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Abstract

Randomized controlled trials (RCTs) have demonstrated powerful efficacy of endovascular thrombectomy (EVT) for large
vessel occlusion in the anterior circulation. The effect of EVT for acute basilar artery occlusion (BAO) in the posterior
circulation remains unproven. Here, we highlight the latest findings of observational studies and RCTs of EVT for BAO,
with a focus on the predictors of functional outcomes, the limitations of recent RCTs, and critical thinking on future study
design. Pooled data from large retrospective studies showed 36.4% favorable outcome at 3 months and 4.6% symptomatic
intracranial hemorrhage (sICH). Multivariate logistic regression analysis revealed that higher baseline NIHSS score, pc-
ASPECTS < 8, extensive baseline infarction, large pontine infarct, and sICH were independent predictors of poor outcome.
Two recent randomized trial BEST (Endovascular treatment vs. standard medical treatment for vertebrobasilar artery occlu-
sion) and BASICS (Basilar Artery International Cooperation Study) failed to demonstrate significant benefit of EVT within
6 or 8 h after stroke symptom onset. The limitations of these studies include slow enrollment, selection bias, high crossover
rate, and inclusion of patients with mild deficit. To improve enrollment and minimize risk of diluting the overall treatment
effect, futile recanalization and re-occlusion, optimal inclusion/exclusion criteria, including enrollment within 24 h of last
known well, NIHSS score > 10, pc-ASPECTS > 8, no large pontine infarct, and the use of rescue therapy for underlying
atherosclerotic stenosis, should be considered for future clinical trials.

Keywords Acute ischemic stroke - Basilar artery occlusion - Endovascular thrombectomy - Outcome - Randomized
controlled trial

Abbreviations Introduction

AC Anterior circulation

AIS Acute ischemic stroke Acute basilar artery occlusion (BAO) results in ischemia in
ASPECTS Alberta Stroke Program Early CT Score brainstem, occipital lobes, and part of the thalami or cer-
CT Computed tomography ebellum. Without reperfusion therapy, the rate of mortality
EVT Endovascular thrombectomy or severe disability was as high as 90% [1, 2]. With intra-
IVT Intravenous thrombolysis venous or intra-arterial thrombolysis, the rate of death or
OTT Onset to treatment time dependency decreased to 78% and 76%, respectively [2, 3].
PC Posterior circulation Although successful endovascular thrombectomy (EVT) for
RCTs Randomized controlled trials acute BAO was reported almost 2 decades ago [4, 5], its
sICH Symptomatic intracranial hemorrhage efficacy remains unproven.

In 2015, 5 landmark randomized controlled trials (RCTs)
demonstrated powerful efficacy of EVT in patients with
acute ischemic stroke (AIS) from large vessel occlusion
in the anterior circulation (AC) within 6—12 h of symptom
onset [6-10]. In 2018, DAWN and DEFUSE-3 showed simi-
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hemorrhage (sICH). The aim of this review was to highlight
the latest findings of EVT for acute BAO and critical think-
ing on future study designs.

Methods

We searched the PubMed for acute basilar artery occlusion
and thrombectomy from January 2000 to October 2021. All
retrospective studies and prospective registries with sam-
ple size > 100 and functional outcome data at 90 days in
the peer-reviewed journals were included. If the authors
published sequential papers with accumulating numbers of
cases, only the most recent publication was included. Studies
without 90 days or long-term functional outcome data were
excluded. All published RCTs were also included.

Favorable outcome in retrospective studies or prospective
registries was defined as modified Rankin Scale (mRS) score
0-2 at 90 days. Primary outcome in the recently published
RCTs was defined as mRS 0-3 at 90 days. sICH and mortal-
ity were compared as safety outcome.

Findings and Discussion
Retrospective Studies

Due to poor natural history, significant numbers of patients
with acute BAO were treated with EVT empirically world-
wide in the last 2 decades. Eighteen published retrospective
studies were found to have sample size > 100 and functional
outcome data at 90 days [13-30]. In these studies, most
patients had median or mean National Institutes of Health
Stroke Scale (NIHSS) scores 14-31. The rate of receiving
intravenous thrombolysis (IVT) varied from 14 to 45.1%.
The mean or median onset to treatment time ranged from 3.8
to 10.4 h. Stent retrievers (SR) and/or direct aspiration (DA)
device were used in most studies. Some studies also used
rescue therapy (RT) with intra-arterial tissue plasminogen
activator (tPA), angioplasty, or stenting.

The rate of favorable outcome (mRS score 0-2) at 90 days
ranged from 27.1 to 46.9%.

Multivariate logistic regression analysis revealed that
time to recanalization, early neurological improvement,
good collateral circulation, and distal BAO were independ-
ent predictors of favorable outcome after EVT [17, 22, 24].
In contrast, older age, higher baseline NIHSS score, pc-
ASPECTS < 8, extensive baseline infarction, large pontine
infarct (infarct core >70% of pons), and sICH were inde-
pendent predictors of poor outcome [14, 18, 25].

Analysis of the pooled data from the 18 studies showed
36.4% favorable outcome at 90 days and 4.6% sICH
(Table 1). In comparison, the meta-analysis of the pooled

@ Springer

data from the 5 landmark RCTs in the AC showed 46%
favorable outcome at 90 days and 4% sICH [31]. A recent
meta-analysis of EVT for patients with posterior circulation
(PC) stroke showed a higher rate of futile recanalization,
poorer outcome, but lower rate of sICH than the AC stroke
[32].

Two large cohort studies compared functional outcome
and safety of EVT for large vessel occlusion in the PC vs.
AC (Table 2) [18, 21]. Meinel et al. examined the outcome
of EVT in the multicenter BEYOND-SWIFT registry [18].
There were 165 patients with acute BAO in the PC and
1574 patients with large vessel occlusion in the AC. When
adjusting for baseline characteristics, there was no signifi-
cant difference in favorable outcome between the 2 groups
(36.2% vs. 42.9%, adjusted odds ratio [OR] 0.986; 95% con-
fidence interval [CI] 0.553-1.758, p=0.12). However, BAO
was associated with increased rate of futile recanalization
(adjusted OR 2.146; 95% CI 1.267-3.633). Predictors for
futile recanalization were older age, higher stroke severity,
higher maneuver count, and intracranial stenting. There was
no significant difference in SICH (4.8% vs. 6.3%, p=0.608)
between the 2 groups.

Weber et al. conducted a prospective multicenter reg-
istry on Revascularization in Ischemic Stroke Patients
(REVASK) in Germany [21]. They compared the demo-
graphics, periprocedural times, complications, recanaliza-
tion rates, and functional outcome between 139 consecutive
patients with PC stroke (84.9% BAO) and 961 patients with
AC stroke. Despite the significantly lower rate of IVT and
delay in onset to treatment time in the PC group, there was
no significant difference in favorable outcome (38.0% vs.
42.6%, p=0.392) or mortality (33.7% vs. 30.8%, p=0.539)
at 90 days between the 2 groups.

These data indicated comparable efficacy and safety pro-
file of EVT in the PC and AC.

Prospective Studies

Table 3 shows the data from 2 large prospective studies of
EVT for acute BAO [33, 34]. In 2015, Singer et al. reported
the results of an investigator-initiated multicenter registry
of EVT for acute BAO [33]. In 148 consecutive patients
with BAO, 59% received IVT prior to EVT and 34% had
favorable outcome at 90 days. Initial stroke severity and the
collateral status predict clinical outcome.

The EVT for acute BAO (BASILAR) study was a non-
randomized prospective registry of consecutive patients at
47 comprehensive stroke centers in China between January
2014 and May 2019 [34]. Patients with acute BAO within
24 h of last known well were enrolled. Among the 829 par-
ticipants, 647 were treated with EVT plus standard medical
therapy and 182 were treated with standard medical treat-
ment alone. There was no difference in median NIHSS score



Translational Stroke Research (2022) 13:913-922 915

Table 1 Retrospective studies of endovascular thrombectomy for acute basilar artery occlusion

Studies Cases (n) NIHSS scores IVT (%) Median or mean OTT (h) EVT device Favorable sICH (%) Mortality (%)

outcome

(%)
Mokin et al. [13] 100 19.2+8.2 32 94+7.8 SR, DA,RT 35 5 30
Bouslama et al. [14] 214 21 (12-28) 21 10.4 (4.8-18.7) SR, DA, RT 27.1 - 46.7
Gory et al. [15] 117 - - - SR, DA 36.5 1.7 439
Rentzos et al. [16] 110 31 (13-31) 14 5.0 (2.9-7.7) IAT, SR, DA 35 9 41
Giorgianni et al. [17] 102 17 45.1 4.9 SR, DA, RT 382 4.9 30.5
Meinel et al. [18] 165 18 (8-30) 43.0 5.0 (3.5-8.0) IAT, SR, RT 36.2 4.8 36.2
Lee et al. [19] 194 - 26.8 - SR, RT 44.8 - -
Kang et al. [20] 212 17 (10-24) 30.7 4 (2.8-6.0) SR, DA, RT 44.8 1.9 16
Weber et al. [21] 139 12 (6-21) 41.7 3.8(2.7-7.1) SR, RT 38.0 0 33.7
Ravindren et al. [22] 231 14 - - SR, DA 29.5 6.0 36.8
Sun et al. [23] 187 22 (10-34) 19.3 7 (5-10) SR, DA 36.4 43 20.3
Guenego et al. [24] 237 16 (9-39) 39 6.3 (3.8-7.6) SR, DA, RT 38 - 39
Yoon et al. [25] 113 12 (7-19) 23.9 4.5 (3.8-6.0) - 46.9 2.7 13.3
Wu et al. [26] 167 23 (15-33) 204 9.3 (5.6-13.0) SR, DA, RT 30.5 6 31.7
Baik et al. [27] 161 17 (8-25) 25.5 4.7 (1.7-8.0) SR, DA, RT 344 8.1 17.4
Ma et al. [28] 108 22 (12-34) 19.4 7(5-10) SR, RT 333 4.6 17.6
Sefcik et al. [29] 107 18.7+9.3 18.2 - DA, SR, RT 36.7 - 39.8
Alexandre et al. [30] 191 17 (7-20) 30 4.8 (3.4-7.0) DA, SR 38.2 - -
Pooled data 2514 36.4 4.6 30.0

Abbreviations: DA, direct aspiration; EVT, endovascular thrombectomy; /V7, intravenous thrombolysis; N/HSS, National Institutes of Health
Stroke Scale; OTT, onset to treatment time; R7, rescue therapy; s/CH, symptomatic intracranial hemorrhage; SR, stent retriever

Favorable outcome was defined as modified Rankin Scale score 0-2 at 90 days

Table 2 Outcome of thrombectomy for large vessel occlusion in the anterior vs. posterior circulation

Studies Cases Median IVT (%) OTT (h) Favorable sICH (%)  Mortality (%)
(n) NIHSS scores Outcome (%)
Meinel et al. [18] BAO 165 18 (8-30) 43.0 5 (3.5-6) 36.2 4.8 36.2
AC 1574 17 (12-20) 49.5 3.8(2.8-5.3) 429 6.3 244
p=0.046 p=0.12 p<0.001 p=0.12 p=0.608  p=0.002
Weber et al. [21] PC 139 12 (6-21) 41.7 3.8 (2.7-7.1) 38.0 0 33.7
AC 961 15 (12-19) 52.5 33(2.3-4.7) 42.6 3 30.8
p=0.024 p=0.016 p=0.001 p=0.392 p=0.010 p=0.539

Abbreviations: AC, anterior circulation; BAO, basilar artery occlusion; /V7, intravenous thrombolysis; OTT, onset to treatment time; PC, poste-
rior circulation; s/ICH, symptomatic intracranial hemorrhage

Favorable outcome was defined as mRS 0-2 at 3 months

Table 3 Results from prospective registries of EVT for acute basilar artery occlusion

Studies Cases (n) Median NIHSS scores IVT (%) Median OTT (h) Favorable sICH (%) Mortality (%)
outcome (%)

Singer et al. [33] 148 20 59 - 34 54 35

Ziet al. [34]

EVT 647 27 (17-33) 18.4 4.0 (2.2-6.5) 27.4 7.1 46.2

Medical treatment 182 26.5 (16-33) 25.8 3.7 (1.9-6.8) 7.1 0.5 714
p<0.01 p<0.01 p<0.01

Abbreviations: EVT, endovascular thrombectomy; /VT, intravenous thrombolysis; OTT, onset to treatment time; N/HSS, National Institutes of
Health Stroke Scale

Favorable outcome was defined as mRS score 0-2 at 90 days
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between the 2 groups (27 vs. 26.5). The rate of favorable
outcome (mRS 0-2) at 90 days was significantly higher in
the EVT group than in the medical group (27.4% vs. 7.1%;
p <0.001). Moreover, EVT was associated with a signifi-
cantly lower rate of 90-day mortality (adjusted OR 2.93;
95% CI 1.95-4.40; p <0.001) despite the higher rate of sSICH
(7.1% vs. 0.5%; p<0.001). The number needed to treat was
4.4 for 1 additional patient to be able to walk unassisted.

In a subsequent analysis of the impact of baseline pos-
terior circulation Acute Stroke Prognosis Early Computed
Tomography Score (pc-ASPECTS) on the efficacy of EVT
for acute BAO, patients with pc-ASPECTS > 8 could signifi-
cantly benefit from EVT [35].

Randomized Controlled Trials

Endovascular treatment vs. standard medical treatment for
vertebrobasilar artery occlusion (BEST) is a multicenter
open label RCT [36]. Between April 27, 2015 and Septem-
ber 27, 2017, 131 patients were randomly assigned (1:1)
to EVT plus standard medical therapy or standard medical
therapy alone within 8 h of symptom onset at 28 centers in
China. The trial was stopped prematurely per recommenda-
tion of the data and safety monitoring board due to high
crossover rate and poor enrollment. Fourteen (22%) of the
65 patients in the control group crossed over to receive EVT.
In the EVT group, 3 (5%) of the 66 patients were unable to
get EVT.

In the intention-to-treat analysis (Table 4), there was no
significant difference in both primary outcome (42% vs.
32%, p=0.23; adjusted OR 1.74; 95% CI 0.81-3.74) and
favorable outcome (33% vs. 28%; p=0.43, adjusted OR

1.40; 95% CI 0.64-3.10) at 90 days. The 90-day mortality
was similar between the 2 groups (33% vs. 38%; p=0.54)
despite a higher rate of sICH in the EVT group (8% vs. 0%,
p=0.06).

In the secondary analyses to assess the effect of cross-
overs, there was significantly higher rate of primary out-
come in patients who received EVT in both per-protocol
(44% vs. 25%; adjusted OR 2.90, 95% CI 1.20-7.03) and
as-treated analysis (47% vs. 24%; adjusted OR 3.02; 95%
CI 1.31-7.00). There was also a higher rate of favorable out-
come and significant improvement in the overall distribution
of 90-day mRS scores in the EVT group.

The Basilar Artery International Cooperation Study
(BASICS) was conducted at 23 centers in 7 countries [37].
Between October 2011 and December 2019, 300 patients
were randomized to EVT plus standard medical therapy or
standard medical therapy alone within 6 h of estimated BAO.
The study showed no significant differences in primary out-
come (mRS score 0-3) at 90 days (44.2% vs. 37.7%, OR
1.18, 95% CI 0.92 to 1.50), favorable outcome (mRS score
0-2) at 90 days (35.1% and 30.1%), or sICH (4.5% vs. 0.7,
OR 6.9; 95% CI 0.92 to 53.0) between the 2 groups. In sub-
group analysis, there was a significant signal favoring EVT
in patients with moderate to severe stroke (NIHSS > 10) or
pc-ASPECTS > 8.

Of note, BASICS trial only enrolled 91 patients in the first
4 years. The inclusion criteria were then modified to allow
enrollment of patients with age > 85 and NIHSS score < 10.
Patients with a mild deficit (NIHSS score < 10) in the medi-
cal group were shown to have a higher rate of primary out-
come at 90 days than in the EVT group (80% vs. 65%), dilut-
ing the overall treatment effect of EVT.

Table 4 Results of randomized controlled trials of EVT for acute basilar artery occlusion

Cases Median IVT Mortality sICH Favorable  Primary Adjusted OR
(n) NIHSS (%) (%) (%) outcome outcome  (95% CI)
(%) (%)
BEST trial [36]
Intention-to- EVT 66 32 (18-38) 27 33 8 33 42
treat Control 65 26 (13-37) 32 38 0 28 32 1.7 (0.8-3.7)
p=0.54 p=0.06 p=048 p=0.23
Per protocol EVT 63 35 44
Control 51 20 25 2.9(1.2-7.0)
As treated EVT 77 39 47
Control 54 19 24 3.0(1.3-7.0)
BASICS trial [37]
EVT 154 21 78.6 38.3 4.5 35.1 442
Control 146 22 79.5 432 0.7 30.1 377 1.2 (0.9-1.5)
p=029 p=0.06 p=0.19

Abbreviations: EVT, endovascular thrombectomy; VT, intravenous thrombolysis; OR, odds ratio; OTT, onset to treatment time; NIHSS, National

Institutes of Health Stroke Scale
Primary outcome was defined as mRS score 0-3 at 90 days

Favorable outcome was defined as mRS score 0-2 at 90 days
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In addition, 55% of screened patients in the BEST trial
and 29.2% eligible patients in the BASIC trial were not
enrolled for the studies, likely introducing significant selec-
tion bias [36-38].

Meta-analysis

In a recent meta-analysis of five studies (2 RCTs and 3
observational cohorts) including a total of 1098 patients
[39], patients receiving EVT had a nonsignificant trend
towards mRS score 0-2 (RR 1.02,95% CI 0.74-1.41), mRS
score 0-3 (RR=0.97,95% CI 0.64—1.47), and overall func-
tional improvement (OR 0.93, 95% CI 0.57-1.51) at 90 days.

In an aggregated meta-analysis of the BEST and BASICS
trials with a Bayesian approach, EVT was associated with
favorable outcomes (OR 1.62; 95% CI 1.01-2.77) and the
number needed to treat would be 13 [40].

Current Practice Guidelines

The American Heart Association and American Stroke
Association guidelines published in 2018 stated that there
is uncertainty about the benefit of EVT in acute BAO.
Thrombectomy may be reasonable only in carefully selected
patients within 6 h of stroke onset (class IIb; level of evi-
dence C) [41].

Critical Thinking on Future Study Design

The main limitations of the BEST and BASICS trials are
poor enrollment, high crossover rate, inclusion of patients
with mild deficit (NIHSS score < 10), and significant selec-
tion bias due to high proportion of eligible patients being
treated outside the trials (55% of screened patients in the
BEST and 29% in the BASICS) [36-38]. It is therefore
essential to explore potential opportunities for improvement
in future study design for EVT in acute BAO.

Time Window for Future RCTs

The BEST and BASICS trials enrolled patients within 6 or
8 h of estimated BAO [36, 37]. This may partly explain the
poor enrollment of the 2 studies. BASILAR study enrolled
829 patients within 24 h of last known well and demon-
strated significant benefit of EVT [34]. In the ENDOS-
TROKE study, no significant association was found between
onset to treatment time and clinical outcome [33]. In the
absence of extensive baseline infarction or large pontine
infarct, recanalization of BAO up to 48 h after symptom
onset was found often safe and potentially effective [27, 28,
30, 42-44]. EVT in extended time windows was not associ-
ated with increased risk of SICH [42, 45].

Based on these findings, we propose to enroll patients
within 24 h of last know well in future RCTs of EVT for
acute BAO.

Excluding Patients with Mild Deficit

Previous observational study demonstrated that patients
with mild deficit (NIHSS score < 10) would not benefit from
EVT [2]. In addition, the BASICS trial showed that patients
with mild deficit (NIHSS score < 10) in the medical therapy
group had a higher rate of primary outcome at 90 days than
in the EVT group (80% vs. 65%) [37]. Therefore, patients
with mild deficit may dilute the treatment effect of EVT and
should be excluded for future RCTs.

Futile Recanalization

Futile recanalization was defined as a technical success with-
out meaningful improvement in functional outcome [18, 25,
26]. Compared with large vessel occlusion in the AC, BAO
was associated with increased rate of futile recanalization
[18, 32]. Extensive baseline infarction or large pontine
infarct was found to be associated with higher rate of futile
recanalization and poor outcome at 90 days. [18, 25, 26, 30,
33] The BASICS trial showed higher basilar artery patency
at 24 h post-enrollment in the EVT group than in medical
group (84.5% vs. 56.3%) [37], suggesting a significant rate
of futile recanalization.

Therefore, patients with extensive baseline infarction (pc-
ASPECTS < 8) or large pontine infarct (defined as infarct
core >70% of the entire pons) should be excluded in future
RCTs to reduce the rate of futile recanalization [25, 42].

Imaging Strategy for Screening Eligible Patients

Currently, there is no substantial data to support specific
imaging strategy for screening patients for EVT in the PC
[46]. The DAWN trial demonstrated significant benefit of
EVT in patients with a mismatch between the severity of
clinical deficit and infarct volume within 24 h of last known
well [12]. PC-ASPECTS on CTA source image (CTASI) was
developed to quantify the extent of early ischemic changes
in the posterior circulation with a 10-point grading system
(Fig. 1) [47]. From 10 points, 1 point each is subtracted
for hypoattenuation on CTASI in the left or right thalamus,
posterior cerebral artery territory, or cerebellar hemisphere,
respectively, and 2 points each for hypoattenuation in any
part of the pons or midbrain [47]. A pc-ASPECTS score
of 10 indicates absence of visible posterior circulation
ischemia. A score of 0 indicates visible ischemic changes in
all pc-ASPECTS territories.

Compared with non-contrast CT images, pc-ASPECTS
score on CTASI was shown to improve the overall sensitivity

@ Springer
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Fig. 1 Posterior circulation Acute Stroke Prognosis Early CT Score
(pc-ASPECTS) on CTA source image (CTASI). From 10 points, 1
point each (as indicated) is subtracted for hypoattenuation in the left
or right thalamus, posterior cerebral artery territory (a), or cerebellar

to detect ischemic changes in the posterior circulation [48,
49]. The extent of hypoattenuation on CTASI was signifi-
cantly correlated with the final infarctions in patients with
BAO [49]. The areas of the pontine infarct core and whole
pons can also be measured on CTASI that displays the larg-
est hypodense lesion in the pons [25, 49]. The pontine infarct
core size was expressed as the percentage of infarct core
area relative to the whole pontine area on the selected slice.
Pontine infarct core >70% of the pons is considered large
pontine infarct [25].

Of note, there was no difference in outcome detected in
relation to the pc-ASPECTS in the subgroup analysis of
BASICS [37]. This might be partly due to the measurement
of pc-ASPECTS on non-contrast CT images in 54% of study
patients (129 in the endovascular therapy group and 115 in
the medical therapy group) and enrollment of significant
numbers of patients with a mild deficit (NIHSS score < 10).
Patients with mild deficit had higher rate of favorable out-
come at 90 days in the medical treatment group. Inclusion
of these patients in the BASICS trial likely diluted the treat-
ment effect of EVT [37]. Therefore, we recommend CTASI
for the measurement of pc-ASPECTS and exclusion of
patients with NIHSS score < 10 in future RCTs.

MRI DWI provides better sensitivity for detection of early
ischemic changes but may cause delay in door to puncture
time for EVT [46]. Numerous studies demonstrated that pc-
ASPECTS > 8 was associated with favorable functional out-
come after EVT [22, 25, 35, 49, 50]. In a cost-effectiveness
analysis of initial imaging selection, comprehensive CT
(non-contrast CT + CTA + CTP) at the time of presentation

@ Springer

hemisphere (b), respectively, and 2 points each for hypoattenuation
in any part of pons (b) or midbrain (c¢). pc-ASPECTS =10 indicates
a normal scan

was shown to be the most cost-effective initial imaging strat-
egy for EVT in AIS [51]. CTA/CTP was used for screening
patients promptly for EVT in patients with BAO [22, 35,
49, 50].

A recently published retrospective study showed that per-
fusion imaging may predict favorable outcomes after basilar
artery thrombectomy [52]. In a cohort of 103 patients, a
Critical Area Perfusion Score (CAPS) of 0-6 points was
used to quantify severe hypoperfusion (Tmax > 10) in cer-
ebellum (1 point/hemisphere), pons (2 points), midbrain
and/or thalamus (2 points). Patients were dichotomized into
favorable (CAPS <3) and unfavorable (CAPS > 3) groups.
Patient with CAPS <3 (87%) had a lower median NIHSS
score (12.5, IQR 7-22) compared to patients with CAPS >3
(23, IQR 19-36; p=0.01). Reperfusion was achieved in 84%
of all patients. Sixty-four percent of reperfused CAPS <3
patients had a favorable outcome compared to 8% of non-
reperfused CAPS <3 patients (OR 21.0, 95% CI 2.6-170;
p<0.001). No CAPS > 3 patients had a favorable outcome,
regardless of reperfusion. In a multivariate regression
analysis, CAPS <3 was a robust independent predictor of
favorable outcome after adjustment for reperfusion, age,
and initial NTHSS score (OR 39.25, 95% CI 1.34—> 999,
p=0.04). Therefore, cerebral perfusion imaging profile may
be considered to identify eligible patients for future RCTs.

Another recent study compared patients with BAO and
anterior circulation LVO using propensity score matching
[53]. Multivariate logistic regression analysis did not show
a significant difference in functional outcome between BAO
and anterior circulation LVO. However, in patients with an
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onset-to-door-time > 270 min, EVT of BAO was associated
with poor functional outcome as compared to anterior cir-
culation LVO.

Therefore, cerebral perfusion imaging might be a useful
tool for selection of eligible patients in future studies, espe-
cially in those arriving late [52, 53].

Here, we propose a simple imaging guide for screening
patients with suspected acute BAO for EVT (Fig. 2). Non-
contrast CT is performed to evaluate tPA eligibility. CTA/
CTP is then performed to evaluate BAO, pc-ASPECTS
score, and infarct volume. Patient is eligible for enrollment
in RCTs if there is a significant mismatch between the sever-
ity of clinical deficit and infarct volume (NIHSS score > 10
and ASPECTS > 8) [37, 46, 48]. Patients with large pontine
infarct (infarct core >70% of the pons) should be excluded
to minimize futile recanalization. [25].

Rescue Therapy

Approximately 24—-47% of patients with acute BAO were
found to have underlying intracranial atherosclerotic dis-
ease and superimposed in situ thrombosis [19, 26, 29,
54-57]. Patients with underlying intracranial stenosis were
found to have longer procedure time, lower recanalization

rate, or higher rate of re-occlusion than those with embolic
occlusion [19, 26, 54, 55]. They were also found to have
lower rate of favorable outcome than patients with embolic
occlusion (37.9% vs. 62.1%, 20% vs. 53%, or 10.5% vs.
37.5, respectively) [19, 54, 56].

Intraprocedural use of glycoprotein IIb/IIla inhibitor,
percutaneous transluminal angioplasty, or stenting for
underlying intracranial stenosis as rescue therapy was
shown to improve the rate of functional outcome. With the
use of rescue therapy, there was no significant difference
in the rates of favorable outcome between in situ athero-
sclerotic thrombosis group and embolic group (26.9% vs.
33.7%, 37.5% vs. 41.5%, or 60% vs. 51%, respectively)
[26, 55, 57].

Recently, Luo et al. reported prospective registry
data on rescue therapy for acute BAO [58]. In a cohort
of 93 patients who failed EVT, 81 (87.1%) received res-
cue therapy with a 92.6% recanalization rate. Compared
with patients who did not receive rescue therapy (n=12),
the rescue therapy group had a significantly higher rate
of favorable outcomes at 90 days (51.9% vs. 16.7%,
p=0.023). There was no significant increase in sSICH.

Therefore, rescue therapy should be considered in
patients with underlying atherosclerotic stenosis to
improve outcome after EVT [26, 55, 57, 58].

Suspected Stroke from Acute Basilar Artery Occlusion (BAO)

l Non-contrast CT

v

Within 0-4.5 hours of symptom onset

|

IV tPA eligibility?
iYes No
IV tPA ®

v

4.5-24 hours of symptom onset

!

1. Evidence of basilar artery occlusion
2. Clinical deficit-imaging mismatch
(NIHSS score > 10 and ASPECTS > 8 on CTASI)

}

1. Evidence of basilar artery occlusion
2. Clinical deficit-imaging mismatch
(NIHSS score > 10 and ASPECTS > 8 on CTASI)
3. No large pontine infarct (infarct core > 70% of the pons)

Endovascular Thrombectomy (EVT)

Fig.2 Simple imaging guide for screening patients with acute BAO for EVT

@ Springer



920

Translational Stroke Research (2022) 13:913-922

Primary Outcome Measure

All the landmark RCTs for EVT in the anterior circulation
used mRS 0-2 as the primary outcome measure [6—12].
In contrast, the 2 RCTs of EVT for acute BAO used mRS
0-3 (moderate disability) as primary outcome measure
[36, 37]. To be consistent with reporting standard, we
suggest using mRS 0-2 as primary outcome measure in
future studies. Of note, mRS 0-3 (moderate disability)
represents reasonably good quality of life and may be used
as secondary outcome.

Conclusion

The efficacy of EVT for acute BAO in the posterior cir-
culation remains unproven. Additional RCTs with optimal
inclusion and exclusion criteria, e.g., enrollment within 24 h
of last known well, NIHSS score > 10, pc-ASPECTS > 8,
no large pontine infarct, and the use of rescue therapy for
underlying atherosclerotic stenosis, are warranted.

Author Contribution WY contributed to conception, literature review,
manuscript draft, and final revision. RTH contributed to discussions of
important intellectual contents and manuscript revision.

Declarations

Ethics Approval This review article does not involve direct human
research and therefore requires no ethical approval.

Conflict of Interest WY has conflict of interest. RTH has no conflict
of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lindsberg PJ, Mattle HP. Therapy of basilar artery occlusion:
a systematic analysis comparing intra-arterial and intravenous
thrombolysis. Stroke. 2006;37(3):922-8.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Schonewille W], Wijman CA, Michel P, Rueckert CM, Weimar
C, Mattle HP, et al. Treatment and outcomes of acute basilar
artery occlusion in the Basilar Artery International Cooperation
Study (BASICS): a prospective registry study. Lancet Neurol.
2009;8:724-30.

Sairanen T, Strbian D, Soinne L, et al. Intravenous thromboly-
sis of basilar artery occlusion: predictors of recanalization and
outcome. Stroke. 2011;42(8):2175-9.

Mayer TE, Hamann GF, Brueckmann H. Treatment of basilar
artery embolism with mechanical extraction device: necessity
of flow reversal. Stroke. 2002;33:2232-5.

Yu W, Binder D, Foster-Barber A, Malek R, Smith WS,
Higashida RT. Endovascular embolectomy of acute basilar
artery occlusion. Neurology. 2003;61:1421-3.

Berkhemer OA, Fransen PS, Beumer D, et al. A randomized
trial of intraarterial treatment for acute ischemic stroke. N Engl
J Med. 2015;372:11-20.

Campbell BC, Mitchell PJ, Kleinig TJ, et al. Endovascular
therapy for ischemic stroke with perfusion-imaging selection.
N Engl J Med. 2015;372:1009-18.

Goyal M, Demchuk AM, Menon BK, et al. Randomized assess-
ment of rapid endovascular treatment of ischemic stroke. N Engl
J Med. 2015;372:1019-30.

Saver JL, Goyal M, Bonafe A, et al. Stent-retriever thrombec-
tomy after intravenous t-PA vs. t-PA alone in stroke. N Engl J
Med. 2015;372:2285-95.

Jovin TG, Chamorro A, Cobo E, et al. Thrombectomy within 8
hours after symptom onset in ischemic stroke. N Engl J Med.
2015;372:2296-306.

Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombectomy
6 to 24 hours after stroke with a mismatch between deficit and
infarct. N Engl J Med. 2018;378:11-21.

Albers GW, Marks MP, Kemp S, et al. Thrombectomy for stroke
at 6 to 16 hours with selection by perfusion imaging. N Engl J
Med. 2018;378:708-18.

Mokin M, Sonig A, Sivakanthan S, et al. Clinical and proce-
dural predictors of outcomes from the endovascular treatment
of posterior circulation strokes. Stroke. 2016;47:782-8.
Bouslama M, Haussen DC, Aghaebrahim A, et al. Predictors of
good outcome after endovascular therapy for vertebrobasilar
occlusion stroke. Stroke. 2017;48:3252-7.

Gory B, Mazighi M, Labreuche J, et al. Predictors for mortality
after mechanical thrombectomy of acute basilar artery occlu-
sion. Cerebrovasc Dis. 2018;45(1-2):61-7.

Rentzos A, Karlsson JE, Lundqvist C, Rosengren L, Hellstrom
M, Wikholm G. Endovascular treatment of acute ischemic
stroke in the posterior circulation. Interv Neuroradiol.
2018;24(4):405-11.

Giorgianni A, Biraschi F, Piano M, et al. Endovascular treatment
of acute basilar artery occlusion: Registro Endovascolare Lom-
bardo Occlusion Basilar Artery (RELOBA) Study Group experi-
ence. J Stroke Cerebrovasc Dis. 2018;27(9):2367-74.

Meinel TR, Kaesmacher J, Chaloulos-Iakovidis P, et al. Mechani-
cal thrombectomy for basilar artery occlusion: efficacy, outcomes,
and futile recanalization in comparison with the anterior circula-
tion. J Neurointerv Surg. 2019;11(12):1174-80.

Lee WIJ, Jung KH, Ryu Y], et al. Impact of stroke mechanism in
acute basilar occlusion with reperfusion therapy. Ann Clin Transl
Neurol. 2018;5(3):357-68. https://doi.org/10.1002/acn3.536.
Kang DH, Jung C, Yoon W, et al. Endovascular thrombectomy for
acute basilar artery occlusion: a multicenter retrospective obser-
vational study. J Am Heart Assoc. 2018;7(14):e009419.

Weber R, Minnerup J, Nordmeyer H, Eyding J, Krogias C, Hadis-
urya J, Berger K, REVASK investigators. Thrombectomy in pos-
terior circulation stroke: differences in procedures and outcome


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/acn3.536

Translational Stroke Research (2022) 13:913-922

921

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

compared to anterior circulation stroke in the prospective multi-
centre REVASK registry. Eur J Neurol. 2019;26(2):299-305.
Ravindren J, Aguilar Pérez M, Hellstern V, Bhogal P, Bédzner H,
Henkes H. Predictors of outcome after endovascular thrombec-
tomy in acute basilar artery occlusion and the 6hr time window
to recanalization. Front Neurol. 2019;10:923.

Sun X, Tong X, Gao F, Lao H, Miao Z. Endovascular treatment
for acute basilar artery occlusion: a single center retrospective
observational study. BMC Neurol. 2019;19(1):315.

Guenego A, Bourcier R, Guillen M, et al. Neurological improve-
ment predicts clinical outcome after acute basilar artery stroke
thrombectomy. Eur J Neurol. 2021;28(1):117-23. https://doi.org/
10.1111/ene.14487.

Yoon W, Baek BH, Lee YY, Kim SK, Kim JT, Park MS. Asso-
ciation of pretreatment pontine infarction with extremely poor
outcome after endovascular thrombectomy in acute basilar artery
occlusion. J Neurointerv Surg. 2020:neurintsurg-2020-015930.
Wu L, Rajah GB, Cosky EE, et al. Outcomes in endovascular
therapy for basilar artery occlusion: intracranial atherosclerotic
disease vs. embolism. Aging Dis. 2020;https://doi.org/10.14336/
AD.2020.0704.

Baik SH, Jung C, Kim BM, Han K, Kim DJ. Clot meniscus sign:
an angiographic clue for choosing between stent retriever and
contact aspiration in acute basilar artery occlusion. AINR Am
J Neuroradiol. 2021;42(4):732-7. https://doi.org/10.3174/ajnr.
A6988.

Ma G, Sun X, Tong X, et al. Safety and efficacy of direct angio-
plasty in acute basilar artery occlusion due to atherosclerosis.
Front Neurol. 2021;12:651653. https://doi.org/10.3389/fneur.
2021.651653.

Sefcik RK, Tonetti DA, Desai SM, et al. Does stroke etiology
influence outcome in the posterior circulation? An analysis of 107
consecutive acute basilar occlusion thrombectomies. Neurosurg
Focus. 2021;51(1):E7. https://doi.org/10.3171/2021.4.FOCUS
2189.

Alexandre AM, Valente I, Consoli A, et al. Posterior circulation
endovascular thrombectomy for large-vessel occlusion: predic-
tors of favorable clinical outcome and analysis of first-pass effect.
AJNR Am J Neuroradiol. 2021;42(5):896-903. https://doi.org/10.
3174/ajnr.A7023.

Goyal M, Menon BK, van Zwam WH, et al. Endovascular
thrombectomy after large-vessel ischaemic stroke: a meta-analysis
of individual patient data from five randomised trials. Lancet.
2016;387(10029):1723-31.

Wang F, Wang J, He Q, et al. Mechanical thrombectomy for pos-
terior circulation occlusion: a comparison of outcomes with the
anterior circulation occlusion - a meta-analysis. J Atheroscler
Thromb. 2020;27(12):1325-39. https://doi.org/10.5551/jat.54221.
Singer OC, Berkefeld J, Nolte CH, Bohner G, Haring HP, Trenkler
J, et al. Mechanical recanalization in basilar artery occlusion: the
ENDOSTROKE study. Ann Neurol. 2015;77:415-24.

Writing Group for the BASILAR Group, Zi W, Qiu Z, et al.
Assessment of endovascular treatment for acute basilar artery
occlusion via a nationwide prospective registry. JAMA Neurol.
2020;77(5):561-73.

Sang H, Li F, Yuan J, et al. Values of baseline posterior circu-
lation acute stroke prognosis early computed tomography score
for treatment decision of acute basilar artery occlusion. Stroke.
2021;52(3):811-20. https://doi.org/10.1161/STROKEAHA.120.
031371.

Liu X, Dai Q, Ye R, et al. Endovascular treatment versus standard
medical treatment for vertebrobasilar artery occlusion (BEST):
an open-label, randomised controlled trial. Lancet Neurol.
2020;19(2):115-22.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Langezaal LCM, van der Hoeven EJRJ, Mont’Alverne FJA, et al.
Endovascular therapy for stroke due to basilar-artery occlusion.
N Engl J Med. 2021;384(20):1910-20. https://doi.org/10.1056/
NEJMo0a2030297.

Nguyen TN, Strbian D. Endovascular therapy for stroke due to
basilar artery occlusion: a BASIC challenge at BEST. Stroke.
2021;52(10):3410-3. https://doi.org/10.1161/STROKEAHA.121.
035948.

Katsanos AH, Safouris A, Nikolakopoulos S, et al. Endovascular
treatment for basilar artery occlusion: a systematic review and
meta-analysis. Eur J Neurol. 2021;28(6):2106-10. https://doi.org/
10.1111/ene.14751.

Solla DJF, Argolo FC, Budohoski KP, Kolias AG, Caldas JGMP,
Oliveira-Filho J. Is more evidence needed for thrombectomy in
basilar artery occlusion? The BASICS and BEST meta-analytical
approaches [published online ahead of print, 2021 May 3]. Stroke
Vasc Neurol. 2021;svn-2020-000701. https://doi.org/10.1136/
svn-2020-000701.

Powers WJ, Rabinstein AA, Ackerson T, et al. 2018 Guide-
lines for the early management of patients with acute ischemic
stroke: a guideline for healthcare professionals from the Ameri-
can Heart Association/American Stroke Association. Stroke.
2018;49:e46-110.

Strbian D, Sairanen T, Silvennoinen H, Salonen O, Kaste M,
Lindsberg PJ. Thrombolysis of basilar artery occlusion: impact
of baseline ischemia and time. Ann Neurol. 2013;73(6):688-94.
Lindsberg PJ, Pekkola J, Strbian D, Sairanen T, Mattle HP,
Schroth G. Time window for recanalization in basilar artery occlu-
sion: speculative synthesis. Neurology. 2015;85:1806—15.

Yu W, L Liu. Reperfusion therapy beyond standard time window.
In W Jiang, W Yu, and J Zhang Eds., Cerebral ischemic reper-
fusion injuries (CIRI): bench research and clinical implications.
Springer Publishing Company, 2017.

Yoon W, Kim SK, Heo TW, Baek BH, Lee YY, Kang HK. Predic-
tors of good outcome after stent-retriever thrombectomy in acute
basilar artery occlusion. Stroke. 2015;46:2972-5.

Yu W, Jiang W. A simple imaging guide for endovascular
thrombectomy in acute ischemic stroke: from time window to
perfusion mismatch and beyond. Front Neurol. 2019;10:502.
Puetz V, Sylaja PN, Coutts SB, et al. Extent of hypoattenu-
ation on CT angiography source images predicts functional
outcome in patients with basilar artery occlusion. Stroke.
2008;39(9):2485-90.

Puetz V, Khomenko A, Hill MD, et al. Extent of hypoattenuation
on CT angiography source images in basilar artery occlusion:
prognostic value in the Basilar Artery International Cooperation
Study. Stroke. 2011;42(12):3454-9.

Puetz V, Sylaja PN, Hill MD, Coutts SB, Dzialowski I, Becker
U, Gahn G, von Kummer R, Demchuk AM. CT angiography
source images predict final infarct extent in patients with basilar
artery occlusion. AINR Am J Neuroradiol. 2009;30(10):1877-83.
https://doi.org/10.3174/ajnr.A1723.

Pallesen LP, Gerber J, Dzialowski I, et al. Diagnostic and prog-
nostic impact of pc-ASPECTS applied to perfusion CT in the
Basilar Artery International Cooperation Study. J Neuroimaging.
2015;25:384-9.

Martinez G, Katz JM, Pandya A, et al. Cost-effectiveness study of
initial imaging selection in acute ischemic stroke care. J] Am Coll
Radiol. 2021;18(6):820-33. https://doi.org/10.1016/j.jacr.2020.
12.013.

Cereda CW, Bianco G, Mlynash M, et al. Perfusion imaging pre-
dicts favorable outcomes after basilar artery thrombectomy. Ann
Neurol. 2022;91(1):23-32. https://doi.org/10.1002/ana.26272.
Sommer P, Scharer S, Posekany A, et al. Thrombectomy in basi-
lar artery occlusion [published online ahead of print, 2022 Jan

@ Springer


https://doi.org/10.1111/ene.14487
https://doi.org/10.1111/ene.14487
https://doi.org/10.14336/AD.2020.0704
https://doi.org/10.14336/AD.2020.0704
https://doi.org/10.3174/ajnr.A6988
https://doi.org/10.3174/ajnr.A6988
https://doi.org/10.3389/fneur.2021.651653
https://doi.org/10.3389/fneur.2021.651653
https://doi.org/10.3171/2021.4.FOCUS2189
https://doi.org/10.3171/2021.4.FOCUS2189
https://doi.org/10.3174/ajnr.A7023
https://doi.org/10.3174/ajnr.A7023
https://doi.org/10.5551/jat.54221
https://doi.org/10.1161/STROKEAHA.120.031371
https://doi.org/10.1161/STROKEAHA.120.031371
https://doi.org/10.1056/NEJMoa2030297
https://doi.org/10.1056/NEJMoa2030297
https://doi.org/10.1161/STROKEAHA.121.035948
https://doi.org/10.1161/STROKEAHA.121.035948
https://doi.org/10.1111/ene.14751
https://doi.org/10.1111/ene.14751
https://doi.org/10.1136/svn-2020-000701
https://doi.org/10.1136/svn-2020-000701
https://doi.org/10.3174/ajnr.A1723
https://doi.org/10.1016/j.jacr.2020.12.013
https://doi.org/10.1016/j.jacr.2020.12.013
https://doi.org/10.1002/ana.26272

922

Translational Stroke Research (2022) 13:913-922

54.

55.

56.

27]. Int J Stroke. 2022;17474930211069859. https://doi.org/10.
1177/17474930211069859.

Baik SH, Park HJ, Kim JH, Jang CK, Kim BM, Kim DJ. Mechani-
cal thrombectomy in subtypes of basilar artery occlusion: rela-
tionship to recanalization rate and clinical outcome. Radiology.
2019;291(3):730-7.

Baek JH, Kim BM, Heo JH, Kim DJ, Nam HS, Kim YD. Endo-
vascular and clinical outcomes of vertebrobasilar intracranial
atherosclerosis-related large vessel occlusion. Front Neurol.
2019;10:215.

Kim YW, Hong JM, Park DG, Choi JW, Kang DH, Kim YS,
Zaidat OO, Demchuk AM, Hwang YH, Lee JS. Effect of intracra-
nial atherosclerotic disease on endovascular treatment for patients
with acute vertebrobasilar occlusion. AINR Am J Neuroradiol.
2016;37(11):2072-8. https://doi.org/10.3174/ajnr.A4844.

@ Springer

57.

58.

Lee YY, Yoon W, Kim SK, Baek BH, Kim GS, Kim JT, Park
MS. Acute basilar artery occlusion: differences in characteristics
and outcomes after endovascular therapy between patients with
and without underlying severe atherosclerotic stenosis. AINR Am
J Neuroradiol. 2017;38(8):1600—4. https://doi.org/10.3174/ajnr.
A5233.

Luo G, Gao F, Zhang X, et al. Intracranial stenting as rescue ther-
apy after failure of mechanical thrombectomy for basilar artery
occlusion: data from the ANGEL-ACT registry. Front Neurol.
2021;12:739213. https://doi.org/10.3389/fneur.2021.739213.

Publisher's Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1177/17474930211069859
https://doi.org/10.1177/17474930211069859
https://doi.org/10.3174/ajnr.A4844
https://doi.org/10.3174/ajnr.A5233
https://doi.org/10.3174/ajnr.A5233
https://doi.org/10.3389/fneur.2021.739213

	Endovascular Thrombectomy for Acute Basilar Artery Occlusion: Latest Findings and Critical Thinking on Future Study Design
	Abstract
	Introduction
	Methods
	Findings and Discussion
	Retrospective Studies
	Prospective Studies
	Randomized Controlled Trials
	Meta-analysis
	Current Practice Guidelines

	Critical Thinking on Future Study Design
	Time Window for Future RCTs
	Excluding Patients with Mild Deficit
	Futile Recanalization
	Imaging Strategy for Screening Eligible Patients
	Rescue Therapy
	Primary Outcome Measure

	Conclusion
	References




