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Emergency Medicine Journal Club

Thursday, June 11, 2015

The June emergency medicine journal club will be held during regular lecture time. The topic is:

Thrombolysis for Stroke

Perhaps no aspect of contemporary emergency medicine is as controversial and contentious as
thrombolysis for acute stroke. The existing data can be argued both ways, there has been
aggressive drug company marketing, and litigation threatens whether thrombolysis is or is not
administered. Emergency physicians and neurologists couldn’t be more different in their
underlying chemistry and clinical approach. Bitter and personal feuds have arisen between
researchers and educators, with zealous personalities enlivening both sides of the debate. This is
a classic case study of critically important medical decision making in the setting of incomplete
evidence.

In this journal club we will discuss: What are the benefits and risks of TPA for stroke as shown
in the landmark NINDS study? What were the results of other less-publicized studies? How
many stroke patients qualify for TPA therapy? What is the public health impact of this
treatment? What are “stoke mimics”? How has the benefit / risk of this therapy fared in later
community hospital-based trials? Why has NINDs be repeatedly re-analyzed, what why do these
reanalyses disagree? Is thrombolysis effective between 3 and 4.5 hours after symptom onset?
What is the nature of the litigation risk with TPA for stroke? Can it be lowered?

Page Presenter: Item

Andrew Johnson. NINDS: Tissue plasminogen activator for acute ischemic stroke. N
2 | EnglJ Med 1995; 333:1581. Focus on everything: methodology, results, reporting of
results, relative benefits in 0-90 minute versus 91-180 minute groups.

Whitney Hampton. Chernyshev: Safety of tPA in stroke mimics and neuroimaging-
9 | negative cerebral ischemia. Neurology 2010; 74:1340-1345. Focus on concept and
accuracy of differentiation between mimics and non-mimics.

Nellie Ekmekjian. Hacke: Thrombolysis with alteplase 3 to 4.5 hours after acute
15 | ischemic stroke (ECASS III). N Engl J Med 2008; 359:1317-1329. Focus on general
approach and results, and comparison with NINDS methodology.

Morgaine Daniels. The benefits and harms of intravenous thrombolysis with
recombinant tissue plasminogen activator within 6 h of acute ischaemic stroke (the third
28 | international stroke trial [IST-3]): a randomised controlled trial. Lancet 2012; 379:2352-
2363. Focus on general approach and results, and comparison with NINDS
methodology.
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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

SCHEMIC stroke affects over 400,000 people in the
United States annually,! 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.>? 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,™ 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
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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.)

open-label, dose-escalation studies,®” 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.

METHODS

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.?

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

VARIABLE ParT 1 PART 2
t-PA PLACEBO t-PA PLACEBO
(N=144)  (N=147) (N=168)  (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 43 37 27 35
stroke
No preexisting disability 90 91 95 93

who have had a stroke, and comparability to end points used in other
trials of thrombolytic therapy. The Barthel index’ 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."” The modified Rankin scale'! is a simplified overall as-
sessment of function in which a score of 0 indicates the absence of
symptoms and a score of 3, severe disability. The Glasgow outcome
scale!? 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.”® The NIHSS,!'* 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 23. 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.'*!® 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."” The critical level
for a two-sided test of each primary hypothesis was 0.05. Clinical cen-
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Table 2. Base-Line Characteristics of the Patients in the Two
Parts of the Study, According to Treatment Group.*

TISSUE PLASMINOGEN ACTIVATOR FOR ACUTE ISCHEMIC STROKE

CHARACTERISTIC PART 1 PARrT 2
t-PA PLACEBO t-PA PLACEBO
(N=144)  (N=147) (N=168)  (N=165)
Age (yr) 67+10 6611 69*+12 6613
Race or ethnic group (%)
White, non-Hispanic 62 61 69 66
Black 29 31 23 26
Hispanic 8 5 5 7
Asian 1 0 3 1
Other 0 3 1 1
Female sex (%) 42 40 43 42
Weight (kg) 76x15 80+18 7616 80+21
NIHSS score
Median 14 14 14 15
Minimum 1 1 2 2
Maximum 37 32 37 33
Stroke subtype (%)
Small-vessel occlusive 19 11 14 9
Cardioembolic 42 44 45 44
Large-vessel occlusive 35 42 39 45
Other 3 3 2 3
Blood pressure (mm Hg)
Systolic 15522 153%20 153*22 152+21
Diastolic 85+12 85+13 85+14 86*15
Fibrinogen (mg/dl) 332494  349*106 311102 316*86
Glucose (mg/dl)T 149+76  152%78 149+66 149+78
CT findings (%)
Edema 5 3 4 6
Mass effect 3 2 3 4

*Plus—minus values are means *SD. Because of rounding, not all columns total 100 percent.
FTo convert values for glucose to millimoles per liter, multiply by 0.05551.

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-

Page 4
1583

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.'®! 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 2.22!

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

Table 3. Scores on the NIHSS 24 Hours after the Onset of Stroke.

TIME TO TREATMENT

RELATIVE Risk P

AFTER STROKE ONSET t-PA PLACEBO (95% CI)t VALUEE NIHSS Score
NO. OF NO. WITH NO. OF NO. WITH
PATIENTS IMPROVEMENT (%)* PATIENTS IMPROVEMENT (%)* t-PA PLACEBO
min median (range)§
Part 1
0-90 71 36 (51) 68 31 (46) 1.1 (0.8-1.6) 0.56 93-17) 11 G6-179
91-180 73 31 (42) 79 26 (33) 1.3 (0.9-1.9) 023 8(3-17) 12 (8-20)|
0-180 144 67 (47) 147 57 (39) 1.2 (0.9-1.6) 0.21 8§(3-17) 12 (6—19)”
Part 2
0-90 86 51 (59) 77 30 (39) 1.5 (1.1-2.1) 0.02  9(2-18) 12 (8-20)
91-180 82 29 (35) 88 35 (40) 0.9 (0.6-1.3) 0.52 9(3-20) 14 (6199
0-180 168 80 (48) 165 65 (39) 1.2 (0.9-1.5) 0.19 9(3-20) 14 (7—19)||
Combined results
0-90 157 87 (55) 145 61 (42) 1.3 (1.0-1.7) 0.02 9(2-17) 12 (6—18)”
91-180 155 60 (39) 167 61 (37) 1.1 (0.8-1.4) 0.73 8(3-19) 13 (7—19)”
0-180 312 147 (47) 312 122 (39) 1.2 (1.0-1.4) 0.06 8(3-18) 12 (6—19)”

*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.

HP<0.02 by analysis of covariance.
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Table 4. Outcomes at Three Months According to the Time to Treatment after the

Onset of Stroke.
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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

PERCENTAGE WITH FAVORABLE ~ ODDS RATIO

RELATIVE RISk

of hemorrhage by a neuroradiologist at the

ASSESSMENT INSTRUMENT OUTCOME* (95% CDt (95% CI)t P VALUE CT—reading center who was blinded to clinical
t-PA PLACEBO information. The medical monitor independ-
) ently reviewed the clinical reports to detect
ParNt 2, 0{18_0 min¥ 168 6 any unreported adverse events.
O(‘}ﬁ)bg?t:g:tts - _5 17 (12-2.6) B 0.008 Interim analyses were required after every
Barthel index 50 38 1.6(.1-25 13(1.0-17) 0026 3 symptomatic intracranial hemorrhages and
Modified Rankin scale 39 26 17(1-26) 15(1.1-20) 0019 after every 10 deaths. A lower boundary
Glasgow outcome scale 44 32 1.6(1.1-2.5)  1.4(1.0-1.8)  0.025 (z=—2.0) was set to allow the trial to be
NIHSS 31 20 1.7 (1.0-2.8) 1.5 (1.0-2.2) 0.033 stopped if t-PA was found to be harmful.?>%
Part 1, 0-180 min§ For deaths, a direct comparison of the surviv-
Nod]()fbp?liems 144 147 5 5 al curves was made with a log-rank test. For
Ba(r)thdelt?t:(tiex ;1 ?9 llfli Ei?:;S; 1.4 (171—1 8) gg(l); symptomatic lnFracranlal hemplﬁ"hage, the
Modified Rankin scale 47 27 23(14-36) 17(13-23) <0001 rate am(:i“g .tll’la:}‘lems ”efag’d wit . t'f.A ‘:'33
Glasgow outcome scale 47 31 2.0 (1.2-3.1) 1.5 (1.1-2.0) 0.005 (Eompar.e wi X € rat§ o .percen estimate
NIHSS 38 21 22 (13-3.7) 1.8 (1.2-2.6) 0.002 from pilot studies using similar doses and
Combined results§ times of treatment.
0-90 mini
No. of patients 157 145
Global test — — 1.9 (1.2-2.9) — 0.005 RESULTS
Barthel index 53 38 1.8(12-29) 14 (1.1-1.8) 0010
Modified Rankin scale 40 28 1.7(1.0-2.6) 1.4 (1.0-1.9) 0.035 From January 1991 through Oc-
Glasgow outcome scale 43 32 1.6 (1.0-2.5)  13(1.0-1.8)  0.057 tober 1994, 624 patients underwent
91—11;](I)Hn§i?1 . 34 20 200d.2-34)  L70.1-25)  0.008 randomization. The treatment groups
No. of patients 155 167 were well matched with respect to
Global test — — 1.9 (1.3-2.9) — 0.002 all base-line characteristics except
Barthel index 51 38 1.6 (1.1-2.5) 1.3 (1.0-1.7) 0.026 ioht i t 1 of the trial d
Modified Rankin scale 45 25 24(1.5-3.7)  1.8(1.3-2.4) <0.001 welight 1 part 1 ol the trial and age
Glasgow outcome scale 47 30 20(1.3-32)  1.6(12-21)  0.002 and aspirin use in part 2 (Tables 1
NIHSS 34 21 2.0 (1.2-3.2) 1.6 (1.1-2.3) 0.008

and 2).

* 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.

7The 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.

70 1 263 257 248

Survival (%)
3

O-I T T T T T T T T T
0 10 20 30 40 50 60 70 80 90

Days after Randomization

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.

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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NIHSS tients left with minimal or no deficit three months after
01 2-8 =9 Death t-PA therapy, as compared with placebo treatment, was
Placebo [ 20 | 32 | 27 [ 21 ] not accompanied by an increase in severe disability or
mortality. The results were similar in part 1. The posi-
tPA | 31 | 30 |_ 22 L 7 1 (ive effect of t-PA on all outcome measures at three
Percentage of Patients months was seen consistently in subgroups categorized
according to age, base-line classification of the stroke
Barthel Index subtype (Table 5), severity of the stroke, and use of as-
95-100 55-90 0-50 Death pirin before the stroke.
Placebo | 38 - EESEE. Symptomatic intracerebral hemorrhage during the
+PA | = - A s A first 36 hours occurred more commpnly in t-PA—treat-
. ed patients (P<<0.001 for the combined analysis) (Ta-
Percentage of Patients . . . .
ble 6). Patients with symptomatic intracranial hemor-
B . rhage had more severe deficits at base line (median
Modified Rankin Scale NIHSS score, 20; range, 3 to 29) than the study popu-
01 2-3 45 Death lation as a whole (median NIHSS score, 14; range, 1 to
Placebo | 26 | 25 [ 27 [ 21 ] : ; ith i i
37). Nine percent of the patients with intracranial
t+PA | 39 o ] 3 |7 hemor.rhage had CT evlidence of cerebral edema at
Percentage of Patients baS(? line, as compared with 4 percent of the study pop-
ulation as a whole. Another six patients had sympto-
Glasgow Outcome Scale matic intracranial bleeding (four given t-PA and two
1 2 3-4 Death given placebo) between 36 hours and three months af-
Placebo | 32 [ 22 | 25 [ 21 ] ter the start of treatment. Eleven deaths were attribut-
ed to intracerebral hemorrhage. At three months, 17 of
t-PA | 74 7 | 22 [ a7 ]

Percentage of Patients

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.

minimal or no disability (a score of 93 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-

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

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

STROKE SUBTYPE* t-PA PLACEBO
% WITH % WITH
NO. OF FAVORABLE NO. OF  FAVORABLE
PATIENTS OUTCOMET PATIENTS ~ OUTCOMET
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 117 135
Barthel index 49 36
Modified Rankin scale 40 22
Glasgow outcome scale 45 28
NIHSS 33 18
Cardioembolic 136 137
Barthel index 46 37
Modified Rankin scale 38 28
Glasgow outcome scale 39 31
NIHSS 29 20

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

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

for Stroke.
TYPE OF
INTRACRANIAL
HEMORRHAGE t-PA PLACEBO
no. (%)
Part 1 144 147
Symptomatic 8 (6) 0
Fatal* 4 0
Nonfatal 4 0
Asymptomatic 5@3) 32
Part 2 168 165
Symptomatic 12 (7) 2(1)
Fatal* 5 1
Nonfatal 7 1
Asymptomatic 9 (5) 6 (4)

*Values include all deaths attributed to hemorrhage.

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-
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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.?*® 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.?® Two other large, randomized trials of in-
travenous streptokinase were stopped early because of
an unacceptable rate of symptomatic intracranial hem-
orrhage.?’” 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.* 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.*

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 streptokinase?’%’
and t-PA.?° These differences may be due to the earlier
initiation of treatment® and lower doses used in our
study.?>®! Post-treatment elevation in blood pressure
may also increase the risk of hemorrhage.? 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, 1. 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, Tivelve 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.].
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 | — Henry Ford Health Sciences Center, J. Windham, H. Soltanian
Zadeh; Part 2 — University of Virginia Medical Center, W. Alves, ML.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: JR.
Marler.
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Safety of tPA in stroke mimics and

neuroimaging-negative cerebral ischemia
@ =~

ABSTRACT

Background: Patients with acute neurologic symptoms may have other causes simulating isch-
emic stroke, called stroke mimics (SM), but they may also have averted strokes that do not appear
as infarcts on neuroimaging, which we call neurocimaging-negative cerebral ischemia (NNCI). We
determined the safety and outcome of IV thrombolysis within 3 hours of symptom onset in pa-
tients with SM and NNCI.

Methods: Patients treated with IV tissue plasminogen activator (tPA) within 3 hours of symptom
onset were identified from our stroke registry from June 2004 to October 2008. We collected
admission NIH Stroke Scale (NIHSS) score, modified Rankin score (mRS), length of stay (LOS),
symptomatic intracerebral hemorrhage (sICH), and discharge diagnosis.

Results: Among 512 treated patients, 21 % were found not to have an infarct on follow-up imag-
ing. In the SM group (14 %), average age was 55 years, median admission NIHSS was 7, median
discharge NIHSS was O, median LOS was 3 days, and there were no instances of sICH. The most
common etiologies were seizure, complicated migraine, and conversion disorder. In the NNCI
group (7%), average age was 61 years, median admission NIHSS was 7, median discharge NIHSS
was 0, median LOS was 3 days, and there were no instances of sICH. Nearly all SM (87%) and
NNCI (91 %) patients were functionally independent on discharge (mRS 0-1).

Conclusions: Our data support the safety of administering IV tissue plasminogen activator to patients
with suspected acute cerebral ischemia within 3 hours of symptom onset, even when the diagnosis
ultimately is found not to be stroke or imaging does not show an infarct. Neurology® 2010;74:1340 -
1345

GLOSSARY

AIS = acute ischemic stroke; Cl = confidence interval; DWI = diffusion-weighted imaging; ED = emergency department;
LOS = length of stay; mRS = modified Rankin score; NIHSS = NIH Stroke Scale; NNCI = neuroimaging-negative cerebral
ischemia; OR = odds ratio; sICH = symptomatic intracerebral hemorrhage; SM = stroke mimics; tPA = tissue plasminogen
activator.

Although there is worldwide consensus among disease experts and independent regulators
regarding the utility of IV tissue plasminogen activator (tPA) for acute ischemic stroke (AIS),
there is concern about administering IV tPA to patients who present with clinical features
suggestive of AIS but have an alternative diagnosis.! AIS causes neurologic deficits that com-
monly occur in other disorders? for which tPA has no benefit and may carry an increased risk
for hemorrhage. When patients present to the emergency department (ED) with acute neuro-
logic deficits, time is important to make a rapid evaluation if IV tPA is being considered.> The
short time window of 3 hours from symptom onset to administer tPA (per Food and Drug
Administration label) may not allow physicians to make a correct diagnosis. A quick history
and neurologic examination, often with the NIH Stroke Scale (NIHSS), along with a CT scan
to rule out hemorrhage, comprise the main components of the evaluation. Such an approach
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may miss several other disorders that mimic
stroke or cannot reliably differentiate condi-
tions that masquerade as stroke, such as sei-
zure, complicated migraine, or functional
deficits. Does specificity matter in patients
presenting with suspected stroke once a brain
hemorrhage has been ruled out? Many would
argue that it is wrong to give a treatment that
is potentially dangerous to patients who do
not have the target disease. Vascular imaging
with CT angiography, magnetic resonance
angiography, or transcranial Doppler ultra-
sound can visualize large artery occlusions and
diffusion-weighted imaging (DWI) is highly
sensitive to detect ischemic stroke, but these
modalities are not universally available at pri-
mary and community hospitals.

In the absence of additional imaging, it is
estimated from studies that 3%-7% of pa-
tients treated with IV tPA for assumed acute
cerebral ischemia have a stroke mimic
(SM).>¢ However, these studies collectively
reported 13 patients with SMs who were
treated with tPA. No large study has ad-
dressed the question of safety of thrombolysis
in patients with SMs or in patients who did
not have an infarct on MRI and were not
found to have another diagnosis aside from
stroke (i.e., averted stroke). Herein, we report
a retrospective study of over 100 patients who
presented to our ED with symptoms concern-
ing for acute cerebral ischemia but who ulti-
mately were found to have an SM or who had
no supporting evidence for stroke on subse-
quent imaging and were discharged with an
averted stroke, which we call neuroimaging-
negative cerebral ischemia.

METHODS IV tPA protocol. The UT Stroke Program
follows established guidelines to administer IV tPA to sus-
pected acute stroke patients.” All patients who present to our
ED with suspected acute cerebral ischemia are evaluated by a
member of our stroke team. All patients undergo a rapid neu-
rologic evaluation with the NIHSS and a cranial CT scan to
rule out hemorrhage. Patients who, in the judgment of the
treating physician, may have acute cerebral ischemia within 3
hours of symptom onset, even when other diagnoses are being
considered, are treated with IV tPA as soon as possible after
presentation to the ED. Our protocol follows from the Na-
tional Institute of Neurological Disorders and Stroke trial,” in
which eligibility is based on whether the patient has measur-
able deficits on the NTHSS scale. Any patient with a disabling
deficit including mild hemiparesis, hemianopsia, or aphasia is

considered for IV tPA. All treated patients are monitored ei-

e 10

ther in our stroke unit with continuous cardia¢ monitoring or
the neurointensive care unit for at least 24 hours after initia-
tion of thrombolysis. An MRI or CT scan is routinely ob-
tained within 24 hours after treatment.

Study design. We conducted a retrospective study of patients
derived from our prospective stroke registry. We determined the
safety and outcome of IV thrombolysis within 3 hours of symp-
tom onset in patients who presented to our ED and were found,
during hospitalization, not to have an ischemic stroke. Patients
treated with full-dose, 0.9 mg/kg, IV (PA within 3 hours of
symptom onset were identified from June 2004 to October
2008. We collected NIHSS on admission and discharge, dis-
charge modified Rankin Scale (mRS) score, length of stay
(LOS), past medical history, and symptomatic intracerebral
hemorrhage (sICH), as defined in the National Institute of Neu-
rological Disorders and Stroke trial,” and discharge diagnosis.
Initial and follow-up neuroimaging with CT and/or MRI were
performed as a part of our routine stroke evaluation. All patients
who met inclusion for this study had undergone neuroimaging
initially with CT upon presentation, multimodal MRI (DWTI,
magnetic resonance angiography, fluid-attenuated inversion re-
covery, and gradient echo imaging) within 24 hours of presenta-
tion, and then CT or multimodal imaging before hospital
discharge. Diagnosis of SM was based on the absence of acute
ischemia/infarct on pre and post IV tPA treatment neuroimaging
(<24 hours from the time of onset) and follow-up neuroimaging
(>24 hours from the time of onset) in addition to an alternate
discharge diagnosis. Diagnosis of neuroimaging-negative cere-
bral ischemia (NNCI) was based on presentation of acute cere-
bral ischemia in the ED, the absence of acute ischemia/infarct on
pre and post IV tPA treatment neuroimaging (<24 hours from
the time of onset), and follow-up posttreatment neuroimaging

(>24 hours from the time of onset).

Standard protocol approvals, registrations, and patient
consents. This project was approved by the University of Texas—

Houston Health Science Center Institutional Review Board.

Statistics. Statistical analyses were performed using SPSS 15.0
(SPSS Inc, Chicago, IL). Continuous variables were reported as
mean = SD when the distribution was normal and median with
range for non-normal distributions. Categorical variables were
analyzed using x?, Fisher exact test, or analysis of variance where

appropriate.

RESULTS Over the study period, we treated 512
suspected stroke patients with full dose IV tPA (0.9
mg/kg). A total of 106 (21%) were not found to have
an infarct on posttreatment DW1I obtained within 1
day of hospitalization and subsequent posttreatment
CT or MRI performed 24 hours after admission.
Among the 106 patients, 69 had an SM (14% of the
512 patients) and 37 (7% of the 512 patients) had
NNCI. Twelve patients were excluded from analysis
because they did not undergo follow-up posttreat-
ment neuroimaging. Follow-up MRI after 24 hours
was done in 64% of patients, follow-up CT was done
in 79%, and both a follow-up MRI and CT was
done in 44% of patients.

Demographics of SM and NNCI patients. Demo-
graphics of SM and NNCI patients are detailed in
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Table Clinical characteristics, safety, and functional outcomes of patients
with stroke mimics, NNCI, and acute ischemic stroke

Acute ischemic

Stroke mimics NNCI stroke
(n=69) (n=37) (n=406)
Age, y, mean = SD*¢ 55+ 15 61 +15 65+ 15
Gender, male, %2¢ 40 68 54
Race, white, %° 51 60 62
Admission NIHSS, median 7 (1-21) 7 (1-28) 13 (1-40)
(range)®© (IQR 4-11) (IQR 5-12) (IQR 8-19)
(IQR 5-12)

Admission NIHSS 1-4, % 36.9 21.6 10.4
Hyperlipidemia, % ¢ 55 73 72
Hypertension, %2 29 43 25
Diabetes mellitus, % 0 0 26
Atrial fibrillation, %°¢ 2 6 19
Coronary artery disease, %° 4 12 10
Alcohol abuse, % 13 15 0.7
Prior cocaine use, % 7 12 0.4
Current tobacco use, % 36 30 24
Time from last seen normal 156 (30-180) 138(47-180) 140 (10-180)
to IV tPA, min, median (IQR 126-180) (IQR 106-156) (IQR114-161)
(range)

Symptomatic ICH, % 0 0 5.8

Angioedema, % 0 0 22
Discharge mRS, median 0(0-5) 0(0-4) 4(0-6)
(range)®© (IQR 0-1) (IQR 0-0) (IQR 2-5)
Discharge mRS, %

mRS 0P 74 91 8

mRS 12b 13 0 13

mRS 2 2 8 11

mRS 3 4 3 16

mRS 4 5 3 25

mRS 5 2 0 17

mRS 6 0 0 10
Length of stay, d, median 3(2-10) 3(2-10) 6 (1-50)
(range)®< (IQR 2-5) (IQR 2-5) (IQR 4-9)
Disposition, %

Home®*© 81 81 31

Inpatient rehabilitation 8 6 26

Skilled nursing facility 6 8 19

Other 5 5 24

Abbreviations: IQR = interquartile range; mRS = modified Rankin score; NIHSS = NIH Stroke
Scale; NNCI = neuroimaging-negative cerebral ischemia; tPA = tissue plasminogen activator.
ab.c|ndicate significant differences in pairwise comparisons: 2p < 0.05, difference between
stroke mimics and NNCI; ’p < 0.05, difference between NNCI and acute ischemic stroke;
°p < 0.05, difference between stroke mimics and acute ischemic stroke.

the table. In the SM group (n = 69), the average age
was 55 = 15 years, 60% were female, and 51% were
white. The median NIHSS on admission was 7. In
the NNCI group (n = 37), the average age was 61 =
15 years, 32% were female, and 60% were white.
The median NITHSS on admission was 7. There were
no significant differences between SM and NNCI
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groups except there were higher ratespgpﬁ;;ertension
and hyperlipidemia in the NNCI group and higher
rates of CAD in the SM group. In comparison with
the SM group, patients with AIS were older (65 =
15 years) and had higher admission NIHSS on ad-
mission (median 13) and higher rates of hyperlipid-
emia, atrial fibrillation, and coronary artery disease.
In comparison with the NNCI group, AIS patients
had higher admission NIHSS scores and higher rates
of hyperlipidemia and atrial fibrillation. There was a
higher percentage of patients with NIHSS 1-4 in the
SM group compared to the other groups. In fact,
when compared to AIS patients, SMs were 5 times
more likely to have an NIHSS of 1-4 (odds ratio
[OR] 5.1, 95% confidence interval [CI] 2.8-9.2,
2 < 0.0001). None of the SM or NNCI patients

presented with pure sensory symptoms.

Etiologies of SM. Etiologies of SM are shown in the
figure. The most common etiologies in the SM
group were seizure (38%), complicated migraine
(37%), and conversion disorder (21%). Case vi-
gnettes for each of these conditions are provided in
appendix e-1 on the Neurology® Web site at www.
neurology.org. In those patients diagnosed with a sei-
zure, 2 patients presented with a history of motor
activity before IV tPA administration and the rest of
the patients had, during hospitalization, witnessed
motor activity consistent with a seizure, an EEG
showing epileptiform features explaining the present-
ing symptoms, or symptoms that resolved with IV
Ativan but not tPA. There were single cases of aseptic
meningitis, heatstroke, cardiac syncope due to ar-
rthythmia, and spinal epidural mass.

Etiologies of NNCI. The presumptive diagnosis was
cither a TIA or partial/complete recanalization and
reperfusion after tPA. Based on the TOAST classifi-
cation, etiologies were cardioembolic (3.3%), large
artery (6.7%), small artery (8.3%), cryptogenic (30%),
and other (51.7%). The other category included NNCI
patients who had cocaine detected on a positive urinary
drug screening, leading to a presumptive clinical diag-

nosis of cocaine-associated vasospasm.

Safety outcomes. None of the patients with SM or
NNCI had a systemic hemorrhage, intracerebral
hemorrhage, or angioedema (table). One patient was
found to have an epidural cervical spinal mass after
tPA infusion was completed. The patient was taken
for surgical decompression of the mass, which was
found to be a tumor that had showed signs of hemor-
rthage. In comparison, patients with AIS had a 6%
incidence of sSICH and 2% incidence of angioedema.

Functional outcomes. SM and NNCI patients had a
median NIHSS on discharge of 0 and the median
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LOS was 3 days (table). The majority were function-
ally independent on discharge (mRS 0-1) and the
median discharge mRS was 0 in both groups. A total
of 81% were discharged home and the remaining
patients had baseline neurologic deficits or func-
tional weakness for which a neuroanatomic etiology
could not be found. They were transferred to other
services: inpatient rehabilitation, skilled nursing
facility, or an inpatient medical floor. In compari-
son, patients with AIS had a median 6-day LOS
and 21% were functionally independent on dis-
charge (mRS 0-1).

Excluded patients. We also analyzed the 12 patients
excluded from this study and found an average age of
48 * 13 years, median admission NIHSS 9, no in-
stances of sICH, and median discharge mRS 0.
There were no significant differences in stroke sever-
ity or other baseline characteristics compared with

the SM or NNCI group.

DISCUSSION It is of paramount importance to
study the safety of IV tPA in patients with suspected
acute cerebral ischemia who are ultimately found on
hospital workup not to have a stroke. Within 3 hours
after the onset of symptoms, it may be difficult to
determine whether acute neurologic signs are due to
stroke or to another cause. ED physicians are uncom-
fortable differentiating a hemiplegic migraine, for ex-
ample, from stroke.* The concern is that exposing
patients who do not have ischemic stroke to an added
risk of hemorrhage with tPA is inappropriate.*

Over a 4-year period, we discovered that 21% of
our patients who had presented to our ED with
symptoms suggestive of acute cerebral ischemia and
had received Food and Drug Administration—
approved IV tPA did not have a confirmed infarct on
subsequent DWI. Among all treated patients, the in-
cidence of SM was 14% and NNCI was 7%. Our

stroke center has a wide referral base and a high vol-

ume of hyperacute patients with nlz%%ce)lgzgic prob-
lems requiring emergency stroke workup to consider
administration of standard of care IV tPA. The inci-
dence of SM in our patient population is higher than
other reported studies, which might reflect a greater
number of patients referred and evaluated for throm-
bolysis, and possibly a lower threshold to treat with
IV tPA at our center. Our treatment approach is to
consider any patient for thrombolysis with a measur-
able deficit that is disabling such as a mild hemipare-
sis. In addition, we used serial monitoring of patients
with imaging as part of the definition of SM and
NNCI groups. All SM and NNCI patients had
follow-up posttreatment neuroimaging. Previous
studies did not consistently use posttreatment imag-
ing as a selection criterion for SM.>¢®# Our method to
define SM may be a limiting factor to determine the
actual SM rate among hospitals without primary
stroke centers.

To our knowledge, this is the largest reported se-
ries of patients with SM treated with tPA. In contrast
to patients with AIS, they were younger, were more
often women, and had significantly lower admission
NIHSS scores. SM patients had a more favorable
functional status and disposition at discharge com-
pared with AIS patients. Other studies with a smaller
sample number have not found demographic differ-
ences between AIS and SM patients.” SM patients
were diagnosed with a variety of territorial syn-
dromes: right and left MCA, posterior circulation,
and subcortical presentations. A prior study of 7
treated SM patients found mainly left MCA symp-
toms. Consistent with prior studies,”** the main SM
etiologies were seizures, migraine, and conversion
disorder. However, we also treated patients with
tPA who were subsequently diagnosed with aseptic
meningitis, a cervical epidural mass, and cardiac
syncope.

Neuroimaging before and after treatment in the
absence of an alternative diagnosis other than acute
cerebral ischemia allowed us to distinguish an NNCI
group from the SM group. Rapid, sometimes dra-
matic recovery from stroke-like syndromes within 24
hours after IV thrombolysis has previously been re-
ported.®” As per the WHO criteria, acute focal defi-
cits resolving after treatment might be described as
TIAs. Such patients may have recanalized rapidly af-
ter tPA before imaging could show damage. These
patients have also been described as having an
averted stroke.!® Our findings are in agreement with
a recent study showing that tPA was safe to adminis-
ter in 23 patients with suspected cerebral ischemia
who were found not to have an infarct and were di-
agnosed with TIA.'® Alternatively, small strokes may
not be detected on neuroimaging, including DWI.
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False negative DWT studies have been described in
acute ischemic stroke within the first 24 hours of symp-
tom onset in which follow-up studies confirmed the
“missing” infarct.!! However, in our dataset, all patients
had imaging not only before treatment but at least 24
hours after treatment. Given the absence of an infarct
and that no diagnosis other than averted stroke could be
found, we believed this condition merited its own cate-
gory separate from SM. Pretreatment vascular studies
and perfusion imaging would have been helpful to bet-
ter define if NNCI patients had evidence for ischemia
or evidence for recanalization after thrombolysis. It is
also possible that some patients in this group had a
nonischemic etiology that was not found during
hospitalization.

Despite finding that we gave IV tPA to 14% of
patients with suspected acute cerebral ischemia who
were ultimately diagnosed with an SM, we found no
instances of symptomatic or systemic hemorrhage
despite a range of nonstroke diagnoses. It may not be
surprising to have found no instances of sICH in
these patients since they did not have a stroke. Pa-
tients treated with IV tPA for acute myocardial in-
farction have less than 1% incidence of intracerebral
hemorrhage, and the tPA dose for stroke is lower.!?
The patient who presented with a cervical epidural
mass and acute focal deficits required surgery, during
which it was found that the mass had bled after tPA.
However, we believe the patient’s symptoms did not
worsen because of the hemorrhage. Most patients
with SM and NNCI had shorter hospital stays, sig-
nificant improvement on the NIHSS score, and ex-
cellent functional outcomes.

This study has important limitations including its
retrospective design and single center experience
from a comprehensive stroke center. Therefore, ex-
trapolating the results to community hospitals with
lower volumes of stroke patients must be done with
caution. The small sample size may possibly intro-
duce sample and selection bias. In the National Insti-
tute of Neurological Disorders and Stroke trial,” the
rate of ICH in the treated group was 6.41% (95% CI
3.69%-9.13%). Thus, the margin of error with a
95% CI was 2.72%. The sample size needed to ob-
tain this rate is 312. Thus, while our sample of 405
AIS patients is adequate to observe the same rate of
ICH as in the National Institute of Neurological
Disorders and Stroke trial with at least 95% confi-
dence, the sample size in our study of SM and NNCI
patients was not powered to detect such a difference.
Thus, this retrospective study is vulnerable to type II
error. Certain patients were excluded from our anal-
ysis if they were unable to undergo MRI secondary to
large body size or presence of implants. While our
study suggests that the safety risk is low in patients
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who later turn out to have an SM, %%%ega%a should
not be used to excuse a less than thorough evaluation.
All patients enrolled in this study and treated with
tPA met published Food and Drug Administration
and American Heart Association guidelines for treat-
ment, and we do not advocate that these criteria
should be shortcut. However, even if these criteria
are followed, the diagnosis of stroke will remain
based on clinical judgment. Our data would support
that if the clinician thinks that the patient may be
experiencing a stroke, and the patient meets accepted
guidelines, the patient should be treated.

Overall, our data together with others>®!® sup-
port administering IV tPA to patients presenting in
the 3-hour window with suspected AIS, even when
alternate etiologies are being considered. Taken col-
lectively, the preponderance of data from this study
and the literature suggests that delaying IV (PA ad-
ministration in the ED in order to obtain further
investigations beyond cranial CT in the form of im-
aging or EEG may not be warranted, even if the di-
agnosis ultimately is not AIS. However, some centers
are able to rapidly obtain additional testing such as
CT angiography with CT or even an MRI in the ED
setting. Because the risk of emergently treating SMs
such as migraine are low, and there is loss of potential
benefit in withholding treatment if the patient is in-
deed having a stroke, we favor IV tPA treatment if
the patient meets Food and Drug Administration
and American Heart Association criteria for throm-
bolysis. Subsequent studies after tPA initation can
be performed to better clarify the etiology in cases
where the diagnosis is uncertain. Further prospective
investigations are needed to establish the safety of
thrombolysis in SM and NNCL
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New Guideline Addresses Issue of Driving with
Dementia

A new evidence-based clinical guideline published by the American Academy of Neurology in the
April 20, 2010, edition of the journal Neurology® urges people with dementia who drive to proceed
with caution and prepare to give up their keys eventually. Accepting the driving risks associated with
dementia requires careful thought by all involved. In time, however, nearly all people with dementia
will have to give up driving. It is important for doctors to discuss this with patients and caregivers
soon after diagnosis. Physicians should consider multiple information sources to evaluate driving
safety (e.g., cognitive tests, on-road driving tests). It is important that the decision to stop driving be
directed by a doctor trained and experienced in working with people with dementia and their
families. Visit www.aan.com/go/practice/guidelines for more information.
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Thrombolysis with Alteplase 3 to 4.5 Hours

after Acute Ischemic Stroke
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and Danilo Toni, M.D., for the ECASS Investigators*

ABSTRACT

BACKGROUND

Intravenous thrombolysis with alteplase is the only approved treatment for acute
ischemic stroke, but its efficacy and safety when administered more than 3 hours
after the onset of symptoms have not been established. We tested the efficacy and
safety of alteplase administered between 3 and 4.5 hours after the onset of a stroke.
METHODS

After exclusion of patients with a brain hemorrhage or major infarction, as detected
on a computed tomographic scan, we randomly assigned patients with acute ischemic
stroke in a 1:1 double-blind fashion to receive treatment with intravenous alteplase
(0.9 mg per kilogram of body weight) or placebo. The primary end point was dis-
ability at 90 days, dichotomized as a favorable outcome (a score of 0 or 1 on the
modified Rankin scale, which has a range of 0 to 6, with 0 indicating no symptoms
at all and 6 indicating death) or an unfavorable outcome (a score of 2 to 6 on the
modified Rankin scale). The secondary end point was a global outcome analysis of
four neurologic and disability scores combined. Safety end points included death,
symptomatic intracranial hemorrhage, and other serious adverse events.

RESULTS

We enrolled a total of 821 patients in the study and randomly assigned 418 to the
alteplase group and 403 to the placebo group. The median time for the administration
of alteplase was 3 hours 59 minutes. More patients had a favorable outcome with alte-
plase than with placebo (52.4% vs. 45.2%; odds ratio, 1.34; 95% confidence interval
[CI], 1.02 to 1.76; P=0.04). In the global analysis, the outcome was also improved with
alteplase as compared with placebo (odds ratio, 1.28; 95% CI, 1.00 to 1.65; P<0.05).
The incidence of intracranial hemorrhage was higher with alteplase than with pla-
cebo (for any intracranial hemorrhage, 27.0% vs. 17.6%; P=0.001; for symptomatic
intracranial hemorrhage, 2.4% vs. 0.2%; P=0.008). Mortality did not differ significant-
ly between the alteplase and placebo groups (7.7% and 8.4%, respectively; P=0.68).
There was no significant difference in the rate of other serious adverse events.
CONCLUSIONS

As compared with placebo, intravenous alteplase administered between 3 and 4.5
hours after the onset of symptoms significantly improved clinical outcomes in pa-
tients with acute ischemic stroke; alteplase was more frequently associated with
symptomatic intracranial hemorrhage. (ClinicalTrials.gov number, NCT00153036.)
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NTRAVENOUS THROMBOLYTIC TREATMENT

with alteplase, initiated within 3 hours after

the onset of symptoms, is the only medical
therapy currently available for acute ischemic
stroke. In 1995, the National Institute of Neuro-
logical Disorders and Stroke (NINDS) study group
reported that patients with acute ischemic stroke
who received alteplase (0.9 mg per kilogram of
body weight) within 3 hours after the onset of
symptoms were at least 30% more likely to have
minimal or no disability at 3 months than those
who received placebo.® Two European trials, the
European Cooperative Acute Stroke Study (ECASS)
and ECASS II, investigated a time window of up
to 6 hours but failed to show the efficacy of throm-
bolytic treatment, as defined by each trial.23

A subsequent analysis of the NINDS study*
and the combined analysis® of data from six ran-
domized trials,%>%7 which investigated throm-
bolysis treatment for ischemic stroke in a total
of 2775 patients, showed a clear association be-
tween treatment efficacy and the interval between
the onset of symptoms and administration of the
thrombolytic agent. In the pooled analysis, a fa-
vorable outcome was observed even if treatment
was given between 3 and 4.5 hours, with an odds
ratio of 1.4 for a favorable outcome with alte-
plase treatment as compared with placebo. This
analysis also suggested that the longer time
window, as compared with the shorter window,
was not associated with higher rates of symp-
tomatic intracranial hemorrhage or death.> In-
ternational guidelines recommend alteplase as a
first-line treatment for eligible patients when
administered within 3 hours after the onset of
stroke.31° Despite this recommendation, alteplase
is underused; it is estimated that fewer than 2%
of patients receive this treatment in most coun-
tries, primarily because of delayed admission to
a stroke center.!?

Thrombolysis with alteplase has been approved
in most countries. In Europe, the European
Medicines Agency (EMEA) granted approval of
alteplase in 2002 but included two requests. One
request was that an observational safety study be
initiated; subsequently, the Safe Implementation
of Thrombolysis in Stroke—Monitoring Study
(SITS-MOST) was undertaken. This study con-
firmed that alteplase is as safe and effective in
routine clinical practice as it is in randomized
trials.*? The second request was that a random-
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ized trial be conducted in which the therapeutic
time window was extended beyond 3 hours.

We describe the results of ECASS III, a ran-
domized, placebo-controlled, phase 3 trial de-
signed to test the hypothesis that the efficacy of
alteplase administered in patients with acute
ischemic stroke can be safely extended to a time
window of 3 to 4.5 hours after the onset of stroke
symptoms.

METHODS

PATIENT POPULATION AND STUDY DESIGN
ECASS III was a double-blind, parallel-group trial
that enrolled patients from multiple centers across
Europe (see the Appendix). Patients were eligible
for inclusion in the study if they were 18 to 80
years of age, had received a clinical diagnosis of
acute ischemic stroke, and were able to receive
the study drug within 3 to 4 hours after the onset
of symptoms. A cerebral computed tomographic
(CT) scan was required before randomization to
exclude patients who had an intracranial hemor-
rhage or major ischemic infarction. In some cases,
magnetic resonance imaging (MRI) was per-
formed instead of CT (Fig. 1). The inclusion and
exclusion criteria are summarized in Table 1. In
May 2005, after 228 patients had been enrolled,
the study protocol was amended, and the time
window of 3 to 4 hours was extended by 0.5 hour
(3 to 4.5 hours). There were two reasons for the
extension of the time window: the publication of
the pooled analysis, which suggested that patients
may benefit from thrombolytic treatment admin-
istered up to 4.5 hours after the onset of symp-
toms,> and a slow rate of patient recruitment.
The trial protocol and the amendments were ac-
cepted by the EMEA and were approved by the
institutional review boards of the participating
centers. All patients or legally authorized repre-
sentatives gave written informed consent before
enrollment.

RANDOMIZATION AND TREATMENT
Eligible patients were randomly assigned, in a 1:1
ratio, to receive 0.9 mg of alteplase (Actilyse,
Boehringer Ingelheim) per kilogram, administered
intravenously (with an upper limit of 90 mg), or
placebo. An interactive voice-randomization sys-
tem was used, with randomization at centers
performed in blocks of four to ensure a balanced
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THROMBOLYSIS WITH ALTEPLASE 3 TO 4.5 HOURS AFTER ACUTE ISCHEMIC STROKE

821 Patients were enrolled

821 Underwent randomization

418 Were assigned to receive
alteplase and were included in the
intention-to-treat population

403 Were assigned to receive
placebo and were included in the
intention-to-treat population

43 Were excluded from the per-
protocol analyses
12 Did not receive treatment
4 Had uncontrolled hyper-
tension
10 Did not meet age criterion
10 Did not meet CT criteria
1 Received treatment out-
side 3—4.5-hr window
6 Had other reason

48 Were excluded from the per-
protocol analyses
13 Did not receive treatment
13 Had uncontrolled hyper-
tension
6 Did not meet age criterion
7 Did not meet CT criteria
7 Received treatment out-
side 3—4.5-hr window
2 Had other reason

375 Received alteplase and were
included in the per-protocol
population

355 Received placebo and were
included in the per-protocol
population

Protocol Population.

Figure 1. Numbers of Patients Who Were Enrolled, Randomly Assigned to a Study Group, and Included in the Per-
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The intention-to-treat population was defined as all patients who were enrolled and randomly assigned to a study
group. The per-protocol population was defined as all randomly assigned patients who received alteplase or placebo
and who were not excluded because of major protocol violations, which included, most notably, noncompliance
with the current European Summary of Product Characteristics for alteplase (excluding time window of treatment).
Of the randomly assigned patients, 771 were evaluated by means of CT and 50 by means of MRI at baseline. Among
the 418 patients assigned to treatment with alteplase, 13 were lost to follow-up, and among the 403 patients assigned
to receive placebo, 10 were lost to follow-up; the worst possible outcome for the primary end point was imputed for
these patients. Among those excluded from per-protocol analyses, reasons for exclusion listed as “other” included

of consent.

a history of both stroke and diabetes, treatment with an oral anticoagulant within 24 hours, broken medication
code, treatment with a prohibited medication, no ischemic stroke, and either no informed consent or withdrawal

distribution of group assignments at any time.
The size of the blocks was withheld from the in-
vestigators to make sure that they were unaware
of the treatment assignments. Alteplase and
matched placebo were reconstituted from a ly-
ophilized powder in sterile water for injection. Of
the total dose, 10% was administered as a bolus,
and the remainder was given by continuous in-
travenous infusion over a period of 60 minutes.
With the exception of the extended time window,
alteplase was to be used in accordance with cur-
rent European labeling.

STUDY MANAGEMENT

The steering committee designed and oversaw the
trial. An independent data and safety monitoring
board regularly monitored the safety of the trial.
The data and safety monitoring board did not
have access to functional outcome data but re-
ceived a group assignment of A or B for death
and C or D for monitoring of symptomatic intra-
cranial hemorrhage to ensure unbiased review of
each of the two main safety outcomes. The chair
of the data and safety monitoring board, who
contributed to the design of the trial but had no
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Table 1. Major Inclusion and Exclusion Criteria.

Main inclusion criteria
Acute ischemic stroke

Age, 18 to 80 years

Main exclusion criteria
Intracranial hemorrhage

Time of symptom onset unknown

Seizure at the onset of stroke

Combination of previous stroke and diabetes mellitus

Platelet count of less than 100,000 per cubic millimeter

Oral anticoagulant treatment

Onset of stroke symptoms 3 to 4.5 hours before initiation of study-drug administration

Stroke symptoms present for at least 30 minutes with no significant improvement before treatment

Symptoms rapidly improving or only minor before start of infusion

Severe stroke as assessed clinically (e.g., NIHSS score >25) or by appropriate imaging techniques*

Stroke or serious head trauma within the previous 3 months

Administration of heparin within the 48 hours preceding the onset of stroke, with an activated partial-thromboplastin
time at presentation exceeding the upper limit of the normal range

Systolic pressure greater than 185 mm Hg or diastolic pressure greater than 110 mm Hg, or aggressive treatment
(intravenous medication) necessary to reduce blood pressure to these limits

Blood glucose less than 50 mg per deciliter or greater than 400 mg per deciliter

Symptoms suggestive of subarachnoid hemorrhage, even if CT scan was normal

Major surgery or severe trauma within the previous 3 months

Other major disorders associated with an increased risk of bleeding

* A severe stroke as assessed by imaging was defined as a stroke involving more than one third of the middle cerebral-
artery territory. NIHSS denotes National Institutes of Health Stroke Scale in which total scores range from 0 to 42, with

higher values reflecting more severe cerebral infarcts.

role in the conduct of the study, was invited to be
part of the writing committee after completion
of the trial. Monitoring and data management
were undertaken by the sponsor of the trial. Sta-
tistical analyses were performed simultaneously
by an independent external statistician and the
statistician of the sponsor. The steering commit-
tee had complete access to the trial data after the
database had been locked and assumed complete
responsibility for the final statistical analysis and
interpretation of the results. All study committees
are listed in the Appendix. All the authors vouch
for the accuracy and completeness of the data
and analyses.

CONCOMITANT THERAPIES
Treatment with intravenous heparin, oral antico-
agulants, aspirin, or volume expanders such as
hetastarch or dextrans during the first 24 hours
after administration of the study drug had been
completed was prohibited. However, the use of

subcutaneous heparin (£10,000 IU), or of equiva-
lent doses of low-molecular-weight heparin, was
permitted for prophylaxis against deep-vein
thrombosis.

CLINICAL ASSESSMENT
Patients were assessed by an examiner who was
unaware of the treatment assignment. Assess-
ments were made at the time of enrollment, at 1,
2, and 24 hours after administration of the study
drug was begun, and on days 7, 30, and 90 after
administration of the drug. In addition, the pa-
tients’ clinical condition (e.g., blood pressure, oxy-
genation, and heart rate) was closely monitored
for the first 24 hours. Initial assessments included
a physical examination, CT or MR, and the quan-
tification of any neurologic deficit with the use
of the National Institutes of Health Stroke Scale
(NIHSS), a 15-item scale that measures the level
of neurologic impairment. Total scores on the
NIHSS range from 0 to 42, with higher values
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reflecting more severe cerebral infarcts (<5, mild
impairment; 25, very severe neurologic impair-
ment).®> Examiners were trained and certified in
the use of the NIHSS examination. Patients were
assessed with the NIHSS on days 1, 7, 30, and 90.
The modified Rankin scale,’* a measure of dis-
ability, was used to assess patients on days 30
and 90. Scores on the modified Rankin scale
range from 0 (no symptoms at all) to 6 (death);
a score of 5 indicates severe disability (the patient
is bedridden and incontinent and requires con-
stant nursing care and attention). Investigators
were instructed in the use of the modified Rankin
scale by watching video clips from a training
DVD.*> During the follow-up period, two other
commonly used functional scales were also ap-
plied?®: the Barthel Index'” and the Glasgow Out-
come Scale.’® The Barthel Index, which assesses
the ability to perform activities of daily living, on
a scale that ranges from 0 (complete dependence
on help with activities of daily living) to 100 (in-
dependence), was scored on days 30 and 90. We
assigned a score of 0 to patients who died. The
Glasgow Outcome Scale, a 5-point scale on which
1 indicates independence, 3 severe disability, and
5 death, was scored on day 90.

ASSESSMENT OF HEMORRHAGES AND ADJUDICATION
OF SYMPTOMATIC INTRACRANIAL HEMORRHAGE

CT or MRI was performed before treatment and
22 to 36 hours after treatment. Additional CT
studies were performed at the discretion of the
investigators. Members of the safety outcome ad-
judication committee, who were unaware of the
treatment assignments, reviewed all CT or MRI
scans, classified the findings according to the
ECASS morphologic definitions,? and logged the
results in a database. On the basis of these find-
ings, the chairs of the safety outcome adjudica-
tion committee and the steering committee, who
remained unaware of the treatment assignments,
together adjudicated whether each death or score
change indicating neurologic deterioration was
likely to have been due to intracranial hemor-
rhage, other brain injury or disease, or neither of
these causes.

OUTCOME MEASURES
The primary efficacy end point was disability at
day 90 (3-month visit), as assessed by means of
the modified Rankin scale, dichotomized as a
favorable outcome (a score of 0 or 1) or an unfa-

vorable outcome (a score of 2 to 6). The second-
ary efficacy end point was a global outcome
measure that combined the outcomes at day 90
of a score of 0 or 1 on the modified Rankin scale,
a score of 95 or higher on the Barthel Index, a
score of 0 or 1 on the NIHSS, and a score of 1 on
the Glasgow Outcome Scale.® Further functional
end points were based on predefined cutoff points
for the NIHSS score (a score of 0 or 1, or more
than an 8-point improvement in the score), the
score on the modified Rankin scale (dichoto-
mized as 0 to 2 or 3 to 6), and the Barthel Index
(295 points), assessed on day 90 and also on day
30. Because of recent interest in the scientific
community in a stratified analysis of the outcome
distribution of the modified Rankin scale at day
90, this type of evaluation was undertaken ac-
cording to the methods described previously.*°

Safety end points included overall mortality at
day 90, any intracranial hemorrhage, symptom-
atic intracranial hemorrhage, symptomatic ede-
ma (defined as brain edema with mass effect as
the predominant cause of clinical deterioration),
and other serious adverse events. In the ECASS III
protocol, symptomatic intracranial hemorrhage
was defined as any apparently extravascular blood
in the brain or within the cranium that was as-
sociated with clinical deterioration, as defined
by an increase of 4 points or more in the score
on the NIHSS, or that led to death and that was
identified as the predominant cause of the neu-
rologic deterioration. To allow comparison with
published data, a post hoc analysis of rates of
symptomatic intracranial hemorrhage was also
performed according to definitions used in
other trials.t,312,20

STATISTICAL ANALYSIS
Efficacy end points were assessed in the intention-
to-treat population, which included all randomly
assigned patients, whether or not they were treat-
ed. In the case of missing data on outcome among
patients known to be alive, the worst possible
outcome score was assigned. For the primary end
point, between-group differences were calculated
with the use of the chi-square test of proportions
(with a two-sided alpha level of 5%). Ninety-five
percent confidence intervals were calculated for
odds ratios and for relative risk. In keeping with
the study protocol, all predefined analyses were
performed without adjustment for confounding
factors. A post hoc adjusted analysis (logistic re-
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gression) of the primary end point was under-
taken in the intention-to-treat population. This
analysis was performed by including all baseline
variables in the model and retaining those that
were significant at P<0.10. For the secondary end
point — the probability of a favorable outcome
with alteplase as compared with placebo — a

Table 2. Demographic and Baseline Characteristics of the Patients.

Characteristic

Age (y1)

Male sex (%)

Weight (kg)

NIHSS scoref
Mean

Median

Systolic pressure (mm Hg)

Diastolic pressure

Diabetes (%)

Previous use of aspirin or antiplatelet

drugs (%)

Hypertension (%)

Atrial flutter or fibrillation (%)
History of stroke (%)
Smoking status (%)

Never smoked

Ex-smoker

Current smoker

Time to treatment initiation

Median

By 0.5-hr period§
=3.0to <3.5 hr (%)
>3.5 to <4.0 hr (%)
>4.0 to <4.5 hr (%)

Study Group P Value*
Alteplase Placebo
(N=418) (N=403)
64.9+12.2 65.6+11.0 0.36
63.2 57.3 0.10
78.5£15 78.0+16 0.62
0.03
10.7+5.6 11.6+5.9
9 10
152.6+19.2 153.3+22.1 0.63
(mm Hg) 84.4+135  839:136  0.58
14.8 16.6 0.47
311 325 0.65
62.4 62.8 0.88
12.7 13.6 0.67
7.7 14.1 0.003
0.93
48.6 46.2
20.6 24.6
30.6 28.8
3hr59min 3hr58min  0.49
0.44
9.6 10.4
45.7 47.9
41.6 36.7

st

(=)

* Any difference between groups occurred despite randomization and was there-

fore due to chance. Post hoc P values are merely illustrative and have not been
adjusted for multiple comparisons, for which P=0.004 would be considered
to indicate statistical significance.

Scores on the National Institutes of Health Stroke Scale (NIHSS) range from
0 to 42, with higher values reflecting more severe neurologic impairment (<5,
mild impairment; =25, very severe impairment).

Data for smoking status were not available for one patient in the alteplase
group and two patients in the placebo group.

Percentages do not add up to 100 because no exact time of treatment initiation
was available for 12 patients in the alteplase group and 15 patients in the pla-
cebo group; in addition, treatment was initiated after 4.5 hours in 1 patient in
the alteplase group and in 5 patients in the placebo group.
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global odds-ratio test based on a linear logistic-
regression model (a method that uses general-
ized estimation equations to perform a Wald-type
test)?-22 was used. For the per-protocol popula-
tion (Fig. 1), the same statistical tests were ap-
plied. The post hoc stratified analysis of scores
on the modified Rankin scale was adjusted for
the two most strongly prognostic baseline vari-
ables: the NTHSS score and the time to the start
of treatment.®

The calculation of the sample size was based
on the analysis of pooled data from the cohorts
that received thrombolysis or placebo between
3 and 4.5 hours after the onset of symptoms®
(with data from the first ECASS trial®> excluded
because of the higher dose of alteplase used in
that trial). On the basis of these data, we calcu-
lated that 400 patients per group were required
in order to have 90% power to detect an odds
ratio of 1.4 for the primary end point.

RESULTS

STUDY PATIENTS
Between July 29, 2003, and November 13, 2007,
a total of 821 patients from 130 sites in 19 Euro-
pean countries were randomly assigned to a study
group: 418 patients were assigned to receive alte-
plase and 403 patients were assigned to receive
placebo (Fig. 1). Grouped according to 0.5-hour
intervals, 10.0% of the patients were treated be-
tween 3 and 3.5 hours, 46.8% between 3.5 and
4 hours, and 39.2% between 4 and 4.5 hours
(Table 2). (The values do not add up to 100% be-
cause data on the exact time of treatment initia-
tion were not available for 12 patients in the alte-
plase group and 15 patients in the placebo group;
in addition, treatment was initiated after 4.5 hours
in 1 patient in the alteplase group and 5 patients
in the placebo group.) Baseline demographic and
clinical characteristics of the two groups were
similar (Table 2), except that there were signifi-
cant differences between the groups (before ad-
justment for multiple comparisons) with respect
to the initial severity of the stroke and the pres-
ence or absence of a history of stroke.

EFFICACY
For the primary end point, 219 of the 418 pa-
tients in the alteplase group (52.4%) had a favor-
able outcome (defined as a score of 0 or 1 on the
modified Rankin scale), as compared with 182 of
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A Intention-to-Treat Population
Score 0 1 2 3 4 5 6

(N=418) 27.5 249 14.1 , 9.3 / \8.1 6.7
Placebo i ‘
(N=403) 2 233 164 114 -5‘2

Patients (%)

B Per-Protocol Population
Score 0 1 2 3 4 5 6

Alteplase - .
(N=375) 29.1 250 144 101 [§8Ys 608
e oo R
(N=355) 223 231 169 118 42

T T

T
0 20 40 60 80

Patients (%)

1
100

Figure 2. Distribution of Scores on the Modified Rankin Scale.

The distribution of scores is shown for the intention-to-treat population
(Panel A) and the per-protocol population (Panel B) at the 3-month visit
(90 days plus or minus 14 days). In both the intention-to-treat population
and the per-protocol population, stratified analysis of the score distribution
showed a significant difference between the study groups (P=0.02 for both
comparisons by the Cochran—Mantel-Haenszel test, with adjustment for
the baseline score on the National Institutes of Health Stroke Scale and for
the interval between the onset of symptoms and the initiation of treatment).
In the intention-to-treat population, the number of deaths recorded at the
3-month visit (59) was different from the overall number of deaths (66),
since 7 deaths occurred after 90 days. The scores on the modified Rankin
scale indicate the following: 0, no symptoms at all; 1, no significant dis-
ability despite symptoms (able to carry out all usual duties and activities);
2, slight disability (unable to carry out all previous activities but able to look
after own affairs without assistance); 3, moderate disability (requiring some
help but able to walk without assistance); 4, moderately severe disability
(unable to walk without assistance and unable to attend to own bodily needs
without assistance); 5, severe disability (bedridden, incontinent, and requir-
ing constant nursing care and attention); 6, death.

the 403 patients in the placebo group (45.2%),
representing an absolute improvement of 7.2 per-
centage points (odds ratio, 1.34; 95% confidence
interval [CI], 1.02 to 1.76; relative risk, 1.16; 95%
CI, 1.01 to 1.34; P=0.04). In the post hoc intention-
to-treat analysis, adjusted for confounding base-
line variables (logistic regression), study-group
assignment, baseline NIHSS score, smoking sta-
tus, time from the onset of stroke to treatment,
and presence or absence of prior hypertension
were identified as significant at P<0.10. In the
adjusted analysis, treatment with alteplase re-
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mained significantly associated with a favorable
outcome (odds ratio, 1.42; 95% CI, 1.02 to 1.98;
P=0.04) (Table 3 and Fig. S1 in the Supplemen-
tary Appendix, available with the full text of this
article at www.nejm.org).

Treatment with alteplase also resulted in a
more favorable outcome than that with placebo
for the secondary end point, as indicated by the
global odds ratio. (Since the global odds-ratio test
was based on a linear logistic-regression model,
with generalized estimation equations used to
perform a Wald-type test,2%:22 only probabilities,
and not absolute numbers, for each treatment
group can be provided.) The global odds ratio for
a favorable outcome was 1.28 (95% CI, 1.00 to
1.65; P<0.05), indicating that the odds for a favor-
able outcome (the ability to return to an indepen-
dent lifestyle) after stroke were 28% higher with
alteplase than with placebo.

The overall distribution of scores on the modi-
fied Rankin scale is shown in Figure 2. The post
hoc stratified analysis of scores on the modified
Rankin scale at day 90 (performed with the use
of the Cochran—Mantel-Haenszel test, with ad-
justment for the baseline NIHSS score and time
to the start of treatment) also showed a favor-
able outcome with alteplase as compared with
placebo (P=0.02).

The results of analyses of further functional
end points are summarized in Table 4. In the
intention-to-treat analysis, the odds ratios for a
score of 0 or 1 on the modified Rankin scale, an
NIHSS score of 0 or 1, and more than an 8-point
improvement in the NIHSS score at day 30 showed
a significant advantage of alteplase treatment,
whereas there were no significant differences
between the groups with respect to the other
functional end points. Neurologic status up to
day 30 did not differ significantly between the
two groups.

SAFETY
A total of 66 patients died — 32 of the 418 pa-
tients in the alteplase group (7.7%) and 34 of the
403 in the placebo group (8.4%). Of these 66 pa-
tients, 25 died between days 1 and 7 (12 [2.9%)]
in the alteplase group and 13 [3.2%] in the pla-
cebo group), 18 between days 8 and 30 (10 [2.4%]
and 8 [2.0%], respectively), and 16 between days
31 and 90 (6 [1.4%] and 10 [2.5%)], respectively).
Seven patients died after day 90 (four [1.0%] and
three [0.7%], respectively).
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There were more cases of intracranial hemor-

rhage in the alteplase group than in the placebo 5 § 353 3
group (27.0% vs. 17.6%, P=0.001). The incidence 5 a SEE© K
of symptomatic intracranial hemorrhage with s N N
alteplase was less than 3 cases per 100 patients % o AR x K
(10 of 418 patients [2.4%]), but that incidence S 80 X 5 4 4
P . . . S s @ @ e 9o
was significantly higher than the incidence with g 88 4o 2 4
placebo (1 of 403 [0.3%]; odds ratio, 9.85; 95% g T e uny
CI, 1.26 to 77.32; P=0.008). The incidence of ° "
symptomatic intracranial hemorrhage according BN
to definitions used in other studies followed a e s S v e
similar pattern (Table 5 and Fig. S2 in the Supple- 5 3 238 8
mentary Appendix). All symptomatic intracranial a
hemorrhages occurred within the first 22 to 36 2 N PN
e el L. o 0 F O ®
hours after initiation of treatment. I R
The rate of symptomatic edema did not differ 2 8 2 2w &
. o . < © O d : . 4
significantly between the study groups: 6.9% in g 38 < e S 4
the alteplase group and 7.2% in the placebo group é E o °:° "f

(29 patients in each group; odds ratio, 0.96; 95%
CI, 0.56 to 1.64; P=0.88) (Table 5). Other serious
adverse events categorized according to organ
system did not differ significantly between the
two groups (Table 5).

Pvalue
0.001
0.04
0.06

DISCUSSION

odds ratio

(95% Cl)
1.47 (1.10-1.97)
1.41 (1.01-1.96)
1.33 (0.99-1.80)

In this randomized, placebo-controlled study,
patients with acute ischemic stroke benefited
from treatment with intravenous alteplase admin-
istered 3 to 4.5 hours after the onset of stroke
symptoms. ECASS III is the second randomized
trial (after the NINDS trial of 1995%) to show a
significant treatment effect with intravenous alte-
plase in the unadjusted analysis of the primary
end point. The treatment effect remained signif-
icant after adjustment for all prognostic baseline
characteristics. The overall rate of symptomatic
intracranial hemorrhage was increased with alte-
plase as compared with placebo, but mortality
was not affected. Both of these findings are con-
sistent with results from other randomized, con-
trolled trials of thrombolysis in patients with
acute ischemic stroke.>2?3 The results of the
analysis of secondary end points and of the post
hoc stratified analysis mirrored the primary effi-
cacy results in favor of alteplase.

The initial severity of a stroke is a strong pre-
dictor of the functional and neurologic outcome
and of the risk of death. Patients with severe
stroke were excluded from this trial in order to
meet the protocol requirements requested by the
EMEA and to conform with the European label ® e

Favorable Outcome with Alteplase as Compared with Placebo
Per-Protocol Population

Day 90

Pvalue
0.04
0.11
0.15

(95% Cl)
1.34 (1.02-1.76)
1.30 (0.95-1.78)
1.23 (0.93-1.62)

Intention-to-Treat Population
odds ratio

ment from baselinef
ondary end point; a score of 0 to 2 on the mRS has been used in other thrombolysis trials (e.g., SITS-MOST and ECASS Il) as a primary or secondary end point. P values have not been

All analyses were prespecified, with the exception of those for a score on the National Institutes of Health Stroke Scale (NIHSS) of 0 or 1, or an improvement of more than 8 points, at
adjusted for multiple testing.

day 90. A score of 0 or 1 on the modified Rankin scale (mRS) (the primary end point) and a score of 95 or higher on the Barthel Index at day 90 are components of the principal sec-
The Barthel Index assesses the ability to perform activities of daily living on a scale that ranges from 0 (complete dependence on help with activities of daily living) to 100 (indepen-

dence).
§ Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher values reflecting more severe neurologic impairment (<5, mild impairment; =25, very

Table 4. Odds Ratios for Further Functional End Points at Days 90 and 30 after Treatment in the Intention-to-Treat and Per-Protocol Populations.*

severe impairment). Because this analysis was not prespecified for day 90, no data for that time point were collected.

Scores on the modified Rankin scale range from 0 (no symptoms at all) to 6 (death).

NIHSS score of 0 or 1, or >8-point improve-

End Point

mRS score of 0 or 1
mRS score of 0-2
Barthel Index score 2955
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Table 5. Prespecified Safety End Points and Other Serious Adverse Events.*
Alteplase Group Placebo Group Odds Ratio
Adverse Events (N=418) (N =403) (95% ClI) P Value
no. (%)

Prespecified safety end points

Any ICH 113 (27.0) 71 (17.6) 1.73 (1.24-2.42)  0.001

Symptomatic ICH
According to ECASS Il definition 10 (2.4) 1(0.2) 9.85(1.26-77.32)  0.008
According to ECASS Il definitioni: 22 (5.3) 9(2.2) 2.43 (1.11-5.35) 0.02
According to SITS-MOST definition§ 8 (1.9) 1(0.2) 7.84 (0.98-63.00)  0.02
According to NINDS definition€| 33 (7.9) 14 (3.5) 2.38 (1.25-4.52) 0.006

Fatal ICH 3(0.7) 0 = =

Symptomatic edema 29 (6.9) 29 (7.2) 0.96 (0.56-1.64) 0.89

Death 32 (7.7) 34 (8.4) 0.90 (0.54-1.49)  0.68

Other serious adverse events

Total 105 (25.1) 99 (24.6)

Infectious 16 (3.8) 23 (5.7)

Neoplastic 4 (1.0 3(0.7)

Blood and lymphatic 0 2 (0.5)

Endocrine 0 1(0.2)

Metabolic and nutritional 2 (0.5) 0

Psychiatric 3(0.7) 4 (1.0

Neurologic 60 (14.4) 48 (11.9)

Eye 1(0.2) 0

Cardiac 22 (5.3) 16 (4.0)

Vascular 10 (2.4) 10 (2.5)

Respiratory 14 (3.3) 24 (6.0)

Gastrointestinal 5(1.2) 8 (2.0)

Hepatobiliary 3(0.7) 3(0.7)

Skin 1(0.2) 0

Musculoskeletal 1(0.2) 3(0.7)

Renal 4(1.0) 2(0.5)

Reproductive system 1(0.2) 0

Congenital 0 1(0.2)

General 1(0.2) 3(0.7)

Associated with injury 4 (1 5(1.2)

Surgical 1(0.2) 0

* P values were obtained by Pearson chi-square test of proportions. ECASS denotes European Cooperative Acute Stroke
Study, ICH intracranial hemorrhage, NIHSS National Institutes of Health Stroke Scale, NINDS National Institute of
Neurological Disorders and Stroke, and SITS~MOST Safe Implementation of Thrombolysis in Stroke-Monitoring Study.

i The ECASS Il definition of symptomatic intracranial hemorrhage was any hemorrhage with neurologic deterioration, as
indicated by an NIHSS score that was higher by 4 points or more than the value at baseline or the lowest value in the
first 7 days, or any hemorrhage leading to death. In addition, the hemorrhage must have been identified as the predomi-
nant cause of the neurologic deterioration.

1 The ECASS Il definition was the same as that for ECASS 1, except that establishment of a causal relationship between
the hemorrhage and clinical deterioration or death was not a requirement.

§ The SITS-MOST definition was local or remote parenchymal hematoma type 2 on the imaging scan obtained 22 to 36
hours after treatment, plus neurologic deterioration, as indicated by a score on the NIHSS that was higher by 4 points
or more than the baseline value or the lowest value between baseline and 24 hours, or hemorrhage leading to death.

9§ In the NINDS definition, a hemorrhage was considered symptomatic if it had not been seen on a previous CT scan but
there was subsequently either a suspicion of hemorrhage or any decline in neurologic status. To detect intracranial hemor-
rhage, CT scans were required at 24 hours and 7 to 10 days after the onset of stroke and when clinical findings suggested
hemorrhage.
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of alteplase. It is likely that the milder initial
severity of stroke overall among patients enrolled
in this trial as compared with those in the NINDS
trial* explains, for the most part, the improved
outcomes in the placebo group in our study as
compared with the outcomes in the placebo
group in the NINDS trial. Outcomes in the pla-
cebo group in our study were similar to those
observed in ECASS I1.3

In this context, it is interesting to note that
there has been a gradual decline in the overall
initial severity of stroke and in mortality rates
among patients enrolled in major randomized
studies of acute ischemic stroke over the past two
decades.* This observation may reflect the trend
toward the use of thrombolytic agents in patients
who have less severe acute ischemic stroke, as
reflected in the results of SITS—MOST,*? as well
as the increased number of stroke units in Europe
and the improved care provided in such units.

Some of the previous trials of treatment with
alteplase for acute ischemic stroke included pa-
tients who received treatment within 0 to 6 hours
after the onset of symptoms. However, these trials
failed to show a significant advantage of alte-
plase therapy.23%24 Potential explanations for the
failure to show a significant difference in previous
trials include the choice of end points, a time
window of up to 6 hours, and a lack of statistical
power. (In the ECASS II® and in the Alteplase
Thrombolysis for Acute Noninterventional Ther-
apy in Ischemic Stroke [ATLANTIS] trial,° the
cohorts that were treated 3 to 4.5 hours after the
onset of symptoms were much smaller, and these
studies were therefore not powered to detect an
effect size of 7 to 10%.)

Thrombolysis in patients with acute ischemic
stroke is associated with an increased risk of
symptomatic intracranial hemorrhage, which is
the most feared complication. It is difficult, how-
ever, to compare the incidence of symptomatic
intracranial hemorrhage across studies because
of the varying definitions used. In our study, we
modified the ECASS definition of symptomatic
intracranial hemorrhage by specifying that the
hemorrhage had to have been identified as the
predominant cause of the neurologic deterioration.
With the use of this definition, the difference in
rates of symptomatic intracranial hemorrhage
between the two study groups was significant
(a difference of 2.14 percentage points), although
the incidence of symptomatic intracranial hemor-
rhage among alteplase-treated patients was low.

To allow for comparison across trials, we also
analyzed rates of symptomatic intracranial hem-
orrhage according to definitions used in other
trials.32° With these definitions, the rate of
symptomatic intracranial hemorrhage in our trial
was no higher than that reported in previous
randomized trials or in SITS-MOST, despite the
extended time window in our study.*?

Although in our trial the incidence of symp-
tomatic intracranial hemorrhage was higher in
the alteplase group than in the placebo group,
we did not observe a difference in mortality be-
tween the two groups. The overall mortality rate
(approximately 8%) was lower than that in previ-
ous trials, probably also owing to the inclusion
of patients with less severe strokes.

Early treatment remains essential. The effect
size of thrombolysis is time-dependent. In the
pooled analysis, treatment with alteplase is nearly
twice as efficacious when administered within
the first 1.5 hours after the onset of a stroke as
it is when administered within 1.5 to 3 hours
afterward (odds ratio for the global outcome,
2.81 for an interval of 0 to 90 minutes, 1.55 for
91 to 180 minutes, and 1.40 for 181 to 270
minutes).5 In comparison, in ECASS III, the odds
ratio was 1.34 for an interval of 181 to 270 min-
utes. For 1 patient to have a favorable outcome
(a score of 0 or 1 on the modified Rankin scale),
the number needed to treat is 14 with the extend-
ed time window. This effect size is clinically
meaningful and thus extends the treatment win-
dow for patients who do not arrive at the hospi-
tal early. It does not mean, however, that patients
who can be treated within 3 hours should have
their treatment delayed. The “door-to-needle”
time remains paramount and must be kept as
short as possible to increase the chance of a
positive outcome.

In this study, intravenous alteplase given 3 to
4.5 hours (median, 3 hours 59 minutes) after the
onset of stroke symptoms was associated with a
modest but significant improvement in the clin-
ical outcome, without a higher rate of symptom-
atic intracranial hemorrhage than that reported
previously among patients treated within 3 hours.
Although our findings suggest that treatment
with alteplase may be effective in patients who
present 3 to 4.5 hours after the onset of stroke
symptoms, patients should be treated with alte-
plase as early as possible to maximize the ben-
efit. Having more time does not mean we should
be allowed to take more time.
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APPENDIX

The European Cooperative Acute Stroke Study (ECASS) investigators are as follows: Steering Committee — W. Hacke (chair), A. Dédva-
los, M. Kaste, R. von Kummer, V. Larrue, D. Toni, N. Wahlgren; Data and Safety Monitoring Board — K.R. Lees (chair), W.D. Heiss,
E. Lesaffre, J.M. Orgogozo; Safety Outcome Adjudication Committee — R. von Kummer (chair), S. Bastianello, J.M. Wardlaw; Statisti-
cians — J.-C. Peyrieux (STATMED, Lyon, France), C. Sauce (Boehringer Ingelheim); Trial Management Team at Boehringer Ingelheim
— Z. Medeghri, R. Mazenc, C. Sauce, T. Machnig, E. Bluhmki; principal investigators (with the number of patients enrolled given in
parentheses) — Austria (53): F. Aichner, C. Alf, U. Baumhackl, M. Brainin, C. Eggers, F. Gruber, G. Ladurner, K. Niederkorn, G. Nois-
tering, J. Willeit; Belgium (22): G. Vanhooren (national coordinator), S. Blecic, B. Bruneel, J. Caekebeke, P. Laloux, P.J. Simons, V. Thijs;
Czech Republic (18): M. Bar, H. Dvorakova, D. Vaclavik; Denmark (44): G. Boysen (national coordinator), G. Andersen, H.K. Iversen, B.
Traberg-Kristensen; Finland (15): M. Kaste (national coordinator), R. Marttila, J. Sivenius; France (104): P. Trouillas (national coordinator),
P. Amarenco, J. Bouillat, X. Ducrocq, M. Giroud, A. Jaillard, J.-M. Larrieu, V. Larrue, D. Leys, C. Magne, M.-H. Mahagne, D. Milhaud,
D. Sablot, D. Saudeau; Germany (130): O. Busse (national coordinator), J. Berrouschot, J.H. Faiss, J. Glahn, M. Gortler, A. Grau, M.
Grond, R. Haberl, G. Hamann, M. Hennerici, H. Koch, P. Krauseneck, J. Marx, S. Meves, U. Meyding-Lamadé, P. Ringleb, D. Schneider,
A. Schwarz, J. Sobesky, P. Urban; Greece (2): K. Karageorgiou (national coordinator), A. Komnos; Hungary (9): A. Csdnyi, L. Csiba, A.
Valikovics; Italy (147): D. Toni (national coordinator), G. Agnelli, G. Billo, P. Bovi, G. Comi, G. Gigli, D. Guidetti, D. Inzitari, N. Mar-
cello, C. Marini, G. Orlandi, M. Pratesi, M. Rasura, A. Semplicini, C. Serrati, T. Tassinari; the Netherlands (5): P.J.A.M. Brouwers (na-
tional coordinator), J. Stam (national coordinator); Norway (14): H. Naess (national coordinator), B. Indredavik, R. Kloster; Poland (16):
A. Czlonkowska (national coordinator), A. Kuczynska-Zardzewialy, W. Nyka, G. Opala, S. Romanowicz; Portugal (13): L. Cunha (na-
tional coordinator), C. Correia, V. Cruz, T. Pinho e Melo; Slovakia (59): M. Brozman, M. Dvorak, R. Garay, G. Krastev, E. Kurca; Spain
(111): J. Alvarez-Sabin (national coordinator), A. Chamorro, M. del Mar Freijo Guerrero, J.A.E. Herrero, A. Gil-Peralta, R. Leira, J.L.
Marti-Vilalta, J. Masjuan Vallejo, M. Milldn, C. Molina, E. Mostacero, T. Segura, J. Serena, J. Vivancos Mora; Sweden (14): E. Danielsson
(national coordinator), B. Cederin, E. von Zweigberg, N.-G. Wahlgren, L. Welin; Switzerland (23): P. Lyrer (national coordinator), J.
Bogousslavsky, H.-J. Hungerbiihler, B. Weder; United Kingdom (22): G.A. Ford (national coordinator), D. Jenkinson, M.J. MacLeod, R.S.
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The benefits and harms of intravenous thrombolysis with
recombinant tissue plasminogen activator within 6 h of
acute ischaemic stroke (the third international stroke trial
[IST-3]): a randomised controlled trial

The IST-3 collaborative group*

Summary

Background Thrombolysis is of net benefit in patients with acute ischaemic stroke, who are younger than 80 years of
age and are treated within 4-5 h of onset. The third International Stroke Trial (IST-3) sought to determine whether a
wider range of patients might benefit up to 6 h from stroke onset.

Methods In this international, multicentre, randomised, open-treatment trial, patients were allocated to 0-9 mg/kg
intravenous recombinant tissue plasminogen activator (rt-PA) or to control. The primary analysis was of the
proportion of patients alive and independent, as defined by an Oxford Handicap Score (OHS) of 0-2 at 6 months.
The study is registered, ISRCTN25765518.

Findings 3035 patients were enrolled by 156 hospitals in 12 countries. All of these patients were included in the
analyses (1515 in the rt-PA group vs 1520 in the control group), of whom 1617 (53%) were older than 80 years of age.
At 6 months, 554 (37%) patients in the rt-PA group versus 534 (35%) in the control group were alive and independent
(OHS 0-2; adjusted odds ratio [OR] 1-13, 95% CI 0-95-1-35, p=0-181; a non-significant absolute increase of 14/1000,
95% CI -20 to 48). An ordinal analysis showed a significant shift in OHS scores; common OR 1-27 (95% CI1-10-1-47,
p=0-001). Fatal or non-fatal symptomatic intracranial haemorrhage within 7 days occurred in 104 (7%) patients in the
rt-PA group versus 16 (1%) in the control group (adjusted OR 6-94, 95% CI 4-07-11-8; absolute excess 58/1000,
95% CI 44-72). More deaths occurred within 7 days in the rt-PA group (163 [11%)]) than in the control group (107 [7%)],
adjusted OR 1-60, 95% CI 1-22-2-08, p=0-001; absolute increase 37/1000, 95% CI 17-57), but between 7 days and
6 months there were fewer deaths in the rt-PA group than in the control group, so that by 6 months, similar numbers,
in total, had died (408 [27%)] in the rt-PA group vs 407 [27%)] in the control group).

Interpretation For the types of patient recruited in IST-3, despite the early hazards, thrombolysis within 6 h improved
functional outcome. Benefit did not seem to be diminished in elderly patients.

Funding UK Medical Research Council, Health Foundation UK, Stroke Association UK, Research Council of Norway,
Arbetsmarknadens Partners Forsakringsbolag (AFA) Insurances Sweden, Swedish Heart Lung Fund, The Foundation
of Marianne and Marcus Wallenberg, Polish Ministry of Science and Education, the Australian Heart Foundation,
Australian National Health and Medical Research Council (NHMRC), Swiss National Research Foundation,
Swiss Heart Foundation, Assessorato alla Sanita, Regione dell Umbria, Italy, and Danube University.

Introduction
Each year, about 22 million people have a stroke world-

(including 3977 patients) with intravenous rt-PA for
acute ischaemic stroke showed that treatment was

wide,”” of whom 4 million reside in high-income
countries,** where thrombolytic therapy is affordable
and feasible. The burden of ischaemic stroke among
the elderly is large and increasing;*® and we estimate
that annually ischaemic stroke affects about a million
people older than 80 years of age in high-income
countries and about 3 million in low-income and
middle-income countries.

Thrombolytic therapy with intravenous recombinant
tissue plasminogen activator (rt-PA), when approved in
Europe, was restricted to the treatment of patients
younger than 80 years of age with acute ischaemic stroke
who could be treated within 3 h. A Cochrane systematic
review of the 11 completed trials of thrombolysis

associated with a significant increase in survival free of
disability, despite an early 3% excess of fatal intracranial
haemorrhage.® The review also suggested that treatment
might be beneficial up to 6 h.® An individual patient data
meta-analysis of a subset of intravenous rt-PA trials
further showed that the earlier treatment was given, the
greater the chance of a favourable outcome. Older
people have been under-represented in stroke trials in
general,® and in stroke thrombolysis trials in particular
(only 79 people aged older than 80 years had been
included in trials of rt-PA).° As a result of the current
European Union (EU) approval criteria, treatment is
only applicable to a small proportion of patients with
acute stroke.’
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The Third International Stroke Trial (IST-3), therefore,
had the following objectives: to establish the balance of
benefits and harms of thrombolytic therapy with rt-PA in
patients who did not exactly meet the licence criteria
(especially elderly patients); determine whether a wider
range of patients might benefit from this treatment;
assess which categories of patients were most likely to
benefit by investigating possible interactions between
treatment effect and various factors (including age, stroke
severity, and early brain imaging results); refine current
estimates of the duration of the therapeutic time window;
and to improve the external validity and precision of the
existing estimates of the overall treatment effects (benefits
and harms). The primary trial hypothesis was that
0-9 mg/kg rt-PA (maximum 90 mg) given to adult
patients of all ages with acute ischaemic stroke, within
6 h of symptom onset, increased the proportion of people
who were alive and independent at 6 months.

Methods

Study design and patients

IST-3 was a pragmatic® international, multicentre,
randomised-controlled, open-treatment trial. The initial
pilot phase was double-blinded and placebo-controlled.
At the end of the pilot phase, since the main phase
compared treatment with open control, several additional
measures were introduced to minimise bias in the
assessment of early and late outcomes.” We have
published reports of the rationale for the trial,? the
protocol,” an update on recruitment, amendments to the
protocol and the baseline characteristics of the patients
recruited,” and the statistical analysis plan.*

The eligibility criteria can be summarised in terms of the
uncertainty principle.”” Inclusion and exclusion criteria
are listed in detail in the protocol.” Briefly, patients were
eligible according to the following criteria: they had symp-
toms and signs of clinically definite acute stroke; the time
of stroke onset was known; treatment could be started
within 6 h of onset; and CT or MRI had reliably excluded
both intracranial haemorrhage and structural brain le-
sions, which could mimic stroke (eg, cerebral tumour).
Additionally, if the patient had a clear indication for in-
travenous thrombolysis with rt-PA, they were to be treated
in accordance with local guidelines. Equally, if the patient
had a clear contraindication to treatment they were not to
be entered in the trial. Only if both the clinician and the
patient (or a relevant proxy for the patient) felt that the
treatment was promising but unproven, could the patient
be included in the trial after appropriate informed consent
from the patient or a valid proxy. The protocol was approved
by the Multicentre Research Ethics Committees, Scotland
(reference MREC/99/0/78), and by local ethical committees.

This study is registered, ISRCTN25765518.

Procedures

Clinicians entered baseline data via a telephone voice-
activated or a secure web-based randomisation system.

www.thelancet.com Vol 379 June 23,2012

After the system had recorded and checked the data,
patients were allocated either immediate thrombolysis
with 0-9 mg/kg of intravenous rt-PA to a maximum of
90 mg (10% bolus with the remainder over 1h) or control
treatment. The system would not accept patients with
blood pressure or glucose levels outside protocol-defined
criteria (appendix pp 4-5) or other data inconsistencies.
The system used a minimisation algorithm to achieve
optimum balance for key prognostic factors (table 1),
and from January, 2006, minimisation was additionally
stratified by world region and then minimised on all the
other key factors within regions.

To be eligible to join the trial, participating hospitals
had to have an organised system of stroke care. Acute-
care protocols were not specified by the trial, but had to
include the components of effective stroke-unit care,”
including, soon after admission, intravenous access,
monitoring of physiological variables, correction of any
abnormalities, and where clinically appropriate, intra-
venous-fluid therapy. All patients in the trial were to be
treated within that organised system of stroke care,
irrespective of treatment allocation. Patients allocated to
the control group were to avoid treatment with rt-PA and
received stroke care in the same clinical environment
as those allocated to the rt-PA group. Both treatment
groups had blood pressure monitored closely over the
first 24 h. In the double-blinded phase, both groups were
to avoid antiplatelet or anticoagulant therapy for 24 h. In
the open phase, patients allocated to the control group
were to start aspirin immediately. Blood pressure was
managed in the same way in both treatment groups,
according to local protocol. Additionally, all centres were
asked for their pretrial experience of thrombolysis for
treatment of stroke, and if the centre had, before joining
the trial, a protocol for open-label use of rt-PA and had
treated at least three people in the 12 months before
joining the trial, the centre was classed as experienced.

All patients had a CT or MRI brain scan before
randomisation and a follow-up scan at 24-48 h. A repeat
brain scan was required if the patient deteriorated neuro-
logically or intracranial haemorrhage was suspected for
any reason. Although CT scanning was preferred, MRI
was allowed. All scans were sent to the trial centre in
Edinburgh for masked central rating of any signs of
visible early ischaemia (presence and extent of hypo-
attenuation, swelling, hyperattenuated artery), haemor-
rhage, and background brain changes (leukoaraiosis,
atrophy, prior stroke lesions, non-stroke lesions) with
validated rating methods.”* Images were assessed with
all original identifiers stripped from the record, and then
viewed via a secure web-based image viewing system
by an international panel of expert radiologists. All
assessments were made masked to all patient details and
treatment allocation.

The primary outcome specified in version 1-93 of the
protocol and in the published statistical analysis plan*
was the proportion of patients alive and independent as

See Online for appendix

For the study protocol see

http://www.ist3.com
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measured by the Oxford Handicap Score (OHS),* a
commonly used variant of the modified Rankin score.”
Patients with an OHS of 0, 1, or 2 were classed as
independent. The statistical analysis plan specified an
ordinal analysis of the OHS score at 6 months. Additional
secondary outcomes were to be reported separately.
Events occurring within 7 days of stroke were recorded
by the local trial clinician on the 7-day form: deaths
subdivided by cause (swelling of the initial infarct,

rt-PA (n=1515)  Control
(n=1520)

Baseline variables collected before treatment allocation*
Regiont

Northwest Europe (UK, Austria, 792 (52%) 797 (52%)

Belgium, Switzerland)

Scandinavia (Norway, Sweden) 251( 7%) 250 (16%)

Australasia 89 (6%) 90 (6%)

Southern Europe (Italy, Portugal) 204 (13%) 204 (13%)

Eastern Europe (Poland) 4 (11%) 3 (11%)

Americas (Canada, Mexico) 5 (<1%) 6 (<1%)
Age (years)t

18-50 59 (4%) 68 (4%)

51-60 98 (6%) 104 (7%)

61-70 188 (12%) 177 (12%)

71-80 353 (23%) 371(24%)

81-90 706 (47%) 701 (46%)

>90 111 (7%) 99 (7%)
Sext

Female 782 (52%) 788 (52%)
NIHSST

0-5 304 (20%) 308 (20%)

6-10 422 (28%) 430 (28%)

11-15 306 (20%) 295 (19%)

16-20 270 (18%) 273 (18%)

>20 213 (14%) 214 (14%)
Delay in randomisationt#

0-3-0h 431 (28%) 418 (28%)

3:0-4-5h 577 (38%) 600 (39%)

4.5-6-0h 507 (33%) 500 (33%)

>6-0h 0(0%) 2 (<1%)
Atrial fibrillation 473 (31%) 441 (29%)
Systolic blood pressure

<143 mm Hg 487 (32%) 492 (32%)

144-164 mm Hg 498 (33%) 518 (34%)

>165 mm Hg 530 (35%) 510 (34%)
Diastolic blood pressure§

<74 mm Hg 462 (31%) 445 (29%)

75-89 mm Hg 541 (36%) 588 (39%)

>90 mm Hg 500 (33%) 480 (32%)
Blood glucosed

<5 mmol/L 254 (18%) 285 (21%)

6-7 mmol/L 664 (48%) 638 (46%)

=8 mmol/L 455 (33%) 456 (33%)

(Continues in next column)

intracranial haemorrhage, other deaths from the initial
stroke, recurrent ischaemic stroke, recurrent stroke of
unknown type, any other cause); symptomatic intra-
cranial haemorrhage; recurrent ischaemic stroke; recur-
rent stroke of unknown type; neurological deterioration
attributed to swelling of the initial ischaemic stroke;
neurological deterioration not attributable to swelling of
the initial ischaemic stroke or haemorrhage; and major
extracranial haemorrhage (operational definitions of

rt-PA (n=1515)  Control

(n=1520)
(Continued from previous column)
Treatment with antiplatelet drugsin 775 (51%) 787 (52%)
previous 48 ht
Predicted probability of poor outcome at 6 months||
<40% 351 (23%) 378 (25%)
40-50% 169 (11%) 160 (11%)
50-75% 361 (24%) 357 (23%)
>75% 634 (42%) 625 (41%)
Stroke clinical syndromet**
TACI 639 (42%) 666 (44%)
PACI 596 (39%) 551 (36%)
LACI 168 (11%) 164 (11%)
POCI 110 (7%) 136 (9%)
Other 2 (<1%) 3 (<1%)

Baseline variables collected from prerandomisation scan

Expert reader’s assessment of acute
ischaemic changett

Scan completely normal 140 (9%) 129 (8%)
Scan not normal but no sign of 743 (49%) 781 (51%)
acute ischaemic change

Signs of acute ischaemic change 624 (41%) 600 (40%)

Data are number (%). Percentages exclude missing values from denominators.
rt-PA=recombinant tissue plasminogen activator. NIHSS=National Institutes of
Health Stroke Scale. TACI=total anterior circulation infarct. PACI=partial anterior
circulation infarct. LACI=lacunar infarct. POCI=posterior circulation infarct. *Data
for these variables were gathered via the web-based or telephone randomisation
system and had to be entered, complete, and have passed range and consistency
checks before the system would issue a treatment allocation. fVariables were used
in the minimisation algorithm. £Two patients in the control group were randomly
assigned at more than 6 h (protocol violation). One of these was recorded as
having severe swelling on the randomisation scan, because the stroke had in fact
occurred about 24 h earlier. SDiastolic blood pressure missing for 12 patients in the
rt-PA group and seven in the control group. §[For the first 282 patients, glucose
levels were not recorded. After patient 282, glucose levels were measured at
randomisation. One further patient had a missing value. ||Risk predicted by novel
model designed by Konig and colleagues.® This model predicts outcome (death or
Bartel Index <95) at 3 months. If we assume that those who die between 3 months
and 6 months were dependent at 3 months, and those who do not die between

3 months and 6 months do not change their dependency status, then the risk
estimates are likely to be quite accurate for death or dependency at 6 months.
**Stroke clinical syndrome derived from baseline clinical features assigned by an
algorithm (algorithm available on request). For the randomisation algorithm TACI,
PACI, and POCl were combined as non-lacunar so the process ensured balance in
the number of lacunar syndromes in each treatment group. t+Expert panel’s
masked assessment of prerandomisation scan. This assessment was done by
members of the expert panel after randomisation and masked to treatment
allocation and all clinical details. Prerandomisation scans were unavailable for
eight patients in the rt-PA group and ten in the control group.

Table 1: Baseline characteristics
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each of these events are provided in the published
protocol” and statistical analysis plan®). Other fatal and
non-fatal non-cerebral events were also recorded and
coded. Data on potential reports of any of these events
were extracted from the trial database and presented to
the adjudication committee who were masked to
treatment allocation.

Randomisation and masking

To avoid predictable alternation of treatment allocation,
and thus potential loss of allocation concealment,
patients were allocated with a probability of 0-80 to the
treatment group that would minimise the difference
between the groups on the key prognostic factors.
Additional details of the procedures used in the double-
blinded phase of the study are reported elsewhere." The
randomisation system informed local clinicians of the
patients’ unique trial identification number, and the
weight-adjusted dose of drug or placebo in the double-
blinded phase, or of the weight-adjusted drug dose
among those allocated thrombolysis in the open phase,
to be given as a 10% bolus with the remainder by an
infusion over 1 h.

With the exception of the 276 patients treated in the
double-blinded phase of the trial, treatment was given
openly and neither the patient nor the treating clinicians
were masked. Hospital staff completed an early outcome
form at 7 days, death, or hospital discharge, whichever
occured first, recording details of events occurring in
hospital within 7 days, details of background treatments
given and functional status. 6 months after random-
isation, general practitioners (or hospital coordinators)
were contacted by the IST-3 trial office staff to check that
the patient was alive and inform them that they might be
approached for follow-up. If appropriate, the IST-3 trial
office masked staff then mailed a postal questionnaire to
patients to assess outcome. Non-responders were con-
tacted by telephone, and follow-up data was obtained by
telephone interview. In Italy and Austria, all follow-ups
were done as telephone interviews by a clinician, who
was masked to treatment allocation and was highly
experienced in outcome assessment. In Portugal,
patients were followed up in clinic by clinicians not
involved in the patients’ initial treatment, again, masked
to treatment allocation as far as possible. To assess the
durability of any treatment benefit beyond 6 months,
patients recruited in the UK (and in other countries
where appropriate funding had been obtained) were also
followed up at 18 months. All follow-up done by patient
contact for these analyses ceased on March 31, 2012, but
recording of deaths from national registries of deaths
continues in UK, Norway, and Sweden.

Statistical analysis

At the outset of the trial in 2000, we estimated that,
among the type of patients likely to be recruited at the
time, to detect both an absolute difference of 10% in the
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proportion of patients alive and independent at 6 months
after treatment and to have sufficient power to permit
reliable analyses of the prespecified subgroups, a sample
of 6000 patients would be needed. A trial of that size
could detect a clinically worthwhile net benefit of as little
as 3% absolute difference in the primary outcome (80%
power, a=0-05). However, it was clear by 2007 that
obtaining a sample of 6000 was no longer feasible, and
the Steering Committee agreed a revised recruitment
target." The sample size, re-estimated in 2007 on the
basis of event rates in both treatment groups combined,
was 3100. This sample size gave 80% power to detect an
absolute difference of 4:7% in the primary outcome."

We monitored the quality and integrity of the
accumulating clinical data according to a protocol
agreed with the study sponsors, which involved central
statistical monitoring according to the principles
described by Buyse and colleagues,® supplemented by
onsite monitoring and detailed source data verification in
a random sample of 10% of records in centres that had
recruited more than 30 patients, or when patterns in the
data at a centre seemed anomalous. All IST-3 monitoring
procedures were compliant with requirements of all
study sponsors, the national ethics committees and
regulatory agencies in the 12 participating countries, and
they met all appropriate regulatory and Good Clinical
Practice requirements. All baseline data, 7-day, and
6-month outcome data were subject to verification checks
built into the randomisation and data management
system. We monitored all baseline and postrandomisation
imaging, which provided additional cross-checks on
recruited patients and centre performance. An expert
radiologist checked all scans, masked to clinical details
and treatment allocation, immediately on receipt at the
trial office, for evidence of adverse events and protocol
deviations. The independent data monitoring committee
met at least annually to review the unmasked data on
major outcome events in the trial, on the background
stroke-unit care received by trial patients (to ensure it
was equal in both treatment groups), relevant external
data (including updates of the Cochrane systematic
review and reports from large-scale registries of rt-PA
use) in strict confidence throughout the course of the
trial. The committee judged these data never met the
protocol-specified criteria to recommend modification of
the protocol or halt recruitment to the study.

The statistical analysis plan was published” before
unmasking of the authors to the data. All randomly
assigned patients were included in the analysis. Masked
analysis of the patients’ baseline characteristics showed
clear differences in key prognostic factors (age, stroke
severity, degree of ischaemic change on baseline CT or
MRI) in patients randomly assigned at different times
after stroke onset, which might complicate the estimation
of the effect of treatment overall and in subgroups.”
Therefore, the primary analysis of the effect of treatment
on the primary outcome was adjusted by logistic regression
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for linear effects for the following covariates: age; National
Institutes of Health stroke scale (NIHSS) score; time from
onset of stroke symptoms to randomisation; and presence
(vs absence) of ischaemic change on the prerandomisation
brain scan according to expert assessment. An unadjusted
analysis is also presented.

The trial did not meet its original target of 6000 patients,
and so was no longer adequately powered to detect a 3%
absolute difference in the primary outcome (with 80%
power and a=0-05). The statistical-analysis-plan writing
committee, which did not have access to the accumulating
data, was therefore expanded to include an independent
statistician (Gordon Murray, University of Edinburgh,
Edinburgh, UK) to advise on the correct approach. The
writing group was persuaded by the recent empirical
evidence that the ordinal method was both statistically
more efficient (effectively reducing the sample size
required in stroke trials®) and robust against substantial
deviations from the proportional assumption. We
therefore specified in the statistical analysis plan an
ordinal logistic regression analysis, as a secondary
outcome, in which the OHS as a dependent variable had
5 levels: levels 4, 5, and 6 were combined into a single
level and levels 0, 1, 2, 3 were retained as distinct.

In this model the treatment odds ratios between one
level and the next were assumed to be constant, so a
single parameter summarises the shift in outcome

| 3035 enrolled |

v
| 3035 randomly assigned |
|
v v

1515 assigned to the rt-PA group
1488 received at least

1520 assigned to control group
1508 received allocated

some rt-PA intervention
26 did not receive 7 did not receive
any rt-PA allocated intervention*
1 treatment received 5 treatment received
unknown unknown
1515 assessed at 7 days 1520 assessed at 7 days

1352 alive at 7 days 1413 alive at 7 days
163 died within 7 days 107 died within 7 days

v v

1515 assessed at 6 months 1520 assessed at 6 months
1065 alive (OHS known) 1059 alive (OHS known)
31alive (OHS not known) 41 alive (OHS not known)
11 not known to be dead 13 not known to be dead

(OHS not known) (OHS not known)
408 dead before 6 months 407 dead before 6 months
1515 analysed | | 1520 analysed |

Figure 1: Trial profile

rt-PA=recombinant tissue plasminogen activator. OHS=Oxford Handicap Score.
*Of the patients allocated to control, seven actually received some rt-PA.
Appendix pp 4-5 gives more detail of treatment actually received and
background care.

distribution between treatment and control groups. For
patients known to be alive at 6 months, but with an
unknown OHS, we used the level of function recorded
on the 7-day form (ie, measured at 7 days or before
discharge from hospital) to impute 6-month functional
status.” We chose this simple form of imputation because
it effectively classified 6-month outcomes in patients for
whom both 7-day and 6-month data were known (data
not shown). Analyses were done with SAS (version 9.2).

Role of the funding source

The sponsors of the study had no role in design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

Results

Between May, 2000, and July, 2011, 3035 patients were
enrolled in 156 centres in 12 countries. Baseline
characteristics were well balanced between treatment
groups (figure 1, table 1). 1617 (53%) patients were older
than 80 years of age. Vital status at 6 months was known
for 99% (3011 of 3035) of patients. Overall, 2581 (95%) of
2714 patients with data (data for some relevant variables
were not collected in the initial phase) did not meet the
prevailing EU-licence-approval criteria. Additional base-
line characteristics are shown in appendix pp 2-3.

Of those assigned to the rt-PA group, 26 (2%) did not
receive any rt-PA treatment, and of those assigned to the
control group, seven (<1%) received at least some rt-PA.
Among patients allocated to the rt-PA group, the mean
time from randomisation to injection of the bolus was
18 min, the mean time from onset to treatment was 4-2 h
(SD 1-2), median 4-2 h (IQR 3-2-5-2). Appendix pp 2-3
documents deviations from the protocol and the
background treatments that were given during the first
7 days. Most patients were cared for in a stroke unit, and
there was no evidence of a major imbalance in the use of
background treatments or place of care (admissions
ward, or stroke unit) over the first 7 days; an analysis of
blood pressure in patients measured after randomisation
showed no significant difference at each timepoint over
the first 24 h in either systolic or diastolic blood pressures
between the two treatment groups. However, the
proportion of those who had spent at least 1 day in a
high-dependency area was somewhat higher among
patients assigned to the rt-PA group than in the control
group (328 [24%)] vs 237 [17%)]), though in both groups,
the median stay in such an area was just 1 day. 76 (49%)
centres were classed as experienced in treating stroke
with thrombolysis, and 1143 patients were recruited by
these centres.

Patients recruited within 1-2 h of onset were sig-
nificantly more likely to have a more severe neurological
deficit did than those recruited at later timepoints after
onset (test for linear trend p<0-0001). Similarly, patients
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rt-PA Control Adjusted analysis* Unadjusted analysist
(n=1515)  (n=1520)
Odds ratio (95% Cl)  p value Odds ratio (95% Cl) pvalue  Absolute
difference per
1000 (95% CI)
Died within 7 days 163 (11%) 107 (7%) 160 (1-22t02:08) 0-001  1.59 (1-23t02:07) 00004 37 (17t057)
Died between 7 days and 6 months 245(16%)  300(20%) 0-73(0-59t00-89) 0-002 078 (0:65t0 0-95)  0-011 -36 (-63t0-8)
Status at 6 months
Vital status unknown, disability imputed 11 13
Alive at 6 months, disability imputed 31 41
Known 6 month vital and disability status 1473 1466
Number included in analysis (status 1515 1520
known or imputed)
OHS at 6 months§
0 138 (9%) 116 (8%)
225(15%) 204 (13%)
2 191 (13%) 214 (14%)
3 235(16%) 193 (13%)
4 115(8%) 140 (9%)
5 203 (13%) 246 (16%)
Died before 6 months 408 (27%) 407 (27%) 0-96 (0-80to1.15)  0-672 1-01(0-86t0119) 0-924 2(-30to33)
Alive and favourable outcome (0+1) 363 (24%)  320(21%) 126 (1-04to1.53) 0-018 118 (0-99to 1-41)  0-055 29 (-1to 59)
Alive and independent (0+1+2)] 554 (37%)  534(35%) 1.13(0-95t01.35) 0181 1.06 (0-92t0124) 0409 14 (-20t0 48)
Data are number (%) unless otherwise stated. rt-PA=recombinant tissue plasminogen activator. OHS=Oxford Handicap Scale. *Odds ratios and p values were calculated by
logistic regression after adjusting for age (linear), National Institutes of Health Stroke Scale (linear), time (linear), and presence or absence of visible acute ischaemic change
on baseline scan as judged by the expert reader. tp value calculated from test of difference between percentages for rt-PA and control, using normal approximation.
+Absolute difference calculated as rt-PA - control, so a positive number indicates this outcome was more frequent in the treatment group. SOHS: 0, no symptoms at all;
1, symptoms, but these do not interfere with everyday life; 2, symptoms that have caused some changes in lifestyle but patients are still able to look after themselves; 3, symptoms
that have significantly changed lifestyle and patients need some help looking after themselves; 4, severe symptoms requiring help from other people but not so bad as to need
attention day and night; 5, severe handicap needing constant attention day and night. qIPrimary outcomes.
Table 2: Deaths by 6 months and functional outcome at 6 months

recruited at earlier time points were significantly older
than those recruited later (test for linear trend p<0-0001).
The proportion of patients with a definitely visible
ischaemic lesion (vs only possible or no early ischaemic
change) on baseline imaging rose with time (test for
linear trend p=0-0045).

At 6 months, 554 (37%) in the rt-PA group versus
534 (35%) in the control group were alive and
independent in activities of daily living (OHS 0-2;
table 2). A secondary ordinal analysis provided evidence
of a favourable shift in the distribution of OHS scores at
6 months with treatment (p<0-001; figure 2). More
patients died within 7 days in the rt-PA group than in the
control group, but between 7 days and 6 months there
were correspondingly fewer deaths in the rt-PA group.

Symptomatic intracranial haemorrhage and fatal or
non-fatal deterioration due to swelling of the infarct
within 7 days occurred in more patients in the rt-PA
group than in the control group (table 3). rt-PA was
associated with a significant increase in extracranial
haemorrhages (table 3).

To assess the effect of treatment on the primary
outcome, the statistical analysis plan predefined a small
subset of key prognostic subgroups (figure 3). The
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Figure 2: Outcome at 6 months: Oxford Handicap Scale (OHS) by
treatment group

For the ordinal analysis, which was adjusted for age, National Institutes of
Health Stroke Scale (NIHSS), delay (all linear), and and presence or absence of
visible acute ischaemic change on baseline scan as judged by the expert reader,
the statistical analysis plan prespecified that OHS levels 4, 5, and 6 were grouped
and 0, 1, 2, 3 remained discrete. In that analysis, the common odds ratio was
127 (95% Cl 1-10-1-47; p=0-001). An ordinal analysis with OHS levels 0, 1, 2, 3,
4, 5,and 6 all discrete, adjusted in the same way, gave an odds ratio of 1-17
(95% Cl11-03-1-33; p=0-016). rt-PA=recombinant tissue plasminogen activator.

subgroup analyses are of the adjusted effects and take
account of the fact that, for a specific prognostic factor,
the distribution of other factors might differ between
subcategories. For example, in older patients the time to
randomisation was shorter. The subgroup analyses for a
specific factor provide estimated effects within sub-
categories that adjust for such imbalances. Overall, little
variation occurred in the adjusted effects of treatment in
different subgroups. However, a significant difference
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rt-PA Control Adjusted analysist Absolute difference
(n=1515)  (n=1520%) per 1000 (95% Cl)+

Odds ratio (95% Cl)  p value

Cerebral events

Symptomatic swelling of original infarct§

Non-fatal 211%)  17(1%)  123(0-64t0235) 0539 3 (-5to11)

Fatal 47(3%) 252%)  189(114t0314) 0.013 15 (4 t0 25)

Total 68(4%)  42(3%) 166 (1-11t02:49) 0-014 17 (4t031)
Symptomatic intracranial haemorrhage®l

Non-fatal 49 3%) 9(1%) 556 (272to11-4) <0-0001 26 (17 to 36)

Fatal 55 (4%) 7(<1%) 812(3-68t017-9) <0-0001 32 (220 42)

Total 104 (7%) 16 (1%) 6-94 (4-07t011-8)  <0-0001 58 (44t072)
Neurological deterioration not due to swelling or haemorrhage

Non-fatal 107(7%)  79(5%)  137(102to1:86) 0038 19 (2t0 36)

Fatal 38(3%)  49(3%)  074(0:48t01-14) 0167 -7 (-19to5)

Total 145 (10%) 128 (8%) 114 (0-88to1.46) 0-320 11(-9t0 32)
Recurrent ischaemic stroke

Non-fatal 18 (1%) 15 (1%) 121(0-61t02:42)  0-583 2 (-5t09)

Fatal 3(0%) 5(<1%) 0-61(0-14t02:57)  0-499 -1(-5t02)

Total 21(1%) 20 (1%) 1.06 (0-57t01:97)  0-846 1(-8t09)
Recurrent stroke of unknown type

Non-fatal 1(<1%) 2(<1%) 0-50(0-05t05:56) 0-574 -1(-3to2)

Fatal 2 (<1%) 1(<1%) 1.98(018t022:3) 0:581 1(-2to3)

Total 3(<1%)  3(<1%) 0-98(0-20t04-89) 0.981 0(-3t03)

Non-cerebral events||

Myocardial infarction

Non-fatal 18(1%)  19(1%)  0-89(0-46to171) 0717 -1(-8t07)
Fatal 5(<1%)  4(<1%) 1.25(033t04-68) 0738 1(-3to5)
Total 23 (2%) 23 (2%) 0-95(0-53t0 1-71) 0-859 0(-9to9)
Extracranial bleed
Non-fatal 14 (1%) 1(<1%) 14-5(1-90to 110) 0-010 9 (4to14)
Fatal 2 (<1%) 2(<1%) 099(014to713)  0-995 0(-3to03)
Total 16 (1%) 3(<1%) 546 (1.59t018-8)  0.007 9(3to14)
Allergic reaction
Non-fatal 12 (1%) 0 (0%) 8(3to12)
Fatal 0 (0%) 0 (0%) 0(0to0)
Total 12 (1%) 0 (0%) - - 8(3to12)
Total deaths from cerebral causes within 7 days 145 (10%) 87 (6%) 176 (132t02:34)  0-0001 38 (20to 57)
Total deaths from non-cerebral causes within 7 days** 18 (1%) 20 (1%) 0-89 (0-47t01-:69) 0717 -1(-9to7)
Total deaths within 7 days 163 (11%) 107 (7%) 160 (1-22t02:08)  0-001 37 (1710 57)

Data are number (%) unless otherwise stated. rt-PA=recombinant tissue plasminogen activator. *One patient in the control group was missing a 7-day form but did return
a 6-month form, so was known to be alive at 7 days. This case has been omitted from the analysis. Odds ratio and p value calculated from logistic regression after
adjusting for age (linear), National Institutes of Health Stroke Scale (linear), time (linear), and presence or absence of visible acute ischaemic change on baseline scan.
When no events occurred in one treatment group the logistic model was not applied. $Absolute difference was calculated as rt-PA-control, so a positive number indicates
this outcome was more frequent in the treatment group. §Symptomatic swelling of the original infarct was defined as significant neurological deterioration accompanied
by evidence of significant brain swelling as determined by the independent masked expert assessment of the scan defined as: shift of the midline away from the side of
the ventricle or effacement of the basal cisterns or uncal herniation on a postrandomisation scan (or autopsy if not rescanned before death). The presence of some degree
of haemorrhagic transformation was permitted, provided it was not identified by the expert CT reader to be a major contributor to the mass effect. Symptomatic
intracranial haemorrhage was defined as significant neurological deterioration accompanied by clear evidence of significant intracranial haemorrhage on the
postrandomisation scan (or autopsy if not rescanned and death occurs after 7 days). Significant haemorrhage was present on any postrandomisation scan if the expert
reader both noted the presence of significant haemorrhagic transformation of the infarct or parenchymal haematoma and indicated that haemorrhage was a major
component of the lesion (or was remote from the lesion and likely to have contributed significantly to the burden of brain damage). This event included clinical events
described as a recurrent stroke within 7 days, in which the recurrent stroke was confirmed to be caused by an intracranial haemorrhage. ||Non-fatal cerebral events are
exclusive. However, non-fatal non-cerebral events are not exclusive. A given patient could have one or more non-fatal non-cerebral events and a non-fatal cerebral event.
**The deaths in the fatal rows are exclusive (a patient can only contribute to one of the fatal rows). Total deaths from non-cerebral causes include deaths not attributed to
myocardial infarction, extracranial bleed, or allergic reaction.

Table 3: Fatal and non-fatal cerebral and non-cerebral events within 7 days of randomisation
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Favours control

Favours rt-PA

Subgroup Events/number of patients Adjusted odds Adjusted
ratio (99% Cl) p value
rt-PA Control
Age (years) 0-029
<80 331/698 (47-4%) 346/719 (48-1%) 0-92 (0-67-1:26)
>80 223/817 (27:3%) 188/799 (23-5%) —— 1:35(0-97-1-88)
NIHSS score 0-003
0-5 221/304 (72:7%) 232/308 (75-3%) — e 0-85 (0-52-1:38)
6-14 2761728 (37-9%) 268/724 (37-0%) . 108 (0-81-1-45)
15-24 50/402 (12-4%) 33/421 (7-8%) T 1.73(0-93-3-20)
225 7/81 (8-6%) 1/65 (1-5%) > 7-43 (0-43-129-00)
Predicted probability of poor outcome at 6 months 0-009
<0-4 256/351 (72-9%) 290/377 (76-9%) —a—— 0-81(0:52-1-26)
0-4-0-5 88/169 (52-1%) 76/160 (47-5%) R S 1.20 (0-68-2-13)
0-5-0-75 127/361 (352%) 118/357 (33-1%) — 1-10 (0-73-1-65)
>075 83/634 (13-1%) 50/624 (8-0%) [ — 173 (1.07-2:82)
Time to randomisation (h) 0-613
0-3 132/431 (30-6%) 95/418 (22-7%) —— 164 (1-03-2:62)
3-45 182/577 (31-5%) 226/600 (37:7%) —a— 0-73(0:50-1:07)
>4:5 240/507 (473%) 213/500 (42-6%) —— 1:31(0-89-1.93)
Acute ischaemic change on randomisation scan according to expert panel 0-534
No 392/883 (44-4%) 379/910 (41-6%) —+l— 117 (0-88-1-56)
Yes 158/624 (25:3%) 149/598 (24-9%) —a— 1.05 (0-70-1.59)
Sex 0-409
Female 239/782 (30-6%) 235/787 (29:9%) —E— 1.21(0-86-1-69)
Male 315/733 (43-0%) 299/731 (40-9%) —— 1.04(0:75-1-43)
Stroke syndrome 0-465
TAC 106/639 (16-6%) 96/665 (14-4%) . 136 (0-89-2-08)
PACI 281/596 (47-1%) 254/550 (46-2%) —— 1.07 (0-76-1:51)
LACI 100/168 (59-5%) 103/164 (62-8%) [ 0-91 (0-48-1.72)
POCI 66/110 (60-0%) 79/136 (58:1%) [ — 1.04 (0-49-222)
Clinician’s assessment of recent ischaemic change at randomisation 0703
No evidence 381/894 (42:6%) 366/897 (40-8%) —— 113 (0-84-151)
Possible evidence 105/361 (29-1%) 108/340 (31-8%) —.— 0-92 (0-56-1-51)
Definite evidence 68/260 (26-2%) 60/281 (21-4%) — 139 (0-74-2-61)
Atrial fibrillation 0-574
No 440/1042 (42-2%) 436/1078 (40-4%) —m— 1.09 (0-83-1-43)
Yes 114/473 (24-1%) 98/440 (22:3%) —— 120 (0-76-1-90)
Systolic blood pressure (mm Hg) 0-737
<143 172/487 (35:3%) 170/491 (34-6%) —r 118 (078-178)
144-164 196/498 (39-4%) 196/518 (37-8%) —— 1.09 (0-74-1-62)
>165 186/530 (35-1%) 168/509 (33-0%) —i— 1-11 (0-74-1-65)
Diastolic blood pressure (mm Hg) 0-154
<74 151/462 (32:7%) 133/445 (29-9%) —T—— 132 (0-86-2:01)
75-89 204/541 (37:7%) 219/586 (37-4%) 1.08 (0-73-1-58)
290 193/500 (38-6%) 178/480 (37-1%) I 0-97 (0-64-1-46)
Glucose (mmol/L) 0-444
<5 109/254 (42:9%) 109/285 (38-2%) — 1.23(0-72-2-12)
6-7 261/664 (39:3%) 242/636 (381%) — 116 (0-82-1-66)
=8 143/455 (31-4%) 144/456 (31-6%) 1.03 (0:67-1-60)
Treatment with antiplatelet drugs in previous 48 h 0383
No 288/736 (39:1%) 282/725 (38:9%) 1.02(0-73-143)
Yes 265/775 (34-2%) 251/786 (31-9%) — 1-20 (0-87-1-65)
Trial phase 0-479
Blinded 34/136 (25-0%) 38/140 (27-1%) E—— 0-91(0-42-1-98)
Open 520/1379 (37-7%) 496/1378 (36:0%) 1.14 (0-89-1-45)
Centre with experience of thrombolysis 0-911
No 313/940 (33-3%) 309/950 (32:5%) 110 (0-82-1-48)
Yes 241/575 (41-9%) 225/568 (39:6%) — 114 (0-78-1-66)
Total 554/1515(36-6%)  534/1518 (35:2%) > 112 (0-89-1-41)
f 1
0-4 1.0 3:0
— E—

Figure 3: Adjusted effect of treatment on the primary outcome (alive and independent, Oxford Handicap Score 0, 1, or 2) in subgroups

The key predefined subgroups were age 80 years or younger, age older than 80 years, time from stroke onset to randomisation (0-3-0 h, 3:0-4-5 h, 4-5-6-0 h), initial
stroke severity as measured by National Institutes of Health stroke score, and the appearance of the baseline brain scan on expert read for each subgroup (whether
ischaemic change is visible or not). The treatment odds ratio in each subgroup has been adjusted for the linear effects of the other key variables (age, NIHSS, and
delay) but not for the presence or absence visible ischaemic change. It is for this reason that the adjusted odds ratio in the “Total” row at the bottom of the table does
not exactly agree with the odds ratio in table 2. The choice of cut-points to define certain subgroups is slightly different to those given in table 1. On the graph, for
each subgroup, the horizontal line represents the 99% Cl, the diamond is centred on the overall estimate and it represents the 95% Cl. The graph was generated with

R (version 2.11.1). rt-PA=recombinant tissue plasminogen activator. NIHSS=National Institutes of Health Stroke Scale. TACI=total anterior circulation infarct.
PACI=partial anterior circulation infarct. LACI=lacunar infarct. POCI=posterior circulation infarct.
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did occur in the adjusted effect of treatment between
patients older than 80 years and in patients 80 years or
younger (p=0-027), suggesting greater benefit in those
older than 80 years of age; contrary to expectations.”
Treatment appeared at least as effective in this age group
as in younger patients. Significant trends towards larger
effects of treatment in more severe strokes were also
seen (as assessed by the NIHSS and by the predicted
probability of a poor outcome™). Benefit was greatest in
patients treated within 3 h, but there was insufficient
power to examine decay of benefit with time. An analysis
of the treatment effect in each of three equal-sized
cohorts of patients (ie, those recruited in 2000-06,
2007-08, 2009-11) did not provide any evidence of period
effects (data not shown). We also undertook a sensitivity
analysis restricted to the 2939 (96%) patients with known
6-month vital and disability status (appendix pp 4-5), and
the results were not qualitatively different from those in
table 2.

Discussion

Although the increase in the number of patients treated
with rt-PA who were alive and independent at 6 months
was smaller than originally anticipated and was not
significant, the secondary analysis provides supportive
evidence of benefit. The ordinal analysis provided
evidence that on average, patients treated with intra-
venous thrombolysis up to 6 h after stroke survived with
less disability. At 6 months, vital status was known for
most patients and there was no evidence of any difference
in the number of deaths, despite the excess of deaths
within 7 days of stroke (mainly due to intracranial
haemorrhage). Since mortality at 6 months was equal in
the two groups, and in view of the evidence that the lower
the patients’ degree of disability at 6 months, the greater
their subsequent survival,” long-term follow-up beyond
6 months is important. Follow-up for survival, therefore,
continues in the UK, Norway, and Sweden to assess
whether an overall survival advantage from rt-PA after
6 months emerges.

Since we sought to recruit older patients and patients
who did not strictly meet prevailing licence criteria for
thrombolytic therapy with rt-PA, we anticipated a higher
risk of adverse events, chiefly symptomatic intracranial
haemorrhage. The patient information leaflet stated that
rt-PA treatment might be associated with an increased
risk of fatal intracranial haemorrhage of 4%, which
indeed was the rate reported in the trial. Furthermore,
applying a similar definition of symptomatic intra-
cerebral haemorrhage as in the Cochrane systematic
review, the frequency of this disorder within 7 days in
[ST-3 patients treated with rt-PA (6-8%) was comparable
with the 7-3% reported in the Safe Implementation of
Thrombolysis in Stroke (SITS) registry of 6483 patients
treated within licence in routine clinical practice.”” We
also expected a higher risk of death in the control group,
and a smaller proportion alive and independent than in

previous trials. Reassuringly, despite the different event
rates in the control group, for most of the outcomes,
there was no clear evidence that the effects of treatment
were qualitatively different in IST-3 to those seen in
earlier randomised trials, with two exceptions. We
identified significant trends towards larger effects of
treatment in patients with more severe strokes. We also
anticipated a reduction in fatal and non-fatal neurological
deterioration due to swelling of the initial infarct,® so the
clear 17 per 1000 excess was unexpected, and inconsistent
with data from previous trials.®

As proposed by Kent and colleagues,” we reported the
effect of treatment on the primary outcome in several
prespecified subgroups and included the effects sub-
divided by the result of a prognostic score. Benefit with
treatment was greatest within 3 h, but the analyses did
not have sufficient power to define the shape of the
relation between benefit and time beyond 3 h. The effect
of treatment in patients older than 80 years of age was at
least as large as in patients younger than 80 years of age.
A formal test for trend showed a significant difference
for greater benefit of rt-PA in patients with increasingly
severe strokes. However, in view of the overall non-
significant benefit for the primary outcome, the
significant interactions across subgroups in these
analyses should be interpreted with caution. As specified
in the statistical analysis plan, we planned additional
secondary analyses to explore these apparent effects on
the primary outcome (and on other outcomes, such as
symptomatic intracranial haemorrhage) and to decide if
these effects were due to chance.

Lyden* has identified limitations in these data, chiefly
that IST-3 recruited only half the number of patients
originally intended and so was underpowered for the
primary outcome (and more so for the subgroup
analyses). The many changes in the regulatory envir-
onment over the course of the trial delayed the approval
of the trial in many centres and precluded the
participation of several countries and hence was a
significant factor in our failing to achieve our original
target." Nonetheless, the trial was the largest-ever trial of
thrombolysis therapy for stroke* (over three times larger
than any previous trial) and included more patients
treated within 3 h of stroke (n=849) than were included
in the National Institute of Neurological Disorders and
Stroke (NINDS) trial (n=624), the only previous trial
examining specifically treatment within 3 h (panel). The
fact that most of the IST-3 patients treated within 3 h
were older than 80 years of age (n=726), yet achieved
similar benefit to younger patients in NINDS trial, adds
to the NINDS trial.

The absence of masking is most relevant for the
assessment of the events within 7 days. However, every
possible precaution was taken to ensure masking of the
expert panel assessing the scans, and the adjudication
committee, who also assessed clinical data on all
potential cerebral events. The proportional effect of
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treatment on fatal and non-fatal events within 7 days was
very similar, which perhaps suggest that masking of
the assessors was successful. The self-assessment at
6 months by patients or their carer by postal question-
naire or masked telephone interview was unmasked and
so could be subject to reporting bias.* However, self-
reported outcome by patients is necessarily subjective
and affected by many things besides knowledge of
treatment allocation. The subgroup analysis subdivided
by trial phase provides some reassurance in that no
significant difference was seen in the effect of treatment
on the primary outcome in the double-blind phase and
the open phase (figure 3). The measurement of outcome
with OHS at 6 months is different from previous trials
that measured the modified Rankin score at 3 months.
When we planned IST-3 in 1998, the modified Rankin
score and OHS were judged to be equivalent. Both are
derivatives of the original Rankin scale, developed by
members of our group. While the proportion of patients
recorded as dependent might be slightly different with
each scale, the choice of outcome scale would not bias
the assessment of treatment effect between treatment
and control groups.

The outcome was recorded at 6 months and 18 months,
to assess the effects on survival free of disability after a
few months and also in the long term (the longer the
benefit persists, the greater the cost-effectiveness). The
longer time to follow-up allowed any differential effect of
rt-PA on early and late death to become clearer. Outcome
(other than survival) was not recorded at 3 months,
although the proportional effects on death and disability
seen at 6 months in IST-3 are comparable with those
seen at 3 months in previous trials.

Lyden also comments that the sampling approach to
monitoring in IST-3 was less intense than in many
commercial studies, and is a potential concern, but also
states: “many clinical trialists believe that source
verification of some clinical trial data assures safety,
accuracy, and validity of the trial data. Authorities do not
agree on the minimum quantity of verified data to assure
validity (100%, half, 10% sample)...but there is no
evidence to suggest any problems with the [IST-3] data
set due to limited monitoring.”*

When the results of IST-3 are incorporated into an
updated systematic review,” the estimates of relative
treatment effect are broadly compatible with the previous
rt-PA trials for each of the main outcomes: alive and
independent; death at final follow-up; and fatal
intracranial haemorrhage.

Our trial was underpowered to reliably detect important
subgroup effects, and so a collaborative individual patient
data meta-analysis (the Stroke Thrombolysis Trialists
Collaboration [STTC]) has been established, which will
include data from all the completed intravenous rt-PA
trials and will update the previous pooled analysis.” The
meta-analysis will explore which baseline factors, other
than time, might modify the effects of treatment on major
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Panel: Research in context

Systematic review

To update the published systematic review of randomised-controlled trials of recombinant
tissue plasminogen activator (rt-PA) in patients with acute ischaemic stroke and incorporate
the third International Stroke Trial (IST-3) results,® we searched for additional randomised
trials of intravenous rt-PA versus control within 6 h of onset of acute ischaemic stroke up to
March 30, 2012, in the Cochrane Stroke Trials Registry (November, 2011), Internet Stroke
Trials Centre (March, 2011), Medline and Embase (search strategy available on request), and
references lists in review articles and conference abstracts. The primary analysis was for all
patients treated up to 6 h after stroke. Data were available for 7012 patients in 12 trials. We
tested for heterogeneity between the estimates of effect for key outcomes from two strata:

all trials before IST-3 and IST-3. The tests for heterogeneity in the proportional effects of
treatment across these two strata were not significant for symptomatic intracranial

haemorrhage (y* 2-13, p=0-1), deaths within 7 days (x* 1-44, p=0-2), deaths by the end of

follow-up (x* 1-0, p=0-3) and, the proportion alive and independent (modified Rankin score
0-2: %* 3-08, p=0-08). Similarly, no heterogeneity occurred across the two strata for patients

of all ages treated within 3 h (x* 0-25, p=0-6). The review established that the effects of

treatment reported in IST-3—in this wider range of patients (generally outside the current

approvals)—were consistent with those seen in previous trials.

Interpretation
By providing estimates on the benefits and harms of treating patients with acute
ischaemic stroke outside the current approvals, IST-3 enables clinicians to consider

thrombolytic treatment for a wider range of patients, especially those older than 80 years

of age. The data reinforce the need for further efforts to increase the proportion of all
ischaemic strokes treated within 3 h. The additional data from IST-3 give greater
confidence that mortality is not increased by treatment. The implications for ongoing

research are that the data strengthen the rationale for the ongoing trials of thrombolysis in
patients presenting more than 4-5 h after onset of stroke, and suggest that the imposition

of upper age limits on future trials in acute stroke will become harder to justify.

outcomes (such as death, functional outcome, and
intracerebral haemorrhage), and so provide Dbetter
guidance for clinicians and patients to apply this
treatment as effectively as possible in routine practice.
For the types of patient recruited in IST-3 (about three
quarters of whom were randomised after 3 h, and half of
all patients were older than 80 years of age), by 6 months
there was evidence that rt-PA improved functional
outcome. The data add weight to the policy of treating
patients as soon as possible, and also justify extending
treatment to patients older than 80 years of age. The data
do not support any restriction of treatment on the basis
of stroke severity or the presence of early ischaemic
change on the baseline brain scan. The data support the
need for randomised trials of thrombolysis in selected
patients more than 4-5 h after stroke.
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