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Abstract

Purpose To investigate the predictors for good outcome of endovascular therapy (EVT) for patients with acute verte-
brobasilar artery occlusion (VBAO) due to intracranial atherosclerosis stenosis (ICAS).

Methods From April 2012 to February 2018, patients with VBAO due to ICAS who received EVT were retrospectively
analyzed. ICAS was defined as fixed stenosis of >70%, or a degree of fixed stenosis >50% in addition to either perfusion
impairment or evidence to re-occlusion. Good outcome was defined as mRS<2 at 90 days. Both logistic regression and
receiver operating characteristic curve (ROC) analyses were performed to explore the predictors.

Results Among 103 patients enrolled in the analysis, 40.8% achieved good outcome. Prior antiplatelet therapy (OR, 7.301;
95% CI, 1.761-30.265; P=0.006), EVT+IVT (OR, 7.343; 95% CI, 1.621-33.263; P=0.010 ), the pc-ASPECT on DWI
(OR, 1.705; 95% CI, 1.127-2.580; P=0.012), BATMAN (OR, 1.395; 95% CI, 1.005-1.937; P=0047), general anesthesia
(OR, 0.081; 95% CI, 0.010-0.633; P=0.017), onset-to-recanalization time (<542min vs. >542min) (OR, 0.194; 95% ClI,
0.057-0.661; P=0.009) and the initial NIHSS (OR, 0.882; 95% CI, 0.820-0.949; P=0.001) were significantly associated
with good outcome in logistic regression. Based on ROC analyses, initial NIHSS score (area under the curve [AUC]=
0.816, p <0.001; cutoff,19.5; sensitivity, 78.7%; specificity, 72.5%) was significant predictors of good outcome.
Conclusions For patients with VBAO due to ICAS, prior antiplatelet therapy, EVT+IVT, local anesthesia, short onset-to-re-
canalization time, a low initial NIHSS, a high pc-ASPECT and BATMAN might be helpful to predict the good outcome
at 90 days after EVT.
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Introduction tion but a good clinical outcome at 90 days was approxi-
mately 30% despite successful recanalization [2-5], which

Acute ischemic stroke caused by vertebrobasilar artery oc-  is lower than that reported for large vessel occlusion in the

clusion (VBAO) is associated with high mortality and dis-
ability rates, which have been reported to be up to 95% [1].
Some recent studies showed that endovascular treatment
(EVT) may be a safe and effective method for recanaliza-
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anterior circulation [6].

As one of the most common subtypes, occlusion at-
tributable to in situ intracranial atherosclerotic disease
(ICAS) accounts for 17-60% of VBAO [7-9], and the rate
of good outcome at 90 days tends to be lower than that
due to embolisms [8]. So far, the prognostic factors that
predict outcome after EVT in patients with acute VBAO
are limited, especially for occlusion due to ICAS. The aim
of this retrospective study was to investigate the prognostic
factors for patients with VBAO due to ICAS who received
EVT.
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Material and Methods
Patients

From April 2012 to February 2018 patients with VBAO un-
dergoing EVT at this center were retrospectively analyzed.
The inclusion criteria were (1) age =18 years, (2) presented
with posterior circulation stroke symptoms and treated by
EVT, (3) onset to puncture time <24 h, (4) National Institute
of Health stroke scale (NIHSS) pretreatment >4, (5) mod-
ified Rankin scale (mRS) <1 before the qualifying stroke
and (6) occlusion of V4 segment of vertebral artery or basi-
lar artery due to ICAS. An ICAS was defined as (1) signif-
icant stenosis >70% at the occlusion site, or (2) a degree
of stenosis >50% in addition to either flow and perfusion
impairment on angiography or an evident reocclusion ten-
dency even after adequate treatment with stent retrievers,
according to Lee et al. [10]. Stenosis caused by vasospasm
or iatrogenic dissection was excluded from the study pop-
ulation, which can be identified with delayed angiography
or high-resolution magnetic resonance imaging (MRI).

This retrospective study was approved by the ethics com-
mittee of Beijing Tiantan Hospital and the institutional re-
view board and the requirement for informed consent for
study inclusion was waived because it was a retrospective
study.

Treatment

All the patients received treatment according to the standard
of care at this center in compliance with the guidelines or
expert consensus. Patients with suspected stroke initially
underwent a computed tomography (CT) scan which can
provide the necessary information to make decisions about
acute management. All the patients with posterior circula-
tion artery occlusion should be diagnosed based on vascu-
lar imaging before the procedure. Intravenous thrombolysis
(IVT) was performed before EVT in patients who were
eligible. Loading dose aspirin (300 mg) and/or clopidogrel
(300mg) can be given before the treatment according to the
doctors’ decision.

The neurointerventionists decided that EVT was per-
formed with the patient under local anesthesia or general
anesthesia based on the patient’s condition. Because this
study was a retrospective analysis, operation strategies
were decided at the operator’s discretion without special
restrictions. Thrombectomy with a Solitaire stent (ev3,
Irvine, CA, USA) was recommended as the primary treat-
ment. If the target segment stenosis resulted in inadequate
distal perfusion or new thrombus formation at the resid-
ual stenosis location culminating in repeated reocclusion
after thrombectomy, rescued retrievable stent detachment
(Solitaire stent), balloon angioplasty (Gateway, Boston
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Scientific Corporation, Natick, MA, USA) or stenting (bal-
loon-mounted Apollo stent, MicroPort Medical, Shanghai,
China or self-expandable Wingspan stent, Boston Scien-
tific Corporation, Stryker, USA) can also be performed
at the occlusion site to achieve successful reperfusion,
defined as modified Thrombolysis in Cerebral Infarction
score(mTICI) 2b/3 [11]. Glycoprotein IIb/Illa inhibitor
infusion (tirofiban) would be given, when acute thrombosis
or significant residual stenosis was observed.

Nonenhanced CT was performed immediately after the
procedure to exclude intracranial hemorrhage. A CT or
MRI and transcranial Doppler, CT angiography, magnetic
resonance angiography or digital subtraction angiography
would be performed at 24h, or at any time if patients’
neurological function deteriorated, to evaluate the status
of brain tissue and cerebral arteries. Cerebrospinal fluid
drainage or decompressive suboccipital craniectomy with
dural expansion might be performed in patients when neu-
rological deterioration was observed from brainstem com-
pression caused by severe edema or hemorrhage despite
maximum medical treatment. Severe symptomatic intracra-
nial hemorrhage was defined as intracranial hemorrhage ac-
cording to 24-h imaging and neurologic deterioration was
more than 4 points on the NIHSS [12]. If no intracranial
hemorrhage was observed in 24-h imaging, patients would
receive a loading dose of clopidogrel (300mg) orally or
via nasogastric tube, and dual antiplatelet treatment (as-
pirin 100mg plus clopidogrel 75 mg) for at least 3 months
before switching to aspirin or clopidogrel alone.

Clinics and Imaging Assessment

From prospectively collected clinical and imaging databases,
the baseline characteristics, procedure details and outcomes
were collected. The stroke neurologist at the emergency
department assessed and recorded the past medical history,
time of symptom onset, mRS before qualifying stroke, and
pretreatment NIHSS score. Regular antiplatelet therapy
before the qualifying stroke or loading dose of antiplatelet
drugs before EVT was recognized as the existence of prior
antiplatelet therapy. Pretreatment and follow-up imaging
data were evaluated by two experienced neuroradiologists
who were blinded to the clinical information and con-
clusions were reached in consensus. Diffusion-weighted
imaging (DWI) (b=0 and b= 1000s/mm?) before treatment
was evaluated with the post-circulation Alberta Stroke Pro-
gram Early CT Score (pc-ASPECTS) [13]. To evaluate both
the extent of the occlusion and the presence of collaterals,
the basilar artery on computed tomography angiography
(BATMAN) score was assessed based on digital subtrac-
tion angiography before EVT, according to the method of
Alemseged et al. [14].
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Fig. 1 Flow chart of patients
inclusion

Fig.2 Receiver operating char-
acteristic curve for 90-day out-
come by initial National Insti-
tutes of Health Stroke Scale
(NIHSS), posterior circulation
Acute Stroke Prognosis Early
CT Score (pc-ASPECTS), Basi-
lar Artery on Computed Tomog-
raphy Angiography (BATMAN)
score and onset-to-reperfusion
time

146 patients:

1. acute posterior circulation stroke symptoms caused
by vertebrobasilar artery occlusion

2.the data involved were available

103 patients:

(1) age =18 years

(2) presented with posterior circulation stroke
symptoms, and treated by intra-arterial therapy;
(3) onset to puncture time<24h;

(4) National Institute of Health stroke scale (NIHSS)
pretreatment=4;

(5) modified Rankin scale (mRS)=:1 before the
qualifying stroke;

(6) occlusion of V4 segment of vertebral artery or
basilar artery due to intracranial atherosclerotic disease
(ICAS).
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Table 1 Comparison of characteristics between the independence group and the dependence group

Characteristics Total (n=103) Functional inde- Functional dependence (n=61) P-value
pendence (n=42)
Age, years, mean + standard deviation 58.56+9.08 57.90+7.59 59.02+10.01 0.544
Male, n (%) 89 (86.4) 36 (85.7) 53 (86.9) 0.865
Risk factors
Hypertension, n (%) 80 (77.7) 34 (81.0) 46 (75.4) 0.507
Diabetes, n (%) 33 (32.0) 15 (35.7) 18 (29.5) 0.507
Dyslipidemia, n (%) 28 (27.2) 13 (31.0) 15 (24.6) 0.506
Atrial fibrillation, n (%) 3(2.9) 124 2(3.3) >0.999
Stroke/TIA, n (%) 32 (31.1) 15 (35.7) 17 (27.9) 0.398
Smoker, n (%) 74 (71.8) 31(73.8) 43 (70.5) 0.713
Laboratory findings
Glucose, mmol/l (IQR) 7.84 (6.48-9.31) 8.12 (6.44-9.30) 7.80 (6.48-9.47) 0.899
WBC, *107%/1, mean + standard deviation 10.93+3.67 10.83+3.90 11.00+£3.52 0.814
RBC, #107'%/1 (IQR) 4.87 (4.41-5.27) 4.87 (4.82-5.01) 4.88 (4.44-5.69) 0.412
PLT, *10~°/1 (IQR) 220.0 221.0 220.0 (183.0-250.0) 0.541
(181.0-256.0) (172.0-281.5)
INR (IQR) 1.00 (0.94-1.04) 1.00 (0.94-1.04) 1.00 (0.94-1.04) 0.729
PT, s IQR) 11.40 11.4 (10.8-11.9) 11.4 (10.8-12.0) 0.957
(10.80-12.00)
APTT, s IQR) 25.1(23.2-28.4) 26.5 (23.4-29.4) 24.6 (23.2-28.3) 0.095
FBG, g/l, mean + standard deviation 2.84+0.69 2.94+0.80 2.77+0.60 0.244
Prior antiplatelet therapy, n (%) 40 (38.8) 21 (50.0) 19 (31.1) 0.054
Prior anticoagulant therapy, n (%) 1(1.0) 12.4) 0 0.408
pc-ASPECTS (IQR) 7.0 (5.0-8.0) 7.0 (6.0-8.0) 6.0 (4.0-7.5) 0.001
BATMAN (IQR) 5.0 (4.0-7.0) 7.0 (5.0-7.0) 5.0 (4.0-6.5) 0.001
NIHSS pretreatment, mean + standard devia- 20.26+10.15 13.79+8.61 2472+ 8.65 <0.001
tion
SBP pretreatment, mmHg (IQR) 160.0 159.0 160.0 (140.0-180.0) 0.611
(140.0-180.0) (143.5-172.3)
DBP pretreatment, mmHg (IQR) 90.0 (80.0-98.0) 88.5 (80.0-95.0) 90.0 (80.0-100.0) 0.491
IVT, n (%) 22 (21.4) 13 (31.0) 9 (14.8) 0.049
General anesthesia, n (%) 87 (84.5) 31(73.8) 56 (91.8) 0.013
GPI, n (%) 70 (68.0) 27 (64.3) 43 (70.5) 0.507
Angioplasty (balloon and/or stenting), n (%) 65 (63.1) 25 (59.5) 40 (65.6) 0.532
Onset-to-recanalization time, min (IQR) 535.0 494.0 584.0 (467.5-803.5) 0.021
(407.0-737.0) (374.3-635.3)
mTICI 2b/3, n (%) 86 (83.5) 36 (85.7) 50 (82.0) 0.615
sICH, n (%) 4(3.9) 0 4 (6.6) 0.249

IQR interquartile range, TI/A transient ischemic attack, WBC white blood cell, RBC red blood cell, PLT platelet, INR international normalized
ratio, PT prothrombin time, APTT activated partial thromboplastin time, pc-ASPECTS postcirculation Alberta Stroke Program Early CT Score,
BATMAN Basilar Artery on Computed Tomography Angiography, NIHSS National Institute of Health stroke scale, SBP systolic blood pressure,
DBP diastolic blood pressure, IVT intravenous thrombolysis, mTICI modified Thrombolysis in Cerebral Infartion, GPI Glycoprotein IIb/Illa
inhibitor, FBG fibrinogen, s/CH symptomatic intracerebral hemorrhage

Outcome Measurement Statistical Analysis
The mRS score on follow-up at 90 days was assessed by
certified neurologists who were also blinded to baseline
characteristics, assessed via telephone or face-to-face in-
terviews. A good outcome or functional independence was
regarded as mRS <2 at 90 days.

Statistical analysis was performed with SPSS statistics ver-
sion 21.0 (IBM Corp., Armonk, NY, USA). The data were
described by means (standard deviations) or medians (25th
and 75th percentiles) for continuous variables; frequen-
cies or proportions were presented for categorical variables.
First, relationship between characteristics and the 90-day
clinical outcome was detected using y>-test, Fisher’s exact
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Table2 Logistic regression model for predictors of good outcome

OR 95% CI P-value

VT 7.343 1.621-33.263  0.010
Prior antiplatelet 7.301 1.761-30.265  0.006
pc-ASPECTS, per 1-point 1.705 1.127-2.580 0.012
increase

BATMAN 1.395 1.005-1.937 0.047
General anesthesia 0.081 0.010-0.633 0.017
Onset-to-recanalization time 0.194 0.057-0.661 0.009
(<542 min vs. >542 min)

NIHSS pretreatment, per 0.882 0.820-0.949 0.001

1-point increase

OR odds ratio, CI confidence interval, /VT intravenous thrombolysis,
pc-ASPECTS post-circulation Alberta Stroke Program Early CT
Score, BATMAN basilar artery on computed tomography angiography,
NIHSS National Institute of Health stroke scale

test, Student’s t-test, and Mann-Whitney U-test as appropri-
ate. A logistic regression and receiver operating character-
istic (ROC) curve analysis were used to identify predictors
for 90-day independence. A p-value of <0.05 was consid-
ered significant.

Results

A total of 103 patients diagnosed with occlusion due to
ICAS after a thorough etiological diagnosis were enrolled
in the study (Fig. 1) and 40.8% (42 patients) achieved
good outcome at 90 days. The baseline characteristics and
outcomes are demonstrated in Table 1. The mean age of
the participants was 58.56 years (£9.08 years) and 86.4%
were male. The baseline NIHSS before treatment was 20.26
(£10.15). Successful reperfusion was achieved in 86 pa-
tients (83.5%) and 4 patients (3.9%) had symptomatic in-
tracranial hemorrhage.

Comparison of Characteristics of Patients with 90-
day Independence and Dependence

A good outcome or functional independence was regarded
as mRS<2 at 90 days. As shown in Table 1, the risk factors
were comparable between the two groups. There was also
no significant difference in laboratory findings. Both the
pretreatment pc-ASPECT (7.0 [IQR], 6.0-8.0 vs. 6.0 [IQR],
4.5-7.0; P=0.001) and BATMAN (7.0 [IQR], 5.0-7.0 vs.
5.0 [IQR], 4.0-6.5; P=0.001) were significantly higher in
independent patients than in dependent patients. The base-
line NIHSS of patients with good outcome was found to be
lower (13.79+8.61 vs. 24.72+8.65, p<0.001).

Before the EVT performed, more patients with 90-
day independence received intravenous recombinant tis-
sue plasminogen activator thrombolysis IVT) (31.0% vs.

14.8%, p=0.049). In the procedure, more dependent pa-
tients underwent EVT under general anesthesia (73.8%
vs. 91.8%, p=0.013). Rate of successful reperfusion was
comparable between the two groups (85.7% vs.82.0%,
p=0.615); however, the time from symptom onset to re-
canalization was significantly shorter in patients with func-
tional independence than those with functional dependence
(494.0min [IQR], 374.3-635.3min vs. 584.0min [IQR],
467.5-803.5min; P=0.021). Of the dependent patients 4
(6.6%) had sICH (defined as intracranial hemorrhage with
neurologic worsening more than 4 points on the NIHSS)
but none of the independent patients did.

Factors Associated with Good Clinical Outcome

Regression analysis showed that prior antiplatelet ther-
apy (odds ratio [OR] 7.301; 95% confidence interval
[CI] 1.761-30.265; P=0.006), EVT with pretreatment
IVT (EVT+IVT) (OR, 7.343; 95% CI, 1.621-33.263;
P=0.010), the pc-ASPECT on DWI before EVT (OR,
1.705; 95% CI, 1.127-2.580; P=0.012), BATMAN (OR,
1.395; 95% CI, 1.005-1.937; P=0047), general anesthesia
(OR, 0.081; 95% CI, 0.010-0.633; P=0.017), the onset-to-
recanalization time (<542min vs. >542min) (OR, 0.194;
95% CI, 0.057-0.661; P=0.009) and the initial NIHSS
(OR, 0.882; 95% CI, 0.820-0.949; P=0.001) were signifi-
cantly associated with good outcome at 90 days.

As the ROC curve analysis showed (Figure 2), initial
NIHSS score (area under the curve, AUC, 0.816; 95% CI,
0.730-0.901; P<0.001) was a significant predictor of good
clinical outcome, and the optimal cut-off score was 19.5
(sensitivity 78.7%; specificity 72.5%); however, the BAT-
MAN score (AUC, 0.694; 95% CI, 0.589-0.800; P=0.001),
pc-ASPECTS on DWI before thrombectomy (AUC, 0.686;
95% CI, 0.583-0.789; P=0.001) and onset-to-recanaliza-
tion time (AUC, 0.634; 95% CI, 0.525-0.744; P=0.021)
were statistically significant with mild predictive value. The
optimal cut-off scores were 5.5 for BATMAN score (sen-
sitivity 67.2%, specificity 71.4%), 6.5 for pc-ASPECTS on
DWI before thrombectomy (sensitivity 60.7%; specificity
69.0%) and 542min for the onset-to-recanalization time
(sensitivity 57.4%, specificity 69.0%) (Table 2).

Discussion

This study was based on Chinese population, which was
reported with a high incidence of ICAS in VBAO patients
[2, 9]. The primary findings of this study were: EVT +IVT,
prior antiplatelet therapy, local anesthesia, short onset-to-
recanalization time, low initial NIHSS, high pc-ASPECT
and BATMAN score might be predictors of a good out-
come at 90 days after EVT for patients with VBAO due to
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ICAS. Whether pretreatment IVT provides any additional
benefits to the patients undergoing EVT remains unclear.
A meta-analysis [15] including 13 studies demonstrated that
patients undergoing mechanical thrombectomy with IVT
had better functional outcomes compared with those with-
out IVT. The present study showed the same benefits of
EVT+IVT over EVT without IVT. The use of IVT might
facilitate EVT and serve as an adjunct in achieving a higher
rate of successful reperfusion and shorter time in procedure,
especially for patients with ICAS. For instance, the addition
of systemic thrombolysis may also be beneficial in multifo-
cal ischemia or harder to reach clots [15]. As it stands IVT
should not be omitted before more evidence was obtained
for patients with VBAO due to ICAS.

Antiplatelet therapy pretreatment was considered to be
safe and may independently improve the odds of successful
reperfusion in patients with emergent large artery occlu-
sion treated with mechanical thrombectomy according to
the results of Pandhi et al. [16]. A post hoc analysis of
the MR CLEAN study also showed that in patients achiev-
ing reperfusion, antiplatelet agents may improve functional
outcome [17]. Similar to the previous studies, the results
of this study suggest that prior antiplatelet treatment could
improve functional outcome after EVT for acute VBAO.
Main reasons accounting for the results might be smoother
endothelial surface and decreased tissue factor expression,
which contribute to easier clot removal and reduced sub-
sequent thrombosis [18]. In addition, distal (small vessel)
recanalization might be improved because of less distal mi-
crovascular obstruction by antiplatelet use [17]. Developed
reperfusion leads to a better outcome on condition that no
intracranial hemorrhage happen. The common situation of
regular antiplatelet therapy in patients with ICAS would not
add the worries of hemorrhagic complications after EVT.
In the course of treatment, neurologists might not restrict
the use of antiplatelet drugs for possible EVT.

This study showed that the initial NIHSS score, BAT-
MAN and pc-ASPECTS based on pretreatment DWI were
independent predictors of good functional outcome in pa-
tients with acute VBAO who received EVT, which was
in agreement with several previous studies [14, 19-21]. In
contrast, there was no significant relationship between pc-
ASPECTS and clinical outcome in the studies of Mdohlen-
bruch et al. [22] and Karameshev et al. [23]. The possible
reasons for these different results may lie in different inclu-
sion criteria and pathomechanisms of stroke among these
studies. Patients with initial NIHSS more than 20 should
be cautiously selected only when fulfilling other criteria
showing significant benefits.

This study also found an association between the onset-
to-recanalization time and the clinical outcome in patients
with VBAO, in accordance with the results of a subgroup
analysis of BASICS [24]. Nevertheless, some previous stud-
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ies concluded that there was no association between time
to recanalization and outcome [25, 26]. Main reason for the
discrepancy might be the different definition of onset time.
Instead of the commonly used time of onset of any symp-
tom, the time of onset of symptoms consistent with a clini-
cal diagnosis of VBAO was used [24], because VBAO due
to ICAS is often preceded by prodromal symptoms, such
as atypical dizziness.

The appropriate anesthesia technique during the EVT
procedure remains an issue of debate. Contrary to numer-
ous studies that have reported better outcomes with general
anesthesia in patients with anterior circulation large artery
occlusion [27, 28], the results of this study indicated that
general anesthesia was negatively associated with good out-
come of patients with VBAO. Similarly, Bekelis et al. iden-
tified an association of general anesthesia with increased
case fatality and length of stay in hospital [29]. In addition,
the NASA registry demonstrated that clinical outcomes and
survival are significantly better in patients treated with local
anesthesia, without increased sICH risk [30]. Local anes-
thesia showed superiority over general anesthesia because
general anesthesia will likely delay procedure initiation due
to intubation. Furthermore, general anesthesia is often as-
sociated with a drop in blood pressure, with the potential
for worsening cerebral ischemia.

This study has several limitations, the major one was the
bias being inherent to the retrospective descriptive study
design. In addition, the small and unevenly distributed case
numbers limited multivariate analyses.

Conclusion

For patients with VBAO due to ICAS, EVT+IVT, prior
antiplatelet therapy, local anesthesia, short onset-to-recanal-
ization time, low initial NIHSS, high pc-ASPECT and BAT-
MAN score can be helpful to predict a good outcome at
90 days after EVT.
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