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Abstract

 

Background.

 

Thrombolytic therapy for acute
ischemic stroke has been approached cautiously be-
cause there were high rates of intracerebral hemorrhage
in early clinical trials. We performed a randomized, dou-
ble-blind trial of intravenous recombinant tissue plasmin-
ogen activator (t-PA) for ischemic stroke after recent pilot
studies suggested that t-PA was beneficial when treat-
ment was begun within three hours of the onset of stroke.

 

Methods.

 

The trial had two parts. Part 1 (in which 291
patients were enrolled) tested whether t-PA had clinical
activity, as indicated by an improvement of 4 points over
base-line values in the score of the National Institutes of
Health stroke scale (NIHSS) or the resolution of the neu-
rologic deficit within 24 hours of the onset of stroke. Part
2 (in which 333 patients were enrolled) used a global test
statistic to assess clinical outcome at three months, ac-
cording to scores on the Barthel index, modified Rankin
scale, Glasgow outcome scale, and NIHSS.

 

Results.

 

In part 1, there was no significant difference
between the group given t-PA and that given placebo in

the percentages of patients with neurologic improvement
at 24 hours, although a benefit was observed for the t-PA
group at three months for all four outcome measures. In
part 2, the long-term clinical benefit of t-PA predicted by
the results of part 1 was confirmed (global odds ratio for
a favorable outcome, 1.7; 95 percent confidence interval,
1.2 to 2.6). As compared with patients given placebo, pa-
tients treated with t-PA were at least 30 percent more
likely to have minimal or no disability at three months on
the assessment scales. Symptomatic intracerebral hem-
orrhage within 36 hours after the onset of stroke occurred
in 6.4 percent of patients given t-PA but only 0.6 percent
of patients given placebo (P

 

�

 

0.001). Mortality at three
months was 17 percent in the t-PA group and 21 percent
in the placebo group (P

 

�

 

0.30).

 

Conclusions.

 

Despite an increased incidence of symp-
tomatic intracerebral hemorrhage, treatment with intrave-
nous t-PA within three hours of the onset of ischemic
stroke improved clinical outcome at three months. (N Engl
J Med 1995;333:1581-7.)
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I

 

SCHEMIC stroke affects over 400,000 people in the
United States annually,

 

1

 

 and there is no direct treat-
ment to reduce the extent of neurologic injury. Cere-
bral angiography conducted soon after the onset of
stroke demonstrates arterial occlusions in 80 percent of
acute infarctions.

 

2,3

 

 Thrombolytic canalization of oc-
cluded arteries may reduce the degree of injury to the
brain if it is done before the process of infarction has
been completed. Since intracerebral hemorrhage was a
frequent major complication reported in early trials of
thrombolytic therapy,

 

4,5

 

 the use of recombinant human
tissue plasminogen activator (t-PA) for cerebral arterial
thrombolysis requires a careful evaluation of both the
risks and the potential benefits.

The safety of intravenous t-PA for the treatment of
acute cerebral ischemia was previously tested in two

open-label, dose-escalation studies,

 

6,7

 

 which empha-
sized very early treatment — within 90 and 180 min-
utes of the onset of the stroke — to reduce the risk of
hemorrhage and to maximize the potential for recov-
ery. These studies suggested that doses of less than 0.95
mg of t-PA per kilogram of body weight were relatively
safe and resulted in early neurologic improvement in a
substantial proportion of patients. These results were
enough to justify further investigation in the form of a
larger, randomized, placebo-controlled trial.

 

M

 

ETHODS

 

The trial was carried out in two parts. Part 1 assessed changes in
neurologic deficits 24 hours after the onset of stroke as a measure of
the activity of t-PA. Part 2, the pivotal study, used four outcome meas-
ures representing different aspects of recovery from stroke to assess
whether treatment with t-PA resulted in sustained clinical benefit at
three months. To provide a comprehensive evaluation of t-PA as a
treatment for acute ischemic stroke, the results of the two parts were
combined and stratified according to the length of time from the onset
of stroke to the initiation of treatment. 

 

Hypotheses and Design

 

Part 1 was designed to test whether t-PA had clinical activity —
specifically, whether a greater proportion of patients treated with
t-PA, as compared with those given placebo, had early improvement.
Early improvement was defined as complete resolution of the neuro-
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logic deficit or an improvement from base line in the score on the
National Institutes of Health stroke scale (NIHSS) by 4 or more
points 24 hours after the onset of stroke. Each group was assessed
according to the time from the onset of stroke to the beginning of
treatment: 0 to 90 minutes, 91 to 180 minutes, and 0 to 180 minutes
after the onset of stroke. The primary hypothesis for part 2 was that
there would be a consistent and persuasive difference between the
t-PA and placebo groups in terms of the proportion of patients who
recovered with minimal or no deficit three months after treatment.
Except for the difference in the primary hypotheses, the protocols
for parts 1 and 2 were the same. To prevent premature extrapolation
of the results of part 1 to part 2, investigators remained unaware of
the results of part 1 until the completion of part 2. The Data and
Safety Monitoring Committee reviewed data from part 1 before ap-
proving the protocol for part 2 and designating the primary end
point. Both protocols were approved by the Human Research Com-
mittee at each site.

In part 1, with the inclusion of 70 patients per time stratum (0 to
90 minutes or 91 to 180 minutes) and treatment group (total, 280 pa-
tients), the power was 0.90 to detect an absolute difference of 24 per-
centage points in outcome given a rate of 16 percent in the placebo
group (alpha level of 0.05 by a two-sided test). In part 2, with the in-
clusion of 160 patients per treatment group, the power was 0.95 to de-
tect a difference of 20 percentage points between groups in a single
measure. The power of the global test is equal to or greater than that
of a single measure.

 

8

 

 

 

Selection of Patients

 

To be eligible for the study, patients had to have had an ischemic
stroke with a clearly defined time of onset, a deficit measurable on the
NIHSS, and a base-line computed tomographic (CT) scan of the
brain that showed no evidence of intracranial hemorrhage. Patients
did not undergo randomization if they had had another stroke or se-
rious head trauma within the preceding 3 months; had undergone ma-
jor surgery within 14 days; had a history of intracranial hemorrhage;
had a systolic blood pressure above 185 mm Hg or diastolic blood
pressure above 110 mm Hg; had rapidly improving or minor symp-
toms; had symptoms suggestive of subarachnoid hemorrhage; had
gastrointestinal hemorrhage or urinary tract hemorrhage within the
previous 21 days; had arterial puncture at a noncompressible site
within the previous 7 days; or had a seizure at the onset of stroke. Pa-
tients who were taking anticoagulants or who had received heparin
within the 48 hours preceding the onset of stroke and had an elevated
partial-thromboplastin time were excluded, as were those with pro-
thrombin times greater than 15 seconds, platelet counts below 100,000
per cubic millimeter, or glucose concentrations below 50 mg per dec-
iliter (2.7 mmol per liter) or above 400 mg per deciliter (22.2 mmol
per liter). Patients were also excluded if aggressive treatment was re-
quired to reduce their blood pressure to the specified limits. Informed
consent was obtained for all patients.

 

Randomization and Treatment

 

A permuted-block design with blocks of various sizes was used for
randomization, with patients stratified according to clinical center and
time from the onset of stroke to the start of treatment (0 to 90 or 91
to 180 minutes). Patients received placebo or alteplase (Activase, Ge-
nentech, South San Francisco), a recombinant t-PA, in a dose of 0.9
mg per kilogram of body weight (maximum, 90 mg), 10 percent of
which was given as a bolus followed by delivery of the remaining 90
percent as a constant infusion over a period of 60 minutes. Genentech
supplied and distributed both the t-PA and the placebo and monitored
the clinical sites.

The protocol required that no anticoagulants or antiplatelet agents
be given for 24 hours after treatment and that blood pressure be
maintained within prespecified values. The medical monitor reviewed
each patient’s compliance with the protocol throughout the trial.

 

Outcome Measures

 

Four outcome measures were selected on the basis of their reliability,
familiarity to the neurologic community, adaptability for use in patients

who have had a stroke, and comparability to end points used in other
trials of thrombolytic therapy. The Barthel index

 

9

 

 is a reliable and val-
id measure of the ability to perform activities of daily living such as eat-
ing, bathing, walking, and using the toilet. Patients able to perform all
activities with complete independence are given a score of 100. The
Barthel index has been used to evaluate outcome in patients who have
had a stroke.

 

10

 

 The modified Rankin scale

 

11

 

 is a simplified overall as-
sessment of function in which a score of 0 indicates the absence of
symptoms and a score of 5, severe disability. The Glasgow outcome
scale

 

12

 

 is a global assessment of function in which a score of 1 indicates
a good recovery; a score of 2, moderate disability; a score of 3, severe
disability; a score of 4, survival but in a vegetative state; and a score of
5, death. It has been used in a trial of treatment for stroke caused by
subarachnoid hemorrhage.

 

13

 

 The NIHSS,

 

14

 

 a serial measure of neuro-
logic deficit, is a 42-point scale that quantifies neurologic deficits in 11
categories. For example, a mild facial paralysis is given a score of 1,
and complete right hemiplegia with aphasia, gaze deviation, visual-
field deficit, dysarthria, and sensory loss is given a score of 25. Normal
function without neurologic deficit is scored as zero. In part 1, the
NIHSS was expected to be sensitive to and reliably detect a change in
neurologic deficit in patients who had had a stroke. In part 2, the
NIHSS was dichotomized to identify clearly patients with minimal or
no neurologic deficit. This use for the NIHSS is new but consistent with
its purpose and capability. Scores of 95 or 100 on the Barthel index,

 

�

 

1

 

 

 

on the NIHSS and the modified Rankin scale, and 1 on the Glas-
gow outcome scale were considered to indicate a favorable outcome.

 

Data Collection

 

According to the protocol, the outcome was determined at 24 hours
and three months by certified examiners who had not performed the
base-line examination and had not been present during the initial
treatment. The reliability and reproducibility of the Barthel index and
the NIHSS certification process have been reported.

 

14-16

 

 Classification
of the subtypes of the strokes was based only on information available
before randomization.

 

CT Scans

 

During the study, third- or fourth-generation CT scanners had to
be available 24 hours a day. CT quality standards were established be-
fore the trial started. Each scan was reviewed centrally for compliance
by a radiologist blinded to all clinical information, including treat-
ment group.

 

Statistical Analysis

 

All analyses were based on the intention to treat.

 

17

 

 The critical level
for a two-sided test of each primary hypothesis was 0.05. Clinical cen-

 

Table 1. The Medical Histories of the Patients in the Study.
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�

 

144)

 

PLACEBO

 

(

 

N

 

�

 

147)
t-PA

(

 

N

 

�

 

168)

 

PLACEBO

 

(

 

N

 

�

 

165)

 

percent

 

Stroke 17 17 12 9

Transient ischemic attack 22 14 13 19

Aspirin therapy 41 31 40 26

Diabetes 24 21 20 20

Hypertension 66 64 67 67

Myocardial infarction 25 21 22 20

Atrial fibrillation 18 20 20 16

Angina pectoris 18 22 24 24

Congestive heart failure 14 17 16 19

Valvular heart disease 11 7 6 6

Smoking in year before 
stroke

43 37 27 35

No preexisting disability 90 91 95 93
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ter and, where appropriate, time from the onset of the stroke were
used to stratify the data.

 

Primary Outcome in Part 1

 

For each primary hypothesis, Mantel–Haenszel tests were used to
compare the proportion of patients with improvement in the NIHSS
24 hours after the onset of stroke. There was no adjustment for mul-
tiple comparisons, since the three hypotheses were prespecified. Pa-

tients who for some reason were not assessed with the NIHSS at 24
hours were considered to have had no improvement.

 

Primary Outcome in Part 2

 

The primary hypothesis was tested with a global statistic (the Wald
test) derived from a general linear model with logit-link function,
computed with the use of generalized estimating equations.

 

18,19

 

 This
global test statistic simultaneously tests for effect in all four outcome
measures specified in the primary hypothesis. Patients who died be-
fore the three-month assessment were given the worst possible score
for all outcomes. In cases of surviving patients with missing outcome
data, outcome data obtained after three months were used; if there
were none, the data from the measurement closest in time, but at least
seven days after randomization, were used. Otherwise, the worst pos-
sible score was assigned. Mantel–Haenszel tests comparing the differ-
ences in each of the four measures were planned only if the global-
test results were significant at the 0.05 level. Each univariate test used
a critical level of 0.05 as a guideline to interpretation. An additional
global test was performed after adjustment for the stratifying vari-
ables and for covariates that differed significantly at base line between
the two groups (P

 

�

 

0.05).

 

Secondary Analyses

 

Intention-to-treat analysis was used for the secondary outcomes at
three months in part 1 and for the NIHSS measurement at 24 hours
in part 2. These secondary analyses were considered descriptive. For
binary outcomes, Mantel–Haenszel tests were used to compare indi-
vidual variables between groups, and global tests were used to com-
pare sets of variables. Analysis of covariance was used for post hoc
comparisons of median NIHSS scores on the ranked data.

 

Monitoring for Efficacy

 

Interim analyses with adjusted critical levels for the primary out-
comes were performed once during part 1 and once during part 2.

 

20,21

 

 

 

Monitoring for Safety

 

Intracranial hemorrhage, serious systemic bleeding, death, and new
stroke were the primary adverse events monitored. To detect intracra-
nial hemorrhage, CT scans were required at 24 hours and 7 to 10 days
after the onset of stroke and when any clinical finding suggested hem-
orrhage. A hemorrhage was considered symptomatic if it was not seen
on a previous CT scan and there had subsequently been either a sus-
picion of hemorrhage or any decline in neurologic status. All CT

 

*Plus–minus values are means 

 

�

 

SD. Because of rounding, not all columns total 100 percent.

†To convert values for glucose to millimoles per liter, multiply by 0.05551.

 

Table 2. Base-Line Characteristics of the Patients in the Two
Parts of the Study, According to Treatment Group.

 

*
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HARACTERISTIC
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ART

 

 1 P

 

ART

 

 2

t-PA
(

 

N

 

�

 

144)

 

PLACEBO

 

(

 

N

 

�

 

147)
t-PA

(

 

N

 

�

 

168)

 

PLACEBO

 

(

 

N

 

�

 

165)

 

Age (yr) 67

 

�

 

10 66

 

�

 

11 69

 

�

 

12 66

 

�

 

13

Race or ethnic group (%)
White, non-Hispanic
Black
Hispanic
Asian
Other

62
29
8
1
0

61
31
5
0 
3

69
23
5
3
1

66
26
7
1
1

Female sex (%) 42 40 43 42

Weight (kg) 76

 

�

 

15 80

 

�

 

18 76

 

�

 

16 80

 

�

 

21

NIHSS score
Median
Minimum
Maximum

14
1

37

14
1

32

14
2

37

15
2

33

Stroke subtype (%)
Small-vessel occlusive
Cardioembolic
Large-vessel occlusive
Other

19
42
35
3

11
44
42
3

14
45
39
2

9
44
45
3

Blood pressure (mm Hg)
Systolic
Diastolic

155

 

�

 

22
85

 

�

 

12
153

 

�

 

20
85

 

�

 

13
153

 

�

 

22
85

 

�

 

14 
152

 

�

 

21
86

 

�

 

15

Fibrinogen (mg/dl) 332

 

�

 

94 349

 

�

 

106 311

 

�

 

102 316

 

�

 

86

Glucose (mg/dl)† 149

 

�

 

76 152

 

�

 

78 149

 

�

 

66 149

 

�

 

78

CT findings (%)
Edema
Mass effect

5
3

3
2

4
3

6
4

 

*Improvement was defined as a 4-point improvement in the NIHSS score from base-line values or complete resolution of the neurologic deficit.

†CI denotes confidence interval.

‡The Mantel–Haenszel test was used with stratification according to clinical center and, for analyses of 0-to-180

 

-

 

minute groups, the time to treatment after the onset of
stroke (0 to 90 minutes or 91 to 180 minutes).

§Interquartile range.

 

¶

 

P

 

�

 

0.18 by analysis of covariance.

 

�

 

P

 

�

 

0.02 by analysis of covariance.

 

Table 3. Scores on the NIHSS 24 Hours after the Onset of Stroke.
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(95% CI)†
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‡ NIHSS S
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OF

PATIENTS

NO
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IMPROVEMENT

 

 (%)*

 

NO

 

. 

 

OF

 

 

 

PATIENTS

NO

 

. 

 

WITH

 

 

 

IMPROVEMENT

 

 (%)* t-PA

 

PLACEBO

 

min median (range)

 

§

 

Part 1
0–90
91–180
0–180

71
73

144

36 (51)
31 (42)
67 (47)

68
79

147

31 (46)
26 (33)
57 (39)

1.1 (0.8–1.6)
1.3 (0.9–1.9)
1.2 (0.9–1.6)

0.56
0.23
0.21

9 (3–17)
8 (3–17)
8 (3–17)

11 (5–17)¶
12 (8–20)

 

�

 

12 (6 –19)

 

�

 

Part 2
0–90
91–180
0–180

86
82

168

51 (59)
29 (35)
80 (48)

77
88

165

30 (39)
35 (40)
65 (39)

1.5 (1.1–2.1)
0.9 (0.6–1.3)
1.2 (0.9–1.5)

0.02
0.52
0.19

9 (2–18)
9 (3–20)
9 (3–20)

12 (8–20)

 

�

 

14 (6–19)¶
14 (7–19)

 

�

 

Combined results
0–90
91–180
0–180

157
155
312

87 (55)
60 (39)

147 (47)

145
167
312

61 (42)
61 (37)

122 (39)

1.3 (1.0–1.7)
1.1 (0.8–1.4)
1.2 (1.0–1.4)

0.02
0.73
0.06

9 (2–17)
8 (3–19)
8 (3–18)

12 (6–18)

 

�

 

13 (7–19)

 

�

 

12 (6–19)

 

�
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* Scores of 95 or 100 on the Barthel index, 

 

�

 

1 on the NIHSS and modified Rankin scale, and 1 on the Glasgow outcome
scale were considered to indicate a favorable outcome in this intention-to-treat analysis.

†The Mantel–Haenszel test was used for univariate analyses with groups stratified according to clinical center and, for
analyses of the 0-to-180-minute groups, the time to treatment after the onset of stroke (0 to 90 minutes or 91 to 180 min-
utes). For the global test (which used logit-link function) the same stratifying variables were included as covariates. CI
denotes confidence interval.

‡Time to treatment after the onset of stroke. 

§The results for part 1 were considered hypothesis-generating. The definition of favorable outcomes was derived from
part 1 data and required testing in part 2.

 

Table 4. Outcomes at Three Months According to the Time to Treatment after the
Onset of Stroke.

 

A

 

SSESSMENT

 

 I

 

NSTRUMENT

 

P

 

ERCENTAGE
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UTCOME

 

*
O

 

DDS

 

 R

 

ATIO

 

(95% CI)†
R

 

ELATIVE

 

 R

 

ISK

 

(95% CI)† P V

 

ALUE

 

t-PA

 

PLACEBO

 

Part 2, 0–180 min‡
No. of patients

Global test
Barthel index
Modified Rankin scale
Glasgow outcome scale
NIHSS

168
—
50
39
44
31

165
—
38
26
32
20

1.7 (1.2–2.6)
1.6 (1.1–2.5)
1.7 (1.1–2.6)
1.6 (1.1–2.5)
1.7 (1.0–2.8)

—
1.3 (1.0–1.7)
1.5 (1.1–2.0)
1.4 (1.0–1.8)
1.5 (1.0–2.2)

0.008
0.026
0.019
0.025
0.033

Part 1, 0–180 min‡§
No. of patients

Global test
Barthel index
Modified Rankin scale
Glasgow outcome scale
NIHSS

144
—
54
47
47
38

147
—
39
27
31
21

2.1 (1.3–3.2)
1.8 (1.1–2.8)
2.3 (1.4–3.6)
2.0 (1.2–3.1)
2.2 (1.3–3.7)

—
1.4 (1.1–1.8)
1.7 (1.3–2.3)
1.5 (1.1–2.0)
1.8 (1.2–2.6)

0.001
0.012

 

�

 

0.001
0.005
0.002

Combined results§ 
0–90 min‡

No. of patients
Global test
Barthel index
Modified Rankin scale
Glasgow outcome scale
NIHSS

157
—
53
40
43
34

145
—
38
28
32
20

1.9 (1.2–2.9)
1.8 (1.2–2.9)
1.7 (1.0–2.6)
1.6 (1.0–2.5)
2.0 (1.2–3.4)

—
1.4 (1.1–1.8)
1.4 (1.0–1.9)
1.3 (1.0–1.8)
1.7 (1.1–2.5)

0.005
0.010
0.035
0.057
0.008

91–180 min‡
No. of patients

Global test
Barthel index
Modified Rankin scale
Glasgow outcome scale
NIHSS

155
—
51
45
47
34

167
—
38
25
30
21

1.9 (1.3–2.9)
1.6 (1.1–2.5)
2.4 (1.5–3.7)
2.0 (1.3–3.2)
2.0 (1.2–3.2)

—
1.3 (1.0–1.7)
1.8 (1.3–2.4)
1.6 (1.2–2.1)
1.6 (1.1–2.3)

0.002
0.026

 

�

 

0.001
0.002
0.008

 

Figure 1. Mean (

 

�

 

SE) Survival at Three Months According to
Treatment.

The combined results of parts 1 and 2 are shown. There were
312 patients in each group, and no patient had missing data on
mortality. Error bars represent the standard errors of the point
estimates of survival at 30, 60, and 90 days. The number of pa-

tients surviving at each interval is shown.
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scans were made available to treating physi-
cians while a patient was receiving care. Lat-
er, each CT scan was examined for evidence
of hemorrhage by a neuroradiologist at the
CT-reading center who was blinded to clinical
information. The medical monitor independ-
ently reviewed the clinical reports to detect
any unreported adverse events.

Interim analyses were required after every
3 symptomatic intracranial hemorrhages and
after every 10 deaths. A lower boundary
(z

 

��

 

2.0) was set to allow the trial to be
stopped if t-PA was found to be harmful.

 

22,23

 

For deaths, a direct comparison of the surviv-
al curves was made with a log-rank test. For
symptomatic intracranial hemorrhage, the
rate among patients treated with t-PA was
compared with the rate of 8 percent estimated
from pilot studies using similar doses and
times of treatment.

 

R

 

ESULTS

 

From January 1991 through Oc-
tober 1994, 624 patients underwent
randomization. The treatment groups
were well matched with respect to
all base-line characteristics except
weight in part 1 of the trial and age
and aspirin use in part 2 (Tables 1
and 2).

Compliance with the protocol was
excellent in this trial. In part 1, 90
percent of the t-PA group and 92 per-
cent of the placebo group received
the full dose (

 

�5 percent) of the
study medication, whereas in part 2,
93 percent of both groups received
the full dose (�5 percent). Of the

primary outcome measures for the 291 patients in part 1,
data were missing for 1. Of the 1332 primary outcome
measures in part 2 (333 patients), data were missing for
7 (4 patients). Twenty-four hours after the onset of stroke,
only 2 percent of the patients given placebo had no neu-
rologic deficit, as measured by the NIHSS.

In part 1 no statistically significant differences were
detected between groups in the primary outcome (im-
provement by 4 or more points in the NIHSS score or a
complete resolution of the neurologic deficit) (Table 3).
However, post hoc comparisons of median NIHSS scores
showed improvement in the condition of patients treated
with t-PA as compared with those given placebo in most
time strata in parts 1 and 2 and in the combined analysis.

In part 2 the number of patients with favorable out-
comes for each of the four primary outcome measures
three months after stroke was higher in the t-PA group
than in the placebo group (Table 4). As evaluated by the
global test statistic, the odds ratio for a favorable out-
come in the t-PA group was 1.7 (95 percent confidence
interval, 1.2 to 2.6; P�0.008). As compared with the
placebo group, there was a 12 percent absolute (32 per-
cent relative) increase in the number of patients with
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minimal or no disability (a score of 95 or 100 on the
Barthel index) in the t-PA group. There was also an
11 percent absolute (55 percent relative) increase in
the number of patients with an NIHSS score of 0 or 1
in this group. A similar magnitude of effect was seen
with respect to the absolute and relative improvement
in the t-PA group with the use of the modified Rankin
scale and the Glasgow outcome scale. The inclusion of
variables that differed between the two groups at base
line (aspirin use, weight, and age) as covariates in
addition to the clinical center and time to treatment
after the onset of stroke in the global test increased
the odds ratio to 2.0 (95 percent confidence interval,
1.3 to 3.1). Secondary outcomes for part 1 and data
from the combined analysis for both time strata are
also shown in Table 4 and indicate the same pattern
of benefit for t-PA. There were no significant differ-
ences in mortality between the groups (Fig. 1). By 90
days after the onset of stroke, 54 of the 312 t-PA–
treated patients had died (17 percent), as compared
with 64 of the 312 placebo-treated patients (21 per-
cent) (P�0.30).

Figure 2 shows the outcome at three months in part
2 of the study. The results of all four outcome measures
favor the t-PA group. The greater proportion of pa-

tients left with minimal or no deficit three months after
t-PA therapy, as compared with placebo treatment, was
not accompanied by an increase in severe disability or
mortality. The results were similar in part 1. The posi-
tive effect of t-PA on all outcome measures at three
months was seen consistently in subgroups categorized
according to age, base-line classification of the stroke
subtype (Table 5), severity of the stroke, and use of as-
pirin before the stroke.

Symptomatic intracerebral hemorrhage during the
first 36 hours occurred more commonly in t-PA–treat-
ed patients (P�0.001 for the combined analysis) (Ta-
ble 6). Patients with symptomatic intracranial hemor-
rhage had more severe deficits at base line (median
NIHSS score, 20; range, 3 to 29) than the study popu-
lation as a whole (median NIHSS score, 14; range, 1 to
37). Nine percent of the patients with intracranial
hemorrhage had CT evidence of cerebral edema at
base line, as compared with 4 percent of the study pop-
ulation as a whole. Another six patients had sympto-
matic intracranial bleeding (four given t-PA and two
given placebo) between 36 hours and three months af-
ter the start of treatment. Eleven deaths were attribut-
ed to intracerebral hemorrhage. At three months, 17 of
the 28 patients with symptomatic hemorrhage (61 per-
cent) had died. 

The rate of asymptomatic intracerebral hemorrhage
was similar in the two groups. The percentage of pa-
tients with serious systemic bleeding during the first 10
days was similar in part 1 (two patients in the t-PA
group and none in the placebo group) and part 2 (three
patients in the t-PA group and none in the placebo
group). Minor external bleeding during the first 10 days
was more common with t-PA than placebo (23 percent
vs. 3 percent).

In part 1 of the study, new ischemic strokes occurred

Figure 2. Outcome at Three Months in Part 2 of the Study, Ac-
cording to Treatment.

Scores of �1 on the NIHSS, 95 or 100 on the Barthel index, �1
on the modified Rankin scale, and 1 on the Glasgow outcome
scale were considered to indicate a favorable outcome. Values

do not total 100 percent because of rounding.

Placebo

t-PA

Placebo

t-PA

Placebo

t-PA

Placebo

t-PA

2232 2125
21 Death3 – 4

1744 1722

2526 2127
2– 30 –1 Death4 – 5

2139 1723

2338 2118
55 –9095 –100 Death0 – 50

1650 1717

3220 2127
2– 80 –1 Death�9

3031 1722

NIHSS

Percentage of Patients

Percentage of Patients

Percentage of Patients

Percentage of Patients

Barthel Index

Modified Rankin Scale

Glasgow Outcome Scale

*Eighteen patients (2.9 percent) with other stroke subtypes were excluded from the
analysis.

†Scores of 95 or 100 on the Barthel index, �1 on the NIHSS and modified Rankin scale,
and 1 on the Glasgow outcome scale were considered to indicate a favorable outcome.

Table 5. Outcome at Three Months According to the Classifica-
tion of the Stroke Subtype at Base Line.

STROKE SUBTYPE* t-PA PLACEBO

NO. OF 
PATIENTS

% WITH 
FAVORABLE 
OUTCOME†

NO. OF 
PATIENTS

% WITH 
FAVORABLE

 OUTCOME†

Small-vessel occlusive 51 30
Barthel index 75 50
Modified Rankin scale 63 40
Glasgow outcome scale 63 43
NIHSS 47 33

Large-vessel occlusive
Barthel index
Modified Rankin scale
Glasgow outcome scale
NIHSS

117
49
40
45
33

135
36
22
28
18

Cardioembolic
Barthel index
Modified Rankin scale
Glasgow outcome scale
NIHSS

136
46
38
39
29

137
37
28
31
20
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in 8 percent of t-PA–treated patients and 7 percent of
those given placebo. In part 2, new ischemic stroke oc-
curred in 4 percent of t-PA–treated patients and 4 per-
cent of those given placebo.

DISCUSSION

This study found a benefit of intravenous t-PA ther-
apy for patients with ischemic stroke when treatment
was initiated within three hours of the onset of symp-
toms. As compared with patients given placebo,
patients treated with t-PA were at least 30 percent
more likely to have minimal or no disability at three
months, as measured by the outcome scales (absolute
increase in favorable outcome, 11 to 13 percent). This
benefit was not associated with any increase in mor-
tality.

Treatment with t-PA resulted in a more favorable
outcome than treatment with placebo regardless of the
subtype of stroke diagnosed at base line. Even though
the diagnosis of these subtypes was based on the lim-
ited information obtained before treatment was start-
ed, the distribution of the subtypes was similar in both
groups. Because treatment was started so early, some
patients with transient ischemic attacks could have
been enrolled despite the exclusion of patients whose
symptoms rapidly improved. Since so few patients giv-
en placebo (2 percent) were free of neurologic deficits
at 24 hours on the basis of the NIHSS scores, it is un-
likely that the benefit seen with t-PA was due to the
spontaneous resolution of stroke symptoms.

In part 2 of our study, our intent was to consider the
balance between risk and benefit. To justify the serious
risks of thrombolytic therapy, we required a meaningful
increase in the number of patients who recovered with
minimal or no disability after treatment with t-PA as
compared with placebo. To increase our confidence in
this outcome, we required that the results of all four out-
come measures be similar. The modified Rankin scale,
Barthel index, and Glasgow outcome scale represent the
entire range of function from death and severe disability
to complete recovery. The NIHSS measures neurologic
deficit and not functional outcome. As used here, it en-

*Values include all deaths attributed to hemorrhage.

Table 6. Incidence of Intracranial Hemor-
rhage within 36 Hours of Treatment

for Stroke.

TYPE OF

INTRACRANIAL

HEMORRHAGE t-PA PLACEBO

no. (%)

Part 1
Symptomatic

Fatal*
Nonfatal

Asymptomatic

144 
8 (6)
4 
4 
5 (3)

147 
0 
0 
0 
3 (2)

Part 2
Symptomatic

Fatal*
Nonfatal

Asymptomatic

168 
12 (7)
5 
7 
9 (5)

165 
2 (1)
1 
1 
6 (4)

sured that complete recovery also meant complete neu-
rologic recovery regardless of function.

Two previous small, randomized studies of intrave-
nous t-PA for stroke found no conclusive evidence of ef-
ficacy.24,25 In a recently completed large, placebo-con-
trolled European trial in which 1.1 mg of t-PA per
kilogram was given intravenously within six hours of
hemispheric ischemia, the investigators reported no ben-
efit in the population analyzed according to the inten-
tion to treat.26 Two other large, randomized trials of in-
travenous streptokinase were stopped early because of
an unacceptable rate of symptomatic intracranial hem-
orrhage.27,28 These large trials treated most patients
more than three hours after the onset of stroke and
used different drugs, dosing regimens, and methods of
outcome measurement from those used in our study.
The most obvious difference between our study and the
other large trials is the extent to which we focused on
minimizing the time to treatment. For 302 patients,
symptom recognition, transport to the hospital, triage,
neurologic evaluation including CT scanning, laborato-
ry studies, informed consent, and randomization were
accomplished within 90 minutes of the onset of stroke.
Trials in patients with myocardial infarction have shown
increased benefit with early treatment.29 Such a benefit
from early treatment is consistent with our understand-
ing of the process of infarction and the narrow window
of opportunity for effective intervention.30 

There were more intracranial hemorrhages in t-PA–
treated patients than in those given placebo, but the
proportion with hemorrhage was lower in our trial
than in other randomized trials of streptokinase27,28

and t-PA.26 These differences may be due to the earlier
initiation of treatment3 and lower doses used in our
study.26,31 Post-treatment elevation in blood pressure
may also increase the risk of hemorrhage.31 In our tri-
al, treating physicians used an algorithm to manage
blood pressure after treatment began. Accordingly, the
safety of t-PA given later than three hours after the on-
set of stroke, in doses higher than 0.9 mg per kilogram,
and without careful blood-pressure management is not
clear.

In conclusion, despite an increased incidence of in-
tracerebral hemorrhage, an improvement in clinical
outcome at three months was found in patients treated
with intravenous t-PA within three hours of the onset of
acute ischemic stroke.

APPENDIX

The following persons and institutions participated in the National
Institute of Neurological Disorders and Stroke (NINDS) rt-PA Stroke
Trial: Clinical Centers — University of Cincinnati (150 patients):
T. Brott, J. Broderick, R. Kothari, M. O’Donoghue, W. Barsan,
T. Tomsick, J. Spilker, R. Miller, L. Sauerbeck; Affiliated sites: St. Eliz-
abeth Hospital (South), J. Farrell, J. Kelly, T. Perkins, R. Miller; Univer-
sity Hospital, T. McDonald; Bethesda North Hospital, M. Rorick, C. Hick-
ey; St. Luke Hospital (East), J. Armitage, C. Perry; Providence Hospital,
K. Thalinger, R. Rhude; Christ Hospital, J. Armitage, J. Schill; St. Luke
Hospital (West), P.S. Becker, R.S. Heath, D. Adams; Good Samaritan
Hospital, R. Reed, M. Klei; St. Francis/St. George Hospital, A. Hughes,
R. Rhude; Bethesda Oak Hospital, J. Anthony, D. Baudendistel; St. Eliz-
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abeth Hospital (North), C. Zadicoff, R. Miller; St. Luke Hospital — Kansas
City, M. Rymer, I. Bettinger, P. Laubinger;Jewish Hospital, M. Schmer-
ler, G. Meirose; University of California, San Diego (146): P. Ly-
den, K. Rapp, T. Babcock, P. Daum, D. Persona, M. Brody, C. Jack-
son, S. Lewis, J. Liss, Z. Mahdavi, J. Rothrock, T. Tom, R. Zweifler,
J . Dunford, J. Zivin; Affiliated sites: Sharp Memorial Hospital, R. Koba-
yashi, J. Kunin, J. Licht, R. Rowen, D. Stein; Mercy Hospital, J. Griso-
lia, F. Martin; Scripps Memorial Hospital, E. Chaplin, N. Kaplitz, J. Nel-
son, A. Neuren, D. Silver; Tri-City Medical Center, T. Chippendale,
E. Diamond, M. Lobatz, D. Murphy, D. Rosenberg, T. Ruel, M. Sad-
off, J. Schim, J. Schleimer; Mercy General Hospital, Sacramento, R. At-
kinson, D. Wentworth, R. Cummings, R. Frink, P. Heublein; Uni-
versity of Texas Medical School, Houston (104): J.C. Grotta,
T. DeGraba, M. Fisher, A. Ramirez, S. Hanson, L. Morgenstern,
C. Sills, W. Pasteur, F. Yatsu, K. Andrews, C. Villar-Cordova, P. Pepe,
P. Bratina, L. Greenberg, S. Rozek, K. Simmons, Houston Fire Depart-
ment Emergency Medical Services; Affiliated sites: Hermann Hospital, St.
Luke’s Episcopal Hospital, Lyndon Baines Johnson General Hospital, Memo-
rial Northwest Hospital, Memorial Southwest Hospital, Heights Hospital,
Park Plaza Hospital, Twelve Oaks Hospital; Long Island Jewish Medi-
cal Center (72): T.G. Kwiatkowski, S.H. Horowitz, R. Libman,
R. Kanner, R. Silverman, J. LaMantia, C. Mealie, R. Duarte, R. Don-
narumma, M. Okola, V. Cullin, E. Mitchell; Henry Ford Hospital
(62): S.R. Levine, C.A. Lewandowski, G. Tokarski, N.M. Ramadan,
P. Mitsias, M. Gorman, B. Zarowitz, J. Kokkinos, J. Dayno, P. Verro,
C. Gymnopoulos, R. Dafer, L. D’Olhaberriague, K. Sawaya, S. Daley,
M. Mitchell; Emory University School of Medicine (39): M. Fran-
kel, B. Mackay, C. Barch, J. Braimah, B. Faherty, J. MacDonald,
S. Sailor, A. Cook, H. Karp, B. Nguyen, J. Washington, J. Weissman,
M. Williams, T. Williamson; Affiliated sites: Grady Memorial Hospital,
Crawford Long Hospital, Emory University Hospital, South Fulton Hospital,
M. Kozinn, L. Hellwick; University of Virginia Health Sciences
Center (37): E.C. Haley, Jr., T.P. Bleck, W.S. Cail, G.H. Lindbeck,
M.A. Granner, S.S. Wolf, M.W. Gwynn, R.W. Mettetal, Jr., C.W.J.
Chang, N. J. Solenski, D.G. Brock, G.F. Ford, G.L. Kongable, K.N.
Parks, S.S. Wilkinson, M.K. Davis; Affiliated site: Winchester Medical
Center, G.L. Sheppard, D.W. Zontine, K.H. Gustin, N.M. Crowe, S.L.
Massey; University of Tennessee (14): M. Meyer, K. Gaines,
A. Payne, C. Bales, J. Malcolm, R. Barlow, M. Wilson; Affiliated sites:
Baptist Memorial Hospital, C. Cape; Methodist Hospital Central, T. Ber-
torini; Jackson Madison County General Hospital, K. Misulis; University of
Tennessee Medical Center, W. Paulsen, D. Shepard; Coordinating Cen-
ter — Henry Ford Health Sciences Center: B.C. Tilley, K.M.A.
Welch, S.C. Fagan, M. Lu, S. Patel, E. Masha, J. Verter, J. Boura,
J. Main, L. Gordon, N. Maddy, T. Chociemski; CT Reading Centers:
Part 1 — Henry Ford Health Sciences Center, J. Windham, H. Soltanian
Zadeh; Part 2 — University of Virginia Medical Center, W. Alves, M.F.
Keller, J.R. Wenzel; Central Laboratory: Henry Ford Hospital, N. Raman,
L. Cantwell; Drug Distribution Center: A. Warren, K. Smith, E. Bailey;
Committees — Executive: K.M.A. Welch, B.C. Tilley, J.R. Marler;
Steering: K.M.A. Welch, T. Brott, P. Lyden, J.C. Grotta, T.G. Kwiat-
kowski, S.R. Levine, M. Frankel, E.C. Haley, Jr., M. Meyer, B.C.
Tilley, J.R. Marler; Genentech, Inc., Participants: J. Froehlich, J. Breed;
Data and Safety Monitoring Committee: J.D. Easton, J.F. Hallenbeck,
G. Lan, J.D. Marsh, M.D. Walker; Project Office — NINDS: J.R.
Marler.
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