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IMPORTANCE The benefit of mechanical thrombectomy (MT) in patients with stroke
presenting with mild deficits (National Institutes of Health Stroke Scale [NIHSS] score <6)
owing to emergency large-vessel occlusion (ELVO) remains uncertain.

OBJECTIVE To assess the outcomes of patients with mild-deficits ELVO (mELVO) treated
with MT vs best medical management (bMM).

DATA SOURCES We retrospectively pooled patients with mELVO during a 5-year period from
16 centers. A meta-analysis of studies reporting efficacy and safety outcomes with MT or
bMM among patients with mELVO was also conducted. Data were analyzed between 2013
and 2017.

STUDY SELECTION We identified studies that enrolled patients with stroke (within 24 hours
of symptom onset) with mELVO treated with MT or bMM.

MAIN OUTCOMES AND MEASURES Efficacy outcomes included 3-month favorable functional
outcome and 3-month functional independence that were defined as modified Rankin Scale
scores of 0 to 1 and 0 to 2, respectively. Safety outcomes included 3-month mortality and
symptomatic and asymptomatic intracranial hemorrhage (ICH).

RESULTS We evaluated a total of 251 patients with mELVO who were treated with MT
(n = 138; 65 women; mean age, 65.2 years; median NIHSS score, 4; interquartile range [IQR],
3-5) or bMM (n = 113; 51 women; mean age, 64.8; median NIHSS score, 3; interquartile range
[IQR], 2-4). The rate of asymptomatic ICH was lower in bMM (4.6% vs 17.5%; P = .002), while
the rate of 3-month FI (after imputation of missing follow-up evaluations) was lower in MT
(77.4% vs 88.5%; P = .02). The 2 groups did not differ in any other efficacy or safety
outcomes. In multivariable analyses, MT was associated with higher odds of asymptomatic
ICH (odds ratio [OR], 11.07; 95% CI, 1.31-93.53; P = .03). In the meta-analysis of 4 studies
(843 patients), MT was associated with higher odds of symptomatic ICH in unadjusted
analyses (OR, 5.52; 95% CI, 1.91-15.49; P = .002; I2 = 0%). This association did not retain its
significance in adjusted analyses including 2 studies (OR, 2.06; 95% CI, 0.49-8.63; P = .32;
I2 = 0%). The meta-analysis did not document any other independent associations between
treatment groups and safety or efficacy outcomes.

CONCLUSIONS AND RELEVANCE Our multicenter study coupled with the meta-analysis
suggests similar outcomes of MT and bMM in patients with stroke with mELVO, but no
conclusions about treatment effect can be made. The clinical equipoise can further be
resolved by a randomized clinical trial.
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American Heart Association (AHA) recommendations
outline that mechanical thrombectomy (MT) is stan-
dard of care for anterior circulation emergency large-

vessel occlusion (ELVO) presenting with National Institutes
of Health Stroke Scale (NIHSS) scores of at least 6 points
during the first 6 hours from symptom onset and during 6 to
24 hours from symptom onset in selected patients who fulfill
advanced neuroimaging criteria.1 Because randomized
clinical trials2-5 excluded patients with ELVO presenting with
low NIHSS scores (0-5 points), except 10 patients in the
Multicenter Randomized Clinical Trial of the Endovascular
Treatment for Acute Ischemic Stroke in the Netherlands
(MR CLEAN)6 and 4 patients in Extending the Time for Throm-
bolysis in Emergency Neurological Deficits–Intra-Arterial
(EXTEND-IA)7 trials, the efficacy and safety of MT in this
cohort are lacking. Previous studies involving patients with
ELVO with mild deficits have demonstrated worse outcomes
among patients with acute ischemic stroke (AIS) not treated
with either intravenous thrombolysis (IVT) or MT.8-10

Up to 10% of patients with ELVO presenting within 6 hours
can have mild deficits,11 and because of fragile collateral sta-
tus, they can deteriorate rapidly or gradually, leading to poor
outcome.12 The treating physicians often find themselves in
a conundrum of whether to treat this subgroup of patients
with ELVO with MT. Some multicenter studies have evalu-
ated the role of MT in patients with ELVO with low NIHSS scores
(<6 points; mELVO) and suggested a potential benefit of MT.10,13

On the other hand, other investigators have reported equiva-
lent safety and efficacy outcomes in results between MT and
best medical management (bMM) in mELVO.14-16

In view of these conflicting observational reports and ow-
ing to the lack of randomized data, we conducted an interna-
tional multicenter study to compare safety and efficacy out-
comes in patients with mELVO treated with MT or bMM. We
also performed a systematic review and meta-analysis to fur-
ther comparatively evaluate the safety and effectiveness of MT
vs bMM among patients with AIS with mELVO.

Methods
Consecutive patients with AIS with mELVO were retrospec-
tively identified from registries collecting prospective data
of 16 high-volume endovascular stroke centers in North
America, Europe, and Asia during a 5-year period (2013-
2017). The data were pooled to analyze and determine the
safety and efficacy outcomes in patients with mELVO treated
with 2 different therapeutic approaches: bMM (including
treatment with intravenous thrombolysis [IVT]) and MT
(with or without pretreatment with IVT). All patients with
AIS fulfilling the following criteria were included in this
study: (1) patients with anterior circulation ELVO (internal
carotid artery, M1 middle cerebral artery, and M2 middle
cerebral artery) diagnosed and treated within 24 hours from
symptom onset; (2) admission NIHSS score of less than 6
points; (3) treatment period ranging between January 1, 2013,
and June 31, 2017; (4) prestroke modified Rankin Scale (mRS)
score of 0 to 1; (5) no history of prior stroke; and (6) being 18

years or older. Further details of study selection are available
in the eMethods of the Supplement.

We recorded the following baseline characteristics as pre-
viously described in other reports of our international collab-
orative group17-19: age, race/ethnicity, sex, hypertension, dia-
betes, hyperlipidemia, coronary artery disease, end-stage renal
disease, smoking status, admission blood pressure levels,
prior antiplatelet use, prior anticoagulant use, Alberta Stroke
Program Early Computed Tomography (CT) score, admission
and discharge NIHSS scores, location of occlusion, good col-
laterals on baseline CT angiography, and pretreatment with IVT.
Collateral score (CS) for anterior-circulation ELVO was re-
ported in a dichotomized fashion (ie, poor [CS = 0 or 1] vs good
[CS = 2, 3, and 4]) using American Society of Interventional and
Therapeutic Neuroradiology methods that have been shown
to predict outcomes.20

We evaluated the following efficacy outcomes: 3-month
functional independence (FI) defined as mRS scores of 0 to 2
at 90 days, 3-month favorable functional outcome (FFO) de-
fined as mRS scores of 0 to 1 at 90 days, distribution of mRS
scores at discharge and at 90 days, neurological improve-
ment during hospitalization defined as the decrease in the base-
line NIHSS score at hospital discharge (baseline NIHSS score
minues discharge NIHSS score), successful reperfusion, length
of intensive care unit stay, and length of hospital stay. The safety
end points included 3-month all-cause mortality, sympto-
matic intracranial hemorrhage (sICH) defined as presence of
a parenchymal hematoma type 2 on postinterventional brain
CT or magnetic resonance imaging, accounting for deteriora-
tion with an increase in NIHSS score of at least 4 points within
36 hours from treatment as previously described,19 and asymp-
tomatic intracranial hemorrhage including all remaining non-
symptomatic intracranial hemorrhages. All certified vascular
neurologists performed evaluations of stroke severity and re-
sidual disability at 3 months as part of their clinical duties.
There was no central adjudication of clinical outcomes.

Our systematic review and meta-analysis was conducted
using the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines for systematic
reviews and meta-analyses, and data were presented accord-
ing to the Meta-Analysis of Observational Studies Epidemiol-
ogy (MOOSE) proposal.21,22 We identified studies using

Key Points
Question Is mechanical thrombectomy superior to best medical
management (bMM) for mild-deficits emergency large-vessel
occlusion (mELVO) strokes?

Findings In this pooled analysis of 251 patients with mELVO,
we documented higher odds of asymptomatic intracerebral
hemorrhage with mechanical thrombectomy compared with
bMM. The systematic review and meta-analysis of 4 studies did
not document any independent association between treatment
groups and safety or efficacy outcomes.

Meaning Mechanical thrombectomy has a similar efficacy and
safety profile compared with bMM in patients with stroke with
mELVO.
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MEDLINE and SCOPUS databases. The complete search algo-
rithm used in MEDLINE search is available in the eMethods
of the Supplement. No language or other search restrictions
were applied. We included trials if they enrolled patients
with AIS (within 24 hours of symptom onset) with ELVO and
mild neurological severity (NIHSS ≤5) for MT (intra-arterial
thrombolysis and MT alone or in combination) or medical
treatment with or without IVT. The risk of bias of included
studies was evaluated using the Newcastle-Ottawa Scale as
previously described.23

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the relevant ethics committees
of individual centers. Owing to the nature of this retrospec-
tive medical record review study, the institutional review
boards waived the need for patients’ consent.

Statistical Analyses
A detailed statistical analyses subsection is available in the
eMethods of the Supplement. We compared the baseline char-
acteristics and outcomes among patients with AIS with mELVO
treated with either MT or bMM. In multivariable regression
analysis, we adjusted for a priori defined confounders of age,
admission NIHSS score, pretreatment with IVT, admission glu-
cose, admission systolic blood pressure, collateral status, and
Alberta Stroke Program Early CT Score on baseline neuroim-
aging. We also performed alternative multivariable analyses
using as confounders all baseline characteristics that contrib-
uted to the outcome of interest in the initial univariable analy-
ses at P values less than .10.

We also performed ordinal regression analysis on dis-
charge and 90-day functional outcome to identify indepen-
dent factors associated with functional improvement de-
fined as 1-point decrease in the mRS score in a shift analysis.18

To confirm the findings of the aforementioned regression mod-
els, we performed additional sensitivity analyses on the out-
comes of interest in propensity score–matched (PSM) groups.
Patients in the active group (MT treatment) were matched to
control group patients (bMM) using a structured, iterative pro-
pensity score model with the primary objective to maximize
the balance in the distribution of possible confounders be-
tween the 2 aforementioned groups.

Sensitivity analyses involved the use of both regression-
based multiple imputation and last-observation carried for-
ward (LOCF) imputation of missing 3-month follow-up
evaluations. We also conducted additional subgroup analy-
ses stratified by location of occlusion (proximal vs distal)
and baseline stroke severity (4-5 points in NIHSS score vs 0-3
points).

In our meta-analysis, we calculated relative odds ratios
(ORs) and their corresponding 95% confidence intervals to
measure the effect size of all the outcomes. We also per-
formed sensitivity analyses according to the status of 3-month
follow-up evaluations after excluding patients with missing
3-month mRS scores. We additionally performed adjusted
analyses for those studies that provided OR of MT vs bMM
after adjusting for confounding variables. A random-effects

model (Der Simonian Laird) was used to calculate the
pooled OR in both the overall and subgroup analyses.24 We
performed equivalent z test for each pooled OR, and a
2-tailed P value less than .05 was considered statistically
significant. We also performed sensitivity analysis by
excluding the patients who were lost to follow-up to effec-
tively compare our retrospective cohort with the findings of
meta-analysis.

Results
A total of 251 consecutive patients with mELVO were in-
cluded in our study; 138 received treatment with MT (mean [SD]
age, 65.2 [16.6] years, 47.1% women [n = 65 of 138], median
baseline NIHSS score, 4 points; interquartile range, 3-5); 113
patients received treatment with bMM (mean [SD] age, 64.8
[12.8] years; 45.1% women [n = 51 of 113]; median baseline
NIHSS score, 3 points; interquartile range, 2-4). Table 1 com-
pares baseline characteristics in the 2 treatment groups. Proxi-
mal occlusions were more common in patients with mELVO
treated with MT (75.3% vs 60.2%; P = .01). Intravenous throm-
bolysis tended to be more common in patients receiving MT
(53.6% [n = 74 of 138] vs 40.7% [n = 46 of 113]; P = .05), whereas
current smoking was more prevalent in patients with bMM
(39.8% [n = 45 of 113] vs 26% [n = 36 of 138]; P = .02). Finally,
median admission NIHSS scores were higher in the MT group
(4 vs 3 points; P < .001).

Table 2 presents safety and efficacy outcomes in the 2 treat-
ment groups. In unadjusted analyses, patients treated with
bMM had lower rates of asymptomatic ICH (4.6% [n = 5 of 109]
vs 17.5% [n = 24 of 137]; P = .002), lower median mRS scores
at hospital discharge (1; interquartile range, 0-2 vs 1; interquar-
tile range, 1-3; P = .002), and shorter median length of hospi-
tal stay (4 days; interquartile range, 3-7 vs 5 days; interquar-
tile range, 4-9; P = .002). The 2 groups did not differ in terms
of sICH (4.4% vs 0.9%; P = .11), neurological improvement dur-
ing hospitalization (2 points; interquartile range, 1-3 vs 1 point;
interquartile range, 0-3; P = .69), 3-month FFO (63.1% vs 70.4%;
P = .26), 3-month FI (76.7% vs 85.2%; P = .12); 3-month mor-
tality (9.7% vs 5.7%; P = .28); and distribution of 3-month mRS
scores (median, 1; interquartile range, 0-2; vs 1; interquartile
range, 0-2; P = .09). The analyses after imputation of missing
data using LOCF methods showed that patients treated with
bMM had higher rates of 3-month FI (mRS 0-2: 88.5% vs 77.4%;
P = .02), but the 2 groups did not differ in the distribution of
3-month mRS scores, the rate of 3-month FFO, and 3-month
mortality. After regression-based imputation of missing
3-month functional outcome data, no differences in the prob-
ability of FFO (OR, 0.72; 95% CI, 0.41-1.26; P = .24), FI (OR,
0.59; 95% CI, 0.30-1.17; P = .13), mortality (OR, 1.50; 95% CI,
0.53-4.26; P = .44), or mRS distribution (common OR, 0.73;
95% CI, 0.45-1.18; P = .20) were detected between MT and
bMM groups.

An overview on the distribution of missing variables in
baseline characteristics and outcomes between the 2 groups
is available in eTable 1 in the Supplement. Three-month func-
tional outcome evaluations were missing in 4% (n = 6 of 138)
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and 22% (n = 25 of 113) of the MT and bMM groups. After di-
chotomizing baseline characteristics and outcomes accord-
ing to the patient enrollment period (until June 2015 vs fol-
lowing June 2015), no significant differences were evident in
patients recruited before the publication of MT trials (Janu-
ary 2013 to June 2015) and those recruited after July 2015
(eTable 2 in the Supplement).

In multivariable analyses after adjustment for potential
confounders (Table 3), MT was associated with higher odds of
asymptomatic ICH (OR, 11.07; 95% CI, 1.31-93.53; P = .03). There
was no association of treatment modality with the likelihood
of sICH (OR, 2.09; 95% CI, 0.16-27.85; P = .58), FFO (OR, 0.72;
95% CI, 0.31-1.72; P = .47), FI (OR, 0.73; 95% CI, 0.19-2.75;
P = .64), functional improvement (common OR, 0.72; 95% CI,
0.32-1.64; P = .43), or mortality (OR, 1.79; 95% CI, 0.62-5.23,
P = .28) at 3 months after including patients with missing

3-month follow-up using LOCF methods on multivariable or-
dinal logistic regression analyses.

In multivariable analyses using as confounders baseline
characteristics contributing to the outcome of interest in the
initial univariable analyses at P values less than .10, MT was
associated with higher odds of asymptomatic ICH (OR, 4.13;
95% CI, 1.50-11.40; P = .006; eTable 3 in the Supplement) and
lower likelihood of 3-month FI in patients receiving treat-
ment with MT after including patients with missing 3-month
follow-up using LOCF methodology (OR, 0.42; 95% CI, 0.18-
0.96; P = .04; eTable 4 in the Supplement). Again, no associa-
tion of treatment modality with functional improvement at 3
months was seen after including patients with missing 3-month
follow-up using LOCF methods (common OR, 0.79; 95% CI,
0.51-1.25; P = .31; eTable 5 in the Supplement) on multivari-
able ordinal logistic regression analyses.

Table 1. Baseline Characteristics of the Study Population

Baseline Characteristic

No./Total No. (%)

P Value
Mechanical
Thrombectomy (n = 138)

Best Medical
Management (n = 113)

Age, mean (SD), y 65.2 (16.6) 64.8 (12.8) .85

Female 65/138 (47.1) 51/113 (45.1) .76

Hypertension 103/138 (74.6) 80/113 (70.7) .50

Diabetes mellitus 39/135 (28.9) 29/112 (25.9) .60

Hyperlipidemia 66/138 (47.8) 54/113 (47.8) >.99

Atrial fibrillation 40/136 (29.4) 24/113 (21.2) .14

Coronary artery disease 23/138 (17.4) 30/113 (27.4) .06

Congestive heart failure 14/121 (11.5) 15/113 (13.2) .69

End-stage renal disease 7/126 (5.5) 2/111 (1.8) .13

Current smoking 36/138 (26.1) 45/112 (40.1) .02

Admission, mean (SD)

Glucose level, mg/dL 126.7 (44.8) 136.5 (64.0) .16

SBP, mm Hg 147.9 (22.5) 147.8 (31.0) .99

DBP, mm Hg 83.3 (14.4) 82.7 (20.3) .81

Pretreatment, %

Antiplatelet 50.7 39.8 .34

Anticoagulant 18.1 13.4 .58

NIHSS admission, median (IQR) 4 (3-5) 3 (2-4) <.001

ASPECTS admission, median (IQR) 10 (9-10) 9 (8-10) .67

Good collaterals on CTAa 80/99 (81.8) 49/61 (80.3) .81

Disability prior stroke, % 22.9 27.0 .49

IVtPA 74/137 (54.0) 47/113 (41.5) .05

Onset to tPA, median (IQR), min 120 (85-165) 120 (90-180) .97

Onset-to-groin puncture time, median (IQR), min 219 (165-397) NA NA

Groin puncture-to-reperfusion time, median (IQR), min 44 (31-67) NA NA

Drip and ship 30/138 (21.7) 26/113 (23.0) .81

ICA

Extracranial 10/138 (7.2) 20/113 (17.7) NA

Intracranial 13/138 (9.4) 9/113 (7.9) NA

M1 MCA 81/138 (58.7) 40/113 (35.4) NA

M2 MCA 35/138 (25.4) 45/113 (39.8) NA

Occlusion

Proximalb 104/138 (75.3) 68/113 (60.2) .01

Tandem 5/138 (3.6) 1/113 (0.9) .16

Abbreviations: ASPECTS, Alberta
Stroke Program Early CT Score;
CS, collateral score; CTA, computed
tomography angiography;
DBP, diastolic blood pressure;
ELVO, emergency large-vessel
occlusion; ICA, internal carotid artery;
IQR, interquartile range;
IVtPA, intravenous tissue
plasminogen activator; MCA, middle
cerebral artery; NA, not applicable;
NIHSS, National Institutes of Health
Stroke Scale; SBP, systolic blood
pressure; tPA, tissue plasminogen
activator.

SI conversion factor: To convert
glucose to millimoles per liter,
multiply by 0.0555.
a Collateral score for anterior

circulation ELVO was reported in a
dichotomized fashion (ie, poor
[CS = 0 or 1] vs good [CS = 2, 3,
and 4]) using American Society of
Interventional and Therapeutic
Neuroradiology methods that have
been shown to predict outcomes.20

b Internal carotid artery, M1 middle
cerebral artery.
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Propensity score matching resulted in groups balanced for
all baseline characteristics (eTable 6 in the Supplement). In pro-
pensity score–matched sensitivity analyses, patients receiv-
ing MT (n = 94) had more prolonged hospital stay (5 days; in-
terquartile range, 4-9 vs 4 days; interquartile range, 3-7,
P = .005) and higher rates of asymptomatic ICH (22.6% [n = 21
of 94] vs 3.3% [n = 3 of 94]; P < .001) compared with their bMM
matched counterparts (n = 94). The 2 groups did not differ in
any other safety or efficacy outcome.

Subgroup Analyses
We further performed additional subgroup analyses accord-
ing to location of occlusion (proximal [ICA and M1 MCA] vs dis-
tal [M2 MCA]; eTable 7 in the Supplement) and stroke sever-
ity on admission (NIHSS scores 0-3 vs NIHSS scores 4-5,
eTable 8 in the Supplement). The 2 groups had similar func-
tional outcomes in these subgroup analyses. Patients treated
with MT had higher asymptomatic ICH rates in the following
subgroups: proximal intracranial occlusions (16.5% [n = 28 of

Table 3. Overview of Primary and Secondary Analyses Evaluating the Association of Treatment Modality
(Mechanical Thrombectomy vs Best Medical Management) With Safety and Efficacy Outcomes in the Study Cohort

Outcome Type of Analysis

Unadjusted Analyses Adjusted Analysesa,b

OR (95% CI) P Value aOR (95% CI) P Value

3-mo FFO
Without LOCF 0.72 (0.40-1.28) .26 0.60 (0.22-1.64) .32

With LOCF 0.69 (0.40-1.18) .17 0.72 (0.31-1.72) .47

3-mo FI
Without LOCF 0.57 (0.28-1.16) .12 0.73 (0.19-2.75) .64

With LOCF 0.44 (0.22-0.90) .02 0.47 (0.14-1.64) .24

3-mo Mortality
Without LOCF 1.62 (0.20-12.93) .65 1.79 (0.62-5.23) .28

With LOCF 2.26 (0.78-6.56) .13 1.73 (0.21-13.87) .61

Functional improvement
Without LOCF 0.68 (0.42-1.12) .13 0.72 (0.32-1.64) .43

With LOCF 0.79 (0.50-1.25) .31 0.81 (0.39-1.67) .56

Symptomatic ICH NA 4.85 (0.57-40.95) .15 2.09 (0.16-27.85) .58

Asymptomatic ICH NA 4.42 (1.62-12.00) .004 11.07 (1.31-93.53) .03

Abbreviations: aOR, adjusted odds ratio; FFO, favorable functional outcome;
FI, functional independence; ICH, intracranial hemorrhage; LOCF, last
observation carried forward; NA, not applicable; OR, odds ratio.
a Adjusted for a priori–defined confounders: age, National Institutes of Health

Stroke Scale and collateral status, and Alberta Stroke Program Early CT Score
on baseline neuroimaging, history of disability prior to current event, and

treatment with mechanical thrombectomy.
b Adjusted for a priori–defined confounders: age, National Institutes of Health

Stroke Scale and collateral status, and Alberta Stroke Program Early CT Score
on baseline neuroimaging, admission glucose level, and treatment with
mechanical thrombectomy.

Table 2. Safety and Efficacy Outcomes in Patients Treated With Mechanical Thrombectomy
and Best Medical Management

Outcome

Median (IQR)

P Value
Mechanical
Thrombectomy (n = 138)

Best Medical
Management (n = 113)

Length of stay, d

Hospital 5 (4-9) 4 (3-7) .002

ICU 2 (1-4) 3 (1-4) .38

Successful reperfusion, No./total No. (%) 117/138 (84.5) NA NA

ICH, No./total No. (%)

Asymptomatic 31/137 (22.3) 4/109 (3.2) .002

Symptomatic 6/137 (4.4) 1/107 (0.9) .11

Discharge NIHSS 2 (0-4) 1 (0-2) .02

Neurological improvement during hospitalizationa 2 (1-3) 1 (0-3) .69

Discharge mRS 1 (1-3) 1 (0-2) .002

3-mo Follow-up

mRS 1 (0-2) 1 (0-2) .09

FFO, No./total No. (%) 84/133 (63.1) 62/88 (70.4) .26

FI, No./total No. (%) 102/133 (76.7) 75/88 (85.2) .12

Mortality, No./total No. (%) 13/133 (9.7) 5/88 (5.7) .28

With LOCF

mRS 1 (0-2) 1 (0-2) .06

FFO, No./total No. (%) 88/138 (63.7) 81/113 (71.6) .17

FI, No./total No. (%) 106/138 (76.8) 100/113 (88.4) .02

Mortality, No./total No. (%) 13/138 (9.4) 4/113 (3.5) .12

Abbreviations: FFO, favorable
functional outcome; FI, functional
independence; ICH, intracranial
hemorrhage; ICU, intensive care unit;
IQR, interquartile range; LOCF, last
observation carried forward;
mRS, modified Rankin Scale score;
NA, not applicable; NIHSS, National
Institutes of Health Stroke Scale.
a Defined as the decrease in the

baseline NIHSS score at hospital
discharge (baseline NIHSS score
minus discharge NIHSS score).
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173] vs 4.6% [n = 8 of 173]), distal intracranial occlusions (20.5%
[n = 16 of 78] vs 5.1% [n = 4 of 78]), and admission NIHSS scores
of 4 to 5 (18.6% [n = 25 of 134] vs 4.5% [n = 6 of 134]).

Systematic Review and Meta-analysis
Formeta-analysis,thesearchofMEDLINEandSCOPUSdatabases
yielded 414 and 154 results, respectively. After removing dupli-
cates,thetitlesandabstractsfromtheremaining508studieswere
screened, and 7 potentially eligible studies for the meta-analysis
were retained. After retrieving the full-text version of the afore-
mentioned 7 studies, 4 studies were excluded because they
reported data that were already published in previous studies
(overlapping data) or used a different cutoff for defining mild
stroke severity (eTable 9 in the Supplement).

A total of 4 studies (including this study) met the inclu-
sion criteria14,16,25 and were included in our meta-analysis
(eFigure 1 in the Supplement). The risks of bias of included stud-
ies are summarized in eTable 10 in the Supplement. The indi-
vidual characteristics of the included studies are shown in
Table 4, while the results of the meta-analysis are briefly sum-
marized in Table 5. The pooled risk of bias was low, with a total
score of 33 of 36 in Newcastle-Ottawa Scale.

In unadjusted analyses (eFigures 2-7 in the Supplement;
Table 5), there was no association between treatment modal-

ity and asymptomatic ICH (4 studies; OR, 1.85; 95% CI, 0.34-
10.13; P = .48), 3-month FFO (4 studies; OR, 0.96; 95% CI, 0.71-
1.30; P = .78), 3-month FI (4 studies; OR, 0.94; 95% CI, 0.48-
1.86; P = .86), and 3-month mortality (OR, 1.71; 95% CI, 0.52-
5.61; P = .38). There was no heterogeneity noted for 3-month
FFO (I2 = 0%; P for Cochran Q = .48); however, substantial
heterogeneity was observed for asymptomatic ICH (I2 = 84%;
P for Cochran Q = .01), 3-month FI (I2 = 71%; P for Cochran
Q = .02), and 3-month mortality (I2 = 62%; P for Cochran
Q = .05). Mechanical thrombectomy was associated with higher
odds of sICH (4 studies; OR, 5.52; 95% CI, 1.91-15.49; P = .002)
in unadjusted analyses without an evidence of heterogeneity
(I2 = 0%; P for Cochran Q = .83). We detected no association
between treatment modality and 3-month FFO (3 studies; OR,
1.16; 95% CI, 0.75-1.79); 3-month FI (3 studies; OR, 1.24;
95% CI, 0.61-2.53); 3-month mortality (2 studies; OR, 1.34;
95% CI, 0.56-3.22); and sICH (2 studies; OR, 2.06; 95% CI, 0.49-
8.63) in adjusted analyses (eFigures 8-11 in the Supplement).

Discussion
Our multicenter study coupled with a comprehensive meta-
analysis demonstrates similar efficacy profile for MT and

Table 5. Overview of Primary and Secondary Analyses Evaluating the Association of Treatment Modality
(Mechanical Thrombectomy vs Best Medical Management) With Safety and Efficacy Outcomes in the Systematic Review and Meta-analysis

Outcome
Type of
Analysis

Unadjusted Analyses Adjusted Analyses

No. of
Studies OR (95% CI) P Value

Heterogeneity
No. of
Studies OR (95% CI) P Value

Heterogeneity

I2, %
P Value for
Cochran Q I2, %

P Value for
Cochran Q

3-mo FFO
Without LOCF 4 0.96 (0.71-1.30) .78 0 .48 3 1.13 (0.78-1.65) .51 0 .51

With LOCF 4 0.93 (0.69-1.26) .65 0 .40 3 1.09 (0.76-1.57) .65 0 .39

3-mo FI
Without LOCF 4 0.94 (0.48-1.86) .86 71 .02 3 1.11 (0.55-2.27) .77 62 .07

With LOCF 4 0.88 (0.41-1.87) .74 76 .005 3 0.96 (0.38-2.46) .94 77 .01

3-mo Mortality
Without LOCF 4 1.71 (0.52-5.61) .38 62 .05 2 1.28 (0.51-3.23) .60 0 .38

With LOCF 4 1.85 (0.54-6.28) .32 64 .04 2 1.45 (0.52-4.07) .48 20 .26

sICH NA 4 5.52 (1.91-15.94) .002 0 .83 2 2.89 (0.75-11.20) .12 0 .53

Asymptomatic ICH NA 2 1.85 (0.34-10.13) .48 84 .01 1 NA NA NA NA

Abbreviations: FFO, favorable functional outcome; FI, functional independence; ICH, intracranial hemorrhage; LOCF, last observation carried forward;
NA, not applicable; OR, odds ratio; sICH, symptomatic intracranial hemorrhage.

Table 4. Baseline Characteristics of Studies in Systematic Review and Meta-analysis

Source Study Type
No. of
Patients

MT, No./
Total No. (%)

Age, Mean
(SD)

Male, No./
Total No. (%) Occlusion Site (%)

IVT, No./
Total No. (%)

Rescue MT, No./
Total No. (%)

Confounder
Adjustment

Goyal et al,19

2019
Multicenter 251 138/251

(55.0)
65 (15) 133/251

(52.9)
ICA: 17.8; M1-MCA:
48.0;
M2-MCA: 31.7

121/249
(48.6)

NA Multivariable
regression

Nagel et al,25

2018
Multicenter 300 81/300 (27) 68 (14) 162/300 (54) ICA: 9; tandem: 12;

M1-MCA: 27.1; M2-MCA:
43.8; ACA: 3; BA: 21

152/300
(50.7)

34/300 (11.3) PSM

Sarraj et al,16

2018
Multicenter 214 124/214

(57.9)
65 (16) 124/214

(57.9)
ICA: 15.4; MCA-M1:
41.6; MCA-M2: 36;
MCA-M3/M4 & ACA: 6.9

69/214
(32.2)

NA Multivariable
regression

Urra et al,14

2014
Multicenter 78 34/78 (43.6) 67.9 39/78 (50.0) ICA: 1.3; MCA-M1: 33.3;

MCA-M2: 29.5; tandem:
5.1; posterior: 30.8

45/78 (57.7) 16/78 (20.5) NA

Abbreviations: ACA, anterior cerebral artery; BA, basilar artery; ICA, internal carotid artery; IVT, intravenous thrombolysis; MCA, middle cerebral artery;
MT, mechanical thrombectomy; NA, not available; PSM, propensity score matching.
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bMM in patients with AIS with mELVO. In terms of safety,
our multicenter study documents an increased risk of
asymptomatic ICH with MT, even after adjustment of poten-
tial confounders. In terms of efficacy, MT was associated
with lower odds of 3-month FI in multivariable models
adjusting for confounders after imputation of missing
follow-up data, but this association was not detected in the
analysis that excluded patients with missing 3-month
follow-up evaluations. Moreover, our meta-analysis failed to
detect an independent association between treatment
modality and asymptomatic ICH. Notably, we documented
an independent association of MT with higher odds of sICH
in unadjusted analyses of 4 available reports, but this asso-
ciation did not retain its statistical significance in adjusted
analyses of 2 available studies.

Our findings support a 2018 study conducted by Sarraj
et al16 that reported no difference in clinical outcomes in pa-
tients with mELVO treated with MT or bMM. However, in con-
trast to their study that additionally included M3 and M4 oc-
clusions, we restricted enrollment of patients with mELVO to
location of occlusion involving ICA, M1, and M2. In another
multicenter study14 comparing MT and bMM in patients with
mELVO, the investigators reported higher rates of sICH in MT
but similar clinical outcomes between the 2 groups. These ob-
servations also corroborate our study findings. Similarly, an-
other multicenter study15 failed to document any differences
in clinical outcomes between urgent MT and bMM combined
with rescue MT in patients with potential clinical worsening.
Contrary to our and the aforementioned14-16 observations,
analyses from Grady Endovascular Stroke Outcomes Registry
(GESTOR) and Screening Technology and Outcomes Project in
Stroke (STOPstroke) databases demonstrated increased rates
of 3-month FI10; however, the study sample size was small and
included only 30 patients in the MT arm. Additionally, the
medical arm comprised all consecutive patients from 2003 to
2005 and may not be reflective of bMM in the current era.

Our study represents, to our knowledge, the largest meta-
analysis on this topic to date. Contrary to our findings, a prior
meta-analysis by Xiong et al26 showed that patients with ELVO
with minor or mild symptoms (NIHSS ≤8) who underwent MT
had a significantly better 90-day mRS score at the cost of higher
rate of sICH compared with those who received bMM. Apart
from the larger sample size of our meta-analysis, important
methodologic differences existed in comparison with the meta-
analysis by Xiong et al.26 We included studies with mild strokes
as NIHSS of 5 or less rather than Xiong et al,26 who included
studies with mild strokes as NIHSS ≤8.

Our study involves more patients with proximal intracra-
nial (internal carotid artery and M1 middle cerebral artery) oc-
clusions in the MT group, as did the study by Sarraj et al.16 Theo-
retically, proximal anterior circulation occlusions might
predispose patients to a higher risk of worsening. This might
lead clinicians to offer MT to these patients with ELVO de-
spite low NIHSS scores at hospital admission. The lack of im-
proved clinical outcomes in the MT group is consequently
counterintuitive and may be attributed to intrinsic ischemic
preconditioning in patients with mELVO owing to good col-
lateral status (81% in our multicenter cohort [n = 80 of 99]).

Notably, Dargazanli et al15 reported that more than 80% of pa-
tients in the bMM group did not experience clinical worsen-
ing and only 18% of patients required rescue MT because of
neurological worsening. An alternative explanation may be that
the ischemic territory at risk in patients with mELVO may be
restricted to a small cerebral area, negating the potential ben-
eficial effect of endovascular reperfusion. The interpatient
variation in the topographic distributions of major cerebral ar-
teries influenced by leptomeningeal collaterals argues in fa-
vor of this hypothesis.27 Thus, the optimal selection of pa-
tients with mELVO for MT may require advanced neuroimaging
to determine whether certain perfusion or collateral thresh-
olds predict neurologic deterioration.

Strengths and Limitations
The main strengths of our study are related to the evaluation
of a large multicenter cohort derived from real-world daily
practice in different countries in North America, Europe, and
Asia. We also conducted an updated meta-analysis in an
attempt to pool our findings with other similar studies that
evaluated MT vs bMM in patients with ELVO with mild neu-
rological deficits using identical NIHSS score cutoff (<6
points). On the other hand, some limitations of our work
must be acknowledged. First, it is a retrospective study: the
lack of randomization and potential residual confounding
are important considerations when interpreting the results
of our study. Furthermore, it should be highlighted that our
study had a limited sample size, and therefore, the fact that
we failed to identify independent associations between
treatment modality (MT vs bMM) and outcomes may be
attributed to the low statistical power. For instance, the dif-
ference in sICH rates between the 2 groups was not signifi-
cant owing to the limited sample size (n = 251) and not treat-
ment effect (4.4% in MT vs 0.9% in bMM) because the sICH
rate in the MT group was not negligible (4.4%) in a stroke
population with minor stroke (admission NIHSS scores of
0-5 points). Second, the specific devices and reperfusion
approaches used during MT were heterogeneous and were
selected according to the treating physicians’ preference.
Third, the safety and efficacy outcomes in different centers
were self-reported and lack central adjudication. Fourth,
patients undergoing MT tended to have more severe strokes
and were more likely to have proximal occlusions. However,
both of these variables were included and adjusted in the
multivariable models of different outcomes measures. Fifth,
we used mRS score as an outcome measure of functional
outcome that may not be adequate to assess small improve-
ments in hand or language functions in patients with
mELVO. We propose that future studies evaluating clinical
outcomes in patients with mELVO treated with MT vs bMM
should use the Barthel Index as a standard outcome measure
of activities of daily living at 3 months. Six, the NIHSS may
not be adequate to access severity of minor strokes on
admission. For example, NIHSS of 3 or 4 with deficits of
hemianopia or aphasia would be significantly disabling, and
MT may be offered. However, the MT may not be offered for
the same patient with the same NIHSS who has mild facial
droop, very mild hemiparesis, and minimal dysarthria. In
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this study, we do not have data available regarding type of
initial deficit. Future studies evaluating safety and efficacy
of MT in minor strokes should obtain data regarding type of
initial deficits and correlate those with outcomes. We
attempted to address some of these methodologic shortcom-
ings by performing rigorous multivariable analyses adjusting
for several potential confounders; however, clinical equi-
poise regarding the comparative safety and efficacy of MT
and bMM in patients with mELVO can only be resolved by a
randomized clinical trial.

Conclusions

In conclusion, our multicenter study coupled with a compre-
hensive meta-analysis documented similar outcomes be-
tween MT and bMM in patients with AIS with mELVO, but no
conclusions about treatment effect can be made. Future ran-
domized clinical trials are required to definitely evaluate the
potential efficacy of MT compared with bMM in patients with
ELVO presenting with mild neurological deficits.
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