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ABSTRACT
Introduction Acute basilar artery occlusion (BAO)
can cause posterior circulation stroke. There are
two predominant therapies for BAO: standard
medical treatment (SMT) and SMT plus endovascular
thrombectomy (EVT). However, a conclusive systematic
comparison of the safety and efficacy of SMT and those of
SMT plus EVT for the treatment of BAO is lacking. Thus, a
systematic review and meta-analysis is needed to evaluate
the safety and efficacy of SMT and SMT plus EVT for the
treatment of BAO.
Methods and analysis This protocol is drafted referring
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses for Protocols guidelines. We will
search eligible studies from four main databases including
MEDLINE, Web of Science, Cochrane Library and Embase.
Randomised controlled trials (RCTs) and observational
studies published before 1 October 2020 will be included.
Two reviewers in our team will conduct the study selection
and data extraction independently. Risk of bias will be
assessed by Cochrane Collaboration criteria and the
Newcastle-Ottawa scale for RCTs and observational
studies, respectively. We will assess the good functional
outcomes defining the modified Rankin scale score ≤2
at 90 days after treatment, short-term stroke severity
as National Institutes of Health Stroke Scale score at 24
hours after intervention, and successful recanalisation
as a modified Thrombolysis in Cerebral Infarction scale
score of ≥2b after intervention. Also, safety outcomes
will be assessed. The performance of this meta-analysis
will depend on the quantity of included studies. The
assessment of study heterogeneity will be performed by
the I2 statistic. If there is mild heterogeneity (I2<20%) of
intervention outcomes in included studies, the fixed-effect
model will be applied; otherwise, the random-effect model
will be performed. Subgroup analyses and an assessment
of publication bias will also be conducted with sufficient
data.
Ethics and dissemination No collection of primary data
from patients is needed. Therefore, the ethical approval
is unnecessary. The results may be presented in a peer-
reviewed journal and related conferences.
PROSPERO registration number CRD42020176764.

Strengths and limitations of this study
►► This systematic review and meta-analysis will up-

date the existing clinical evidence of treatment and
patient selection for acute basilar artery occlusion.
►► Observational studies may be included in order to
obtain adequate statistics to effectively evaluate the
outcomes of standard medical treatment (SMT) and
SMT plus endovascular thrombectomy.
►► Subgroup and sensitivity analyses will be conducted
if the heterogeneity is high.
►► The included observational studies will introduce
risk of bias, but our assessments and methods will
be meticulous to ensure the accuracy of our results.

INTRODUCTION
Stroke is closely related with morbidity and
mortality.1 2 Nearly 10% of strokes are caused
by large artery disease in the posterior circulation, especially acute basilar artery occlusion (BAO).1–3 Although acute BAO accounts
for only 5%–10% of all proximal intracranial
occlusions, its rates of unfavourable outcomes
and fatality are 70%–90%.1–6 Therefore, the
selection of optimal treatments for these
patients is necessary to obtain the timely
and successful revascularisations needed to
improve their clinical outcomes.
The two predominant treatment strategies
for BAO are standard medical treatment
(SMT) and SMT plus endovascular thrombectomy (EVT), and the superiority of these
two methods has been debated.3 7–9 SMT
includes intravenous thrombolysis, systematic
anti-coagulation, antiplatelet medications or
combinations of these medical treatments.8
SMT plus EVT includes stent retrieval thrombectomy, thromboaspiration, stenting, intra-
arterial thrombolysis, balloon angioplasty or
combinations of any of these approaches.3 8 9
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METHODS AND ANALYSIS
This protocol is drafted referring to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses for Protocols
(PRISMA-P) guidelines14 15 (online supplemental file 1, PRISMA-P checklist). The registration of this systematic review
and meta-analysis is shown on the International Prospective
Register of Systematic Reviews ‘PROSPERO’ database. If
any modification is made to this protocol, the record will be
updated in PROSPERO.
Search strategy
A literature search will be performed by two independent
reviewers. We will search MEDLINE, Web of Science, the
Cochrane Library and Embase. We will also search WHO
trial register (https://www.who.int/ictrp/en/) for potential studies. Database-
specific, controlled vocabulary and
additional free-text terms for the concepts of ‘BAO’, ‘vertebrobasilar occlusion’, ‘acute ischaemic stroke’, ‘endovascular treatment’, ‘thrombectomy’, ‘medical treatment’,
‘posterior circulation’ and ‘occlusion’ will be used to
capture all possible eligible studies. The searches will be
restricted to studies published in English before 1 October
2020. The search terms will be provided in detail as online
supplementary material (online supplemental file 2, Search
strategy).
2

Study selection
The study selection will strictly follow criteria from the Population, Intervention, Comparison, Outcome model.
Eligibility criteria
1. Patient
Patients aged 18 years or older with acute ischaemic stroke
caused by BAO or flow deprivation to the basilar artery (eg,
functional BAO) due to occlusion of the distal intracranial
vertebral artery (V4 segment) will be included. Arterial occlusion will be confirmed by imaging studies, such as CT
angiography or digital subtraction angiography. In addition, the modified Rankin scale (mRS) score should be ≤2
before intervention. Related anatomy, clinical symptoms
and diagnosis methods of the posterior circulation stroke
have been illustrated by previous researches and will be referred to when we conduct this systemic review and meta-
analysis.16 17
2. Intervention
The intervention will be SMT plus EVT and include
stent retrieval thrombectomy, thromboaspiration,
stenting, intra-arterial thrombolysis, balloon angioplasty or combinations of any of these approaches. EVT
should be initiated within 24 hours of the estimated
time of BAO.
3. Comparator
The comparator will be SMT alone, which includes intravenous thrombolysis (recombinant tissue plasminogen
activator or urokinase), systematic anti-coagulation, antiplatelet medications or combinations of these medical
treatments.
4. Outcomes
At least one of the following items should be reported:
(a) Efficacy
►► Primary efficacy outcome: the mRS≤2 at 90 days after
intervention as good functional outcome.
►► Secondary efficacy outcomes: National Institutes of
Health Stroke Scale (NIHSS) score at 24 hours after
intervention as short-term stroke severity, and the modified Thrombolysis in Cerebral Infarction scale ≥2b after
intervention as successful recanalisation.
(b) Safety
►► Mortality (mRS=6) at 90 days after intervention.
►► Other outcomes, such as symptomatic intracranial haemorrhage and other severe adverse events, such as pneumonia, heart failure and systemic haemorrhage. The
definition of symptomatic intracranial haemorrhage
is intracranial haemorrhage based on imaging and ≥4
points increase of the NIHSS score within 24 hours after
intervention.
5. Study type
►► RCTs and observational studies (cohort studies, case–
control studies) will be included. The inclusion of observational studies is to gather sufficient data for outcome
evaluation and to minimise the type II errors that can
result from the lack of statistical power found in sole
RCTs.18 19
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The reports of many randomised controlled trials
(RCTs) have concluded that SMT plus EVT is superior
to SMT alone for patients with proximal anterior circulation stroke.10–12 However, the optimal treatment for
acute BAO still remains controversial. One previous
prospective registry study, the Basilar Artery International Cooperation Study, was conducted more than 10
years ago before modern EVT techniques and mechanical recanalisation devices were available.7 Therefore, the
results may not be applicable to current practice. In addition, two recently published clinical trials, including the
Endovascular Treatment versus Standard Medical Treatment for Vertebrobasilar Artery Occlusion3 and the EVT
for Acute Basilar Artery Occlusion Study (the European
Stroke Organisation and the World Stroke Organization in May 2020) report different results. Furthermore,
although previous meta-analyses have reported that SMT
plus EVT had superior outcomes and better recanalisation rates than those of SMT alone in patients with acute
BAO,1 2 4 13 the pooled data were only from observational
studies with a single-arm nature and small sample size.4 8
Thus, updating the existing clinical evidence to ensure
effective treatment selection in patients with acute BAO
is necessary.
Therefore, we will systemically review and summarise
literatures to evaluate current treatment modalities of
SMT with SMT plus EVT, aiming to provide updated
and reliable evidence for clinicians and health decision-
makers when treating acute BAO.
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Flow diagram of literature for systematic review and meta-analysis.

Exclusion criteria
1. Patients with intracranial haemorrhage, significant
cerebellar mass effect and acute hydrocephalus on CT
or MRI before stroke.
2. Inability to extract separate data from SMT or EVT
treatment.
3. No report about aforementioned outcomes or an inability to extract the exact number of complications.
4. Unsuitable study types, such as case report, case series,
studies with a sample size less than 10 and studies with
unavailable full text.

1. Study characteristics, such as type of study, authors, year
of publication, sample size and number of patients.
2. Patient characteristics, such as mean age, gender, medical history, site of occlusion and baseline NIHSS score.
3. Intervention characteristics, such as the type of endovascular treatment and medical treatment.
4. Efficacy and safety outcomes.
A third reviewer will be involved when a disagreement
cannot be resolved by discussion. If an included study
has unclear or missing data, we will contact the corresponding authors.

Data selection and analysis
Selection of studies
Two reviewers will screen and select the eligible studies, independently (figure 1). First, the reviewers will screen titles,
keywords and abstracts and then exclude irrelevant studies.
Second, we will acquire the full articles of all remaining
studies. Subsequently, the reviewers will read the studies
to assess their eligibility for inclusion and document the
reasons for study exclusion. When data from the same trial
are reported in more than one article, we will select the most
recent study or the one with the largest sample size. A third
reviewer will help to solve any disagreements between the
former two reviewers.
Data collection
A standardised form will be used for data extraction by
two reviewers independently. The extracted data will
include the following information:

Risk of bias assessment
Risk of bias exists in included studies, and two independent reviewers will evaluate it. The Cochrane Collaboration criteria (RoB tool V.2) and the Newcastle-Ottawa scale
will be used for RCTs and observational studies (online
supplemental file 3).18 19 Each domain of included studies
will be given a score on the risk of bias.
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Measures of treatment effect and data synthesis
Treatment effect will be reported as relative risk with 95%
CIs for the outcomes of dichotomous data or categorical
data. For continuous variables, such as NIHSS score, we
will use mean differences with 95% CIs. Only in the case
of there being sufficient sample size in three or more
studies, we will conduct a meta-analysis of outcomes; a
narrative presentation of the study results will be provided
under circumstance of lacking data.19 For interventional
3
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Assessment of clinical and methodological heterogeneity
Assessment of heterogeneity
Heterogeneity will be measured with the I2 statistic before
any outcome is pooled. The results will be classified
into mild (<40%), moderate (40%–60%) or substantial
(>60%). If there is substantial heterogeneity and a sufficient number of included trials, we will use subgroup
analyses to examine the possible origins of heterogeneity,
which may include different study types, locations, patient
characteristics and endovascular treatments. Sensitivity
analyses will also be conducted to evaluate the effect of
exclusion for the study with a high overall risk bias.
Assessment of publication biases
We will conduct a thorough protocol review of the
included studies to evaluate reporting biases. As the
number of included studies will possibly go beyond 10,
funnel plot is suitable for assessing publication bias.
Assessment of pooled effect estimates
If there is mild heterogeneity (I2<20%) of intervention
outcomes in included studies, the Mantel-Haenszel method
of fixed-effect model will be applied; otherwise, the DerSimonian and Laird method of random effects model will be
performed.20 The standard of statistical significance is p value
<0.05. When statistical pooling is determined to be unrealistic because of substantial heterogeneity, the results will be
presented in tables and discussed afterwards.
The guideline of the Grading of Recommendations Assessment, Development and Evaluation system will be used
to evaluate the quality of evidence that contributes to the
pooled-effect estimates of the main outcomes of RCTs or the
quality of evidence of single study. We will then construct a
table that summarises the overall study results.
Patient and public involvement
As the present study is a systematic review based on published
data, patient and public are not involved in the study design,
conduct, data analysis and result dissemination.

DISCUSSION
Although SMT plus EVT has been reported to be superior
to SMT alone in many previous RCTs at improving proximal
anterior circulation in patients with stroke,21–25 the safety
and efficacy of EVT to treat patients of acute BAO remains
uncertain. Therefore, an updated and high quality systematic
review and meta-analysis for acute BAO treatment is needed.
We expect that this study will provide direct and practical clinical evidence for clinicians who must decide, which treatment
is suitable for acute BAO, as well as guide future research.
Thus, patients with acute BAO could obtain maximal benefit
from the first therapeutic choice recommended from current
guidelines.
4

Ethics and dissemination
Ethical approval for this systematic review and meta-analysis
is not needed because we will not collect the primary data of
patients. We will publish and present the results of this study
in a peer-reviewed journal and related conferences.
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