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Abstract
Background: The effectiveness of endovascular thrombectomy (EVT) for low Alberta Stroke Program Early CT score (ASPECTS)
stroke patients with occlusion of the second segment of the middle cerebral artery (M2) is unclear.
Methods: This was a multicenter retrospective study. Patients with M1 or M2 occlusions and low ASPECTS (<6) who under-
went successful EVT (modified treatment in cerebral ischemia score of 2b or higher) were included. Primary outcome was
futile EVT reperfusion (defined as 90-day modified Rankin scale of 5 or 6). Other outcomes of interest include acceptable
outcomes (modified Rankin scale of 3 or less) and intracranial hemorrhage (ICH), and all-cause 90-day mortality.
Outcomes for M1 patients were compared to M2 patients with multivariable logistic regression models accounting for poten-
tial confounders.
Results: 173 patients with M1 or M2 occlusions and low ASPECTS (<6) who underwent successful EVT were identified. After
multivariable adjustments, M2 patients had significantly higher odds of futile reperfusion (OR 5.48 [95%CI 1.91 to 15.7], p=
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0.002), lower odds of acceptable outcomes (OR 0.33 [95%CI 0.12 to 0.89], p= 0.028), and higher odds of all-cause mortality
(OR 4.90 [95%CI 1.65 to 14.5], p= 0.004). These findings suggest that EVT’s efficacy for low-ASPECTS stroke patients may be
diminished for patients with M2 occlusions. M2 occlusion was not significantly associated with ICH.
Conclusions: Among low-ASEPCTS stroke patients who underwent successful EVT, those with M2 occlusions had significantly
higher odds of poor outcome compared to those with M1 occlusions.
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Introduction

Recent large randomized controlled trials have demon-
strated that endovascular thrombectomy (EVT) is safe and
effective compared to medical management for the treatment
of acute ischemic stroke patients with low Alberta Stroke
Program Early CT score (ASPECTS).1 However, these
trials overwhelmingly included patients with occlusions of
the internal carotid artery or the first segment of the middle
cerebral artery (M1).2–7 Whether EVT is effective for the
treatment of low-ASPECTS stroke patients with occlusion
of the second segment of the middle cerebral artery (M2)
is unclear.8 ASPECTS was designed to quantify the degree
of early ischemic changes in the MCA territory; thus, it is
possible that for M2 patients with low ASPECTS, more of
the affected territory may be infarcted, and EVT may yield
less benefit. Furthermore, compared to M1, EVT for M2
occlusions may be associated with higher rates of hemor-
rhagic complications, especially for patients who undergo
EVT in which a stent-retriever was used.9

In this study, we analyzed a large multinational registry
to assess whether there were differences in the safety and
efficacy of successful EVT for patients with low
ASPECTS and M1 or M2 occlusion.

Methods

This was a retrospective cohort study of the Stroke
Thrombectomy and Aneurysm Registry (STAR) from
January 2013 to December 2023.10 The study was
approved by the institutional review board at each partici-
pating institution. The data at each institution were
obtained retrospectively and collected according to a stan-
dardized protocol. Patient consent was waived due to the
retrospective nature of the study.

Patient population

Adult stroke patients (18 years or older) with ASPECTS <
6 who underwent successful EVT (modified treatment in
cerebral ischemia [mTICI11] score≥ 2b) for isolated M1
or M2 occlusion were included. The following patients
were excluded: 1) National Institutes of Health stroke
scale (NIHSS) < 6 or missing, 2) pre-stroke modified
Rankin scale (mRS12) > 2 or missing, 3) tandem occlusion
of the extracranial carotid artery.

Primary and secondary outcomes

The primary outcome for this study was futile reperfusion,
defined as a 90-day mRS of 5 or 6 despite successful EVT
recanalization (mTICI 2b or better). Other outcomes of
interest include 90-day mRS (ordinal analysis), all-cause
90-day mortality, acceptable outcomes (90-day mRS of
3 or better), ICH, and sICH.

Other clinical variables

Demographic data, medical comorbidities, and pre-
stroke mRS were recorded for each patient. Clinical
characteristics such as admission National Institutes of
Health stroke scale (NIHSS), administration of intraven-
ous thrombolysis, additional sites of vascular occlusion
(posterior cerebral artery or vertebral artery), and
symptom onset or last-known-well time to arteriotomy
were also captured.

Statistical analysis

Descriptive statistics were presented as median (inter-
quartile range) for continuous variables or percentage
for categorical variables. The time from symptom onset
or last known normal to arteriotomy variable was dichot-
omized into early treatment window (< 6 h) or extended
treatment window (≥ 6 h or unknown). 90-day mRS
values of 0 and 1 were binned into one category. For
unadjusted comparisons of baseline patient characteristics,
continuous and ordinal variables were compared between
groups using Mann-Whitney U test, and categorical vari-
ables were compared using chi-squared analyses. For
unadjusted comparisons of study outcomes, binary or
ordinal regression analyses were used to calculate odds
ratios (ORs) and common odds ratios (cORs), respectively.
For adjusted comparisons, binary or ordinal regression ana-
lyses were conducted with additional adjustments such as
for age, NIHSS, treatment time window, pre-stroke mRS,
intravenous thrombolysis, ICH type (none, asymptomatic,
or sICH), frontline EVT technique (aspiration,
stent-retriever, or combined), and ASPECTS, based on pre-
vious reports of significant predictors for post-EVT out-
comes.13–18 P-values less than 0.05 was deemed
statistically significant. Statistical analyses were conducted
using SPSS v29.0.
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Results

Patient characteristics

A total of 173 patients met inclusion criteria: 138 with M1
occlusion, and 35 with M2 occlusion. Patient characteris-
tics are outlined in Table 1. Overall, M2 patients were
more likely to be male (62.9% vs. 43.5%, p= 0.040),
more likely to have received intravenous thrombolysis
(54.3% vs. 29.7%, p= 0.006), and more likely to have
undergone EVT with contact aspiration (80.6% vs.
57.1%, p= 0.015).

Study outcomes

Distribution of 90-day mRS outcomes of M1 and M2
patients is presented in Figure 1. In unadjusted compari-
sons, M2 patients had significantly higher odds of futile
reperfusion (50.0% vs. 29.9%, OR 2.34 [95%CI 1.09 to
5.03], p= 0.029; Table 2) and all-cause 90-day mortality
(38.2% vs. 19.7%, 2.53 [95%CI 1.12 to 5.67], p=
0.025; Table 2). After multivariable adjustments, M2
patients had significantly higher odds of futile reperfusion
(aOR 5.48 [95%CI 1.91 to 15.7], p= 0.002; Table 2),
higher odds of all-cause mortality (aOR 4.90 [95%CI
1.65 to 14.5], p= 0.004), lower odds of acceptable out-
comes (aOR 0.33 [95%CI 0.12 to 0.89], p= 0.028;
Table 2), and overall worse 90-day mRS outcomes

(cOR 3.05 [95%CI 1.33 to 7.01], p= 0.009; Table 2).
M2 occlusion was not significantly associated with ICH
in unadjusted and multivariable analyses (Table 2).

Given the large discrepancy in intravenous thromboly-
sis treatment between M1 and M2 patients, we performed
additional subgroup and interaction analyses. Here,
among those treated with intravenous thrombolysis, 9 of
16 (56.3%) M2 patients experienced futile reperfusion
versus 29 of 97 (29.9%) M1 patients (OR 3.02 [95%CI
1.02 to 9.29], p= 0.049). For those not treated with intra-
venous thrombolysis, 8 of 19 (42.1%) M2 patients experi-
enced futile reperfusion versus 12 of 41 (29.3%) of M1
patients (OR 1.76 [95%CI 0.56 to 5.49], p= 0.33).

Table 1. Patient characteristics.

Characteristics − Median (Q1-Q3) or % (n) All patients (N= 173) M1 (N= 138) M2 (N= 35) P-value

Male Sex 47.4 (82) 43.5 (60) 62.9 (22) 0.040*
Age (years) 69 (57–77) 68 (58 to 77) 70 (48–75) 0.63
Comorbidities

Diabetes mellitus 26.0 (45) 28.3 (39) 17.1 (6) 0.18
Hypertension 71.1 (723) 70.3 (97) 74.3 (26) 0.64
Atrial fibrillation 36.4 (63) 35.5 (49) 40.0 (14) 0.62
Dyslipidemia 37.0 (64) 37.7 (52) 34.3 (12) 0.71
Smoking history^ 33.6 (43) 33.3 (35) 34.8 (8) 1.00

Pre-stroke mRS 0 (0–0) 0 (0–0) 0 (0–0) 0.56
0 78.6 (136) 77.5 (107) 82.9 (29) −
1 14.5 (25) 15.9 (22) 8.6 (3)
2 6.9 (12) 6.5 (9) 8.6 (3)

Admission NIH Stroke Scale 18 (14–22) 18 (14–22) 17 (12–23) 0.82
ASPECTS 5 (4–5) 5 (4–5) 5 (3–5) 0.77

3 to 5 89.6 (155) 89.1 (123) 91.4 (32) −
0 to 2 10.4 (18) 10.9 (15) 8.6 (3)

Intravenous thrombolysis treatment 34.7 (60) 29.7 (41) 54.3 (19) 0.006*
Stroke onset to arteriotomy time (minutes)^ 360 (236–683) 363 (241–661) 344 (195–698) 0.95
Treatment time window

Early (<6 h) 48.0 (83) 47.1 (65) 51.4 (18) 0.65
Extended (≥6 h or unknown) 52.0 (90) 52.9 (73) 48.6 (17)

Front-line EVT technique^
Contact aspiration 62.0 (93) 57.1 (68) 80.6 (25) 0.015*
Stent-retriever 16.0 (24) 16.0 (19) 16.1 (5)
Combined 22.0 (33) 26.9 (32) 3.2 (1)

^Information regarding smoking history was missing for 45 patients, onset to arteriotomy time for 8 patients, and front-line EVT technique for 23 patients.
*P-values less than 0.05 were deemed statistically significant. Abbreviations: mRS − modified Rankin scale, ASPECTS − Alberta Stroke Program Early CT
score, EVT − endovascular thrombectomy.

Figure 1. 90-day outcomes of low-ASPECTS stroke patients who
underwent successful endovascular revascularization of M1 vs.
M2 occlusions.
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These effect sizes were not statistically significantly dif-
ferent (interaction p= 0.50). Based on these results,
there was no heterogeneity in effect sizes between IVT
and non-IVT treated patients.

Discussion

In this international multicenter retrospective cohort study
of low-ASPECTS patients who underwent successful
EVT, patients with M2 occlusions had higher odds of
worse outcomes compared to patients with M1 occlusions.

There are several possible explanations for these study
findings. First, ASPECTS is a quantitative system that
assesses the dispersion of early ischemic changes through-
out the MCA territory.1 While patients with a proximal
M1 occlusion could eventually present with an
ASPECTS of zero, the worst ASPECTS is limited for
patients with M2 occlusions as only part of the total
MCA vascular territory is affected. Thus, it is possible
that M2 patients with low ASPECTS may have had
further disease progression compared to M1 patients
with the same ASPECTS, which could explain the
higher odds of EVT futility among M2 patients. Given
that M2 occlusions may have a higher “minimum”
ASPECTS, it is also possible that a low ASPECTS in
this population may be associated with poorer collateral
circulation compared to similar ASPECTS in patients
with M1 occlusions, influencing outcomes.19 M2 patients
with low ASPECTS may also have a higher burden of cor-
tical infarcts compared to M1 patients with the same
numerical ASPECTS, which could be associated with def-
icits in language and cognition20 that have an outsized
impact on 90-day mRS. It is also possible that low-
ASPECTS patients with M2 occlusions may have initially
had more proximal occlusions that lysed spontaneously or
with intravenous thrombolysis21; in this scenario, early ische-
mic changes despite recanalization of proximal occlusion
may indicate advanced infarction, thus rendering further
recanalization with EVT less effective and potentially
futile. Finally, recent medium vessel occlusion EVT trials

(ESCAPE-MeVO22 and DISTAL23) have suggested that
EVTmay have limited clinical benefit over medical manage-
ment; trial data also showed that EVT may be associated
with higher rates of symptomatic hemorrhage, which have
also been corroborated by prior retrospective studies.24–28

Thus, it is possible that for low-ASPECTS patients who
may have more limited penumbra and salvageable tissue,
the procedural risks associated with EVT for M2 occlusion
strokes may have a larger marginal clinical impact, culmin-
ating in overall worse clinical outcomes compared to EVT
for low-ASPECTS M1 strokes.

Importantly in our study, the lower bound of the 95%
CI of the M2 group’s negative association with worse
90-day outcomes (adjusted cOR 1.33) was numerically
similar to the pooled effect size of EVT’s benefit over
medical management in previous randomized trials of
EVT in low-ASPECTS patients (generalized OR 1.54).2

Thus, our study suggests that providers should be cautious
when extrapolating such positive trial results of EVT for
low ASPECTS to patients with M2 occlusions.

Our study has several limitations. First, as a retrospect-
ive study, our results are vulnerable to selection bias and
hidden confounders. Second, ASPECTS was reported by
each institution, and was not adjudicated at a core lab. Third,
we did not have a medical management arm and thus we
cannot draw conclusions regarding the relative effectiveness
of EVT versus medical management for low-ASPECTS M2
patients. Fourth, other factors, such as collateral status and
infarct volume derived from perfusion imaging,29 were not
accounted for in our study and could have confounded our
results. Finally, our sample size was modest; larger prospective
studies are needed to confirm our study findings.

Conclusion

Among low-ASEPCTS stroke patients who underwent suc-
cessful EVT, those with M2 occlusions had significantly
higher odds of poor outcome compared to those with M1
occlusions. These results suggest that EVT may have a

Table 2. Treatment outcomes following successful M1 vs. M2 thrombectomy for low ASPECTS patients.

Unadjusted comparisons Multivariable analyses

M1 M2 OR or cOR P-value Adjusted OR or cOR^ P-value

Primary outcome
Futile revascularization (mRS 5-6) 29.9 (41/137) 50.0 (17/34) 2.34 [1.09 to 5.03] 0.029* 5.48 [1.91 to 15.7] 0.002*

Secondary outcomes
All-cause 90-day mortality 19.7 (27/137) 38.2 (13/34) 2.52 [1.12 to 5.67] 0.025* 4.90 [1.65 to 14.5] 0.004*
Acceptable outcomes (mRS 0-3) 51.1 (70/137) 41.2 (14/34) 0.67 [0.31 to 1.42] 0.30 0.33 [0.12 to 0.89] 0.028*
90-day mRS 3 (2–5) 4.5 (3–6) 1.86 [0.93 to 3.74] 0.08 3.05 [1.33 to 7.01] 0.009*
Any ICH 40.7 (55/135) 47.1 (16/34) 1.29 [0.61 to 2.75] 0.51 1.23 [0.51 to 2.96] 0.65
Symptomatic ICH 8.9 (12/135) 11.8 (4/34) 1.37 [0.41 to 4.54] 0.61 − −

Data presented as % (n/N), median (Q1-Q3), or statistic [95%CI]. ^Multivariable adjustments made for age, NIH stroke scale, pre-stroke mRS, ASPECTS,
treatment time window, ICH type (none, asymptomatic, or symptomatic), intravenous thrombolysis, and front-line EVT technique (aspiration,
stent-retriever, or combined); model for any ICH excludes the ICH type variable. *P-values <0.05 were deemed statistically significant. Abbreviations:
mRS − modified Rankin scale, ICH - intracranial hemorrhage, OR - odds ratio, cOR − common odds ratio.
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more restricted therapeutic benefit for M2 occlusions com-
pared to M1 occlusions among low-ASPECTS.
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