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ABSTRACT

BACKGROUND
Endovascular therapy for acute ischemic stroke is generally avoided when the in-
farction is large, but the effect of endovascular therapy with medical care as com-
pared with medical care alone for large strokes has not been well studied.

METHODS

We conducted a multicenter, open-label, randomized clinical trial in Japan involving
patients with occlusion of large cerebral vessels and sizable strokes on imaging,
as indicated by an Alberta Stroke Program Early Computed Tomographic Score
(ASPECTS) value of 3 to 5 (on a scale from 0 to 10, with lower values indicating
larger infarction). Patients were randomly assigned in a 1:1 ratio to receive endovas-
cular therapy with medical care or medical care alone within 6 hours after they were
last known to be well or within 24 hours if there was no early change on fluid-
attenuated inversion recovery images. Alteplase (0.6 mg per kilogram of body weight)
was used when appropriate in both groups. The primary outcome was a modified
Rankin scale score of 0 to 3 (on a scale from 0 to 6, with higher scores indicating
greater disability) at 90 days. Secondary outcomes included a shift across the range
of modified Rankin scale scores toward a better outcome at 90 days and an improve-
ment of at least 8 points in the National Institutes of Health Stroke Scale (NIHSS)
score (range, O to 42, with higher scores indicating greater deficit) at 48 hours.

RESULTS

A total of 203 patients underwent randomization; 101 patients were assigned to
the endovascular-therapy group and 102 to the medical-care group. Approximately
27% of patients in each group received alteplase. The percentage of patients with
a modified Rankin scale score of 0 to 3 at 90 days was 31.0% in the endovascular-
therapy group and 12.7% in the medical-care group (relative risk, 2.43; 95% con-
fidence interval [CI], 1.35 to 4.37; P=0.002). The ordinal shift across the range of
modified Rankin scale scores generally favored endovascular therapy. An improve-
ment of at least 8 points on the NIHSS score at 48 hours was observed in 31.0%
of the patients in the endovascular-therapy group and 8.8% of those in the medical-
care group (relative risk, 3.51; 95% CI, 1.76 to 7.00), and any intracranial hemor-
rhage occurred in 58.0% and 31.4%, respectively (P<0.001).

CONCLUSIONS
In a trial conducted in Japan, patients with large cerebral infarctions had better
functional outcomes with endovascular therapy than with medical care alone but
had more intracranial hemorrhages. (Funded by Mihara Cerebrovascular Disorder
Research Promotion Fund and the Japanese Society for Neuroendovascular Therapy;
RESCUE-Japan LIMIT ClinicalTrials.gov number, NCT03702413.)
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NDOVASCULAR THERAPY HAS BECOME

one of the standard treatments for acute

stroke caused by large-vessel occlusion.
Guidelines recommend consideration of endo-
vascular therapy when there is occlusion of the
M1 segment (main trunk) of the middle cerebral
artery or internal carotid artery*? and when im-
aging findings indicate that the size of the in-
farct area (also called the ischemic core) is not
large, as defined by an Alberta Stroke Program
Early Computed Tomographic Score (ASPECTS)
value of at least 6 (range from 0 to 10, with
lower values indicating greater infarct burden),
or when there is a mismatch between the ische-
mic core volume and the volume of perfusion
delay area.>®

Patients with large infarctions (e.g., those with
an ASPECTS value of <5) have been generally
excluded from clinical trials of endovascular
therapy or represented in small numbers, partly
owing to concerns that bleeding will occur in
the area of infarction after reperfusion.®® A meta-
analysis that included observational studies has
suggested that endovascular therapy may be
associated with better functional outcomes
and lower mortality at 90 days than medical
care alone in patients with an ASPECTS value of
5 or less.’

We aimed to evaluate the effect of endovascu-
lar therapy with medical care, as compared with
medical care alone, in patients with acute ische-
mic stroke caused by large-vessel occlusion and
a large ischemic region, defined as an ASPECTS
value of 3 to 5. We did not evaluate patients with
an ASPECTS value of 2 or lower because they
have extensive infarction and are unlikely to re-
gain functional independence.”®

METHODS

TRIAL DESIGN AND OVERSIGHT

The Recovery by Endovascular Salvage for Cere-
bral Ultra-Acute Embolism-Japan Large Ischemic
Core Trial (RESCUE-Japan LIMIT) was an open-
label, parallel-group, randomized clinical trial
conducted in 45 hospitals in Japan (Table S1 in
the Supplementary Appendix, available with the
full text of this article at NEJM.org)."* The steer-
ing committee designed and supervised the trial
with the support from other committees, includ-
ing an independent monitoring committee, in
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accordance with the ethical guidelines for medi-
cal and health research involving humans in Japan
(committee members are listed in Table S2). The
protocol and consent forms were approved by
the institutional review boards at Hyogo College
of Medicine and all participating hospitals. Pa-
tients or their legally authorized representatives
provided written informed consent before enroll-
ment. There was no industry involvement in the
trial. The funding sources were nonprofit orga-
nizations that did not participate in any part of
the trial, from conception through manuscript
preparation. The trial protocol and statistical
analysis plan are available at NEJM.org.

PATIENTS

Patients were eligible for enrollment if they had
acute ischemic stroke, were 18 years of age or
older, had a score of at least 6 on the National
Institutes of Health Stroke Scale (NIHSS) at ad-
mission (scores range from 0 to 42, with higher
scores indicating greater neurologic deficit),"
had a score of 0 or 1 on the modified Rankin
scale before the onset of stroke (scores range
from 0 to 6, with 0 indicating no disability, 1 no
clinically significant disability, 2 slight disability,
3 moderate disability but able to walk unassisted,
4 moderately severe disability, 5 severe disability,
and 6 death),” had an occlusion of the internal
carotid artery or M1 segment of the middle cere-
bral artery on computed tomographic angiogra-
phy (CTA) or magnetic resonance angiography
(MRA), and had an ASPECTS value of 3 to 5, as
determined with the use of computed tomogra-
phy (CT) or diffusion-weighted magnetic reso-
nance imaging (MRI); if they underwent ran-
domization within 6 hours after the time the
patient was last known to be well or within 6 to
24 hours after the time the patient was last
known to be well and there was no signal
change in the initial image on fluid-attenuated
inversion recovery (FLAIR) indicating that the
infarction was recent®; and if endovascular
therapy could be initiated within 60 minutes
after randomization. Patients were excluded if
they had a clinically significant cerebral mass
effect with midline shift or an acute intracranial
hemorrhage on CT or MRI or if site investigators
considered that there was a high risk of hemor-
rhage. A full list of exclusion criteria is provided
in the protocol.™
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RANDOMIZATION AND INTERVENTION
Enrollment, randomization, and data collection
were performed with the use of an electronic
data-capture system. Randomization was per-
formed centrally with the use of a stochastic
minimization algorithm to balance trial-group
assignments within hospitals on the basis of age
(<75 or 275 years), interval between the time that
a patient was last known to be well and the time
of hospital arrival (<120 or 2120 minutes), NIHSS
score at admission (<21 or >21), and use of re-
combinant tissue plasminogen activator (rt-PA).
Patients were randomly assigned in a 1:1 ratio to
receive endovascular therapy with medical care
(endovascular-therapy group) or medical care
alone (medical-care group). Trial-group assign-
ments were not concealed from patients or treat-
ing physicians. Patients with indications for rt-PA
(alteplase at a dose of 0.6 mg per kilogram of
body weight [a lower dose than that recom-
mended in some other guidelines]) were treated
according to Japanese guidelines at the discre-
tion of the treating physician.™

The method of endovascular therapy was se-
lected by the treating physicians and could in-
clude stent retriever, aspiration catheter, balloon
angioplasty, intracranial stent, and carotid-artery
stent. Other aspects of medical care in both
groups were in line with the guidelines from the
American Heart Association and the American
Stroke Association.!

OUTCOMES
The primary outcome was a score of 0 to 3 on
the modified Rankin scale at 90 days after the
onset of stroke.! Secondary outcomes were a
modified Rankin scale score of 0 to 2, a modi-
fied Rankin scale score of 0 or 1, and an ordinal
shift across the range of modified Rankin scale
scores toward a better outcome at 90 days and
an improvement of at least 8 points on the NIHSS
at 48 hours after randomization. Safety out-
comes were symptomatic intracranial hemor-
rhage (parenchymal hematoma type 2, defined
as clots in at least 30% of the infarcted area with
space-occupying effect) in combination with
worsening of NIHSS score by at least 4 points
within 48 hours after randomization, any intra-
cranial hemorrhage within 48 hours after ran-
domization,’® death within 90 days after the
onset of stroke, recurrence of ischemic stroke

within 90 days after randomization, and need
for decompressive craniectomy within 7 days
after randomization. The scores on the modified
Rankin scale at 90 days were determined by
physicians or physical therapists who were trained
to obtain this score and were unaware of the
trial-group assignments.

We added the utility-weighted modified
Rankin scale as a post hoc outcome because this
score has been used in other stroke trials.*?” On
the utility-weighted modified Rankin scale,
weights are assigned to the scores of 0 through
6 according to the patients’ assessment of the
value of quality of life at that level of function;
scores range from 0.00 to 1.00, with higher
scores indicating better quality of life.”

CLINICAL AND IMAGING ASSESSMENTS

Clinical assessments were performed at baseline,
12 hours after randomization, 24 to 72 hours
after randomization, 5 to 9 days after random-
ization or at discharge, and 60 to 120 days after
randomization. Clinical assessments included
patient characteristics, medical history, vital signs
and laboratory data, medication use, modified
Rankin scale score, and NIHSS score.

Before randomization, the treating neurologist
evaluated the ASPECTS value using diffusion-
weighted MRI or noncontrast CT and deter-
mined the site of occlusion using MRA or
CTA"™?° Perfusion imaging was not available
in most hospitals in Japan during the conduct
of the trial. All site investigators were certified
assessors of the ASPECTS. In the patients as-
signed to the endovascular-therapy group, the
degree of vessel recanalization after the proce-
dure was measured with the use of the Throm-
bolysis in the Cerebral Infarction (TICI) grading
system; TICI grade 2b (antegrade reperfusion of
more than half the previously occluded target
artery ischemic territory) was used as a thresh-
old for successful recanalization.?® Follow-up
imaging was performed 24 to 72 hours and 5 to
9 days after randomization or at discharge. Im-
aging data were submitted to the central core
laboratory and independently evaluated by an
imaging-evaluation committee.

STATISTICAL ANALYSIS
Our previous registry study showed that 55 of
146 patients (37.7%) with acute large-vessel oc-
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clusion and an ASPECTS value of 3 to 5 had a
modified Rankin scale score of 0 to 3 at 90 days
among those who received endovascular therapy,
as compared with 24 of 192 patients (12.5%)
who did not receive endovascular therapy.?* In
our registry study, an adjusted odds ratio for a
modified Rankin scale score of 0 to 3 was 3.42
in favor of the group that received endovascular
therapy over the group that did not. Because the
registry study was observational and the treat-
ment effect could be larger than that in a clinical
trial, we deducted 20% of the effect and as-
sumed an odds ratio in the trial of 2.7
(3.42x0.8=2.7) for the effect of endovascular
therapy as compared with medical care. On the
basis of these assumptions, we estimated that 81
patients would need to be assigned to each trial
group, and assuming a possible dropout rate of
15%, we calculated that the required sample size
was 191 patients in total. Considering potential
withdrawal of consent, we set the final sample
size at 200 patients to provide the trial with 90%
power to show superiority of endovascular ther-
apy over medical care at a two-sided alpha level
of 0.05.1

The primary analysis was performed in the
full analysis population, which included all the
patients who underwent randomization and had
assessable outcome data. Patients who under-
went randomization and had available baseline
data were included in the safety analysis. After
evaluations by the event-adjudication committee
and imaging-evaluation committee, patients who
did not meet the inclusion criteria were excluded
from the per-protocol population. The analyses
in the per-protocol population were performed
as secondary analyses.

We compared the results for the primary,
secondary, and safety outcomes between the
trial groups without adjustment for stratification
variables. The effects of endovascular therapy, as
compared with medical care alone, are present-
ed as relative risks with 95% confidence inter-
vals. The shift of modified Rankin scale toward
a better functional outcome was estimated with
the use of an ordinal logistic model, and a com-
mon odds ratio with 95% confidence intervals
was derived after verification of the proportional
odds assumption. Because there was no plan for
adjustment of the widths of 95% confidence in-
tervals for multiple comparisons, no definite
conclusions can be drawn from these data.
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There was no plan for imputation of the miss-
ing data.

We performed subgroup analyses of the pri-
mary outcome on the basis of age (<75 or 275
years), interval between the time that a patient
was last known to be well to the time of hospital
arrival (<120 or >120 minutes), NIHSS score at
admission (<21 or >21), and rt-PA use. A sub-
group analysis of the interval between the time
that a patient was last known to be well and the
time of randomization (<6 or >6 hours) was
added as a post hoc analysis. The results of the
subgroup and post hoc analyses are reported
descriptively. Statistical analyses were performed
with the use of JMP software, version 15.1, and
SAS software, version 9.4 (SAS Institute).

RESULTS

PATIENT CHARACTERISTICS
From November 2018 through September 2021,
a total of 203 patients were enrolled (Fig. S1);
101 were assigned to endovascular-therapy group
and 102 to the medical-care group. Of the 203
patients, 202 completed follow-up in December
2021 and were included in the primary analyses
(Fig. 1). One patient in the endovascular-therapy
group withdrew consent; otherwise, no patient
had missing data regarding the primary out-
come in the full analysis population. The event-
adjudication committee and imaging-evaluation
committees excluded 14 patients from the per-
protocol analysis (6 in the endovascular-therapy
group and 8 in the medical-care group) because
they had a modified Rankin scale score other
than 0 or 1 before the onset of stroke, had un-
dergone randomization more than 6 hours after
the time the patient was last known to be well
without MRI information being obtained, had
an occlusion site other than the internal carotid
artery or M1 segment of the middle cerebral ar-
tery, or had an ASPECTS value other than 3 to 5.
The demographic and clinical characteristics
of the patients at baseline were similar in the
trial groups (Table 1 and Table S3). The repre-
sentativeness of enrolled patients is summarized
in Table S4, and the details of the endovascular-
therapy devices are provided in Table S5. The
mean age of the patients was 76 years, and
44.3% of the patients were women. The median
NIHSS score at trial entry was 22, and the me-
dian ASPECTS value was 3 at admission. Occlu-
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235 Patients were assessed for eligibility

32 Were excluded
22 Did not meet inclusion criteria

5 Met exclusion criteria
5 Had erroneous registration

203 Underwent randomization

101 Were assigned to the
endovascular-therapy group

102 Were assigned to the
medical-care group

101 Were included in the
safety analysis population

102 Were included in the
safety analysis population

1 Withdrew consent -]

100 Were included in the
full analysis population

102 Were included in the
full analysis population

6 Were excluded after adjudication
1 Had modified Rankin scale
score other than 0 or 1 before
stroke
5 Had an ASPECTS value other
than3to 5

8 Were excluded after adjudication

1 Underwent randomization after
6 hr without MRI

1 Had modified Rankin scale
score other than 0 or 1 before
stroke

3 Did not have ICA or M1
segment occlusion

3 Had an ASPECTS value other
than 3 to 5

94 Were included in the per-protocol
population

94 Were included in the per-protocol
population

Figure 1. Screening, Randomization, and Analyses.

The endovascular-therapy group received endovascular therapy with medical care, and the medical-care group re-
ceived medical care alone. The safety analysis population included all the patients who underwent randomization
and had available baseline data. The full analysis population included all the patients who underwent randomization
and had assessable outcome data. Patients were included in the per-protocol population after evaluation by the
event-adjudication committee and the imaging-evaluation committee. Scores on the modified Rankin scale range
from 0 to 6, with higher scores indicating greater disability. Alberta Stroke Program Early Computed Tomographic
Score (ASPECTS) values range from 0 to 10, with lower scores indicating larger infarction. The M1 segment is the
main trunk of the middle cerebral artery. ICA denotes internal carotid artery.

sions of the internal carotid artery occurred in
47.3% of the patients, and occlusions of the M1
segment of the middle cerebral artery occurred
in 70.9%; tandem lesions occurred in approxi-
mately 20% of the patients in each trial group.
Atrial fibrillation was present in 59% of the pa-
tients, and rt-PA was administered in approxi-
mately 27% of the patients in each group. A total

of 86.0% of the patients in the endovascular-
therapy group had a TICI reperfusion grade of
2b or higher.

PRIMARY AND SECONDARY OUTCOMES

The percentage of patients with a score of 0 to
3 on the modified Rankin scale at 90 days was
31.0% in the endovascular-therapy group and
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
Endovascular- Medical-Care
Therapy Group Group
Variable (N=101) (N=102)
Age —yr 76.6+10.0 75.7£10.2
Male sex — no. (%) 55 (54.5) 58 (56.9)
Median modified Rankin scale score before stroke (IQR)7 0 (0-1) 0 (0-1)
Median NIHSS score at baseline (IQR)i: 22 (18-26) 22 (17-26)
Occlusion site — no. (%)§
Internal carotid artery 47 (46.5) 49 (48.0)
M1 segment 74 (73.3) 70 (68.6)
M2 segment 0 3 (2.9
Tandem lesion of internal carotid artery and M1 seg- 20 (19.8) 20 (19.6)
ment of the middle cerebral artery
Patients with an ASPECTS value based on MRI — no. 88 87
Patients with an ASPECTS value based on CT — no. 13 15
ASPECTSY
Median value (IQR) 3 (3-4) 4 (3-4)
0-2— no. (%) 5 (5.0) 3(2.9)
3 — no. (%) 51 (50.5) 47 (46.1)
4— no. (%) 25 (24.8) 32 (31.4)
5— no. (%) 20 (19.8) 20 (19.6)
Median infarction volume (IQR) — ml 94 (66-152) 110 (74-140)
Intravenous rt-PA use — no. (%) 27 (26.7) 29 (28.4)
Median interval between time of stroke onset and hospital 190 (85-390) 170 (83-335)
arrival (IQR) — min
Patients with an interval of <120 min between time of 36 (35.6) 35 (34.3)
stroke onset and hospital arrival — no. (%)
Median interval between time of stroke onset and time of 181 (101-413) 170 (103-350)
imaging (IQR) — min
Interval between time of stroke onset and time of random-
ization
Median (IQR) — min 229 (144-459) 214 (142-378)
<4.5 hr — no. (%) 56 (55.4) 67 (65.7)
4.5 0 <6.0 hr — no. (%) 15 (14.9) 7(6.9)
6.0to <12.0 hr — no. (%) 18 (17.8) 13 (12.7)
12.0to 24.0 hr — no. (%) 12 (11.9) 15 (14.7)
Median interval between time of stroke onset and puncture 254 (165-479) NA
time (IQR) — min
Median interval between time of stroke onset and time of 308 (213-503) NA
reperfusion (IQR) — min
TICI reperfusion grade =2b — no./total no. (%) | 86/100 (86.0) NA

“ Plus—minus values are means +SD. The endovascular-therapy group received endovascular therapy with medical care,
and the medical-care group received medical care alone. Data were missing for the following outcomes: infarction
volume (missing in 20 patients [8 in the endovascular-therapy group and 12 in the medical-care group]), interval be-
tween time of stroke onset and puncture time (missing in 1 patient), interval between time of stroke onset and time of
reperfusion (missing in 1 patient), and Thrombolysis in the Cerebral Infarction (TICl) reperfusion grade of 2b or higher
(missing in 1 patient). CT denotes computed tomography, IQR interquartile range, M1 segment main trunk, M2 seg-
ment first-order branch of the main trunk, MRl magnetic resonance imaging, NA not applicable, and rt-PA recombinant
tissue plasminogen activator.
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Table 1. (Continued.)

T Scores on the modified Rankin scale range from 0 to 6, with higher scores indicating greater disability.
i Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher scores indicating

greater deficit.

§ The M1 segment is the main trunk of the middle cerebral artery, and the M2 segment is the first-order branch of the

main trunk of the middle cerebral artery.

9 Alberta Stroke Program Early CT Scores (ASPECTS) values range from 0 to 10, with lower scores indicating larger in-

farction.

| ATICI reperfusion grade of 2b or higher indicates antegrade reperfusion of more than half the previously occluded tar-

get artery ischemic territory.

Table 2. Trial Outcomes.

Outcome

Primary outcome

Modified Rankin scale score of 0 to 3 at 90 days
Secondary outcomes

Modified Rankin scale score of 0 to 2 at 90 days
Modified Rankin scale score of 0 or 1 at 90 days

Ordinal shift across the range of modified Rankin scale
scores toward a better outcome

Improvement of 28 points on the NIHSS at 48 hr
Safety outcomes

Symptomatic intracranial hemorrhage within 48 hr
Any intracranial hemorrhage within 48 hr

Death within 90 days

Recurrence of cerebral infarction within 90 days

Decompressive craniectomy within 7 days

Endovascular- Medical-Care
Therapy Group Group Treatment Effect
(N=100) (N=102) (95% CI)*

number (percent)

31 (31.0) 13 (12.7) 2.43 (1.35-4.37)
14 (14.0) 3(7.8) 1.79 (0.78-4.07)
5 (5.0) 3(2.9) 1.70 (0.42-6.93)
NA NA 2.42 (1.46-4.01)
31 (31.0) 9 (8.8) 3.51 (1.76-7.00)
9 (9.0) 5 (4.9) 1.84 (0.64-5.29)
58 (58.0) 32 (31.4) 1.85 (1.33-2.58)
18 (18.0) 24 (23.5) 0.77 (0.44-1.32)
5 (5.0) 7 (6.9) 0.73 (0.24-2.22)
10 (10.0) 14 (13.7) 0.73 (0.34-1.56)

P Value

0.002

0.25
<0.001
0.33
0.58
0.41

* Treatment effects are reported as relative risks with 95% confidence intervals for all outcomes, except for the ordinal shift across the range
of modified Rankin scale scores toward a better outcome, for which the treatment effect is reported as a common odds ratio with the 95%
confidence interval. The widths of confidence intervals for secondary outcomes were not adjusted for multiple comparisons, and no definite

conclusions can be drawn from these data.

12.7% in the medical-care group (relative risk,
2.43; 95% confidence interval [CI], 1.35 to 4.37;
P=0.002) (Table 2). For the secondary outcomes
of modified Rankin scale scores of 0 to 2 and
0 or 1 at 90 days, the 95% confidence intervals
for the relative risks included 1. The shift of
modified Rankin scale ordinal categories gen-
erally favored the endovascular-therapy group
(common odds ratio, 2.42; 95% CI, 1.46 to 4.01)
(Fig. 2). The percentage of patients with an im-
provement of at least 8 points on the NIHSS at
48 hours after admission was 31.0% in the en-
dovascular-therapy group and 8.8% in the med-
ical-care group (relative risk, 3.51; 95% CI, 1.76

N ENGL ) MED 386;14 NEJM.ORG

to 7.00). However, the widths of the confidence
intervals for secondary outcomes were not ad-
justed for multiple comparisons.

SAFETY

The occurrence of any intracranial hemorrhage
within 48 hours was higher in the endovascular-
therapy group than in the medical-care group
(58.0% vs. 31.4%; relative risk, 1.85; 95% CI,
1.33 to 2.58; P<0.001), but there was no signifi-
cant between-group difference in symptomatic
intracranial hemorrhage within 48 hours or in
deaths at 90 days (Table 2). The percentage of
patients who had recurrence of an ischemic
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Modified Rankin Scale Score
Jo d1 D2 @3 @4 W5 Ms

Endovascular-Therapy Group
(N=100)

Medical-Care Group
(N=102)

Patients (%)

Modified Rankin Scale Score at 90 Days 0 1 2 3 4 5 6

Endovascular-therapy group — no. (%) 2 (2.0 3 (3.0 9 (9.0) 17 (17.0) 33 (33.0) 18 (18.0) 18 (18.0)
Medical-care group — no. (%) 0 3 (2.9) 5(4.9) 5 (4.9) 25 (24.5) 40 (39.2) 24 (23.5)

Figure 2. Distribution of Modified Rankin Scale Scores at 90 Days.

A modified Rankin scale score of 0 indicates no disability, 1 no clinically significant disability, 2 slight disability,
3 moderate disability but able to walk unassisted, 4 moderately severe disability, 5 severe disability, and 6 death.

1310

stroke within 90 days was similar in the trial
groups, as was the percentage of those who had
decompressive craniectomy within 7 days. Other
adverse events occurred in 33.7% of the patients
in the endovascular-therapy group and in 18.6%
of those in the medical-care group, including
cardiovascular events in 9.9% and 2.9% of the
patients, respectively (Table S6).

SUBGROUP AND PER-PROTOCOL ANALYSES
Subgroup analyses are shown in Figure 3. The
scores on the post hoc median utility-weighted
modified Rankin scale were numerically higher
(better) in the endovascular-therapy group than
in the medical-care group (Table S7). After re-
view by the event-adjudication committee and
imaging-evaluation committee, 14 patients were
excluded from the per-protocol population (Ta-
ble S8), but the patient characteristics remained
similar in the two groups (Table S9). The results
of the analyses in the per-protocol population
were generally in the same direction as those of
the main analyses for the primary, secondary,
and safety outcomes. The results of the post hoc
analyses are shown in Figures S2 and S3 and
Table S10, but no definite conclusions can be
drawn from these data.

DISCUSSION

In this trial, the percentage of patients with
large ischemic regions of acute stroke, as gauged

N ENGL J MED 386;14

by an ASPECTS value of 3 to 5, who had good
functional status at 90 days with respect to the
primary outcome (a modified Rankin scale score
of 0 to 3) was significantly higher with endovas-
cular therapy plus medical care than with stan-
dard medical care alone. The percentages of pa-
tients who had good functional status at 90 days
with respect to the two secondary outcomes of
other categories of good functional status (mod-
ified Rankin scale scores of 0 to 2 and 0 or 1)
were small relative to the number of patients
assigned to each trial group, but our expecta-
tions for patients with large infarctions to meet
these secondary outcome criteria were limited.
The favorable effect of endovascular therapy was
generally apparent in the subgroups, including
the post hoc subgroup with intervals longer than
6 hours between the time of stroke onset and
randomization, but the trial was not powered for
an analysis of these groups and there was no
adjustment for multiple comparisons. Overall,
there were significantly more intracranial hem-
orrhages in the endovascular-therapy group than
in the medical-care group, but the difference in
the percentage of patients with symptomatic in-
tracranial hemorrhage was not significant. These
results are consistent with those of previous
subgroup analyses of intracranial hemorrhages
in randomized trials and observational studies.
The scoring of infarct size with the use of
ASPECTS involves the anatomical mapping of
lesions within the middle cerebral artery territory
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Endovascular-
Therapy Medical-Care
Subgroup Group Group
(N=100) (N=102) Relative Risk (95% Cl)
no. of patients
Age E
<75 yr 42 43 —e——1 2.05 (0.98-4.27)
>75yr 58 59 ———— 3.05 (1.19-7.85)
Interval between the time that a patient was last known H
to be well and hospitalization E
<120 min 35 35 ——— 2.60 (1.04-6.52)
=120 min 65 67 ——e—— 2.32 (1.08-4.96)
Interval between the time that a patient was last known ;
to be well and randomization E
<6 hr 70 74 | —e—— 2.43 (1.25-4.74)
>6 hr 30 28 —_————— 2.49 (0.73-8.45)
NIHSS score :
<21 40 47 —— 2.22 (1.11-4.42)
>21 60 55 ———e——— 321 (1.12-9.16)
Use of rt-PA E
Yes 26 29 T 2.23 (0.76-6.55)
No 74 73 L —e— 2.52 (1.25-5.07)
OH ﬂO 1&0
Medical Care Alone Endovascular
Better Therapy with
Medical Care
Better
Figure 3. Subgroup Analyses of a Modified Rankin Scale Score of 0 to 3 at 90 Days (Primary Outcome).
The analysis of the interval between the time that a patient was last known well and randomization was performed on a post hoc basis.
Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher scores indicating greater deficit. The
trial was not powered and had no prespecified correction for multiple comparisons for a definitive analysis of subgroups. The term rt-PA
denotes recombinant tissue plasminogen activator.

and provides a semiquantitative measure of size
without requiring more elaborate volumetric
imaging analysis. The range of ASPECTS values
used as an inclusion criterion in this trial con-
ducted in an emergency medical setting allowed
the identification of patients who are likely to
have poor outcomes because of large infarc-
tions.>* Although ASPECTS does not allow for
the precise quantitation of infarct volume, it is
frequently used as a surrogate to stratify patients
with acute stroke in clinical trials and has been
used in meta-analyses of outcomes of endovas-
cular therapy for acute stroke caused by large-
vessel occlusion.’” Among 202 patients who were
determined by treating physicians to have large
infarct sizes corresponding to an ASPECTS value
of 3 to 5, a total of 8 were adjudicated as having
been misclassified. The analyses in the per-pro-
tocol population excluded 14 patients who did
not meet inclusion criteria but showed results
that were generally similar to those of the main

N ENGL ) MED 386;14 NEJM.ORG

analysis. The use of automated software to de-
termine the ASPECTS value may have allowed
more precise measurement of infarct size from
the MRI or CT scan with lower interrater vari-
ability.* In addition, the ASPECTS value in most
of our patients was determined with the use of
diffusion-weighted MRI, because MRI is widely
used in Japan for the diagnosis of acute ischemic
stroke. Many institutions use CT for the assess-
ment of acute ischemic stroke, and the differ-
ences between ASPECTS values based on CT re-
sults and those based on diffusion-weighted
MRI results should be considered in the inter-
pretation of our trial results. Previous studies
have suggested that an ASPECTS value deter-
mined with the use of diffusion-weighted MRI
may be one level lower (i.e., a larger infarction)
than that determined with the use of CT%
therefore, patients in our trial with an ASPECTS
value of 3 or 4 as determined with the use of
MRI might have had an ASPECTS value of up to
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5 if CT had been used. The inclusion of patients
in whom there was a mismatch between imag-
ing findings in the same region (i.e., no changes
detected on FLAIR images and infarction de-
tected on diffusion-weighted MRI) is consistent
with the determination that a stroke is of recent
onset, and such patients have been included in
other trials involving patients with stroke. Perfu-
sion imaging, which was not available in many
of our participating hospitals, might have pro-
vided more accurate information regarding re-
coverable tissue and infarct size.

This trial has several other limitations. First,
generalizability is limited beyond the Japanese
population, in which the trial was conducted.
Second, because this trial was pragmatic and the
treating neurologists enrolled patients on the
basis of their judgment regarding the indication
for endovascular therapy, we performed the pri-
mary analysis in the full analysis population and
confirmed the findings with an analysis in the
per-protocol population, in which patients were
included after the adjudication of images and
events. Third, the relatively low use of rt-PA
among the enrolled patients might have altered
the outcomes in both groups and disadvantaged
the medical-care group. However, most guide-
lines recommend against the use of alteplase
when there is extensive ischemic change on im-

aging. Furthermore, the standard dose of rt-PA
used in Japan is lower than that in many other
countries.” If rt-PA had been used more often or
at higher doses in our trial, the outcomes might
have been improved in both groups, but there
might have been an increased percentage of pa-
tients with intracranial hemorrhage in both
groups. Finally, we did not collect information
regarding the causes of death and could not
determine whether they were due to adverse
events associated with endovascular therapy or
thrombolysis.

This trial conducted in Japan showed that
among patients with acute stroke and a large
ischemic region, functional outcomes at 90 days
were better with endovascular therapy and med-
ical care than with medical care alone, but endo-
vascular therapy was associated with an increased
incidence of intracranial hemorrhage.
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