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Abstract

Background—The ideal population of patients for endovascular therapy (ET) in acute ischemic
stroke remains undefined. Recent ET trials have moved towards selecting patients with proximal
middle cerebral artery (MCA) or internal carotid artery occlusions, which will likely leave a gap in
our understanding of the treatment outcomes of M2 occlusions.

Objective and methods—To examine the presentation, treatment, and outcomes of M2
compared with M1 MCA occlusions in patients undergoing ET by assessing comprehensive MRI,
angiography, and clinical data.
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Results—We found that M2 occlusions can lead to massive strokes defined by hypoperfused and
infarcted volumes as well as death or moderate to severe disability in nearly 50% of patients at
discharge. Compared with M1 occlusions, M2 occlusions achieved similar Thrombolysis in
Cerebral Infarction (TICI) 2b/3 recanalization rates, with significantly less hemorrhage. M2
occlusions presented with smaller infarct and hypoperfused volumes and had smaller final infarct
volumes regardless of recanalization. TICI 2b/3 recanalization of M2 occlusions was associated
with smaller infarct volumes compared with TICI 0-2a recanalization, as well as less infarct
expansion, in patients who received IV tissue plasminogen activator as well as those that did not.
Successful reperfusion of M2 occlusions was associated with improved discharge modified
Rankin scale.

Conclusions—If suitable as targets of ET, M2 occlusions should be given the same
consideration as M1 occlusions.

INTRODUCTION

The ideal population of patients for endovascular therapy (ET) in acute ischemic stroke
remains undefined. Recent trials with varied designs and selection criteria have failed to
prove a clear benefit for this treatment over 1V tissue plasminogen activator (1 tPA) or
supportive care.1=3 Based on these results, some authors have called for ET to be restricted
to patients treated in an investigational setting as enrollees of clinical trials.* While these
studies failed to meet their primary endpoints, post hoc analyses of their cohorts and other
retrospective analyses have suggested characteristics of subgroups that may demonstrate
benefit of ET over medical therapy. Building on these data, several ongoing endovascular
stroke trials have been designed to capture these patients hypothesized to be the best
responders.

Proximal arterial occlusion location and greater thrombus extent have become pivotal entry
criteria in this new generation of trials.%6 These features are among the easiest and earliest
defined characteristics of patients with large artery strokes, and identify patients less likely
to recanalize with IV tPA alone. Many of the trials currently underway are preferentially
selecting patients with lesions located in the internal carotid artery (ICA) or M1 segment of
the middle cerebral artery (MCA). These segments are readily visualized by non-invasive
imaging and may identify a group of patients likely to benefit from ET. As a result, while
lesions in the M2 segment of the MCA may be treated in clinical practice, the availability of
new prospective and randomized trial data describing their presentation and treatment
outcomes will be lacking, as the expected results from the upcoming trials are likely to
exclude M2 occlusions.

In this study, we examine the presentation, treatment, and outcomes of M2 compared with
M1 MCA occlusions in patients undergoing ET by assessing comprehensive imaging,
angiography, and clinical data. To maintain consistency in a high quality dataset based on
sequential MRI imaging at multiple times throughout the presentation as well as detailed
angiography and clinical parameters, we have focused our efforts on data from clinical
practice at a single center. If these patients are to be excluded from current trials, analyses
such as these will be crucial in determining the effect of ET in this population.
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METHODS

Demographic, clinical, imaging, and angiographic data were prospectively collected on a
consecutive cohort of patients who received ET (intra-arterial (I1A) thrombolytic therapy or
mechanical thrombectomy) for acute cerebral ischemia at a single tertiary referral center
from September 2004 to December 2012. Patients were included in this study if they
presented with symptoms of acute cerebral ischemia within the MCA distributions, were
older than 18 years, had initial MR angiography or CT angiography imaging demonstrating
occlusion of the M1 or M2 segments of the MCA, and underwent conventional angiography
for consideration of ET. The decision to proceed with ET at our institution is based on
patient demographics, clinical history and examination, as well as imaging demonstration of
large-vessel occlusion that would be amenable to ET. Patients with occlusions who were felt
by the interventionalist to be inaccessible without risk of significant harm were not included
in this cohort. Patients with large infarct volumes on initial imaging are generally not offered
ET. Conversely, patients with substantive clinical improvement after IV tPA are observed
closely but not treated with ET without recurrence of symptoms or worsening that is shown
on imaging to be due to continued ischemia. As a result of these selection criteria, the
resultant dataset reflects routine clinical practice while capturing advanced imaging data.

Routine clinical care included MRI before angiography if not contraindicated. Follow-up
imaging was then performed 24 h after arrival and before discharge. Diffusion-weighted
(DWI) and perfusion-weighted imaging (PW!I) lesion volume measurements were performed
by one of the authors blinded to the clinical information using a computer-assisted
volumetric analysis program (Olea Medical, La Ciotat, France). Diffusion was measured at
three values of b (b=0, 500, 1000 s/mm?), and average apparent diffusion coefficient (ADC)
maps were generated. DWI volumes were quantified from analysis of isotropic b1000
images and ADC maps with a threshold of ADC <600. Final infarct measurements were
gathered from the final MRI performed before discharge. PWI volumes were determined
with Tmax of 6 s.” Determination of arterial occlusion site (M1 vs M2 MCA) was made by
review of angiographic images according to a recommended standard definition of a
“division occlusion beyond the bifurcation of M1.”8 Hemorrhagic transformation was
categorized as hemorrhagic infarctions (HI) or parenchymal hematomas (PH), as previously
described.® Patients were excluded if tandem vessel occlusions (ie, ICA +MCA) were
identified. In all cases, angiography was performed subsequent to the initial DWI and PWI
studies.

Univariate comparisons between categorical variables were made using Fisher’s exact test
and the 2 test, and between continuous variables using the Mann-Whitney U test. Shift
analysis of the ordinal modified Rankin scale (mRS) variables was performed using the Van
Elteren test according to previously published techniques.10 All statistical analyses were
carried out using commercially available software (Prism V.5.0a, GraphPad Software, La
Jolla, California, USA and SAS V.9.4, SAS Institute Inc, Cary, North Carolina, USA). A
value of p<0.05 was considered statistically significant.

This study was approved by the institutional review board of the local institution and was
conducted in compliance with the Health Information Portability and Accountability Act.
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RESULTS

A total of 115 patients undergoing angiography for MCA occlusions were identified, 61
with M1 occlusions and 54 with M2 occlusions. Two patients with M2 occlusions
demonstrated recanalization after IV tPA and underwent diagnostic angiography, but no ET
was performed. Demographic, treatment, and angiographic outcome measures for the cohort
who underwent ET are shown in table 1. A prior history of diabetes was more common in
patients who presented with M1 occlusions. There were no differences in age, sex, baseline
function, or other aspects of the past medical history. There was a trend towards lower
National Institutes of Health Stroke Scale (NIHSS) scores in the group of patients with an
M2 occlusion (16 vs 11, M1 vs M2 p=0.1). More patients with M2 occlusions received 1V
tPA (36% vs 60%, M1 vs M2, p<0.05). Door to groin puncture was faster for M1 (121 vs
150 min, M1 vs M2 p=0.05). Compared with M1 occlusions, M2 occlusions were more
likely to be treated with 1A tPA or the Solitaire device, and less likely to be treated with the
Mechanical Embolus Removal in Cerebral Ischemia (MERCI) device. Final Thrombolysis
in Cerebral Infarction (TICI) scores were similar for both sets of patients.8

Ninety-seven per cent of all patients had MRI available for analysis. As shown in figure 1,
patients with M2 occlusions presented with smaller infarct sizes as determined by DWI
volume on initial MRI compared with patients with M1 occlusions. M2 patients also
presented with smaller hypoperfused volumes, as determined by PWI. Final infarct volumes,
regardless of revascularization status, were decreased in the M2 group, as shown in figure
1C. After stratifying for reperfusion, this relationship was still maintained, for patients with
TICI 0-2a reperfusion (figure 1D) and TICI 2b/3 reperfusion (figure 1E).

Final infarct volumes of =50 mL have been shown to be the most accurate for distinguishing
between good and poor clinical outcome, and final infarct volumes of 90 mL are very
specific for poor clinical outcome.1 Fewer patients with M2 occlusions had final infarcts
=50 mL (54% vs 33%, p<0.05) and =90 mL (37% vs 11%, p<0.01).

Rates of hemorrhagic conversion were lower in the group with M2 occlusions. The total
number of hemorrhages in the M2 group was lower (56% vs 21%, M1 vs M2 p<0.001), as
was the number of HI type 2 (23% vs 0%, M1 vs M2 p<0.001). Rates of HI type 1 (10% vs
4%, M1 vs M2 p=0.46), PH type 1 (12% vs 6%, M1 vs M2 p=0.51) and PH type 2 (12% vs
10%, M1 vs M2 p=1.0) were similar. Within the group of patients with M2 occlusions,
attempting ET but not achieving TICI 2b/3 reperfusion was not associated with an increased
rate of hemorrhage (27% vs 16%, TICI 0-2a vs TICI 2b/3 p=0.49).

Of all patients who were found to have M2 occlusions on non-invasive vascular imaging
who received IV tPA and went on to angiography, 94% (31/33) were found to have
persistent occlusions. In the remaining two patients who did not have vessel occlusions,
diagnostic angiography was performed without additional intervention. Patients with M2
occlusions who achieved TICI 2b/3 reperfusion had decreased final infarct volumes, and less
infarct expansion from their initial stroke (figure 2A, B). In the subset of patients who
received IV tPA, this relationship was maintained: TICI 2b/3 reperfusion was associated
with smaller final infarct volumes, and less infarct expansion (figure 2C, D).
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Clinical outcomes in patients with M2 occlusions included significant morbidity and
mortality. Rates of discharge mRS 4-6 were similar between patients with M1 and M2
occlusions (64% vs 49%, M1 vs M2 p=0.13). Outcomes in patients with M2 occlusions
treated with ET were improved in the cohort who achieved TICI 2b/3 reperfusion, as shown
in figure 3A. In the subset of these patients who received tPA, achieving TICI 2b/3
reperfusion with ET was also associated with improved outcomes at discharge (figure 3B).

DISCUSSION

In this analysis of consecutive patients considered for endovascular intervention, patients
with M2 compared with M1 occlusions tended to have fewer neurologic deficits at
presentation and had smaller pretreatment lesion volumes of ischemic injury and perfusion
deficit. Nonetheless, patients with M2 MCA occlusions were at substantial risk of adverse
outcomes. Half of the patients with M2 MCA occlusions were discharged with moderately
severe disability or death; a rate that is comparable to that of patients with M1 occlusions. In
response to ET, patients with M2 occlusions demonstrated clear improvement in imaging
and clinical outcomes with successful reperfusion, which was often not accomplished by 1V
tPA alone.

TICI 2/b3 recanalization rates were similar for M1 and M2 occlusions, though door to groin
puncture times were slightly longer in the M2 group, probably reflecting more deliberative
decision-making before bringing patients with distal lesions for intervention. As expected,
treatment modalities differed for the two occlusion locations, with distal occlusions more
likely to be treated with IA tPA. Patients with M2 occlusions presented with smaller infarct
volumes, smaller hypoperfused volumes, and ultimately had less hemorrhage and smaller
final infarct volumes regardless of reperfusion status. Rates of poor clinical outcome on
discharge were comparable, suggesting that categorizing patients based solely on M1/M2
distinctions does not fully capture the severity of their stroke. The inefficiency of this
determination is particularly poignant given the varied definitions of what constitutes an M1
vs M2 artery as well as the considerable anatomic variation from patient to patient.12

Among patients with M2 occlusions, successful reperfusion was associated with smaller
final infarct volumes, less infarct expansion, and improved clinical outcomes. Furthermore,
among the subgroup of patients with M2 occlusions for whom 1V tPA failed, successful
rescue reperfusion was associated with smaller strokes and improved clinical outcomes.
Given our findings that revascularization of M2 occlusions in patients ineligible for IV tPA,
or for whom this treatment has failed, leads to improved outcomes, perhaps these patients
should be treated with the same vigor as those with M1 occlusions.

M2 occlusions have been examined in subgroup analyses of several large endovascular
stroke trials. These more distal lesions have been shown to lead to better clinical outcomes
than proximal ones, regardless of revascularization status.13-1> Qur M2 cohort’s median
NIHSS of 11 was slightly lower than those of several of these studies, which had median
values ranging from 12 to 19.16-18 Qur TICI 2b/3 recanalization rates are similar to those of
previous series that used similar treatment modalities.316-18 The majority of M2 patients in
our cohort were treated with 1A tPA. This treatment was shown in the subset of M2
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occlusions in the PROACT Il study to improve revascularization rates, though improvement
in clinical outcome was not seen.1” The MERCI device was also effective at
revascularization of M2 vessels in the MERCI and Multi-MERCI trials, and required fewer
passes than more proximal lesions.18 In spite of narrower diameters, the complication rates
in these distal vessels were no different from those in the proximal ones.18

Currently active trials including the SWIFT PRIME and the THERAPY trials have moved
towards excluding patients with more distal occlusions.®® The inclusion criteria for SWIFT
PRIME mandates TICI 0-1 flow in the intracranial ICA, M1 segment of the MCA, or
carotid terminus. The THERAPY trial requires a clot length of =8 mm, which would
probably exclude most distal occlusions. One rationale for these decisions draws upon data
that more proximal ICA and M1 occlusions are unlikely to dissolve with IV tPA alone.1®
Further, the Interventional Management of Stroke 111 trial found that at 24 h, reperfusion
rates of M2 occlusions were as high as 75% with 1V tPA alone. In addition, post hoc
analyses from this trial suggested that ET produced greater clinical benefit than 1V tPA in
occlusions of the most proximal intracranial occlusions, the ICA/MCA“T/L’ lesions.3

Our findings suggest that M2 occlusions may also benefit from successful revascularization
with ET, in patients who are ineligible for IV tPA and in those who received 1V tPA but
failed to recanalize. While recanalization rates at 24 h with medical treatment may be higher
in this group than in those with carotid T lesions, it is the recanalization in the first few
hours after stroke that is probably the most meaningful, and those who fail to do so rapidly
are more likely to do poorly.2% Although some of the patients who underwent ET might have
recanalized spontaneously or with 1V tPA had we waited longer, the likelihood of a good
outcome would be significantly less.

Thus, our cohort was limited to patients who underwent angiography for consideration of
ET and therefore excluded patients who improved after tPA, probably secondary to
successful recanalization. There remain, however, a significant number of patients with M2
occlusions who do not improve after IV tPA and benefit from additional treatment. Of note,
while the M2 cohort in the Interventional Management of Stroke I11 trial did show high
recanalization rates at 24 h with IV tPA alone, it also showed significant benefit from ET.
Although a limited sample size, and one that did not account for the success of
recanalization, patients with M2 occlusions alone were found to have an improved 90-day
mRS by shift analysis in the endovascular compared with the IV tPA group.3

One of the limitations to this study is the use of now outdated devices in ET attempts. The
TICI 2b/3 rates recorded for these patients are significantly lower than those attained with
newer devices. Details of a cohort of patients treated with more modern stentrevier devices
were recently published and patients were noted to have TICI 2b/3 recanalization rates of
nearly 80%. Successful recanalization was associated with a doubling of the rate of
favorable outcomes.2! In our cohort, although higher recanalization rates would have been
desirable, the lower technical success rate did provide a larger comparator sample of patients
with no reperfusion. As rates of TICI 2b/3 reperfusion continue to improve, understanding
the outcome of patients considered for ET without successful recanalization may become
more difficult. However, because these patients were not randomized, the interpretation of
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these data may be complicated by confounding variables such as collateral status and other
factors that influence recanalization rates.2? In addition, as noted above, our cohort reflected
routine clinical practice and thus does not include patients with M2 occlusions that were felt
to be inaccessible or unsafe to access. Thus the interpretation of our findings cannot be
generalized to all M2 occlusions, but rather is limited to those who can be treated with ET.

Further, we do not make a comparison between patients with M2 occlusions who received
IV tPA alone versus ET. To evaluate the benefit of recanalization in M2 occlusions we
compare patients who received ET but did not achieve TICI 2b/3 versus those that did. It is
possible that patients who undergo ET without adequate reperfusion do worse than patients
without any intervention, as the procedure itself may lead to morbidity. To evaluate this
possibility, we compared hemorrhage rates of patients who achieved recanalization and
those who did not, and found no difference. Because these data are not randomized, the
patients with M2 occlusions who received IV tPA but did not undergo ET in our cohort
would be defined by characteristics that would make them poor endovascular candidates.
Thus, this comparison would have to be made in a prospective randomized setting.

In this study, we find that M2 occlusions can lead to significant morbidity and mortality, and
treatment with 1V tPA may not be sufficient for all patients with these occlusions.
Revascularization with endovascular techniques led to decreased stroke volumes,
diminished infarct expansion, and improved clinical outcomes. Compared with M1 lesions,
M2 occlusions present with smaller infarct volumes and develop less hemorrhage after ET.
In patients with M2 occlusions for whom 1V tPA did not result in immediate clinical benefit,
successful ET resulted in improved imaging and clinical outcomes.

CONCLUSION

M2 occlusions can lead to substantial morbidity and mortality. Successful endovascular
revascularization, among patients for whom tPA fails or who are ineligible for such
treatment, leads to reduced infarct growth and improved clinical outcomes. These findings
suggest that patients with M2 occlusions are an important candidate population for
endovascular intervention.
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Figure 1.

Initial and final infarct and hypoperfused volumes for patients presenting with M1 and M2
occlusions. Compared with patients who presented with M1 occlusions, patients with M2
occlusions presented with (A) smaller infarcts (15 vs 11 mL, p<0.05) and (B) smaller
hypoperfused volumes (84 vs 46 mL, p<0.001). Compared with patients who presented with
M1 occlusions, patients with M2 occlusions had (C) smaller final infarcts volumes (52 vs 22
mL, p<0.001). For the subsets of patients who achieved (D) Thrombolysis in Cerebral
Infarction (TICI) 0-2a or (E) TICI 2b/3 reperfusion, final infarct volumes were also smaller
in M2 than M1 occlusions (74 vs 51 mL, p<0.05 and 42 vs 8 mL, p<0.01). Each point
represents an individual patient, with the median and IQR shown in red. Colored horizontal
lines indicate final infarct volumes of 90 mL (blue) and 50 mL (brown). *Indicates p<0.05.
DWI, diffusion-weighted imaging; PWI, perfusion-weighted imaging.
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Figure2.
Final infarct volumes and infarct expansion in patients with M2 occlusions by reperfusion

status and receipt of IV tissue plasminogen activator (tPA). In the cohort of all M2 patients,
Thrombolysis in Cerebral Infarction (TICI) 2b/3 reperfusion was associated with (A) smaller
final infarct volumes (51 vs 8 mL, p<0.05) and (B) less infarct expansion (19 vs 1 mL,
p<0.01). In the subset of patients who received IV tPA, TICI 2b/3 reperfusion was also
associated with (C) smaller final infarct volumes (64 vs 8 mL, p<0.01) and (D) less infarct
expansion (17 vs 1 mL, p<0.05). Each point represents an individual patient, with the
median and IQR in red. *Indicates p<0.05. DWI, diffusion-weighted imaging.
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Figure 3.
Clinical outcomes for patients with M2 occlusions and the subset that received 1V tissue

plasminogen activator (tPA). Successful recanalization with endovascular therapy was
associated with improved modified Rankin scale outcomes in (A) all patients with M2
occlusions and (B) the subset who received IV tPA. TICI, Thrombolysis in Cerebral
Infarction.
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Table 1
Patient demographics

Demographics M1 M2 p Value
Number 61 52
Age (median and IQR) 70 (53-81) 72 (57-83) 0.47
Female 40 (66) 28 (54) 0.25
History of HTN 36 (59) 32 (62) 0.85
History of diabetes 15 (25) 1(2) <0.001
History of HLD 19 (31) 12 (23) 0.4
Prior stroke or TIA 7(11) 10 (19) 0.3
History of AF 21 (34) 23 (44) 0.34
Baseline mRS 0.21

0-1 61 (100) 50 (96)

2 0(0) 2(4)
NIHSS (median and IQR) 16 (11-20) 11 (9-19) 0.1
Left hemisphere 30 (49) 29 (56) 0.57
IV tPA 22 (36) 31 (60) <0.05
Door to groin puncture (min) 121 (90-173) 150 (112-182) 0.05
Endovascular treatments used

IA tPA 3(5) 33 (63) <0.001

MERCI 54 (89) 10 (19) <0.001

Angioplasty 6 (10) 1(2) 0.07

Solitaire 1(2) 6 (12) <0.001

Mechanical disruption 1(2) 3(6) 1

Penumbra 7(11) 4 (8) 0.53
TICI 2b/3 28 (46) 23 (44) 0.31

Results are shown as number (%) unless stated otherwise.

AF, atrial fibrillation; HLD, hyperlipidemia; HTN, hypertension; IA, intra-arterial; IQR, interquartile range; MERCI, Mechanical Embolus
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Removal in Cerebral Ischemia; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; TIA, transient ischemic attack;
TICI, Thrombolysis in Cerebral Infarction; tPA, tissue plasminogen activator.
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