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Abstract

Endovascular therapy is strongly recommended for acute cerebral large vessel occlusion (LVO)
with an Alberta stroke program early computed tomography score (ASPECTS) >6 due to occlu-
sion of the internal carotid artery or M1 segment of the middle cerebral artery. However, the
effect of endovascular therapy for patients with a large ischemic core with an ASPECTS <5 (0-5)
was not established. A multicenter, randomized, open-label, parallel-group trial was conducted
to investigate the superiority of endovascular therapy over medical therapy without endovascu-
lar therapy for a large ischemic core with ASPECTS (3-5). Patients were randomly assigned to
receive endovascular therapy or without endovascular therapy at a ratio of 1:1. The primary
outcome was a moderate functional outcome, defined as a modified Rankin scale (mRS; scores
ranging from 0 [no symptoms] to 6 [death]) <3 after 90 days. The secondary outcomes were
defined as ordinal mRS, good functional outcome (mRS <2), excellent functional outcome (mRS
<1), mRS shift analysis after 90 days, and early improvement of neurological findings at 48 hours.
A total sample size of 200 was estimated to provide a power of 0.9 with a two-sided alpha of 0.05,
for the primary outcome, considering a 15% dropout rate. This randomized clinical trial reported
the applicability of endovascular therapy in patients with acute cerebral LVO with a large
ischemic core.
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Alberta stroke program early computed tomography
score (ASPECTS)" >6 due to occlusion of the internal
carotid artery or M1 segment of the middle cerebral
artery (M1) within 6 h of onset, and patients meeting
the DAWN and DEFUSE criteria at 6-16 hours after
onset.2? However, the efficacy of endovascular
therapy for patients with ASPECTS <5 has not been
proven, and we believe that reperfusion therapy for
patients with a large ischemic core might increase
the risk of intracranial hemorrhage (ICH).?

A multicenter randomized clinical trial of endovas-
cular treatment for acute ischemic stroke in the
Netherlands trial was the first randomized controlled
trial that showed the effectiveness of endovascular
therapy for acute ischemic stroke with LVO® and
included patients with acute stroke with extracranial
internal carotid and intracranial arterial occlusion
demonstrated by computed tomography angiography
(CTA), magnetic resonance angiography (MRA), or
digital subtraction angiography, regardless of ASPECTS.
The results did not show the effectiveness of endo-
vascular therapy in patients with ASPECTS <4.
Furthermore, the highly effective reperfusion evaluated
in the Multiple Endovascular Stroke Trials study did
not show the effectiveness of endovascular therapy
for patients with computed tomography (CT)-ASPECTS
<5 (or in some patients diffusion-weighted imaging
[DWI]).) However, endovascular therapy for patients
with ASPECTS on DWI <4 tended to be effective in
the Thrombectomie des Artéres Cerebrales trial.” On
the other hand, only a few studies have reported the
possibility that endovascular therapy is effective for
patients with large ischemic cores in cohort studies.
In addition, a pooled random-effect meta-analysis
study of large core patients by either definition
(ASPECTS <6, ischemic core volume >50 mL or both)
demonstrated increased functional independence
(modified Rankin scale [mRS] score 0-2) rates with
endovascular therapy and decreased mortality.? We
also reported the sub-analysis of the RESCUE-Japan
Registry 2, which suggests that endovascular therapy
is effective even in patients with ASPECTS <5.1%

Therefore, the aim of this study was to elucidate
the efficacy of endovascular therapy for patients
with a large ischemic core (ASPECTS 3-5).

Methods

Trial design

This is a multicenter, randomized, open-label,
parallel-group trial to investigate the effectiveness
of endovascular therapy for patients with acute
cerebral LVO with a large ischemic core (ASPECTS
3-5). The eligibility criteria are presented in Table 1.
In addition to patients within 6 h of onset, we include
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Table 1 Patient eligibility criteria

Inclusion criteria

Acute ischemic stroke

Age 218

Baseline NIHSS >6 at the time of randomization
Pre-stroke mRS 0-1

Confirmed extra/intra-cranial ICA or M1 MCA
occlusion on CTA or MRA

ASPECTS 3-5 on NCCT or DWI-MRI

7 Randomization can be finished within 6 hours
from last known well time, or 6 to 24 hours from
the last known well time without hyperintensity
on FLAIR image in accordance with early ischemic
change on NCCT or DWI

8 Endovascular treatment can be initiated within
60 minutes from randomization

O W N =

o]

9 Patient or legally authorized representative has
signed the informed consent form

Exclusion criteria
1 Significant mass effect with midline shift in CT or MRI

Known allergy (more severe than skin rash) to
contrast agents

Evidence of acute ICH in CT or MRI

Pregnant or potentially pregnant

N

Clinical evidence of chronic occlusion

High risk of hemorrhage (platelet <40000/nl, APTT
>50 seconds or PT-INR >3.0)

7 Participating in any other therapeutic
investigational trial

> g s W

8 Subjects who, in the judgment of the investigator,
are likely to be non-compliant or uncooperative
during the study

NIHSS: National Institutes of Health Stroke Scale, mRS:
modified Rankin scale, ICA: internal carotid artery, MCA:
middle cerebral artery, CTA: computed tomography angiog-
raphy, MRA: magnetic resonance angiography, ASPECTS:
Alberta stroke program early computed tomograph score,
NCCT: non-contrast computed tomography, DWI: diffusion-
weighted imaging, MRI: magnetic resonance imaging,
FLAIR: fluid-attenuated inversion recovery, CT: computed
tomography, ICH: intracranial hemorrhage, APTT: activated
partial thromboplastin time, PT-INR: prothrombin time-
international normalized ratio.

those at 6 to 24 h from the last known well time
with no ischemic change on fluid-attenuated inver-
sion recovery (FLAIR) images. It has been suggested
that a large signal on head magnetic resonance
imaging DWI but no large signal on FLAIR images
(DWI-FLAIR mismatch) indicates that it is approx-
imately 4.5 h after the time of onset. The WAKE-UP
study demonstrated that intravenous alteplase improved
functional outcomes in patients with DWI-FLAIR
mismatch with an unknown time of onset.'V
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Registration, randomization, and data collection
are performed using an electronic data capture (EDC)
system. Randomization is performed centrally through
the EDC system with a stochastic minimization
algorithm to balance treatment assignment within
institutions, age at the time of informed consent
(<75 years or 275 years), time from onset of cerebral
infarction or last known well to hospital arrival
(<120 min or >120 min), National Institutes of Health
Stroke Scale (NIHSS) at the time of obtaining
informed consent (<21 or >21), and whether the

Table 2 Study oversight

patient was treated with intravenous alteplase after
the onset of ischemic stroke.

Trial oversight

The principal investigator and members of the
steering committee, event adjudication committee,
and imaging evaluation committee designed and
conducted this study in accordance with the ethical
guidelines for medical and health research involving
human subjects in Japan (Table 2). The protocol
and consent forms were approved by the

Role of study Name

Institution

Principal investigator, Steering
Committee, Chair PhD

Principal investigator, Steering
Committee

Principal investigator, Steering
Committee

Chief Trial Statistician Steering

Committee MPH

Steering Committee

Steering Committee

Steering Committee

Steering Committee

Event Adjudication Committee,
Chair

Event Adjudication Committee
Event Adjudication Committee
Independent Monitoring Committee
Independent Monitoring Committee
Independent Monitoring Committee
Imaging Evaluation Committee
Imaging Evaluation Committee
Study Secretariat

Study Secretariat

Data Center Akito Uchio

Shinichi Yoshimura, MD,
Nobuyuki Sakai, MD, PhD

Hiroshi Yamagami, MD, PhD

Takeshi Morimoto, MD, PhD,
Kazunori Toyoda, MD, PhD

Yuji Matsumaru, MD, PhD

Yasushi Matsumoto, MD
Kazumi Kimura, MD, PhD
Fumihiro Sakakibara, MD
Norito Kinjo, MD

Takuya Saito, MD

Naoya Kuwayama, MD, PhD
Teruyuki Hirano, MD, PhD
Reiichi Ishikura, MD, PhD
Manabu Inoue, MD, PhD
Kazutaka Uchida, MD, PhD

Mikiya Beppu, MD, PhD

Department of Neurosurgery, Hyogo College
of Medicine Hospital

Department of Neurosurgery, Kobe City
Medical Center General Hospital

Department of Stroke Neurology, National
Hospital Organization Osaka National
Hospital

Department of Clinical Epidemiology, Hyogo
College of Medicine

Department of Cerebrovascular Medicine,
National Cerebral and Cardiovascular Center

Division of Stroke Prevention and Treatment,
Department of Neurosurgery, Faculty of
Medicine, University of Tsukuba

Department of Neuroendovascular Therapy,
Kohnan Hospital

Department of Neurology, Nippon Medical
School Hospital

Department of Neurosurgery, Chibune General
Hospital

Department of Neurosurgery, Matsumoto
Hospital

Department of Stroke Neurology, Kohnan
Hospital

Kuniaki Ogasawara, MD, PhD Department of Neurosurgery, Iwate Medical

University

Department of Neurosurgery, University of
Toyama

Department of Stroke and Cerebrovascular
Medicine, Kyorin University

Department of Radiology, Hyogo College of
Medicine

Department of Cerebrovascular Medicine,
National Cerebral and Cardiovascular Center

Department of Neurosurgery, Hyogo College
of Medicine Hospital

Department of Neurosurgery, Hyogo College
of Medicine Hospital

Nexis Co., Ltd. Development Section 3
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institutional review boards at the Hyogo College
of Medicine (No. 3015), and each participating
institute to which important protocol modification
and safety information including serious adverse
events in this trial are reported. All patients or
their legally authorized representatives would
provide written informed consent before random-
ization with the investigators. All institutes are
regularly monitored by steering committee repre-
sentatives, and the trial is monitored by a data
center (Table 2). Auditing this trial would be
conducted independently by the audit department
of the Hyogo College of Medicine if the Independent
Monitoring Committee or other oversight bodies
requested with reasonable reasons. This trial was
registered at Clinicaltrials.gov (NCT03702413).

Trial intervention

Patients randomly receive endovascular therapy
with medical therapy or medical therapy alone at
a ratio of 1:1 (Fig. 1). Treatment assignment is not
concealed from the participants or treating physi-
cians. Treatment should be performed according to
randomization results. Eligible patients for intrave-
nous thrombolysis were treated with alteplase
(recombinant tissue-type plasminogen activator) at
0.6 mg/kg according to the guidelines in Japan.'?
Regarding the details of endovascular therapy, the
most appropriate method of endovascular therapy
should be selected by the physician in charge for
each case. Approved devices to be used for endo-
vascular therapy in Japan, including stent retriever,
aspiration catheter, balloon angioplasty, intracranial
stent, and carotid artery stent, were allowed as per
demand from physicians in charge. However, devices
that correspond to contraindications should not be
used, and local intra-arterial fibrinolysis is not
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performed as endovascular recanalization therapy.
The non-endovascular therapy group receives stan-
dard medical treatment according to the guidelines.
There is no provision for other types of treatment
(e.g., medication and rehabilitation). This study did
not have any criteria or restrictions in the discon-
tinuation of treatment. This study also did not have
any restrictions on treatment options at recurrence.

Measurements

Clinical research coordinators or physicians in
charge obtain information on patients, including
institution name, name of patient identification, age,
sex, time of onset (last known well time), time of
arrival at the institution, allergy to contrast agent,
mRS before onset, and intravenous alteplase after
onset. In addition, imaging evaluation, past history,
medication, blood tests, details of treatment, neuro-
logical assessment (NIHSS), vital signs, final diagnosis,
mRS, and adverse events will be stored (Table 3).

Imaging evaluation

Before randomization, each institution has to
determine ASPECTS 3-5 using non-contrast CT or
DWI and diagnosed internal carotid artery (ICA) or
M1 occlusion using CTA or MRA. Along with these
images, computed tomography perfusion imaging
(CTP) or DWI images are acquired to measure the
core volume in the central review. Each institution
should record the reperfusion degree by endovas-
cular therapy with thrombolysis in cerebral infarc-
tion grading system'® and the presence of ICH after
treatment, which would be confirmed by an inde-
pendent central core laboratory. For that reason,
Digital Imaging and Communications in Medicine
images will be submitted to the office for central
core laboratory.

Endovascular Therapy Group
n=100

Informed
Consent

Registration
Randomization

T

Non-endovascular Therapy
Group n=100

Onset

Within 6 hours or
FLAIR negative on MRI

90-day mRS

Primary outcome
mRS 0-3

Fig. 1 Study design. After the eligible patients arrived at each institute and informed consent was obtained, they
were randomly allocated to the endovascular therapy group who received thrombectomy or to the medical therapy
group without endovascular therapy. FLAIR negative: without hyperintensity on fluid-attenuated inversion recovery,
MRI: magnetic resonance imaging, mRS: modified Rankin scale.
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Table 3 Summary of observation, tests, reporting items, and schedule

At enrollment Observation period
Schedule
Before After .

randomization randomization Very Early Early Discharge End
Implementation item/  Within 6 hours from the time Within Within 48 either 7 days 90 days
implementation period of last known well or within 12 hours after  hours (+ 24 ( 2 day) after (= 30 days)

6—24 hours from the time randomization hours) after randomization  after

of last known well randomization or at discharge randomization

which is earlier

Informed consent @)
Confirmation of @]

inclusion and
exclusion criteria

Basic data @] O
Only Details
randomization
factors
Demographics and (@)
baseline
characteristics data
Vital sign O @) O O O
Laboratory data O ©)
Chest x-ray, ECG test @]
mRS O @) @)
(Before onset)
NIHSS O O @) O @)
Only scores Details
Imaging ©) ©) O
(*1) CT/CTA/ CT or MRI CT/CTA or
CTP or MRI/ MRI/MRA
MRA
ASPECTS O
Occclusion site O
Type of cerebral (©) O
infarction
Details of EVT and O
complications Only EVT
group
Recanalization status O
(TICI grade) Only EVT
group
Recanalization status A
(mMORI grade)

Serious adverse events

Clinically significant
adverse events

Decompressive
craniectomy

*1: Imaging (at enrollment). Within 6 hours from last known well time: CT/CTA/CTP or MRI/MRA. Within 6-24 hours from last
known well time: MRI/MRA. ECG: Electrocardiogram, mRS: modified Rankin scale, NIHSS: National Institutes of Health Stroke
Scale, CT: computed tomography, CTA: computed tomography angiography, MRA: magnetic resonance angiography, ASPECTS:
Alberta stroke program early computed tomography score, EVT: Endovascular therapy, TICI: Thrombolysis In Cerebral Infarction,
mMORI: modified Mori Grade.
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Outcomes

The primary outcome is defined as a moderate
functional outcome (mRS <3) after 90 days.'¥ The
secondary outcomes are good functional outcome
(mRS <2), excellent functional outcome (mRS <1),
mRS shift analysis after 90 days, and early improve-
ment of neurological findings defined as NIHSS
improvement of >8 points at 48 hours. Assessments
of mRS and NIHSS after 90 days will be conducted
by personnel blinded to the initial treatment period.
Safety outcomes are symptomatic ICH defined as
any type of ICH with NIHSS worsening >4 points
within 48 hours, any ICH within 48 hours,'® death
(mRS 6) within 90 days, recurrence of ischemic
stroke within 90 days, and decompressive craniec-
tomy within 7 days.

Data management

Data management, including data entry, query,
coding, security, storage, and any related processes
to promote data quality, is performed by the inde-
pendent data center (Nexis Co., Ltd., Fukuoka, Japan).

Sample size and statistical analysis

A total of 200 patients (100 in the endovascular
group and 100 in the medical group) were examined.
We analyzed 338 patients with DWI-ASPECTS 3-5
in RESCUE-Japan Registry 2%; those were the eligible
patients of this study. Twenty-four patients (12.5%)
and 55 patients (37.7%) had an mRS of 0-3 at
90 days, which was the primary outcome in this
study, among 192 patients in the non-endovascular
group and 146 patients in the endovascular group,
respectively.’ The odds ratio (OR) adjusting for
baseline characteristics was 3.42 for the endovascular
group, since this was an observational study and
its effect could be larger than clinical trials. Thus,
we assumed the relative risk at 2.7 times (3.42 x
0.8 = 2.7) with a discount of 20% of efficacy in
clinical practice. When the type I error level is set
at two-sided 0.05 and the power of the test is 0.90,
81 patients in each cohort are required. Estimating
the clinical dropout rate at 15%, the required sample
size was calculated to be 191 patients in both groups.
Considering the possible additional withdrawal of
consent, we set the target sample size to 100 patients
in each cohort and a total of 200 patients.

The analysis set was divided into an endovascular
therapy group and a non-endovascular therapy
group, and descriptive statistics were calculated on
the demographics and baseline characteristics.

The primary outcome is shown as the number of
subjects, percentages, ORs, and 95% confidence
intervals (CIs) of patients with an mRS score of 0-3
at 90 days after the start of hospitalization calculated
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for the endovascular therapy and non-endovascular
therapy groups, respectively. The results were
subjected to test between the endovascular and
non-endovascular therapy groups.

Secondary outcomes are shown as same as the
primary outcome or as common ORs with a one-level
lower shift analysis with mRS. Safety outcomes are
also shown as the number of subjects, percentages,
and ORs, and 95% CIs were calculated for each
safety outcome in the same manner as above.

Subgroup analyses for primary outcomes are
planned to estimate ORs and 95% CIs in each
prespecified subgroup. The interactions between
endovascular therapy group and each subgroup were
tested.

The prespecified subgroup factors are as follows:

1) Age at the time of informed consent (<75 years
or 275 years). Time from onset of cerebral infarction
or last known well to hospital arrival (<120 min or
>120 min).

2) Time from onset of cerebral infraction or last
known well to hospital arrival (<120 min or >120 min).

3) Time from onset of cerebral infraction or last
known well to hospital arrival (<120 min or >120 min).
NIHSS score at the time of informed consent (<21
or >21).

4) Whether the patient was treated with intrave-
nous alteplase after the onset of cerebral infraction.

Continuous variables are indicated by mean and
standard deviation or median and quartiles, depending
on the type of distribution, and the t-test or Wilcoxon
rank-sum test was used. In addition, categorical
variables were indicated by the sample size or
percentages, and the chi-square test or Fisher’s exact
test was used. Differences were considered statis-
tically significant at two-tailed p <0.05.

All statistical analyses are performed by a chief
trial statistician (Morimoto T) and a physician (Uchida
K) using JMP 15.1 (SAS Institute Inc., Cary, NC, USA)
and SAS 9.4 (SAS Institute Inc.) based on the statis-
tical analysis plan. For baseline data, missing data
are not imputed, and data with missing data are
analyzed as they were. Because of the short enroll-
ment and follow-up periods and the estimated low
risk of adverse events, no interim analyses are planned.

Other exploratory analyses will be performed based
on the recommendation from the Steering Committee.

Discussion

In the previous study, we showed the effectiveness
of endovascular therapy for patients having ICA or
M1 occlusion with ASPECTS <5 on non-contrast
CT or DWIs were extracted from 2420 acute LVO
patients admitted within 24 h after onset, who were
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registered to the nationwide registry, RESCUE-Japan
registry 2.1 A small retrospective study also showed
that in patients with acute LVO of anterior circu-
lation with DWI-ASPECTS <5 (n = 108), the patients
with mRS 0-2 at 90 days after onset were signifi-
cantly more observed in the endovascular therapy
group (n = 60) compared to non-endovascular therapy
group (n = 48), and the mortality was significantly
lower.?” In addition, another small cohort study
revealed that patients with DWI-ASPECTS <6 had
less benefit from endovascular therapy than patients
with DWI-ASPECTS 27, but outcomes (patients with
mRS >3) were still better than those with medica-
tion alone (endovascular therapy 11 of 15 vs. medi-
cation alone 23 of 23; p = 0.019).19

A retrospective study based on a registry of
patients with DWI-ASPECTS <5 treated by endo-
vascular therapy suggested that DWI-ASPECTS 3-5
was one of the markers predictive of good prog-
nosis.’® In our previous study, in 369 patients with
ASPECTS 3-5, good functional outcome was more
observed in the endovascular therapy group than
in the non-endovascular therapy group (20.4% vs.
6.6%; p <0.0001; adjusted OR 2.04 [0.96—4.37]). In
contrast, in 135 patients with ASPECTS 0-2, good
functional outcomes were obtained in 2 of 15 patients
in the endovascular therapy group (13.3%), but not
in the non-endovascular therapy group (0%). Adjusted
OR could not be calculated because of an insuffi-
cient number of patients.”

The ASPECTS score is not only associated with
the size of the infarct core and stroke severity but
also highly dependent on the elapsed time from
stroke onset, as evident by the significant difference
in onset to door times between groups (110 min
[50-195] vs. 270 min [110-656.3]).'” Thus, the time
from stroke onset seemed to be one of the most
important factors for endovascular therapy in cases
with a large ischemic core. Another interesting point
was that a good functional outcome was significantly
more observed in the endovascular therapy group
with ICA occlusion but not with M1 occlusion.
There has been a concern that hemorrhagic events
are caused by endovascular therapy when patients
have a large ischemic core,” but a previous study
showed no increase in hemorrhage in the endovas-
cular therapy group.”

Another pooled random-effect meta-analysis of
11 including 12 studies of large core patients by
either definition (ASPECTS <6, ischemic core volume
>50 mL or both) demonstrated increased functional
independence (mRS 0-2) rates with endovascular
therapy (25% vs. 7%; pooled OR: 4.39; 95%
CI: 2.53-7.64) and decreased mortality (23% vs.
33%; pooled OR: 0.53; 95% CI: 0.40-0.71).9

We hope that this trial will have a great impact
on the establishment of a novel strategy to demon-
strate the applicability of endovascular therapy in
patients with a large ischemic core.

Trial status

The first patient was recruited on November 29,
2018. The last patient is expected to be recruited
on September 2021. The Hyogo College of Medicine
provides central trial management and coordination.
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