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Abstract

Objective: To determine whether the collateral status evaluated by single phase
computed tomographic angiography (CTA) helped prediction of Malignant
middle cerebral artery infarction (mMCAI) in patients with large arterial
occlusion who did not receive endovascular treatment.

Materials and Methods: We retrospectively reviewed patients with acute is
chemic stroke in anterior circulation in our institute from January 2015 to
December 2015. We analyzed clinical data, baseline National Institutes of Health
Stroke Scale (NIHSS), Alberta Stroke Program Early CT Score (ASPECTS) on
baseline nonenhanced computed tomography of the brain (NECT brain), and
CTA collateral status. " mMCAi" was defined based on clinical criteria.

Results: Thirty-five patients were included. The mean age was 68.8+15.56 years.
The mean baseline NIHSS and baseline ASPECTS were 17(+5) and 6(+3),
respectively. All patients received intravenous thrombolysis. CTA collateral status
and baseline NECT ASPECTS were significantly correlated with development
of mMCAIi (P-value = 0.007 and 0.001). Only baseline NECT ASPECTS was an
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independent predictive factor for mMCAi (OR 0.63, 95%CI 0.46-0.86, P-value
=0.004). Patients with baseline NECT ASPECTS < 7 were more likely to develop
mMCAI (OR 14.29 95%CI 1.57-129.94, P-value 0.018).

Conclusion: In times of acute stroke, patients with proximal MCA or ICA
occlusion received intravenous thrombolysis alone, baseline NECT ASPECTS
and CTA collateral status were significantly correlated with development of
mMCAIi. However, only baseline ASPECTS < 7 was an independent predictor for
mMCAI.

Keywords: CTA collateral status, Malignant MCA infarction, NECT ASPECTS,
Acute ischemic stroke.

Introduction

Stroke is one of the leading causes of death and disability worldwide. Large
cerebral infarction due to occlusion of middle cerebral artery (MCA) can be a
life-threatening condition. Acute infarction involving a large portion of cerebral
hemisphere with associated space-occupying cerebral edema, leading to rapid
neurological deterioration hasbeen termed “malignant MCA infarction (mMCAi)”
[1,2]. Brain edema with a subsequent midline shift, brain herniation and increased
intracranial pressure (ICP) may lead to coma and death. Significant space
occupying effect usually manifests between the second and the fourth days after
stroke onset; however, it possibly occurs more rapidly within 24 hours [1,2]. Up to
eighty percent of patients with mMCA| treated with conservative medical therapy
alone developed coma and death within 2 to 5 days. Surviving patients were left
with severe disability and poor quality of life. Early treatment with decompressive
surgery (hemicraniectomy) could reduce ICP, extensive brain edema and further
infarction when performed within 48 hours after stroke onset [3]. Decompressive
craniectomy not only reduces mortality, but also improves functional outcome
and reduces longstanding critical care therapy. Thus, it is important to identify
predictors of mMCAi which may help in management planning [3-6].
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Cerebral collateral circulation is necessary to maintain cerebral blood flow
and penumbra when cerebral arterial insufficiency due to thromboembolism,
hemodynamic disturbance or a combination occurs [7,8]. Baseline collateral
status is correlated with baseline infarct volume and infarct growth over 24
hours [9]. Recent studies demonstrated effect modification by collateral status on
relationship between recanalization and good clinical outcome [9,10]. Collaterals
impact efficacy and safety of endovascular treatment in acute ischemic stroke
patients; patients with more robust collateral circulation had better recanalization,
reperfusion and functional outcomes, as well as lower periprocedural symptomatic
intracranial hemorrhage and mortality [10-16]. In these recent years, assessment
of collateral circulation with multiphase CTA showed advantages over single
phase CTA giving information on the degree and extent of pial arterial filling in
a time resolved manner and has been used in The Endovascular Treatment for
Small Core and Anterior Circulation Proximal Occlusion with Emphasis on
Minimizing CT to Recanalization Times (ESCAPE) trial as a criterion for patient
selection to endovascular treatment [17,18].

Recent studies found that collateral circulation, assessment with both single
phase and multiphase CTA, is one of the factors that independently
predict malignant MCA infarction, together with baseline NIHSS, NECT
ASPECTS and revascularization status [4,7,19]. Then we sought to determine
whether CTA collateral status derived from single phase CTA may help
prediction of mMCAI in acute stroke patients with large arterial occlusion who
did not receive endovascular treatment.
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Materials and methods

Patients

We retrospectively reviewed patients with acute ischemic stroke in anterior
circulation who underwent stroke fast tract imaging protocol in our institute
from January 2015 to December 2015. Our stroke fast tract imaging protocol
included NECT brain, CTA of the brain and neck and CT brain perfusion. The
inclusion criteria were: 1) patient’s age was 18 years old or above; 2) the onset
of symptoms at the time performing fast tract image protocol was lower than 6
hours; 3) there was the presence of large arterial occlusion (internal carotid artery
(ICA) or M1 segment of MCA) on CTA; 4) patient did not receive endovascular
treatment; 5) patients may or may not receive intravenous administration of
recombinant tissue-type plasminogen activator (rtPA). Exclusion criteria
included: 1) the presence of intracranial hemorrhage on NECT; 2) the presence
of previous large cerebral infarction in ipsilateral cerebral hemisphere or other
intracranial space taking lesion on NECT; 3) poor image quality.

Patients’ clinical information were collected from the hospital information
system and outpatient records, including demographic data, clinical
presentation, the onset of symptoms, onset-to-image time, NIHSS score,
information of rtPA administration, and records of conscious deterioration and
craniectomy during admission.

CT imaging protocol

All scans were obtained using 64 slice multidetector CT scanner installed at
emergency department (Brilliance 64 Philips Health-care, Netherland).
Parameters of NECT scan are as follows; a detector collimator of 64x0.4 mm,
tube current of 300 mA, tube voltage of 120 kV, and FOV of 25 cm, covering
from foramen magnum to the vertex. Axial image with 5-mm slice thickness was
transferred to pictures achieving and information system (PACS). Parameters of
CTA are as follows; detector collimation of 64 x 0.6 mm, tube current of 400 mA,
tube voltage of 120 kV, and field of view of 50 cm, covering from aortic arch up
to vertex. Acquisition was triggered using a bolus tracking (100 HU) in the aortic
arch after 80 mL of intravenous contrast medium (Ultravist® 300) injection with
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an injection rate of 4 mL/s, followed by 40 mL saline flush. One-millimeter-thick
axial maximal intensity projection (MIP) image, together with 8-millimeter-thick
MIP image in axial, coronal and sagittal planes are transferred to PACS as routine
image reconstruction protocol.

Image analysis

All CT images were reviewed by two readers (reader 1 was a second year
neuroradiology fellow and reader 2 was a neuroradiologist with 8-year
experience in neuroimaging). The two readers were blind to clinical information,
NECT and CTA results in each patient.

Baseline ASPECTS (Alberta Stroke Program Early CT Score) was evaluated
on the initial axial 5-millimeter-thick NECT brain. CTA collateral status was
evaluated on 8-millimeter-thick axial MIP images of CTA, using CTA collateral
score derived from PROACT (Prolyse in Acute Cerebral Thromboembolism Trial)
investigators with a scale of 0-3. According to this score, collaterals were defined
as contrast filling pial arteries beyond the occluded site with different degrees
on scale 0-3 as follows; 0 = absent collaterals supply to the occluded MCA
territory; 1 = collaterals filling < 50% of the occluded territory; 2 = collaterals
filling > 50%, but <100% of the occluded territory; 3 = collaterals filling = 100%
of the occluded territory. Score 0-1 defined poor collaterals and score 2-3
defined good collaterals.

"mMCAI" was defined when there were clinical records of decreased in the level of
consciousness to give a score of 1 or more on item la of the NIHSS, according
to ECASS (European Cooperative Acute Stroke Study) investigators [4, 5].
Hemorrhagic transformation was defined and graded as follows: HI type 1
(HI-1) = small heterogeneous petechiae along the margins of the infarct; HI type 2
(HI-2) = more confluent heterogeneous petechiae within the infarcted area;
PH type 1 (PH-1) = homogeneous hematoma covering < 30% of the infarcted
area with mild space-occupying effect; PH type 2 (PH-2) = dense
hematoma > 30% of the infarcted area with significant space-occupying effect.
(HI = hemorrhagic infarction, PH = parenchymal hemorrhage). Only PH-2 was
defined as symptomatic hemorrhagic transformation [20].
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Statistical analysis

Patients were divided into mMCAi and non-mMCAi groups. Categorical
variables were expressed in number (%) and the continuous variable as the
mean standard deviation. The 2 groups were compared for demographic
categorical variables with the independent-sample T-test for continuous
parameters and Chi-square test for categorical variables. Logistic regression
was used to compute unadjusted and multivariable-adjusted odds ratios (OR) for
the dichotomous outcomes (poor and good collateral status) of the mMCAi or
non-mMCAI groups.

OR was presented with the associated 95% confidence intervals (CI). The threshold
for statistical significance was set at p < 0.05. All statistical analyses were
performed using the Statistical Package for the Social Sciences software
version 16 (SPSS). Kappa statistics was made on the interrater agreement for CTA
collateral score, baseline ASPECTS and symptomatic hemorrhagic transformation.
The limits for Kappa statistics were the following; 0.4-0.6, moderate agreement;
0.6-0.8, good agreement; >0.8, excellent agreement.

Results

Thirty-five patients (19 women, 16 men; the mean age, 68.8 yearst15.56)
tulilling all inclusion criteria, were selected. Twelve (34%) patients developed
mMCAI, whereas 23 patients (66%) did not (non-mMCAi). All patients received
intravenous rtPA therapy. Baseline characteristics of mMCAi and non-mMCAi
patient groups were shown in Table 1.
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Table 1: Baseline characteristics

mMCAI non-mMCAi Total P-value
(n =12, 34%) (n= 23, 66%)

Age, y, mean (SD) 71.42 (£10.33) 67.13(x17.73) 68.6 (+x15.56) 0.37
Female, n,% 6 (50%) 13 (57%) 19 (54%) 0.73
Cardiovascular risk factors

DM, n,% 2 (17%) 4 (17%) 6 (17%) 1

HT, n,% 4 (33%) 9 (39%) 13 (37%) 1

AFE n,% 0 (0%) 2 (9%) 2 (6%) 0.53

DLD, n,% 2 (17%) 5(22%) 7 (20%) 1
Onset, hours, mean (SD) 2.84 (+1.3) 2.95 (1) 291 (+1.1) 0.8
Baseline NIHSS score, mean 18 (£7) 17 (£5) 17 (£5) 0.54
(SD)
Baseline ASPECTS, mean 4 (+2) 7 (£2) 6 (£3) 0.001*
(SD)
Collateral status 0.007*
Poor (<2), n,% 12 (100%) 13 (57%) 25 (71%)
Good(>2), n,% 0 10 (43%) 10 (29%)

Note:- DM indicates diabetes mellitus; HT, hypertension; AE atrial fibrillation;
DLD, dyslipidemia; NIHSS, National Institutes of Health Stroke Scale; ASPECTS,
Alberta Stroke Program Early CT Score; mMCAi, malignant middle cerebral artery
infarction.

Only one patient developed symptomatic intracranial hemorrhage (PH-2).
The mMCAI group had a significantly lower mean baseline ASPECTS compared
to non-mMCAI group 4(+2) versus 7(+2), P-value = 0.001. Collateral status was
significantly correlated with development of mMCAi, P-value = 0.007. None of
patients with good collateral score developed mMCAI (0 versus 10). On the other
hand, other baseline clinical characteristics, including NIHSS, were not different
among the two groups.
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In multivariate analysis, baseline ASPECTS was an independent predictive factor
for mMCAIi (OR 0.63, 95%CI 0.46-0.86, P-value =0.004). Patients with baseline
ASPECTS < 7 were more likely to develop mMCAi (OR 14.29 95%CI 1.57-129.94,
P-value 0.018). On the other hand, collateral status evaluated by single phase CTA
was not an independent predictor of mMCAI.

We did not find the correlation between clinical and imaging characteristics and
development of symptomatic hemorrhagic transformation. (Table 2 and 3)

Table 2: Prediction of mMCAi: multivariate binary regression analysis

OR 95%CI P-value
Baseline NTHSS 1.04 0.91-1.19 0.53
Baseline ASPECTS 0.63 0.46-0.86 0.004*
Collateral status 0.81 0.07-8.91 0.86
Baseline ASPECTS<7 14.29 1.57-129.94 0.018*

Note: CI, confidence interval; OR, odds ratio.

Table 3: Prediction of symptomatic hemorrhagic transformation (PH2):
multivariate binary regression analysis

(0)2% 95%CI P-value
Baseline NITHSS 1.03 0.69-1.53 0.87
Baseline ASPECTS 0.68 0.29-1.64 0.40
Collateral Status 0.43 0.01-19.4 0.66
Baseline ASPECTS<7 1.26 0.68-2.33 0.45

Note:- CI indicates confidence interval; OR, odds ratio.
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There was an excellent interrater agreement for CTA collateral grading
(1.0). Interrater agreement for baseline NECT ASPECTS and hemorrhagic
transformation were good (0.71) and excellent (0.86), respectively. Some
examples of cases are shown in Figure 1 and Figure 2.

Figure 1. A 52-year-old female with acute right MCA infarction. Baseline NECT at 3
hours after onset (A and B) showed large hypodensity change in right cerebral hemisphere,
ASPECTS = 1. Eight-mm axial MIP CTA (C-F) showed occlusion at right distal M1 (black
arrowhead in C) with poor collaterals, score = 1; collaterals filling < 50% of the occluded
territory. Follow up NECT at 24 hours (G) showed large edematous infarction with hemorrhagic
transformation in right basal ganglia extending to lateral ventricles, midline shift and
hydrocephalus. Decompressive craniectomy was done and follow up NECT at 24 hours (H)
showed less degree of midline shift and improved hydrocephalus. New infarction in left globus
pallidus was noted.
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Figure 2. A 49-year-old male with acute right MCA infarction. Baseline NECT at 2 hours
after onset (A and B) showed small hypodensity in posterior right insular cortex and right
lentiform nucleus, ASPECTS = 8. Eight-mm axial MIP CTA (C-F) showed occlusion at right
proximal M1 with good collaterals, score = 3; collateral filling =100% of the occlusion territory).
Follow up NECT at 24 hours (G and H) showed small infarction in right insular lobe without
hemorrhagic transformation.

Discussion

Malignant MCA infarction is a serious complication of acute ischemic stroke
involving large area of MCA territory. Life-threatening brain edema usually
develops within thefirst few days after the stroke onset and may cause a midline
shift and brain herniation. Clinical worsening and fatal outcome is up to 80% in
conservative case [1,3,5]. Early decompressive craniectomy may help improve
the functional outcome and reduce mortality. Imaging may help early predict
this condition and facilitate prompt surgical management [3,6].
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In these recent years, studies assessing collateral status in acute ischemic
stroke emphasize on the impact on clinical outcome. Noninvasive CTA
collateral score grading pial arterial filling of contrast media beyond the occluded
site has been extensively used to evaluate the status of collateral circulation in
patients with acute stroke. Data from IMS III trials and systematic review and
meta-analysis revealed that in patients receiving endovascular treatment; robust
collateral status was correlated with smaller infarct volume, reduced further
infarct growth, reduced periprocedural symptomatic intracranial hemorrhage,
better clinical outcome at 3 months, and could be used to select patients for
endovascular treatment [10,21]. Recently, a systematic review and meta-analysis
in the patients receiving intravenous thrombolysis alone without endovascular
treatment also found that good pre-treatment collaterals were associated
with smaller infarct size at baseline, a lower rate of symptomatic intracranial
hemorrhage and a higher rate of early neurological improvement [22].

We have found that three studies focusing on assessment of clinical and
imaging parameters, including CTA collateral status, to identify predictive factors
of mMCAI. Kim et al[4] retrospectively reviewed 64 acute stroke patients with
MCA occlusion within 8 hours after the symptom onset. Both patients receiving
endovascular treatment and only intravenous thrombolysis were included.
Recanalization of occluded arteries occurred in 21 patients. Clinical, laboratory
and imaging parameters were analyzed for malignant brain edema. Baseline
NIHSS >18 and CTA collateral score <2, using the same grading system as in our
study, were found to be independent predictors of malignant brain edema.

Jo et al[19] retrospectively analyzed larger population of 121 patients with MCA
occlusion. Recanalization of occluded arteries was achieved in 57 patients. They
found 4 factors that were independently associated with malignant brain edema;
which were baseline NIHSS, baseline NECT ASPECTS, CTA collateral status and
revascularization failure. The same CTA grading system as our study was used
again.
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Flores et al[7] determined the impact of collateral circulation with development
of mMACi, using multiphase CTA and The University of Calgary scoring system.
Eighty-two patients with proximal MCA or ICA occlusion were prospectively
included; 53 patients received endovascular treatment. Poor collateral circulation
was found to be the only independent predictor of mMCAI.

In our study, we found a significant correlation between baseline NECT AS-
PECTS and CTA collateral status on development of mMCAi. After performing
multivariate analysis, only baseline NECT ASPECTs was found to be an
independent predictive factor for mMCAI. This discordant result may be due to

the fact that we had a smaller number of patients and our patients may have lower
baseline NECT ASPECTS compared to the mentioned studies.

We also found that patients with baseline ASPECTS <7 significantly were more
likely to develop mMCAi compared to patients with ASPECTS >7. This result is in
agreement with the study by MacCallum et al [23].

Multiphase CTA was developed by the University of Calgary and used in
ESCAPE trial as one of the criteria of patient selection for endovascular
treatment [17,18]. Multiphase CTA provides information on the degree and extent
of pial arterial filling in a time resolved manner. Compared to multiphase CTA,
single phase CTA potentially mislabel the delayed pial arterial filling and may
underdiagnose the true collateral status [17]. However, a number of studies using
single phase CTA for assessment of collateral status in stroke patients also showed
a significant impact on the clinical outcome in both endovascular treatment and
intravenous thrombolysis patient groups [21,22].

Our study has several potential limitations. First, our study is a retrospective study
and may potentially have selection bias. Second, we did not have information
about recanalization status that may affect the final infarct size. Finally, this study
was performed at a single center and has a small sample size.
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Conclusion

In patients with acute stroke with proximal MCA or ICA occlusion received
only intravenous thrombolysis, baseline NECT ASPECTS and collateral status
evaluated by single phase CTA showed significant correlation with development
of malignant MCA infarction. However, only baseline NECT ASPECTS < 7 was
an independent predictor of malignant MCA infarction. CTA collateral status was
not an independent predictive factor for this condition.
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