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ABSTRACT

BACKGROUND AND PURPOSE: Mechanical thrombectomy is beneficial for patients with acute ischemic stroke and a proximal anterior
occlusion, but it is unclear if these results can be extrapolated to patients with an M2 occlusion. The purpose of this study was to examine
the technical aspects, safety, and outcomes of mechanical thrombectomy with a stent retriever in patients with an isolated M2 occlusion
who were included in 3 large multicenter prospective studies.

MATERIALS AND METHODS: We included patients from the Solitaire Flow Restoration Thrombectomy for Acute Revascularization (STAR),
Solitaire With the Intention For Thrombectomy (SWIFT), and Solitaire With the Intention for Thrombectomy as Primary Endovascular Treatment
(SWIFT PRIME) studies, 3 large multicenter prospective studies on thrombectomy for ischemic stroke. We compared outcomes and technical
details of patients with an M2 with those with an M1 occlusion. All patients were treated with a stent retriever. Imaging data and outcomes were
scored by an independent core laboratory. Successful reperfusion was defined as modified Thrombolysis in Cerebral Infarction score of 2b/3.

RESULTS: We included 50 patients with an M2 and 249 patients with an M1 occlusion. Patients with an M2 occlusion were older (mean age, 71
versus 67 years; P � .04) and had a lower NIHSS score (median, 13 versus 17; P � .001) compared with those with an M1 occlusion. Procedural time
was nonsignificantly shorter in patients with an M2 occlusion (median, 29 versus 35 minutes; P � .41). The average number of passes with a stent
retriever was also nonsignificantly lower in patients with an M2 occlusion (mean, 1.4 versus 1.7; P � .07). There were no significant differences in
successful reperfusion (85% versus 82%, P � .82), symptomatic intracerebral hemorrhages (2% versus 2%, P � 1.0), device-related serious adverse
events (6% versus 4%, P � .46), or modified Rankin Scale score 0–2 at follow-up (60% versus 56%, P � .64).

CONCLUSIONS: Endovascular reperfusion therapy appears to be feasible in selected patients with ischemic stroke and an M2 occlusion.

ABBREVIATIONS: ESCAPE � Endovascular Treatment for Small Core and Proximal Occlusion Ischemic Stroke; IMS � Interventional Management of Stroke;
MERCI � Mechanical Embolus Removal in Cerebral Ischemia; MT � mechanical thrombectomy; REVASCAT � Endovascular Revascularization With Solitaire Device
Versus Best Medical Therapy in Anterior Circulation Stroke Within 8 Hours; STAR � Solitaire FR Thrombectomy for Acute Revascularization; SWIFT � Solitaire FR With
the Intention For Thrombectomy; SWIFT PRIME � Solitaire With the Intention for Thrombectomy as Primary Endovascular Treatment

Recent data have shown that mechanical thrombectomy (MT)

with a stent retriever is safe and improves functional outcome

in patients with acute ischemic stroke and an occlusion of the

anterior circulation.1-5 It is unclear, however, if these results can

be extrapolated to patients with an occlusion of the second seg-

ment of the middle cerebral artery (M2 occlusion). Because of its

distal location, smaller diameter, and thinner walls, MT of the M2

segment is technically more challenging and may be associated

with a higher risk of periprocedural complications. The potential

benefit of reperfusion may also be different, in part because M2

occlusions generally respond better to IV thrombolysis.6Received July 1, 2015; accepted August 11.
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The number of patients with an M2 occlusion in the throm-

bectomy trials was small. The Multicenter Randomized Clinical

trial of Endovascular Treatment for Acute Ischemic Stroke in the

Netherlands (MR CLEAN) protocol did allow recruitment of

these patients, but �8% of included patients had an isolated M2

occlusion.1 In the Endovascular Revascularization With Solitaire

Device Versus Best Medical Therapy in Anterior Circulation

Stroke Within 8 Hours (REVASCAT), Endovascular Treatment

for Small Core Proximal Occlusion Ischemic Stroke (ESCAPE),

and Extending the Time for Thrombolysis in Emergency Neuro-

logical Deficits–Intra-Arterial (EXTEND-IA), only 10, 6, and 4

patients with an isolated M2 occlusion were treated with MT,

respectively.2,4,5 The Solitaire With the Intention for Thrombec-

tomy as Primary Endovascular Treatment (SWIFT PRIME) pro-

tocol excluded M2 occlusions, but there were some protocol vio-

lations.3 Thus far, none of these studies has specifically examined

the subgroup of M2 occlusions. The aim of our study was to ex-

amine the technical aspects, safety, and outcomes of MT with a

stent retriever in patients with an isolated M2 occlusion who were

included in 3 large multicenter prospective studies.

MATERIALS AND METHODS
Description of Studies and Patient Selection
We included patients from the Solitaire FR With the Intention for

Thrombectomy (SWIFT) trial, Solitaire FR Thrombectomy for

Acute Revascularization (STAR) study, and the SWIFT PRIME

trial. The design of these studies has been reported previously.3,7-9

Briefly, the SWIFT trial was a randomized clinical trial that ran

from 2010 to 2011, in which patients with acute ischemic stroke

and an angiographically confirmed occlusion of a the proximal

cerebral artery were allocated to treatment with a stent retriever

(Solitaire; Covidien, Irvine, California) or the Merci device (Con-

centric Medical, Mountain View, California). SWIFT had a roll-in

phase during which all patients were treated with a stent retriever,

and these patients were included in the current study. STAR was a

prospective, multicenter, single-arm study from 2010 to 2012 in

which patients with an occlusion of the anterior circulation (in-

tracranial and terminus internal carotid artery and M1 and M2

segments of the middle cerebral artery) were included. All pa-

tients in STAR were treated with a stent retriever (Solitaire). In

both SWIFT and STAR, patients were eligible only if MT was

possible within 8 hours of symptom onset. In SWIFT PRIME,

patients with an acute ischemic stroke and confirmed occlusion of

the anterior intracranial circulation were randomized between

intravenous tPA followed by MT with a stent retriever or intrave-

nous tPA alone. The trial ran from December 2012 until Novem-

ber 2014. In all 3 studies, clinical outcome was determined at

90-day follow-up by using the modified Rankin Scale.

We compared outcomes and technical details of patients with

an M2 occlusion with those with an M1 occlusion. We excluded

patients from SWIFT treated with the Merci device and patients

from the control arm of SWIFT PRIME. Patients with a combined

M1 and M2 occlusion were categorized as having M1 occlusion.

Those with an occlusion at another location (eg, carotid termi-

nus) were excluded from the analysis. The local ethics committee

at every site approved the study protocol, and all patients or their

legal representatives gave written informed consent.

Outcome data were adjudicated by an independent CT and

MR imaging core laboratory, an angiography core laboratory, and

a clinical events committee. The angiography core laboratory as-

sessed the location of the occlusion. Table 1 describes the defini-

tion for each segment of the middle cerebral artery used by the

core laboratory of the 3 studies. Other variables scored by the core

laboratory or Clinical Events Committee were final revasculariza-

tion grades, hemorrhagic complications, and other adverse

events. In SWIFT and SWIFT PRIME, the assessors were blinded

to study group assignments.

MT Procedure
The MT procedure used in STAR, SWIFT, and SWIFT PRIME has

been described previously.7-9 The aim was to achieve successful

recanalization of the territory of the occluded vessel. The use of a

balloon-guide catheter was mandatory in STAR and SWIFT and

optional in SWIFT PRIME. Up to 3 passes with the stent retriever

were allowed according to the protocols. The decision to perform

any additional passes was at the discretion of the interventionalist

and was scored as a protocol violation. The procedure could be

performed with the patient under local or general anesthesia. Fol-

low-up brain imaging was performed after 24 hours in all patients.

Data Analysis
We compared the technical details of the procedure, complication

rate, and clinical outcome at follow-up between patients with an

M1 versus M2 occlusion. Successful reperfusion was defined as a

modified Thrombolysis in Cerebral Infarction score of �2b of

the target territory. Both the proportions of symptomatic and any

intracranial hemorrhage are provided. Symptomatic intracranial

hemorrhage was defined as hemorrhage within 24 hours associ-

ated with an increase on the NIHSS of �4 points or that resulted

in death. Clinical outcome at 90 days is provided as mRS 0 –1,

mRS 0 –2, and all-cause mortality.

All analyses were by intention-to-treat. Categoric variables

Table 1: Anatomic definition of MCA segments
MCA Segment Anatomic Definition

M1 Horizontal segment of the proximal MCA from the bifurcation of the ICA into the anterior and middle cerebral arteries to
the genu of the MCA branch or branches at the entrance to the insula

M2 Vertical MCA branches in the Sylvian fissure originating at the genu and extending to the next genu at the level of the
operculum; if the anterior temporal artery arises from the horizontal M1 segment, it will not be
considered an M2 branch

M3 Branches that continue when the M2 branches change course again to a more lateral/horizontal course in the
Sylvian fissure away from the insula and below the operculum

M4 Branch vessels primarily extend vertically over the frontal and parietal lobes and inferiorly over the temporal lobe
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were compared between groups by using a Fisher exact test. Con-

tinuous variables were compared by using a t test, except in the

cases in which medians and interquartile ranges are reported;

then, a Wilcoxon rank sum test was used. Statistical analyses were

conducted in SAS, Version 9.3 (SAS, Cary, North Carolina).

Role of the Funding Source
In all 3 studies, an academic steering committee supervised the

trial design and operations. The sponsor of the study (Covi-

dien) was responsible for site management, data management,

and safety reporting. The study data were independently mon-

itored. The statistical analyses were prepared by independent

external statisticians (J. Schafer; Namsa, Minneapolis, Minne-

sota; S Brown, Altair Biostatistics, St. Louis Park, Minnesota).

The sponsor had no role in the prepa-

ration of the article. The correspond-

ing author had full access to all the

data in the study and had final respon-

sibility for the decision to submit for pub-

lication. The studies were registered at

ClinicalTrials.gov, numbers NCT01054560

(SWIFT), NCT01327989 (STAR), and

NCT01657461 (SWIFT-PRIME).

RESULTS
Of the 542 patients enrolled in SWIFT,

STAR, and SWIFT PRIME, 243 patients

were excluded because they were allo-

cated to the Merci arm of SWIFT (n �

55) or the control arm of SWIFT PRIME

(n � 98) or because they did not have an

occlusion of the middle cerebral artery

(n � 90, Fig 1). Of the 299 included pa-

tients, 50 had an M2 occlusion; and 249,

an M1 occlusion. Patients with an M2

occlusion were older (71 versus 67 years,

P � .04) and had a lower median NIHSS

score (13 versus 17, P � .001) compared

with patients with an M1 occlusion (Ta-

ble 2). There were no important differ-

ences in medical histories between the

groups. Baseline ASPECTS was higher in

those with an M2 occlusion (9.0 versus

8.2, P � .003). The proportion of pa-

tients who received intravenous tPA be-

fore MT did not differ significantly

(77% versus 69%, P � .38).

Time from groin puncture to recan-

alization was nonsignificantly shorter in

patients with an M2 occlusion (median,

29 versus 35 minutes; P � .41, Table 3).

The average number of passes with the

stent retriever was also nonsignificantly

lower in in patients with an M2 occlu-

sion (mean, 1.4 versus 1.7; P � .07).

There was no difference in the propor-

tion of patients in whom modified TICI

�2b was achieved (85% versus 82%,

P � .82) or in the incidence of symptomatic intracranial hemor-

rhages (both 2%). An mRS of 0 –1 at 90 days was achieved in 50%

of patients with an M2 occlusion, compared with 41% in those

with an M1 occlusion (P � .27).

DISCUSSION
We examined the feasibility and safety of MT with a stent retriever

in patients with an isolated M2 occlusion. We found no signifi-

cant differences in the reperfusion rate or risk of complications

between patients with an M1 or M2 occlusion. If anything, there

was a trend toward a lower number of passes required with stent

retrievers in patients with an M2 occlusion. Clinical outcomes

were nonsignificantly better in patients with an M2 occlusion,

FIG 1. Flowchart of patient selection.

Table 2: Baseline characteristicsa

M2 Occlusion
(n = 50)

M1 Occlusion
(n = 249) P Value

Age (yr) (mean) 71 � 11 67 � 13 .04
Female 48% (24/50) 57% (143/249) .28
NIHSS score (median) (IQR) 13 (10–17) 17 (14–20) �.001
Medical history

Atrial fibrillation 38% (19/50) 37% (93/249) 1.000
Hypertension 70% (35/50) 61% (152/249) .27
Diabetes 18% (9/50) 15% (38/249) .67
Hyperlipidemia 30% (15/50) 37% (93/249) .42
Peripheral artery disease 0% (0/50) 4% (9/249) .37
Current smoker 14% (7/49) 21% (53/249) .33
Prior stroke/TIA 12% (6/50) 17% (42/249) .53

Systolic BP (mean) (mm Hg) 150 � 28 147 � 23 .45
Diastolic BP (mean) (mm Hg) 84 � 17 80 � 15 .11
Left-sided occlusion 54% (27/50) 47% (117/249) .44
Baseline ASPECTS (mean) 9.0 � 1.3 8.2 � 1.7 .003
Receipt of IV tPA 77% (36/47) 69% (161/234) .38
Laboratory data

Baseline serum glucose level (mean) 127 � 51 128 � 55 .89
INR (mean) 1.1 � 0.5 1.1 � 0.3 .95
Platelets (mean) 235 � 75 234 � 79 .95
aPTT (mean) (sec) 31 � 20 29 � 22 .44

Note:—IQR indicates interquartile range; BP, blood pressure; INR, international normalized ratio; aPTT, activated partial
thromboplastin time.
a Categoric variables are given as percentages with n/N in parentheses, where n is the number of patients in whom the
variable was present and N the total number of patients for whom that particular variable was reported.
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though this result most likely is because these patients had milder

strokes, as shown by the lower baseline NIHSS scores.

Few studies have previously examined endovascular treatment

of patients with an M2 occlusion, and in most of these, intra-

arterial thrombolysis or earlier generation thrombectomy devices

were used. A post hoc analysis of the Prolyse in Acute Cerebral

Thromboembolism (PROACT) II, Interventional Management

of Stroke (IMS), and IMS II studies found successful reperfusion

in approximately half of all patients with an M2 occlusion.10 Shi

et al11 studied 28 patients with an M2 occlusion who were en-

rolled in the Mechanical Embolus Removal in Cerebral Ischemia

(MERCI) and multi-MERCI trials. They found that compared

with patients with an M1 occlusion, the number of required

passes with the thrombectomy device was lower in those with an

M2 occlusion, similar to our data. They also found higher recan-

alization rates in patients with an M2 occlusion. Sheth et al12

collected data on M2 occlusions from their single-center cohort

on MT. They found no difference in recanalization rates between

patients with an M2 or M1 occlusion, but the risk of intracranial

hemorrhagic complications was lower in patients with an M2 oc-

clusion. However, this observation could be related to different

endovascular techniques that were used in each group. Most pa-

tients with an M2 occlusion were treated with intra-arterial tPA,

while the Merci device was predominantly used in patients with

an M1 occlusion. Various randomized trials have shown that the

methods of endovascular reperfusion that were used in the above-

mentioned studies do not improve clinical outcome in pa-

tients.13-15 With the introduction of stent retrievers, these older

techniques are now rarely applied; thus, the external validity of

these studies is now limited.

Only 2 recent retrospective studies have examined the use of

stent retrievers for patients with an M2 occlusion. Dorn et al16

reported outcomes of 15 patients with an M2 occlusion from a

single-center retrospective registry. Similar to our results, their

data do not suggest that patients with an M2 occlusion have a
higher risk of procedural complications. The other study used
data from a regional stroke registry.17 Most of the patients in this
series were treated with a stent retriever, though other techniques
were used in 14% of patients. Their rate of symptomatic intrace-

rebral hemorrhage was 9%, which is
somewhat higher than that in our study.
However, they did not assess patients
with an M1 occlusion for comparison;
this feature makes interpretation more
difficult. Their patients were also in a
more severe clinical condition, with a
median NIHSS score of 16, which is
comparable with the NIHSS scores of
the patients with an M1 occlusion in our
study. A drawback of both studies is that
they did not use an independent core
laboratory to adjudicate the angio-
graphic data and no information is pro-
vided on the definition that was used for
an M2 occlusion.

Our study had no control group of
medically treated patients available for
comparison. As a result, we cannot de-

termine whether MT with a stent retriever is superior to best med-
ical management in patients with an M2 occlusion. Individually,
neither of the recent thrombectomy trials has a sufficient number
of patients with an M2 occlusion to answer this question. One
issue that is important in any study that examines MT for M2
occlusion is a clear description of the definition of an M2 branch.
The original classification by Fischer in 193818 designated the M1
segment as terminating at the genu where the MCA takes a 90°
upward turn around the limen insulae; this definition was used in
the STAR, SWIFT, and SWIFT PRIME studies. The M1 segment is
then further divided into prebifurcation and postbifurcation seg-
ments with up to 82% of MCAs reported to bifurcate proximal to
the genu.19,20 This terminology creates some degree of confusion
because postbifurcation branches proximal to the genu are com-
monly designated as M2 segments.

There are also differences in the number and dominance of the
divisions of the MCA, meaning that not all M2 divisions are the
same with regard to the volume or importance of the territory that
they supply. The variation in size of the divisions also means that
technically not all M2 branches are accessible for mechanical
thrombectomy. M2 divisions are smaller; therefore, navigating a
microcatheter and deploying a stent retriever can be more chal-
lenging and associated with greater risk. Thus, when reviewing the
patients included in this study, one must consider that the M2
occlusions were likely selected because they had features that
made them favorable for mechanical thrombectomy, either be-
cause of their size or because they were critical to recanalize due to
their supply to and area of eloquence. Patients also were required
to have an NIHSS score of least an 8, which decreases the proba-
bility of smaller M2 branches being included. This selection of M2
occlusions is an important limitation of this study, and one that
probably applies to all studies that examined MT for M2
occlusions.

Only high-volume stroke centers with extensive experience
with MT participated in the SWIFT, STAR and SWIFT PRIME
studies. In SWIFT, only centers that had participated in the
MERCI or multi-MERCI trials or who had an annual MT volume
of at least 30 patients were eligible. In STAR, the steering commit-
tee selected centers with 24-hour availability of MT that were

Table 3: Details of thrombectomy procedure and clinical and safety outcomesa

M2 Occlusion
(N = 50)

M1 Occlusion
(N = 249) P Value

Time from groin puncture to recanalization
(min) (median) (IQR)

29 (22–45) 35 (25–52) .41

No. of passes with stent retriever (mean) 1.4 � 0.8 1.7 � 1.0 .07
�3 Passes with stent retriever 13% (5/38) 23% (52/227) .21
mTICI 2b or 3 reperfusion 85% (34/40) 82% (193/235) .82
Rescue therapy 6% (3/50) 8% (19/249) 1.000
Complications

Device-related serious adverse events 6% (3/50) 4% (10/249) .46
Symptomatic ICH 2% (1/50) 2% (5/249) 1.000

Outcome at 90-day follow-up
mRS 0–1 50% (25/50) 41% (100/243) .27
mRS 0–2 60% (30/50) 56% (136/243) .64
Mortality 12% (6/50) 10% (25/249) .62

Note:—mTICI indicates modified Thrombolysis in Cerebral Infarction; ICH, intracerebral hemorrhage; IQR, interquartile
range.
a Categoric variables are given as percentages with n/N in parentheses, where n is the number of patients in whom the
variable was present, and N is the total number of patients for whom that particular variable was reported.
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experienced with the use of stent retrievers. As a result, caution is
required when generalizing these results to stroke centers in gen-
eral. On the other hand, given the positive results of the recent
trials, MT volumes and thus experience of neurointerventional-
ists are likely to increase substantially in stroke centers within the
next few years.

CONCLUSIONS
In this study, we examined the technical aspects, safety, and out-

comes of mechanical thrombectomy in patients with an isolated

M2 occlusion who were included in 3 large multicenter prospec-

tive studies. Our data suggest mechanical thrombectomy with a

stent retriever can be considered in selected patients with acute

ischemic stroke and an isolated M2 occlusion.
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