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ABSTRACT
BACKGROUND AND PURPOSE: The safety and efﬁcacy of endovascular therapy for large-artery stroke in the extended time window is not yet
well-established. We performed a subgroup analysis on subjects enrolled within an extended time window in the Endovascular Treatment for
Small Core and Proximal Occlusion Ischemic Stroke (ESCAPE) trial.
MATERIALS AND METHODS: Fifty-nine of 315 subjects (33 in the intervention group and 26 in the control group) were randomized in the
ESCAPE trial between 5.5 and 12 hours after last seen healthy (likely to have groin puncture administered 6 hours after that). Treatment
effect sizes for all relevant outcomes (90-day mRS shift, mRS 0 –2, mRS 0 –1, and 24-hour NIHSS scores and intracerebral hemorrhage) were
reported using unadjusted and adjusted analyses.
RESULTS: There was no evidence of treatment heterogeneity between subjects in the early and late windows. Treatment effect favoring
intervention was seen across all clinical outcomes in the extended time window (absolute risk difference of 19.3% for mRS 0 –2 at 90 days).
There were more asymptomatic intracerebral hemorrhage events within the intervention arm (48.5% versus 11.5%, P ⫽ .004) but no
difference in symptomatic intracerebral hemorrhage.
CONCLUSIONS: Patients with an extended time window could potentially beneﬁt from endovascular treatment. Ongoing randomized
controlled trials using imaging to identify late presenters with favorable brain physiology will help cement the paradigm of using time
windows to select the population for acute imaging and imaging to select individual patients for therapy.
ABBREVIATION: ICH ⫽ intracerebral hemorrhage

C

urrent guidelines recommend endovascular treatment in
patients with ischemic stroke presenting within 6 hours
from stroke-symptom onset.1 One guideline allows treatment
of selected patients in the 6- to 12-hour window.2 A meta-
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on CT angiography.6,8 Because the
75th percentile for randomization to
arterial access/groin puncture time
was 28 minutes in the intervention
group, patients randomized between
5.5 and 12 hours from last seen healthy
(likely to undergo arterial access/groin
puncture ⬎6 hours from symptom
onset/last seen healthy) were defined
as the extended time window population for the current analyses.
The primary outcome was the
modified Rankin Scale score at 90 days
after stroke onset. Secondary outcomes were mRS 0 –2, mRS 0 –1 (all at
90 days), the proportion achieving
NIHSS 0 –2 at 24 hours, and the proportion developing intracerebral hemorrhage (ICH), reported both as
symptomatic ICH and using the European Cooperative Acute Stroke Study
2 (ECASS 2) categories on follow-up
imaging.9 Reperfusion (modified TICI
2b–3) is reported for the intervention
Note:—IQR indicates interquartile range.
a
arm. Data are summarized using deTwo scans missing or not scoreable reduces the denominator to 31 in the intervention group.
scriptive statistics, and the adjusted
ing within 5 hours; however, a smaller benefit was seen in those
outcomes were assessed using both ordinal logistic regression
presenting after 5 hours of symptom onset, with most of these
and unconditional logistic regression with adjustment for key
patients presenting ⬍8 hours after onset.3 Another individual
prognostic variables (age, sex, baseline NIHSS score, baseline
patient-level meta-analysis from the first 5 trials reported a
site of occlusion, baseline NCCT ASPECTS, and intravenous
benefit of endovascular therapy over standard medical therapy
alteplase treatment). Interaction was assessed using a likeliwhen arterial puncture was performed ⬍7.3 hours from symphood ratio test within the logistic regression analysis with a
tom onset.4
multiplicative interaction term.
Currently, Endovascular Therapy Following Imaging Evaluation for Acute Ischemic Stroke 3 (DEFUSE 3) and Clinical Mismatch in the Triage of Wake Up and Late Presenting Strokes
RESULTS
Undergoing Neurointervention with Trevo (DAWN) are 2 major
Fifty-nine of 315 (19%) subjects were randomized ⬎5.5 hours
multicenter randomized trials assessing the possible benefit of
from last seen healthy. There was no evidence of heterogeneity of
endovascular treatment in image-selected patients presenting in
treatment effect between the early presenters and subjects enlate time windows (6 –24 hours in DAWN and 6 –16 hours in
rolled in the extended time window (P ⫽ .134, likelihood ratio
DEFUSE 3). The recent presentation of positive data from the
test). Table 1 shows differences in demographics, baseline charDAWN study highlights the importance of imaging in the selecacteristics,
and workflow between the intervention (n ⫽ 33) and
tion of late-presenting patients.5 The Endovascular Treatment for
control (n ⫽ 26) arms of subjects within the late time window.
Small Core and Proximal Occlusion Ischemic Stroke (ESCAPE)
Patients in the control arm were more likely to receive intravetrial used head CT and CT angiography as radiographic markers
nous alteplase; otherwise, the population characteristics were
to enroll patients up to 12 hours from symptom onset (defined as
similar.
the last known well time), thus providing a unique perspective on
Clinical outcomes in late-window subjects are summarized
patients presenting to medical attention relatively late. We anain Table 2 and the Figure. A treatment effect favoring intervenlyzed data from patients in the extended timeframe (6 –12 hours)
tion is seen across all clinical outcomes. In this subgroup, inof the ESCAPE trial.6
tervention was superior to the best medical therapy for NIHSS
0 –2 at 90 days (45.5% versus 13.6%, P ⫽ .019). The absolute
MATERIALS AND METHODS
risk difference favoring intervention was 19.3% on the mRS
Data are from the ESCAPE trial. The ESCAPE trial was a pro0 –2 at 90 days, and the shift analysis (proportional odds
spective, multicenter, randomized, controlled, open-label trial
model) favored intervention (adjusted common OR ⫽ 2.61;
design with blinded outcome assessment.6,7 The trial enrolled
95% CI, 0.9 –7.8). A higher rate of all types of ICH (including
patients presenting within 12 hours from last seen healthy with
petechial hemorrhage) was noted in the intervention arm (Tadisabling ischemic stroke, a small core infarct on noncontrast
head CT (ASPECTS 6 –10), and moderate-to-good collaterals
ble 3), but not of symptomatic ICH.
Table 1: Baseline characteristics and workﬂow in subjects with last seen healthy to
randomization time >5.5 hours
Intervention
Control
(n = 33)
(n = 26)
Demographics
Age (median) (IQR) (yr)
66.1 (15.2)
67.9 (21.9)
Female sex
60.6% (20)
42.3% (11)
Caucasian race
87.9% (29)
92.3% (24)
Medical history
Hypertension
66.7% (22)
80.8% (21)
Diabetes mellitus
15.2% (5)
26.9% (7)
Atrial ﬁbrillation
42.4% (14)
42.3% (11)
Clinical characteristics
NIHSS score (median) (IQR)
14 (4)
17 (12)
Systolic blood pressure at hospital arrival (median) (IQR)
143 (22)
138 (43)
(mm Hg)
Serum glucose at hospital arrival (median) (IQR) (mmol/L)
6.8 (2.2)
6.9 (2.0)
Imaging characteristics
ASPECTS on baseline noncontrast CT (median) (IQR)
9 (2)
8.5 (3)
Location of occlusion on CTAa
ICA with involvement of the M1 MCA segment (n ⫽ 16)
29.0% (9/31)
26.9% (7/26)
M1 or all M2 MCA segments (n ⫽ 40)
67.7% (21/31)
73.1% (19/26)
Single M2 MCA segment (n ⫽ 1)
3.2% (1/31)
0% (0/26)
Process time (min)
Stroke onset to randomization (median) (IQR)
468 (179)
405 (107)
Treatment
IV alteplase
24.2% (8/33)
57.8% (15/26)
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Table 2: Clinical outcomes and treatment effect in subjects in the ESCAPE trial with last seen healthy to randomization time of >5.5
hours
Intervention
Control
Risk Difference
Risk Ratio
Outcome
(n = 33)
(n = 26)
(Absolute)
P Value Unadjusted (95% CI)
–
mRS at 90 days, (median) (IQR)
3 (3)
4 (3)
–
.029a
mRS 0–2 at 90 days
48.5% (16/33) 29.2% (7/24)
19.3%
.178
1.7 (0.8–3.4)
mRS 0–1 at 90 days
39.3% (13/33)
20.1% (5/24)
18.6%
.161
1.89 (0.8–4.6)
NIHSS score 0–2 at 90 days
45.5 (15/33)
13.6 (3/22)
31.8%
.019
3.33 (1.1–10.2)
ICH any (all types)
48.5% (16/33)
11.5% (3/26)
36.9%
.004
4.2 (1.4–12.9)
ICH symptomatic
0%
0%
0%
1.000
–
74.5%
–
–
mTICI 2b-3 (EVT group) or mAOL 2–3 (control group)b 87.5% (28/32) 13.0% (3/23)
Note:—mTICI indicates modiﬁed Thrombolysis in Cerebral Infarction score; mAOL, modiﬁed Arterial Occlusive Lesion score; EVT, endovascular treatment.
a
Parametric test of medians.
b
Reperfusion assessed as mTICI 2b–3 at end of EVT in the intervention group or as recanalization with mAOL score 2–3 on repeat CTA in the control group.

determined by consensus at the time of
the study design. These subjects were
then imaged using a CT/CTA metric to
identify individuals for enrollment. Imaging served as a marker of favorable
brain physiology instead of time.10 This
was a pragmatic choice because the patient is often unaware of stroke-onset
time or is unable to communicate it
clearly. Epidemiologic studies suggest
that 1 of every 3 patients with stroke
may either wake up with symptoms or
have unwitnessed onset, and this proportion may increase with an aging
population.11-14 Patients with unwitnessed stroke onset may have a last
known well time many hours before or
immediately proximate to the time of
stroke recognition. Among this group,
2 types of patients can be identified.
FIGURE. Ninety-day mRS distribution in the intervention (n ⫽ 33) and the control (n ⫽ 26) arms Both patients with a true recent infarct
of the ESCAPE trial in subjects randomized ⬎5.5 hours from last seen healthy. cOR indicates
onset and patients with good collatercommon odds ratio.
als and slow infarct progression can be
Table 3: Distribution of intracerebral hemorrhage using the
identified as ideal therapy candidates.15,16 The change to a
ECASS radiologic classiﬁcation on follow-up imaging in subjects
physiologic paradigm of using time windows to select which
with last seen healthy to randomization of >5.5 hours in the
ESCAPE triala
populations to screen and then imaging to select those eligible
ICH Type
Intervention (n = 33)
Control (n = 26)
for acute treatment is actively supported by these results.
HI-1
18.1% (6)
3.8% (1)
Because late presenters, on average, are more likely to have
HI-2
24.2% (8)
7.7% (2)
larger
infarcts with more severe parenchymal and endothelial
PH-1 or rPH-1
3.0% (1)
0 (0)
damage,
these patients may be at higher risk of hemorrhage than
PH-2 or rPH-2
3.0% (1)
0 (0)
None
51% (17)
88.5% (23)
early presenters. Our analysis showed an increased risk of occurNote:—HI indicates hemorrhagic infarction; PH, parenchymal hematoma; rPH, rerence of all ICHs in late presenters in the intervention group commote parenchymal hematoma.
pared with best medical therapy; however, this risk applied to the
a
Composite P value ⫽ .029.
clinically silent hemorrhagic infarction types and not to the clinically relevant parenchymal hematoma category. There was no
DISCUSSION
difference in clinically defined symptomatic ICH.
The ESCAPE trial enrolled a small number of subjects in late time
Our study is limited by a small sample size and the post hoc
windows but showed no evidence of heterogeneity of treatment
nature of our analysis, but a major strength is that findings arise
effect in subjects between the early and late time windows. In the
from a carefully controlled prospective randomized trial. Relate time window population, all clinical outcomes showed trends
cently, the DAWN trial implemented an image-based patient sefavoring the intervention arm, consistent with the recent metalection with CT/MR imaging perfusion to provide randomized
analyses of the endovascular trials.3,4
controlled trial data to support endovascular treatment in the
The ESCAPE trialists adopted a 2-stage screening paradigm to
extended time window and to further support the paradigm of
identify subjects for enrollment. The 12-hour window identified
the population sampling frame and was an arbitrary threshold
using imaging selection of patients for treatment.
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CONCLUSIONS
While the results of the DAWN study are not yet published,
some limited comparisons can be made with recent preliminary data. Among the 206 patients enrolled in the DAWN trial,
the median age was 72 and 73 years in the intervention and
control arms, respectively, and the median baseline NIHSS of
17 in both treatment groups was like that in our analysis. The
last seen healthy time to randomization was greater in the
DAWN trial (13.4 ⫾ 4.1 hours; median, 12.2 hours in the treatment arm; and 13.0 ⫾ 4.5 hours; median, 13.2 hours in the
control arm).17 The reported weighted-based coprimary outcome of the mean mRS was 5.5 versus 3.4 in the control and
intervention groups, respectively, in DAWN.5 Although not
directly comparable with our post hoc subgroup analysis, the
positive signal seen in our results appears to be supported by
this randomized controlled trial data. We await the formal
publication of the DAWN and DEFUSE 3 trials to provide
further opportunity for comparison with these data.
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