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Purpose: Malignant cerebral edema (MCE) in patients undergoing endovascular thrombect-
omy (EVT) is not uncommon and can reduce the benefit of EVT. We aimed to develop 
a nomogram model to predict the risk of MCE in ischemic stroke patients after EVT.
Patients and Methods: We retrospectively collected patients treated with EVT caused by 
anterior circulation large vessel occlusion stroke at two comprehensive stroke centers. MCE 
was defined as midline shift >5 mm at the septum pellucidum or pineal gland with oblitera-
tion of the basal cisterns or the need for early decompressive hemicraniectomy. 
A multivariate logistic model was utilized to construct the best-fit nomogram model. The 
discrimination and calibration of the nomogram were estimated using the area under the 
receiver operating characteristic curve (AUC-ROC) and Hosmer–Lemeshow test.
Results: A total of 370 patients (mean age, 67.2±11.9 years; male, 56.8%) were enrolled in 
the final analysis. Among them, 71 (19.2%) patients experienced MCE after EVT treatment. 
After adjustment for potential confounders, age, baseline National Institutes of Health Stroke 
Scale score, collateral circulation, fast blood glucose level and recanalization were indepen-
dent predictors of MCE and were incorporated into the nomogram. The AUC-ROC value of 
the nomogram was 0.805 (95% confidence interval [CI]: 0.750–0.860). The Hosmer– 
Lemeshow goodness-of-fit test showed good calibration of the nomogram (P = 0.681).
Conclusion: The nomogram composed of age, baseline National Institutes of Health Stroke 
Scale score, blood glucose level, collateral circulation and recanalization may predict the 
probability of MCE in anterior circulation large vessel occlusion stroke patients treated with 
EVT.
Keywords: endovascular thrombectomy, edema, nomogram, stroke

Introduction
Randomized controlled trials have validated the efficacy and safety of endovascular 
thrombectomy (EVT) in patients with anterior circulation large vessel occlusion 
stroke (LVOS).1–5 Moreover, more patients could benefit from EVT based on 
imaging screening.6,7 However, approximately 45% of patients with LVOS are 
still unable to perform functional recovery after EVT.8,9 Recent studies have 
shown that malignant cerebral edema (MCE) after EVT is not uncommon and 
might reduce the benefit-risk ratio of EVT.10–12 MCE is one of the most serious 
complications of acute ischemic stroke (AIS), and the mortality rate in MCE 
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patients is nearly 80%.13 Although treatments of MCE are 
limited, a pooled analysis of randomized-controlled trials 
shows that early decompressive hemicraniectomy could 
decrease mortality and increase the chance of a favorable 
functional outcome.14 Therefore, the early prediction of 
MCE might bring more benefits for patients with AIS.

A recent systematic review indicated that the major 
determinants for MCE after stroke are younger age, high 
National Institutes of Health Stroke Scale (NIHSS) score, 
larger parenchymal hypoattenuation and the degree of 
reperfusion.15 Additionally, several studies in patients 
with intravenous thrombolysis (IVT) show that baseline 
blood glucose, onset-to-treatment time (OTT) and hyper-
dense artery sign were independent predictors of 
MCE.16,17 However, data on the prediction of MCE in 
patients treated with EVT are relatively scarce. Hence, in 
this study, we aimed to develop a nomogram model based 
on demographic and clinical features to predict MCE in 
patients treated with EVT.

Patients and Methods
Study Population
We retrospectively collected the demographic, clinical and 
radiographic data of patients with anterior circulation 
LVOS who underwent EVT at two comprehensive stroke 
centers (Jinling Hospital between January 2014 and 
December 2018 and Yijishan Hospital between July 2014 
and February 2019). Patients were enrolled if they fulfilled 
the following inclusion criteria: (1) age ≥ 18 years; (2) 
time from stroke onset to puncture (OTP) ≤ 8 hours; (3) 
baseline NIHSS score ≥ 6, baseline Alberta Stroke 
Program Early CT score (ASPECT) ≥ 6, and prestroke 
modified Rankin Scale (mRS) score < 2; (4) the internal 
carotid artery (ICA) or proximal segment (M1 or M2) of 
the middle cerebral artery (MCA) occlusion confirmed by 
preoperative imaging. The treatment protocol and methods 
were published previously.9,10 We excluded patients with 
extensive subarachnoid hemorrhage and midline shift or 
decompressive hemicraniectomy because of postproce-
dural hemorrhagic transformation. The study was 
approved by the Ethical Committee of Jinling Hospital 
and Yijishan Hospital (2010NLY-018). Due to its retro-
spective nature; patient consent was waived. All proce-
dures performed in studies involving human participants 
were in accordance with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards. The 

data of patients were stored securely and confidentially in 
Jingling and Yijishan Hospitals.

Malignant Cerebral Edema and Clinical 
Characteristics
According to the follow-up imaging within 3–5 days after 
EVT, MCE was defined as midline shift > 5 mm at the septum 
pellucidum or pineal gland with obliteration of the basal 
cisterns or the need for decompressive hemicraniectomy.11,18 

All neuroimaging data were reviewed by 2 physicians who 
were blinded to the clinical data. In case of disagreement, 
consensus was sought by discussion with a third physician.

The baseline clinical data included demographics, 
medical history, baseline NIHSS and ASPECT score, the 
Trial of ORG 10,172 in Acute Stroke Treatment (TOAST) 
classification and laboratory measures. Procedural charac-
teristics, including OTP, time from stroke onset to recana-
lization (OTR), occlusion site, types of the procedure, 
bridging and rescue treatments, were all recorded. 
Recanalization status after the procedure was evaluated 
based on the modified Thrombolysis in Cerebral 
Infarction (mTICI) grading system. Successful recanaliza-
tion was defined as an mTICI score of 2b or 3. Collateral 
circulation was assessed according to retrograde contrast 
opacification of vessels within the occluded area. The 
collateral score was classified as follows: grade 0 was 
assigned if there was little or no significant reconstitution 
in the territory of the occluded vessel or less than one-third 
of the occluded territory, grade 1 was assigned if the 
collaterals reached less than two-thirds of the occluded 
territory, and grade 2 was assigned if the collateralization 
reached more than two-thirds of the territory or the prox-
imal main stem.19

The functional outcomes were assessed with a 90-day 
mRS score, and a favorable functional outcome was 
defined as mRS score ≤ 2.

Statistical Analysis
Continuous variables are presented as the mean±standard 
deviation (SD) or as the median (interquartile range, IQR). 
Categorical variables are presented as percentages. 
Continuous variables were analyzed using the Mann– 
Whitney U-test. Categorical variables were analyzed 
using the Chi-square test or Fisher’s exact test as appro-
priate. To construct the nomogram, multivariate regression 
analysis with Akaike information criterion was applied to 
select the significant predictors of MCE using a backward- 
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selection method that included variables with a P value < 
0.2 in the univariate analysis. The nomogram was estab-
lished according to the significant predictors in the multi-
variate regression analysis. Regression coefficients and 
odds ratios (ORs) with two-sided 95% confidence intervals 
(CIs) for each variable included in the model were finally 
calculated. The collinearity of variables was evaluated by 
variation inflation factors.

The discriminative ability of the new nomogram was 
assessed by the area under the receiver operating charac-
teristic curve (AUC-ROC). In addition, bootstrapping was 
used for internal validation.20 Calibration of the nomo-
gram was assessed by a calibration plot and Hosmer– 
Lemeshow test. The calibration plot is a graphic showing 
the relationship between the observed outcome frequencies 
and the predicted probabilities. In a well-calibrated model, 
the predictions should fall on a 45-degree diagonal line. 
Statistical analyses were computed using R version 3.0 
(R Foundation, Vienna, Austria) and SPSS 22.0 (IBM, 
Armonk, NY, USA). A two-tailed value of P < 0.05 was 
considered significant.

Results
In total, 370 patients (mean age, 67.2±11.9 years; male, 
56.8%) were enrolled for the final analysis. The flow chart 
of the inclusion of the study population is displayed in 
Figure 1. Of the 370 patients treated with EVT, the median 
OTP was 247 minutes, and baseline NIHSS scores and 
ASPECT scores were 17.0 and 9.0, respectively. Among 
them, 313 (84.6%) patients received stent-retriever-first 
thrombectomy, 18 (4.9%) received aspiration-first, and 39 
(10.5%) received angioplasty or stent-first procedure. 
Successful recanalization was achieved in 272 (73.5%) 
patients. During the follow-up at 3 months, 167 (45.1%) 
reached a favorable functional outcome (mRS, 0–2), and 
the overall mortality was 21.9%.

Predictors of Malignant Cerebral Edema
There were 71 (19.2%) patients who experienced MCE after 
EVT treatment. Table 1 shows the detailed demographic and 
clinical characteristics according to patients with and without 
MCE. In the univariate analysis, patients with MCE had 
a higher baseline NIHSS score (18.0 vs 16.0, P < 0.001) 
and a lower baseline ASPECT score (8 vs 9, P = 0.033). 
Furthermore, ICA-T occlusion (52.1% vs 24.7%, P < 0.001) 
and a lower degree of collateral circulation (grade 0, 42.3% 
vs 13.7%; grade 1, 43.7% vs 44.1%; grade 2, 14% vs 42.2%, 
P < 0.001) occurred more frequently in MCE patients. 

Additionally, patients with MCE received a higher rate of 
rescue treatment (28.2% vs 15.7%, P = 0.014) and spent 
a longer OTR (352 min vs 329 min, P = 0.015). However, 
the rate of successful recanalization (53.5% vs 78.3%, P < 
0.001) was lower in patients with MCE. Additionally, 
a significantly higher level of fast blood glucose (9.1 mmol/ 
l vs 7.1 mmol/l, P < 0.001) and blood urea nitrogen (6.9 
mmol/l vs 6.2 mmol/l, P = 0.036) was found in patients with 
MCE than in those without MCE.

After adjustment for potential confounders (variables 
with a P value < 0.2 in the univariate analysis), age (OR: 
0.960, 95% CI: 0.934–0.987, P = 0.004), baseline NIHSS 
score (OR: 1.076, 95% CI: 1.016–1.140, P = 0.013), 
collateral circulation (grade 1 vs grade 0: OR: 0.360, 
95% CI: 0.176–0.763, P = 0.005, grade 2 vs grade 0: 
OR: 0.127, 95% CI: 0.051–0.315, P < 0.001), fast blood 
glucose level (OR: 1.180, 95% CI: 1.086–1.281, P < 
0.001) and recanalization status after the procedure 
(mTICI 2b–3 vs 0–2a, OR: 0.352, 95% CI: 0.185–0.669, 
P = 0.001) were independent predictors for MCE 
(Table 1). There was no significant statistical collinearity 
among the five independent predictors (Table S1).

A Nomogram Model for the Prediction of 
Malignant Cerebral Edema
The nomogram was developed by assigning a graphic 
initial score to each independent predictor with a point 
range from 0 to 100, which was then summed to generate 

Figure 1 Flow chart of the inclusion of the study population. 
Abbreviations: ASPECT, Alberta Stroke Program Early CT; ACA, anterior cere-
bral artery; NIHSS, National Institutes of Health Stroke Scale; OTP, time from 
stroke onset to puncture; SAH, subarachnoid hemorrhage.
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Table 1 Comparison of Variables Between All Patients with and without Malignant Cerebral Edema

Total Non-MCE MCE P value OR 95% CI P value

n = 370 n = 299 n = 71

Demographics

Age, mean (SD) 67.2 (11.9) 67.2 (12.1) 67.2 (11.5) 0.967 0.960 0.934–0.987 0.004

Male sex, n (%) 210 (56.8) 174 (58.2) 36 (50.7) 0.252

Medical history, n (%)

Hypertension 252 (68.1) 199 (66.6) 53 (74.6) 0.188

Diabetes mellitus 74 (20.0) 59 (19.7) 15 (21.1) 0.792

Atrial fibrillation 185 (50.0) 149 (49.8) 36 (50.7) 0.895

TOAST, n (%) 0.392

LAA 126 (34.1) 106 (35.5) 20 (28.2)

CE 204 (55.1) 163 (54.5) 41 (57.7)

Others 40 (10.8) 30 (10.0) 10 (14.1)

Baseline data

Baseline SBP, mean (SD) 142.1 (23.0) 141.0 (22.5) 146.5 (24.7) 0.119

Baseline DBP, mean (SD) 81.9 (14.2) 81.3 (13.7) 84.4 (16.1) 0.134

Baseline NIHSS, median (IQR) 17 (13–20) 16 (13–20) 18 (16–22) < 0.001 1.076 1.016–1.140 0.013

Baseline ASPECT, median (IQR) 9 (8–10) 9 (8–10) 8 (8–10) 0.033

OTP, median (IQR) 247 (201–300) 245 (200–300) 270 (210–310) 0.328

OTR, median (IQR) 333 (277–390) 329 (277–382) 352 (290–420) 0.015

Occlusion site, n (%) < 0.001

ICA* 17 (4.6) 16 (5.4) 1 (1.4)

ICA-T 111 (30.0) 74 (24.7) 37 (52.1)

MCA M1 219 (59.2) 187 (62.5) 32 (45.1)

MCA M2 23 (6.2) 22 (7.4) 1 (1.4)

Tandem, n (%) 64 (17.3) 42 (14.0) 12 (16.9) 0.540

Collateral circulation, n (%) < 0.001

Grade 0 71 (19.2) 41 (13.7) 30 (42.3) Reference

Grade 1 163 (44.1) 132 (44.1) 31 (43.7) 0.360 0.176–0.736 0.005

Grade 2 136 (36.7) 126 (42.2) 10 (14.0) 0.127 0.051–0.315 < 0.001

Laboratory test, mean (SD)

FBG, mmol/l 7.5 (3.3) 7.1 (3.0) 9.1 (4.0) < 0.001 1.180 1.086–1.281 < 0.001

LDL, mmol/l 2.4 (0.9) 2.4 (0.8) 2.4 (1.3) 0.993

BUN, mmol/l 6.3 (2.5) 6.2 (2.2) 6.9 (3.6) 0.036

Cr, umol/l 83.2 (40.5) 81.9 (34.2) 88.7 (60.6) 0.208

Treatment, n (%)

Bridging treatment 86 (23.2) 65 (21.7) 21 (29.6) 0.160

Type of procedure 0.153

Stent retriever first 313 (84.6) 249 (83.3) 64 (90.2)

Aspiration first 18 (4.9) 14 (4.7) 4 (5.6)

Angioplasty or stent first 39 (10.5) 36 (12.0) 3 (4.2)

Rescue treatment 67 (18.1) 47 (15.7) 20 (28.2) 0.014

DHC 18 (4.9) 0 (0.0) 18 (25.4) < 0.001

Outcome, n (%)

mTICI, 2b-3 272 (73.5) 234 (78.3) 38 (53.5) < 0.001 0.352 0.185–0.669 0.001

90-day mRS (0–2) 167 (45.1) 162 (54.2) 5 (7.0) < 0.001

90-day mortality 81 (21.9) 38 (12.7) 43 (60.6) < 0.001

Note: *ICA occlusion between segments C1-C6. 
Abbreviations: MCE, malignant cerebral edema; TOAST, Trial of Org 10,172 in Acute Stroke Treatment; LAA, large-artery atherosclerosis; CE, cardio-embolism; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; ASPECT, Alberta Stroke Program Early CT; OTP, symptom onset to 
groin puncture time; OTR, time from stroke onset to recanalization; ICA, internal carotid artery; MCA, middle cerebral artery; FBG, fast blood glucose; LDL, low-density 
lipoprotein; BUN, blood urea nitrogen; Cr, creatinine; DHC, decompressive hemicraniectomy; mTICI, modified thrombolysis in cerebral infarction; mRS, modified Rankin 
Scale.
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a total score and converted into a percentage representing 
an individual risk of the development of MCE after EVT. 
The details of the new nomogram are shown in Figure 2. 
For example, a patient with age at 65 years, blood glucose 

at > 12.0 mmol/L, baseline NIHSS score at 20.0, mTICI 
2b-3, and grade 0 of collateral circulation would have 
a total of 160.0 points (26.0 points for age, 42.0 points 
for blood glucose, 32.0 points for baseline NIHSS score, 

Figure 2 The nomogram model for predicting the probability of malignant cerebral edema in patients after thrombectomy. The variables, including age, baseline NIHSS 
score, FBG, the grade of collateral circulation and the degree of TICI, could predict the risk of MCE in patients after thrombectomy. The vertical line of the “Points” axis 
determines the number of points of every variable for predicting the development of MCE. Add the number of points from each variable. Mark this sum on the “Total point” 
axis, and draw a vertical line down to meet the “The risk of MCE” axis, to find the patient’ probability of developing MCE. 
Abbreviations: mTICI, modified Thrombolysis in Cerebral Infarction; MCE, malignant cerebral edema; NIHSS, National Institutes of Health Stroke Scale.

Figure 3 The receiver operating characteristic curve (A) and the calibration plot (B) of the nomogram model. The dashed line is the reference line where an ideal 
nomogram would lie. The dotted line is the performance of the nomogram, while the solid line corrects for any bias in the nomogram.
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0 points for mTICI 2b-3, and 60.0 points for collateral 
circulation). The predicted MCE was approximately 
54.5% for this patient.

The discrimination of the nomogram was measured by 
calculating the AUC-ROC value, which was 0.805 (95% CI: 
0.750–0.860, Figure 3A). A generally accepted approach 
suggests that an AUC value of more than 0.75 reflects clearly 
useful discrimination.21 Also, the ROC curve analysis 
demonstrated the optimal cutoff value of total nomogram 
score as a MCE indicator was estimated to be 115.0, which 
yielded a sensitivity of 77.5% and a specificity of 70.2%. The 
model was internally validated using 1000 bootstrap samples 
to calculate the discrimination with accuracy, and the good 
predictive performance of the nomogram was also con-
firmed, yielding a notable AUC of 0.805. The Hosmer– 
Lemeshow goodness-of-fit test showed good calibration of 
the nomogram (P = 0.681). Additionally, the calibration plot 
for the nomogram model showed adequate agreement 
between predictors calculated with the nomogram and actual 
MCE risk (Figure 3B).

Clinical Outcomes of Malignant Cerebral 
Edema
The results of univariate analysis of the 90-day favorable 
outcome are reported in Table S2. In the multivariate analysis, 
the presence of MCE was the major predictor of poor outcome 
after EVT treatment (OR: 13.489, 95% CI: 3.322–54.771, 
P < 0.001). We also found that patients with MCE had an 
increased mRS score (P < 0.001, Figure 4).

Discussion
In the present study, we found that the occurrence of MCE 
after EVT was an independent risk factor for poor clinical 
outcome at 90 days.16 Moreover, our study suggested that 
several clinical factors, including age, baseline NIHSS 
score, collateral circulation, FBG, and recanalization status 

after the procedure, were significantly associated with the 
development of MCE.

Consistent with the results of previous studies, our 
findings showed that a higher NIHSS score was an inde-
pendent predictor for MCE after EVT. The severity of the 
neurological deficit on admission assessed by the NIHSS 
score has been suggested to be a stronger predictor of 
stroke outcome. Moreover, previous studies showed that 
a higher NIHSS score was associated with cerebral edema 
after stroke.15,17 Additionally, a higher NIHSS score may 
imply poor collateral status and a larger infarct core, which 
are important risk factors for MCE.22,23

Recanalization is strongly associated with improved 
clinical outcomes after EVT. Our study showed that suc-
cessful recanalization could significantly decrease the 
development of MCE. Although abrupt reperfusion is 
associated with secondary brain damage in animal models 
of ischemic stroke,24,25 recent studies have confirmed that 
there is no significant lesion growth after successful reca-
nalization in patients treated with EVT.26 Furthermore, 
cerebral edema reduction could increase the clinical bene-
fit of thrombectomy in AIS patients.11,27

In the present study, we found that FBG was 
a powerful predictor of MCE after EVT. Several studies 
have shown that hyperglycemia could affect clinical out-
comes after EVT.28,29 However, the exact mechanism is 
still unclear. One of the possible mechanisms is that hyper-
glycemia may increase matrix metalloproteinase-9 activity 
and disrupt the blood-brain barrier, which may also lead to 
the occurrence of MCE in patients with AIS.30

Notably, we did not find a significant difference in age 
between the MCE and non-MCE groups in the univariate 
analysis. However, since a recent meta-analysis showed 
that age is a reliable predictor of MCE in ischemic 
stroke,15 we still included age in the regression analysis 
in the current study. Unexpectedly, we found that old age 
was a protective factor for MCE after EVT, which was 
consistent with the results in the previous meta-analysis. 
We speculated that the possible reason was that age-related 
brain atrophy may provide buffering space for brain 
swelling.

An accurate estimate of the development of MCE after 
EVT may provide important information to clinicians in 
clinical decisions and prognostic assessments. Hence, in 
previous studies, several scoring systems were established 
to predict the development of MCE in patients with AIS, 
including those treated with IVT.18,31,32 However, there is 
no suitable scoring system for patients treated with EVT. 

Figure 4 Distribution of modified Rankin scale (mRS) scores at 90 days according 
to the presence of malignant cerebral edema.
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To our knowledge, the present study may be the first 
attempt to develop a nomogram model for predicting the 
development of MCE after EVT.

Nomograms are important tools for modern medical deci-
sion-making. Compared with previous scoring systems, such 
as the EDEMA score and DASH score,18,31 the nomogram 
model can assign a probability of developing MCE after 
EVT, which often provides better-individualized assessments 
that facilitate management-related decisions. Additionally, the 
nomogram has higher accuracy and better discrimination 
ability and is more convenient to use. In the present study, 
the nomogram model incorporated with five easily available 
variables had a favorable discrimination ability, as supported 
by the AUC-ROC value of 0.805 and the optimal calibration 
curves. Thus, the nomogram model can facilitate the early 
identification of patients who may develop MCE and support 
rational decision-making for early DHC of patients with 
a very high probability of MCE after EVT.

In the present study, we first provided a nomogram 
model to predict MCE after EVT. However, our study 
has some limitations. First, this nomogram was based on 
retrospective data from only 2 institutions. Missing data 
may affect the accuracy of the model. Second, this study 
only included a subset of patients who were eligible for 
EVT according to current guidelines, which may lead to 
selection bias. Also, the model cannot be generalized to 
other patient cohorts. Third, known neuroradiologic pre-
dictors, such as infarct core, were not available in our 
study.23 Future studies are warranted to investigate 
whether the integration of novel markers would help 
improve the accuracy of nomogram prediction.

The nomogram composed of age, baseline NIHSS 
score, collateral circulation, fast blood glucose level, and 
recanalization status may predict the risk of MCE in 
ischemic stroke patients after EVT treatment. Future stu-
dies are warranted to externally validate our nomogram in 
different populations.
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