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Rapid Successful Reperfusion of Basilar Artery Occlusion Strokes
With Pretreatment Diffusion-Weighted Imaging Posterior-Circulation
ASPECTS <8 Is Associated With Good Outcome
Morgan Guillaume, MD; Bertrand Lapergue, MD, PhD; Benjamin Gory, MD, PhD; Julien Labreuche, BST; Arturo Consoli, MD; Gioia Mione,
MD; Lisa Humbertjean, MD; Jean-Christophe Lacour, MD; Mikael Mazighi, MD, PhD; Michel Piotin, MD, PhD; Rapha€el Blanc, MD, MSc;
Sebastien Richard, MD, PhD; on behalf of the Endovascular Treatment in Ischemic Stroke (ETIS) Investigators*

Background-—The association between time to reperfusion and clinical outcome is well known in anterior circulation strokes, whereas
the impact of main time metrics remains unknown in posterior circulation strokes. We investigated the clinical effect of different time
intervals from symptom onset to reperfusion on the 90-day clinical outcome in acute ischemic stroke patients with basilar artery
occlusion, and especially in the subset population presenting a low stroke volume on baseline diffusion-weighted imaging.
Methods and Results-—We studied patients included in the prospective, multicenter, observational ETIS (Endovascular Treatment in
Ischemic Stroke) registry who had had basal artery occlusion and had achieved successful reperfusion (modiﬁed Thrombolysis In
Cerebral Infarction 2b-3). Three time intervals (onset to reperfusion, onset to imaging, and imaging to reperfusion) were considered in
all patients and separately in patients with pc-ASPECTS (posterior-circulation Alberta Stroke Program Early Computed Tomography
Score) <8 and ≥8 on baseline diffusion-weighted imaging. The primary end point was good outcome deﬁned as 90-day modiﬁed Rankin
Scale scores of 0 to 2. Among the 95 included patients, 38 (40%) achieved a good outcome. In all patients, no signiﬁcant association
was found between the different time intervals and outcome. In patients evaluated with diffusion-weighted imaging (n=61) at baseline,
a signiﬁcant negative association was found between imaging-to-reperfusion time for patients with pc-ASPECTS <8 (adjusted odds
ratio=0.4 per 30-minute increase; 95% CI 0.18-0.85; P=0.02) compared with those with pc-ASPECTS ≥8.
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Conclusions-—In patients with basilar artery occlusion and pc-ASPECTS <8 at baseline diffusion-weighted imaging, clinical
outcome is highly dependent on the time from imaging to reperfusion, which suggests that rapid endovascular reperfusion should
be performed after imaging in these patients. ( J Am Heart Assoc. 2019;8:e010962. DOI: 10.1161/JAHA.118.010962.)
Key Words: outcome • posterior circulation • reperfusion • thrombectomy

T

he clinical beneﬁt of modern endovascular thrombectomy in acute ischemic stroke patients with proximal
intracranial occlusions of the anterior circulation has recently
been demonstrated through several interventional clinical
trials.1 Two randomized controlled trials are testing the
beneﬁt of endovascular thrombectomy in patients with basilar
thrombosis but have not yet provided ﬁnal results: the BEST

(Acute Basilar Artery Occlusion: Endovascular Interventions
versus Standard Medical Treatment) trial2 and the BASICS
(Basilar Artery International Cooperation Study) trial.3 No
clinical beneﬁt was observed in the patients treated by
endovascular therapy in the BASICS registry.4 However,
patients were treated with old-generation mechanical devices,
which were less effective, and with time delay between
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What Is New?
• In acute ischemic stroke patients presenting with basilar
artery occlusion, time from imaging to reperfusion is a
crucial factor impacting the 90-day clinical outcome
because a good clinical outcome may be achieved after
rapid successful endovascular reperfusion in the setting of
extensive baseline ischemia (deﬁned as a baseline diffusionweighted imaging posterior-circulation ASPECTS [Alberta
Stroke Program Early Computed Tomography Score] <8).
• Thus, our data conﬁrm the evidence for posterior-circulation
strokes as reported in anterior-circulation large-vessel
strokes.

What Are the Clinical Implications?
• An aggressive target time metric in endovascular therapy for
patients with a posterior-circulation stroke should be
obtained.
• Patients with low pc-ASPECTS on baseline diffusionweighted imaging should not be exclude from endovascular
therapy.
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imaging and reperfusion. Some authors showed improved
outcomes in patients treated with more recent mechanical
endovascular devices.5 However the prognosis for basilar
artery occlusion (BAO) patients remains poor, leading to
death or dramatic disability,3 even after reperfusion achieved
by modern endovascular techniques.6,7 Therefore, a knowledge of those factors inﬂuencing outcome appears crucial in
order to improve the clinical beneﬁt of reperfusion.8,9
Although the impact of workﬂow intervals to treat large
artery occlusions of the anterior circulation has been
demonstrated,10 their impact on stroke patients with BAO
is not clear.
The aim of this study was to investigate the effect of
different time intervals between symptom onset and reperfusion on clinical outcome at 90 days in BAO patients achieving
successful reperfusion after endovascular thrombectomy
using data from the large prospective multicenter ETIS
(Endovascular Treatment in Ischemic Stroke) cohort, especially in the subset of the population demonstrating a large
stroke volume at admission.

Methods
According to the Transparency and Openness Promotion
Guidelines, the data, analytic methods, and study materials
will be made available to other researchers by the corresponding author on reasonable request for purposes of
reproducing the results or replicating the procedure.

DOI: 10.1161/JAHA.118.010962

Study Population
Patients included in the study were from the multicenter,
observational real-world ETIS registry, which prospectively
collected data on all adult strokes treated with thrombectomy
in 3 comprehensive stroke centers (Rothschild Foundation,
Foch Hospital, and Pierre Wertheimer Hospital) between
March 2010 and October 2017. For this study we included
patients presenting with an acute BAO proven by angiography
and having achieved successful reperfusion, deﬁned as mTICI
(modiﬁed Thrombolysis In Cerebral Infarction) 2b-3 at the end
of endovascular thrombectomy. Detailed materials and methods have previously been described.11 The ethics committee
of each participating center approved this study, and subjects
gave informed consent.

Outcomes
Baseline characteristics, pretreatment imaging ﬁndings (pcASPECTS [posterior-circulation Alberta Stroke Program Early
Computed Tomography Score] on diffusion-weighted imaging
[DWI]), prior thrombolysis, all workﬂow times (onset to
imaging, onset to reperfusion, and imaging to reperfusion),
stroke etiology (according to the trial of ORG 10 17212 in
acute stroke treatment classiﬁcation), intervention (mTICI),
and clinical-imaging outcomes (National Institutes of
Health Stroke score, intracranial hemorrhage at 24 hours,
and modiﬁed Rankin Scale score at 90 days) were
collected. Imaging analysis was performed by 1 operator
in each comprehensive center blinded to the clinical
outcome.
The primary end point was a good outcome deﬁned by a
modiﬁed Rankin Scale 0 to 2 at 90 days. A neuroradiologist
calculated the DWI pc-ASPECTS on the pretreatment magnetic resonance imaging (MRI) while blinded to the results of
the endovascular procedure.13,14 Each ASPECTS region was
scored 0 if abnormal and 1 if normal. To be considered as
abnormal, a DWI hyperintense signal had to be conﬂuent. A
small hyperintense speck was not enough. Both arterial
occlusion site and status were monitored with conventional
angiography during the endovascular therapy. Reperfusion
results were reported using the mTICI score and were deﬁned
as ranging from no reperfusion (mTICI 0) to complete
reperfusion (mTICI 3), including partial reperfusion (mTICI 2).
For each patient the ﬁnal mTICI score was retrospectively
assessed by a neurointerventionalist blinded to the clinical
outcome. Successful reperfusion was deﬁned as a ﬁnal mTICI
score 2b-3. All patients had a computed tomography or an
MRI 24 hours after thrombectomy onset to assess hemorrhagic complications. Functional independence and mortality
were assessed at 90 days during face-to-face interviews or
via telephone calls by trained research nurses unaware of the
study group assignments.15
Journal of the American Heart Association
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Variables

n

Values

Demographic characteristics
Age, y

95

65.1 (15.7)

Men

95

54 (56.8)

Hypertension

94

46 (48.9)

Hypercholesterolemia

93

26 (28.0)

Diabetes mellitus

94

14 (14.9)

Current smoker

87

23 (26.4)

Antithrombotic medications

95

33 (34.7)

Statistical Analyses

Medical history

Antiplatelet drugs

20 (21.1)

Anticoagulant drugs

13 (13.7)

Admission NIHSS score*

93

16 (10-33)

MRI

95

66 (69.5)

DWI pc-ASPECTS <8

61

33 (54.1)

Etiology

84

Large-artery atherosclerosis

24 (28.6)

Cardioembolic

32 (38.1)

Others

28 (33.3)

Treatment details
Prior use of thrombolysis
Onset to thrombolysis time, min

†

95

47 (49.5)
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46

135 (162-230)

Onset to imaging, min

88

137 (104-221)

Onset to groin puncture time, min

95

302 (220-405)

General anesthesia

95

78 (82.1)

First-line thrombectomy strategy

95

Contact aspiration

50 (52.6)

Stent retriever

45 (47.4)

Number of passes

95

1

50 (52.6)

2

22 (23.2)

3

12 (12.6)

>3‡

11 (11.6)

Outcome
mTICI 3

95

52 (54.7)

Onset to reperfusion time, min

95

369 (268-405)

Imaging to reperfusion time, min

88

204 (145-272)

Imaging to groin puncture, min

88

141 (90-188)

Groin puncture to reperfusion time, min

95

52 (37-78)

Per-procedural complications

95

11 (11.6)

Any 24-h ICH§

81

11 (13.6)

90-day good outcome (mRS 0-2)

95

38 (40.0)

90-day mortality (mRS 6)

95

30 (31.6)

Values are n (%) or median (interquartile range) unless otherwise indicated. DWI pc-ASPECTS
indicates diffusion-weighted imaging posterior-circulation Alberta Stroke Program Early
Computed Tomography Score; ICH, intracerebral hemorrhage; IVT, intravenous
thrombolysis; MRI, magnetic resonance imaging; mRS, modiﬁed Rankin Scale; mTICI,
modiﬁed Treatment In Cerebral Infarction; NIHSS, National Institutes of Health Stroke Scale.
*NIHSS score is deﬁned as 42 in the setting of coma, locked-in state, or tetraparesis.
†
Calculated among patients treated with IVT before endovascular treatment.
‡
4 passes (n=7), 5 passes (n=4), 6 passes (n=1), and 8 passes (n=1).
§
Including 2 symptomatic ICH.
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A cutoff of pc-ASPECTS <8 on baseline DWI was chosen as
the absence of extensive ischemia according to the reported
results of several studies evaluating the impact of baseline
ischemia on BAO outcomes.14,16

Quantitative variables were expressed as means (SDs) or
medians (interquartile range [IQR]) for nonnormal distributions.
Normality of distributions was assessed graphically and by
application of the Shapiro-Wilk test. Categorical variables were
expressed as frequencies and percentages. We assessed the
association of time intervals from symptom onset to reperfusion with a good outcome (90-day modiﬁed Rankin Scale ≤2)
using logistic regression models. The shapes of relationships
were examined, ﬁrst by time intervals categorized into tertiles
(odds ratios [ORs] for the upper tertiles of time intervals relative
to the lowest were calculated, and a Cochran-Armitage trend
test was performed) and then via a graphical approach using
nonparametric smoothing techniques. Because we found no
evidence of a non–log-linear relationship between time intervals and favorable outcome, the effects of time intervals were
expressed as ORs and 95% CIs associated with a 30-minute
increase (derived from logistic regression model). We used
multivariable logistic regression models to adjust the association between time intervals and favorable outcome on the
following prespeciﬁed confounding factors: age, baseline
National Institutes of Health Stroke Score, and reperfusion
grade (mTICI 2b versus mTICI 3). Finally, among MRI-based
treated patients, we assessed heterogeneity in association with
time intervals and favorable outcome across pc-ASPECTS
subgroups (pc-ASPECTS <8 versus pc-ASPECTS ≥8) on admission DWI by including an interaction term in logistic regression
models. Statistical testing was performed at the 2-tailed a level
of 0.05. Data were analyzed using the SAS software package,
release 9.3 (SAS Institute, Cary, NC).

Results
Baseline characteristics, revascularization status, and clinical
outcomes of the included patients are reported in Table 1.
During the study period, a total of 126 patients with acute
BAO were treated by endovascular thrombectomy (stent
retriever and/or contact aspiration). Of these, 31 were
excluded from analysis due to no or poor reperfusion
(n=25), missing data about time to treatment (n=3), or
outcome (n=3). Among the 95 included patients, 61 underwent MRI with DWI sequences as pretreatment imaging, and
33 of them presented a DWI pc-ASPECTS <8. Median time
from onset to reperfusion was 369 minutes (IQR 268-405);
52 (54.7%, 95% CI 35% to 55.8%) presented a reperfusion with
Journal of the American Heart Association
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Table 2. Association Between Different Time Intervals and 90-Day Good Outcome (mRS 0-2)
Time Interval (Percentiles), min
<33rd

Onset to reperfusion, min
n (%)
Unadjusted OR (95% CI)
Adjusted OR (95% CI)

§

Onset to imaging, min

Unadjusted OR (95% CI)
Adjusted OR (95% CI)

§

Imaging to groin puncture, min
n (%)
Unadjusted OR (95% CI)
Adjusted OR (95% CI)

§

Imaging to reperfusion, min
n (%)
Unadjusted OR (95% CI)
Adjusted OR (95% CI)

§

†

P Value

368 (329-405)

15/31 (48.4)

13/32 (40.6)

10/32 (31.3)

1.00 (reference)

0.73 (0.26-1.98)

0.48 (0.17-1.36)

0.96 (0.90-1.02)

0.23

1.00 (reference)

0.53 (0.14-1.94)

0.26 (0.05-1.05)

0.93 (0.85-1.01)

0.074

†

137 (123-147)

560 (491-707)

OR (95% CI)*
†

247 (190-270)

82 (65-103)

n (%)

>66th

33rd to 66th
†

†

270 (231-389)

0.16‡

†

0.28‡

13/29 (44.8)

12/30 (40.0)

9/29 (31.0)

1.00 (reference)

0.82 (0.29-2.31)

0.55 (0.18-1.62)

0.96 (0.88-1.05)

0.35

1.00 (reference)

0.47 (0.12-1.82)

0.37 (0.09-1.53)

0.91 (0.81-1.02)

0.11

73 (39-89)

142 (127-153)

225 (192-302)

10/29 (34.5)

13/30 (43.3)

11/29 (37.9)

1.00 (reference)

1.45 (0.50-4.17)

1.16 (0.39-3.40)

1.02 (0.89-1.16)

0.82

1.00 (reference)

0.88 (0.22-3.54)

0.87 (0.22-3.37)

0.99 (0.85-1.17)

0.97

126 (100 to 144)†

204 (180-217)†

314 (277-402)†

13/29 (44.8)

11/30 (36.7)

10/29 (34.5)

1.00 (reference)

0.71 (0.25-2.02)

0.65 (0.22-1.87)

0.96 (0.86-1.07)

0.49

1.00 (reference)

0.46 (0.11-1.85)

0.39 (0.09-1.56)

0.93 (0.80-1.08)

0.34

0.79‡

0.42‡

IQR indicates interquartile range; mRS, modiﬁed Rankin Scale; mTICI, modiﬁed Treatment In Cerebral Infarction; NIHSS, National Institute of Health Stroke score; OR, odds ratio.
*Odds ratio calculated per 30-min increase.
†
Median (IQR) of time interval.
‡
Calculated using Cochran-Armitage trend test.
§
Prespeciﬁed adjustment for reperfusion grade (mTICI 2b vs 3), age, and baseline NIHSS score.
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mTICI 3, and 38 (40.0%, 95% CI 30.0% to 50.6%) a good
clinical outcome at 90 days. Intracranial hemorrhage within
24 hours following treatment occurred in 13.6% of patients
(95% CI 6.9% to 23%), and a mortality of 31.6% (95% CI 22.4%
to 41.9%) was observed. Four and 2 patients presented DWI
pc-ASPECTS 4 and 5, respectively. A good outcome was
achieved in 1 (25%) patient in the DWI pc-ASPECTS=4 group
and in 1 (50%) in the DWI pc-ASPECTS=5 group.
As shown in Table 2, the rate of 90-day good outcome
decreased with tertiles of onset to reperfusion time; however,
the trend did not reach the signiﬁcance level (P=0.16). With
reperfusion time used as a continuous variable, the unadjusted OR per 30-minute increase was 0.96 (95% CI 0.901.02). In multivariate analysis adjusted for prespeciﬁed
confounding factors (age, admission National Institutes of
Health Stroke score, and reperfusion grade), the detrimental
effect of longer onset to reperfusion time on good outcome
was also not signiﬁcant (adjusted OR 0.93; 95% CI 0.85-1.01;
P=0.074). Similar results were found when we analyzed the
different interval times.
When patients with determined DWI pc-ASPECTS at
baseline were divided into 2 groups according to the DWI
pc-ASPECTS cutoff value of 8, we found a signiﬁcant
heterogeneity in the association of good outcome with time
DOI: 10.1161/JAHA.118.010962

between MRI and reperfusion (adjusted P-value for heterogeneity=0.02). As shown in Table 3 and Figure, we observed a
strong detrimental effect of MRI-to-reperfusion time in
patients with DWI pc-ASPECTS <8 (good outcome 39.4%;
adjusted OR 0.40; 95% CI 0.18-0.85), whereas no time effect
was found in patients with DWI pc-ASPECTS ≥8 (good
outcome 53.6%; adjusted OR 1.10; 95% CI, 0.79-1.51).
Similar results were observed when the time between MRI
and groin puncture was analyzed, with an adjusted OR 0.48
(95% CI 0.21-1.07) in patients with DWI pc-ASPECTS <8 and
1.23 (0.83-1.80) in patients with DWI pc-ASPECTS ≥8 (P for
heterogeneity=0.045). No such heterogeneity was found with
time between symptom onset and reperfusion or between
symptom onset and MRI (Table 3).

Discussion
Our main ﬁnding is that imaging-to-reperfusion time appears
to be a crucial factor impacting the 90-day clinical outcome in
patients with acute BAO. In fact, in the setting of extensive
baseline ischemia (deﬁned as a baseline DWI pc-ASPECTS
<8), a functionally independent outcome may be achieved
after rapid successful endovascular reperfusion. Thus, our
data conﬁrm the evidence for an aggressive target time metric
Journal of the American Heart Association
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DWI pc-ASPECTS <8 (n=33)

DWI pc-ASPECTS ≥8 (n=28)

P Value for Heterogeneity

Good outcome (90-day mRS≤2), n (%)

13 (39.4)

15 (53.6)

...

Symptoms to reperfusion, min

374 (265-505)*

371 (311-461)*

...

Unadjusted OR (95% CI)

0.90 (0.79-1.03)

0.99 (0.88-1.11)

0.28

Adjusted OR (95% CI)†

0.87 (0.73-1.02)

0.93 (0.81-1.06)

0.46

Symptoms to imaging, min

121 (102-224)*

145 (107-190)*

...

Unadjusted OR (95% CI)

0.99 (0.88-1.11)

0.96 (0.84-1.10)

0.72

Adjusted OR (95% CI)†

0.99 (0.82-1.19)

0.88 (0.74-1.03)

0.34

140 (107-176)

157 (121-210)

...

Unadjusted OR (95% CI)

0.66 (0.42-1.04)

1.19 (0.86-1.64)

0.037

Adjusted OR (95% CI)†

0.48 (0.21-1.07)

1.23 (0.83-1.80)

0.045

Imaging to reperfusion, min

194 (169-291)*

237 (167-283)*

...

0.61 (0.39-0.94)

1.06 (0.80-1.41)

0.032

0.40 (0.18-0.85)

1.10 (0.79-1.51)

0.020

Imaging to groin puncture, min

Unadjusted OR (95% CI)
Adjusted OR (95% CI)

†

Odds ratios were calculated per 30-min increase. DWI pc-ASPECTS indicates diffusion-weighted imaging posterior-circulation Alberta Stroke Program Early Computed Tomography Score;
IQR, interquartile range; mRS, modiﬁed Rankin Scale; mTICI, modiﬁed Treatment In Cerebral Infarction; OR, odds ratio.
*Median (IQR).
†
Adjusted for the following prespeciﬁed confounders: reperfusion grade (mTICI 2b vs 3), age, and admission NIHSS.

in endovascular therapy for posterior circulation stroke
patients, as reported in anterior circulation large-vessel
strokes.17 In the ESCAPE (Endovascular Treatment for Small

Core and Proximal Occlusion Ischemic Stroke) trial, the
median time from imaging to groin puncture was 51 (IQR 3968) minutes,17 whereas it was 141 (IQR 90-188) minutes in
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Figure. Predicted probability of good outcome (90-day mRS 0-22) according to imaging-to-reperfusion
time in subgroups. Patients with DWI pc-ASPECTS <8 (A) and DWI pc-ASPECTS ≥8 (B) at baseline MRI. DWI
pc-ASPECTS indicates diffusion-weighted imaging posterior-circulation Alberta Stroke Program Early
Computed Tomography Score; MRI, magnetic resonance imaging; mRS, modiﬁed Rankin Scale.
DOI: 10.1161/JAHA.118.010962
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Table 3. Impact of Different Time Intervals on 90-Day Good Outcome (mRS 0-2) With Successful Reperfusion (mTICI 2b-3) After
Thrombectomy According to Baseline DWI pc-ASPECTS
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explain why we failed to demonstrate any impact of time from
onset to reperfusion on outcome in the overall population.
Further studies are required to conﬁrm the major impact of
imaging-to-reperfusion time in patients with posterior circulation occlusion treated by thrombectomy.
In conclusion, among acute stroke patients with BAO treated
with modern endovascular thrombectomy, time from imaging to
reperfusion impacts clinical outcome, highlighting that inhospital workﬂow management of patients with BAO should
also be aggressive considering the target time metric, as for
large-vessel occlusions of the anterior circulation. Patients with
low pc-ASPECTS on baseline DWI should not be excluded from
endovascular therapy because a good outcome may be
achieved in the setting of a rapid reperfusion after imaging.
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our study. However, the median time from imaging to groin
puncture was 73 (IQR 34-124) minutes in patients directly
admitted to a comprehensive stroke center. Our imaging-to–
groin puncture times appear too long and were mainly due to
the high number of secondary transfer patients (n=73/93,
78.5%).
To date, few predictors of clinical outcome such as
baseline National Institutes of Health Stroke score, smoking,
and reperfusion status have been identiﬁed after reperfusion
therapy with thrombolysis and/or thrombectomy in patients
with acute BAO.7-9,16,18 The effect of time to treatment
remains unclear in this subset of stroke patients. The BASICS
study emphasized the impact of time with a signiﬁcant
increase in poor outcome when reperfusion occurred beyond
6 hours after symptom onset.4,19 We also observed an
association among symptom onset and reperfusion and
outcome in the present study. However, it was not signiﬁcant
after adjustment, probably due to the small sample size. In
contrast, whatever the baseline DWI pc-ASPECTS, we found
no inﬂuence of time between symptoms and imaging on
outcome in our overall population. However, we can hypothesize that the included patients may present widely different
ischemic consequences of BAO according to the thrombus
location, angioarchitecture of the posterior circulation,20
quality of the reperfusion, and collateral circulation.20,21
These factors, more than the time metric, may greatly
inﬂuence the clinical presentation at admission, ischemic
volume, potential beneﬁt of the reperfusion, and therefore the
clinical outcome. A parallel can be drawn with the anterior
circulation where a major thrombectomy beneﬁt has been
recently demonstrated in some patients maintaining a low
ischemic volume despite a large artery occlusion, far beyond
6 hours.22,23
In this study we observed that, whatever the time from
onset to admission, the key point was at imaging, with the
characterization of the ischemic lesion extent, as illustrated in
the anterior circulation strokes.17 There was a dramatic
decrease in good outcome probability with the lengthening of
time to reperfusion for patients with larger infarctions leading
to a pc-ASPECTS <8 at baseline DWI. These “fast-progressor”
patients appeared to beneﬁt the least from compensatory
mechanisms and should thus be considered as those for
whom time from imaging to reperfusion is the most critical.
Similar data were reported in the absence of extensive
baseline ischemia, in which intravenous thrombolysis alone
led to a good outcome in 50% of patients up to 48 hours.16 In
addition, we also reported previously that DWI lesions may
not always correspond to the core infarct and can be
reversible, especially if complete recanalization is achieved
early.23,24
Our study presents some limitations, mainly due to the
reduced size of the population studied. This could partially
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