relevant infarct 

on CT or MRI
>24 hr, with clinically relevant infarct 

on CT or MRI
>24 hr, without clinically relevant 

infarct on CT or MRI
Presumed cause of prior stroke — no. (%)

Cryptogenic
Small-vessel or lacunar
Large-artery, severe stenosis, 

or occlusion
Other determined cause
Conflicting mechanism

Lesion found on brain imaging — no. (%)
Superficial, cortical, or cerebellar
Large deep (basal ganglia and other)
Superficial and deep combined
Small deep
Brain stem
No primary lesion visible on scan
Unknown

Glasgow score — no. (%)‡
2
3
4
5

Barthel Index§
95 to 100 — no. (%)
65 to 90 — no. (%)
0 to 60 — no. (%)
Mean score

74 (6.7)

729 (66.1)

300 (27.2)

281 (25.5)
612 (55.5)
144 (13.1)

30 (2.7)
36 (3.3)

143 (13.0)
77 (7.0)

126 (11.4)
315 (28.6)
110 (10.0)
304 (27.6)
28 (2.5)

0
78 (7.1)

327 (29.6)
698 (63.3)

806 (73.1)
214 (19.4)
83 (7.5)

91.8±15.3

66 (6.0)

769 (69.7)

268 (24.3)

295 (26.7)
625 (56.7)
115 (10.4)

33 (3.0)
35 (3.2)

137 (12.4)
102 (9.2)
110 (10.0)
333 (30.2)
134 (12.1)
264 (23.9)
23 (2.1)

0
90 (8.2)

319 (28.9)
694 (62.9)

765 (69.4)
246 (22.3)
92 (8.3)

90.8±16.4

Female sex — no. (%) 447 (40.5) 450 (40.8)
Race or ethnic group — no. (%)

White 627 (56.8) 626 (56.8)
Black 338 (30.6) 325 (29.5)
Hispanic 105 (9.5) 118 (10.7)
Other 33 (3.0) 34 (3.1)

Education — no. (%)
High school or less 805 (73.0) 796 (72.2)
After high school 287 (26.0) 295 (26.7)
Unknown 11 (1.0) 12 (1.1)

Hypertension — no. (%)
Yes 746 (67.6) 753 (68.3)
No 343 (31.1) 338 (30.6)
Unknown 14 (1.3) 12 (1.1)

Diabetes mellitus — no. (%)
Yes 367 (33.3) 338 (30.6)
No 733 (66.5) 763 (69.2)
Unknown 3 (0.3) 2 (0.2)

Any cardiac disease — no. (%)†
Yes 250 (22.7) 254 (23.0)
No 822 (74.5) 824 (74.7)
Unknown 31 (2.8) 25 (2.3)

History of transient ischemic attack, 
amaurosis fugax, or stroke — no. (%)

Yes 321 (29.1) 308 (27.9)
No 731 (66.3) 740 (67.1)
Unknown 51 (4.6) 55 (5.0)

Current smoking — no. (%)
Yes 306 (27.7) 337 (30.6)
No 792 (71.8) 761 (69.0)
Unknown 5 (0.5) 5 (0.5)

Heavy alcohol intake (»4 drinks/day) 
— no. (%)

Yes 40 (3.6) 34 (3.1)
No 1060 (96.1) 1060 (96.1)
Unknown 3 (0.3) 9 (0.8)
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agnostic possibility]) (P=0.24 by F test with log-
transformed INR values).

 

Outcomes

 

The overall rate of the primary end point of death
or recurrent ischemic stroke of 16.9 percent (372 of
2206 patients) slightly exceeded the 16 percent rate
assumed in the trial design. In the primary intention-
to-treat analysis, there were no significant differences
between the warfarin and aspirin groups in the time
to the primary end point (P=0.25 by two-tailed log-
rank test; hazard ratio for warfarin as compared with
aspirin, 1.13; 95 percent confidence interval, 0.92 to
1.38; two-year probability of an event, 17.8 percent
with warfarin and 16.0 percent with aspirin) (Table
2 and Fig. 2). Censoring data from subjects whose
data were incomplete at the time of loss to follow-up
did not materially affect the outcome of the primary
analysis, and incorporating the interruption of study
medication as a time-dependent covariate showed that
the effects of warfarin and aspirin therapy did not
differ.

The rates of major hemorrhage were low, with no
significant differences between treatment groups; the
annual rates were 2.22 per 100 patient-years for war-
farin and 1.49 per 100 patient-years for aspirin (rate

ratio, 1.48; P=0.10). Patients in the warfarin group
had significantly more minor hemorrhages than did
those in the aspirin group (Table 3). There was no
significant difference between groups in the time to
the first occurrence of major hemorrhage or the pri-
mary end point (P=0.16; hazard ratio with warfarin
as compared with aspirin, 1.15; 95 percent confidence
interval, 0.95 to 1.39) (Table 2).

There were also no significant differences in the
time to a primary end point between patients of dif-
ferent sexes, of different racial or ethnic groups, or
with different types of prior stroke (Table 2). Figure 3
shows INR-specific rates of primary events plotted
by the method of Rosendaal et al.,

 

19

 

 with use of the
last INR value before the event. The rates decline for
INR values until the INR interval of 1.5 to less than
2.0, but change little thereafter.

 

DISCUSSION

 

We observed no significant difference between
treatment with warfarin and treatment with aspirin in
the prevention of recurrent ischemic stroke or death
or in the occurrence of serious adverse events in this
large cohort of patients with inferred noncardioem-
bolic ischemic stroke. Not only did the use of warfarin
not lead to a 30 percent reduction in the risk of re-

 

Figure 1.

 

 Follow-up of Patients and Imputation of Events.
Events for which exact dates were unknown were considered to have occurred at the midpoints of the calendar periods during
which they occurred. Plus–minus values are means ±SE.

2206 Randomized

21 (1.9%) Lost to follow-up atK
7.7±6.3 monthsK

6 withdrew consentK
15 lost contact for other reasonsK

K
Events were imputed for 2 ofK
these patients (1 stroke, 1 death)

12 (1.1%) Lost to follow-up atK
13.6±7.8 monthsK

5 withdrew consentK
7 lost contact for other reasonsK

K
An event was imputed for 1 ofK
these patients (1 stroke)

1082 (98.1%) End-point status knownK
1080 had complete dataK

2 had events before day 761K
(date unknown)

1091 (98.9%) End-point status knownK
1089 had complete dataK

2 had events before day 761K
(date unknown)

1103 Assigned to aspirin1103 Assigned to warfarin
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current stroke — the reduction used to estimate the
sample size — but it was also associated with a non-
significant, 13 percent higher increase in risk over that
with aspirin. Treatment with warfarin did not result
in excess event rates during the first 30 days or in a
significant increase in the rates of hemorrhage; these
potential outcomes affected the trial design because
of concern that either of these outcomes would off-
set any benefit of warfarin.

Two observations suggest that the demographic
characteristics of the study population and outcomes
compare favorably with those of other trials of aspi-
rin or warfarin. First, the event rate among patients
assigned to aspirin was similar to that in other trials
of aspirin for the prevention of recurrent ischemic
stroke.

 

10-12,14

 

 Furthermore, the low rates of hemorrhage
with warfarin were similar to those in warfarin-treated
patients with stroke associated with atrial fibrillation
whose INR values were similar to those of our pa-
tients.

 

5,7

 

 Our finding that the rate of recurrent stroke
with warfarin was similar to the rate with aspirin sug-
gests that warfarin is an effective therapy in patients

with a prior ischemic stroke. However, in our trial,
warfarin was not superior to aspirin. If anything, the
reverse was true; warfarin did not decrease the rate of
severe recurrent stroke, as it does in patients with pri-
or stroke associated with atrial fibrillation.

 

5-7

 

 Moreover,
warfarin costs more than aspirin and requires close
monitoring.

It is unlikely that the range of INR values chosen
was too low to show the superiority of warfarin.
Treatment targeted to the same range of values was
successful for the prevention of first strokes in pa-
tients with atrial fibrillation. Published graphs show-
ing the effect of the INR on the risk of stroke showed
curves similar in shape to those in our results, flat-
tening for INR values of 1.5 to 2.0 and remaining
relatively stable for higher values up to 3.0. However,
the event rates in relation to the same range of INR
values (1.5 to 3.0) among patients with atrial fibril-
lation were well below that in our study.

 

5-7

 

We considered using higher INR values than those
used in studies of patients with atrial fibrillation, but
observations from other studies published during the

 

*Probabilities of events were derived from Kaplan–Meier curves.

†Hazard ratios were calculated by the discrete-time Cox model. CI denotes confidence interval.

‡P values were calculated with the log-rank test, except for those for the interruption-of-therapy model, which were
calculated by the Wald test.
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(95% CI)†
P
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WARFARIN ASPIRIN WARFARIN ASPIRIN

 

no. with events/total no.

 

Primary and secondary analyses

 

Recurrent ischemic stroke or death 196/1103 176/1103 17.8 16.0 1.13 (0.92–1.38) 0.25
Recurrent ischemic stroke or death or 

major hemorrhage
222/1103 196/1103 20.0 17.8 1.15 (0.95–1.39) 0.16

Recurrent ischemic stroke or death, with 
data from patients lost to follow-up 
censored

195/1103 174/1103 17.6 15.9 1.13 (0.92–1.39) 0.24

Recurrent ischemic stroke or death (model 
including interaction of treatment as-
signment and interruption of treatment)

196/1103 176/1103

 

Subgroup analyses for primary end point

 

Sex
Male 122/656 101/653 18.5 15.4 1.23 (0.95–1.61) 0.12
Female 74/447 75/450 16.2 16.8 0.98 (0.71–1.36) 0.92

Race or ethnic group
Black 70/338 59/325 20.2 18.4 1.14 (0.81–1.62) 0.45
White 98/627 90/626 15.5 14.3 1.10 (0.83–1.47) 0.50
Hispanic 21/105 21/118 20.1 17.9 1.14 (0.62–2.09) 0.66
Other 7/33 6/34 21.2 17.6 1.18 (0.40–3.50) 0.77

Cause of prior stroke
Cryptogenic 42/281 48/295 15.0 16.5 0.92 (0.61–1.39) 0.68
Small vessel or lacunar 107/612 95/625 17.1 15.2 1.15 (0.88–1.52) 0.31
Large artery, severe stenosis, or occlusion 27/144 18/115 18.8 15.7 1.22 (0.67–2.22) 0.51
Other determined cause 11/30 7/33 36.7 21.2 1.99 (0.77–5.15) 0.15
Conflicting mechanism 9/36 8/35 25.0 23.0 1.14 (0.44–2.96) 0.79
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course of our study supported our concern about
safety.

 

20-24

 

 Higher rates of major hemorrhage could
have stopped the trial before efficacy could be validly
tested, as happened for the Stroke Prevention in Re-
versible Ischemia Trial, an open-label comparison of
warfarin with lower-dose aspirin after transient ische-

mic attacks and stroke that used an INR range of 3.0
to 4.5 (mean, 3.5).
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 Higher INR ranges than those
we used in other, nonstroke settings have had mixed
results with respect to safety as compared with stud-
ies of warfarin alone

 

26

 

 or in combination with as-
pirin.
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Figure 2.

 

 Kaplan–Meier Analyses of the Time to Recurrent Ischemic Stroke or Death According to
Treatment Assignment.
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*Maximal follow-up was 25 months. Hemorrhages occurring on the day of the primary event
(death or recurrent ischemic stroke) are included. CI denotes confidence interval.

†P values were calculated by the exact test of two independent proportions.

‡The first hemorrhage is the first or only hemorrhage for each patient.

§P values were calculated by the exact conditional binomial test for two independent Poisson
processes.

¶All hemorrhages include all hemorrhages in any patient.

TABLE 3. ADVERSE EVENTS ACCORDING TO TREATMENT ASSIGNMENT.*

EVENT

WARFARIN

(N=1103)
ASPIRIN

(N=1103)
ODDS RATIO

(95% CI)
P

VALUE†

no. (%)

Death 47 (4.3) 53 (4.8) 0.88 (0.58–1.32) 0.61
Related to hemorrhage 7 (0.6) 5 (0.4) 1.40 (0.42–5.13) 0.77

First hemorrhage‡
Major 38 (3.4) 30 (2.7) 1.28 (0.78–2.10) 0.39
Minor 261 (23.7) 188 (17.0) 1.51 (1.22–1.87) <0.001

RATE RATIO

(95% CI)
P

VALUE§

no. of events 
(rate/100 patient-yr)

All hemorrhages¶
Major 44 (2.2) 30 (1.5) 1.48 (0.93–2.44) 0.10
Minor 413 (20.8) 259 (12.9) 1.61 (1.38–1.89) <0.001
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The overall percentages of patients with INR val-
ues in, above, or below the target range in our study
also compare favorably with the percentages in other
trials. These findings argue against the possibility that
warfarin’s lack of superiority to aspirin was due to
high percentages of patients with low INR values. Be-
cause reports of studies showing the success of war-
farin in patients with atrial fibrillation did not present
data on the time course of INR values during the
trials in graphic form, no direct time-based compar-
isons with our data are possible.

As a direct test of warfarin versus aspirin for the
prevention of recurrent ischemic stroke in a broad
clinical setting (excluding patients with stroke due to
embolism), our study necessarily included patients
with a variety of types of prior ischemic stroke. Be-
cause it is not always easy to separate different types of
stroke, regardless of the classification scheme used,28-30

some patients with cardiogenic embolism may have
been included. If so, they did not favorably affect
the findings with regard to the effect of warfarin.
The recurrence rates in patients with different types
of prior ischemic stroke are similar to those found
in the Stroke Data Bank of the National Institute of
Neurological Disorders and Stroke28 and the North-
ern Manhattan Stroke Study31 but differ somewhat
from those in other studies.32

Like the studies of tissue plasminogen activator
for acute stroke,33 our study did not find significant
differences in the effects of treatment among patients

with different clinically identifiable types of prior is-
chemic stroke. Despite our study’s lack of sufficient
power to show such differences, our data nonethe-
less suggest some possible selective treatment effects.
Aspirin was slightly, but not significantly, superior to
warfarin in patients with large-vessel and lacunar in-
farcts. Patients with large-vessel strokes are currently
under study.34 If aspirin is superior to warfarin in la-
cunar stroke, that finding will support the idea that
there is a mechanistic link between lacunar disease
and large-intracranial-artery atheroma.35,36 Cryptogen-
ic stroke, in which the prevalence of superficial brain
convexity infarcts and lack of evidence of large-artery
disease have made clinically occult embolism15 or co-
agulopathy37 the leading presumed causes, was the
only clinically identified stroke type for which a pos-
sible benefit of warfarin was suggested by our data;
but the reduction in risk was small (8 percent) and
not statistically significant.

Warfarin offered no additional benefit over aspirin
in preventing recurrent ischemic stroke in the pop-
ulation we studied. Patients with other, established
reasons for warfarin use may take comfort in the ev-
idence of safety and lack of significant difference over-
all, as compared with aspirin. However, aspirin, either
alone or in combination with some other antiplate-
let agents,38 appears to be a well-justified choice for
the prevention of recurrent ischemic stroke.

Supported by a grant (RO1-NS-28371) from the National Institute of
Neurological Disorders and Stroke. Medications and placebos were sup-
plied by Dupont Pharmaceuticals and Bayer.

APPENDIX

The following participated in the WARSS: Executive committee: J.P.
Mohr, R.L. Sacco, R.M. Lazar, J.L.P. Thompson, B. Levin, J.P. Kistler,
G.W. Albers, L.C. Pettigrew, H.P. Adams, Jr., and C.M. Jackson; National
Institute of Neurological Disorders and Stroke: J.R. Marler, program direc-
tor; B. Radziszewka, clinical research project manager; Data Management
Center: R.M. Lazar, D.E. Gohs, M. Clavijo, K. Slane, D. Balbuena, D.
Martino, C. Inguanzo, J. Pittman, R. Sciacca, K. Evans, K. Lord, B. Jaffe,
J. Kim, L. Lynn, J. Ruzicka, P. Chugh, A. Zidel, B. Fields, M. Coleman,
R. King, J.G. Mohr, I. Carretero, O. Mendoza, and A. Barlow; Statistical
Analysis Center: J.L.P. Thompson, B. Levin, W. Ma, T. Costigan, A. Mur-
phy, X. Chen, E. Etienne, R. Hilbawi, K. Sridharan, D. Burroughs, G.
Kanu, R. Okunieff, D. Xu, and K. Chin; Consultants: P.A. Wolf, B.C.
Tilley, and B. Rosner; Performance and Safety Monitoring Board: D.G. Sher-
man (chair), M.L. Dyken, A. Lowe, I. Meissner, D.W. Taylor; Adjudication
Committee: H.J.M. Barnett, C.M. Fisher, J.C. Gautier, P. Sandercock, and
J.P. Whisnant; Neuroradiologist adjudicators: S.K. Hilal (deceased) and J.
Pile-Spellman; Hemorrhage adjudicator: A.G.G. Turpie; Myocardial-infarc-
tion adjudicator: E.-G.V. Giardina. The following institutions, local princi-
pal investigators, and local coordinators also participated; numbers of pa-
tients enrolled are shown in parentheses: Columbia Presbyterian Medical
Center (153): R. Sacco, R. Marshall, M. Elkind, C. Stapf, H. Mast, M.
Clavijo, and A. Cruz; Massachusetts General Hospital (105): J. Kistler, K.L.
Furie, F. Buonanno, and L. Oertel; Stanford Stroke Center (105): G.W. Al-
bers, S. Kemp, and N. Hock; University of Kentucky Medical Center (103):
R. Dempsey, L. Pettigrew, B. Stidham, and I. Lamb; University of Iowa
Hospitals and Clinics (92): H.P. Adams, Jr., A. Tanna, and L. Vining; Uni-
versity of California at San Diego Medical Center (89): C. Jackson, N. Kelly,
and J. Werner; Buffalo General Hospital (87): P. Pullicino, M. Hens, N.
Meiler, and A. Martinez; Lankenau Medical Research Center (84): M. Alter,
G. Friday, M. Lloyd, T. Listner, and A. Smith; Syracuse Veterans Affairs
Medical Center (75): A. Culebras, M. Benedict, D. Pastor, and T. Dean;
Georgetown University (71): M. Yaseen, J. Burfoot, and E. Green; Long Is-
land Jewish Medical Center (70): R. Libman and R. Gonzaga-Camfield;

Figure 3. Incidence of Recurrent Ischemic Stroke or Death
among Patients Assigned to Warfarin, According to the Inter-
national Normalized Ratio.
The I bars indicate 95 percent confidence intervals. The interna-
tional normalized ratio was the last measured before the event.
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University of Tennessee at Memphis (67): K. Gaines, B. O’Brien, C. Bonds,
J. Shaw, and A. Payne; University of Texas Medical School (64): J. Grotta and
D. Vital; Vanderbilt Medical Center (64): H. Kirschner, A. Nelson, S.
O’Connell, K. Heyden, and D. Klein; Johns Hopkins Bayview Medical Cen-
ter (63): C. Johnson, C. Early, and J. Alt; University of Illinois Medical Cen-
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P. Mitsias, K. Sawaya, P. Marchese, and J. Reuther; Marshfield Clinic (56):
P. Karanjia, S. Lobner, and L. Stephani; Mount Sinai School of Medicine
(47): S. Tuhrim and S. Augustine; Metrohealth Medical Center (46): J.
Schmidley, M. Winkelman, and A. Liskay; Medical College of Wisconsin at
Froedtert (43): J. Binder and H. Patrick; Hennepin County Medical Center
(41): D. Anderson, D. Brauer, and D. Radtke; Wayne State University (41):
S. Chaturvedi, L. Femino, E. St. Pierre, L. Quinones, and F. Mada; Roch-
ester General Hospital (38): J. Hollander, G.W. Honch, and C. Weber; Mon-
tefiore Medical Center (36): D.M. Rosenbaum, E. Klonowski, S. Rybak,
and J.P. Noonan; Indiana University Medical Center (36): J. Biller and L.
Chadwick; Medical College of Georgia (35): F. Nichols and M. Sahm; Cleve-
land Clinic Foundation (33): C. Sila, B. Dyko, and N. Rudd; Barrow Neu-
rological Institute (32): J. Frey, C. Darbonne, L. Marlor, J. Minor, and J.
Snyder; Yale University School of Medicine (29): L. Brass, A. Lovejoy, and
B. Kennedy; University of South Alabama (28): J. Rothrock, R. Zweifler, S.
Cunningham, and R. Yunker; Boston University Medical Center (27): C.
Kase, E. Licata-Gehr, and N. Allen; New England Medical Center (26): M.
Pessin (deceased), L. Caplan, and L. Barron; Maimonides Medical Center
(25): A. Miller, L.R. Caplan, T. Morgante, K. Chin, and T. LaRocca; Uni-
versity of Miami School of Medicine (25): R. Kelley, A. Forteza, and J. Arias;
Albert Einstein Medical Center (21): S. Silliman, J. Dissin, and C. Borschell;
Beth Israel Deaconess Hospital, Boston (18): C. Mayman (deceased), S.
Warach, L.R. Caplan, M. Tijerina, A. Connor, S. Connors, and L. Barron;
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and G. Allen; Helen Hayes Hospital (15): L. Lennihan and L. Tenteromano;
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ter (10): M. Chesser, B. Boop, S. Nazarian, L. Kennedy, and D. Hollis-
Holderfield; Bassett Healthcare (9): L. Hamilton, A. Nafziger, J. Zeller, and
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Z. Noorani; St. Paul–Ramsey Medical Center (7): M. Ramiriez-Lassepas
and C. Espinosa; University of Vermont (5): J. Dissin, R. Hamill, P. Krusinski,
and M. Fitzpatrick; University of Virginia (3): E. Haley and G. Kongable.
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