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dovascular treatment is now considered a more reasonable op-
tion for treating ischemic stroke.

Previous randomized, controlled trials of intra-arterial ap-
proaches concluded that there were no significant differences 
between endovascular therapy and standard IV alteplase3,5,12). 
However, two recently reported trials–the Multicenter Random-
ized Clinical Trial of Endovascular Treatment for Acute Ischemic 
Stroke in the Netherlands (MR CLEAN)1) and the Endovascular 
Treatment for Small Core and Anterior Circulation Proximal 
Occlusion with Emphasis on Minimizing CT to Recanalization 
Times (ESCAPE) trial8)–showed clinical benefits of endovascu-
lar treatments such as intra-arterial thrombectomy (IAT). 

INTRODUCTION

The main goal of treatment for patients with acute ischemic 
stroke is to salvage as much brain tissue as possible. Intravenous 
administration of a recombinant tissue plasminogen activator 
(IV tPA) such as alteplase has been considered an effective 
treatment option6). However, IV tPA has well-known limita-
tions, such as its narrow window of therapeutic effectiveness 
and its many contraindications10), as well as its limited efficacy 
in the early recanalization of acute, large-vessel occlusions2). Be-
cause a good prognosis depends on rapid recanalization in acute 
ischemic stroke due to major vessel occlusion4,11), intra-arterial en-
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artery (MCA) from January 2012 through March 2015 in our 
institution. Patients were included in the analysis if they 1) had 
undergone emergency IAT and had been followed for longer 
than 3 months after the procedure, 2) had acute occlusion of 
the ICA or MCA due to thromboembolism, and 3) had under-
gone NECT scanning immediately after the emergency IAT. 
Patients were excluded if they had had acute occlusion of the 
anterior cerebral artery, acute occlusion of large arteries in the 
posterior circulation, or a history of IAT. 

The following data were extracted from the medical records : 
age at the time of acute occlusion, sex, atrial fibrillation, hyperten-
sion, diabetes mellitus, a history of anticoagulant or antiplatelet 
therapy, National Institutes of Health Stroke Scale (NIHSS) score 
before and after IAT, the use of IV tPA, time to malignant brain 
edema after IAT, and modified Rankin scale (at 3 months after 
IAT. Malignant brain edema was defined as midline shifting of 
more than 5 mm of the affected hemisphere with compression 
of the brainstem on follow-up brain CT scans or brain magnetic 
resonance imaging (MRI) in patients with neurologic deteriora-
tion (defined as a decrease in Glasgow Coma Score (GCS) by 
more than 2 points or a 2-mm dilatation in pupil size as com-
pared with the contralateral pupil).

In our hospital, non-enhanced brain computed tomography 
(NECT) scans are obtained immediately after IAT to detect com-
plications of the procedure, such as hemorrhage. Sometimes re-
gions of high density could be seen on these scans and is believed 
to be evidence of contrast material used to enhance visualiza-
tion during IAT. Its presence could disrupt the blood-brain bar-
rier due to infarction16). Previous studies have suggested that this 
high density, referred to as “contrast enhancement,” could be 
predictive of malignant brain edema or hemorrhagic transfor-
mations14,21). After having witnessed several such cases in our 
hospital and on reviewing of previous studies, we hypothesized 
that a large area of contrast enhancement could signal malig-
nant brain edema and thus a poor prognosis. Because the extent 
of enhancement as a predictive factor has rarely been reported, 
we conducted a retrospective study to test this hypothesis.

MATERIALS AND METHODS

Patients
In this retrospective study we reviewed the database of pa-

tients who underwent IAT for acute occlusion of the internal 
cerebral artery (ICA) or the main trunk of the middle cerebral 

Fig. 1. Initial scan using non-enhanced computed tomography (NECT) shows no high-density or low-density areas in brain parenchyma (A). 
Angiographic results prior to intra-arterial thrombectomy (IAT) show middle cerebral artery occlusion (B). Angiographic image after IAT shows recana-
lization of the occlusion site (C). Immediate NECT after IAT shows contrast enhancement (D), and the contrast enhancement area ratio is greater than 
0.2. Follow-up NECT after 6 hours shows malignant brain edema (E).
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The study protocol was approved by the Institutional Review 
Board of Cheongju St. Mary’s Hospital at the Catholic Universi-
ty of Korea (No. IRB-98). Informed consent was not obtained 
because of the retrospective nature of the study.

Protocol for IAT procedure
The criteria for emergency IAT were as follows : 1) NIHSS 

score greater than 4, 2) no evidence of hemorrhage on brain CT 
scan, 3) low-density lesion covering less than one third of the 
MCA territory on brain CT scan, 4) no improvement in NIHSS 
score after administration of IV tPA within 4.5 hours of the 
start of treatment, 5) severe stenosis or occlusion of the ICA or 
MCA on digital subtraction cerebral angiography, or 6) poor 
collateral flow to the territory of the affected artery.

In our hospital, we put a premium on performing IAT as soon 
as possible in patients with an acute infarction due to occlusion 
of a major artery. Therefore, brain MRI is not routinely per-
formed if the clinician confirms this diagnosis based on the re-
sults of brain CT scanning and neurologic examination.

Under local anesthesia all patients underwent digital subtrac-
tion angiography via a femoral artery. If severe stenosis or oc-
clusion of the ICA or MCA was found and collateral flow to the 
affected area was poor, IAT was undertaken. Initially, an IV bo-
lus of heparin, 3000 IU, was administered, followed by heparin, 
1,000 IU, administered by injection every 60 minutes during 
the procedure. An 8 Fr or 9 Fr Cello balloon guide catheter (ev3 
Neurovascular, Irvine, CA, USA) was advanced into the proxi-
mal ICA. IAT was performed using a stent clot retriever (Soli-
taire FR, ev3 Neurovascular, Irvine, CA, USA), or an aspiration 
device (Penumbra, Alameda, CA, USA).

 After IAT, the recanalization status of the affected artery was 
assessed and was based on the Thrombolysis in Cerebral Infarc-
tion (TICI) scale9). Successful recanalization, as evident on angi-
ography, was defined as TICI-2 and TICI-37). 

Evaluation of contrast enhancement area ratio
NECT scans were taken immediately and 24 hours after IAT 

in all patients. Contrast enhancement was defined as hyperdense 
changes in natural anatomic shapes without mass effect that 
were observed on the initial NECT scans but not on the 24-hour 
follow-up scans. 

It was impractical to take the time to determine Hounsfield 
units (HU) for the hyperdense changes because the purpose of 
this study was to rapidly determine factors that might predict 
progression to malignant brain edema. Instead, we compared 
the hyperdense changes seen on NECT scans with scans of the 
contralateral hemisphere.

The region of interest was marked on the NECT scans to 
show the area of contrast enhancement at the level of foramen 
of Monro and was used as an arbitrary standard for compari-
son. We thought images at the level of the foramen of Monro 
could be expected to show both the basal ganglia and the cortex 
area, which fully represented the vascular territory of the affect-

ed artery, and could constitute the standard level (Fig. 1). The 
contrast enhancement area was automatically calculated by means 
of picture archiving and communication system (PACS) software 
(Infinitt, Siemens, Erlangen, Germany). The preceding approach 
was also used to calculate the area of the hemisphere. The CEAR 
was the ratio of the contrast enhancement area to the area of the 
hemisphere, and patients were divided into two groups based 
on the CEAR values, either greater than 0.2 or less than 0.2, as 
calculated on logistic regression analysis.

Statistical analysis
A logistic regression analysis was used to determine the best 

value of CEAR for categorizing the patients into two groups. The 
chi-square test or Fisher’s exact test was used in univariate analy-
ses for categorical variables. The Mann-Whitney U test was used 
for continuous variables in non-parametric statistics. Multivari-
ate analysis was performed using multiple logistic regression 
analysis to evaluate factors that might predict progression to ma-
lignant brain edema. Factors with a p value under 0.10 on uni-
variate analyses were included in the multivariate analysis. All 
statistical analyses were done using SPSS version 23.0 (SPSS Inc., 
Chicago, IL, USA), and a p value less than 0.05 was considered 
statistically significant. 

Table 1. Baseline characteristics of 39 patients

Characteristic Result
Age in years* (mean±SD) 70.5±13.03
Sex, n (%)

Male 21 (53.8)
Female 18 (46.1)

Occlusion site, n (%) 
ICA 18 (46.1)
MCA 21 (53.8)

Laterality, n (%)
Right 18 (46.1)
Left 21 (53.8)

Means of IAT, n (%)
Stent clot retriever 31 (79.5)
Aspiration system 5 (12.8)
Both 3 (7.7)

Successful recanalization on angiography, n (%) 34 (87.1)
IV tPA, n (%) 10 (25.6)
Atrial fibrillation, n (%) 23 (59.0)
Diabetes mellitus, n (%) 9 (23.1)
Hypertension, n (%) 23 (59.0)
Anticoagulation, n (%) 11 (28.2)
Antiplatelet therapy, n (%) 18 (46.1)
Pre-IAT NIHSS score (mean ±SD) 15.4±5.65
*At time of acute occlusion. SD : standard deviation, ICA : internal carotid artery, 
MCA : main trunk of middle cerebral artery, IAT : intra-arterial thrombectomy, IV 
tPA : intravenous tissue plasminogen activator, NIHSS : National Institutes of 
Health Stroke Scale
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RESULTS

Patient characteristics
A total of 39 patients were included in this study, with a mean 

(±SD) age of 70.5±13.03 years. The mean NIHSS score before 
IAT was 15.4±5.65. The ICA was occluded in 18 patients (46.1%). 
IV tPA was administered before IAT in 10 patients (25.6%), and 
31 patients (79.5%) underwent IAT that involved a stent clot re-
triever. Successful recanalization on angiography was achieved 
in 34 patients (87.1%). Table 1 summarizes additional patient 
characteristics.

Immediate NECT scans after IAT and contrast 
enhancement

Contrast enhancement was observed in 26 patients (66.7%) 
and covered a mean area of 967.6±1217.43 sq mm. In 7 patients 
(18%) the CEAR was greater than 0.2. Subarachnoid hemor-
rhage and small intracranial hemorrhages were found in 12 pa-
tients (30.7%) and 2 patients (5.1%), respectively. More informa-
tion is provided in Table 2. 

Progression to malignant brain edema and prognosis
Of all patients in this study, progression to malignant brain 

edema was in 10 patients (25.6%). On univariate analysis, a 
CEAR greater than 0.2 was significantly associated with pro-
gression to malignant brain edema (p<0.001). The presence of 

Table 3. Results of univariate analysis of factors associated with malignant brain edema among 39 patients

Factor Group with malignant brain edema Group with non-malignant brain edema p value
No. of patients (%)* 10 (25.6) 29 (74.3)
Age (yr) (mean±SD) 69.8±10.8 70.7±13.9 0.855
Sex, n (%) 0.726

Male 6 (60.0) 15 (51.7)
Female 4 (40.0) 14 (48.3)

Occlusion site, n (%) 0.141
Distal ICA 7 (70.0) 11 (38.0)
MCA-B1 3 (30.0) 18 (62.1)

IAT procedure, n (%) 0.112
Stent clot retriever 8 (80.0) 23 (79.3)
Aspiration system 0 (0.0) 5 (17.2)
Both 2 (20.0) 1 (3.4)

Recanalization on angiography, n (%) 4 (40.0) 24 (82.7) 0.587
IV tPA, n (%) 2 (20.0) 8 (27.6) 1.000
FAT to puncture (hr) (mean±SD) 3.8±2.3 4.6±2.0 0.301
Clinical factors, n (%)

Atrial fibrillation 7 (70.0) 16 (55.2) 0.400
Diabetes mellitus 1 (10.0) 7 (24.1) 0.388
Hypertension 8 (80.0) 15 (51.7) 0.152
Prior anticoagulation treatment 5 (50.0) 6 (20.7) 0.109
Prior antiplatelet treatment 4 (40.0) 14 (48.3) 0.726
Contrast enhancement 9 (90.0) 17 (58.6) 0.120
CEAR ≥0.2 6 (60.0) 1 (3.4) <0.001
Intracranial hemorrhage 0 (0.0) 2 (6.9) 1.000
Subarachnoid hemorrhage 7 (70.0) 5 (17.2) 0.004

*Percentage of total study population. SD : standard deviation, ICA : internal carotid artery, MCA-B1 : first branch of middle cerebral artery, IAT : intra-arterial thrombec-
tomy, IV tPA : intravenous tissue plasminogen activator, FAT : first abnormal time, CEAR : contrast enhancement area ratio

Table 2. Results of immediate NECT brain scans after IAT in 39 patients

Characteristic Result
Contrast enhancement, n (%)

Yes 26 (66.7)
No 13 (33.3)

CEAR, n (%) 
≥0.2 7 (18.0)
<0.2 19 (48.7)

CEAR (mean±SD)
Total 0.117±0.144
≥0.2 0.316±0.139
<0.2 0.044±0.039

SAH, n (%) 12 (30.7)
ICH, n (%) 2 (5.1)
NECT : non-enhanced computed tomography, IAT : intra-arterial thrombectomy, CEAR : 
contrast enhancement area ratio, SD : standard deviation, SAH : subarachnoid hem-
orrhage, ICH : intracranial hemorrhage
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subarachnoid hemorrhage was also related to progression to 
malignant brain edema (p=0.004), but other factors failed to 
show a significant association. On multivariate analysis, only a 
CEAR greater than 0.2 was significantly associated with pro-
gression to malignant brain edema [odds ratio=20.626 (95% 
confidence interval=1.638–259.747); p=0.019]. More details are 

provided in Table 3, 4.
Patients with CEAR ≥0.2 on NECT scans obtained immedi-

ately after IAT showed rapid progression, as compared with the 
patients with CEAR <0.2. Time to malignant brain swelling in 
the group with CEAR ≥0.2 was 14.3±8.9 hours vs 33.7±11.02 
hours in the group with CEAR <0.2 (p=0.039 on the Mann-
Whitney U test) (Fig. 2). There was no significant difference be-
tween the two groups in mean modified Rankin scores prior to 
the acute infarction : 0.43±0.535 in the patients with CEAR ≥0.2 
vs. 0.038±0.871 in those with CEAR <0.2 (p=0.363 on the Mann-
Whitney U test). However, at 3 months after IAT, the modified 
Rankin scores for the group with CEAR ≥0.2 were significantly 
worse than those for the group with CEAR <0.2 (5.43±0.787 vs. 
3.84±1.167, respectively) (p=0.003 on the Mann-Whitney U test) 
(Fig. 3).

DISCUSSION

In this study, NECT scans obtained immediately after IAT for 
acute occlusion of the ICA or MCA was found to be helpful in 
predicting the development of malignant brain edema and a 
subsequently poor prognosis. Patients with a CEAR greater than 
0.2 were more likely to progress to malignant brain edema, and 
the edema worsened more rapidly. 

It should be noted that the CEAR value of 0.2 in itself is not 
important because this value was calculated by dividing the area 
of the individual patient’s hemisphere as a means of standardiza-
tion and would most likely be different in different patients. The 
occlusion site in these patients with acute ischemic stroke was 
not only the MCA but also the ICA, so the area of the hemisphere 
became the denominator in the ratio. The more important point 
is that the extent of the contrast enhancement could be the pre-
dictive factor in this study–that is, the larger the area, the greater 
the risk for malignant brain edema and the poorer the prognosis.

After IAT, the main concerns are the patient’s neurologic sta-
tus, the extent of the infarcted area, and the possibility of progres-
sion to malignant brain swelling or hemorrhagic transformation. 
Previously, high NIHSS scores and low collateral blood supply 
was reported as a associated factor for malignant brain edema13).

After IAT, imaging studies, such as MRI, could help clinicians 
address these concerns. Nevertheless, performing MRI imme-
diately in patients with acute ischemic stroke is difficult because 
it takes a long time and depends on the patient’s clinical status. 
Thus, in our hospital, the protocol after IAT begins with obtain-
ing an immediate NECT scan of the brain.

Our approach in identifying the area of contrast enhance-
ment on NECT by comparing it with the contralateral hemi-
sphere has both merits and demerits. One flaw is that this 
method is not absolute because a high-density area could reflect 
a small hemorrhage. In addition, some areas could be missed 
because this method depends on the examiner’s ability to ob-
serve a density. Nevertheless, the advantages of this method in-
clude being able to detect possible malignant brain edema more 

Table 4. Risk factors related to progression to malignant brain edema on 
multiple logistic regression analysis

Risk factor Odds ratio (95% CI) p value
CEAR >0.2 20.626 (1.638–259.747) 0.019
Subarachnoid hemorrhage 3.918 (0.513–29.912) 0.188
CI : confidence interval, CEAR : contrast enhancement area ratio

Fig. 2. Time to presence of malignant brain edema in patients with con-
trast enhancement area ratio (CEAR) greater than 0.2 versus those with 
CEAR less than 0.2.
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quickly and providing intuitive information that will allow us 
decide on how to manage the patient with an acute ischemic 
stroke. Therefore, this method could be very useful for identify-
ing areas of contrast enhancement on NECT scans obtained 
during the immediate post-IAT period. Reports of the rate at 
which contrast enhancement shows up on NECT after IAT vary 
greatly, from 22.6% to 84.2%14-17,19,21); in our study, this rate was 
66.7%. The reason for such wide variation may be differences in 
the definition of contrast enhancement, the number of patients, 
and the quality of the imaging equipment. In previous studies, 
the results concerning the presence of contrast enhancement and 
poor clinical outcomes have been controversial. After the first 
report by Wildenhain et al.20) in 1994, Nakano et al.17) and Yoon 
et al.21) documented an association between high-density areas 
found on NECT after IAT and a poor prognosis. However, sev-
eral more recent studies have proposed that CE is of no value in 
predicting clinical outcome15,16,19). In 2015, Kim et al.14) suggest-
ed that cortical involvement in contrast accumulation is associat-
ed with symptomatic hemorrhage and poor neurological out-
comes. In our study, we found that the use of contrast enhancement 
by itself does not have statistical significance with respect to a 
poor clinical outcome, but rather the extent of enhancement is 
the predictive factor associated with poor prognosis.

According to a previous study, the presence of contrast en-
hancement on NECT scans obtained immediately after IAT is 
due to disruption of the blood-brain barrier. The suggested pos-
sible causes of this disintegration are initial ischemic injury, a 
toxic effect of the contrast media, and reperfusion injury. Isch-
emic damage to the microvasculature results in fragility of the 
basal lamina, which would normally prevent the cellular blood 
elements from extravasating out of the microvessels21). Contrast 
media is neurotoxic, and it has been hypothesized that the un-
derlying mechanisms are hyperosmolality, increased pinocyto-
sis, and the inherent chemotoxicity of these agents16). Finally, re-
perfusion injury may damage the blood-brain barrier because 
of its known association with leukocyte, platelet, complement, 
and hyperperfusion18). A larger area of contrast enhancement 
may mean more widespread disruption of the blood-brain bar-
rier and an inevitably poor outcome, such as malignant brain 
edema. 

Taken together, the findings suggest that contrast enhance-
ment on NECT scans obtained immediately after IAT could 
represent a range of reperfusion injuries. Another notable find-
ing in this study is that patients with CEAR greater than 0.2 
progressed more rapidly to malignant brain edema. It is thought 
that reperfusion injury on top of ischemic injury could cause 
this rapid progression. The presence or absence of recanaliza-
tion on angiography was not statistically significant with respect 
to progression to malignant brain edema. Moreover, we did not 
analyze results on diffusion and perfusion MRI because 12 of 
our patients did not undergo MRI before IAT, so we could not 
assess results based on possible overlapping injuries. It is thought 
that more rapid progression to malignant brain edema might 

be the result of a complex process. Still, this study did show that 
the presence of a larger area of contrast enhancement on NECT 
performed immediately after IAT may be a crucial risk factor 
for such progression. Thus, clinicians would be wise to investi-
gate the neurologic status of patients in whom a large area of en-
hancement may lead to the rapid development of brain edema. 

Nakano et al.17) described low-density lesions detected on 
NECT scans obtained before IAT that correlated significantly 
with postoperative outcomes. However, in our study, such le-
sions were not analyzed because they were infrequently seen or 
were not clearly seen. In addition, low-density lesions on NECT 
after IAT were not analyzed because they were too close to areas 
of contrast enhancement.

The major limitations of this study are its retrospective design, 
single-center setting, and relatively small number of patients, 
which could have led to selection bias. Also, not enough imaging 
studies were carried out prior to IAT, so we could not adequately 
compare pre- and post-intervention data. However, as much as 
possible we carried out similar follow-up imaging studies. In ad-
dition, the procedure used for IAT varied and included different 
types of endovascular devices. Finally, we were unable to control 
the volume of contrast media injected, which is reportedly a risk 
factor of hemorrhagic transformation after IAT.

CONCLUSION

The extent of contrast enhancement on NECT scans obtained 
after IAT could be a factor in predicting progression to malig-
nant brain edema, and patients found to have a larger area of en-
hancement are prone to more rapid progression. Furthermore, 
patients who showed large CEAR on NECT scans had a poor 
functional outcome at 3 months after IAT. NECT performed 
immediately after IAT could be helpful in allowing the clinician 
to assess the extent of contrast enhancement and thus prepare 
for possible progression to malignant brain edema.
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