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Abstract
Objectives  This study aimed to evaluate the safety and efficacy of mechanical thrombectomy (MT) in patients with acute basi-
lar artery occlusion (BAO) based on the baseline Basilar Artery on Computed Tomography Angiography (BATMAN) score.
Methods  We selected patients from the BASILAR study and analyzed the effects and safety of standard medical therapy 
(SMT) and MT for patients with documented BATMAN scores. The patients were subgrouped according to their BATMAN 
score (0–3, 4–6, and 7–10). The primary outcome was a favorable functional outcome (modified Rankin Scale [mRS] ≤ 3) 
and mortality after 90 days.
Results  This study included 828 patients: 337 with poor BATMAN scores (0–3), 386 with moderate BATMAN scores (4–6), 
and 105 with good BATMAN scores (7–10). MT was associated with favorable functional outcomes in the poor (adjusted 
odds ratio [aOR], 11.96; 95% confidence interval [CI], 2.58–55.43; P = 0.002), moderate (aOR, 4.66; 95% CI, 2.11–10.28; 
P < .001), and good (aOR, 7.71; 95% CI, 2.20–27.02; P = 0.001) BATMAN score subgroups. MT was also associated with 
low mortality rates in the poor (aOR, 0.10; 95% CI, 0.04–0.27; P < 0.001) and moderate (aOR, 0.31; 95% CI, 0.16–0.57; 
P = 0.002) BATMAN score subgroups. The BATMAN score was significantly associated with favorable outcomes in both 
the SMT (aOR, 1.44; 95% CI, 1.08–1.93; P = 0.014) and MT (aOR, 1.31; 95% CI, 1.20–1.44; P < 0.001) groups.
Conclusion  Higher BATMAN scores were associated with improved prognosis and lower mortality rates after 3 months. 
MT was associated with improved outcomes in patients with low BATMAN scores despite their worse overall outcomes.
Unique identifier  ChiCTR1800014759, 2018/02/03.

Keywords  Endovascular treatment · Basilar artery · Stroke · Reperfusion · Computed tomography angiography

Kangjia Song, Fengli Li and Mingchao Shi have contributed 
equally.

 *	 Wenjie Zi 
	 ziwenjie@126.com

 *	 Shouchun Wang 
	 WSC@jlu.edu.cn

1	 Department of Neurology and Neuroscience, The 
First Hospital of Jilin University, No. 1 Xinmin Street, 
Changchun, Jilin 130021, China

2	 Department of Neurology, Xinqiao Hospital and The 
Second Affiliated Hospital, Army Medical University (Third 
Military Medical University), No. 183 Xinqiao Main Street, 
Shapingba District, Chongqing 400037, China

3	 Department of Neurology, Chongzhou People’s Hospital, 
Chongzhou, Sichuan, China

4	 Department of Neurology, Affiliated Hospital of Southwest 
Medical University, Luzhou, Sichuan, China

5	 Department of Neurology, The First People’s Hospital 
of Zigong, Zigong, Sichuan, China

6	 Department of Neurology, Xuzhou Central Hospital, Xuzhou, 
Jiangsu, China

7	 Department of Neurology, Hubei Zhongshan Hospital, 
Wuhan, Hubei, China

8	 Department of Neurology, Hubei Province People’s Hospital, 
Wuhan, Hubei, China

9	 Department of Neurology, Guiping People’s Hospital, 
Guiping, Guangxi, China

10	 Department of Neurology, Ganzhou People’s Hospital, 
Ganzhou, Jiangxi, China

11	 Department of Neurology, Wuhan No. 1 Hospital, Wuhan, 
Hubei, China

http://orcid.org/0000-0003-3519-4872
http://orcid.org/0000-0002-0714-4299
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-022-11013-1&domain=pdf


3811Journal of Neurology (2022) 269:3810–3820	

1 3

Introduction

Mechanical thrombectomy (MT) has become the first-line 
treatment for patients with acute ischemic stroke second-
ary to a large artery occlusion after the outcomes of sev-
eral randomized clinical trials [1]. Acute basilar artery 
occlusion (BAO) is a rare but catastrophic condition that 
accounts for 1% of all strokes, and nearly 80% of patients 
with BAO die or survive with severe disabilities [2, 3]. 
Several recent clinical trials have not demonstrated the 
benefit of intervention [4, 5]. The anatomy and pathology 
of the posterior circulation differ from those of the anterior 
circulation; therefore, a possible reason is that we did not 
select the patients who could benefit from MT. Currently, 
there are no established criteria for identifying patients 
with BAO who may benefit from MT.

The scoring system used in earlier studies to evaluate 
the collateral circulation was mainly based on digital sub-
traction angiography (DSA) and derived from studies on 
the anterior circulation [6–8]. Currently, the diagnosis of 
BAO is mainly based on computed tomography angiogra-
phy (CTA), which is noninvasive and easily accessible [9]. 
Alemseged et al. proposed the Basilar Artery on Computed 
Tomography Angiography (BATMAN) score, which is a 
semi-quantitative CTA-based 10-point scoring system that 
reflects the condition of the collateral circulation and the 
thrombus burden of acute BAO patients, for predicting the 
prognosis of acute BAO patients [10]. A few studies have 
validated the BATMAN score based on CTA and DSA for 
acute BAO patients and reported that it demonstrates good 
accuracy in predicting the prognosis of acute BAO patients 
[10–12]. However, these results were limited by the small 
samples used in the studies, and the optimal threshold of 
this score for differentiating patients likely to have a poor 
outcome has not been determined [11, 12].

The Endovascular Therapy for Acute Basilar Artery Occlu-
sion Study (BASILAR) is a large multicenter registry of BAO 
patients. In our study, we aimed to analyze and compare the 
safety and efficacies of MT and standard medical treatment 
(SMT) based on subgroupings of BATMAN scores (0–2, 
3–6, and 7–10). We also sought to explore the relationships 
between favorable outcomes and baseline BATMAN scores 
and the time metrics in patients who underwent MT.

Methods

Study population

We selected 828 participants of BASILAR, a nationwide 
prospective registry study involving 47 comprehensive 
stroke centers in China that evaluated the association 
between MT and the clinical outcomes of patients with 

acute BAO between January 2014 and May 2019 [13]. 
Signed informed consent was obtained from all patients or 
their legally authorized representatives. Patients evaluated 
with the BATMAN score based on CTA were included. 
BASILAR was registered in the Chinese Clinical Trial 
Registry (http://​www.​chictr.​org.​cn; ChiCTR1800014759), 
and the study protocol was approved by the ethics com-
mittee of the participating centers. The main inclusion 
criteria were age ≥ 18 years, estimated time presentation 
of BAO ≤ 24 h, BAO confirmed by CTA, magnetic reso-
nance angiography (MRA), or DSA, treatment with intra-
venous recombinant tissue plasminogen activator within 
4.5 h or intravenous urokinase within 6 h of the estimated 
time of BAO, and signed the informed consent. The main 
exclusion criteria were premorbid modified Rankin Scale 
(mRS) > 2, evidence of cerebral hemorrhage, a lack of 
follow-up information at 90 days or baseline critical data, 
current pregnancy or lactation, and/or a serious, advanced, 
or terminal illness.

Treatments

The patients were divided into SMT and MT groups based 
on their treatment. Patients in the SMT group were admin-
istered intravenous thrombolytics, antiplatelet drugs, antico-
agulants, or their combination according to the guidelines 
for the management of acute ischemic stroke [14]. Patients in 
the MT group received SMT and underwent MT with aspi-
ration or the use of a stent retriever device, balloon angio-
plasty, stenting, or a combination of the above approaches.

Variables and grading system

We collected patient data on the baseline characteristics, risk 
factors for stroke, imaging features, time metrics, process 
features, and prognosis for analysis. If the time of onset was 
unknown, the last known time of onset was considered. We 
used the BATMAN score to assess the collateral circula-
tion and thrombotic burden in patients with BAO, which 
is a semi-quantitative scoring system based on CTA. In the 
BATMAN scoring system, 1 point was assigned to each of 
the proximal (from the proximal origin of the basilar artery 
to the anterior inferior cerebellar arteries), middle (from the 
anterior inferior cerebellar arteries to the superior cerebellar 
arteries), and distal (from the superior cerebellar arteries to 
its tip) segments of the basilar artery, the intracranial ver-
tebral arteries, and the P1 segment of the posterior cerebral 
arteries; 2 points were assigned to each non-fetal posterior 
communicating artery (PCoA); 1 point was assigned if the 
diameter of the PCoA was < 1 mm; 3 points were assigned 
if fetal PCoA was present. We divided the patients into 

http://www.chictr.org.cn
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three subgroups based on the BATMAN score: 0–3, poor 
BATMAN score subgroup, 4–6, moderate BATMAN score 
subgroup; 7–10, good BATMAN score subgroup. Success-
ful reperfusion was defined as a modified postprocedural 
thrombolysis in cerebral infarction (mTICI) score of 2b–3 
at the end of the procedure. An independent core imaging 
laboratory evaluated the imaging data. Two experienced and 
trained investigators blinded to the clinical outcomes inde-
pendently viewed the CTA images. In the case of inconsist-
ent evaluations, a third investigator evaluated and confirmed 
the results.

Outcomes measurements

The primary efficacy outcome was a favorable outcome, 
with an mRS score ≤ 3 after 90 days. The secondary effi-
cacy outcomes included functional independence, defined 
as an mRS score ≤ 2 after 90 days, and successful reperfu-
sion. The safety outcomes included mortality within 90 days 
and symptomatic intracerebral hemorrhage (SICH) within 
48 h, which was defined as a new intracranial hemorrhage 
confirmed on computed tomography or magnetic resonance 
imaging with a National Institutes of Health Stroke Scale 
(NIHSS) score ≥ 4 points or ≥ 2 points in one category 
before worsening. We evaluated the type of intracerebral 
hemorrhage using the Heidelberg Bleeding Classification 
[15]. We also compared the procedural-related complica-
tions and severe adverse events as outcome events.

Statistical analysis

The statistical analyses were performed using SPSS ver-
sion 26.0 (IBM Corp., Armonk, NY, USA) and STATA 
version 16.0 (StataCorp LLC, TX, USA). Imputation was 
not needed, because patients with missing key data were 
excluded from the analysis. For univariate comparisons, 
the Kruskal–Wallis test or Mann–Whitney U test was 
applied to continuous variables, and the χ2 test or Fisher’s 
exact test was applied to categorical variables. The odds 
ratios (ORs) and 95% confidence intervals (CIs) for the 
clinical outcomes of MT were assessed using multivari-
able logistic regression, with adjustments for age, sex, 
baseline NIHSS score, history of stroke and diabetes, and 
occlusion sites. We used Spearman correlation to test the 
correlation between the BATMAN and pc-ASPECTS 
scores in both groups. By setting the BATMAN score as 
a continuous variable and other variables to the mean, 
we generated favorable outcome prediction curves for the 
treatment modalities.

Only patients who underwent MT were included. We 
applied multivariable logistic regression to assess the factors 

associated with favorable outcomes after 90 days by adjust-
ing for variables with P < 0.1 from the univariate analysis. 
We analyzed the association between onset to puncture time 
(OPT) or puncture to recanalization time (PRT) and the 
favorable outcome using adjusted margin plots. In addition, 
we assessed the probability of a favorable outcome based on 
the continuous BATMAN score and time metrics. Statisti-
cal significance was set at P < 0.05. SigmaPlot version 14.0 
(Systat Software, Inc., Chicago, IL, USA) to create the dis-
tribution surfaces representing the relationships between the 
probability of a favorable outcome and the continuous BAT-
MAN score and time metrics and R2 to assess the models.

Results

According to the inclusion and exclusion criteria, we ini-
tially screened 1254 patients from 51 comprehensive stroke 
centers in China. Among them, 4 centers and 22 patients 
were excluded from participation in the registry, because 
not all pertinent data on consecutive patients were being 
recorded. Another 71 patients were excluded, because they 
had a BAO accompanied by anterior circulation LVO, 121 
patients because of a chronic BAO, 187 patients because 
of missing critical baseline data, and 11 survivors because 
of lack of 90-day mRS scores. A total of 829 patients were 
included in the BASILAR study. One patient did not have 
the BATMAN score and was excluded from our analysis; 
thus, 828 patients were included in the subgroup analy-
sis. There were 182 and 646 patients in the SMT and MT 
groups, respectively. The median age was 65 (interquartile 
range [IQR], 57–74) years; the median NIHSS score was 
27 (IQR, 16–33); the median BATMAN score was 4 (IQR, 
2–6). A total of 223 patients (26.9%) achieved favorable 
functional outcomes after 90 days. A total of 429 patients 
(51.8%) died within 90 days. The interobserver agreement 
for the grading of the BATMAN score on CTA images was 
good, with κ = 0.79.

Baseline characteristics

The baseline characteristics for the subgroups based on 
the BATMAN score and treatment modality are shown in 
Table 1 and Table I in the Online Resource. Among these 
three subgroups, the subgroup with good BATMAN scores 
comprised younger participants and had lower NIHSS 
scores, less frequent history of coronary heart disease, and 
a higher prevalence of middle basilar artery occlusion. Other 
variables were matched between the subgroups.
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Table 1   Baseline characteristics of the cohort stratified by treatment modality and the trichotomized BATMAN score

SMT standard medical therapy, MT mechanical thrombectomy plus standard medical therapy, NIHSS National Institutes of Health Stroke Scale, 
mRS modified Rankin Scale, BA basilar artery, IQR interquartile range
*Fisher’s exact test

BATMAN 0–3, n = 337 BATMAN 4–6, n = 386 BATMAN 7–10, n = 105

SMT, n = 66 MT, n = 271 P value SMT, n = 78 MT, n = 308 P value SMT, n = 38 MT, n = 67 P value

Age, years, 
median (IQR)

72 (63–79) 66 (59–74) 0.001 66 (58–73) 63 (55–72) 0.244 64 (57–75) 61 (53–69) 0.061

Women, n (%) 23 (34.8) 65 (24.0) 0.072 22 (28.2) 80 (26.0) 0.690 8 (21.1) 19 (28.4) 0.410
Baseline NIHSS 

score, median 
(IQR)

30 (17–35) 30 (23–34) 0.862 23.5 (14–32) 24 (15–32) 0.574 21 (10–31) 17 (13–28) 0.248

Premorbid mRS, 
n (%)

0.582 0.183 0.168*

 0 52 (78.8) 228 (84.1) 65 (83.3) 261 (84.7) 36 (94.7) 56 (83.6)
 1 9 (13.6) 28 (10.3) 6 (7.7) 34 (11.0) 1 (2.6) 9 (13.4)
 2 5 (7.6) 15 (5.5) 7 (9.0) 13 (4.2) 1 (2.6) 2 (3.0)

History, n (%)
 Ischemic 

stroke
20 (30.3) 63 (23.2) 0.233 23 (29.5) 61 (19.8) 0.064 5 (13.2) 16 (23.9) 0.187

 Smoking 10 (15.2) 101 (37.3) 0.001 23 (29.5) 108 (35.1) 0.353 9 (23.7) 26 (38.8) 0.114
 Drinking 12 (18.2) 67 (24.7) 0.261 21 (26.9) 62 (20.1) 0.192 8 (21.1) 12 (17.9) 0.694
 Hypertension 49 (74.2) 202 (74.5) 0.961 57 (73.1) 200 (64.9) 0.173 28 (73.7) 48 (71.6) 0.822
 Diabetes 13 (19.7) 66 (24.4) 0.423 19 (24.4) 62 (20.1) 0.413 8 (21.1) 21 (31.3) 0.257
 Hyperlipi-

demia
22 (33.3) 83 (30.6) 0.670 32 (41.0) 101 (32.8) 0.172 15 (39.5) 30 (44.8) 0.598

 Coronary heart 
disease

13 (19.7) 52 (19.2) 0.925 10 (12.8) 48 (15.6) 0.542 4 (10.5) 5 (7.5) 0.720*

 Atrial fibrilla-
tion

9 (13.6) 53 (19.6) 0.266 8 (10.3) 73 (23.7) 0.009 7 (18.4) 10 (14.9) 0.640

Intravenous 
thrombolysis, 
n (%)

21 (31.8) 64 (23.6) 0.169 20 (25.6) 61 (19.8) 0.258 10 (26.3) 15 (22.4) 0.650

Location of 
occlusion, n 
(%)

0.188  < 0.0000 0.007*

 Distal BA 28 (42.4) 93 (34.3) 13 (16.7) 117 (38.0) 4 (10.5) 12 (17.9)
 Middle BA 21 (31.8) 70 (25.8) 47 (60.3) 90 (29.2) 32 (84.2) 35 (52.2)
 Proximal BA 7 (10.6) 53 (19.6) 6 (7.7) 44 (14.3) 1 (2.6) 9 (13.4)
 VA–V4 10 (15.2) 55 (20.3) 12 (15.4) 57 (18.5) 1 (2.6) 11 (16.4)

Time metrics, min, median (IQR)
 Onset to punc-

ture time
NA 319 (223–494) NA NA 336 (230–482) NA NA 327 (200–565) NA

 Onset to imag-
ing time

198.5 (83–358) 194 (85–348) 0.948 190 (99–371) 220 (100–364) 0.762 153 (65–450) 185 (50–334) 0.719

 Door to needle 
time

81 (45–113) 73 (48–90) 0.514 66 (50–96) 62 (48–104) 0.857 50 (37–72) 70 (30–156) 0.396

 Puncture to 
recanaliza-
tion time

NA 102 (70–151) NA NA 105 (71–153) NA NA 112 (72–143) NA
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Outcomes of MT and SMT in subgroups based 
on the BATMAN score

Only the subgroups based on the BATMAN score were con-
sidered. There was a statistically significant difference in 
the primary efficacy outcomes (P < 0.001). There were also 
significant differences in the secondary efficacy and safety 
outcomes (Table 2).

We considered the effect of MT on the outcomes of the 
BATMAN score subgroups. For the favorable functional 
outcomes, the three subgroups of the MT group showed sig-
nificantly better trends (3.0 vs 20.7% in the poor subgroup, 

P = 0.001; 12.8 vs 38.3% in the moderate subgroup, 
P < 0.001; 13.2 vs 47.8% in the good subgroup, P < 0.001). 
Similar results were obtained for functional independence 
(Table 2). The other outcomes are shown in Table 2. Fig-
ure 1 shows the distribution of the mRS score across differ-
ent subgroups and treatment modalities.

Multivariable analysis (Table 3) showed that MT was 
associated with favorable functional outcomes in the poor 
(adjusted OR, 11.96; 95% CI, 2.58–55.43; P = 0.002), mod-
erate (adjusted OR, 4.66; 95% CI, 2.11–10.28; P < 0.001), 
and good (adjusted OR, 7.71; 95% CI, 2.20–27.02; 
P = 0.001) BATMAN score subgroups. Similar results were 

Fig. 1   Distribution of the modified Rankin Scale (mRS) scores after 90  days according to the trichotomized BATMAN score and treatment 
modality

Table 3   MT effects stratified by the trichotomized BATMAN score

MT mechanical thrombectomy plus standard medical therapy, mRS modified Rankin Scale, SICH symptomatic intracranial hemorrhage
A multiple logistic regression test was used to analyze the ORs. The adjusted variables were age, diabetes, ischemic stroke, National Institutes of 
Health Stroke Scale, and occlusion sites
† Insufficient data available to calculate statistical parameters

BATMAN 0–3, n = 337 BATMAN 4–6, n = 386 BATMAN 7–10, n = 105 P value for 
interaction 0–3 vs 
7–10

P value for 
interaction 4–6 
vs 7–10Adjusted OR (95% 

CI)
P value Adjusted OR (95% 

CI)
P value Adjusted OR (95% 

CI)
P value

Primary outcomes
 mRS 0–3 11.96 (2.58–55.43) 0.002 4.66 (2.11–10.28)  < 0.001 7.71 (2.20–27.02) 0.001 0.544 0.723

Secondary outcomes
 mRS 0–2 8.26 (1.81–37.63) 0.006 4.28 (1.85–9.88) 0.001 20.76 (3.78–

113.98)
 < 0.001 0.612 0.166

Safety outcomes
 Mortality 0.11 (0.04–0.27)  < 0.001 0.28 (0.16–0.52)  < 0.001 0.61 (0.23–1.63) 0.324 0.018 0.177
 SICH † † 7.03 (.89–55.75) 0.065 † † 0.998 1.000
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obtained for functional independence (Table 3). The safety 
outcomes are presented in Table 3.

Outcomes of MT and SMT associated 
with the numeric BATMAN score

The BATMAN score was considered a continuous vari-
able, and it was significantly associated with favorable 
outcomes in both the SMT (adjusted OR, 1.44; 95% CI, 
1.08–1.93; P = 0.014) and MT (adjusted OR, 1.31; 95% 
CI, 1.20–1.44; P < 0.001) groups. There was no interaction 
between the treatment modalities (P = 0.591). Figure 2A 
shows the relationship between the BATMAN score and 
the predicted probabilities of favorable outcomes in both 
treatment groups. Mortality within 90 days decreased as the 
BATMAN score increased in both SMT (adjusted OR, 0.69; 
95% CI, 0.56–0.86; P = 0.001) and MT (adjusted OR, 0.82; 
95% CI, 0.75–0.89; P < 0.001) groups, as shown in Fig. 2B. 
There was no interaction between the treatment modalities 
(P = 0.102).

Outcomes of MT associated with the numeric 
BATMAN score and time metrics

There were significant differences in the favorable out-
comes (20.7% [BATMAN 0–3] vs 38.3% [BATMAN 4–7] 
vs 47.8%[BATMAN 7–10], P < 0.001), functional independ-
ence (17.3% [BATMAN 0–3] vs 32.5% [BATMAN 4–7] vs 

43.3% [BATMAN 7–10], P < 0.001), and mortality (57.2% 
[BATMAN 0–3] vs 39.9% [BATMAN 4–7] vs 31.1% [BAT-
MAN 7–10], P < 0.001) among the three MT subgroups. 
Details are provided in Table II in the Online Resource. The 
results of the multivariable logistic regression analyses are 
shown in Table III in the Online Resource.

Of the patients included, the onset to treatment time 
(OTT) was within 6 h in 586 (70.8%) patients, 6–12 h in 
189 (22.8%) patients, and > 12 h in 53 (6.4%) patients. MT 
and favorable outcomes were associated when the OTT was 
within 6 h (10.3 vs 33.9%, P < 0.001) and 6–12 h (4.5 vs 
22.1%, P = 0.007), but no significant differences were found 
when the OPT was > 12 h (16.7 vs 43.9%, P = 0.105). MT 
remained associated with favorable outcomes in 57 (6.9%) 
patients with wake-up stroke (0% vs 28.6%, P = 0.024). 
In patients with OTT > 12 h, the correlation between the 
BATMAN score and favorable outcomes was not signifi-
cant (P = 0.307), but patients with high BATMAN score 
tended to have favorable outcomes when the OPT was > 12 h 
(P = 0.045).

The relationship between the time metrics and favora-
ble functional outcomes is shown in Fig. 3A, B. Figure 3A 
shows a decline in favorable outcomes with an increase 
in OPT. However, after adjusting for confounding fac-
tors, OPT was not associated with favorable outcomes 
(P = 0.216). Shorter PRT was associated with an increased 
probability of favorable outcomes, and the logistic regres-
sion results were statistically significant (P < 0.001). The 

Fig. 2   Probabilities of favora-
ble outcomes and mortality 
stratified by treatment modality 
based on the Basilar Artery on 
Computed Tomography Angi-
ography (BATMAN) score. A 
Probability of a favorable out-
come increased and was higher 
in the MT group (mechanical 
thrombectomy plus standard 
medical therapy) than in the 
SMT group (standard medical 
therapy) with an increase in the 
BATMAN score. B Probability 
of death decreased more rapidly 
in the MT group than in the 
SMT group with an increase in 
the BATMAN score
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effects of the BATMAN score and time metrics on the 
probability of favorable outcomes are shown in Fig. 3C, 
D. There were no interactions between the BATMAN 
score, OPT (P = 0.131), and PRT (P = 0.895). For patients 
with a given BATMAN score, the change in OPT had 
little impact on favorable outcomes (Fig. 3C). However, 
the probability of a favorable outcome was approximately 
greater in patients with shorter PRT and higher BATMAN 
scores (Fig. 3D).

Discussion

To our knowledge, this multicenter cohort study is the 
first to evaluate the safety and efficacy of MT in patients 
with different BATMAN scores. This study also used the 
largest sample yet to assess the relationship between the 
BATMAN score and prognosis. Our study demonstrated 
that the baseline BATMAN score is a strong predictor of 

Fig. 3   Impact of the time metrics and the Basilar Artery on Com-
puted Tomography Angiography (BATMAN) score on favorable 
outcomes in patients who have undergone mechanical thrombectomy 
(MT). The curves show the decrease in the probability of favorable 
outcomes with increases in the onset to puncture time (A) and punc-
ture to recanalization time (B). C Associations between the onset to 
puncture time and the BATMAN score and the probability of favora-

ble outcomes in patients who have undergone MT. For patients with 
a given BATMAN score, the change in time had minimal impact on 
favorable outcomes (R2 = 0.991). D Associations between the punc-
ture to recanalization time and BATMAN score and the probability of 
favorable outcomes in patients with MT. The probability of favorable 
outcomes was greater in patients with shorter puncture to recanaliza-
tion and higher BATMAN scores (R2 = 0.966)
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prognosis in patients with acute BAO who have or have 
not undergone MT.

Patients with good BATMAN scores had good outcomes 
after MT. Patients undergoing MT had lower mortality than 
those receiving SMT in the poor (89.4 vs 57.2%, P < 0.001) 
and moderate (67.9 vs 39.9%, P < 0.001) BATMAN score 
subgroups. However, this difference was not significant (47.4 
vs 31.3%, P = 0.102) for the good subgroup. This is probably 
because patients with high BATMAN scores have a lower 
risk of death because of better collateral circulation, lower 
thrombotic burden, and lower NIHSS score (P < 0.001). In 
the poor and moderate subgroup, the probability of SICH 
was higher in the MT group than in the SMT group. SICH 
was correlated with a worse prognosis [16, 17], but the over-
all benefit of patients undergoing MT outweighed this partial 
risk.

The BATMAN score was first proposed by Alemseged 
et al., and the best cutoff value was 7; patients with a poor 
BATMAN score < 7 were considered unlikely to have good 
outcomes even with successful recanalization [10]. Yang 
et al. considered a BATMAN score > 3 as an independent 
predictor of favorable outcomes in patients who had under-
gone MT [11]. In our analysis, we found that MT was still 
beneficial to patients in the poor (0–3) and moderate (4–6) 
BATMAN score subgroups. This may be attributed to the 
larger sample of our study than in the two studies.

Collateral circulation status is predictive of the prognosis 
of patients with BAO [8, 9, 18–20]. Good collateral circula-
tion can reduce the infarct volume of patients [21], prolong 
the time window [8–22], and facilitate more benefits of MT. 
Ischemia is always a function of time and cerebral hypoper-
fusion, which largely depends on the collateral status [18]. 
The PCoA probably provides the most important collateral 
circulation. Previous studies have confirmed that the pres-
ence of PCoA and its diameter are important prognostic fac-
tors [9, 10, 20]. When PCoA is present, blood flow from the 
internal carotid artery fills the PCAs or the distal segment 
of the basilar artery, maintaining patency of the branches 
of the posterior cerebral arteries and superior cerebellar 
arteries [10–17]. The thrombotic burden is also a predic-
tor of clinical outcomes. Legrand et al. found that a lower 
thrombotic burden was associated with a 24-h recanaliza-
tion and a 3-month outcome after intravenous thromboly-
sis [23]. For the basilar artery, increased thrombus length 
is also related to poor outcomes [24]. Longer thrombus in 
BAO is associated with increased blockage of perforating 
arteries and larger areas of ischemia in the brainstem. The 
brainstem lesions cannot be recovered even after revascu-
larization, because there are artery anastomoses between the 
superficial brainstem arteries and not between the internal 
brainstem arteries [17, 24].

We found that the probability of a favorable outcome 
decreased with an increase in the OPT increased (Fig. 3A); 

however, multivariable analysis showed that OPT was not 
associated with favorable outcomes (P = 0.216). This sug-
gests that the BATMAN score may be a more critical fac-
tor influencing the benefit of MT over OPT. In the anterior 
circulation, some studies [25, 26] have demonstrated the 
superiority of MT for carefully selected patients with effec-
tive time windows and a shift from the time window to the 
tissue window [27]. Several studies have found that OPT 
does not predict clinical outcomes in patients undergoing 
MT in the posterior circulation [18, 24, 28]. This may be 
due to the developed collateral network, reverse filling of 
the distal basilar artery, and plasma flow siding of the clot 
[17]. Nevertheless, we still need to achieve recanalization as 
soon as possible to prevent further thrombus growth from 
blocking the perforating arteries, especially when patients 
have lower BATMAN scores [22].

Our findings demonstrate that longer procedures were 
associated with a lower likelihood of a good prognosis. 
For every 10 min of prolongation, the likelihood of a good 
prognosis decreased by 7% (adjusted OR, 0.93; 95% CI, 
0.89–0.96; P < 0.001). Some recent studies have shown that 
the prolongation of procedures decreased the rate of favora-
ble outcomes and increased the rates of complications and 
SICH [29–31]. Spiotta and colleagues proposed a procedural 
duration of < 60 min and careful assessment before continu-
ing a procedure lasting more than 60 min [29, 31]. However, 
procedural duration is affected by several factors, including 
etiology of stroke, lesion location, tortuosity of vessels, and 
interventionalist experience [32], it may depend on the situ-
ation of each patient [33].

Limitations

Our study had several limitations. First, it was an observa-
tional study, and certain biases were inevitable. However, 
we conducted a training for each center before the study 
started and our prospective data were collected from multi-
ple centers to reduce the risk of bias. Second, the imaging 
data were obtained with different CTA equipment using dif-
ferent parameters, but we evaluated the imaging data in an 
independent core imaging laboratory, and three investigators 
who were blinded to the clinical outcomes independently 
assessed the CTA images.

Conclusion

In summary, a higher BATMAN score was associated with 
better prognoses and lower mortality rates after 3 months, 
and MT was associated with improved outcomes in patients 
with low BATMAN scores despite the worse overall out-
comes. Furthermore, a shorter procedural duration was 
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associated with a better prognosis. Our findings will require 
further validation.
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