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ABSTRACT

BACKGROUND
Data from trials investigating the effects and risks of endovascular thrombectomy
for the treatment of stroke due to basilar-artery occlusion are limited.

METHODS

We conducted a multicenter, prospective, randomized, controlled trial of endovas-
cular thrombectomy for basilar-artery occlusion at 36 centers in China. Patients
were assigned, in a 2:1 ratio, within 12 hours after the estimated time of basilar-
artery occlusion to receive endovascular thrombectomy or best medical care (con-
trol). The primary outcome was good functional status, defined as a score of 0 to
3 on the modified Rankin scale (range, 0 [no symptoms] to 6 [death]), at 90 days.
Secondary outcomes included a modified Rankin scale score of 0 to 2, distribution
across the modified Rankin scale score categories, and quality of life. Safety out-
comes included symptomatic intracranial hemorrhage at 24 to 72 hours, 90-day
mortality, and procedural complications.

RESULTS

Of the 507 patients who underwent screening, 340 were in the intention-to-treat
population, with 226 assigned to the thrombectomy group and 114 to the control
group. Intravenous thrombolysis was used in 31% of the patients in the thrombec-
tomy group and in 34% of those in the control group. Good functional status at
90 days occurred in 104 patients (46%) in the thrombectomy group and in 26
(23%) in the control group (adjusted rate ratio, 2.06; 95% confidence interval [CI],
1.46 to 2.91, P<0.001). Symptomatic intracranial hemorrhage occurred in 12 pa-
tients (5%) in the thrombectomy group and in none in the control group. Results
for the secondary clinical and imaging outcomes were generally in the same direc-
tion as those for the primary outcome. Mortality at 90 days was 37% in the throm-
bectomy group and 55% in the control group (adjusted risk ratio, 0.66; 95% CI,
0.52 to 0.82). Procedural complications occurred in 14% of the patients in the
thrombectomy group, including one death due to arterial perforation.

CONCLUSIONS

In a trial involving Chinese patients with basilar-artery occlusion, approximately
one third of whom received intravenous thrombolysis, endovascular thrombectomy
within 12 hours after stroke onset led to better functional outcomes at 90 days
than best medical care but was associated with procedural complications and in-
tracerebral hemorrhage. (Funded by the Program for Innovative Research Team of
the First Affiliated Hospital of USTC and others; ATTENTION ClinicalTrials.gov
number, NCT04751708.)

N ENGL J MED 387;15 NEJM.ORG OCTOBER 13, 2022

The New England Journal of Medicine

Copyright © 2022 Massachusetts Medical Society. All rights reserved.

The authors’ full names, academic de-
grees, and affiliations are listed in the
Appendix. Dr. Hu can be contacted at
andinghu@126.com or at the Stroke Cen-
ter and Department of Neurology, First
Affiliated Hospital of USTC, 17 Lujiang
Rd., Hefei 230001, China.

*A list of the investigators in the ATTEN-
TION trial is provided in the Supplemen-
tary Appendix, available at NEJM.org.

Drs. Tao, Nogueira, Zhu, and Han, and
Drs. X. Liu and Hu, contributed equally
to this article.

ORCID information for Dr. Li Wang of
Zigong Third People’s Hospital, Zigong,
and for Dr. Li Wang of the First Affiliated
Hospital of USTC, Hefei, is available at
https://orcid.org/0000-0002-6484-9324
and https://orcid.org/0000-0002-0528
-7835, respectively.

N Engl ) Med 2022;387:1361-72.
DOI: 10.1056/NEJMo0a2206317
Copyright © 2022 Massachusetts Medical Society.

1361

ownloaded from nejm.org at CCSS CAJA COSTARRICENSE DE SEGURO SOCIAL BINASSS on October 19, 2022. For personal use only. No other uses without permissior



A Quick Take
is available at

1362

NEJM.org

The NEW ENGLAND JOURNAL of MEDICINE

MONG PATIENTS WITH BASILAR-ARTERY

occlusion who present with moderate-to-

severe clinical findings, up to 80% die or
remain with severe disability despite best medi-
cal care.’® Endovascular thrombectomy has be-
come a standard treatment for acute large-vessel-
occlusion strokes involving the anterior circulation
within certain time constraints.*> However,
there is limited evidence to support the use of
endovascular thrombectomy in patients with
acute basilar-artery occlusion.

Two randomized trials, the Endovascular
Treatment versus Standard Medical Treatment
for Vertebrobasilar Artery Occlusion (BEST) trial
and the Basilar Artery International Cooperation
Study (BASICS), investigated the safety and effi-
cacy of endovascular thrombectomy in patients
with basilar-artery occlusion.®” Despite numeri-
cal differences in favor of endovascular throm-
bectomy, these trials did not show the superior-
ity of endovascular thrombectomy plus best
medical care over best medical care alone. How-
ever, there were high rates of crossovers in the
BEST trial and a lack of consecutive enrollment
in BASICS, which limited the certainty of their
results. Previous observational studies and meta-
analyses have also shown mixed results regard-
ing the association of endovascular thrombec-
tomy and clinical outcomes in patients with
basilar-artery occlusion.’*#13 We undertook the
Endovascular Treatment for Acute Basilar-Artery
Occlusion (ATTENTION) trial to investigate
whether endovascular thrombectomy added to
best medical care would be superior to best
medical care alone in patients with acute stroke
due to basilar-artery occlusion who presented
within 12 hours after the estimated time of
basilar-artery occlusion.

METHODS

TRIAL DESIGN AND OVERSIGHT

We conducted this investigator-initiated, multi-
center, prospective, randomized, open-label trial
at 36 centers in China (Fig. S1 in the Supplemen-
tary Appendix, available with the full text of this
article at NEJM.org). The trial protocol, available
at NEJM.org, was approved by the medical ethics
committee of the First Affiliated Hospital of the
University of Science and Technology of China
and all relevant local ethics committees. Written
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informed consent was obtained before random-
ization from all the patients or their legal repre-
sentatives. The trial was performed in accor-
dance with the principles of the Declaration of
Helsinki as amended. Details of the trial rationale,
design, and methods are provided in the protocol.

The steering committee designed the trial
and oversaw its conduct and the data analysis.
An independent data and safety monitoring board
was responsible for the safety, ethics, and over-
sight of the trial. An independent clinical re-
search organization (JetMed) was involved in
monitoring trial quality. An independent clini-
cal-event adjudication committee, whose mem-
bers were unaware of the trial-group assign-
ments, adjudicated the primary and secondary
efficacy outcomes. An independent adverse-events
committee assessed adverse events, procedural-
related complications, and serious adverse events.
All the images were assessed in a blinded man-
ner by a central imaging laboratory. An indepen-
dent statistician was responsible for the statisti-
cal analysis. The methods of this trial have been
published previously.**

The trial was funded by the Program for In-
novative Research Team of the First Affiliated
Hospital of the University of Science and Tech-
nology of China, the Beijing Dingyi Foundation
(China Special Fund for Stroke Prevention and
Treatment), and the Beijing Healthunion Cardio-
Cerebrovascular Disease Prevention and Treat-
ment Foundation. These entities were not in-
volved in the design or conduct of the trial or
the decision to submit the manuscript for pub-
lication. Members of the executive committee
collected the data and made the decision to
submit the manuscript for publication. The first
draft of the manuscript was written by the first
author, and all the authors contributed to critical
review of the manuscript. The authors vouch
for the accuracy and completeness of the pre-
sented data, for the fidelity of the trial to the
protocol, and for the accurate reporting of ad-
verse events.

PATIENTS AND PARTICIPATING CENTERS

Patients were eligible for enrollment if they were
18 years of age or older and had had a moderate-
to-severe acute ischemic stroke consistent with
basilar-artery occlusion. A moderate-to-severe
acute ischemic stroke was defined by a score of
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10 or higher on the National Institutes of Health
Stroke Scale (NIHSS; range, 0 to 42, with higher
scores indicating greater neurologic deficits) at
the time of neuroimaging. Basilar-artery occlu-
sion was confirmed on computed tomographic
(CT) angiography (CTA), magnetic resonance
angiography (MRA), or digital subtraction angi-
ography within 12 hours after the estimated
time of stroke onset. The estimated time at
which occlusion occurred was defined as the
time of sudden onset of basilar-artery stroke
symptoms, with no consideration of any preced-
ing minor prodromal symptoms, as adjudicated
by two neurologists. For patients whose stroke
was evident on awakening or who had an unwit-
nessed time of stroke onset because of uncon-
sciousness, a 12-hour time window was calcu-
lated from the time at which the patient was last
seen to be well. Imaging to determine whether a
patient fulfilled the enrollment criteria was done
mostly at the trial hospitals, even if imaging had
been previously performed at another institution.
Patients who had basilar-artery occlusion that
was observed at a referring hospital but who
were found to have a patent artery at the trial
hospital were not enrolled.

Patients were excluded if they had prestroke
score, assessed retrospectively, of at least 3 on
the modified Rankin scale (range, 0 to 6, with a
score of 0 indicating no disability, 1 no clinical-
ly significant disability, 2 slight disability, 3 mod-
erate disability but remaining able to walk unas-
sisted, 4 moderately severe disability, 5 severe
disability, and 6 death) among those younger
than 80 years of age or a modified Rankin scale
score of at least 1 among those 80 years of age
or older; if they had intracranial hemorrhage on
neuroimaging; or if they had a posterior circula-
tion Alberta Stroke Program Early Computed
Tomography Score (PC-ASPECTS) of less than
6 points among patients younger than 80 years
of age and of less than 8 points among those
80 years of age or older.”® The PC-ASPECTS is a
10-point imaging scoring system to quantify
early ischemic changes in the posterior circula-
tion territory, with a score of 10 indicating nor-
mal appearance and 1 point subtracted for each
abnormal region on noncontrast CT or CTA
source images or on diffusion-weighted mag-
netic resonance imaging (with lower scores indi-
cating a larger territory of ischemic change). The

full inclusion and exclusion criteria are listed in
the protocol.

Centers were eligible to participate in the
trial if more than 100 endovascular thrombec-
tomy procedures for acute ischemic stroke had
been completed there in the year 2020, if the
center had a mean time of less than 60 minutes
from hospital arrival to the start of intravenous
thrombolysis, and if the center had a time of less
than 90 minutes from hospital arrival to arterial
puncture. Interventional operators must have
had more than 5 years of experience in cerebro-
vascular interventional therapy and must have
independently completed more than 80 throm-
bectomy procedures. The number of endovascu-
lar procedures that were performed in 2021 and
the number of beds in each center are listed in
Table S1.

Participating centers were instructed to keep
a screening log of all the patients who presented
with suspected basilar-artery occlusion and were
thought to potentially qualify for the trial. Cen-
ters were instructed to specify patients who were
eligible to participate in the trial but were not
enrolled, as well as those who were not eligible
to participate after additional screening.

TRIAL DESIGN

Patients were randomly assigned in a 2:1 ratio to
undergo endovascular thrombectomy and re-
ceive best medical care (thrombectomy group)
or to receive best medical care alone (control
group). Randomization was performed as soon
as possible after the occlusion of the basilar ar-
tery had been confirmed on imaging at trial
hospitals and written informed consent for trial
participation had been obtained. Owing to the
nature of the intervention, treatment assign-
ments were not concealed from patients or the
treating team. The randomization procedure
was Web-based on mobile devices or webpage
platforms.

TREATMENTS

Patients in each treatment group received what
was considered to be best medical care, includ-
ing intravenous thrombolytic agents, antiplatelet
drugs, anticoagulation, or combinations of these
treatments according to national and institu-
tional guidelines. The standard care for acute
basilar-artery occlusion in China is that patients

N ENGL J MED 387;15 NEJM.ORG OCTOBER 13, 2022

The New England Journal of Medicine

Copyright © 2022 Massachusetts Medical Society. All rights reserved.

1363

ownloaded from nejm.org at CCSS CAJA COSTARRICENSE DE SEGURO SOCIAL BINASSS on October 19, 2022. For personal use only. No other uses without permissior



1364

The NEW ENGLAND JOURNAL of MEDICINE

arriving at a hospital within 4.5 hours after
stroke onset receive intravenous thrombolysis.
Most patients were required to pay for the
thrombolytic drugs in advance, and some were
eligible for reimbursement from government
insurance. The strategies that were used for en-
dovascular treatment included stent retrievers,
thromboaspiration, balloon angioplasty, stent
deployment, intraarterial thrombolysis (with al-
teplase or urokinase), or combinations of these
approaches that were left to the discretion of the
treating team.

OUTCOMES
The primary outcome was good functional sta-
tus, defined as a modified Rankin scale score of
0 to 3, at 90 days (within a window of +14 days).
Secondary efficacy outcomes included excellent
functional outcome, defined as a modified
Rankin scale score of 0 to 2, at 90 days (window,
+14 days); the distribution of modified Rankin
scale scores toward a better outcome at 90 days
(window, +14 days); the NIHSS score at 24 to 72
hours and at 5 to 7 days or discharge (whichever
came first); the score on the European Quality of
Life 5-Dimension 5-Level (EQ-5D-5L) patient-
reported questionnaire (range, —0.39 to 1, with
higher scores indicating a better quality of life);
and the Barthel Index (dichotomized as 0 to 94
vs. 95 to 100, with a score of 95 to 100 indicat-
ing no interference with daily activities).’* The
modified Rankin scale scores at 90 days were
obtained by means of a structured telephone
interview that was performed by local certified
neurologists or nurses who were unaware of the
trial-group assignments.

Safety outcomes included symptomatic intra-
cranial hemorrhage according to the modified
Safe Implementation of Thrombolysis in Stroke—
Monitoring Study (SITS-MOST) criteria, defined
as local or remote parenchymal hemorrhage
type 2, subarachnoid hemorrhage, or intraven-
tricular hemorrhage that led to death or was
observed on an imaging scan obtained 24 to 72
hours after treatment, combined with a neuro-
logic deterioration of at least 4 points from
baseline on the NIHSS or from the lowest NTHSS
score between baseline and 24 hours, or death
from any cause within 90 days (window, *+14
days).”” Imaging outcomes included intracranial
hemorrhage according to the Heidelberg classi-

fication and recanalization on CTA or MRA at
24 to 72 hours (modified Arterial Occlusive Lesion
score of 2 to 3, on a scale from 0 [no recanaliza-
tion] to 3 [complete recanalization]).!®

STATISTICAL ANALYSIS

On the basis of BEST trial, we originally calcu-
lated that the enrollment of 192 patients would
provide the trial with 80% power to detect a
between-group difference of 20 percentage points
in the percentage of patients with good func-
tional status at 90 days (primary outcome; 25%
in the control group vs. 45% in thrombectomy
group) at a two-sided significance level of 0.05.°
After the results of BASICS became available, the
steering committee revised the sample size to
342 on the basis of the combined results of the
BEST and BASICS trials (new estimate, 25% in
the control group vs. 40% in thrombectomy
group, with a 15-percentage-point difference),®’
with allowance for 5% of the patients to be lost
to follow-up or have data that could not be
evaluated.

The primary analysis was performed in the
intention-to-treat population, which included all
the patients who provided informed consent and
underwent randomization. Supportive analyses
of the primary outcome were performed in the
per-protocol population, which excluded patients
who did not meet the inclusion or exclusion cri-
teria or who crossed over to the other treatment
group.

We compared the results for the primary,
secondary, and safety outcomes between pa-
tients undergoing endovascular thrombectomy
and those receiving best medical care in multi-
variable logistic and linear regressions with ad-
justment for age, modified Rankin scale score
before the stroke, time from stroke onset to ran-
domization, and baseline stroke severity (NTHSS
score). Adjusted rate ratios or risk ratios with
95% confidence intervals were reported for di-
chotomous outcomes.” The shift of the modi-
fied Rankin scale scores toward a better func-
tional outcome was estimated with an ordinal
logistic-regression model after verification of the
proportional-odds assumption by the Brant test.
For the comparison of the two treatment groups
with respect to the secondary outcomes of the
NIHSS and EQ-5D-5L scores at 90 days (modeled
as continuous variables), linear regression was
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used to calculate the beta coefficient. Subgroup
analyses were prespecified for the primary out-
come according to sex (male or female), age (<70
years or >70 years and <80 years or >80 years),
baseline stroke severity (NIHSS score 10 to 19 or
>20), time from the estimated time of basilar-
artery occlusion to randomization (<6 hours or
>6 hours), intravenous thrombolysis (no or yes),
location of basilar-artery occlusion (proximal,
middle, or distal), the presumed cause of the
basilar-artery occlusion (large-artery atheroscle-
rosis, cardioembolism, or undetermined and
other determined cause), intracranial atheroscle-
rotic disease as cause of stroke (yes or no), and
PC-ASPECTS at baseline (<8 or >8).

Because the statistical plan did not include a
provision for the correction of the widths of
confidence intervals for multiple comparisons,
no definite conclusions can be drawn from sec-
ondary-outcome results or subgroup analyses.
No imputations for missing data were performed.
All the analyses were performed with the use of
Stata software, version 17.0 (StataCorp).

RESULTS

PATIENTS

From February 21, 2021, through January 3,
2022, a total of 507 patients were assessed for
participation in the trial, of whom 141 did not
meet the eligibility criteria (5 patients had a
spontaneous recanalization before randomiza-
tion) and 24 declined to participate. The remain-
ing 342 patients were randomly assigned to a
treatment group; 228 to the thrombectomy
group and 114 to the control group (Fig. 1). The
legal representatives of 2 patients who had been
assigned to the thrombectomy group withdrew
their consent, so 340 patients were included in
the intention-to-treat analysis.

The demographic and clinical characteristics
of the patients at baseline were similar in the
two groups, as shown in Table 1 and Table S2;
these tables also show data on additional proce-
dural characteristics and workflow measures.
The representativeness of the enrolled patients is
summarized in Table S3. Intravenous throm-
bolysis was administered in 31% of the patients
in the thrombectomy group and in 34% of those
in the control group. Details of the endovascular
thrombectomy procedures are described in Table

S4. The mean age of the patients was 66 years in
the thrombectomy group and 67 years in the
control group. The median estimated time from
basilar-artery occlusion to randomization was
5.1 hours in the thrombectomy group and 4.9
hours in the control group. The median NIHSS
score at the time of the baseline examination at
the trial hospital was 24 in each group. The me-
dian PC-ASPECTS was 9 in the thrombectomy
group and 10 in the control group. A total of 183
patients completed neuroimaging within less than
4.5 hours after the estimated time of basilar-
artery occlusion; of these, 103 patients (56%)
received intravenous thrombolysis, and the per-
centages were similar in the two trial groups.

Six patients (3 in the thrombectomy group
and 3 in the control group) crossed over to receive
the other therapy. Two patients in the thrombec-
tomy group underwent diagnostic angiography
only, owing to complete recanalization after in-
travenous thrombolysis. Therefore, 221 patients
in the thrombectomy group underwent endovas-
cular thrombectomy. General anesthesia was
used in 124 of 223 patients (56%). A total of 40%
of the patients underwent additional intracranial
angioplasty or stenting, and 8% underwent ex-
tracranial angioplasty or stenting.

The clinical event-adjudication committee and
imaging-evaluation committee excluded 12 pa-
tients from the per-protocol analysis, including
the 6 patients who crossed over to the other
group, 2 who underwent randomization more
than 12 hours after the estimated time of basilar-
artery occlusion, 2 who had a PC-ASPECTS of
less than 6 points, 1 who had a PC-ASPECTS
of less than 8 points and was older than 80 years
of age, and 1 in whom the basilar artery was
considered to be occluded by the treating team
but was found to be critically stenotic by the
imaging core laboratory (Table S5). No patients
were lost to follow-up or had data missing for
main baseline covariates and primary outcome.

PRIMARY AND SECONDARY OUTCOMES

Good functional status at 90 days (modified
Rankin scale score, 0 to 3; the primary outcome)
was observed in 46% of the patients in the
thrombectomy group and in 23% of those in the
control group (adjusted rate ratio, 2.06; 95%
confidence interval [CI], 1.46 to 2.91; P<0.001)
(Table 2). (Unadjusted values for primary and
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507 Patients were assessed for eligibility

165 Were excluded
82 Did not meet inclusion criteria
55 Had occlusion-site issue
7 Were at 212 hr since onset of stroke
8 Had NIHSS score <10
12 Were <80 yr of age with prestroke
modified Rankin scale score >2
or were =80 yr of age with prestroke
modified Rankin scale score >0
55 Met exclusion criteria
29 Were <80 yr of age with PC-ASPECTS
<6 or were =80 yr of age with
PC-ASPECTS <8
9 Had complete bilateral thalami or
brain-stem infarction
7 Had excessive vascular tortuosity
6 Had mydriasis in both eyes
2 Had advanced cancer
1 Had bleeding diathesis
1 Had severe anemia
2 Died before randomization
2 Had symptom relief before randomization
24 Declined to participate
13 Underwent endovascular thrombectomy
11 Received best medical care alone

342 Underwent randomization

2 Had informed consent withdrawn |-

226 Were assigned to undergo endovascular 114 Were assigned to receive best medical
thrombectomy and receive best medical care alone
care 111 Received assigned treatment
223 Underwent catheter angiography 3 Crossed over to the thrombectomy group
3 Crossed over to the control group and did and underwent endovascular thrombectomy

not undergo catheter angiography

1 Had clinical improvement

1 Had clinical deterioration before endo-
vascular thrombectomy

1 Declined to undergo endovascular
thrombectomy

2 Did not undergo endovascular throm-
bectomy owing to recanalization after
intravenous thrombolysis
221 Underwent endovascular thrombectomy

226 Were included in the analysis 114 Were included in the analysis

secondary outcomes are provided in Table S6.) thrombectomy at 90 days was 2.87 (95% CI,
In the ordinal logistic-regression model to ac- 1.84 to 4.47) (Fig. 2). A total of 75 patients (33%)
count for the shift in distribution in the modi- in the thrombectomy group and 12 (11%) in the
fied Rankin scale score, the adjusted common control group had excellent functional status
odds ratio for the modified Rankin scale score (modified Rankin scale score, 0 to 2) at 90 days
toward a better outcome with endovascular (adjusted rate ratio, 3.17; 95% CI, 1.84 to 5.46).
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Figure 1 (facing page). Randomization and Treatment
of the Patients.

Patients were randomly assigned in a 2:1 ratio to under-
go endovascular treatment plus receive best medical
care (thrombectomy group) or to receive best medical
care alone (control group). Patients were required to
have a score on the modified Rankin scale (range, 0
[no symptoms] to 6 [death]) of less than 3 if they were
younger than 80 years of age or a score of 0 if they were
80 years of age or older. Patients were required to have
a posterior circulation Alberta Stroke Program Early
Computed Tomography Score (PC-ASPECTS) on non-
contrast CT or CT angiographic source images or on
diffusion-weighted magnetic resonance imaging of less
than 6 if they were younger than 80 years of age or of
less than 8 if they were 80 years of age or older. PC-
ASPECTS is a 10-point imaging scoring system to quan-
tify early ischemic changes in the posterior circulation
territory, with a score of 10 indicating normal appear-
ance and 1 point subtracted for each abnormal region
(with lower scores indicating a larger territory of ische-
mic change).

Secondary outcomes were generally in the same
direction as the primary outcome, but rate ratios
were not adjusted for multiple comparisons, and
no definite conclusions can be drawn from these
results. Patency of the basilar artery at 24 to 72
hours as assessed on CTA or MRA was observed
in 91% of the patients in the thrombectomy
group and in 38% of those in the control group
(Table 2). Other secondary clinical and imaging
outcomes are shown in Table 2.

SAFETY

A total of 37% of the patients in the thrombec-
tomy group and 55% of those in the control
group died within 90 days (adjusted risk ratio,
0.66; 95% CI, 0.52 to 0.82). Symptomatic intra-
cranial hemorrhage at 24 to 72 hours occurred
in 12 patients (5%) in the thrombectomy group
and in none of the patients in the control group.
There were 32 procedural complications (in 14%
of the patients in the thrombectomy group) in-
cluding 6 arterial dissections and 5 vessel per-
forations. One patient with arterial perforation
died on the day after the procedure. Other ad-
verse events are described in Table S7, and
causes of death are summarized in Table S8.

SUBGROUP AND PER-PROTOCOL ANALYSES
The results of the subgroup analyses for the
primary outcome are shown in Figure 3. In the

per-protocol population, the characteristics of
the patients were similar in the two groups
(Table S9), and 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
(Table S10 and Figs. S2 and S3).

DISCUSSION

In this trial involving patients with moderate or
severe stroke due to basilar-artery occlusion who
were randomly assigned to undergo endovascu-
lar thrombectomy or receive best medical care
within 12 hours after the estimated time of
basilar-artery occlusion, the percentage of pa-
tients with a modified Rankin scale score of 0 to
3 (good functional status) at 90 days was higher
in the thrombectomy group than in the control
group. Secondary outcomes generally favored
the thrombectomy group, but these results were
not adjusted for multiple comparisons. Mortality
at 90 days was 37% in the thrombectomy group
and 55% in the control group. Symptomatic in-
tracranial hemorrhage occurred in 5% of the
patients in the thrombectomy group and in none
of the patients in the control group, and proce-
dural complications, including one fatal arterial
perforation, occurred in 14% of the patients in
the thrombectomy group.

The ATTENTION registry that preceded this
trial showed that the treatment effect of endo-
vascular thrombectomy was modified by the
NIHSS score at baseline.? This finding is consis-
tent with data from both the BASICS registry
and the BASICS trial, as well as from several
anterior circulation trials suggesting that throm-
bectomy might not be beneficial in patients
presenting with mild stroke.>”?*?! Therefore, the
steering committee decided that only patients
with acute basilar-artery occlusion and an NIHSS
score of at least 10 should be enrolled in this
trial. Given the potential interaction between
age and stroke burden with the treatment effect
of endovascular thrombectomy,* we also opted for
different thresholds for the baseline PC-ASPECTS
and the prestroke modified Rankin scale score
in patients younger than 80 years of age and
those 80 years of age or older. Given the antici-
pated poor prognosis from basilar-artery occlu-
sion, a range of 0 to 3 in the modified Rankin
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Table 1. Characteristics of the Patients at Baseline.*
Thrombectomy Control
Characteristic (N = 226) (N =114)
Age —yr 66.0+11.1 67.3+10.2
Male sex — no. (%) 149 (66) 82 (72)
Modified Rankin scale score of 1 or 2 before stroke onset 25 (11) 14 (12)
—no. (%)
Median NIHSS score (IQR)i: 24 (15-35) 24 (14-35)
Median PC-ASPECTS (IQR)§ 9 (8-10) 10 (8-10)
Cause of stroke — no. (%) 9
Large-artery atherosclerosis 108 (48) 42 (37)
Intracranial 90 (40) 33 (29)
Extracranial 18 (8) 9 (8)
Cardioembolism 46 (20) 26 (23)
Undetermined cause 69 (31) 46 (40)
Other determined cause 3(1) 0
Basilar-artery occlusion site — no./total no. (%) |
Vertebral artery V4 20/225 (9) 6/114 (5)
Proximal basilar artery 69/225 (31) 39/114 (34)
Middle basilar artery 62/225 (28) 29/114 (25)
Distal basilar artery 74/225 (33) 40/114 (35)
Intravenous thrombolysis — no. (%)** 69 (31) 39 (34)
Alteplase 60 (27) 35 (31)
Urokinase 9 (4) 4 (4)
Median duration (IQR) — hri
From stroke onset to randomization 5.1 (3.6-7.2) 4.9 (3.5-7.0)
From stroke onset to groin puncture 5.6 (3.5-7.5) NA
From stroke onset to revascularization 6.9 (5.0-8.8) NA
From groin puncture to revascularization 1.2 (0.8-1.8) NA
Final modified TICI score of 2b or 3 — no./total no. (%) 208/223 (93) NA

Plus—minus values are means +SD. IQR denotes interquartile range, and NA not applicable.

T Scores on the modified Rankin scale range from 0 (no symptoms) to 6 (death).

I Scores on National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher scores indicating greater
neurologic deficits.

§  The posterior circulation Acute Stroke Prognosis Early CT Score (PC-ASPECTS) is a 10-point grading system, with a
score of 10 indicating normal and 1 point subtracted for each abnormal region.

Cause of stroke was evaluated on the basis of the medical history, clinical characteristics, and imaging results.

| One patient was determined not to have basilar-artery occlusion.

*% A total of 183 patients (120 in the thrombectomy group and 63 in the control group) had an estimated time from
basilar-artery occlusion to imaging of less than 4.5 hours. Among these patients, 65 (54%) in the thrombectomy
group and 38 (60%) in the control group received intravenous thrombolysis. A total of 94 of 152 patients (59 of 99 in
the thrombectomy group and 35 of 53 in the control group) who had an estimated time from basilar-artery occlusion
to imaging of less than 3.5 hours received intravenous thrombolysis.

T Onset denotes the estimated time of basilar-artery occlusion.

I3 The modified Thrombolysis in Cerebral Infarction (TICI) scale ranges from 0 (no reperfusion) to 3 (full reperfusion in
the distribution of the occluded artery).
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Table 2. Outcomes According to Assigned Treatment Group.*
Thrombectomy Control Adjusted Value of Effect

Outcome (N = 226) (N =114) Measure of Effect (95% CI)7

Primary outcome

Modified Rankin scale score of 0-3 at 104 (46) 26 (23) Rate ratio 2.06 (1.46 to 2.91)
90 days — no. (%)

Secondary clinical outcomes

Median distribution across the modified 4 (2t06) 6 (4to 6) Common odds ratio 2.87 (1.84 to 4.47)
Rankin scale categories (IQR)

Modified Rankin scale score of 0 to 2 at 75 (33) 12 (11) Rate ratio 3.17 (1.84 to 5.46)
90 days — no. (%)

Median NIHSS score (IQR)i:

At 24-72 hr 21 (7 to 35) 30 (15 to 38) Beta coefficient -5.94 (-8.71 to -3.18)
At 5-7 days or discharge 16 (4 to 36) 35 (11to 41) Beta coefficient -8.64 (-12.01 to -5.27)

Barthel Index of 95 or 100 at 90 days 77 (34) 15 (13) Rate ratio 2.60 (1.60 to 4.21)
—no. (%)§

Median EQ-5D-5L score at 90 days 0.12 (0to 0.89) 0(0t00.12) Beta coefficient 0.25 (0.15 to 0.34)
(IQR)

Secondary imaging outcomes

Patency at 24-72 hr on CTA or MRA 147/161 (91) 26/69 (38) Rate ratio 2.58 (1.89to0 3.51)
— no./total no. (%)|

Intracranial hemorrhage at 24-72 hr as 31 (14) 2(2) Risk ratio 8.13 (1.98 to 33.4)
assessed radiologically — no. (%)

Safety outcomes

Death within 90 days — no. (%) 83 (37) 63 (55) Risk ratio 0.66 (0.52 to 0.82)

Death within 7 days — no. (%) 57 (25) 38 (33) Risk ratio 0.75 (0.54 to 1.04)

Symptomatic intracranial hemorrhage 12 (5) 0 — NE
according to SITS-MOST criteria
at 24-72 hr — no. (%)**

CTA denotes computed tomographic angiography, MRA magnetic resonance angiography, and NE not estimated.

T Estimates were adjusted for age, for the modified Rankin scale score before stroke onset, the time from onset to randomization, and
stroke severity (according to the NIHSS score). The widths of confidence intervals for difference or risks for secondary outcomes were not
adjusted for multiple comparisons, and no conclusions can be drawn from these data.

I NIHSS scores at 24 hours were not available for 24 patients: 21 died before assessment, and 3 had missing scores. The score at 5 to 7 days
or discharge (whichever came first) was not available for 81 patients: 65 died before assessment, and 16 had missing scores. According to
the statistical analysis plan, the worst score was assigned for patients who had died.

§ The Barthel Index is an ordinal scale for measuring performance of patients’ self-care activities of daily living. Scores range from 0 to 100,
with 0 indicating severe disability and 95 or 100 indicating no disability that interferes with daily activities. According to the statistical
analysis plan, the worst score was assigned for patients who had died.

9§ The European Quality of Life Group 5-Dimension 5-Level (EQ-5D-5L) patient-reported questionnaire is a standardized instrument for the
measurement of health status. Scores range from -0.39 to 1.00, with higher scores indicating better quality of life. A score of 0 is the value
of a health state equivalent to death, with negative values being worse than death and 1 is full health.

| Patency was defined as a score of 2 or 3 on the modified Arterial Occlusive Lesion scale, which ranges from 0 (complete occlusion) to 3

(complete recanalization and restoration of the target artery). Data on follow-up CTA or MRA were not available because of serious illness

or death in 110 patients.

Symptomatic intracranial hemorrhage was evaluated by an adverse-event committee according to the Safe Implementation of Thrombolysis

in Stroke-Monitoring Study (SITS-MOST) criteria, defined as local or remote parenchymal hemorrhage type 2, subarachnoid hemorrhage,

or intraventricular hemorrhage that led to death or was observed on an imaging scan obtained 24 to 72 hours after treatment, combined

with a neurologic worsening of at least 4 points from baseline on the NIHSS or from the lowest NIHSS score between baseline and 24

hours, or death from any cause within 90 days (window, +14 days)."
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thrombectomy, and no patient in the control
group had intracranial hemorrhage.

Limitations of our trial include the exclusive
enrollment of Chinese patients, who have a high
prevalence of intracranial large-artery athero-
sclerosis, and our results may not be generaliz-
able to Western countries. The cause of stroke
was large-artery atherosclerosis in approximate-
ly 44% of the patients in the trial, which led to
high rates of intracranial or extracranial angio-
plasty or stenting. Angioplasty and stenting are

Figure 2. Distribution of Functional Outcomes at 90 Days in the Intention-
to-Treat Population.

Shown are scores on the modified Rankin scale for the patients in the two
treatment groups. The intention-to-treat population included all the pa-
tients who provided informed consent and underwent randomization. No
patients were lost to follow-up. Scores range from 0 to 6, with 0 indicating
no symptoms, 1 no clinically significant disability, 2 slight disability (patients
are able to look after their own affairs without assistance but are unable

to carry out all previous activities), 3 moderate disability (patients require
some help but are able to walk unassisted), 4 moderately severe disability
(patients are unable to attend to bodily needs without assistance and are
unable to walk unassisted), 5 severe disability (patients require constant
nursing care and attention), and 6 death. The adjusted common odds ratio

for the modified Rankin scale score toward a better outcome with endovas-

cular thrombectomy at 90 days was 2.87 (95% Cl, 1.84 to 4.47).

technically demanding procedures and may be
associated with higher complication rates than
mechanical thrombectomy alone. Our results
are not generalizable to patients with milder
stroke (NIHSS score, <10) or to those who pres-
ent beyond 12 hours after the estimated time of
basilar-artery occlusion. The Basilar Artery Oc-
clusion Chinese Endovascular (BAOCHE) trial,
the results of which are published in this issue
of the Journal,® assessed the efficacy of endovas-
cular thrombectomy 6 to 24 hours after basilar-
artery occlusion and may provide information
about the effect of endovascular thrombectomy

scale score (with a score of 3 indicating moder-
ate disability requiring assistance but retaining
an ability to walk) rather than a range of 0 to
2 was used as the primary outcome, which is the
same as the outcome chosen in the BEST and

BASICS trials.®”

The percentages of patients with symptom-
atic intracranial hemorrhage after endovascular
thrombectomy of basilar-artery occlusion are

in patients with longer times to hospital arrival
than were included in our trial. Approximately
one third of the patients in each group in our
trial received intravenous thrombolysis, as com-
pared with approximately 80% of the patients in
BASICS, which may have disadvantaged the con-
trol group in our trial. This difference may be
related to the fact that during the first 4 years of
recruitment, BASICS required all patients to be
eligible for intravenous thrombolysis. Further-
more, that trial used a 6-hour time window for
intravenous thrombolysis, as compared with the
12-hour window that was used in ATTENTION.

relatively consistent across trials (approximately
4 to 8%)%’; the percentage has been approxi-
mately 4% in anterior circulation trials of endo-
vascular treatment.* However, most trials have
shown no symptomatic intracranial hemorrhag-
es in patients with basilar-artery occlusion who
did not undergo thrombectomy, and so the per-
centage is lower than for anterior circulation
stroke.*®” This situation suggests that the added
risk of symptomatic intracranial hemorrhage
with thrombectomy may be higher among pa-
tients with basilar-artery occlusion than among
those with anterior circulation strokes. In our
trial, intracranial hemorrhage occurred in ap-
proximately 5% of the patients who underwent

Finally, most patients in China are required to
pay in advance for intravenous thrombolysis,
and this disincentive, although similarly present
in the two trial groups, may have led to the rela-
tively low use of intravenous thrombolysis and
contributed to a poorer outcome in the control
group. However, despite more than three quar-
ters of the patients receiving intravenous throm-
bolysis in BASICS, a modified Rankin scale
score of 0 to 3 was observed in essentially the
same percentage of patients in the medical care
group in that trial as in our trial.

Among patients with moderate or severe
stroke symptoms who presented within 12 hours
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Subgroup No. of Patients Adjusted Rate Ratio (95% Cl)
All patients 340 : —a 2.06 (1.46-2.91)
Sex E
Male 231 , —e— 2.13 (1.39-3.26)
Female 109 —_— 1.70 (0.98-2.94)
Age E
<70 yr 201 P —.— 2.01 (1.32-3.04)
>70yr 139 [ 2.08 (1.13-3.81)
<80 yr 303 R — 2.09 (1.48-2.95)
>80 yr 37 - 2.45 (0.60-9.99)
NIHSS score ,
10-19 133 N 1.51 (1.05-2.18)
220 207 : S 3.53 (1.71-7.29)
Estimated time from basilar-artery occlusion E
to randomization {
<6 hr 216 D —. 1.94 (1.26-2.98)
6 hr 124 [ 221 (1.24-3.97)
Intravenous thrombolysis i
No 232 T 2.56 (1.56-4.18)
Yes 108 —. 1.57 (0.97-2.54)
Location of basilar-artery occlusion E
Proximal 108 N —a 3.09 (1.45-6.58)
Middle 91 S — 2.06 (0.92-4.63)
Distal 114 — 1.33 (0.86-2.03)
Cause of stroke E
Large-artery atherosclerosis 150 —. 1.77 (1.03-3.04)
Cardioembolism 72 E—I— 1.69 (1.00-2.86)
Undetermined or other cause 118 1 —_— 2.84 (1.48-5.47)
Intracranial atherosclerotic disease as cause of stroke E
Yes 123 — 1.56 (0.91-2.68)
No 217 [ 2.51 (1.60-3.94)
Baseline PC-ASPECTS |
<8 68 3.86 (0.98-15.24)
>8 272 | —— 1.94 (1.37-2.74)
05 10 5.0 200
Control Better Thrombectomy Better
Figure 3. Subgroup Analyses of a Modified Rankin Scale Score of 0 to 3 at 90 Days (Primary Outcome).
Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher scores indicating
greater neurologic deficits. The trial was not powered and had no prespecified correction for multiple comparisons
for a definitive analysis of subgroups.

after basilar-artery occlusion, approximately one
third of whom received intravenous thromboly-
sis, endovascular thrombectomy was superior to
best medical care alone with respect to good
functional status at 90 days. However, endovas-
cular thrombectomy was associated with more
intracerebral hemorrhages and with procedural
complications.
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