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ABSTRACT
Introduction  Mechanical thrombectomy (MT) had been 
regarded as the first-line therapy for acute ischaemic 
stroke patients. The sex differences in post-MT treatment 
outcomes were analysed by randomised controlled trial 
(RCT) studies with inconsistent conclusions. We suggest 
the results from the real-world data may differ from RCT 
containing studies. Therefore, the sex difference in non-
clinical trial populations needs to be clarified.
Methods and analysis  In order to obtain relative studies 
comprehensively, we will search the main document 
databases, consisting of Web of Science, Medline in Ovid, 
Embase in Ovid and Cochrane Library, and trials registers, 
including Clinical Trails register. The clinical outcomes of 
real-world studies published between January 2015 and 
March 2022 will be included. The assessment methods of 
bias risk will be performed according to study type. The 
inclusion of studies, evaluation of risk and publication bias, 
data extraction will be implemented by two reviewers, 
respectively. The primary outcomes include successful 
recanalisation and 90-day favourable outcome. Secondary 
outcomes include vascular complication, hospital-related 
complications, death during hospital stay and follow-
up, and intracerebral haemorrhage. The risk bias of 
observational studies will be evaluated by Newcastle-
Ottawa Scale. I2 statistic will be used to perform the 
assessment of study heterogeneity.
Ethics and dissemination  With no need of ethics approval 
in this review, results in this review ground on public data. 
The results of the study will be eventually presented at 
international conferences or in a related journal.
PROSPERO registration number  CRD42021242597.

BACKGROUND
Acute ischaemic stroke (AIS) has been a major 
concern of public health worldwide due to 
its high mortality and morbidity. Mechanical 
thrombectomy (MT) has been recommended 
as the first-line therapy for AIS patients with 
large vessel occlusion.1 Whether sex influences 
the outcomes of MT remains uncertain. Sex 

differences in outcomes after MT for acute 
large-vessel ischaemic stroke was analysed in 
several studies from randomised controlled 
trials (RCTs), showing either statistically insig-
nificant treatment effects or mutually inconsis-
tent results. For example, in the Multicentre 
Randomised Clinical Trial of Endovascular 
Treatment for Acute Ischaemic Stroke in the 
Netherlands (MR CLEAN), the analysis of 
sex-specific outcome demonstrated the superi-
ority of endovascular thrombectomy over best 
medical management. There were no statisti-
cally significant treatment effects of EVT for 
women in terms of 90-day functional outcomes 
in MR CLEAN trial.2 Previous subgroup anal-
ysis recruiting seven RCTs by Highly Effective 
Reperfusion Using Multiple Endovascular 
Devices (HERMES) collaborators showed no 
influence of sex on clinical outcome after MT.3

While, in the ‘real-world’ populations, 
studies exploring sex differences in functional 

Strengths and limitations of this study

	► The objective of the review study is exploring out-
come differences between females and males in 
acute ischaemic stroke (AIS) patients receiving 
mechanical thrombectomy (MT) in the real-world 
setting.

	► This study will provide the re-evaluation of sex dif-
ferences for eligible AIS patients with a therapy of 
MT in non-clinical trial population, as randomised 
controlled trial based meta-analysis is limited by the 
strict inclusion/exclusion criteria.

	► The outcomes with significant heterogeneity will 
be explored by subgroup analysis and sensitivity 
analysis.

	► Applying meta-analytical methods of different out-
comes will bring an inherent risk of uncertainty.

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-056025 on 15 A

pril 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-2208-018X
http://orcid.org/0000-0003-0131-5699
http://orcid.org/0000-0003-1225-0173
http://orcid.org/0000-0002-6459-9185
http://orcid.org/0000-0003-4982-6295
http://dx.doi.org/10.1136/bmjopen-2021-056025
http://dx.doi.org/10.1136/bmjopen-2021-056025
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-056025&domain=pdf&date_stamp=2022-04-15
http://bmjopen.bmj.com/


2 Xu L, et al. BMJ Open 2022;12:e056025. doi:10.1136/bmjopen-2021-056025

Open access�

outcomes after MT for large vessel occlusion strokes have 
controversial results. Some studies showed consistent 
results with the study of HERMES,4–6 but others demon-
strated females are less likely to benefit from MT than 
males.7 8 A previous meta-analysis suggests that females 
have inferior 90-day clinical outcomes compared with 
males when undergoing endovascular thrombectomy for 
large-vessel occlusions, but both RCTs and observational 
studies were included.9 However, as results from the real-
world data may differ from the RCTs, the sex difference 
in MT effectiveness in non-clinical trial populations needs 
to be clarified. Also, it could further assist clinicians and 
neuroradiologists worldwide identifying potential modi-
fiable factors optimising poststroke outcomes of acute 
interventions during clinical practice.8 Thus, this system-
atic review and meta-analysis will explore sex differences 
in functional outcomes following MT in non-clinical trial 
AIS populations, hoping to provide a comprehensive view 
of MT outcomes in both males and females.

METHODS AND ANALYSIS
The protocol was drafted strictly abide by the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses Protocols (PRISMA-P) (see online supplemental 
file 1, PRISMA-P Checklist). The review will be performed 
and reported following Meta-analyses of Observational 
Studies in Epidemiology.

Inclusion criteria for study selection
1.	 Real-world data contains observational study and pi-

lot study. Observational study includes cohort study, 
case–control study, cross-sectional study and case series 
report.

2.	 All studies must be published in English.
3.	 Studies with the outcomes comparing sex (men vs 

women) and studies that outcome data can be extract-
ed across men and women.

Participants
AIS patients due to acute anterior circulation stroke and 
aged  ≥18 years old will be included. Cerebrovascular 
occlusion will be assessed using various imaging tests, 
including ultrasound, CT, CT angiography, MRI or MR 
angiography.

Intervention
MT treatment including stent retrieval, aspiration throm-
bectomy or combined approach will be included.

Outcomes
Any information associated with postintervention condi-
tion will be documented.

Primary outcomes consist of successful recanalisa-
tion and 90-day favourable outcome. Successful reca-
nalisation can be graded by modified Thrombolysis in 
Cerebral Infarction scale (mTICI). An mTICI score of 
2b-3 is considered as successful recanalisation. A 90-day 

favourable outcome is defined as modified Rankin 
score ≤2 or equivalent to premorbid value.

Secondary outcomes include vascular complications 
(perforation, dissection and vasospasm), hospital-related 
complications, death during hospital stay and follow-up, 
and intracerebral haemorrhage. Intracerebral haem-
orrhage was evaluated by European Cooperative Acute 
Stroke Study classification. The symptomatic intracere-
bral haemorrhage was confirmed if National Institutes of 
Health Stroke Scale score increased four points at least 
during 24 hours before intervention,

Studies
All studies included in this systematic review will be non-
RCT studies, including case–control study, cohort study 
and registry study. Only studies originally published in 
English will be considered. The inclusion criteria of liter-
atures for this review will be studies with the outcomes 
comparing sex (men vs women) and studies that outcome 
data can be extracted across men and women.

Exclusion criteria for study selection
1.	 Studies published before 1 January 2015 will be exclud-

ed to obtain the clinical outcomes of modern throm-
bectomy devices.

2.	 Studies that fail to report the above outcomes and with 
outcome data that cannot extracted or are not avail-
able will be excluded.

3.	 If the sample size of real-world study is less than 5, the 
study will be excluded.

4.	 Conference reports, abstracts, case reports, editorials, 
comments and reviews will also be excluded.

Search strategy
This meta-analysis will be conducted in accordance with the 
search strategies. The search will be carried out to screen 
suitable literature in the main electronic bibliographic 
databases, which include PubMed, the Cochrane library, 
EMBASE and Web of Science. We will review all relevant 
articles reporting sex differences in functional outcomes 
following MT in real-world studies for AIS populations. 
All studies published before 1 October 2021 will be 
reviewed. We will formulate the search strategy specific 
to each searched database, and it will be based on terms 
such as “acute ischemic stroke,” “mechanical thrombec-
tomy,” “stent retrieval thrombectomy,” “stent retriever,” 
“sex,” “female” and “male”. When drafting and revising 
this search strategy, we will meet the standards of the Peer 
Review of Electronic Search Strategies checklist. (online 
supplemental file 2, search strategy)

Data selection and analysis
Inclusion of studies
The first selection of research reports will depend mainly 
on the title and abstract, and two reviewers (BL and XZ) 
familiar with research in the field of thrombectomy will 
conduct it independently. Their selections will be cross-
checked, and a third reviewer (XB) will be inquired in 
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the event of any discrepancy between two reviewers. The 
inclusion flow is presented in figure 1.

Data selection and management
When initial selection is finished, the second stage of 
selection will also be performed by two independent 
reviewers (LX and TW). They will use EndNote V.X9 
software (Clarivate Analytics, Philadelphia, Pennsylvania, 
USA) for processing the literature. In this stage, not only 
the titles and abstracts but also the full texts of reports will 
be reviewed. The reviewers will evaluate relevant studies 
on the basis of criteria such as study type, demographic 
characteristics, imaging characteristics, intervention tech-
niques and outcome evaluation. Both the primary and 
secondary outcomes will be assessed and documented 
separately. A formal chart will be designed for data docu-
mentation. In the event of any disagreement between the 
two reviewers about study screening or data extraction, 
a group discussion among all team numbers will be held 
for the final decision.

Assessment of risk bias
Two independent reviewers (XW and KY) will conduct 
assessment of the risk bias in the studies selected during 
the second stage. One risk bias tool of the Newcastle-
Ottawa Scale will be adopted to assess the quality of 
observational studies (see online supplemental file 3). 
The score of 5–9 points will be deemed to high-quality 
evidence. Any disagreement between the two reviewers 
will be addressed first by discussion, and may be consulted 
with the team for discussion when necessary.

Data analysis
Data analysis for the effect of each specific variable on 
thrombectomy outcomes will be practical only when at 
least two studies are accessible. The statistical software of 
Stata (V.17.0, StataCorp) will be used for analysing data. 
Presentation of the results will depend on the outcome 
variables. Continuous variables are presented as stan-
dardised mean difference, and dichotomous variables are 
relative risk, respectively. The reporting of final results 
will be accompanied by 95% CIs. For significant hetero-
geneity of outcomes, the random-effects model will be 
applied, but a fixed-effects model will be applied when 

little evidence of heterogeneity (I²<20%) exists. The 
inclusion of covariates, such as age and comorbidities, 
could dramatically change the sex effects. Therefore, we 
will plan to include covariates into any of the models. 
If there are insufficient studies for some variables, we 
will consider formulating a narrative description of the 
particular factors. If studies have data that are unsuitable 
for extraction and analysis but appear to possibly offer 
meaningful results for a specific variable, the principal 
authors of relevant studies will be contacted through 
email in an effort to obtain the original data. If there is no 
response, we will try to contact again, and if there remains 
no response, we will document the situation. Subgroup 
analysis will be performed based on characteristics such 
as race and region, if this is practical. If there are suffi-
cient studies for its construction and publication bias also 
exists, we will apply funnel plot to evaluate it.

Patient and public involvement
No patient and public involved.

DISCUSSION
A number of landmark RCTs and the HERMES meta-
analysis of five RCTs proved that MT is superior than 
IV-tPA in treating AIS with large vessel occlusion patients. 
Moreover, a recent systematic review based on the back-
ground that MT plus best medical therapy (BMT) is supe-
rior over BMT alone in terms of functional outcomes 
in AIS patients due to large vessel occlusion.10 Under 
the influences of the increasing results, MT is currently 
considered to be the first-line treatment for AIS patients 
with large vessel occlusion. This systematic review clari-
fied the benefit of MT plus BMT on 3-month mortality 
and presented in the meta-regression analyses that no 
moderating effect on the aforementioned association 
was detected with sex. Regarding the sex difference of 
MT treated patients, according to the potential cellular 
mechanisms of brain recovery, it has been proposed that 
females may exhibit worse outcome from MT treated 
eligible AIS patients. However, while the comparison 
through the subgroup analysis from seven RCTs showed 
no statistical differences of clinical outcomes on sex 
for MT treated eligible AIS patients, the past and newly 
published, mostly non-clinical trial researches, provided 
inconsistent results on this subject. Therefore, in addi-
tion to results of meta-analyses that only included RCTs, 
it remains necessary to analyse in the ‘real-world popula-
tion’ whether the outcomes differ between females and 
males in MT treated eligible AIS patients. This work would 
clarify the outcome differences, and provide valuable 
evidence for clinicians and neuroradiologists worldwide 
for clinical decision making, treatment plan optimising 
and poststroke outcome predicting.

ETHICS AND DISSEMINATION
This protocol is the plan of steps to be followed for a 
systematic review, which aim to be presented at relatively 

Figure 1  Flow diagram of literature for systematic review 
and meta-analysis.
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academic conferences and published in a peer-reviewed 
journal. The results of the study are based on published 
studies, therefore, no ethics approval is needed.
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