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collateral compensation but also indicates a large burden of 
thrombus, which reduces the successful recanalization rate and 
prolongs the procedure time. The association between reper-
fusion status and MBE is noteworthy. Early studies suggested 
that revascularization may cause secondary reperfusion brain 
edema.22 23 However, several recent studies have demonstrated 
that recanalization can reduce the incidence of brain edema.4 24

One other major predictor of MBE in our study was IVT 
before thrombectomy. The association between IVT and MBE 
due to stroke is unclear and has not been described in previous 
studies. Two mechanisms can explain this phenomenon. First, 
IVT before thrombectomy could affect the workflow of stroke 
treatment to a certain extent and prolong the time to achieve 
successful reperfusion.25 26 Second, the increased risk of hemor-
rhagic transformation after thrombolysis may increase the inci-
dence of MBE.27 We performed a post- hoc sensitivity analysis 
and showed that when the patients who developed sICH in the 
derivation cohort were excluded, IVT before thrombectomy was 
no longer a predictor of MBE (online supplemental table II). 
Our findings provide fresh insights into a topic that has yielded 
conflicting results between real world research and randomized 
controlled study.

Clinical implications
The ACORNS grading scale showed good discriminative perfor-
mance and model fit in its validation with a nationwide database. 
In addition, when compared with the MBE scale, the current 
model provides greatly improved discrimination.

In clinical practice, the ability of the ACORNS grading scale 
to identify accurately EVT patients at high risk of MBE at their 
bedside is crucial for physicians and will facilitate the selection 
of appropriate treatment strategies and the close monitoring and 
triage of DHC.

The ACORNS grading scale suggests the factors, including 
core infarct volume (ASPECTS), blood glucose and reperfusion 
status, can be targets for intervention in patients at high risk 
of MBE. The rapid identification of stroke, acceleration of the 
reperfusion treatment process, and shortening of the recanaliza-
tion time can reduce the growth of the infarct core. Improving 
the rate of recanalization may further reduce the occurrence of 
MBE. Additionally, for the group at high risk for MBE, strength-
ening perioperative management may promote early recognition 
of MBE. Moreover, perioperative blood pressure management 
of the group at high risk for MBE may be different from that of 
the general population. Therefore, the ACORNS grading scale 
provides convenience for the risk stratification of EVT patients.

strengths and limitations
It is worth noting that, in the external validation cohort, our 
model did not exhibit considerably better discrimination 
compared with the MBE score model. Moreover, the ACORNS 
score seems to be relatively more complex than the MBE score. 
The main reason was that the cohort used for the development 
of the ACORNS score was a relatively large unselected multi-
center cohort of EVT patients. We did not exclude patients with 
hemorrhagic transformation, which may affect the evaluation of 
MBE and increase the incidence of MBE. In other words, the 
strength of the ACORNS score is more applicable to the real 
world. Another strength of the ACORNS score is that the model 
showed superior performance in both the internal and external 
validation for patients with EVT, which was lacking in published 
predictive models. Moreover, all of the identified predictors can 
be obtained early and easily, which makes this score a useful 
bedside predictive tool.

This study also has some limitations. First, the amount of 
missing data might cause bias in the development and valida-
tion of the model. Second, we did not perform a comparison 
with other scores, such as the EDEMA score and the modified 
EDEMA score.7 8 An important reason for this is the heteroge-
neity of the enrolled patients and the different predictive factors 
used in different studies. The elements of the EDEMA score and 
the modified EDEMA score, including the midline shift and basal 
cistern effacement, are relative contraindications for the EVT 
procedure. Additionally, previous studies indicated that hyperat-
tenuating lesions after thrombectomy was an important imaging 
marker for sICH and the final infarction size for patients with 
EVT.28 29 We speculated that the volume of brain parenchyma 
with hyperattenuation after EVT may also predict the develop-
ment of MBE. However, we did not include this imaging marker 
as a predictor. The main reasons were as follows: on the one 
hand, the formation mechanism of postoperative hyperattenu-
ating lesions is not clear; on the other hand, there is a lack of 
uniformity in the evaluation of hyperattenuating lesions after 
thrombectomy.

Conclusion
The ACORNS grading scale, which consists of a clinical history 
of hypertension, baseline NIHSS and ASPECT scores, glycemia, 
collateral circulation, occlusion location, IVT before thrombec-
tomy, and reperfusion status, is an accurate, generalizable, and 
easily applicable model for the early prediction of MBE after 
EVT. Further studies are warranted to validate the effectiveness 
of this model in other populations.

Figure 4 Comparison of the discriminative performance of the ACORNS grading scale with the MBE score. (A) Comparison with the training cohort. 
(B) Comparison with the internal validation cohort. (C) Comparison with the external validation cohort. MBE, malignant brain edema; ROC, receiver 
operating characteristic.
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Supplementary Materials 

The ACORNS grading scale: A novel tool for the prediction of malignant 
brain edema after endovascular thrombectomy 

 

RESULTS 

Post-hoc sensitivity analysis 

Considering that hemorrhagic transformation may affect the assessment of MBE, we 

excluded the symptomatic intracranial hemorrhage (sICH) in the derivation cohort (97/914, 

10.6%). Then, we were randomly assigned to either the training set (n=571) or the internal 

validation set (n=246). In the training cohort, we did not find the difference of the rate of 

MBE between the patients who received intravenous alteplase plus EVT and the patients who 

received EVT alone. 

The logistic regression analysis showed that baseline ASPECT scores, collateral circulation, 

reperfusion status, and occlusion site were independent predictors for the occurrence of MBE 

(Table 1). The p value of the Hosmer‒Lemeshow test was 0.599. The AUC was 0.843 (95% 

CI 0.801-0.884, p <0.01). 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J NeuroIntervent Surg

 doi: 10.1136/jnis-2022-019404–8.:10 2022;J NeuroIntervent Surg, et al. Huang X



 

2 

 

Table I Missing Data of The Cohorts. 
 Training 

Cohort 

Internal Validation 

Cohort 

External Validation 

Cohort 

 n=643 n=271 n=502 

Age, y, mean (SD)    

Men, n (%)    

Hypertension, n (%)    

Diabetes, n (%)    

Atrial fibrillation, n (%)   1 

Baseline SBP, mmHg, media (IQR) 3 4  

Baseline DBP, mmHg, media (IQR) 3 4  

Baseline NIHSS score, media (IQR)    

Baseline ASPECT score, media (IQR) 3   

IVT, n (%)    

TOAST classification, n (%)    

Atherosclerotic    

  Cardioembolic    

  Others    

OTP, min, media (IQR)    

OTR, min, media (IQR) 3  3 

Collateral status, n (%)    

Poor    

  Good    

First treatment, n (%) 1 2  

Rescue therapy, n (%) 1 2  

Tandem, n (%)    

Occlusion site, n (%)    

mTICI 2b-3, n (%)    

MBE, n (%)    

FBG, mmol/L, mean (SD) 27 23  

LDL, mmol/L, mean (SD) 58 40 90 

BUN, mmol/L, mean (SD) 25 17 46 

Cr, mol/L, mean (SD) 25 17 46 

ASPECT indicates Alberta Stroke Program Early CT; BUN, blood urea nitrogen; Cr, 
creatinine; DBP, diastolic blood pressure; FBG, fast blood glucose; ICA, internal carotid 
artery; IVT, intravenous thrombolysis; IQR, interquartile range; LDL, low-density 
lipoprotein; mTICI, modified Thrombolysis in Cerebral Infarction; MCA, middle cerebral 
artery; MBE, malignant brain edema; NIHSS, National Institutes of Health Stroke Scale; 
OTP, symptom onset to groin puncture time; OTR, time from stroke onset to recanalization; 
SBP, systolic blood pressure; SD, standard deviation; TOAST, the Trial of ORG 10172 in 
Acute Stroke Treatment.  
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Table II Results of the univariable and multivariable logistic regression for MBE after EVT in the training cohort excluded sICH. 

 Univariable   Multivariable  

 MBE Non-MBE P Value  Regression Coefficient OR (95% CIs) P Value 

 n=95 n=476      

Age, y, mean (SD) 67.8 (11.1) 66.0 (11.4) 0.137     

Men, n (%) 56 (58.9) 303 (63.7) 0.386     

Hypertension, n (%) 72 (75.8) 311 (65.3) 0.048  0.478 1.612 (0.892-2.914) 0.114 

Diabetes, n (%) 16 (16.8) 87 (18.3) 0.740     

Atrial fibrillation, n (%) 50 (52.6) 208 (43.7) 0.110     

Baseline SBP, mmHg, media (IQR) 150 (130, 162) 149 (129, 160) 0.535     

Baseline DBP, mmHg, media (IQR) 82 (70,91) 81 (74, 91) 0.659     

Baseline NIHSS score, media (IQR) 17 (15, 20) 15 (12, 19) < 0.001  0.036 1.037 (0.989-1.087) 0.131 

Baseline ASPECT score, media (IQR) 8 (5, 8) 9 (8, 10) < 0.001  -0.292 0.747 (0.66-0.837) < 0.001 

IVT, n (%) 26 (27.4) 99 (20.8) 0.157     

TOAST classification, n (%)   0.154     

Atherosclerotic 181 (38) 28 (29.5)      

Cardioembolic 234 (49.2) 57 (60)      

Others 61 (12.8) 10 (10.5)      

OTP, min, media (IQR) 267 (210, 336) 273 (216, 350) 0.381     

OTR, min, media (IQR) 370 (292, 453) 351 (287, 445) 0.389     

Collateral status, n (%)   < 0.001  -1.234 0.291 (0.156-0.543) < 0.001 

Poor 79 (83.2) 225 (47.3)      

   Good 16 (16.8) 251 (52.7)      

First-line treatment, n (%)   0.234     

Stent retriever 63 (67) 312 (65.8)      

Contact aspiration 23 (24.5) 94 (19.8)      

Angioplasty or stent 8 (8.5) 68 (14.3)      

mTICI 2b-3, n (%) 61 (64.2) 410 (86.1) < 0.001  -0.879 0.415 (0.231-0.746) 0.003 

Tandem, n (%) 13 (13.7) 56 (11.8) 0.600     

Occlusion site, n (%)   < 0.001     

  MCA 28 (29.5) 292 (61.3)   -1.115 0.328 (0.190-0.565) < 0.001 
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ASPECT, Alberta Stroke Program Early CT; BUN, blood urea nitrogen; Cr, creatinine; CIs, confidence intervals; DBP, diastolic blood pressure; 

FBG, fasting blood glucose; ICA, internal carotid artery; IVT, intravenous thrombolysis; IQR, interquartile range; LDL, low-density lipoprotein; 

mTICI, modified thrombolysis in cerebral infarction; MCA, middle cerebral artery; MBE, malignant brain edema; NIHSS, National Institutes of 

Health Stroke Scale; OTP, symptom onset to groin puncture time; OTR, time from stroke onset to recanalization; OR, odds ratios; SBP, systolic 

blood pressure; SD, standard deviation; sICH, symptomatic intracranial hemorrhage; TOAST, the Trial of ORG 10172 in Acute Stroke. 

  

  ICA 67 (70.5) 184 (38.7)      

FBG, mmol/L, mean (SD) 8.22 (3.2) 6.98 (5.44) < 0.001  0.031 1.031 (0.994-1.070) 0.097 

LDL, mmol/L, mean (SD) 2.37 (0.89) 2.38 (0.75) 0.647     

BUN, mmol/L, mean (SD) 6.95 (4.05) 5.86 (2.30) 0.017  0.078 1.081 (0.993-1.176) 0.072 

Cr, mol/l, mean (SD) 86.19 (56.04) 80.58 (32.75) 0.389     
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Table III The MBE rates according to ACORNS scores in three cohorts. 

ACORNS 

scores 

Training Cohort  Internal Validation Cohort  External Validation Cohort 

MBE 

rate 

MBE rate 

(95%CI), % 

 MBE 

rate 

MBE rate 

(95%CI), % 

 MBE 

rate 

MBE rate 

(95%CI), % 

0 0/6 -  0/10 -  0/7 - 

1 0/52 -  0/19 -  1/34 2.9 (0.2-17.1) 

2 2/67 3 (0.5-11.3)  1/23 4.4 (0.2-23.9)  3/53 5.7 (1.5-16.6) 

3 2/83 2.4 (0.4-9.2)  1/23 4.4 (0.2-23.9)  4/52 7.7 (2.5-19.4) 

4 6/91 6.6 (2.7-14.3)  3/41 7.3 (1.9-21)  7/59 11.9 (5.3-23.5) 

5 12/85 14.1 (7.8-23.8)  1/28 3.6 (0.1-20.2)  15/57 26.3 (15.9-39.9) 

6 17/64 26.6 (16.7-39.3)  8/31 25.8 (12.5-44.9)  13/49 26.5 (15.4-41.3) 

7 22/65 33.9 (22.9-46.8)  8/32 25 (12.1-43.8)  18/61 29.5 (18.9-42.7) 

8 24/58 41.4 (28.9-55)  4/21 19.1 (6.3-42.6)  22/51 43.1 (29.6-57.7) 

9 23/36 63.9 (46.2-78.7)  11/17 64.7 (38.6-84.7)  18/34 52.9 (35.4-69.8) 

10 13/20 65 (40.9-83.7)  10/14 65 (40.9-84.7)  8/18 44.4 (22.4-68.7) 

11-12 10/11 90.1 (57.1-99.5)  9/11 81.8 (47.8-96.8)  13/19 68.4 (43.5-86.4) 

13-15 4/5 80 (29.9-98.9  1/1 100 (54.6-100)  8/8 100 (59.8-100) 
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Figure I. Probability of MBE according to ACORNS scores. Patients were grouped 

according to their ACORNS scores (0–5, 6–10 and 11–15). The MBE rate increased with the 

ACORNS scores as in these groups. 
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