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Effects of endovascular therapy for mild stroke due to
proximal or M2 occlusions: meta-analysis

Chun-Hsien Lin
Meng Lee @ " David S Liebeskind®*

ABSTRACT

Objective To conduct a meta-analysis to evaluate

the effect of endovascular therapy (EVT) in mild acute
ischemic stroke (AIS) due to proximal versus distal
occlusions.

Methods We searched PubMed, Embase, the Cochrane
Library, and clinicaltrials.gov from January 2000 to
September 2021 to identify studies comparing EVT
versus best medical management (BMM) in AIS with
National Institutes of Health Stroke Scale (NIHSS)

scores <5due to proximal internal carotid artery (ICA)

or M1 versus distal M2 occlusions. We included studies
that reported the number of patients with proximal or
distal occlusions separately and reported the number

of patients with freedom of disability (modified Rankin
Scale (mRS) score 0—1) or functional independence (mRS
score 0—2) at 90 days in proximal or M2 occlusions,
respectively. OR with 95% Cl was used.

Results We identified six studies with 653 proximal ICA
and M1 occlusion patients and 666 distal M2 occlusion
patients. Pooled results showed EVT versus BMM was
associated with a higher rate of being disability-free

in patients with proximal occlusions (OR 1.58, 95% Cl
1.09 to 2.30), but was associated with a lower rate of
being disability-free in patients with M2 occlusions (OR
0.70, 95% C1 0.49 to 0.99). Effect of EVT in proximal
versus distal occlusions was substantially different (P

for interaction=0.002). A similar pattern was seen for
functional independence (P for interaction=0.05).
Conclusions For patients with mild AlS, observational
data suggest that EVT may be beneficial for proximal ICA
or M1 but not for distal M2 occlusions. Randomized trials
are needed to confirm these findings.

PROSPERO registration number CRD42021281034.

INTRODUCTION

Among patients with mild acute ischemic stroke
(AIS) in the anterior circulation, nearly one-third
harbor occlusions in the internal carotid artery
(ICA), M1 middle cerebral artery (MCA), or M2
MCA when imaged with CT angiography or MR
angiography within 6hours of symptom onset.'
A substantial proportion of patients presenting
with a low National Institutes of Health Stroke
Scale (NIHSS) score have unfavorable func-
tional outcomes when an ICA or M1 occlusion is
present.>™ Endovascular therapy (EVT) works well
at reperfusing occluded large, proximal cerebral
vessels and has become the standard reperfusion
therapy for AIS due to ICA and M1 occlusions in
the anterior circulation with NIHSS scores >35.°

! Jeffrey L Saver,** Bruce Ovbiagele,* Sung-Chun Tang,”

However, only 14 of the 1916 randomized patients
in the pivotal EVT trials had NIHSS scores <5°
therefore it is unknown whether EVT is superior to
best medical management (BMM) in strokes with
NIHSS scores <5due to large vessel occlusions
(LVOs). Even less randomized data are available
regarding mild deficit patients with more distal
M2 MCA occlusions, as several of the pivotal trials
excluded M2 MCA patients. M2 MCA occlusions
can occur in vessel segments that are large (LVO
>2mm in diameter) or medium (medium vessel
occlusion (MVO) 0.75-1.9 mm in diameter).” While
M2 segment occlusions may be LVOs or MVOs,
all are distal vessel occlusions (DVOs) occurring
in vessels that can be reached only by further and
more tortuous endovascular navigation.

There are potential reasons that, among patients
with mild ischemic stroke, EVT may be of greater
benefit over BMM for proximal ICA or M1 than
distal M2 occlusions. Mild deficit proximal occlu-
sion patients fare worse than distal occlusion
patients when treated with medical management,
showing higher frequencies of early neurologic
deterioration.® ° Conversely, mild deficit distal
occlusion patients may fare worse when treated with
EVT, showing more frequent symptomatic hemor-
rhagic transformation.'” We therefore performed
a systematic review and meta-analysis to evaluate
the effect of EVT in AIS with NIHSS scores <5 and
proximal ICA or M1 versus distal M2 occlusions.

METHODS

This study was performed in accordance with
the recommendations of the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA statement).'” This study was a systematic
review and meta-analysis and did not need institu-
tional review board or ethics committee approval.

Data sources and searches

We searched PubMed, Embase, the Cochrane
Library, and the clinical trial registry maintained
at clinicaltrials.gov from January 1, 2000 to
September 30, 2021 with the terms: ‘stroke or cere-
brovascular accident’ or ‘brain vascular accident’ or
‘cerebral infarct or intracranial vascular disease’ or
‘cerebrovascular disease or brain vascular disorder’
or ‘cerebrovascular occlusion’ or ‘cerebrovascular
insufficiency’ AND ‘mild or minor or low NIHSS’
or ‘low National Institutes of Health Stroke
Scale’ AND ‘large vessel occlusions’ or ‘internal
carotid artery occlusion’ or ‘middle cerebral artery
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occlusion’ or ‘M1 occlusion” or ‘M2 occlusion” AND ‘endovas-
cular thrombectomy’ or ‘endovascular therapy’ or ‘mechanic
thrombectomy’ or ‘intra-arterial therapy’. We limited search
results to humans. We also reviewed the introduction and discus-
sion sections of retrieved studies and of prior meta-analyses to
identify additional studies.!! '

Study selection and data extraction

Criteria for inclusion of a study were as follows: (1) the study
design was a randomized controlled trial or cohort study; (2)
patients with AIS and NIHSS scores <35; (3) the active treatment
group consisted of EVT (with or without intravenous throm-
bolysis (IVT)); (4) the control group consisted of BMM (with
IVT if suitable); (5) reported number of patients with proximal
ICA or M1, M1, or distal M2 occlusion separately; (6) reported
number of patients with freedom of disability, defined as modi-
fied Rankin Scale (mRS) score 0 to 1 or functional independence
(mRS score 0 to 2), at 90 days, in proximal ICA or M1 or distal
M2 occlusions separately. Exclusion criteria were: (1) studies
with some patients having NIHSS scores >5; (2) rescue EVT
used after early neurological deterioration in either the active
or control arm. One investigator extracted the data and another
investigator reviewed the extracted data. Any discrepant judg-
ments were resolved by joint discussion.

Study quality

We assessed the quality of eligible studies. Assessment was based
on guidelines developed by the US Preventive Task Force as
well as the modified checklist used in previous studies.® '* We
assessed four characteristics: prospective study design, compa-
rable group available, adjustment of potential confounders (ie,
age, sex, and baseline NIHSS scores), and documented loss of
follow-up rate.

Statistical analyses

The primary outcome was freedom of disability (mRS 0-1) at
90 days. For randomized controlled trials of AIS, investigators
usually chose an appropriate primary outcome according to the
baseline NIHSS scores to differentiate the effect of treatment.
For example, mRS 0-1 was used as the primary outcome for
trials of IVT (median NIHSS score 9)"° and dual antiplatelet
therapies (median NIHSS score 2) in AIS,'® mRS 0-2 for a trial
of EVT in AIS due to LVO (median NIHSS score 17),"” and mRS
0-3 for a trial of EVT in AIS due to LVO with a large ischemic
region (median NIHSS score 22)."® Because this meta-analysis
only included studies with patients having NIHSS scores <5, we
chose mRS 0-1 as the primary outcome. The secondary outcomes
were functional independence (mRS 0-2), symptomatic intracra-
nial hemorrhage (ICH), any ICH, and all-cause mortality. The
Cochrane Collaboration’s Review Manager Software Package
(RevMan 5.4.1) was used for the meta-analysis. Odds ratio (OR)
with 95% confidence interval (95% CI) was used as a measure
of the association between EVT and outcomes. All reported p
values were two-sided, with significance set at <0.05. Hetero-
geneity was assessed by the p value of y* statistics and I*.We
regarded an I* value <40% as ‘heterogeneity might not be
important’ and >75% as ‘considerable heterogeneity” based on
the suggestion of the Cochrane Handbook for Systematic Reviews
of Interventions.” *° We pooled data across studies by using the
fixed-effects model based on an inverse variance method and
compared the results with those obtained from a random-effects
model. We also performed sensitivity tests to further explore the
robustness of our results for the primary outcome (mRS 0-1).

Title and abstracts review, n= 1300
(Pubmed, n=581; EMBASE, n=671; Cochrane
Library, n=20; Clinicaltrials.gov, n=4, prior
meta-analysis: n=24)

1271 were excluded because articles with
patients with single arm, review,
duplication, NIHSS > 5 at baseline

assessment 23 were excluded due to
2 no comparable group

5 some patients with NIHSS > 5 at

29 articles retrieved for detailed |

16 outcome (MRS 0-1 or 0-2) not available
for proximal or M2 occlusion

| 6 studies were included |

Figure 1  Flow of study selection. mRS, modified Rankin Scale; M2,
second segment of middle cerebral artery; NIHSS, National Institutes of
Health Stroke Scale.

We evaluated the effect of EVT in M1 versus M2 occlusion.
We compared EVT with IVT by excluding studies with some
patients in the control arm not receiving IVT. Since devices and
techniques of EVT evolve over time, and to make the results
compatible with current EVT practice, we restricted analysis
to studies with all patients enrolled after 2011, considering the
earliest EVT beneficial-proven trial (MR CLEAN: a Multicenter
Randomized CLinical trial of Endovascular treatment for Acute
ischemic stroke in the Netherlands) started enrolling patients
from December 2010.*' Also, we tried to identify the percentage
of included patients who were treated after 2015 because
modern devices might more effectively remove distal lesions and
might affect outcomes.

RESULTS

Of the 29 studies retrieved for detailed assessment, two were
excluded due to no comparable group in two studies, some
patients having NIHSS scores >5 at baseline in five studies,
or not reporting number of patients with freedom of disability
or functional independence at 90 days in proximal ICA or M1
versus distal M2 occlusions separately in 16 studies (figure 1).
Our final analysis included six studies,'® '* **** comprising 653
patients with proximal ICA or M1 occlusions and 666 patients
with distal M2 occlusions, respectively, and NIHSS scores <3.
Among patients with proximal ICA or M1 occlusions, 360
patients received EVT and 293 patients received BMM. Among
patients with distal M2 occlusions, 236 patients received EVT
and 430 patients received BMM. The study design, quality, and
baseline characteristics of these included studies are shown in
table 1. Mean age, percentage of men or women, comorbidity
(eg, atrial fibrillation), and median NIHSS score were not avail-
able because almost all of the included studies were not designed
to explore the effect of EVT on specific vessel occlusion sites
and we only retrieved the subset of data from these studies for
the purpose of this meta-analysis. Only one study provided the
percentage of patients who were treated after 2015 and this study
showed that 111 out of 169 patients (65.7%) were treated after
2015, and mRS 0-1 at 3 months was not significantly different
between the EVT versus IVT groups in mild ischemic stroke due
to distal M2 occlusions.**

Primary outcome

For AIS patients with NIHSS scores <3, pooled results from the
fixed-effect model showed that EVT compared with BMM was
associated with a higher rate of being disability-free in patients
with proximal ICA or M1 occlusions (67.6% vs 60.6%; OR
1.58,95%CI 1.09 to 2.30, p=0.02),"° 22 but was associated
with a lower rate of being disability-free in patients with distal
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Table 1 Characteristics of included studies

Dobrocky et al** Goyal et al"? Messer et al®>  Saito et al*? Sarraj et al*® Seners et al'’
Countries Switzerland, Germany  North Germany Japan USA, Spain France

America, Europe, Asia

Study duration (dates) 2005-2020 2013-2017 1998-2015 2014-2016 2012-2017 2006-2018
NIHSS score <5 <5 <5 <5 <5 <5
Active group EVT+IVT EVT£IVT EVTIVT EVTIVT EVT+IVT EVTIVT
Comparator group VT BMM (including IVT) %) %) BMM (including IVT) IVT
Outcome available in vessel M2 Proximal ICA or M1 and M2 Proximal ICA or M1 Proximal ICA Proximal ICA or M1, M1, and M2 M1 and M2
occlusion sites or M1
ICA or M1 occlusions 0 172 26 81 122 252
M2 occlusions 164 79 0 NA 77 346
Prospective study design No No No No No Yes
Comparable group available Yes Yes Yes Yes Yes Yes
Adjustment of confounders  No No No No No No
Documented loss of follow-  No No No No No No
up rate

BMM, best medical management; EVT, endovascular therapy; ICA, internal carotid artery; IVT, intravenous thrombolysis; M1, first segment of middle cerebral artery; M2, second

segment of middle cerebral artery; NA, not available.

M2 occlusions (64.4% vs 74.1%; OR 0.70, 95% CI 0.49 to 0.99,
p=0.04),'912232% and the effect of EVT in the proximal ICA or
M1 versus distal M2 occlusions was substantially different (P for
interaction=0.002, [*=90%) (figure 2).

The analysis using the random-effects model obtained similar
results (proximal ICA or M1 occlusions: OR 1.68, 95% CI 0.98
to 2.88 vs distal M2 occlusions: OR 0.69, 95% CI 0.48 to 1.00;
P for interaction=0.008, [*=86%) (online supplemental eFigure
1).

Secondary outcomes

For AIS patients with NIHSS scores <35, pooled results from
the fixed-effect model showed that EVT compared with BMM
was associated with a non-significantly higher rate of functional
independence in patients with proximal ICA or M1 occlusions
(75.8% vs 75.2%; OR 1.23, 95%CI 0.83 to 1.84),''***** but
was associated with a non-significantly lower rate of functional
independence in patients with distal M2 occlusions (78.3% vs
84.1%; OR 0.69, 95% CI 0.45 to 1.05),1° 1223 2% and the effect
of EVT in the proximal ICA or M1 versus distal M2 occlusions

was borderline different (P for interaction=0.05, 1*=74%)
(figure 3).

Pooled results showed that EVT compared with BMM was not
associated with a significantly higher rate of symptomatic ICH
in proximal ICA or M1 occlusions (5.1% vs 3.1%; OR 1.71,
95%CI 0.61 to 4.81),'° 12 but was associated with a higher rate
of symptomatic ICH in distal M2 occlusions (6.8% vs 2.3%;
OR 3.44, 95%CI 1.42 to 8.32),'" '*** and the effect of EVT in
the proximal ICA or M1 versus distal M2 occlusions was not
significantly different (P for interaction=0.31, *=18%) (online
supplemental eFigure 2).

Pooled results showed that EVT compared with BMM was
associated with higher rates of any ICH both in the proximal
ICA or M1 occlusions (20.3% vs 8.2%; OR 2.79, 95%CI 1.51
to 5.16)'° 2 and in the distal M2 occlusions (21.4% vs 8.1%;
OR 3.20, 95%CI 1.72 to 5.96),'° 12 and the effect of EVT in
the proximal ICA or M1 versus distal M2 occlusions was not
significantly different (P for interaction=0.76, *=0%) (online
supplemental eFigure 3).

EVT BMM 0Odds Ratio Odds Ratio EVT BMM Odds Ratio Odds Ratio
Study or Subgrouy Events Total Events Total Weight IV, Fixed. 95% Cl IV, Fixed, 95% C1 Study or Subgroup Events Total Events Total Weight IV, Fixed,95% Cl IV, Fixed, 95% Cl
1.1.1 Proximal M1 or ICA occlusions 3.1.1Proximal M1 or ICA occlusions
Goyal etal. 20207 70 104 47 B8 323% 0.92(0.48,1.78 — Goyal etal. 2020 81 104 58 B8 240% 061[0.27,1.37) 1
Messer etal. 20177 6 8 718 40% 4.71(0.73,30.28) B Saito etal. 2020” 2% 32 32 49 152% 1.90(0.68,5.28) —
Sarraj etal. 2018” 47 89 10 33 193% 257[1.10,6.03] —_— Sarraj etal. 2018 53 89 15 33 246% 1.77[0.79,3.95] T
Seners etal. 2020" 99 127 84 125 443% 1.73(098,3.03 |- Seners etal. 2020° 108 127 102 125 361% 1.28[066,249) -
Subtotal (95% Cl) 328 244 100.0% 1.58[1.09, 2.30] R Subtotal (95% CI) 352 275 100.0% 1.23[0.83,1.84] -
Total events 222 148 Total events 267 207
Heterogeneity: Chi*= 5.28, df=3 (P = 0.15), F= 43% Heterogeneity: Chi*= 4.36, df= 3 (P=0.23); F=31%
Testfor overall effect: Z= 2.41 (P = 0.02) Testfor overall effect: Z=1.02 (P = 0.31)
1.1.2 Distal M2 occlusions 3.1.2 Distal M2 occlusions
Dobrocky etal. 2021 53 82 53 82 30.5% 1.00(0.53,1.90] — Dobrocky et al. 2021* 65 82 69 82 27.5% 0.72(0.32,1.60] e
Goyal etal. 2020 17 34 33 45 141% 0.36(0.14,0.93] Goyal etal. 20207 25 34 38 45 142% 051[0.17,1.55] _
Sarraj etal. 2018” 2 33 32 44 132% 066(0.25,1.73] -1 Sarraj etal. 2018 25 33 37 44 136% 059(0.19,1.84] —
Seners etal. 2020° 61 87 201 259 422% 0.68(0.39,1.17) — & Seners etal. 2020° 70 87 218 259 446% 0.77[0.41,1.45] — -
Subtotal (95% CI) 236 430 100.0% 0.70[0.49, 0.99] - Subtotal (95% CI) 236 430 100.0% 0.69 [0.45, 1.05] -
Total events 152 319 Total events 185 362
Heterogeneity: Chi*= 3.08, df= 3 (P = 0.38); F= 3% Heterogeneity: Chi*= 0.49, df=3 (P =0.92); F= 0%
Testfor overall effect: Z= 2.01 (P = 0.04) Testfor overall effect Z=1.74 (P = 0.08)

01 02 5 10 01 02 5 10

05 2
Favors BMM Favors EVT
Testfar subarnun differences” Chi*= 887 df=1(P=NNNN F= 80 %

Figure 2 Freedom of disability. Forest plot comparing EVT versus
BMM for freedom of disability (modified Rankin Scale 0-1) in
proximal ICA or M1 versus distal M2 occlusions. BMM, best medical
management; EVT, endovascular therapy; ICA, internal carotid artery;
M1, first segment of middle cerebral artery; M2, second segment of
middle cerebral artery.

05 2
B Favors BMM Favors EVT
Testfor suboraun differences Chi*= 2 84 df=1(P=NN&A F= 74 1%

Figure 3  Functional independence. Forest plot comparing EVT versus
BMM for functional independence (modified Rankin Scale 0-2) in
proximal ICA or M1 versus distal M2 occlusions. BMM, best medical
management; EVT, endovascular therapy; ICA, internal carotid artery;
M1, first segment of middle cerebral artery; M2, second segment of
middle cerebral artery.
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There was no difference in all-cause mortality between EVT
and BMM in the proximal ICA or M1 occlusions (8.2% vs 4.9%;
OR 1.56, 95%CI 0.53 to 4.63)'** and in the distal M2 occlu-
sions (7.3% vs 4.0%; OR 1.87, 95%CI 0.71 to 4.94),'> > *
and the effect of EVT in the proximal ICA or M1 versus distal
M2 occlusions was not significantly different (P for interac-
tion=0.81, I’=0%) (online supplemental eFigure 4).

Sensitivity tests

When we restricted analysis in studies with proximal M1
versus distal M2 occlusions, pooled results showed that EVT
compared with BMM was associated with a higher rate of being
disability-free in patients with proximal M1 occlusions (69.2%
vs 61.0%; OR 2.00, 95%CI 1.21 to 3.31),'°% but was associ-
ated with a lower rate of being disability-free in patients with
distal M2 occlusions (64.4% vs 74.2%; OR 0.70, 95% CI 0.49
t0 0.99),'% 122 2% and the effect of EVT in proximal M1 versus
distal M2 occlusions was substantially different (P for interac-
tion=0.0007, 1*=91%) (online supplemental eFigure 5).

When we restricted analysis in studies with EVT versus IVT,
pooled results showed that EVT compared with IVT was asso-
ciated with a higher rate of being disability-free in patients
with proximal ICA or M1 occlusions (77.8% vs 63.6%; OR
1.88, 95%CI 1.10 to 3.21),'°* but was associated with a non-
significant lower rate of being disability-free in patients with
distal M2 occlusions (67.5% vs 74.5%; OR 0.80, 95%CI 0.53
to 1.21),°%* and the effect of EVT compared with IVT in the
proximal ICA or M1 versus distal M2 occlusions was substan-
tially different (P for interaction=0.01, ?=849%) (online supple-
mental eFigure 6).

When we restricted analysis to studies with all patients
enrolled after 2011, pooled results showed that EVT compared
with BMM was associated with a non-significantly higher rate of
being disability-free in patients with proximal ICA or M1 occlu-
sions (60.6% vs 56.4%; OR 1.35, 95%CI 0.80 to 2.27),'*
but was associated with a lower rate of being disability-free in
patients with distal M2 occlusions (56.7% vs 73.0%; OR 0.48,
95%CI 0.25 t0 0.95),'22* and the effect of EVT in proximal ICA
or M1 versus distal M2 occlusions was substantially different (P
for interaction=0.02, I*=82%) (online supplemental eFigure 7).

DISCUSSION

In this meta-analysis, which compared mild severity AIS patients
with proximal ICA or M1 occlusions versus those with distal
M2 occlusions, we found that, compared with BMM, EVT was
associated with a higher rate of being disability-free in those with
proximal ICA or M1 occlusions, but with a lower rate of being
disability-free in those with distal M2 occlusions. Similar effects
of EVT were found with the outcome of functional indepen-
dence in proximal ICA or M1 versus distal M2 occlusions. Also,
EVT was associated with a higher rate of symptomatic ICH in
distal M2 occlusions. Taken together, for AIS with NIHSS scores
<5due to vessel occlusions in the anterior circulation, EVT
may be beneficial in proximal ICA or M1 occlusions, but the
benefit-risk profile may be more in favor of BMM in distal M2
occlusions. Still, these observational data should only be seen
as a suggestive rather than a definitive evidence-based guide for
clinical practice.

In US national practice, more than one-half of AIS hospital-
izations have mild deficits (NIHSS scores <5), accounting for
one of every 10 EVT treatments.”® However, the effect of EVT
versus no EVT is not known as administrative databases do not
capture information regarding the presence or absence of vessel
occlusions.?® Prior meta-analyses generally show neutral results

between EVT and BMM in mild stroke due to vessel occlusions
in the anterior circulation, but none of them explored proximal
ICA or M1 and distal M2 occlusions separately.'? ?” As EVT
is likely to be beneficial in mild strokes due to proximal ICA
or M1 occlusions, but possibly harmful in those due to distal
M2 occlusions as noted in this meta-analysis, it is conceivable
that the effect of EVT versus BMM would be neutral if patients
with proximal or distal occlusions are pooled together. There
are two ongoing randomized trials—Endovascular Therapy for
Low NIHSS Ischemic Strokes (ENDOLOW), and Minor Stroke
Therapy Evaluation (MOSTE)—which are exploring the effi-
cacy of EVT in AIS due to LVO with NIHSS scores < 5.28%
The ENDOLOW trial enrolled stroke patients with ICA, M1,
or M1-like M2 occlusions, while the MOSTE trial enrolled
stroke patients with ICA, M1, or M1-M2 occlusions.”® * The
study design of these two ongoing trials for not enrolling mild
stroke patients with pure distal M2 occlusions may be based on
the assumption that EVT is not likely to be beneficial in these
patients, which was confirmed by the current meta-analysis.
The criteria of specific vessel occlusion sites used in these two
randomized trials are similar to the proximal ICA or M1 occlu-
sions in the current meta-analysis. The findings of these two
trials will provide robust evidence to support or rebut our results
suggesting EVT is beneficial in mild ischemic stroke with prox-
imal ICA or M1 occlusions.

In the SITS International Stroke Thrombolysis Register
involving 2553 patients with IVT-treated minor stroke (NIHSS
scores <35), non-hemorrhagic early neurological deterioration
was more frequently seen in proximal ICA or M1 occlusions
than no occlusion, whereas non-hemorrhagic early neurological
deterioration rate was not significantly different between distal
M2 occlusions and no occlusions.* In the MINOR-STROKE
collaboration on 729 stroke patients with NIHSS scores <5 due
to vessel occlusions and treated with IVT, a more proximal occlu-
sion site was independently associated with early neurological
deterioration.” Another study showed that 44% of proximal ICA
or M1 occlusions versus 32% of distal M2 occlusions had early
neurological deterioration in AIS with NIHSS scores <$not
treated with EVT.® Since there is a high rate of early neurolog-
ical deterioration in mild stroke patients with proximal ICA or
M1 occlusions, and early neurological deterioration is strongly
associated with poor functional outcome,’ the natural course of
mild stroke with proximal ICA or M1 occlusions should prob-
ably not be regarded as benign. Although data on reperfusion
rates in each group were not provided by the included studies,
it is conceivable that EVT compared with BMM would further
increase excellent reperfusion in some patients. Also, the current
meta-analysis found that EVT compared with BMM was not
significantly associated with a higher rate of symptomatic ICH
in proximal ICA or M1 occlusions. Taken together, EVT is likely
to provide additional benefits in mild stroke with proximal ICA
or M1 occlusions.

The STRATIS Registry showed that distal M2 occlusions
(NTHSS score 15.7%5.0) compared with proximal M1 occlu-
sions achieved similar rates of successful reperfusion and good
functional outcome, although increased rates of symptom-
atic ICH were demonstrated.’”® The HERMES collaboration
showed that EVT compared with BMM was associated with
functional independence and successful reperfusion in distal M2
occlusions (NIHSS score 14.4=5.1).3! However, none of these
studies addressed lower NIHSS scores with distal M2 occlu-
sions. Perforations and symptomatic ICH were most commonly
found at distal M2 occlusions during EVT due to difficulty
traversing the occlusion with a microcatheter or microwire, or
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Ischemic stroke

while withdrawing the stent retriever,*> which may hamper the
potential beneficial effect of EVT especially in patients with low
NIHSS scores. On the other hand, IVT increases rates of freedom
of disability® and does not increase symptomatic ICH in mild
stroke patients.>* ** Furthermore, a positive correlation between
successful early reperfusion and clinical outcome could not be
demonstrated for patients with distal M2 occlusions.>> In this
meta-analysis, freedom of disability was most frequently found
in patients with distal M2 occlusions receiving BMM (74.1%),
followed by patients with proximal ICA or M1 (67.6%) and
distal M2 (64.4%) occlusions receiving EVT; patients with prox-
imal ICA or M1 occlusions not receiving EVT had the lowest
rate (60.6%) for freedom of disability.

For patients with mild stroke and M2 occlusions, it may be
interesting to conduct a subgroup analysis to compare patients
who received EVT versus patients who did not receive any
reperfusion therapy, including IVT; this is because a randomized
controlled trial showed that among patients with minor non-
disabling AIS (NIHSS score 0-5), treatment with IVT versus
aspirin did not increase the likelihood of favorable functional
outcome at 90 days.’® Also, it may be interesting to conduct
a subgroup analysis to explore the limits of symptom severity
that may still induce the benefit of EVT in proximal versus
distal occlusions among patients presenting with NIHSS scores
0-3 versus 4-5. However, no relevant data were provided by
included studies and further analyses could not be conducted.

Limitations

Limitations of this meta-analysis must be considered. First, all
included studies were observational studies and selection bias
is inevitable. Also, we pooled results by using raw data rather
than adjusted ORs with 95% CI because most included studies
did not provide such information. Since adjusted ORs with 95%
CI were only reported in one study,'® pooled analysis based on
adjusted results could not be done. Second, patients enrolled in
the included studies from 1998 to 2020, and the devices used in
EVT treatment varied during this period of time. A sensitivity
test including only studies enrolling patients after 2011 obtained
similar results. However, major advances have been made in the
design of devices specifically created to treat distal occlusions in
the past 10 years. Only one study reported subgroup analysis for
patients treated after 2015 and found that mRS 0-1 at 3 months
was not significantly different between EVT versus IVT groups
in mild ischemic stroke due to distal M2 occlusions. Third, infor-
mation on the size of infarct core and penumbra, and collateral
status, was not provided by included studies and further analysis
was not possible. Finally, some studies reported results based on
proximal ICA or M1 occlusions while other studies reported
results based on proximal M1 occlusions. Also, some studies
reported IVT in the control arm while other studies reported
BMM in the control arm. Still, sensitivity tests exploring these
factors obtained similar results.

CONCLUSIONS

This meta-analysis highlights the importance of knowledge
about specific vessel occlusion sites in decision-making for AIS
with NIHSS scores <5 due to vessel occlusions in the anterior
circulation. EVT compared with BMM was associated with a
higher rate of being disability-free after mild AIS due to prox-
imal ICA or M1 occlusions. Pending evidence from ongoing
randomized trials, such findings should only be seen as a sugges-
tive rather than an evidence-based guide for clinical practice. On
the other hand, EVT compared with BMM was associated with
a lower rate of being disability-free after mild AIS due to distal

M2 occlusions, and therefore it may be imprudent to use EVT
in these patients.
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Online supplemental eFigure 1

Forest plot comparing endovascular therapy versus best medical management for
freedom of disability (modified Rankin Scale 0—1), pooled by random-effect model, in
proximal ICA or M1 vs distal M2 occlusions.

BMM: best medical management, Cl: confidence interval, EVT: endovascular therapy,
ICA: internal carotid artery, M1: first segment of middle cerebral artery, M2: second

segment of middle cerebral artery, OR: odds ratio.
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Online supplemental eFigure 2

Forest plot comparing endovascular therapy versus best medical management for

symptomatic intracranial hemorrhage in proximal ICA or M1 vs distal M2 occlusions.

BMM: best medical management, Cl: confidence interval, EVT: endovascular therapy,

ICA: internal carotid artery, M1: first segment of middle cerebral artery, M2: second

segment of middle cerebral artery, OR: odds ratio.
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Online supplemental eFigure 3

Forest plot comparing endovascular therapy versus best medical management for
any intracranial hemorrhage in proximal ICA or M1 vs distal M2 occlusions.

BMM: best medical management, Cl: confidence interval, EVT: endovascular therapy,
ICA: internal carotid artery, M1: first segment of middle cerebral artery, M2: second
segment of middle cerebral artery, OR: odds ratio.
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Online supplemental eFigure 4

Forest plot comparing endovascular therapy versus best medical management for

all-cause mortality in proximal ICA or M1 vs distal M2 occlusions.

BMM: best medical management, Cl: confidence interval, EVT: endovascular therapy,

ICA: internal carotid artery, M1: first segment of middle cerebral artery, M2: second

segment of middle cerebral artery, OR: odds ratio.
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4.1.2 Distal M2 occlusions

Dobrocky et al. 2021* 4 82 4 B84 469%  1.03[0.25,4.29)
Goval etal. 2020 6 34 3 45 440% 3.00[0.69,613.00]
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Heterogeneity: Chi*=1.31, df= 2 (P = 0.52); F= 0%
Test for overall effect Z=1.26 (P=0.21)
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Online supplemental eFigure 5

Forest plot comparing endovascular therapy versus best medical management for
freedom of disability (modified Rankin Scale 0—1) in M1 vs M2 occlusions.

BMM: best medical management, Cl: confidence interval, EVT: endovascular therapy,
M1.: first segment of middle cerebral artery, M2: second segment of middle cerebral
artery, OR: odds ratio.

EVT BMM Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
5.1.1 M1 occlusions
Sarraj etal. 20182 36 68 5 21 20.3% 3.60([1.18,10.94) =t
Seners et al. 2020” 99 127 84 125 79.7% 1.73[0.98,3.03 —il—
Subtotal (95% ClI) 195 146 100.0% 2.00[1.21,3.31] P
Total events 135 89

Heterogeneity: Chi*=1.34, df=1 (P = 0.25), F= 25%
Test for overall effect: Z= 2.72 (P = 0.007)

5.1.2 M2 occlusions

Dobrocky et al. 2021* 53 82 53 82 305% 1.00[0.53,1.90] ——
Goyal etal. 2020™ 17 34 33 45 141% 036(0.14,0.93] - =

Sarraj etal. 2018” 21 33 32 44 132% 066[0.251.73] = = |
Seners etal. 2020 61 87 201 259 42.2% 0.68[0.39,1.17) —
Subtotal (95% Cl) 236 430 100.0% 0.70[0.49, 0.99] <

Total events 152 319

Heterogeneity: Chi*= 3.08, df= 3 (P = 0.38); F= 3%

Test for overall effect: Z= 2.01 (P = 0.04)

01 02 05 1 2 5 10
Favors BMM Favors EVT

Test far subnrnun differences’ Chif= 11 43 df=1 P =N NON7Y F= Q1 7%

Lin C-H, et al. J Neurolntervent Surg 2022;0:1-6. doi: 10.1136/neurintsurg-2022-018662



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Neurol ntervent Surg

Online supplemental eFigure 6

Forest plot comparing endovascular therapy versus intravenous thrombolysis for
freedom of disability (modified Rankin Scale 0—1) in proximal ICA or M1 vs distal M2
occlusions.

Cl: confidence interval, EVT: endovascular therapy, ICA: internal carotid artery, IVT:
intravenous thrombolysis, M1: first segment of middle cerebral artery, M2: second

segment of middle cerebral artery, OR: odds ratio.

EVT NT Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
6.1.1 Proximal M1 or ICA occlusions
Messeretal. 2017% B 8 7 18 8.4% 4.71[0.73,30.28] ’
Seners etal, 2020° 99 127 84 125 916% 1.73[0.98,3.03 t
Subtotal (95% CI) 135 143 100.0% 1.88[1.10,3.21]
Total events 105 91

Heterogeneity. Chi*=1.03, df=1 (P=0.31); F= 3%
Test for overall effect: Z= 2.30 (P = 0.02)

6.1.2 Distal M2 occlusions

Dobrocky et al. 2021 53 82 53 82 41.9% 1.00[0.53,1.90)
Seners etal. 2020" 61 ar 201 259 581% 0.68(0.39,1.17]
Subtotal (95% Cl) 169 341 100.0% 0.80[0.53, 1.21]
Total events 114 254

Heterogeneity: Chi*=0.83, df=1 (P = 0.36); F= 0%
Test for overall effect. Z=1.07 (P = 0.28)
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Online supplemental eFigure 7

Forest plot comparing endovascular therapy versus best medical management for
freedom of disability (modified Rankin Scale 0—1) in proximal ICA or M1 vs distal M2
occlusions, restricted analysis to studies with all patients enrolled after 2011

BMM: best medical management, Cl: confidence interval, EVT: endovascular therapy,
ICA: internal carotid artery, M1: first segment of middle cerebral artery, M2: second

segment of middle cerebral artery, OR: odds ratio.

EVT BMM 0Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% CI
7.1.1 Proximal M1 or ICA occlusions
Goyal etal. 2020% 70 104 47 B8 626% 0.92[0.48,1.78)
Sarraj etal. 20187 47 89 10 33 37.4% 257[1.10,6.03] —
Subtotal (95% CI) 193 101 100.0% 1.35[0.80, 2.27]
Total events 117 57

Heterogeneity: Chi*= 3.52, df=1 (P = 0.06); F=72%
Test for overall effect: Z=1.13 (P = 0.26)

7.1.2 Distal M2 occlusions

Goyal etal. 20207 17 34 33 45 51.5% 0.36[0.14,093] —
Sarraj etal. 20187 21 33 32 44 485% 0.66[0.251.73) —
Subtotal (95% CI) 67 89 100.0% 0.48[0.25, 0.95] =B
Total events 38 65

Heterogeneity: Chi*= 0.73, df=1 (P=0.39), F=0%
Test for overall effect: Z=2.10 (P = 0.04)
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