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Ischemic stroke is a devastating condi-
tion with a high burden of neurologic dis-
ability and death. As a systemic treatment, 

intravenous alteplase has been shown to be better 
than conservative care.1,2 Among patients with a 
proximal vessel occlusion in the anterior circula-
tion, 60 to 80% of patients die within 90 days 
after stroke onset or do not regain functional in-
dependence despite alteplase treatment.3,4 The 
major reason for the limited efficacy of alteplase 
is the modest rate of early reperfusion among 
patients with a large-vessel occlusion.5,6

Local treatment of large-vessel occlusion be-
gan with intraarterial delivery of thrombolytic 
drugs.7 The Prolyse in Acute Cerebral Thrombo-
embolism (PROACT) II study was the first posi-
tive trial of endovascular treatment involving 
patients with angiographically visualized occlu-
sion of the middle cerebral artery.8 Unfortu-
nately, subsequent trials did not confirm the 
clinical benefit even with the addition of first-
generation thrombectomy devices.3,9,10 Key les-
sons learned from these previous trials are the 
need for proof of proximal vessel occlusion,11 
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the assumption that the differential effect would 
lead to a common odds ratio (indicating the odds 
of improvement of 1 point on the modified Rankin 
scale) of 1.8. A total required sample of 500 par-
ticipants was anticipated. One formal interim 
analysis after the enrollment of 300 participants 
was planned. The stopping rule for efficacy was 
defined with the use of O’Brien–Fleming bound-
aries on the binary outcome of a modified Rankin 
score at 90 days of 0 to 2 versus 3 to 6.20 The pri-
mary analysis was unadjusted and was performed 
in the intention-to-treat population. P values of less 
than 0.05 were considered to indicate statistical 
significance, and all tests of hypotheses were two-
sided. No adjustments were made for multiple 

comparisons. Adjusted estimates of effect were 
calculated, with adjustment for age, sex, baseline 
NIHSS score, baseline ASPECTS, location of occlu-
sion (internal carotid artery plus middle cerebral 
artery vs. middle cerebral artery only), and status 
with respect to intravenous alteplase treatment (yes 
vs. no). The assessment of effect modification (het-
erogeneity of treatment effect) was performed with 
the inclusion of multiplicative interaction terms. All 
analyses were performed with the use of Stata soft-
ware, version 12.1 (StataCorp). Figures were drawn 
with the use of both Stata software, version 12.1, 
and R software (R Development Core Team 2014, 
www.r-project.org). Further details are provided in 
the statistical analysis plan (available at NEJM.org).

Table 1. Baseline Characteristics and Process Measures.*

Variable
Intervention 

(N 
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United Kingdom (1), a total of 316 participants 
underwent randomization before the trial was 
stopped: 165 participants were assigned to the 
intervention group, 150 participants were as-
signed to the control group, and 1 participant 
was excluded owing to improper consent proce-
dures. The trial enrolled 1.44 participants per 
center per month from February 2013 through 
October 2014. One participant in the control 

group crossed over to receive endovascular treat-
ment. In the intervention group, 14 participants 
did not receive any interventional therapy. Four 
participants (1.3%) were lost to follow-up; missing 
data on outcomes in these participants were not 
imputed (Fig. S1 in the Supplementary Appendix).

Baseline characteristics were similar in the 
two treatment groups (Table 1, and Table S1 in 
the Supplementary Appendix). Imaging protocol 
violations, identified by personnel who inter-
preted the images at the core laboratory, occurred 
in 26 participants (8.3%): 11 of 308 participants 
in whom the ASPECTS could be evaluated (3.6%) 
had a score of less than 6 on the ASPECTS scale, 
20 of 315 participants (6.3%) had poor collateral 
circulation, and 14 of 315 participants (4.4%) 
had inappropriate target-vessel occlusion (some 
participants had >1 protocol violation). Collat-
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serious adverse event and 14 had a nonserious 
adverse event (Table 3, and Table S2 in the Sup-
plementary Appendix).

secondary outcomes and subgroup analyses

Secondary clinical and imaging end points fa-
vored the intervention group. The rate of patients 
with a score on the Barthel Index of 95 to 100 at 
90 days was 57.7% in the intervention group ver-
sus 33.6% in the control group, the rate of patients 
with a 90-day NIHSS score of 0 to 2 was 51.6% 
versus 23.1%, and the median 90-day score on the 
EuroQoL Group 5-Dimension Self-Report Ques-
tionnaire (EQ-5D) visual-analogue scale (range, 

0 to 100, with higher scores indicating better 
quality of life) was 80 versus 65 (Table 2).

There was no evidence of heterogeneity of ef-
fect across any of the prespecified subgroups 
(defined according to age, sex, baseline NIHSS 
score, baseline ASPECTS, occlusion location, and 
status with respect to alteplase treatment) or ac-
cording to the presence or absence of cervical 
carotid occlusion. All variables showed a direc-
tion of effect in favor of the intervention (Fig. 2, 
and Fig. S6 in the Supplementary Appendix). How-
ever, the absolute proportion of good outcomes 
varied substantially according to subgroup (Fig. 
1B, and Fig. S7 in the Supplementary Appendix). 

Table 2. Primary and Secondary Efficacy Outcomes.

Outcome
Intervention 

(N = 165)
Control 

(N = 150)
Difference  
(95% CI)*

Effect  
Variable

Unadjusted Value 
(95% CI)

Adjusted Value 
(95% CI)†

Primary outcome: modified Rankin 
score at 90 days‡

Common  
odds ratio

2.6 (1.7–3.8) 3.1 (2.0–4.7)

Modified Rankin score of 0–2 at  
90 days — no./total no. (%)§

  87/164 (53.0) 43/147 (29.3) 23.8 (13.2–34.4) Rate ratio 1.8 (1.4–2.4) 1.7 (1.3–2.2)

NIHSS score of 0–2 at 90 days — 
no./total no. (%)J�6.625 0(1.7–3.8)3.1 (2.0–4.7)
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compared with slower reperfusion, was associated 
with a better clinical outcome.16,33 The ESCAPE 
trial achieved shorter interval times than those 
seen in past trials, with a median time from 
study noncontrast CT to first reperfusion of 84 
minutes. A prespecified efficiency target for the 
time from noncontrast CT to reperfusion en-
couraged fast image acquisition and interpreta-
tion and fast decision making.16,34-37 Critical to 
the achievement of rapid treatment was parallel 
decision making and action. For example, partici-
pants in the intervention group underwent groin 
puncture while alteplase was being infused, and 
complete reperfusion was achieved in some par-
ticipants before the alteplase infusion was fin-

ished. The primary emphasis was on achieving 
early reperfusion.15,16,34,35

Imaging-related selection criteria focused on 
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