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ARTICLE INFO ABSTRACT
Keywords: Background and purpose: Basilar-artery occlusion (BAO) usually accounts for devastating neuro-
Acute ischemic stroke logic sequelae, poor prognosis, and even death. While endovascular thrombectomy (EVT) is the

Endovascular thrombectomy
Basilar-artery occlusion
Meta-analysis

most successful treatment for anterior circulation stroke with large vessel occlusion, its effec-
tiveness in treating acute BAO is still debatable. Our aim is to compare the efficacy and safety
between EVT and conservative medical treatment (CMT) in BAO.

Methods: Up until May 2022, relevant literature was gathered using searches in Embase, PubMed,
and the Cochrane Library. The primary outcomes were defined as good functional outcome
(modified Rankin Scale 0-2) and favorable functional outcome (modified Rankin Scale 0-3) at 3
months between EVT and CMT groups. The secondary outcomes included mortality at 3 months,
symptomatic intracerebral hemorrhage (ICH), and any ICH.

Results: Eight studies involving 3733 patients with BAO were enrolled 2573 individuals under-
went EVT, and the remaining 1160 patients received CMT. Compared with CMT, EVT achieved
more favorable functional outcome (odds ratio (OR) 1.26, 95% CI 1.03-1.55, IZ = 54%, p =0.05)
in BAO. The good functional outcome showed a similar tendency (OR 1.23, 95% CI 0.97-1.57, P
= 63%, p = 0.02) as well. EVT decreased mortality at 3 months (OR 0.81, 95% CI 0.70-0.93, P=
31 %, p = 0.19), although having a tendency to cause symptomatic ICH (OR 2.91, 95% CI
1.38-6.18, I? = 22 %, p = 0.27).

Conclusions: EVT in BAO provides superior functional outcomes and less mortality compared with
CMT. Even though EVT has the propensity to cause symptomatic ICH, EVT nevertheless improved
posterior circulation stroke.

1. Introduction

In the era of interventional neurology, the acute management of ischemic stroke strides forward a lot. In 2015, numerous
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substantial randomized clinical trials have consistently shown that performing endovascular thrombectomy (EVT) as soon as possible
improves the severity of stroke-related impairment in patients with large vessel occlusion (LVO) [1-5]. EVT also plays the role on those
who fail to meet stringent criteria for receiving systemic thrombolysis, such as anticoagulated patients, overtime strokes, patients
suffering from recent trauma or surgery [6]. EVT additionally extends its initial time window from 6 h to 24 h based on stringent
patient selection in infarction core and mismatch ratio [7,8].

However, the previous research was mainly limited to anterior circulation. There is no formal advice for physicians to serve as a
guide in emergent practice while encountering posterior circulation stroke, even if EVT is thought to be suitable. Additionally, basilar-
artery occlusion (BAO), which causes serious neurologic consequences, a poor prognosis, and even mortality, accounts for around 1%
of all ischemic strokes and 5%-10% of all proximal intracranial cerebral occlusions. Prodromal symptoms typically manifest in a
variety of ways [9]. Therefore, recently, there have been emerging interest in whether EVT could provide similar overwhelming
benefits in posterior circulation stroke, especially BAO.

In 2009, the BASICS trial provided an observational, prospective registry that showed no appreciable superiority in either intra-
venous thrombolysis, EVT or conservative antithrombotic treatment [10]. Successor study in 2021, comparing endovascular therapy
with standard medical care, remained failed to prove significant differences regarding favorable outcomes [11]. Another randomized
clinical trial-BEST had similar results, but the lack of significance was attributed to poor adherence to the study assignment and a
smaller sample size because the trial was terminated early [12]. Despite a comparatively higher incidence of symptomatic intrace-
rebral hemorrhage, the BASILAR research, a state-wide nonrandomized cohort, demonstrated that EVT benefited in improving
functional outcomes and reduced mortality [13]. The same perspective was reiterated in the two meta-analyses [14,15]. Emerging
multicenter randomized clinical trials showed that patients with BAO receiving EVT tend to benefit in functional outcomes and
survival as well [16,17]. Overall, it is still debatable whether EVT offers patients with BAO more benefits than conservative medical
therapy (CMT), and few studies systematically compare the efficacy and safety of EVT and CMT. Thus, conducting a meta-analysis to
update the rising-up evidence regarding EVT in patients with BAO is necessary.

Our study’s objective is to compare and contrast EVT and CMT efficacy and safety in patients with BAO. Hoping to bring a dawn to
posterior circulation stroke in the endovascular era and make strokologists no more at our wits’ end with BAO and its grave prognosis.

2. Methods

To perform systematic reviews and meta-analyses of randomized controlled trials (RCTs) and observation studies, respectively, we
followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses [18] (Table S1) and the Meta-analysis of Obser-
vational Studies in Epidemiology [19] (Table S2) reporting guidelines. All data necessary for other researchers for reproducing our
results are provided in the present work. The protocol for this systematic review was registered at the Open Science Framework
(https://osf.io/gn9e2).

2.1. Search strategy

Using the following set of keywords, we carried out a systematic review of the relevant literature in the Embase, Pubmed, and
Cochrane Library databases from the beginning to May 2022, “acute ischemic stroke,” “basilar artery occlusion,” “endovascular
thrombectomy,” along with possible relevant keywords (Table S3). To find possibly qualifying studies, we manually examined the
pertinent journals in the field.

2.2. Study selection

We included studies about the outcomes of EVT compared with CMT in acute ischemic stroke patients with “pure” BAO. The
exclusion criteria were as follows: patients with vertebral artery blockage, studies with fewer than 10 patients, children under the age
of 18 years, animal studies, studies conducted in languages other than English, and studies with no control group were among the
exclusion criteria. If partially overlapping patients were noted, we would use the updated articles to prevent double counting. Using
the selection criteria, two reviewers independently screened the studies (WSW and YPC). Disagreements regarding the selection
process for each study were resolved by group consensus. As for the CMT, it mainly consisted of tPA administration, use of antiplatelet/
anticoagulation drugs, blood pressure management and prophylaxis of deep vein thrombosis according to stroke management
guideline and institutional stroke care protocols.

2.3. Outcome measurement

Our main results were excellent functional outcome (a modified Rankin Scale [20] score of 0-1 at 3 months), good functional
outcome (a modified Rankin Scale score of 0-2 at 3 months), and favorable functional outcome (a modified Rankin Scale score of 0-3
at 3 months). The safety outcomes were mortality at 3 months, symptomatic ICH, and any ICH. Symptomatic ICH was defined as any
intracerebral hemorrhage associated with clinical deterioration by a 4-point increase of the NIHSS score from baseline.

2.4. Data extraction

Two independent authors (WSW and YPC) examined the titles and abstracts before reading the full contents of the remaining
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articles. The following information were independently gathered by the same investigators: the first author, study design, sample size,
participant characteristics, and the outcomes of interest. In the meta-analysis, we employed an intention-to-treat design even if the per-
protocol design recommended that larger effect sizes were possible.

2.5. Risk of bias assessment

The Newcastle-Ottawa scale [21] for cohort studies and risk of bias (RoB) for RCTs were used by authors who were not involved in
any of the included research to evaluate the RoB. Scores of 0-3, 4-6, and 7-9 at the Newcastle-Ottawa scale were regarded as low,
moderate, and high quality, evidence respectively; RoB rated the evidence based on study constraints from high to low quality.
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Fig. 1. Flowchart of the selection process for eligible studies.
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Fig. 2. Meta-analysis of outcomes among patients with basilar-artery occlusion secondary to endovascular therapy. (A) Good functional outcome,
(B) favorable functional outcome, (C) mortality at 3 months, (D) symptomatic intracerebral hemorrhage.
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2.6. Statistical analysis

For binary outcomes, the major summary measure was the odds ratio (OR) and the corresponding 95% confidence interval (CI)
[22]. We decided a priori to run random-effects models to get pooled estimates because we assumed that the true effect size could vary
between trials. The DerSimonian-Laird random-effects model using the inverse-variance method was performed to synthesize data for
all analyses. Heterogeneity between trials was assessed via using the Cochran Q test [23] (given as a Cochran Q p-value) and P sta-
tistics. Heterogeneity was classified as moderate @ > 30%), substantial 7 > 50%), or considerable (P > 75%) [24].

Based on the study design and geographical region, subgroup analyses were carried out. To investigate the potential influence of
covariates on outcomes, a mixed-effects meta-regression analyses were performed. Egger’s test was used to assess the publication bias
and look for funnel plot asymmetry [25]. All statistical tests were two-tailed, and significance was set at <0.05. R software version
4.0.1’s “metaphor” [26] and “meta” packages were used to conduct all statistical analyses [27].

2.7. Quality assessment

To examine the degree of evidence for all outcomes, the Grading of Recommendations Assessment, Development, and Evaluation
(GRADE) technique [28] was used (GRADEpro, version 20; McMaster University, 2014).

2.8. Trial sequential analysis

Accumulating data in a meta-analysis due to sparse data and repetitive testing may raise the probability of type [ and 2 errors [29].
Even if a meta-analysis yields compelling results, the statistical power to quantify the true effects is still insufficient. Trial sequential
analysis (TSA), a cumulative MA method, was developed to weigh type I and 2 errors while estimating when the effect is large enough
to be unlikely to be impacted by further studies [30], and it can also be used to determine whether the evidence in a meta-analysis is
conclusive and reliable [31]. When the cumulative Z-curve crosses the needed information border, the trial sequential monitoring
boundary, or enters the futility area, no further additional trials are required. If the Z-curve does not cross any boundary and reaches
the required information size, the conclusion is insufficient evidence [32].

A TSA model was created using the O’Brien-Fleming alpha-spending function [33], 5% (two-sided = 0.05) Type 1 error, and 80%
statistical power. We set the relative risk reduction of 15% and the amount of heterogeneity correction was determined based on a
model variance. The TSA program (version 0.9.5.10 Beta; Copenhagen Trial Unit, Copenhagen, Denmark) and Stata software 16.0
meta cum bounds package were used to conduct the fixed-effect TSA [34].

3. Results
3.1. Search strategy

A total of 3521 articles were identified from three electronic databases and manual supplements. Only 8 studies that met our
eligibility were retrieved after duplicates were removed, titles and abstracts were artificially screened, and relevance was assessed
based on inclusion and exclusion during the full-text review (Fig. 1). After thorough appraisal and data extraction, in sum, 3733
patients with pure BAO were enrolled for further quantitative synthesis. 2573 individuals underwent EVT and the remaining 1160
patients received CMT. Among the analyzed studies, 1 were RCTs, 5 were prospective cohort studies, and 2 were retrospective cohort
studies [11,35-41]. Study characteristics are summarized in Table 1. The patients’ average ages ranged from 65 to 75; their sex ratios
were 2:1 and 1:1; the percentage of patients who had tPA administration ranged from 22.1% to 100%; and their mean score of National
Institute of Health Stroke Scale, ranging from 4 to 32. The most prevalent comorbidities were atrial fibrillation, hypertension, diabetes
mellitus, dyslipidemia, coronary artery disease, and diabetes mellitus.

3.2. Primary outcomes

Data on functional independence at 3 months submitted by a total of 3733 patients were assessed to evaluate efficacy. Our primary
outcomes as the functional outcomes were compared in two treatment groups. Between the EVT and CMT groups, excellent functional
outcomes were identical (OR 1.17, 95% CI.073-1.87, P= 65%, p = 0.04; Fig. S1). Patients receiving EVT had superior good functional
outcomes, although the differences were not statistically significant (OR 1.23, 95% CL.097-1.57, 2 = 63%, p = 0.02; Fig. 2A). Patients
with BAO who underwent EVT with or without bridging therapy experienced a substantial improvement in favorable functional
outcomes compared to those who underwent CMT (OR 1.26, 95% CI 1.03-1.55, P = 54%, p = 0.05; Fig. 2B).

3.3. Safety outcomes

Regarding the safety concerns, EVT unquestionably decreased the three-month mortality in BAO patients (OR 0.81, 95% CI
0.70-0.93, P = 31%, p = 0.19; Fig. 2C). However, the incidence of events involving symptomatic ICH was substantial higher in the
EVT group compared to the CMT group (OR 2.91, 95% CI 1.38-6.18, I = 22%, p = 0.27; Fig. 2D); statistics revealed that the EVT
group had more ICHs overall than the CMT group (OR 1.92, 95% CI 0.98-3.79, P= 0%, p = 0.92; Fig. S1) but the difference was not
statistically significant.
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Fig. 3. Trial sequential analysis of outcomes. (A) Good functional outcome, (B) favorable functional outcome, (C) mortality at 3 months, (D)
symptomatic intracerebral hemorrhage. We take the number of patients on the x-axis and the cumulative Z-score. The conventional boundaries are
indicated using the horizontal green line. The trial sequential monitoring boundaries are shown using the sloping red line at the top left-hand
corners and represent the TSA threshold for statistical significance. The required information size (RIS) is shown using the vertical red full line.
The cumulative Z-curve is shown using the solid blue line. (For interpretation of the references to colour in this figure legend, the reader is referred
to the Web version of this article.)

<

3.4. Subgroup analysis and meta-regression

Subgroup analysis was additionally conducted based on study design, and global region. Easterners earned more favorable func-
tional outcomes; moreover, sICH was prone to Westerners (Table S4). Meta-regression yielded that good functional outcomes were
more often in the female gender (Table S5). While, none of the other variants, including age, percentage of tPA, initial NIHSS, hy-
pertension, diabetes mellitus, dyslipidemia, atrial fibrillation, history of old stroke, smoking, TICI 2b/3, showed significant associa-
tions with the overall results of our meta-analysis.

3.5. Assessment of study quality

Appraisal of the RoB for all studies included was provided in Table S6 and Table S7. There are five high-quality studies. The funnel
plot and Egger’s test did not reveal any evidence of publication bias (Fig. S3). Based on the features of the included studies, the strength
of the evidence, and other factors, the GRADE (Grading of Recommendations, Assessment, Development, and Evaluations) criteria
were applied to assess the certainty of the pooled results (Table S8). The certainty of the evidence regarding all outcomes was also very
low.

3.6. Trial sequential analysis

The cumulative number of patients did not reach necessary information size of 4776, and the Z-curves did not exceed any signi-
ficance boundary either, indicating inconclusive evidence for good functional outcomes and the possibility that additional research
may be necessary for convincing statistical evidence (Fig. 3A). In the TSA for favorable functional outcome, the cumulative number of
patients did not arrive at the required information size of 4776. The Z-curves were above the conventional threshold and fell short of
crossing the significance boundary in favor of EVT, indicating that there is insufficient evidence to conclude that functional results will
be positive (Fig. 3B). The total number of patients in the TSA for 3 months mortality did not exceed the minimum information size
requirement of 4776, but the Z-curves had reached the significant limit, indicating strong evidence and a precise at 3 months mortality
outcome. (Fig. 3C). In the TSA for symptomatic ICH, the cumulative number of patients did not exceed the required information size of
4776, but the Z-curves have surpassed the significance boundary. As a result, our discovery of symptomatic ICH in patients with BAO
related to EVT provides clear proof and a precise outcome (Fig. 3D). TSA for excellent functional outcomes and any intracerebral
hemorrhage are listed in supplementary materials (Fig. S2).

4. Discussion

This systemic review enrolled eight studies, including a total of 3733 patients with pure BAO. As far as we are aware, the study was
the largest meta-analysis comparing EVT with CMT regarding effectiveness, and safety for BAO. According to the BASILAR trial [13],
despite its propensity to cause more symptomatic cerebral bleeding events, EVT given promptly within 24 hours resulted in superior
functional outcomes and lower death at 90 days. Our study acted following the culmination. Even though there was an increase in
symptomatic ICH when compared to CMT alone, EVT made patients with the fatal BAO more likely to be alive and live independently
at 3 months. Besides, we also discovered that females tended to achieve good function outcomes at 3-month in further meta-regression
analysis. In terms of the subgroup analysis, we found that Eastern nations had a greater impact on the efficacy of timely EVT for BAO.
These findings were valuable, as they assisted the clinicians to establish the position of EVT in the posterior circulation stroke.

According to the American Heart Association/American Stroke Association’s amended 2019 Guidelines for the Early Management
of Patients With Acute Ischemic Stroke [6], EVT should be conducted on all eligible patients with acute ischemic stroke who have LVO.
Nevertheless, the guidance and authentication were restricted in the anterior circulation. Regarding posterior circulation LVO, good
functional outcome had been documented in BAO in delayed recanalization, which was originally a potentially deadly stroke [42].
However, the serial retrospective study revealed that EVT in BAO was linked to increased procedural complications, a higher risk of
unsuccessful recanalization, and ultimately mortality [43,44]. All indicated that EVT in the posterior circulation, especially in BAO,
would be a different thing from the anterior circulation. To increase the likelihood of improved functional outcomes, the Society of
NeurolInterventional Surgery Standards and Guidelines Committee advised that EVT is suitable for posterior circulation LVO [45,46].
Concerned about the insufficiency of high-class evidence, serial retrospective cohorts, and RCTs sprinted up in recent years. The goal of
our work was to define a more succinct method of determining EVT in BAO.

In our analysis, favorable functional outcome achieved a significant difference; being nonsignificant, good functional outcome was
likely to be reached with EVT; nevertheless, an excellent functional outcome did not reveal a significant difference. In the past, around
one decade ago, when intraarterial therapy remained green and immature, intraarterial therapy failed to reveal superiority in the
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BASICS registry [10]. Significant advantages gradually became apparent in recent RCTs-BEST and BASICS [11,12], with more so-
phisticated thrombectomy equipment [47], more skilled interventionists, and more thorough protocols [48]. After ameliorating the
high crossover rate, poor recruitment, and loose patient selection, the efficacy of EVT in improving functional outcomes in BAO pa-
tients started to spring up in the BASILAR registry [13]. Similar results were also noted in subsequent additional research, including the
two alluring RCTs-ATTENTION [49] and BAOCHE [50], as well as meta-analysis [14,15] and observative cohorts [44,51]. By coin-
cidence, the majority of strokologist also share the cutting-edge interventional neurology perspective that EVT is useful in BAO with
tight selection criteria employing imaging modalities [52]. Touching the safety concern, although EVT put BAO patients at higher risk
of symptomatic ICH, EVT, in contrast, reduced the mortality rates. Although it may be understood that the symptomatic ICH following
EVT was not deadly, it is important to remember that ICH, despite being asymptomatic, was linked to a poor functional result at three
months [53]. However, several factors could be taken into consideration to reduce such hemorrhagic complications following
reperfusion by EVT, including strict tissue-based patient selection using perfusion imaging in posterior circulation [54,55], direct EVT
strategy [56], and optimal blood pressure control [57].

During the endovascular era, sex differences remain important issues. During the early stages of endovascular therapy; women had
less access to EVT than men did; this gender inequality-related disparity in EVT use might be criticized [58]. The same as other
cardiovascular diseases, female also tends to present atypical stroke symptoms. Although there was no difference in the effectiveness of
EVT treatment between the sexes, female patients had worse poststroke functional status, which may be related to their older age at
stroke onset, more severe symptoms, cardioembolic mechanism, lack of social or financial support, and lack of rehabilitation moti-
vation [59]. In a recently published retrospective analysis about sex difference and EVT utilization, the treatment rates of EVT in both
genders got rised dramatically in the neurointerventional era after 2015 (men: 6.6%-18.5%; women: 5.3%-16.7%) [58]. Despite still
less likely to receive EVT, no sex-based difference existed after further adjustment. Moreover, with EVT, women were found more
likely to survive, even though less likely to ambulate without assistance at discharge. The disparity gap got a big stride in reduction.
While, in our meta-regression analysis, compared with male patients with BAO, the female had a tendency to attain good function
outcomes at 3 months. Since our study was not intended to account for sex differences and the materials or information referenced
were mostly centered on anterior circulation, selection bias may exist.

The results of our study should be interpreted in light of both its strengths and limitations. Random-effect models, subgroup an-
alyses, and meta-regression were used to remove any potential confounding to overcome the clinical heterogeneity. Despite the efforts,
residual bias from unmeasured variables could not be completely excluded, for instance, there is still heterogeneity in the definition of
safety outcomes regarding hemorrhagic complications among the studies included; thus, the results should be carefully interpreted.
Additionally, TSA was carried out to evaluate statistical dependability and offered ample and convincing data. Given the nature of
systematic reviews, we lacked various possible predictors, including posterior circulation acute stroke prognosis early computed to-
mography score, the initial severity of the stroke, stroke etiology, and treatment time window, regarding the efficacy and safety of EVT
for further exploration. There remained the need for future RCTs to clarify the mystery of BAO.

5. Conclusion

In conclusion, EVT benefits BAO patients more than CMT alone because they have a larger likelihood of functional independence at
3 months and reduced risks of mortality. Despite the propensity for symptomatic ICH to occur after reperfusion, posterior circulation
stroke was nevertheless given hope by EVT.
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