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Comparison of the response to

endovascular reperfusion in relation to site
of arterial occlusion

ABSTRACT

Objective: We explored the relationship between the site of vascular occlusion and the response to
endovascular treatment in patients with acute ischemic stroke and also considered the impact of
mismatch profile.

Methods: DEFUSE-2 was a prospective cohort study of patients treated with endovascular therapy.
Patients with internal carotid artery (ICA) and middle cerebral artery (MCA) involvement were included
in this substudy. Mismatch and reperfusion status was assessed on MRI. Favorable clinical response
was defined as an improvement of at least 8 points on the NIH Stroke Scale.

Results: Reperfusion rates were comparable in both groups (61% for ICA and 59% for MCA). In the
setting of reperfusion, percentages of favorable clinical response were similar between patients with
stroke due to ICA (65%) and MCA (63%) occlusions. When reperfusion was not achieved, favorable
outcomes were less frequent with obstructions of the ICA (9%) than the MCA (52%). Among target
mismatch patients, the adjusted odds ratio for favorable clinical response associated with reperfusion
was 39.7 (95% confidence interval 1.4-1,132.8) for ICA occlusions vs 5.1 (95% confidence interval
1.4-19.3) for MCA occlusions.

Conclusions: Endovascular reperfusion is associated with favorable clinical response regardless of
the location of the arterial occlusion. This association is strongest for target mismatch patients with
ICA occlusions. Target mismatch patients with either ICA or MCA occlusions appear to be good can-
didates for endovascular reperfusion therapy. Neurology® 2013;81:614-618

GLOSSARY

Cl = confidence interval; DEFUSE-2 = Diffusion Weighted Imaging Evaluation for Understanding Stroke Evolution-2; DWI = diffusion-
weighted imaging; ICA = internal carotid artery; MCA = middle cerebral artery; MERCI = Mechanical Embolus Removal in Cerebral
Ischemia; mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale; OR = odds ratio; PWI = perfusion-weighted imaging.

Patients with internal carotid artery (ICA) occlusions have worse outcomes after IV tissue plasmin-
ogen activator therapy compared to patients with middle cerebral artery (MCA) occlusions.'
Whether patients with ICA occlusions also have worse outcomes than patients with MCA occlu-
sions in the setting of endovascular treatment is less well known. An early study of endovascular
therapy reported lower recanalization rates for lesions at the terminus of the ICA.” In the pooled
analysis of the Mechanical Embolus Removal in Cerebral Ischemia (MERCI) and multi-MERCI
studies, ICA occlusion was associated with an approximate 2-fold increased chance of mortality after
adjusting for reperfusion, baseline NIH Stroke Scale (NIHSS) score, and age.® These findings have
been confirmed in a prospective study of more than 600 patients with acute stroke in the anterior
circulation.” Finally, a systematic review of studies on mechanical therapy suggested that patients
with MCA occlusions benefited the most from mechanical endovascular therapy.'® Such reports
may lead to reluctance in using endovascular therapy for patients with ICA occlusions. In contrast, a
recent systematic review that showed better clinical outcomes with endovascular therapy than with
IV thrombolysis for patients with ICA occlusions might encourage the use of endovascular therapy
in this population.'
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In the Diffusion Weighted Imaging Evalua-
tion for Understanding Stroke Evolution—-2
(DEFUSE-2) study, the ability of MRI to iden-
tify a patient subgroup (target mismatch) that
was likely to show clinical improvement after
endovascular reperfusion was assessed.'” This
substudy was designed to test whether the site
of vascular occlusion (ICA vs MCA) is a predic-
tor of the clinical response after endovascular
reperfusion in target mismatch patients.

METHODS The DEFUSE-2 study comprised a multicenter pro-
spective cohort of ischemic stroke patients who underwent a base-
line MRI scan before endovascular therapy. The study was
conducted between 2008 and 2011 in 8 centers in the United
States and one in Austria. The full methodology of the
DEFUSE-2 study has been described previously.'? In brief, patients
were eligible if they had an NIHSS score of 5 or more, if a baseline
MRI could be obtained within 90 minutes before endovascular
therapy, and if the endovascular procedure was anticipated to begin
within 12 hours after stroke onset. Patients with wake-up strokes
could be included if they were eligible according to these criteria.
The endovascular interventions conformed to the practices that
were used at the local institutions. No set technique or device
choice for intervention was mandated. In patients with proximal
ICA occlusions, angioplasty with or without stenting was allowed.
Each patient underwent 3 MRI scans: at baseline, within 12 hours
after the endovascular procedure, and on day 5. Assessment of the
target mismatch profile was based on perfusion-weighted imaging
(PWI) and diffusion-weighted imaging (DWI) lesion volumes
determined with RAPID image processing software.'” The local
investigator’s assessment of target mismatch status was used for
all analyses. Baseline and early follow-up PWT lesion volumes as
well as day 5 infarct volumes based on fluid-attenuated inversion
recovery images were determined by investigators at the core imag-
ing laboratory. Reperfusion was defined as a more than 50% reduc-

tion in PWTI lesion volume between baseline and early follow-up.

[ Table 1 Baseline characteristics of patients based on site of arterial occlusion® ]

Mean age, y

Women

Atrial fibrillation

Diabetes mellitus

Hypertension

NIH Stroke Scale score

Time to MRI, min

Baseline DWI lesion volume, mL
Baseline PWI lesion volume, mL

Target mismatch

Time to endovascular procedure, min

IV thrombolysis

Abbreviations: DWI = diffusion

ICA (n = 28) MCA (n = 70)
65 (16) 65 (16)

15 (54%) 33 (47%)

8 (30%) 26 (37%)

3 (11%) 15 (21%)

18 (67%) 48 (69%)

18 (12-22) 15 (11-19)
281 (152) 306 (160)
27 (8-45) 14 (7-27)

92 (74-150) 77 (43-112)°
22 (79%) 56 (80%)
360 (159) 389 (158)
13 (46%) 39 (56%)

-weighted imaging; ICA = internal carotid artery; MCA =

middle cerebral artery; PWI = perfusion-weighted imaging.
2Data are n (%), mean (SD), or median (interquartile range).
bp = 0.02.

When the early follow-up PWI was not available or was of insuf-
ficient quality, reperfusion was instead assessed on digital subtrac-
tion angiography and defined as a more than 50% reduction in
tissue with impaired perfusion between the start and the comple-
tion of the angiographic procedure (i.e., thrombolysis in cerebral
infarction score 2b or 3). Thrombolysis in cerebral infarction scores
were assigned by a single reader (M.P.M.) at the core imaging
laboratory according to previously described criteria.'

The primary clinical endpoint in the DEFUSE-2 study was
favorable clinical response: an improvement of at least 8 points on
the NIHSS between baseline and day 30 or a score of 0-1 at day
30. We used the same endpoint in this post hoc analysis of the
DEFUSE-2 study to evaluate the association between site of vascular
occlusion (proximal and distal ICA vs M1, M2, and M3 occlusions)
and response to reperfusion. This association was also analyzed using
functional outcomes at day 90 assessed with the modified Rankin
scale (mRS) score.

Statistical analyses were performed with SAS/STAT software (ver-
sion 9.3; SAS Institute, Cary, NC) and SPSS (version 21.0; IBM
Corp., Armonk, NY). The Fisher exact test was used to compare cat-
egorical variables, the Student 7 test for comparison of parametric
continuous variables, and the Mann-Whitney U test for nonparamet-
ric continuous variables. Multivariable logistic regression was used to
determine interactions and to adjust odds ratios (ORs) for variables
(DWI lesion volume and age) previously reported to be associated

with outcome after reperfusion.'?

Standard protocol approvals, registrations, and patient
consents. Approval for the study was obtained from local insti-
tutional review boards. Written informed consent was obtained

from the patients or a relative if the patient was unable.

RESULTS For this substudy, one patient with anterior
cerebral artery occlusion was excluded. The remaining
98 of 99 patents from the DEFUSE-2 cohort with
MCA or ICA involvement were included in this study.
Twenty-cight patients had an ICA occlusion (17 proxi-
mal and 11 distal ICA) and 70 patients had documented
MCA involvement (M1: 55, M2: 11, and M3: 4). Base-
line characteristics of patients with ICA and MCA lesions
are listed in table 1. PW1I lesions were larger (p = 0.02)
and there were trends toward worse baseline NTHSS
scores (p = 0.1) and larger DW1I lesions (p = 0.09) in
patients with ICA occlusions. Percentages of patients
with the target mismatch and reperfusion rates were sim-
ilar between groups (tables 1 and 2). Clinical outcomes
did not differ between patients with MCA vs ICA occlu-
sions, but there was more lesion growth (p = 0.01) and
final fluid-attenuated inversion recovery volumes were
larger (p = 0.01) when the ICA was involved (table
2). Patients with ICA occlusions had a higher percentage
of symptomatic intracerebral hemorrhage than patients
with MCA occlusions, but the difference was not signif-
icant (p = 0.2).

Among patients with MCA occlusions, those who
achieved reperfusion had a favorable clinical response rate
of 63% compared with 52% in those who did not reper-
fuse. This corresponds to an OR for favorable clinical
response with reperfusion of 1.6 (95% confidence
interval [CI] 0.6-4.3). Among patients with ICA

occlusions, the percentage of favorable clinical response
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[ Table 2 Clinical and radiologic outcomes in patients with ICA vs MCA occlusion® ]

Reperfusion
Postprocedure angiographic
0-1
2a
2b
3
Favorable clinical response
Good functional outcome®
Mortality at day 90
Final FLAIR volume, mL®

Lesion volume growth, mL¢

Postprocedure antithrombotics

Antiplatelet (monotherapy)
Dual antiplatelet

Anticoagulant

Symptomatic intracerebral hemorrhage

Abbreviations: FLAIR = fluid-

ICA(n=28) MCA(n=70) p Value

17 (61) 41 (59) 1.00
result, TICI score 0.3

7 (25) 18 (26)

12 (43) 18 (26)

5(18) 23 (33)

4(14) 11 (16)

12 (43) 41 (59) 0.2

9(32) 32 (46) 0.3

8 (29) 10 (14) 0.1

124 (64-221) 67 (16-113) 0.01

89 (42-194) 45 (6-92) 0.01

5(18) 12(17) 1.0

5(18) 6 (9) 0.3

4 (14) 12(17) 1.0

4 (14) 4 (6) 0.2

attenuated inversion recovery; ICA = internal carotid artery;

MCA = middle cerebral artery; TICI = thrombolysis in cerebral infarction.
2Data are n (%) or median (interquartile range).

b Defined as a modified Ranki

n scale score of 0-2 at day 90.

¢Day 5 FLAIR lesion volume (including hemorrhage if present).
9Defined as the day 5 FLAIR lesion volume (including hemorrhage if present) minus the
baseline diffusion-weighted imaging lesion volume.

with reperfusion was 65% compared with 9% without
early reperfusion, which corresponds to an OR 0f 18.3
(95% CI 1.9-179.9) (table 3). The difference between
these ORs was significant (p for interaction = 0.04).
We assessed the same associations between reperfu-
sion and clinical outcomes in the subpopulations with
and without the target mismatch profile. Among the

Table 3 Favorable clinical response based on arterial obstruction and mismatch
status?®
Reperfusion No reperfusion
FCR,n (%) Totalno. FCR,n(%) Totalno. OR (95% CI)
ICA
Total 11 (65) 17 1(9) 11 18.3 (1.9-180)
Target mismatch 9 (69) 13 0 (0) 9 40.1 (1.6-999)
No target mismatch 2 (50) 4 1 (50) 2 1.0 (0.03-29.8)
MCA
Total 26 (63) 41 15 (52) 29 1.6 (0.6-4.3)
Target mismatch 23 (70) 33 10 (43) 23 2.9 (1.0-8.7)
No target mismatch 3(38) 8 5 (83) 6 0.2 (0.02-1.9)

Abbreviations: Cl = confidence interval; FCR = favorable clinical response; ICA = internal
carotid artery; MCA = middle cerebral artery; OR = odds ratio.

2FCR is defined as an improvement of at least 8 points on the NIH Stroke Scale between
baseline and day 30 or a score of 0-1 at day 30.
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13 target mismatch patients with an ICA occlusion,
there was a significant association between reperfusion
and favorable clinical response (OR 40.1; 95% CI
1.6-999). This
unchanged after adjustment for age and baseline
DWI lesion volume (adjusted OR 39.7; 95% CI 1.4
1,133). A relationship between favorable clinical

association remained essentially

response and reperfusion in target mismatch patients
with involvement of the MCA was borderline significant
before adjustment (OR 2.9; 95% CI 1.0-8.7). After
adjustment for age and initial DW1I lesion volume, re-
perfusion status was associated with favorable clinical
response (adjusted OR 5.1; 95% CI 1.4-19.3). In con-
trast, reperfusion was not associated with clinical out-
comes in patients with either MCA or ICA occlusions
when target mismatch was not present (table 3).
Stratifying patients by reperfusion status showed a
favorable shift on the distribution of mRS scores at
day 90 in target mismatch patients with ICA occlusions
(p = 0.005), but not a statistically significant difference
in target mismatch patients with MCA involvement

(p = 0.3) (figure).

DISCUSSION This study shows a positive association
between reperfusion and favorable clinical responses in
target mismatch patients with large-artery occlusions,
regardless of the site of the arterial occlusion. The asso-
ciation was stronger for patients with ICA occlusions
than for patients with MCA occlusions. This difference
was driven by very high rates of poor outcome among
target mismatch patients with ICA occlusions who did
not reperfuse.

Studies of IV thrombolysis have suggested a less
robust treatment effect in patients with ICA occlusions
compared with MCA occlusions.'® Because recanaliza-
tion is highly correlated with clinical outcome," the low
rate of ICA recanalization with IV thrombolysis explains
why this treatment does not appear to be very effective
for patients with ICA occlusions. In contrast, recanali-
zation rates were similar for patients with MCA (59%)
and patients with ICA (61%) occlusions in the
DEFUSE-2 study. This is in line with other studies of
endovascular therapy that have shown either no differ-
ence in reperfusion rates between ICA and MCA occlu-

sions®10:16

or even higher recanalization rates of the more
proximal occlusions.’

Clinical outcomes of patients with ICA occlusions
in the DEFUSE-2 study were similar to those reported
in a recent meta-analysis of endovascular treatment.'!
Thirty-two percent of the DEFUSE-2 patients with
ICA occlusions had good functional outcomes (defined
as an mRS score of 0-2 at day 90) compared with
33.6% in the meta-analysis."' The percentage of symp-
tomatic intracerebral hemorrhage in patients with ICA
obstructions in the DEFUSE-2 cohort (14%) was

slightly higher compared with the percentage reported



[ Figure Functional outcome at 3 months in target mismatch patients stratified by site of arterial occlusion and reperfusion status ]

A. ICA target mismatch population (n=22)

2 3

Reperfusion (15%) (23%)

1
(8%)

: 1
No reperfusion (11%)

0 20 40 60 80 100

B.MmcA target mismatch population (n=56)

Reperfusion

i 6
(21%) (18%)

: 3 3 5
No reperfusion (13%) (13%) (22%)
0 20 40 60 80 100
Patients (%)
mRS=0 =mRS=1 umRS=2 mRS=3 mRS=4 = mRS=5 1 mRS=6

(A) In the DEFUSE-2 cohort, reperfusion was associated with a statistically significant shift in the distribution of outcomes on the mRS score at 3 months in
target mismatch patients with ICA occlusions (p = 0.005). (B) There is a favorable trend that does not reach statistical significance in the target mismatch
patients with MCA occlusion (p = 0.3). DEFUSE-2 = Diffusion Weighted Imaging Evaluation for Understanding Stroke Evolution-2; ICA = internal carotid
artery; MCA = middle cerebral artery; mRS = modified Rankin Scale.

in that study (11%)."" This may have been attributable
in part to the more frequent, albeit nonsignificant, use of
dual antiplatelet therapy in the ICA group.

Prior studies that have looked at the site of the arterial
obstruction as a predictor of outcome after endovascular
therapy have generally shown better outcomes in patients
with MCA occlusions. A meta-analysis of endovascular
treatment studies has suggested more favorable outcomes
with isolated MCA occlusion.’” Another study has
shown increased mortality in patients with ICA occlu-
sions even after adjusting for reperfusion status and base-
line stroke severity, but no difference in the chance of
good outcome.® Similar to these previous studies, our
study also showed a trend toward fewer favorable out-
comes and increased mortality in the overall cohort of
patients with ICA occlusions compared with patients
with MCA occlusions. In our study, this was driven by
patients with ICA occlusions having worse outcomes
than those with MCA occlusions in the absence of
reperfusion. In contrast, in the setting of reperfusion,
rates of favorable clinical responses were approximately
65% for both patients with MCA and ICA occlusions.
Consequently, the OR for favorable clinical response in
the setting of reperfusion is greater for patients with ICA
occlusions than for patients with MCA occlusions. These
data suggest a differential response to reperfusion with
greater clinical efficacy of reperfusion in the subgroup
with ICA occlusions.

DEFUSE-2 was designed to study the response to
endovascular reperfusion by mismatch status. This sub-
study shows a positive association between endovascular
reperfusion and favorable outcomes in target mismatch
patients irrespective of the site of the vascular occlusion,
whereas patients without target mismatch did not appear
to benefit from reperfusion. The difference in the
response to repetfusion between patients with and with-
out the target mismatch explains why the effect of reper-
fusion was significant in target mismatch patients with
MCA occlusions but only showed a trend toward better
outcomes when MCA patients with and without target
mismatch were considered as a group. These results are
in line with the main results of the DEFUSE-2 study,
which showed a positive response to reperfusion exclu-
sively in patients with target mismatch, and underscore
the importance of stratification by mismatch status.

This study has some limitations. Patients with ICA
occlusions who had very large baseline DWI lesions, also
referred to as patients with a malignant profile,"” were
relatively underrepresented in the DEFUSE-2 cohort.
This underrepresentation was the result of investigators
canceling the endovascular procedure in some instances
after a large baseline DW1I lesion was identified. This
could partially explain the higher overall good func-
tional outcome (mRS 0-2) rates in this study (42%)
compared to the percentages in MERCI'® (28%),
TREVO 2% (31%), and SWIFT?° (33%). However,
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in the endovascular treatment group of IMS IIL,'* a
similar proportion of participants (41%) with good func-
tional outcome was reported. Second, our sample size
was not large enough to assess the effect of reperfusion
in some specific subgroups. We did not subdivide the
ICA and MCA groups in proximal vs distal lesions to
clarify whether the location within the ICA or MCA
lesion has a differential effect. Additionally, dividing the
cohort based on arterial occlusion and mismatch status
resulted in small numbers in the subgroups. Because of
this, there was insufficient power to analyze the effect of
reperfusion in patients without target mismatch. The
small sample also likely explains why the effect of reper-
fusion in target mismatch patients with MCA occlusions
was significant for the primary endpoint (favorable clin-
ical response at day 30) but missed statistical significance
on the distribution of scores on the mRS at day 90.

CONCLUSION Reperfusion is associated with high
favorable outcome rates irrespective of the site of the
vascular occlusion. Location of the occlusion should
therefore not solely influence the decision to initiate en-
dovascular treatment. Patients with the target mismatch
profile and either an ICA or MCA occlusion appear to
be excellent candidates for endovascular reperfusion.
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