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ORIGINAL CONTRIBUTION

Recombinant Tissue-Type Plasminogen
Activator (Alteplase) for Ischemic Stroke
3 to 5 Hours After Symptom Onset
The ATLANTIS Study: A Randomized Controlled Trial
Wayne M. Clark, MD
Stanley Wissman, MD†
Gregory W. Albers, MD
Jack H. Jhamandas, MD, PhD
Kenneth P. Madden, MD, PhD
Scott Hamilton, PhD
for the ATLANTIS Study
Investigators

THE FOOD AND DRUG ADMINIS-
tration (FDA) approval in June
1996 of intravenous recombi-
nant tissue-type plasminogen

activator (rt-PA) for patients with acute
ischemic stroke treated within 3 hours
of symptom onset marked a historic first
step in treating this devastating dis-
ease. This approval was primarily based
on the results of the National Institute
of Neurologic Disorders (NINDS) tri-
als (1 and 2).1 In the NINDS trials, pa-
tients with ischemic stroke were treated
within 3 hours of symptom onset with
either 0.9 mg/kg of rt-PA (alteplase)
(maximum dose ,90 mg) or placebo.
A significant 11% to 15% absolute ben-
efit was found favoring rt-PA despite a
significant increase in the symptomatic
intracerebral hemorrhage (ICH) rate
(6.4% vs 0.6%; P,.001) at 36 hours. The
current approved use of rt-PA is lim-
ited to otherwise eligible patients in
whom treatment can be initiated within
3 hours after the onset of stroke symp-
toms. This greatly restricts the number
of patients who could potentially be
treated, because most stroke patients
present more than 3 hours after symp-
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(Dr Clark); Stucky Research Center, Fort Wayne, Ind
(Dr Wissman); Stanford Stroke Center, Stanford Uni-
versity, Palo Alto, Calif (Dr Albers); Department of Neu-
rology, University of Alberta, Edmonton (Dr Jhaman-
das); Marshfield Clinic, Marshfield, Wis (Dr Madden);
and Genentech Inc, South San Francisco, Calif

(Dr Hamilton). A complete list of the ATLANTIS Study
Investigators appears at the end of this article.

†Deceased.
Corresponding Author and Reprints: Wayne M. Clark,
MD, Oregon Stroke Center, UHS 44, Oregon Health
Sciences University, 3181 SW Sam Jackson Park Rd,
Portland, OR 97201 (e-mail:clarkw@ohsu.edu).

Context Recombinant tissue-type plasminogen activator (rt-PA) improves out-
comes for patients with acute ischemic stroke, but current approved use is limited to
within 3 hours of symptom onset. This restricts the number of patients who can be
treated, since most stroke patients present more than 3 hours after symptom onset.

Objective To test the efficacy and safety of rt-PA in patients with acute ischemic
stroke when administered between 3 and 5 hours after symptom onset.

Design The Alteplase ThromboLysis for Acute Noninterventional Therapy in Ischemic
Stroke (ATLANTIS) study is a phase 3, placebo-controlled, double-blind randomized study
conducted between December 1993 and July 1998, with up to 90 days of follow-up.

Setting One hundred forty university and community hospitals in North America.

Patients An intent-to-treat population of 613 acute ischemic stroke patients was en-
rolled, with 547 of these treated as assigned within 3 to 5 hours of symptom onset. A
total of 39 others were treated within 3 hours of symptom onset, 24 were treated
more than 5 hours after symptom onset, and 3 never received any study drug.

Intervention Administration of 0.9 mg/kg of rt-PA (n = 272) or placebo (n = 275)
intravenously over 1 hour.

Main Outcome Measures Primary efficacy was an excellent neurologic recovery
at day 90 (National Institutes of Health Stroke Scale [NIHSS] score of #1); secondary
end points included excellent recovery on functional outcome measures (Barthel in-
dex, modified Rankin scale, and Glasgow Outcome Scale) at days 30 and 90. Serious
adverse events were also assessed.

Results In the target population, 32% of the placebo and 34% of rt-PA patients
had an excellent recovery at 90 days (P = .65). There were no differences on any of
the secondary functional outcome measures. In the first 10 days treatment with rt-PA
significantly increased the rate of symptomatic intracerebral hemorrhage (ICH) (1.1%
vs 7.0% [P,.001]), a symptomatic ICH (4.7% vs 11.4% [P = .004]), and fatal ICH
(0.3% vs 3.0% [P,.001]). Mortality at 90 days was 6.9% with placebo and 11.0%
with rt-PA (P = .09). Results in the intent-to-treat population were similar.

Conclusions This study found no significant rt-PA benefit on the 90-day efficacy
end points in patients treated between 3 and 5 hours. The risk of symptomatic ICH
increased with rt-PA treatment. These results do not support the use of intravenous
rt-PA for stroke treatment beyond 3 hours.
JAMA. 1999;282:2019-2026 www.jama.com
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tom onset.2 This time limitation is re-
flected in the finding that, since ap-
proval, less than 5% of all stroke patients
are receiving rt-PA.3-5 This raises the
question of whether intravenous rt-PA
is still relatively safe and effective if given
beyond 3 hours after stroke. This ques-
tion is particularly important in light of
a recent phase 4 trial in North America
finding that more than 15% of patients
receiving rt-PA are actually being treated
after 3 hours from symptom onset even
at experienced stroke centers.6

The objective of this phase 3 study,
Alteplase ThromboLysis for Acute Non-
interventional Therapy in Ischemic
Stroke (ATLANTIS), was to assess the
efficacy, as measured by improved clini-
cal outcome, and relative safety of 0.9
mg/kg of rt-PA vs placebo in acute is-
chemic stroke patients treated be-
tween 3 and 5 hours of stroke onset.

METHODS
The ATLANTIS study first began in Au-
gust 1991 and was initially designed to
assess the efficacy and safety of intra-
venous rt-PA in patients with acute is-
chemic stroke administered from 0 to
6 hours after symptom onset. This com-
pany-sponsored trial (Genentech Inc,
South San Francisco, Calif) was de-
signed to run concurrently with the
NINDS trials in an effort to obtain more
information on the use of rt-PA in
stroke treatment. In December 1993,
enrollment was halted and the time
window was changed because of safety
committee (data monitoring safety
board) concerns in the 5- to 6-hour
group. It was decided to restart the trial
as “part B,” reflecting a new time win-
dow (0-5 hours after symptom onset)
and new study end points, with pa-
tients enrolled in “part A” to be con-
sidered a separate trial for analysis and
reporting purposes. The company and
investigators remained blinded to re-
sults from patients in part A. Data from
part A will be reported in a separate
publication.7 The ATLANTIS part B
study was further modified in Febru-
ary 1996 to a 3- to 5-hour window af-
ter stroke onset in light of the results
of the NINDS rt-PA study. At that time,

100 new study sites were added. Thirty-
one patients were enrolled within 0 to
3 hours of stroke onset per protocol in
part B of the trial before the change was
made to the 3- to 5-hour window. Al-
though data for all part B intent-to-
treat (ITT) patients are presented here,
this article focuses primarily on the pa-
tients enrolled in the 3- to 5-hour win-
dow who are the target population for
the ATLANTIS part B trial.

This was a randomized, double-
blind, multicenter, placebo-controlled
clinical trial. Enrollment was based on
clinical and computed tomography (CT)
criteria; angiography was not required.
The study was conducted at 140 cen-
ters in North America. All investiga-
tors were required to be certified in the
National Institutes of Health Stroke Scale
(NIHSS)8 according to National Insti-
tutes of Health (NIH) guidelines by
means of a standard training video-
tape.9 Patients were randomized (1:1)
and treated with either rt-PA (0.9 mg/
kg) or matched placebo. All patients or
their legal representatives signed an in-
formed consent approved by the insti-
tutional review board of each study site.

Patients
The target population for part B of the
study was defined as patients aged 18
through 79 years who presented with
a clinical diagnosis of ischemic stroke
causing a measurable neurologic defi-
cit and received the study drug within
3 to 5 hours of definite symptom on-
set (TABLE 1). A CT scan excluding ICH
was required before randomization. In
addition, patients were excluded if signs
of cerebral ischemia were seen in more
than one third of the territory of the
middle cerebral artery. This criterion
was included in the February 1996 pro-
tocol amendment following the re-
sults of the European Cooperative
Acute Stroke Study (ECASS) I trial10

that suggested that the risk of ICH is
higher in this subgroup of patients.
Copies of all CT scans were sent to a
central neuroradiologist who was
blinded to the patients’ treatment group.

Primary exclusion criteria for this
study are shown in Table 1. Simple

measures (eg, use of nitropaste) were
allowed to lower blood pressure to less
than 185/110 mm Hg prior to treat-
ment but aggressive treatment (eg, ni-
tropresside intravenous infusion) was
not. Patients taking coumadin were al-
lowed only if their prothrombin time
was normal. Patients taking antiplate-
let agents were allowed.

The patients were randomized fol-
lowing a central code using a blocked
randomization, stratified by clinical cen-
ter. The study used an interactive voice
system for randomization and drug sup-
ply management. No one at the local
site was aware of patient group assign-
ment. The study drug consisted of white
lyophilized powder, indistinguishable
between groups, that was reconsti-
tuted with sterile water. The reconsti-
tuted study drug, 0.9 mg/kg (no more
than 90 mg total), was given as a 10%
(of total dose) intravenous bolus over
1 to 2 minutes through a dedicated line,
followed immediately by a 60-minute
infusion of the remaining dose. Admin-
istration of heparin, oral anticoagu-
lants, antiplatelet agents, or other hem-
orrheologic agents was prohibited
during the initial 24 hours after comple-
tion of the infusion. After 24 hours, the
use of intravenous heparin or other an-
tithrombotic agents was at the local in-
vestigators’ discretion.

The sample size estimate for part B
using an NIHSS score of 0 or 1 as the
primary end point was based on a
2-sided x2 test. The placebo group was
assumed to have a 35% primary end
point rate. Based on this assumption,
968 patients would be required to de-
tect a primary end point rate of 44% or
higher in the rt-PA group with an a
level of .05 and power of 80%. The trial
was stopped prematurely in July 1998
based on an interim analysis by the data
monitoring safety board indicating that
“treatment was unlikely to prove ben-
eficial.” Although the timing of this in-
terim analysis was preplanned, the
study did not meet any of the prespeci-
fied safety criteria for stopping.

Patients were monitored closely for the
development of any neurologic symp-
toms or bleeding complications. An
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NIHSS and general physical examina-
tion were completed by certified inves-
tigators at baseline; 120 minutes; 24
hours; and 7, 30, and 90 days following
initiation of study drug, while Barthel in-
dex, modified Rankin scale, and Glasgow
Outcome Scale assessments were per-
formed at days 30 and 90. Vital signs
were determined hourly for the first 24
hours. After initiation of study drug, the
patient’s blood pressure was main-
tained at less than 185/110 mm Hg in ac-
cordance with a treatment algorithm that
included aggressive measures, if needed.
Clinical laboratory tests, including com-
plete blood cell counts, coagulation tests,
and fibrinogen and fibrin degradation
products (study personnel blinded to re-
sults), were performed at baseline, 6, and
24hours.Anoncontrast cerebralCTscan
was performed at baseline, 18 to 30 hours
(or sooner if clinical deterioration oc-
curred), and 23 to 37 days after study
drug infusion for assessment of ICH, in-
farct signs, and infarct size. To avoid po-
tential unblinding, the clinical examina-
tions at 30 and 90 days were performed
by an individual who was not present
duringstudydrugadministrationanddid
not see the patient in the first 24 hours.

Outcome Measures
The sponsor conducted data manage-
ment and analysis. All personnel at each
study site and at Genentech involved in
conducting and monitoring the trial were
blinded to the study drug codes. The pri-
mary efficacy outcome variable was the
percentage of patients at 90 days with an
excellent neurologic recovery defined as
a score of 0 or 1 on the NIHSS. Second-
ary end points included excellent func-
tional recovery at days 30 and 90 on the
modified Rankin scale,11 the Barthel in-
dex,12 and the Glasgow Outcome Scale.13

A full list of the outcome variables for the
trial is given in TABLE 2.

Safety parameters included overall
mortality, asymptomatic ICH, symp-
tomatic ICH, fatal ICH, and other se-
rious adverse events in both treatment
groups. An ICH was defined as the pres-
ence of any blood seen on a brain CT
scan. The local investigator assessed
cause of death. The records of all pa-

tients who died and who had any type
of ICH were reviewed by the blinded
independent data safety monitoring
board on an ongoing basis.

Statistical Analysis
Dataweredoubleenteredandverifiedus-
ing the Informix database management
system. Statistical Analysis Software 6.12
(SAS Institute Inc, Cary, NC) was used
to perform the statistical analysis. All tests
of significance were 2-sided and con-
ducted at the P = .05 level of signifi-
cance. Analyses on 2 populations were
performed: a target population that was
treated within the 3- through 5-hour

window and an ITT analysis based on all
patients randomized, including the 39
patients enrolled less than 3 hours after
stroke onset prior to the protocol amend-
ment. For both analyses, results are based
on the last observation carried forward
method with death given the worst out-
come score on all of the measures. Dif-
ferences in baseline characteristics were
determined using t tests for continuous
variables and x2 tests for categorical vari-
ables. Efficacy end points were tested us-
ing a 2-sample binomial test. Differ-
ences in ICH and serious adverse events
between groups were compared with the
Fisher exact test.

Table 1. Study Inclusion and Exclusion Criteria

Inclusion Criteria
a. Age, 18 through 79 years (ie, candidates are at least 18 years old but not yet 80).
b. Clinical diagnosis of ischemic stroke, causing a measurable neurological deficit (defined as

impairment of language, motor function, cognition, gaze, or vision, or as neglect). Ischemic stroke
is defined as an event characterized by the sudden onset of an acute focal neurological deficit
presumed to be due to cerebral ischemia after exclusion of hemorrhage by computed
tomographic scan.

c. Onset of symptoms of ischemic stroke within 3-5 hours of initiation of treatment with the study
drug: “time of onset” of stroke is defined as that point at which a change in the baseline
neurological function occurred. If that time is not known, eg, the patient awakens from sleep with
new symptoms, the last time the patient was observed to be neurologically intact must be
considered the time of onset.

Exclusion Criteria
Clinical
a. Coma, severe obtundation, fixed eye deviation, or complete hemiplegia.
b. Patient has only minor stroke symptoms (ie, ,4 points on the National Institutes of Health Stroke

Scale and normal speech and visual fields) or major symptoms that are rapidly improving by the
time of randomization.

c. History of stroke within the previous 6 weeks.
d. Known active seizure disorder or a first seizure within the 6 hours immediately prior to

administration of study drug.
e. Previous known intracranial hemorrhage, neoplasm, subarachnoid hemorrhage, arteriovenous

malformation, or aneurysm.
f. Clinical presentation suggestive of subarachnoid hemorrhage, even if initial computed

tomographic scan is normal.
g. Hypertension, defined as systolic blood pressure .185 mm Hg or diastolic blood pressure

.110 mm Hg on repeated measures prior to study entry or requiring aggressive (eg, intravenous
antihypertensive) treatment to reduce blood pressure to within these limits.

h. Presumed septic embolus.
i. Presumed pericarditis or presence of either ventricular thrombus or aneurysm related to recent

acute myocardial infarction.
j. Recent (within 30 d) surgery or biopsy of a parenchymal organ.
k. Recent (within 30 d) trauma with internal injuries or ulcerative wounds.
l. Recent (within 90 d) head trauma.
m. Any active or recent (within 30 d) hemorrhage.
n. Known hereditary or acquired hemorrhagic diathesis, eg, activated partial thromboplastin time or

prothrombin time greater than normal; unsupported coagulation factor deficiency; or oral
anticoagulant therapy with prothrombrin time greater than normal.

o. Pregnancy, lactation, or parturition within the previous 30 days.
p. Baseline lab values: glucose, ,50 mg/dL (2.8 mmol/L) or .400 mg/dL (22.2 mmol/L); platelet

count, ,100 000/µL; hematocrit measurement ,.25.
q. Other serious, advanced, or terminal illness.
r. Any other condition that the investigator feels would pose a significant hazard to the patient

if recombinant tissue-type plasminogen activator therapy were initiated.
s. Current participation in another research drug treatment protocol.
Cerebral Computed Tomographic Scan Exclusions
a. High-density lesion consistent with hemorrhage of any degree.
b. Evidence of significant mass effect with midline shift.
c. Subarachnoid hemorrhage.
d. Parenchymal hypodensity, loss of gray/white matter distinction, and/or effacement of cerebral

sulci in .33% of the middle cerebral artery territory.
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RESULTS
FromDecember1993throughJuly1998,
atotalof613patientswereenrolled(ITT)
at 140 sites into part B; this includes 31
patients appropriately enrolled at 0 to 3
hours of stroke onset prior to the proto-
col modification and 32 protocol viola-
torsenrolledafterthemodificationwithin
3 hours (n = 8) or after 5 hours (n = 24)
of stroke onset. An additional 3 patients

were excluded because they did not re-
ceive any study medication. Thus, 547
patients received study medication be-
tween 3 and 5 hours of symptom onset.
Because of randomization errors, 9 pa-
tients were assigned rt-PA but actually
received placebo and 4 patients were
assigned placebo but actually received
rt-PA. The final target population con-
sistedof547patients(FIGURE1).All ran-

domizedpatientswereincludedintheITT
analysis (grouped by assigned random-
ization).Forbothpopulations,thegroups
were well matched for baseline age and
initial NIHSS score (mean, 11 for both
groups). The target population had a
higher percentage of men in the placebo
group (TABLE 3).

In the target population, mean time
to treatment was 4 hours, 24 minutes
from symptom onset in the placebo
group and 4 hours, 28 minutes in the
rt-PA group. The groups were well
matched for history of smoking, hyper-
tension,cardiacdisease,andpriorstroke.
In the treatment population, the rt-PA
group had a trend toward a higher inci-
dence of diabetes and atrial fibrillation.

Efficacy Results
Resultsof theefficacyanalysisareshown
in TABLE 4. For the primary end point in
thetargetpopulation,32%ofplacebopa-
tients and 34% of rt-PA patients had an
excellent recovery at 90 days (P = .65).
No treatment benefits were seen on any
ofthesecondaryfunctionaloutcomes, in-
cludingacomposite“globaloutcomesta-
tistic” modeled after the method used in
the NINDS rt-PA study,1 and no global
treatment effect was seen even when ad-
justments were made for baseline differ-
ences in diabetes and atrial fibrillation.
The overall distribution of the NIHSS,
modifiedRankinscale,Barthel index,and
GlasgowOutcomeScalescores inthetar-
get population is shown in FIGURE 2.
Thereappeared tobeno treatmenteffect
on very early recovery. The mean (SD)
NIHSS scores at 2 hours were 9.8 (5.7)
in the placebo group vs 10.0 (6.4) in the
rt-PA group (P = .91); at 24 hours, 9.0
(6.6)vs9.0(8.6) (P = .34); andat7days,
8.34(8.3)vs8.72(10.1) (P = .36).How-
ever, treatment with rt-PA did produce
a significant increase in the percentage
of patients in the target population with
majorneurologic recovery,definedasan
11-point improvement or complete re-
covery on the NIHSS at days 30 and 90
(day 30: placebo, 31%; rt-PA, 40%
[P = .02]; day 90: placebo, 36%; rt-PA,
45%[P = .03]). Inaposthocanalysis, the
percentageofpatientswith“independent”
recovery defined as a modified Rankin

Figure 1. Patient Randomization

613 Randomized

27 Did Not Receive rt-PA as Assigned
2 Did Not Receive Study Drug

16 Protocol Violations
2 Received Treatment Before 3 h

14 Received Treatment After 5 h
9 Received Placebo

21 Did Not Receive Placebo as Assigned
1 Did Not Receive Study Drug

16 Protocol Violations
6 Received Treatment Before 3 h

10 Received Treatment After 5 h
4 Received rt-PA

275 Received Placebo Between 3 and 5 h
(Target Population)

272 Received rt-PA Between 3 and 5 h
(Target Population)

284 Received rt-PA
268 Between 3 and 5 h
12 Before 3 h
4 Assigned Placebo

294 Received Placebo
266 Between 3 and 5 h
19 Before 3 h
9 Assigned rt-PA

306 Assigned Placebo (Intent-to-Treat Population) 307 Assigned rt-PA (Intent-to-Treat Population) 

rt-PA indicates recombinant tissue-type plasminogen activator.

Table 2. Study Outcome Measures

Primary Hypothesis
For patients treated within a 3-5 hour window, there is a significant difference between the
recombinant tissue-type plasminogen activator (rt-PA) and placebo-treated groups in complete
recovery, defined as a National Institutes of Health Stroke Scale (NIHSS) score of #1 at 90 days.
Secondary Hypotheses
The following hypotheses deal with patients treated within a 3-5 hour window.
1. Using a global outcome assessment, there is a significant difference between the rt-PA– and

placebo-treated groups in the proportion of patients with an NIHSS score of #1, Barthel index
score of $95, modified Rankin scale score of #1 (no significant disease or symptoms), and
Glasgow Outcome Scale score of 1 (good recovery) at 90 days.

2. There is a significant difference between the rt-PA– and placebo-treated groups in the proportion
of patients with a Barthel index score of $95, a modified Rankin scale score of #1, and a
Glasgow Outcome Scale score of 1 at 90 days, considered as separate variables.

3. There is a significant difference between the rt-PA– and placebo-treated groups in the distribution
of outcome as assessed by NIHSS, Barthel index, modified Rankin scale, and Glasgow Outcome
Scale scores at 90 days.

Additional Hypotheses
1. There is a significant difference between the rt-PA– and placebo-treated groups in clinical

improvement, defined as a decrease in the NIHSS score of 11 or more points from baseline to 90
days, or complete recovery, defined as an NIHSS score of 0 at 90 days.

2. This end point will measure the same outcomes as 1-3 at 30 days.
3. There is a significant difference between the rt-PA– and placebo-treated groups in early clinical

improvement in the mean of the NIHSS score at 120 minutes, at 24 hours, and at
7 days.

4. There is a significant difference between the rt-PA– and placebo-treated groups in complete
functional recovery, defined as a score of 105 in the combined Barthel index/modified Rankin
scale.

5. There is a significant difference between the rt-PA– and placebo-treated groups in the median
change in the modified Rankin scale score from prestroke to 30 days and from prestroke to
90 days.

6. There is a significant difference between the rt-PA– and placebo-treated groups in the volume of
cerebral infarction as measured by cerebral computed tomographic scanning at 30 days.
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scale score of 0,1, or 2 also showed no
treatment effect (placebo, 56%; rt-PA,
54%; P = .75). For the primary outcome
measure (NIHSSscore,0or1), ananaly-
sis of variance that accounted for differ-
encesinbaselinevariableswasperformed.
Theseparametersdidnotaffecttheresults
significantly.Finally, inanadditionalpost
hoc analysis using 90-day NIHSS scores
of 0 and 1, we found an equal lack of ef-
ficacy in patients treated between 3 and
4hoursofstrokeonset(n = 111;placebo,
31%; rt-PA, 28%; P = .84) and patients
treated between 4 and 5 hours (n = 436;
placebo, 33%; rt-PA, 34%; P = .92).

No treatment benefit was seen on day
30; CT scan infarct volumes in both
groups showed large variations (Table
4). A detailed analysis of the CT scan
findings in this study will be ad-
dressed in a separate publication. There
were no planned pharmacoeconomic
analyses in this study; however, there
was no significant difference in the
mean (SD) length of hospital stay be-
tween groups: placebo, 13 (22) days;
rt-PA, 11 (24) days.

Serious Adverse Events
Serious adverse events are shown in
TABLE 5. The occurrence of ICH was de-
termined by CT scan at 18 to 30 hours.
Determination of whether the ICH was
asymptomaticorsymptomaticwasmade
by the localprincipal investigator. In the
target population, treatment with rt-PA
significantly increased the rate of both
asymptomatic and symptomatic ICH:
asymptomatic in comparison with pla-
cebo, 4.7% placebo vs 11.4% rt-PA
(P = .004); symptomatic, 1.1% placebo
vs7.0%rt-PA(P,.001)(fatal symptom-
atic, 0% vs 3%; P = .005). Safety results
for the entire ITT population were simi-
lar. These ICH rates represent the inci-
denceof ICHonanyCTscanperformed
in the first 10 days. Although for most
cases, this only involves the CT scan at
18 to 30 hours, any cases in which an
ICH was observed on a repeat CT scan
in the first 10 days were also included.
No significant difference in the mortal-
ity rate at 90 days between groups was
found in either population, although
mortality rates tended to be higher with

rt-PA (placebo, 6.9%; rt-PA, 11.0%;
P = .09) (Table 5). Other than ICH, the
incidence of serious systemic bleeding
was less than 0.2% in both the placebo
and rt-PA groups.

COMMENT
The ATLANTIS part B trial did not find
a benefit to intravenous rt-PA therapy for
patients with ischemic stroke when treat-
ment was initiated within 3 to 5 hours

Table 4. Efficacy Results*

End Point

Intent-to-Treat Population Target Population†

Placebo
(n = 306)

rt-PA
(n = 307) P Value

Placebo
(n = 275)

rt-PA
(n = 272) P Value

Day 90
NIHSS score, 0 or 1 34.0 34.5 .89 32.0 33.8 .65

Barthel index, .95 54.6 54.1 .90 53.5 53.7 .96

Modified Rankin scale, 0 or 1 40.5 41.7 .77 38.9 42.3 .42

Glasgow Outcome Scale, 1 46.1 46.3 .97 44.0 46.3 .59

Barthel/Rankin‡ 36.6 37.5 .83 34.5 37.9 .42

NIHSS score, .11 improvement 39.0 45.1 .13 36.0 44.9 .03

Day 30
NIHSS score, 0 or 1 26.2 32.8 .08 24.6 32.1 .06

Barthel index, .95 47.0 47.2 .96 46.8 46.6 .96

Modified Rankin scale, 0 or 1 31.9 36.2 .26 31.2 36.5 .20

Glasgow Outcome Scale, 1 38.0 42.3 .29 36.9 41.1 .32

Barthel/Rankin‡ 28.9 32.2 .37 28.3 32.0 .35

NIHSS score, .11 improvement 32.2 41.1 .02 30.6 40.4 .02

Infarct volume, cm3, mean (SD) 47 (71) 47 (66) .98 47 (74) 46 (66) .95

*rt-PA indicates recombinant tissue-type plasminogen activator; NIHSS, National Institutes of Health Stroke Scale. Data
are presented as percentages unless otherwise indicated.

†The target population received treatment as assigned between 3 and 5 hours after symptom onset.
‡Barthel/Rankin indicates patients who met criteria for both of the scales.

Table 3. Baseline Demographics*

Group

Intent-to-Treat Population Target Population†

Placebo
(n = 306)

rt-PA
(n = 307) P Value

Placebo
(n = 275)

rt-PA
(n = 272) P Value

Age, y, mean (SD) 65 (11) 66 (11) .23 65 (11) 66 (12) .05

Male sex 62 57 .19 63.6 54.8 .04

White race 83 84 .80 83.6 84.6 .33

Weight, kg, mean (SD) 80 (18) 78 (19) .13 81 (18) 78 (19) .07

Time to treatment, h
(Median) 4:30 4:36 4:34 4:36

,3 8.5 4.2 0 0

3-4 18.0 19.3 .21 20.7 20.6 .84

.4-5 70.3 72.2 79.3 79.4

.5 3.3 4.2 0 0

Baseline NIHSS
Mean (SD) 11 (5) 11 (6) 11 (5) 11 (6)

Median 10 10
.36

10 10
.29

,10, % 58 53 58 53

.20, % 7 8 7 9

Smoker 44 46 .62 44 44 .93

Cardiac disease 72 74 .59 73 75 .61

Atrial fibrillation 14 19 .10 14 19 .09

Hypertension 60 60 .95 62 61 .79

Diabetes 18 25 .03 19 25 .07

*rt-PA indicates recombinant tissue-type plasminogen activator; NIHSS, National Institutes of Health Stroke Scale. Data
are presented as percentages unless otherwise indicated.

†The target population received treatment as assigned between 3 and 5 hours after symptom onset.

RT-PA FOR ISCHEMIC STROKE AT 3-5 HOURS

©1999 American Medical Association. All rights reserved. JAMA, December 1, 1999—Vol 282, No. 21 2023

 at STANFORD Univ Med Center on June 27, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org


of symptom onset. No beneficial effects
were seen on the day 90 evaluations in
either the target population, those pa-
tients strictly enrolled between 3 and 5
hours of stroke onset, or in the ITT analy-
sis group. The demographic data show
that the groups were well matched. Al-
though there was a larger number of
women in the rt-PA group, this is un-
likely to have influenced stroke recov-
ery. Patients treated with rt-PA were on
average 1 year older and although age
does impact recovery, it is unlikely that

such a minor difference would affect the
results. In this trial, 31 of the patients
were appropriately treated less than 3
hours after the onset of symptoms be-
fore the protocol was modified to the 3-
to 5-hour target window. Despite this,
less than 7% of the patients were actu-
ally treated in less than 3 hours from on-
set of symptoms in the ITT population.
Therefore, even the ITT population was
primarily an evaluation of rt-PA treat-
ment given within 3 to 5 hours of stroke
onset. The percentage of patients who ex-

perienced at least an 11-point change in
the NIHSS score was significantly higher
at day 30 with rt-PA treatment. How-
ever, although this subgroup of pa-
tients with “dramatic responses” on the
NIHSS was higher with rt-PA treat-
ment, this effect did not lead to a differ-
ence in excellent overall recovery be-
tween the2groups. Inaddition, since this
was the only positive finding out of 25
efficacy variables, the apparent effect may
represent a chance finding due to the
multiple comparisons. All of the other
planned study end points failed to dem-
onstrate any beneficial effect. In addi-
tion, a post hoc analysis evaluating the
percentage of patients with indepen-
dent recovery at day 90 (modified Rankin
scale score, 0-2) also failed to docu-
ment any significant treatment effect.

Treatment with rt-PA within 3 to 5
hours of symptom onset did signifi-
cantly increase the rate of ICH. How-
ever, a comparison of the rate of symp-
tomatic ICH in our trial, 7%, with that
in the NINDS study, 6%, suggests that
delaying therapy with rt-PA did not fur-
ther increase the rate of ICH over that
observed in the population treated
within 3 hours from symptom onset. In
this study, there was no significant dif-
ference in mortality between groups, al-
though the trend toward improved 90-
day mortality seen in the NINDS trial
was not seen. Therefore, it appears that
although the increased rate of symp-
tomatic ICH remains when rt-PA
therapy is delayed to 3 to 5 hours after
symptom onset, the beneficial clinical ef-
fects that outweigh this risk in patients
treated under 3 hours were not ob-
served in this study. Finally, the fact that
our trial involved patients with milder
stroke and used different CT scan cri-
teria may be confounding these re-
sults: if we had enrolled patients with
more severe stroke, our symptomatic
ICH rate may have been higher.

In the target population in this trial,
80% of patients were enrolled between
4 and 5 hours of symptom onset. One
explanation for this is that patients who
could be treated just after the 3-hour
window may have been treated with
rt-PA rather than enrolled in this study.

Figure 2. Outcome Scores in the Target Population

0 20 40 60 10080

NIHSS

Placebo 33 40 19 8

0-1 2-8 ≥9 DeathScore

rt-PA 33 40 16 11

Modified Rankin Scale

Placebo 40 29 23 8

0-1 2-3 4-5 Death (6)Score

rt-PA 42 25 21 11

Barthel Index

Placebo 54 21 17 8

100-95 90-55 50-0 DeathScore

rt-PA 53 20 16 11

Target Population, %

Glasgow Outcome Scale

Placebo 40 29 23 8

1 2 3-4 Death (5)Score

rt-PA 42 25 21 11

The target population is defined as patients aged 18 through 79 years who presented with a clinical diagnosis
of ischemic stroke causing a measurable neurologic deficit and who received the study drug between 3 and 5
hours of definite symptom onset. NIHSS indicates National Institutes of Health Stroke Scale (scores range from
0 to 42); rt-PA, recombinant tissue-type plasminogen activator. Not all sums equal 100% due to rounding.
Barthel index scores are given in 5-point increments.

Table 5. Safety Results*

Serious Adverse Event

Intent-to-Treat Population Target Population†

Placebo
(n = 306)

rt-PA
(n = 307) P Value

Placebo
(n = 275)

rt-PA
(n = 272) P Value

Asymptomatic ICH 4.2 11.3 .001 4.7 11.4 .004

Symptomatic ICH 1.3 6.7 ,.001 1.1 7.0 ,.001

Fatal ICH 0.3 2.6 ,.001 0.3 3.0 ,.001

Death within 90 d 6.9 10.9 .08 6.9 11.0 .09

Death within 30 d 4.2 7.6 .08 4.4 7.0 .18

*rt-PA indicates recombinant tissue-type plasminogen activator; ICH, intracerebral hemorrhage. Data are presented
as percentages unless otherwise indicated.

†The target population received treatment as assigned between 3 and 5 hours after symptom onset.
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Although the study failed to find a ben-
efit for rt-PA in patients treated be-
tween 3 and 4 hours from symptom
onset, the study is underpowered to
evaluate the actual safety and efficacy for
patients enrolled between 3 and 4 hours
from symptom onset.

In comparison to the NINDS trials,
patients in our trial had milder strokes
with a median NIHSS score of 10 com-
pared with 14. This may explain why
the spontaneous recovery rates in the
placebo group of our trial were higher.
That patients in our trial had milder
strokes is also a likely explanation for
the lower mortality rate (7%) seen in
the placebo group in our study vs that
in the NINDS trials (21%). The strin-
gent cerebral CT scan exclusion crite-
ria in our study may also have ex-
cluded some patients with severe stroke.
The spontaneous recovery rate in our
study on the NIHSS primary end point
(34%) was actually very close to the pre-
dicted value on which the original 968
sample size was calculated (35%). How-
ever, because of the relatively mild
stroke in this population, if the study
had used 1 of the functional end points
that had a 50% spontaneous recovery
rate, it would have been difficult for any
therapy to obtain statistically signifi-
cant effects (type II error) in a sample
size of 900 patients. The conclusion that
enrollment criteria should be an NIHSS
score higher than 4 has also been sup-
ported by other clinical stroke trials.14

The ATLANTIS study is the third
large randomized stroke trial evaluat-
ing intravenous rt-PA with the major-
ity of patients being treated more than
3 hours after symptom onset that has
failed to find a treatment benefit in the
ITT population. In 1995, ECASS I was
published, which evaluated the safety
and effectiveness of 1.1 mg/kg of intra-
venous rt-PA in patients treated within
6 hours of ischemic stroke.10 More than
80% of the patients were enrolled af-
ter 3 hours, with an average time to
treatment of 4.3 hours, nearly identi-
cal to that in the ATLANTIS trial. The
ECASS I study failed to find a signifi-
cant treatment benefit in the ITT popu-
lation for the primary end points, the

Barthel index, or the modified Rankin
scale score. The incidence of large in-
tracerebral parenchymal hemorrhages
was significantly more frequent in the
rt-PA–treated patients. In the ECASS I
study, the most frequent protocol vio-
lation was the inclusion of patients with
early infarct signs of more than one
third of the middle cerebral artery ter-
ritory. By more effectively excluding
these patients, the ECASS investiga-
tors hoped that a repeat study could find
significant benefit in the ITT analysis.

The study was therefore repeated as
the ECASS II study, with results re-
ported in 1998.15 This trial enrolled 800
patients in Europe, Australia, and New
Zealand, and treated them with rt-PA,
0.9 mg/kg, or placebo within 6 hours of
symptom onset. The investigators were
more successful in excluding patients
with early infarct signs, with only 4.6%
of the patients having significant changes
in more than one third of the middle ce-
rebral artery territory. In this trial, 80%
of the patients were enrolled between 3
and 6 hours of symptom onset. No sig-
nificant treatment benefit was seen in the
primary end point (a 90-day modified
Rankin scale score of 0-1): 40% of the
patients in the rt-PA group had a good
outcome compared with 37% in the pla-
cebo group (P = .28). The ECASS II
study also failed to find a significant
treatment benefit for any of the planned
secondary end points. However, in a post
hoc analysis using independent recov-
ery (modified Rankin scale scores of 0,
1, or 2), a significant benefit was seen
with 54% of the rt-PA–treated patients
vs 46% of placebo-treated patients be-
ing independent at day 90 (P = .02). In
this trial, 8.8% of the rt-PA–treated pa-
tients had a symptomatic ICH vs 3.4%
of placebo-treated patients (P,.05).

In the ECASS II Study, treatment ben-
efits may have been undetectable due to
a high rate of spontaneous recovery in
the placebo group secondary to mild
baseline stroke severity. A comparison
of the ATLANTIS trial with the ECASS
II trial suggests that the 2 trial popula-
tions were quite similar. The median
NIHSS score was 10 in the ATLANTIS
study vs 11 in the ECASS II trial. The

incidence of excellent spontaneous re-
covery on the modified Rankin scale
score (0,1) was similar, with approxi-
mately 40% of placebo patients show-
ing an excellent recovery in both trials.
However, unlike the ECASS II trial, the
ATLANTIS study did not find a benefit
on the outcome of achieving a modi-
fied Rankin scale score of 0, 1, or 2 in
our post hoc testing. In addition, the rate
of spontaneous symptomatic ICH in the
placebo group of the ECASS II trial,
3.4%, was much higher than the 1.1%
seen in the ATLANTIS study. This is
somewhat puzzling in that the popula-
tions seemed to be very similar in age
and initial stroke severity and both used
similar CT criteria. The low spontane-
ous symptomatic hemorrhage rate seen
in ATLANTIS is virtually identical to that
seen in the NINDS trials. However, these
are the only reported large randomized
trials that have found placebo group
hemorrhage rates this low; other trials
report rates in the 2% to 3% range.10,15

CONCLUSION
The results of the ATLANTIS trial part
B failed to find a treatment benefit for
rt-PA given 3 to 5 hours after symp-
tom onset. Although the risk of symp-
tomatic ICH did not appear to be higher
than in patients treated within 3 hours
(NINDS study), the beneficial effects of
rt-PA seen in patients treated within 3
hours of symptom onset were not ap-
parent among patients treated within
3 to 5 hours of symptom onset. These
results, along with the results of the
ECASS I and II trials, do not support
the use of intravenous rt-PA in a gen-
eral population of stroke patients pre-
senting beyond 3 hours after symp-
tom onset. These negative results apply
only to patients treated with rt-PA af-
ter 3 hours of symptom onset. Further
investigations using new imaging tech-
niques and other methods to identify
subgroups of patients who may still
benefit from thrombolysis after 3 hours
are needed.
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