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Abstract

Introduction: Although aspiration thrombectomy has shown comparable safety and efficacy to stent retriever throm-
bectomy for acute ischaemic stroke (AlS), the use of aspiration thrombectomy as first-line endovascular treatment
for AIS remains controversial.

Aim: To perform a systematic evaluation of the safety and efficacy of aspiration thrombectomy versus stent retriever
thrombectomy in the treatment of AlS.

Material and methods: We searched the online databases PubMed, Embase, Cochrane Library, and SinoMed to
collect randomized controlled trials and retrospective studies concerning the treatment of AlS with aspiration throm-
bectomy and stent retriever thrombectomy. Primary outcomes included 90-day all-cause mortality, a 90-day mRS
scores of 0-2, intracranial haemorrhage, and successful recanalization rate. The Jadad scale and the MINORS eval-
uation items were used to evaluate study quality, and RevMan 5.2 was used to conduct a meta-analysis. Any differ-
ential effects in rates between the two strategies were assessed using a random effect model.

Results: A total of 15 articles were found, including 2 randomized controlled trials and 13 retrospective studies. It
showed that aspiration thrombectomy and stent retriever thrombectomy had similar results in terms of 90-day all-
cause mortality (p = 0.88), 90-day mRS scores 0-2 (p = 0.29), and intracranial haemorrhage (p = 0.47). And in terms
of successful recanalization rates, the aspiration thrombectomy group had better outcomes than the stent retriever
thrombectomy group (p = 0.0003). The heterogeneity of 90-day all-cause mortality (I? = 0%), 90-day mRS scores of
0-2 (I? = 6%), intracranial haemorrhage (1> = 21%), and successful recanalization rate (I? = 0%) were less than 30%.
Conclusions: Both aspiration thrombectomy and stent thrombectomy can be used as the first line of intravascular
treatment for AlS.

Key words: acute ischaemic stroke, aspiration thrombectomy, stent retriever thrombectomy, safety, efficacy, meta-
analysis.

Address for correspondence
Ying Huang, First Affiliated Hospital of GanNan Medical College, Qingnian Road 23™, Ganzhou city, 341000, Ganzhou, Jiangxi, China,
phone: +86-15279797688, e-mail: huangying0202@126.com; Jianghong Luo, Qinwei Zou

Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons 579
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).



Jiankun Hong, Jianping Chen, Wei Gu, Min Ming, Jianghong Luo, Ying Huang, Qinwei Zou

Introduction

Stroke is characterized by a high incidence rate,
high disability rate, and high mortality rate [1]. Acute
ischaemic stroke (AIS) accounts for approximately
80% of all strokes [2]. Due to the narrow time win-
dow for intravenous thrombolysis, the use of endo-
vascular treatment is increasing. At present, the most
commonly used methods of endovascular treatment
are stent retriever thrombectomy and aspiration
thrombectomy. Stent retriever thrombectomy has
been confirmed as the standard treatment for AlS by
5 large randomized controlled trials [3—-7] published
in 2015. Moreover, the 2018 guidelines for the early
management of patients with AIS clearly state that
stent retriever thrombectomy is still the first choice
for AIS endovascular treatment [8]. However, in re-
cent years, some studies have shown that the safe-
ty and efficacy of aspiration thrombectomy are not
inferior to those of stent retriever thrombectomy [9,
10], although the results remain controversial.

Aim

This meta-analysis aims to systematically evalu-
ate the safety and efficacy of aspiration thrombecto-
my versus stent retriever thrombectomy in the treat-

ment of AIS and provide evidence-based references
for clinical diagnosis and treatment.

Material and methods
Search strategy

We clearly declared the subject of our systemat-
ic review in accordance with the populations, inter-
ventions, comparators, outcomes, and study (PICOS)
design principle. The subjects, AIS patients, were
divided into 2 groups: a group who received aspira-
tion thrombectomy and a control group who received
stent retriever thrombectomy instead. Outcomes
included 90-day all-cause mortality, 90-day mod-
ified Rankin Scale (mRS) scores of 0-2, and intra-
cranial haemorrhage and successful recanalization
rates. We searched the PubMed, Embase, Cochrane
Library, and SinoMed databases to collect random-
ized controlled trials (RCTs) and retrospective studies
of aspiration thrombectomy versus stent retriever
thrombectomy in the treatment of AIS. The Chinese
database was searched with the terms “aspiration
thrombectomy”, “stent retriever thrombectomy”,

“acute ischemic stroke”, “randomized controlled tri-
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al”, and “retrospective studies”. The English-language
databases were searched with the terms “ischemic
stroke”, “thrombectomy”, “stents”, “randomized con-
trolled trial”, and “retrospective studies”, and some
references from the identified articles were searched
simultaneously. The time range for retrieval was from

database inception to 15 March 2021.

Inclusion criteria

(1) The studies were randomized controlled trials
or retrospective studies on aspiration thrombectomy
versus stent retriever thrombectomy as treatment for
AlS; both foreign and domestic publications were in-
cluded. (2) The experimental group underwent aspira-
tion thrombectomy (there were no limitations on the
type of aspiration catheter or the aspiration mode),
the control group underwent stent retriever thrombec-
tomy (any stent type was permitted), and any embol-
ic vessel location was permitted. (3) Complete infor-
mation was available regarding diagnosis, treatment,
prognosis, follow-up, and clinical data. (4) Outcome
indicators: Safety outcomes were measured by 90-
day all-cause mortality and intracranial haemorrhage.
Efficacy outcomes were measured by a 90-day mRS
scores 0-2 and the successful recanalization rate (TICI
score 2b-3/mTICl score 2b-3/eTICI score 2b-3).

Exclusion criteria

(1) Descriptive literature such as reviews, com-
ments, or case reports; conference proceedings;
correspondence; preclinical studies, etc. (2) Studies
lacking critical key information, such as loss of ther-
apeutic details and basic characteristics of patients.
(3) Repeated analyses of previously included studies.

Data extraction

The extracted data included the first author,
year of publication, type of study, embolic vessel lo-
cations, intervention measures, sample size of pa-
tients, mean age, sex ratio, and outcome indicators.
Hong and Luo read the literature and extracted the
data at the same time. In the event of a disagree-
ment between those two authors, all the authors
discussed the matter and arrived at a final decision
together.

Quality assessment

We applied the Jadad scale to evaluate the qual-
ity of RCTs included in this study, using a 0-5 score
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to indicate the quality of each RCT. Studies scoring
2 points or less were considered low-quality re-
search, and studies scoring > 3 points were consid-
ered high-quality research. The quality of the retro-
spective studies was evaluated with the MINORS
evaluation items. This instrument has 12 evaluation
items. Each item is scored on a scale of 0-2 points,
where 0 points means the item was not reported,
1 point means the item was reported with insuffi-
cient information, and 2 points means the item was
reported with sufficient information.

Statistical analysis

Combined effect: odds ratios (ORs) and 95% con-
fidence intervals (Cls) were used to compare dichot-
omous variables. Continuous variables are expressed
as the mean + standard deviation (X + s), mean de-
viation (MD), and 95% Cl. The confidence intervals
were used to compare the 2 groups. P-values < 0.05
were considered statistically significant.

Heterogeneity analysis: Heterogeneity was gen-
erally measured and estimated by the /2. When /% <
30%, heterogeneity was considered low. If 2> 50%,
heterogeneity was deemed significant. Sensitivity
analysis was implemented by eliminating individual
studies one by one to identify the source of hetero-
geneity.

a systematic review and meta-analysis

Forest plots were used to determine whether the
difference between aspiration thrombectomy and
stent retriever thrombectomy for AlS treatment was
statistically significant. Funnel plots were used to
assess publication bias in the included studies. The
analysis was performed with a random effects mod-
el because all the included studies have heteroge-
nous datasets from different centres.

RevMan 5.2 was used for this study.

Results

The screening process for this study is present-
ed in Figure 1. A total of 534 related citations were
obtained; 30 duplicate citations were excluded, leav-
ing 504. After the titles and abstracts were read, 468
articles were excluded, leaving 36. After the full-text
articles were read, 21 studies that did not meet the
inclusion criteria were excluded, and the remaining
15 studies were included [9-23], comprising 2 RCTs
and 13 retrospective studies. The basic information
and quality evaluations of the included studies are
shown in Table I. Among a total of 3067 cases, 1063
were in the aspiration thrombectomy group, and
2004 were in the stent retriever thrombectomy group.

There was no significant difference in 90-day all-
cause mortality between the aspiration thrombec-
tomy group and the stent retriever thrombectomy

s Records identified through database Additional records identified through
= searching (n = 534) other sources (n = 0)
&
5] \d Y
=)
Records after duplicates removed (n = 504)
o A
= Records excluded after title and
d d (n =504 >

@ Records screened (n = 504) abstract screening (n = 468)
A

A

Full-text articles assessed for eligibility | Articles excluded after full-text
- (n=36) screening, with reasons (n = 21)
£ — Conference proceedings (n = 1)
-‘030 \ —Incomplete trial (n = 1)
& L . o B — Repeated reports (n = 2)
Studies included in qualitative synthesis — Related data not provided (n = 3)
(n=15) — Not a comparison study about
aspiration and stent (n = 14)

3 \
5
o Studies included in quantitative synthesis
- (meta-analysis) (n = 15)

Figure 1. PRISMA flow chart
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group (OR = 0.98, 95% Cl: (0.81, 1.20), p = 0.88), as
shown in Figure 2. The proportion of patients with
90-day mRS scores of 0-2 was also not significantly
different between the 2 groups, as shown in Figure 3
(OR=1.10,95% Cl: (0.92, 1.31), p = 0.29). Regarding
intracranial haemorrhage, the 2 groups once again
had no significant difference, as shown in Figure 4
(OR =0.91, 95% Cl (0.69, 1.19), p = 0.47). In terms
of successful recanalization rate, the aspiration
thrombectomy group had better outcomes than the
stent retriever thrombectomy group, and the differ-
ence was statistically significant (OR = 1.46, 95% Cl
(1.19, 1.79), p = 0.0003), as shown in Figure 5. As can
be seen from the forest plots, the heterogeneity of 90-
day all-cause mortality (/?= 0%), 90-day mRS scores
of 0-2 (I?= 6%), intracranial haemorrhage (*= 21%),
and successful recanalization rate (I>= 0%) are less
than 30%, so it was considered low heterogeneity.
In order to explore the reasons for the different
successful recanalization rates, the AIS patients
were divided into 3 subgroups, namely, the anterior
circulation subgroup, the posterior circulation sub-
group, and the anterior circulation plus posterior
circulation subgroup, according to the anterior circu-
lation and posterior circulation. The results showed
that there was no significant difference in 90-day
all-cause mortality by procedure type within the
anterior circulation (OR = 1.00, 95% Cl (0.80, 1.24),
p = 0.97), posterior circulation (OR = 1.06, 95% Cl
(0.63, 1.79), p = 0.83), or anterior circulation plus
posterior circulation (OR = 0.38, 95% Cl (0.08, 1.74),
p = 0.21) subgroup. There was also no significant
difference by procedure type in the proportion of
90-day mRS scores 0-2 within the anterior circula-
tion (OR = 1.04, 95% CI (0.87, 1.25), p = 0.68) and
posterior circulation (OR = 0.94, 95% Cl (0.60, 1.48),
p = 0.79) except for anterior circulation plus pos-
terior circulation (OR = 2.53, 95% Cl (1.34, 4.80),
p = 0.004) subgroup. Regarding intracranial haemor-
rhage, the aspiration and stent retriever thrombec-
tomy groups showed no significant difference in the
anterior circulation (OR = 1.08, 95% Cl (0.86, 1.37),
p = 0.50) and anterior circulation plus posterior cir-
culation (OR = 0.42, 95% Cl (0.07, 2.51), p = 0.34)
subgroup except the posterior circulation (OR = 0.47,
95% Cl (0.25, 0.86), p = 0.02) subgroup. Regarding
the successful recanalization rate, the anterior cir-
culation (OR = 1.41, 95% Cl (1.09, 1.82), p = 0.008)
and posterior circulation (OR = 2.29, 95% Cl (1.08,
4.85), p = 0.03) subgroups showed higher values
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Study or subgroup Aspiration Stent retriever Weight Odds ratio M-H, 0dds ratio M-H,
thrombectomy  thrombectomy (%) random, 95% CI random, 95% CI
Events Total Events Total
1.1.1 Anterior circulation
Ao F, et al. 2020 16 2 17 1.1 1.73[0.25,12.01
Bernsen MLE, et al. 2018 56 207 256 968 344 1.03]0.74, 1.45 -
Kim YW, et al. 2016 0 25 1 16 04 0.20(0.01, 5.29 =
Lapergue B, et al. 2016 26 115 20 115 9.3 1.39(0.72, 2.66 -T—
Lapergue B, et al. 2017 35 181 35 182 14.5 1.01]0.60, 1.70 -
Ma HY, et al. 2020 1 20 7 45 0.8 0.290.03, 2.49 —
Mokin M, et al. 2017 8 51 13 62 42 0.70]0.27,1.85 —_—
Stapleton CJ, et al. 2018 6 47 13 70 3.6 0.64[0.23,1.83 —_—
Turk AS, et al. 2019 30 134 30 136 120 1.02[0.57,1.81 ——
Xing PF, et al. 2020 6 40 12 69 3.5 0.84[0.29,244 S p—
Subtotal (95% CI) 836 1680 83.7 1.00[0.80, 1.24 4
Total events 171 389
Heterogeneity: 12 = 0.00; 2 = 4.83,df = 9 (p = 0.85); I = 0%
Test for overall effect: Z="0.03 (P = 0.97)
1.1.2 Posterior circulation
Gory B, et al. 2018 21 45 21 50 6.0 1.21[0.54,2.72 T
Kang DH, et al. 2018 11 67 23 145 6.4 1.04[0.48,2.28 -
SonS, etal 2015 7 18 6 13 1.9 0.74]0.18, 3.15 — I
Subtotal (95% CI) 130 208 143 1.06[0.63, 1.79 >
Total events 39 50
Heterogeneity: 12 = 0.00; X(; =034,df=2 (p=0.85); P =0%
Test for overall effect: Z="0.22 (p = 0.83)
1.1.3 Anterior circulation pluszposterior circulation
Brauner R, et al. 2020 39 14 80 1.7 0.25[0.05,1.18 r
Zhang HL, et al. 2017 1 38 0 21 0.4 1.72[0.07,44.10
Subtotal (95% CI) 77 101 2.0 0.38[0.08, 1.74 ——
Total events 3 14
Heterogeneity: 12 = 0.15; > = 1,09, df = 1 (p = 0.30); I* = 8%
Test for overall effect: Z="1.25 (p = 0.21)
Total (95% CI) 1043 1989 100.0 0.98 [0.81, 1.20] ¢
Total events 13 453
Heterogeneity: 12 = 0.00; x* = 8,37, df = 14 (p = 0.87); = 0% . t t 1
Test for overall effect: Z="0.15 (p = 0.88) 0.01 0.1 1 10 100
Test for subgroup differences: y? = 1.59, df = 2 (p = 0.45), > = 0% Aspiration Stent retriever
thrombectomy thrombectomy

Figure 2. 90-day all-cause mortality forest plot

in the aspiration thrombectomy group than in the
stent retriever thrombectomy group. However, there
was no significant difference between procedure
types in the anterior circulation plus posterior circu-
lation subgroup (OR = 1.84, 95% Cl (0.65, 5.19), p =
0.25). The subgroup analysis showed that there was
no significant difference in anterior circulation and
posterior circulation in 90-day all-cause mortality
(anterior circulation, p = 0.97, posterior circulation,
p = 0.83) and 90-day mRS scores 0-2 (anterior cir-
culation, p = 0.68, posterior circulation, p = 0.79) be-
tween aspiration thrombectomy and stent retriever
thrombectomy. Aspiration thrombectomy was better
in successful recanalization rate in anterior circula-
tion and posterior circulation (anterior circulation,
p = 0.008, posterior circulation, p = 0.03), with low-
er incidence of intracranial haemorrhage than stent
retriever thrombectomy in posterior circulation
(p = 0.02). The results of subgroup analysis showed
that aspiration thrombectomy was not inferior to
stent retriever thrombectomy in anterior circulation
or posterior circulation.

584

The 90-day all-cause mortality, 90-day mRS
scores 0-2, intracranial haemorrhage rate, and suc-
cessful recanalization rate are shown in funnel plots,
and the details are shown in Figures 6-9. The distri-
bution of points was basically symmetrical, which in-
dicated that there was no obvious publication bias.

Sensitivity analysis was performed on the out-
come indicators of 90-day all-cause mortality, 90-
day mRS scores 0-2, intracranial haemorrhage rate,
and successful recanalization rate, respectively. The
sensitivity analysis results showed that excluding
any one of the studies did not affect the total results
of our meta-analysis for all outcome indicators.

Discussion

Our meta-analysis included 15 studies, contain-
ing 2 RCTs (the ASTER [9] and COMPASS [10] trials),
and atotal of 3067 AlS patients were eligible for anal-
ysis. The results of our study show that there was no
significant difference in 90-day all-cause mortality,
90-day mRS scores 0-2, or intracranial haemorrhage
between aspiration thrombectomy and stent retriev-
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Study or subgroup Aspiration Stent retriever Weight Odds ratio M-H, 0dds ratio M-H,
thrombectomy  thrombectomy (%) random, 95% CI random, 95% CI
Events Total Events Total

1.3.1 Anterior circulation

Ao F, et al. 2020 9 16 7 17 1. 1.84[0.46,7.31 -

Bernsen MLE, et al. 2018 69 180 335 895 22. 1.04 [0.75, 1.44 -

Kim YW, et al. 2016 21 25 12 16 1.2 1.7510.37, 8.30 -1

Lapergue B, etal. 2016 61 115 63 115 10.1 0.93[0.56, 1.57 -
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Figure 3. 90-day mRS scores 0-2 forest plot

er thrombectomy. Although some similar meta-anal-
yses have been reported before our study, they are
different in some aspects [24-30]. Primiani et al. [24]
reported that aspiration thrombectomy was a safe
and effective alternative to primary stent retriever
thrombectomy for AIS in a total sample size of 9127
patients, but their included studies did not include all
control groups. Qin et al. [25] stated that aspiration
thrombectomy had better functional outcomes than
stent retriever thrombectomy and a similar success-
ful recanalization rate, but less than 9 studies (in-
cluded studies = 9) were included in the final analy-
sis. Zhang et al. [26] included 20 studies (17 studies
were retrospective, and 3 studies were prospective)
and showed similar clinical outcomes of aspiration
thrombectomy and stent retriever. However, signif-
icant heterogeneity was detected in outcome indi-
cators, which reduced the reliability of these pooled
results. Tsang et al. [27], in an analysis of 18 studies,
found that stent retriever thrombectomy was superi-
or to aspiration thrombectomy in successful recanal-
ization. The high heterogeneity among studies may
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explain why that meta-analysis produced different
results from the others. Ye et al. found [28] that as-
piration thrombectomy had a higher success rate
and shorter recanalization times than stent retriever
thrombectomy based on 5 basilar artery occlusion
studies. However, Sheng et al. [29] only included pos-
terior circulation stroke and found there was no sta-
tistically significant difference for the primary clini-
cal outcomes of mortality and favourable outcome
(mRS score 0-2) at 3 months. Because anterior cir-
culation occlusion is more common, the outcomes
of Ye and Sheng cannot be representative of the
overall reality. Boulanger et al. [30], in an analysis
of 15 anterior circulation large-artery occlusion stud-
ies, stated that there was no difference in efficacy
and safety between first-line contact aspiration and
stent retriever thrombectomy, as in our meta-anal-
ysis. Recently, a BASICS RCT [31] on endovascular
therapy versus medical treatment for basilar-artery
occlusion showed no significantly different in func-
tional outcome, despite many prospective studies
suggesting otherwise. The BASICS RCT study was
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Figure 4. Intracranial haemorrhage forest plot

a randomized controlled trial. Hence, we should pru-
dently choose endovascular therapy for basilar-ar-
tery occlusion stroke.

In subgroup analysis, 90-day mRS scores 0-2
(anterior circulation plus posterior circulation), intra-
cranial haemorrhage (posterior circulation), and suc-
cessful recanalization rate (anterior circulation plus
posterior circulation) were opposite to pooled anal-
ysis. The small number of patients included in these
subgroups may be the cause of this discrepancy.
Moreover, we found that higher recanalization was
not necessarily associated with better functional
outcomes. Hussein et al. [32] also presented that re-
canalization sometimes failed to produce good out-
comes in the endovascular treatment of the basilar
artery. Ischaemia-reperfusion injury [33], the number
of thrombectomy attempts [34], and the procedure
time [35] might limit its benefit. Loh et al. [34] found
that more than 3 thrombectomy attempts may not
improve the chance of recanalization and may in-
crease the risk of symptomatic intracranial haem-
orrhage after surgery. Two randomized controlled
trials (the ASTER [9] and COMPASS [10] trials) clearly
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stated that operators should switch to another en-
dovascular treatment when the large vessels con-
tinued to be occluded after 3 failed thrombectomy
attempts. Therefore, it is reasonable to believe that
switching to another device is a better option after
3 failed thrombectomy attempts. Mehdi et al. [35]
found that a shorter procedure time was one of the
important predictors of good functional outcomes.
Although we did not conduct the procedure time
analysis of aspiration thrombectomy and stent re-
triever thrombectomy, this could be considered an
advantage of aspiration thrombectomy.

In recent years, in order to achieve better clinical
outcomes, and reduce the times of thrombectomy
attempts and complications, researchers have pro-
posed 2 new treatment schemes, namely “switching
strategy” and “Solumbra” [36]. “Switching strategy”
refers to the situation when vascular recanalization
is not achieved or there are several thrombectomy
attempts by one device, and then a second device
should be used as a remedy. “Solumbra” is a com-
bination of aspiration thrombectomy and stent
retriever thrombectomy. The most common com-
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Figure 6. 90-day all-cause mortality funnel plot

bination is a Solitaire FR stent and penumbral reper-
fusion catheter. The technical principle is that, with
the assistance of the intermediate catheter, after
conventional stent release, the syringe is connected
to the end of the guide catheter for continuous neg-
ative pressure inhalation, while the stent system is
retracted. Texakalidis et al. [37] reported 3 endovas-
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O Anterior circulation plus posterior circulation
< Posterior circulation

Figure 7. 90-day mRS scores 0-2 funnel plot

cular treatments (Stent Retrievers, Direct Aspiration,
and Combined Approach), and showed that stent re-
trieval thrombectomy and direct aspiration did not
have significant differences. The combined approach
achieved higher mTICl 2b/3 and mTICI 3 recanaliza-
tion rates compared to aspiration alone, although
with a higher risk of SAH. Furthermore, “Solumbra”
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costs more than “switching strategy” [36], and Turk
etal.[10] proved that aspiration thrombectomy costs
less than stent retriever thrombectomy. Therefore,
aspiration thrombectomy or switching strategy with
aspiration thrombectomy as the first-line treatment
is a better choice for AIS because it greatly reduc-
es the patients burden while obtaining favourable
clinical outcomes, which are a significant advantage.
This paper has some limitations: (1) There were
only 2 randomized controlled trials, and the rest were
retrospective studies, which may have had bias in the
selection or exclusion of cases on a subjective ba-
sis. Nonetheless, the larger sample size can reduce
the bias. (2) There was a large gap between the sizes
of the aspiration and stent retriever thrombectomy
groups. (3) In the subgroup analysis, the posterior cir-
culation subgroup and the anterior circulation plus
posterior circulation subgroup included few studies;
more clinical trials are needed to improve the quality
of evidence. (4) Two studies of M2 occlusions were
included in our study, and there may be a bias be-
tween our results and the real world because some
interventionists consider M2 strokes as distal occlu-
sions, and the results were different from large ves-
sel occlusions. Therefore, our meta-analysis results
should be analysed prudently; subgroup analysis can
be performed if there are enough studies. (5) Because
there were few studies of balloon guide catheter in
our meta-analysis, we did not take into account it.

Conclusions

Our meta-analysis showed that the outcomes
of aspiration thrombectomy were similar to those
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Figure 9. Successful recanalization rate funnel plot

of stent thrombectomy in terms of 90-day all-cause
mortality, 90-day mRS score 0-2, and intracranial
haemorrhage, but superior to stent thrombectomy in
terms of successful recurrence rates. Both aspiration
thrombectomy and stent thrombectomy can be used
as the first line of intravascular treatment for AlS.
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