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INTRODUCTION

A large hemispheric infarct involving the middle ce-
rebral artery (MCA) territory may deteriorate as a conse-
quence of space-occupying cerebral edema. This leads 
to “malignant MCA infarct” (MMI).1 In cases of MMI 
with medical intensive care, the mortality rate amounts 
to ≤80%.1-3 However, if performed early, decompressive 
surgery dramatically reduces mortality and improves 
functional outcomes.4-6 Therefore, early detection of 

potential surgical candidates is clinically important in 
these patients. 

Until now, many studies have reported different in-
dependent predictors for MMI evolution in patients 
with an MCA territory infarct.1,7-10 At present, infarct 
size is known to be the most reliable predictor.1,9,10 For 
this reason, the involvement of more than 2/3 or 1/2 of 
the MCA territory has been chosen as one of the inclu-
sion criteria for decompressive surgery in randomized 
hemicraniectomy trials.4-6

Background: Early detection and management of malignant middle cerebral ar-
tery infarct (MMI) is clinically crucial, and many studies have investigated the 
predictors of MMI evolution. However, to date, little is known about MMI pre-
dictors in patients undergoing endovascular thrombectomy (ET). Therefore, this 
study attempts to investigate MMI predictors in these patients using a single cen-
ter retrospective data. 
Methods: Ninety-three patients treated with ET for anterior circulation stroke 
were analyzed. From pretreatment computed tomographic angiography (CTA), 
the collateral score was rated from 0 to 3 (0, 0% filling of the occluded territory; 1, 
>0% and ≤50% filling; 2, >50% and <100% filling; 3, 100% filling). The parenchy-
mal hemorrhage and the size of the infarct were determined by gradient echo and 
diffusion-weighted magnetic resonance imaging performed 24 hours after the 
ET. Patients with and without MMI were compared with regard to demographic, 
clinical and radiological data. Using a multivariate logistic regression model, the 
independent predictors of MMI were confirmed.
Results: Nineteen patients (20.4%) developed MMI. There were no signif icant 
differences between patients with and without MMI with regard to the rate of vas-
cular risk factors and recanalization failure. Taken together, poor collateral circu-
lation (collateral score 0 or 1), an infarct size >2/3 middle cerebral artery territory, 
and type 2 parenchymal hemorrhage formed the significant independent predic-
tor of MMI.
Conclusion: The collateral status based on pretreatment CTA independently pre-
dicts MMI evolution, and can, therefore, help early detection and management of 
MMI in patients undergoing ET.
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However, little is known to date regarding the pre-
dictors of MMI evolution in patients undergoing en-
dovascular thrombectomy (ET). In this study, therefore, 
we attempt to investigate variables associated with the 
occurrence of MMI in patients undergoing ET, using 
a retrospective data of a single comprehensive stroke 
center.

SUBJECTS AND METHODS

1. Study design and patients

Using the prospective ET registry from Soonchunhy-
ang Cerebrovascular Center, we ascertained the names 
and registry numbers of 131 patients who were consecu-
tively admitted to Soonchunhyang University Bucheon 
Hospital between January 2012 and July 2017. We then 
retrospectively reviewed their medical charts. From the 
131 patients, we excluded 38 patients due to approach 
failure for thrombectomy (n=3), absence of pretreat-
ment computed tomographic angiography (CTA) (n=12), 
no outcome data (n=8), and posterior circulation stroke 
(n=15). Finally, 93 patients with anterior circulation 
stroke were included in the analysis. This study was 
approved with waiver of informed consent by the In-
stitutional Review Board of Soonchunhyang University 
Bucheon Hospital (SCHBC 2018-02-013). 

2. Clinical and imaging assessment

Clinical information included the following: age, gen-
der, hypertension, diabetes mellitus, hyperlipidemia, 
current smoking, prior stroke, ischemic heart disease, 
atrial fibrillation, previous history of antithrombotic 
and statin medications, initial blood pressure, on-
set-visit time, onset-procedure time, initial laboratory 
findings (blood glucose, white blood cell count, hemo-
globin, platelet count), initial score of the National In-
stitutes of Health Stroke Scale (NIHSS), lesion location, 
and use of intravenous tissue plasminogen activator 
(tPA). 

All patients underwent pretreatment CTAs of the 
brain and neck, which were performed on a 128-detec-
tor high-definition CT scanner (Discovery CT750 HD; 
GE Healthcare, Milwaukee, WI, USA) using standard-

ized protocol (section thickness, 0.625 mm; tube voltage, 
100 kV; tube current, 200 mA). Images were scanned 
after a single bolus injection of 100 mL of nonionic 
contrast agent via an 18-gauge cannula placed in an 
antecubital vein. Images were obtained in series from 
the aortic arch to the vertex. Acquisitions were recon-
structed into 10-mm-thick maximum intensity projec-
tion images of 5-mm intervals in the axial, sagittal, and 
coronal planes. Using maximum intensity projection 
images, collateral score (CS) was rated according to a 
previous study: score 0, representing absent collaterals 
(0% filling of the occluded territory); score 1, represent-
ing poor collaterals (>0% and ≤50% filling of the oc-
cluded territory); score 2, representing moderate collat-
erals (>50% and <100% filling of the occluded territory); 
score 3, representing good collaterals (100% filling of 
the occluded territory) (Fig. 1).11 For further analysis, the 
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Fig. 1. Example figures of collateral scores in the right middle ce-
rebral artery territory infarct. Collateral score is rated as 0–3 using 
the maximum intensity projection image of computed tomographic 
angiography. (A) Score 0, representing absent collaterals (0% filling of 
the occluded territory). (B) Score 1, representing poor collaterals (>0% 
and ≤50% filling of the occluded territory). (C) Score 2, representing 
moderate collaterals (>50% and <100% filling of the occluded terri-
tory). (D) Score 3, representing good collaterals (100% filling of the 
occluded territory), in which the raters blind to clinical data cannot 
determine the laterality of collateral vessels.
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scores were dichotomized into two levels (scores of 0, 1 
vs. 2, 3). The dichotomized evaluation had an excellent 
inter-rater agreement (kappa value 0.910; p<0.001). 

The Alberta stroke program early CT score (ASPECTS) 
was counted using CTA source images (CTA-SIs) which 
were adjusted to have maximum contrast between nor-
mal and abnormal sides.12 All images were analyzed 
separately by two investigators (S.J.L. and H.J.K.). In the 
event of different scores on CS and ASPECTS, a final 
decision was arrived at by a consensus of the two.

All participants underwent ET using stent retriev-
ers (Solitare in 88 cases, Trevo in four cases, and Sol-
itare+Trevo in one case). Recanalization on catheter 
angiography was graded according to the thrombolysis 
in cerebral infarction (TICI) perfusion scale.13 Failure of 
recanalization during ET procedure was defined as a fi-
nal TICI grade of 0–2a. The Trial of Org 10172 in Acute 
Stroke Treatment subtype classification system was 
used to classify all the strokes.14

Parenchymal hemorrhage (PH) and infarct size were 
determined by gradient echo and diffusion-weighted 
magnetic resonance imaging (MRI) performed 24 hours 
after ET. PH was defined as a coagulum with mass ef-
fect, and classified into PH1 (≤30% of infarct area with 
mild space-occupying effect) and PH2 (>30% of infarct 
area with significant space-occupying effect, or clot 
remote from infarct area).15 Infarct size was categorized 
into <1/3, 1/3-2/3, or >2/3 of MCA territory.

3. Outcomes

MMI was defined as follows: 1) NIHSS >18 and a level 
of consciousness of ≥1 on item 1a of the NIHSS either 
on admission or after secondary deterioration; 2) large 
space-occupying infarct on follow-up MRI or CT of at 
least two-thirds of the MCA territory with compression 
of ventricles or midline shift; and 3) no other obvi-
ous cause of neurologic deterioration.16 The 6-month 
modified Rankin scale (mRS) was documented in the 
follow-up clinic note by a neurologist or neurosurgeon. 
Scores of ≥3 in 6-month mRS were considered to be 
poor outcomes. 

4. Statistical analysis

SPSS software, version 21.0 (SPSS Inc., Chicago, IL, 

USA) was used to perform statistical analyses. The inde-
pendent t-test (or Mann-Whitney U test) or chi-square 
test (or Fisher’s exact test) was used to compare the dif-
ference between patients with and without MMI evolu-
tion. According to the results of Shapiro-Wilk normal-
ity test, time variables, NIHSS, and CTA-SI ASPECTS 
were analyzed by Mann-Whitney U test. Multivariate 
logistic regression analyses were done for pretreatment 
and then for pre- and post-treatment variables together 
in order to confirm the predictors associated with MMI 
evolution. Variables with univariate p value <0.1 were 
included in the multivariate analysis. An odds ratio (OR), 
and a 95% confidence interval (CI) were obtained. p-val-
ues <0.05 were considered to be statistically significant. 

RESULTS

The mean age of the 93 patients (51 men and 42 wom-
en) included in the analysis was 69.8 years (range, 32–92) 
at admission. Nineteen of these patients (20.4%) de-
veloped MMI. Table 1 shows the comparison between 
patients with and without MMI evolution in terms of 
pretreatment clinical features. The MMI group tended 
to be older, and had a significantly lower CS and CTA-
SI ASPECTS than the non-MMI group. When age, CS 
(0, 1 vs. 2, 3), and CTA-SI ASPECTS were included in 
multivariate logistic regression model, CS alone was 
the significant predictor of MMI among pretreatment 
variables (p=0.002; OR, 18.767; 95% CI, 2.956–119.132).

The MMI and non-MMI groups were compared with 
regard to post-treatment variables (Table 2). The pres-
ence of PH2 and a larger infarct size were significantly 
associated with MMI, while no use of tPA and failure of 
recanalization had only a statistical trend toward MMI 
evolution (p<0.1). Further, the MMI group had a signifi-
cantly higher rate of poor outcome than the non-MMI 
group. Multivariate logistic regression was performed 
using variables of univariate p<0.1 (age, poor collateral 
[CS 0 or 1], CTA-SI ASPECTS, no tPA use, recanalization 
failure, infarct size >2/3 MCA territory, and PH2). The 
analysis showed that CS 0 or 1, together with infarct 
size >2/3 MCA and PH2 was a significant independent 
predictor of MMI (Table 3). Additionally, a low CS was 
very closely associated with a larger infarct size (18 of 34 
patients [52.9%] with CS 0 or 1 had an infarct involving 
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Table 1. Comparison of pretreatment clinical features between patients with and without MMI

MMI (n=19) No MMI (n=74) p-value

Age, years 73.4±9.0 68.8±13.1 0.080

Women 10 (52.6) 32 (43.2) 0.463

Hypertension 16 (84.2) 47 (63.5) 0.104

Diabetes 8 (42.1) 21 (28.4) 0.249

Hyperlipidemia 9 (47.4) 26 (35.1) 0.326

Current smoking 1 (5.3) 6 (8.1) 1.000

Previous stroke 6 (31.6) 18 (24.3) 0.519

Ischemic heart disease 4 (21.1) 11 (14.9) 0.499

Atrial fibrillation 13 (68.4) 40 (54.1) 0.259

Previous medication

Antiplatelet 6 (31.6) 24 (32.4) 0.943

Anticoagulant 4 (21.1) 8 (10.8) 0.257

Statin 7 (36.8) 15 (20.3) 0.129

Initial systolic blood pressure, mmHg 144.1±24.0 144.6±27.0 0.938

Initial diastolic blood pressure, mmHg 82.4±17.8 84.3±16.1 0.656

Onset-visit time, minutes 58.5 (33.8–135.0) 52.0 (26.5–130.0) 0.877

Onset-procedure time, minutes 219.0 (169.5–281.3) 212.0 (175.0–312.3) 0.922

Initial laboratory findings

Blood glucose, mg/dL 161.9±54.9 158.9±68.5 0.859

White blood cell, ×109/L 10.1±4.1 9.0±3.5 0.247

Hemoglobin, g/dL 12.0±2.1 12.8±2.1 0.145

Platelet count, ×109/L 219.3±84.9 212.9±62.7 0.717

Initial NIHSS 16.0 (9.5–20.5) 16.0 (9.8–19.0) 0.740

Arterial occlusion site 0.810

Proximal internal carotid artery 1 (5.3) 6 (8.1)

Terminal internal carotid artery 2 (10.5) 8 (10.8)

M1 7 (36.8) 36 (48.6)

M2 5 (26.3) 14 (18.9)

Tandem lesion 4 (21.1) 10 (13.5)

Lesion side: right 10 (52.6) 32 (43.2) 0.463

Collateral score <0.001

3 0 (0) 19 (25.7)

2 4 (21.1) 36 (48.6)

1 12 (63.2) 19 (25.7)

0 3 (15.8) 0 (0)

Collateral score 0 or 1 (vs. 2–3) 15 (78.9) 19 (25.7) <0.001

CTA-SI ASPECTS 4 (2–7) 7 (4–9) 0.011

Variables were analyzed using independent t-test (mean±standard deviation), Mann-Whitney U test (median [inter-quartile range]), chi-
square test or Fisher’s exact test (n [%]).
MMI; malignant middle cerebral artery infarct, NIHSS; the National Institutes of Health Stroke Scale, CTA-SI ASPECTS; computed to-
mographic angiography source image Alberta Stroke Program Early CT Score.
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>2/3 of MCA territory while seven of 59 patients [11.9%] 
with CS 2 or 3 had the same infarct size; p<0.001) and 
poor outcome (28/34 [82.4%] vs. 29/59 [49.2%] had poor 
outcomes; p=0.002). 

DISCUSSION

In this study, poor collateral status in pretreatment 
was the independent predictor of MMI evolution in 
patients undergoing ET. In terms of the pathogenic 
mechanism of ischemic stroke evolution the result is 
plausible. Patients deficient in collaterals are more like-
ly to experience a severe ischemia around the initial in-
farct core and a further flow stasis distal to the original 
thrombus, and these factors lead to a faster pretreat-
ment growth of unsalvageable brain tissue.17-20 Despite 
ET, a baseline larger infarct can put the patients at risk 
for MMI, and thus poor outcomes can occur. The ex-
planation can be supported by our results that poor col-
lateral status was closely associated with a larger infarct 
size measured 24 hours after ET. In the same context, 
the multivariate analysis did not show that the presence 
or absence of recanalization during the ET procedure 
was associated with the evolution of MMI. The benefit 
of recanalization would be limited in patients deficient 
in collaterals who, in the pretreatment stage, already 
had a large infarct.21

Indeed, few reports have investigated the predictors 

Table 2. Comparison of post-treatment features between patients with and without MMI

MMI (n=19) No MMI (n=74) p-value

Use of tPA 6 (31.6) 41 (55.4) 0.064

Failure of recanalization (TICI 0–2a) 8 (42.1) 17 (23.0) 0.093

Stroke classification 0.923

Large artery atherosclerosis 6 (31.6) 27 (36.5)

Cardioembolism 10 (52.6) 36 (48.6)

Undetermined 3 (15.8) 11 (14.9)

Any hemorrhagic transformation 16 (84.2) 41 (55.4) 0.033

Parenchymal hemorrhage 13 (68.4) 16 (21.6) <0.001

Type 1 2 (10.5) 6 (8.1) 0.664

Type 2 11 (57.9) 10 (13.5) <0.001

Infarct size <0.001

<1/3 MCA 0 (0) 42 (56.8)

1/3–2/3 MCA 4 (21.1) 22 (29.7)

>2/3 MCA 15 (78.9) 10 (13.5)

Poor outcome 18 (94.7) 39 (52.7) <0.001

Variables were analyzed using chi-square test or Fisher’s exact test (n [%]). Poor outcome indicates modified Rankin scale ≥3 at 6 
months.
MMI; malignant middle cerebral artery infarct, tPA; intravenous tissue plasminogen activator, TICI; Thrombolysis in Cerebral Infarction 
perfusion scale, MCA; middle cerebral artery territory.

Table 3. Mulivariate logistic regression for malignant middle 
cerebral artery infarct evolution

Variable OR 95% CI p-value

Age, years 1.000 0.930–1.075 0.996

Collateral score 0 or 1 20.058 1.368–294.136 0.029

CTA-SI ASPECTS 1.349 0.832–2.186 0.224

No use of tPA 2.266 0.442–11.626 0.327

Recanalization failure 2.721 0.541–13.682 0.224

Infarct size >2/3 MCA 19.441 3.138–120.445 0.001

Parenchymal hemorrhage 
type 2

6.086 1.164–31.816 0.032

OR; odds ratio, CI; confidence interval, CTA-SI ASPECTS; com-
puted tomographic angiography source image Alberta Stroke 
Program Early CT Score, tPA; intravenous tissue plasminogen 
activator, MCA; middle cerebral artery territory.
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of MMI in patients undergoing ET.22,23 A study showed 
that CTA-SI ASPECTS was an independent predictor of 
MMI in a model that did not include collateral status.22 
In fact, CTA-SI ASPECTS may reflect abnormalities of 
cerebral blood volume at tissue level. Thus it may cor-
respond to final infarct volume and clinical outcomes.12 
However, in our study, CTA-SI ASPECTS was only a 
univariate predictor of MMI, but it lost its association 
when collateral status was added in the model. Another 
study analyzing 81 patients considered for reperfusion 
therapy had results similar to ours, demonstrating that 
poor collateral circulation predicts MMI evolution, but 
in the analysis, only 53 patients (64.6% of total patients) 
with ET were included.23 Furthermore, our study made 
adjustments for post-treatment powerful predictors of 
MMI, infarct size and PH2, which were not included in 
the previous analyses.22,23

In particular, our results are in agreement with the 
recent secondary analyses from data of randomized 
controlled trials, which suggested that baseline collat-
eral status on CTA is a robust determinant of clinical 
outcomes in patients undergoing ET.18,24 Thus, the 
treatment benefit may be absent in patients with poor 
collateral circulation.18,24,25 Based on the study results, 
an updated guideline recommended pretreatment 
collateral flow status as a factor that can be taken into 
consideration for clinical decision-making to deter-
mine eligibility for ET.26 Therefore, our real-world 
data, together with previous results, add weight to the 
clinical implication of baseline collateral status in those 
patients. It also helps to strengthen eligibility criteria 
for selecting ET candidates, and it further contributes 
to early identification of candidates for neuro-intensive 
care and decompressive surgery.

However, this study has some limitations. Above all, 
it was based on single center data, which might lead 
to selection bias. In addition, the cohort consists of a 
small number of patients, and this only permits a limit-
ed statistical power. Thus, the results may not be appli-
cable to other stroke populations or treatment settings. 
A further larger-scale study is needed to confirm these 
results. Besides, the infarct size was not measured by 
volumetric assessment. Using only a visual analysis of a 
diffusion-weighted MRI, the infarct size was estimated 
and categorized into three levels.

Conclusively, the pretreatment collateral status, 

simply scored by CTA, independently predicts MMI 
evolution, and thus can help in the early detection and 
management of MMI in patients undergoing ET. 
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