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Endovascular Treatment for Basilar Artery
Occlusion: Revisiting Evidence From
Randomized Clinical Trials
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Krishna Amuluru, MD; Mohammad El-Ghanem, MD; Chirag D. Gandhi, MD; Fawaz Al-Mufti, MD

BACKGROUND: Acute ischemic stroke attributed to basilar artery occlusion is known to be associated with high rates of mortality
and disability. However, the previous clinical trials did not provide evidence to support the efficacy of endovascular treatment
(EVT) in patients with basilar artery occlusion. The purpose of this study was to provide updated evidence about EVT’s benefits
and safety profile with the recent update from both the Endovascular Treatment for Acute Basilar Artery Occlusion (ATTENTION)
and the Basilar Artery Occlusion Chinese Endovascular Trial (BAOCHE) trials.

METHODS: We searched for eligible articles from inception to November 1, 2022, in 5 databases and included all randomized
controlled trials with no restrictions on the publication date or language. Meta-analysis statistics were performed using R software
version 4.2.1.

RESULTS: The rate of modified Rankin scale score of 0 to 3 was significantly higher in the EVT group compared with best medical
treatment (risk ratio [RR], 1.54 [95% CI, 1.16–2.04]; P value = 0.002), and the same was observed for the rate of modified
Rankin scale score 0 to 2 (RR, 1.83 [95% CI, 1.08–3.08]; P value = 0.024). Moreover, there was a significant reduction in the
90-day mortality in the EVT group (RR, 0.76 [95% CI, 0.65–0.89]; P value = 0.002). However, there was a significantly higher
rate of symptomatic intracerebral hemorrhage in the EVT group compared with best medical treatment (RR, 7.48 [95% CI,
2.27–24.61]; P value <0.001).

CONCLUSIONS:EVTmay confer a clinical benefit to patients with acute ischemic stroke caused by basilar artery occlusion. Because
of the small number of included studies and because all of them were conducted in the Chinese population, further trials might
be needed to confirm and further investigate the generalizability of these results.
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Acute ischemic stroke attributed to basilar artery occlu-
sion (BAO) is known to be associated with high rates
of mortality and disability1,2 and accounts for 1% of
all strokes.3 There has been a debate in the litera-
ture about the efficacy of endovascular treatment (EVT)
in patients with posterior circulation strokes caused
by acute BAO. On one hand, observational studies
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suggested that achieving successful recanalization in
patients with BAO did not eventually lead to favor-
able outcomes, which led to the concept of futile
recanalization.2,4,5 On the other hand, other studies
have investigated the outcome of EVT in acute BAO,
and the results suggested that a considerable pro-
portion of those patients treated with EVT achieved
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good functional outcomes with an acceptable safety
profile.6–8 Some of these studies even suggested com-
parable outcomes between patients with anterior circu-
lation stroke and patients with BAO undergoing EVT.8

Given such conflicting results of observational studies,
clinical trials were warranted to further investigate the
efficacy of EVT in patients with acute ischemic stroke
attributed to BAO. Recently, the results of both the
Basilar Artery Occlusion Endovascular Intervention Ver-
sus Standard Medical Treatment (BEST) and the Basi-
lar Artery International Cooperation Study (BASICS) tri-
als were published,9,10 and the overall conclusion from
both trials was not encouraging about the benefits of
EVT in patients with BAO. In contrast to these stud-
ies, the results of the Basilar Artery Occlusion Chinese
Endovascular Trial (BAOCHE) and Endovascular Treat-
ment for Acute Basilar Artery Occlusion (ATTENTION)
trials pointed out EVT’s clinical benefits in patients with
BAO.11,12 Using the data from the BEST and BASICS
trials along with the updated evidence from the ATTEN-
TION and BAOCHE trials, we conducted this meta-
analysis to provide collective evidence about the bene-
fits and the safety profile of EVT versus the best medical
treatment (BMT) in patients with BAO, given the differing
results of these trials.

METHODS
Search Strategy and Study Selection
The data sets generated and analyzed during the cur-
rent study are available from the corresponding author
on reasonable request.

We followed the recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses checklist in conducting the current system-
atic review and meta-analysis.13 We searched for eligi-
ble articles until from inception to November 1, 2022,
in the following 4 databases using key words or medi-
cal subject terms based on the population, intervention,
comparator, and outcomes framework: PubMed, Web
of Science, Scopus, and Embase. Eligible participants
were those with acute BAO stroke, treated with EVT,
who were then compared with BMT and all reported
outcomes analyzed whenever possible. We tailored the
search strategy based on each database, the search
terms were the main components, and we also con-
ducted a manual search of references in the included
articles in order to avoid missing any other relevant
studies.

We included all randomized controlled trials with no
restrictions on the publication date or language of the
included studies to avoid missing any relevant articles.
We excluded nonhuman research and nonrandomized

Nonstandard Abbreviations and Acronyms
BAO basilar artery occlusion
BMT best medical treatment
EVT endovascular treatment
PH parenchymal hemorrhage
sICH symptomatic intracerebral hemorrhage

CLINICAL PERSPECTIVE

• Using the newly published Endovascular Treat-
ment for Acute Basilar Artery Occlusion
(ATTENTION) and the Basilar Artery Occlu-
sion Chinese Endovascular Trial (BAOCHE) tri-
als, we conducted a meta-analysis to pro-
vide collective evidence about the efficacy
of endovascular treatment for basilar artery
occlusion.

• The results support endovascular treatment
for basilar artery occlusion given the demon-
strated advantages over the conservative
approach in terms of functional outcomes and
mortality.

• The generalizability of these results should be
further investigated through larger trials with a
more diverse population.

controlled trial studies. A total of 2 authors screened the
title and abstracts of each record and then performed
full-text screening for the inclusion of relevant articles.
In each step, a third senior reviewer was consulted if
disagreement occurred.

Data Extraction
We extracted the data using a predesigned Excel sheet.
At least 2 authors extracted the necessary information
from each article, which was revised by a third author
for more accuracy.

Quality of Evidence
A total of 2 authors independently assessed the quality
of the included studies using the revised Cochrane risk-
of-bias tool for randomized trials.14 If there were any
disagreements, it was resolved by a third senior author.
Furthermore, we assessed the quality of the evidence
and the overall rating of confidence in effect estimates
using the Grading of Recommendations, Assessment,
Development and Evaluations guidelines.15,16
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Statistical Analysis
All data were analyzed using R software version 4.2.1
using the “meta” package. We computed the pooled
risk ratios (RRs) and their corresponding 95% CIs
using a random-effects or fixed-effect model depend-
ing on heterogeneity among the included studies. Het-
erogeneity was assessed with Q statistics and the I2
test, and an I2 value >50% or a P value <0.05 was
considered significant. Because of the small number
of included studies (<10 per the analysis), neither the
Egger regression test for the assessment of publication
bias nor meta-regression were applicable.17,18

RESULTS
Search Results and Study Characteristics
We initially retrieved 3774 records from all queried
databases containing 732 duplicates to end up with
3042 records for screening. Of those, 3028 were
excluded during the title and abstract screening for
being irrelevant to observational retrospective studies,
followed by excluding another 12 articles through full-
text screening for the same reason. Finally, we manu-
ally added the ATTENTION and BAOCHE trials (were
not database indexed yet), ending up with 4 included
trials (Figure 1). A summary of the included trials is
represented in Supplementary Table S1.

Functional Outcome
The 4 included trials recruited a total of 988 patients
and reported on functional outcomes. The rate of mod-
ified Rankin scale (mRS) score 0 to 3 was significantly
higher in the EVT group compared with the BMT group
(RR, 1.54 [95% CI, 1.16–2.04]; P value = 0.002), with
moderate heterogeneity among the included studies
(I2=60%; P value = 0.059) (Figure 2A). The same was
observed for the rate of mRS score 0 to 2, where the
comparison favored the EVT group (RR, 1.83 [95% CI,
1.08–3.08]; P value = 0.024). However, the hetero-
geneity was more considerable (I2=79%; P value =
0.002) (Figure 2B).

Intracranial Hemorrhage and Mortality
There was a significantly higher rate of symptomatic
intracerebral (symptomatic intracerebral hemorrhage
[sICH]) in the EVT group compared with the BMT group
(RR, 7.48 [95% CI, 2.27–24.61]; P value <0.001), with
no heterogeneity among the included studies (I2=0%;
P value <0.001) (Figure 3A). For parenchymal hemor-
rhage (PH), the overall PH and type I PH rates were
comparable between both groups with an RR of 1.63

Figure 1. Preferred Reporting Items for Systematic Reviews
andMeta-Analyses flowchart of the search and screening pro-
cess. RCT indicates randomized controlled trial; and WOS, Web of
Science.

(95% CI, 0.61–4.37; P value = 0.438) and an RR of
0.37 (95% CI, 0.08–1.59; P value = 0.181), respec-
tively, whereas type II PH was more prevalent in the
EVT group compared with the BMT group (RR, 5.53
[95% CI, 1.47–20.84]; P value = 0.011). No significant
heterogeneity was observed either overall or within the
subgroups (Figure 3B). In terms of the 90-day mortality,
the EVT group showed a significant reduction in mor-
tality compared with the BMT group (RR, 0.76 [95%
CI, 0.65–0.89]; P value = 0.002), with no heterogeneity
observed (I2=0%; P value = 0.442) (Figure 3C).

Quality of Evidence
The certainty of the evidence was high in all assessed
outcomes except for the mRS score 0 to 2 outcome,
mainly driven by the serious heterogeneity (Table 1).
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Figure 2. Forest plot showing the results of the meta-analysis for functional outcomes. A, The 90-day mRS score 0 to 3 and (B) the
90-day mRS score 0 to 2. BMT indicates best medical treatment; mRS, modified Rankin Scale; and RR, risk ratio.

Figure 3. Forest plot showing the results of meta-analysis for safety outcomes. A, sICH, (B) parenchymal hemorrhage, and (C) 90-day
mortality. BMT indicates best medical treatment; Hge, hemorrhage; RR, risk ratio; and sICH, symptomatic intracerebral hemorrhage.
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DISCUSSION
Our meta-analysis of 4 randomized controlled trials
evaluating EVT in patients with BAO demonstrates that
EVT achieved higher rates of favorable functional out-
comes (mRS scores of either 0–2 or 0–3) in compari-
son with BMT. The safety profile included 2 outcomes:
90-day mortality and intracranial hemorrhage. EVT was
found to be associated with a lower rate of 90-day mor-
tality comparedwith BMT, but with a higher rate of sICH.
There was no difference between EVT and BMT in rates
of overall or type I PH, but EVT showed an increased
risk for type II PH.

BAO stroke was associated with high mortality
and long-term disability rates. A recent study esti-
mated the 30-day fatality and functional disability to
be 40% and 65% in patients with BAO with no reper-
fusion treatment.19 Therefore, because EVT has been
approved as the gold standard treatment for patients
with acute ischemic stroke with large vessel occlusion
in the anterior circulation, the efficacy of EVT for BAO
has been an inevitable question to investigate. Many
observational studies attempted to evaluate the ben-
efit and safety of EVT for BAO without definitive conclu-
sions. This created a necessity to conduct clinical trials
to compare EVT with BMT for acute BAO given that the
trial setting would be ideal for this type of question.

The BEST trial was the first to be conducted, and its
results did not show any advantage of EVT over BMT in
achieving favorable clinical outcomes, reducing mortal-
ity, or incidence of sICH.9 The results of the BEST trial
might have been confounded by the small sample size
as well as the high crossover rate between the 2 treat-
ment modalities, which might have led to the loss of bal-
ance between the 2 groups.9 Following the BEST trial,
the BASICS trial also demonstrated equipoise in these
treatment modalities for patients with BAO in terms
of favorable functional outcome, sICH, and morality.10

There was a crossover rate of 5% from the BMT group
to the EVT group, and the stratification in randomization
in this study was done using the National Institute of
Health Stroke Scale score, which is not the best tool to
represent the clinical severity of the posterior circulation
strokes.10 Moreover, in both trials, advanced imaging
such as computed tomography perfusion was not used
for patient selection, which was associated with better
functional outcomes in the early and late time windows
compared with standard imaging.20

The results of the BAOCHE trial were recently pub-
lished and demonstrated that EVT achieved a higher
90-day mild to moderate disabaility rates (mRS score
of 0 to 3) than BMT, but there was no statistically sig-
nificant difference between the 2 groups in mortality or
sICH.11 The BAOCHE trial included patients with BAO

presenting within the time window of 6 to 24 hours,
meaning that patients in the BMT group most likely did
not receive intravenous thrombolysis, which was not
the case in both the BEST trial, in which intravenous
thrombolysis was used in 32% of BMT patients,9 and
in the BASIC trial, in which intravenous thromboly-
sis was used in 79.5% of BMT patients.10 This fac-
tor might have contributed to the notable difference in
results. The results of the ATTENTION trial were also
recently published and revealed an advantage of EVT
over BMT in achieving 90-mRS of 0 to 3 and mortal-
ity; however, EVT was also associated with a higher
rate of sICH.12 Of note, the ATTENTION trial included
patients with BAO presenting in the time window of
0 to 12 hours, and patients in both groups received
intravenous thrombolysis when eligible.

Our study provides collective evidence from all the
available clinical trials that tested the efficacy and safety
of EVT in patients with BAO. However, it is to be noted
that our meta-analysis included a small number of stud-
ies that hindered the ideal exploration of heterogeneity
or publication bias. Moreover, in some of the included
trials, no advanced imaging was used for patient selec-
tion. Also, using the National Institute of Health Stroke
Scale score for stratification of patients during random-
ization is a limitation given that it is less sensitive to
posterior circulation stroke symptoms than it is to ante-
rior circulation stroke symptoms. In addition, we could
not perform subgroup analysis based on the type of
arterial access used for EVT (transradial versus trans-
femoral) or the EVT technique used (stent retriever ver-
sus direct aspiration) as these data were not avail-
able in the included trials. Finally, it should be noted
that, except for the BASICS trial, the studies were con-
ducted in China (Asian population), which would limit
the generalizability of the results to different populations.

CONCLUSIONS
The current evidence supports the use of EVT for BAO
given the demonstrated advantages over the conser-
vative approach in terms of functional outcomes and
mortality. However, further large-scale trials of different
populations are needed to validate these benefits and
ensure generalizability.
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14. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I,
Cates CJ, Cheng HY, Corbett MS, Eldridge SM, et al. RoB 2: a revised
tool for assessing risk of bias in randomised trials. BMJ. 2019;366:l4898.
https://doi.org/10.1136/bmj.l4898

15. Balshem H, Helfand M, Schünemann HJ, Oxman AD, Kunz R, Brozek J,
Vist GE, Falck-Ytter Y, Meerpohl J, Norris S, et al. GRADE guidelines: 3.
Rating the quality of evidence. J Clin Epidemiol. 2011;64:401-406. https:
//doi.org/10.1016/j.jclinepi.2010.07.015

16. Guyatt G, Oxman AD, Sultan S, Brozek J, Glasziou P, Alonso-Coello
P, Atkins D, Kunz R, Montori V, Jaeschke R, et al. GRADE guidelines:
11. Making an overall rating of confidence in effect estimates for a sin-
gle outcome and for all outcomes. J Clin Epidemiol. 2013;66:151-157.
https://doi.org/10.1016/j.jclinepi.2012.01.006

17. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315:629-634.

18. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Compari-
son of two methods to detect publication bias in meta-analysis. JAMA.
2006;295:676-680.

19. Schonewille WJ, Algra A, Serena J, Molina CA, Kappelle LJ. Outcome
in patients with basilar artery occlusion treated conventionally. J Neu-
rol Neurosurg Psychiatry. 2005;76:1238-1241. https://doi.org/10.1136/
jnnp.2004.049924

20. Dhillon PS, Butt W, Podlasek A, McConachie N, Lenthall R, Nair S, Malik
L, Booth TC, Bhogal P, Makalanda HLD, et al. Perfusion imaging for
endovascular thrombectomy in acute ischemic stroke is associated with
improved functional outcomes in the early and late time windows. Stroke.
2022;53:2770-2778. https://doi.org/10.1161/strokeaha.121.038010

Stroke Vasc Interv Neurol. 2025;5:e000655. DOI: 10.1161/SVIN.122.000655 7

https://doi.org/10.1016/S1474-4422(09)70173-5
https://doi.org/10.1002/ana.24336
https://doi.org/10.1002/ana.24336
https://doi.org/10.1161/STROKEAHA.120.029861
https://doi.org/10.1136/neurintsurg-2016-012797
https://doi.org/10.1136/neurintsurg-2016-012797
https://doi.org/10.1136/jnnp-2014-310250
https://doi.org/10.1177/1591019916631145
https://doi.org/10.1177/1591019916631145
https://doi.org/10.1016/j.wneu.2019.10.097
https://doi.org/10.1016/j.wneu.2019.10.097
https://doi.org/10.1136/neurintsurg-2018-014516
https://doi.org/10.1136/neurintsurg-2018-014516
https://doi.org/10.1016/S1474-4422(19)30395-3
https://doi.org/10.1016/S1474-4422(19)30395-3
https://doi.org/10.1056/NEJMoa2030297
https://doi.org/10.1056/NEJMoa2030297
https://doi.org/10.1056/NEJMoa2207576
https://doi.org/10.1056/NEJMoa2207576
https://doi.org/10.1056/NEJMoa2206317
https://doi.org/10.1056/NEJMoa2206317
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1016/j.jclinepi.2012.01.006
https://doi.org/10.1136/jnnp.2004.049924
https://doi.org/10.1136/jnnp.2004.049924
https://doi.org/10.1161/strokeaha.121.038010

