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Abstract

Background Endovascular thrombectomy (ET) efficacy and safety in stroke with a large ischemic core is still inconclusive
as this population has been underrepresented in ET randomized controlled trials (RCTs).

Methods We conducted a systematic review and meta-analysis synthesizing RCTs, which were retrieved by systematically
searching: PubMed, Web of Science, SCOPUS, and Cochrane through February 18th, 2023. Our primary outcome was
neurological disability measured by the modified Rankin scale (mRS). Dichotomous outcomes were pooled using risk ratio
(RR) along with confidence interval (CI) using Revman V. 5.4 software.

Results Three RCTs with a total of 1010 patients were included in our analysis. ET significantly increased the rates of
functional independence (mRS <2) (RR: 2.54 with 95% CI [1.85, 3.48]), independent ambulation (mRS <3) (RR: 1.78
with 95% CI [1.28, 2.48]), and early neurological improvement (RR: 2.46 with 95% CI [1.60, 3.79]). However, there was
no difference between endovascular thrombectomy and medical care in excellent neurological recovery (mRS <1) (RR:
1.35 with 95% CI [0.88, 2.08]). Also, ET significantly reduced the rate of poor neurological recovery (mRS 4-6) (RR: 0.79
with 95% CI [0.72, 0.86]). However, endovascular thrombectomy was associated with more incidence of any intracranial
hemorrhage (RR: 2.40 with 95% CI [1.90, 3.01] [0.72, 0.86]).

Conclusion ET combined with medical care was associated with better functional outcomes compared with medical care
alone. However, ET was associated with a higher rate of intracranial hemorrhage. This can support extending ET indication
in the management of stroke with a large ischemic core.

Keywords Endovascular thrombectomy - Mechanical thrombectomy - Stroke - Thrombosis - Emergency - Review -
Meta-analysis

Introduction

The authors Mohamed Abuelazm and Unaiza Ahmad have equal
contributions and are co-first authors. Endovascular thrombectomy (ET) is shifting paradigms in
the therapy regimens for acute ischemic stroke (ALS) caused
by large vessel occlusion (LVO). Selected patients with
< Abdelrahman Mahmoud LVO have shown better outcomes with ET as compared to
abdelrahman.mahmoud20211997@gmail.com medical therapy alone [1-5]. Current guidelines state that
! Faculty of Medicine, Tanta University, Tanta, Egypt ET is co.nsidered when the.terminal section. of the inter-
nal carotid artery or the main stem of the middle cerebral
artery is blocked [6-8], with ischemic cores on imaging no
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(ASPECTS <6) or large ischemic cores (>70ml) on imag-
ing because they have been historically underrepresented in
thrombectomy trials; hence, evidence in this regard is still
limited [11-14].

However, more recently, several meta-analyses based
primarily on observational studies have suggested bet-
ter neurological outcomes and lower death rates in (AS-
PECTS 0-5) and infarct-core volumes from >50mL or
greater on CT perfusion or diffusion-weighted magnetic
resonance imaging (MRI) [15-18]. Furthermore, the RES-
CUE-Japan LIMIT randomized controlled trial (RCT)
(Recovery by Endovascular Salvage for Cerebral Ultra-
Acute Embolism-Japan Large Ischemic Core Trial) from
Japan demonstrated that individuals with an ASPECTS
value of 3 to 5 had better functional outcomes with en-
dovascular therapy than with medical care. Still, they also
experienced more intracranial hemorrhages [19]. This was
furtherly supported by the most recent findings from the
Chinese ANGEL-ASPECT RCT [20] and the international

SELECT-2 RCT [21], which showed that patients with
acute LVO in the anterior circulation and an ASPECTS
score of 3—5 and an infarct-core volume of 70 to 100ml
[20]/=50mL [21] had better outcomes with endovascu-
lar therapy administered within 24h than with medical
management alone.

Therefore, the latest evidence mandates an up-to-date
review. Our meta-analysis aims to investigate the safety and
efficacy of ET & medical therapy versus medical therapy
alone in patients with AIS and ASPECTS (3-5).

Methodology
Protocol Registration
Our systematic review and meta-analysis adhered to the

guidelines provided by the PRISMA statement [22] and
the Cochrane handbook for systematic reviews and meta-

Fig.1 PRISMA flow chart of : . : . .
the screening process [ Identification of studies via databases and registers ]
Records identified from:
= PubMed (Medline) (n= 677)
= Web of Science (n= 549)
] Cochrane. (n= 149)
= Scopus. (n= 620) »| Duplicates removed (n= 969)
€
S Total (n= 1995)
—
A4
Records screened (n= 1026) —»| Records irrelevant (n= 1012)
A4
Reports sought for retrieval Reports not retrieved.
> (n=14) ' (n=0)
=
@
5
b A4
Full-text studies assessed for
eligibility (n= 14) 11 Reports excluded:
Wrong patient population (n = 5)
Wrong Study Design (n = 3)
Protocol (n = 3)
A4
o o ) o
& Studies included in qualitative
3 and quantitative synthesis.
g (n=3)
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analyses [23]. The protocol for this review has been regis-
tered and published in PROSPERO with the following ID:
CRD42023407277.

Data Sources and Search Strategy

(B.A. and M.A.) performed a thorough electronic search
for relevant literature by utilizing several databases, includ-
ing PubMed (MEDLINE), Web of Science, SCOPUS, and
the Cochrane Central Register of Controlled Trials (CEN-
TRAL) until February 18th, 2023. They did not use any
limitations on their search. Further details about the search
strategy, including the keywords and search terms, as well
as the results of the search, can be found in (Table S1).

Eligibility Criteria

A PICO criterion was used to include RCTs: population (P):
patients with AIS with a large infarct size defined as large
vessel occlusion with ASPECTS score 3 to 5; interven-
tion (I): endovascular thrombectomy plus medical therapy;
control (C): medical therapy alone; outcome (O): primary
outcomes of this review are the efficacy outcomes: early
neurological improvement assessed by =4 points reduction
in the National Institutes of Health Stroke Scale (NIHSS),
excellent neurological recovery (modified Rankin Scale
(mRS) 0-1), functional Independence (mRS 0-2), and in-
dependent ambulation (mRS 0-3). The secondary outcomes
included safety outcomes: (any-cause mortality at 90 days,

Table 1 Summary characteristics of the included RCTs

poor neurological recovery (mRS 4-6), any intracerebral
hemorrhage, symptomatic intracerebral hemorrhage, and
decompressive craniectomy).

We did not consider a range of research designs in our
analysis. Specifically, we excluded non-human studies, pre-
liminary reports, various forms of observational studies,
single-arm clinical trials, in vitro experiments conducted
on tissues and cultures, book chapters, editorial, and press
articles, publications that only contain abstracts or posters,
unpublished study protocols, and studies that were con-
ducted in languages other than English.

Study Selection

The review process was carried out using the Covidence on-
line tool. (H.A.S. and A.S.) reviewed the retrieved records
independently after eliminating any duplicated records. The
full-texts of the records that met the initial eligibility crite-
ria were examined through full-text screening. Any discrep-
ancy was resolved by consensual discussion and agreement.

Data Extraction

Two reviewers (H.A.S. and A.S.) independently extracted
all data using a standardized electronic spreadsheet: study
characteristics (country, study design, total participants,
main inclusion criteria, intervention, and comparison meth-
ods, ASPECTS, timing after symptoms onset (time win-
dow), and baseline imaging); baseline characteristics (age,

Study ID Study Country Total Interventions Main Inclusion Criteria Baseline
Design Participants ET Method Medical Care Imaging
Huo et al. Multicenter China 455 Stent retriever or Alteplase Age 18 to 80 years, CTA, MRA
(2023) (AN- open- contact aspiration (0.9mg/kg AIS within previous
GEL-AS- label body wgt. Or 24 hrs with NIHSS 6
PECT) [20] RCT Urokinase (1 to to 30, large ves-
1.5 million IU)) sel occlusion, AS-
PECTS 3-5, and LIC
70-100ml

Sarraj et al. Multicenter USA, 352 Stent retriever, Tenecteplase or Age 18 to 85, AIS MRI, non-
(2023) (SE- open- Canada, aspiration devices Alteplase within previous 24 hrs contrast CT
LECT2) label Europe, or both due to occlusion of
[21] RCT Aus- ICA or M1 MCA,

tralia, ASPECTS 3-5, and

and New LIC =250ml

Zealand
Yoshimura Multicenter Japan 203 Stent retriever, as- Alteplase > 18 years, AIS within MRI, non-
et al. (2022) open- piration catheter, (0.6 mg/kg) previous 24 hrs due contrast CT
(RES- label balloon angio- to occlusion of the
CUE-Japan RCT plasty, intracranial ICA or M1 MCA, =26
LIMIT) [19] stent, or carotid- on NIHSS, mRS 0

artery stent

or 1 before AIS, and
ASPECTS 3-5

RCT randomized controlled trial, ET endovascular thrombectomy, AIS acute ischemic stroke, irs hours, NIHSS National Institutes of Health
Stroke Scale, mRS modified Rankin Scale, ASPECTS Alberta Stroke Program Early Computed Tomographic Score, LIC large infarct core
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= g at 90 days, poor neurological recovery (mRS 4-6), any
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Results
Search Results and Study Selection

A total of 1995 studies were identified and evaluated for
screening based on their titles and abstracts. After remov-
ing 969 duplicates and 1012 studies that did not match the
inclusion criteria, fourteen full-text articles were assessed.
Out of these, eleven were found to be irrelevant and ex-
cluded, leaving three RCTs to be included in the qualitative
and quantitative analysis (Fig. 1).

Characteristics of Included Studies

We included a total of three RCTs [19-21]. Detailed sum-
mary characteristics of the included studies are outlined in
(Table 1). A total of 1010 patients were included, of which
509 were allocated to the ET group and 501 patients to
the medical management group. Most patients were men,
including 297 (58.3%) in the ET group and 302 (60.3%) in
the medical management group. Further baseline character-
istics are highlighted in (Table 2).

Risk of Bias and Quality of Evidence

Using the Cochrane RoB2 tool’s five domains, we evaluated
each outcome included in the quantitative synthesis’s risk
of bias (Fig. 2). All of the included RCTs showed an overall
high risk of bias, mainly attributed to the performance bias
due to the lack of blinding.

Fig.2 Quality assessment of
the risk of bias in the in-

Efficacy Outcomes

Endovascular thrombectomy significantly increased the
rates of functional independence (mRS <2) (RR: 2.54 with
95% CI [1.85, 3.48], P=0.00001) (low-quality evidence)
(Fig. 3a; Table 3), independent ambulation (mRS <3)
(low-quality evidence) (RR: 1.78 with 95% CI [1.28, 2.48],
P=0.0006) (low-quality evidence) (Fig. 3b; Table 3), and
early neurological improvement (RR: 2.46 with 95% CI
[1.60, 3.79], P=0.0001) (low-quality evidence) (Fig. 3c;
Table 3). However, there was no difference between en-
dovascular thrombectomy and medical care in excellent
neurological recovery (mRS <1) (RR: 1.35 with 95% CI
[0.88, 2.08], P=0.17) (low-quality evidence) (Fig. 3d;
Table 3).

Pooled studies were homogenous in functional indepen-
dence (mRS <2) (P=0.64, 1>=0%), early neurological im-
provement (P=0.20, I?’=38%), and excellent neurological
recovery (mRS <1) (P=0.19, 1’=40%). However, studies
were heterogenous in independent ambulation (mRS <3)
(P=0.09, I>’=58%). Therefore, we performed a sensitivity
analysis, and heterogeneity was best resolved by excluding
ANGEL-ASPECT RCT (P=0.60, I>’=0%) (Table S2).

Safety Outcomes

Endovascular thrombectomy significantly reduced the rate
of poor neurological recovery (mRS 4-6) (RR: 0.79 with
95% CI [0.72, 0.86], P=0.00001) (low-quality evidence)
(Fig. 4a; Table 3), with no difference regarding all-cause
mortality (RR: 0.95 with 95% CI [0.78, 1.16], P=0.61)
(low-quality evidence) (Fig. 4b; Table 3), symptomatic
intracranial hemorrhage (RR: 1.83 with 95% CI [0.95,

Risk of bias domains
pi | b2 | p3 | b4 | D5 |Overal

cluded trials. The upper panel
presents a schematic repre-

Huo et al. 2023 (ANGEL-ASPECT)

sentation of risks (low = red,
unclear = yellow, and high= red)

Study

Sarraj et al. 2023 (SELECT2)

for specific types of biases of

Yoshimura et al. 2022 (RESCUE-Japan LIMIT)

each of the studies in the review.
The lower panel presents risks
(low = red, unclear = yellow, and
high= red) for the subtypes of
biases of the combination of
studies included in this review

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

Domains: Judgement
D1: Bias arising from the randomization process. .
D2: Bias due to deviations from intended intervention. . High
D3: Bias due to missing outcome data. . Lo

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

0% 25% 50% 75% 100%

I B towrisk W vion sk |
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a
Endovascular Thrombectomy  Medical Care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI

Huo et al. 2023 (ANGEL-ASPECT) 69 230 26 225 566%  2680[1.72,3.92) ——

Sarraj etal. 2023 (SELECT2) 36 177 12 171 26.3%  2.90[1.56,5.38] e

Yoshimura et al. 2022 (RESCUE-Japan LIMIT) 14 100 g 102 17.1% 1.78(0.78, 4.07] o

Total (95% CI) 507 498 100.0% 2.54[1.85, 3.48] L

Total events 119 46

Heterogeneity: Chi*= 0.89, df= 2 (P = 0.64), F= 0% o1 oh T 700

Testfor overall effect. Z= 5.78 (P < 0.00001)

Favors [Medical Care] Favors [Endovascular Thrombectomy]

b Endovascular Thrombectomy  Medical Care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

Huo et al. 2023 (ANGEL-ASPECT) 108 230 75 225 454% 1.41[1.12,1.77] -

Sarraj etal. 2023 (SELECT2) 67 177 32 171 34.0% 2.02[1.40,2.91] —=—

Yoshimura et al. 2022 (RESCUE-Japan LIMIT) 31 100 13 102 20.5% 2.43[1.35,4.37] —_——

Total (95% CI) 507 498 100.0% 1.78 [1.28, 2.48] L 2

Total events 208 120

Heterogeneity: Tau®= 0.06; Chi*= 4.78, df= 2 (P = 0.09); F= 58% b oh & 100

Testfor overall effect Z= 3.43 (P = 0.0006) Favors [Medical Care] Favors [Endovascular Thrombectomy]
Cc ) . !

Endovascular Thrombectomy  Medical Care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Huo et al. 2023 (ANGEL-ASPECT) 13 230 4 225 155% 3.18[1.05, 8.60) [

Sarraj et al. 2023 (SELECT2) 20 174 13 172 50.2%  1.52(0.78, 2.96) -

Yoshimura et al. 2022 (RESCUE-Japan LIMIT) kil 100 9 102 342%  351(1.76,7.00] —_—

Total (95% CI) 504 499 100.0%  2.46[1.60,3.79] e

Total events 64 26

Heterogeneity: Chi*= 3.24, df= 2 (P = 0.20); F= 38% o1 X T 100

Test for overall effect: Z= 4.08 (P < 0.0001)

d Endovascular Thrombectomy  Medical Care
Study or Subgroup Events Total Events Total
Huo et al. 2023 (ANGEL-ASPECT) 28 230 26 225
Sarraj etal. 2023 (SELECT2) 11 178 3 174
Yoshimura et al. 2022 (RESCUE-Japan LIMIT) 5 100 3 102
Total (95% CI) 508 501
Total events 44 32

Heterogeneity: Chi*= 3.35, df= 2 (P = 0.19); F= 40%
Testfor overall effiect Z=1.36 (P=0.17)

Weight M-H, Fixed, 95% CI
81.4%  1.05[0.64,1.74)
9.4% 3.58(1.02,12.63)
9.2%  1.70[0.42,6.93] —

100.0%  1.35[0.88, 2.08] 8

Favors [Medical Care] Favors [Endovascular Thrombectomy]

Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

—

'

2
0.01 0 10 100
Favors [Medical Care] Favors [Endovascular Thrombectomy]

Fig.3 Forest plot of the efficacy outcomes. a Functional independence (mRS < 2), b independent ambulation (mRS < 3), ¢ early neurological
improvement, d excellent neurological recovery (mRS < 1). (RR risk ratio, CI confidence interval)

3.55], P=0.07) (low-quality evidence) (Fig. 4c; Table 3),
and decompressive craniectomy (RR: 1.22 with 95% CI
[0.43,3.41], P=0.71) (very low-quality evidence) (Fig. 4d;
Table 3). However, endovascular thrombectomy was asso-
ciated with more incidence of any intracranial hemorrhage
(RR: 2.30 with 95% CI [1.50, 3.51], P=0.0001) (very low-
quality evidence) (Fig. 4e; Table 3).

Pooled studies were homogenous in poor neurological
recovery (mRS 4-6) (P=0.96, I>’=0%), all-cause mortal-
ity (P=0.55, I’=0%), and symptomatic intracranial hem-
orrhage (P=0.50, 1= 0%). However, studies were heteroge-
nous in decompressive craniectomy (P=0.07, I?’=70%) and
any intracranial hemorrhage (P=0.06, ?’=71%), and sen-
sitivity analysis was not applicable.

@ Springer

Discussion

Our meta-analysis showed that ET increased rates of func-
tional independence (mRS <2), independent ambulation
(mRS <3), and early neurological improvement. However,
excellent neurological recovery (mRS <1) did not differ
significantly between the two groups. Similarly, among the
safety outcomes ET significantly reduced the rate of poor
neurological recovery (mRS 4-6). Other safety outcomes,
such as all-cause mortality, symptomatic intracranial hem-
orrhage, and decompressive craniectomy, were similar be-
tween the two groups. Despite the encouraging results, ET
significantly increased the risk of any intracranial hemor-
rhage incidence.

Our results are consistent with the previous evidence,
reporting a decreased incidence of unfavorable outcomes
in patients treated with ET. In an individual data pooled
meta-analysis, Romén et al. showed a comparable rise in
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Fig.4 Forest plot of the safety outcomes. a Poor neurological recovery (mRS 4-6), b all-cause mortality, ¢ symptomatic intracranial hemorrhage,
d decompressive craniectomy, e any intracranial hemorrhage. (RR risk ratio, CI confidence interval)

functional independence rates (mRS-scores 0-2) with ET in
patients with ASPECTS less than six or ischemic core vol-
ume greater than or equal to 50ccs or both [17]. Kerleroux
et al. performed a meta-analysis on patients who had a sub-
stantial ischemic volume at admission and were undergoing
ET; the results showed a significant drop in mRS 3-6 [15].
Based on the culminating evidence, it is safe to suggest
that endovascular thrombectomy is emerging as an effec-
tive intervention as opposed to medical therapy only, even
in subjects having large ischemic core volumes.

Without clear guidelines, this opens new hopes for treat-
ment in patients, especially with low ASPECT scores (<5)
and large ischemic cores that have been traditionally fac-
tored out from ET trials. Worth noting, previous RCTs in-
tended to demonstrate large treatment effect size and there-

@ Springer

fore only enlisted patients with small infarct size or AS-
PECTS 6-10 rigidly defined by imaging techniques [12]
and leaving a considerable population of patients who could
have profited from the treatment but could not qualify for
the imaging inclusion criteria.

Similarly, a higher incidence of mortality or symptomatic
intracranial hemorrhage was not reported. Nonetheless, in
patients receiving ET, the risk of any intracranial hemor-
rhage continues to be considerable. However, this outcome
did not make ET inferior as a treatment option since symp-
tomatic intracranial hemorrhage risk was not elevated, and
it remained to be assessed whether it was the result of a pro-
cedural complication or the intervention (ET) itself.

Individual risk for cerebral hemorrhage is influenced
by several variables, including age, race, ethnicity, blood
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pressure control during ET, and the existence of concomi-
tant conditions. Also, it depends on the technique used to
retrieve the stent, how long the surgery takes, and how
many times it is attempted before successful recanalization.
Hence, the safety profile of ET can be further enhanced in
the future by using modern imaging techniques to forecast
the risk for symptomatic intracranial hemorrhage, such as
DW MRI, perfusion CT, and digital subtracted angiography
(DSA) for each individual [29].

Strengths and Limitations

Our meta-analysis is based on data from the three most
recent RCTs, with minimal statistical heterogeneity (any
heterogeneity encountered was resolved by sensitivity anal-
ysis) among outcomes guaranteeing the relevance and reli-
ability of our conclusions to be the gold standard evidence
regarding this matter. Nevertheless, there are however cer-
tain limitations due to the inherent characteristics of the
included studies: first, our results might not be generaliz-
able to all patient populations due to two of the included
studies being based in Asian geography (Japan & China)
[19, 20]. Second, there is also variability in the time window
the patients were enrolled, which can influence patient out-
comes. As in ANGEL-ASPECT [20], 63.3% of the patients
were enrolled in the 6-to-24-hour time window, whereas
in RESCUE-Japan LIMIT [19], 28.6% of the patients were
enrolled in this late window. Third, due to the lack of agree-
ment on the management between different centers, several
confounding variables may have gone unreported & there-
fore impacted our results. Similarly, there may be institu-
tional variability in assessing AIS depending on whether CT
or diffusion-weighted MRI was used to calculate ASPECTS
values. Fourth, another factor that can introduce bias and
hence influence the validity is the difference in group sizes
notably, the number of patients receiving IV thrombolysis
remained smaller than ET, possibly due to eligibility limita-
tions. Finally, the GRADE assessment yielded low to very
low-quality evidence, limiting the clinical endorsement of
our findings.

Implications for Future Research

To address these limitations, First, large-scale RCTs should
be conducted, including patients with diverse characteris-
tics: demographic, comorbidities, and stroke risk factors.
Studies should be designed to explore patient populations
with low ASPECT scores <5, baseline NIHSS score, large
ischemic core, and optimal time window for ET. Fur-
ther imaging protocols should be standardized by using
a specific imaging modality, such as CT or DW-MRI,
for stroke assessment. In this regard, results from ongo-
ing RCTs are anticipated to provide promising results. In

this regard, ongoing RCTs are committed to exploring the
horizons of ET based on varying imaging modalities and
inclusion criteria. Results from the European (TENSION,
NCT03094715) trial investigating ASPECTS 3-5 at base-
line in the extended time window of up to 12h, the French
(IN-EXTREMIS-LASTE, NCT03811769) trial exploring
ET in a seven-hour time window, ASPECTS 0-5 on DWI-
MRI or non-contrast CT, and the North American (TESLA,
NCTO03805308) assessing moderately large infarct volume
NCCT ASPECTS 2-5 are likely to provide conclusive
evidence.

Second, a patient-level & subgroup analysis is warranted
for an in-depth exploration of patient factors to determine
if patients with certain characteristics are more likely to
benefit from ET. Additionally, a long-term follow-up dura-
tion, i.e., 12 months in contrast to the typical three months,
should be conducted to better assess the impact of ET on
patients’ quality of life vs. medical therapy alone. Finally,
for ET to be adopted in widespread clinical practice, a cost-
effectiveness analysis should be conducted between the two
interventions. This is especially important in low and mid-
dle-income countries (LMIC) settings where the best evi-
dence is required to convince policymakers and stakehold-
ers to sponsor treatments.

Conclusion

Overall, ET with routine medical care in patients with AIS
with a large ischemic core, defined as ASPECTS 3-5, was
associated with better functional outcomes compared with
medical care alone. Nonetheless, the rate of intracranial
hemorrhage was significantly higher in patients undergoing
ET; however, not symptomatic. This can support extend-
ing ET indication in the management of AIS with a large
ischemic core.
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