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Abstract 

Background  The presence of early venous filling (EVF) post-mechanical thrombectomy (MT) in acute ischemic stroke 
(AIS) patients has been observed, yet its prognostic value for clinical outcomes remains underexplored. This study 
aimed to assess the correlation between EVF and poor clinical outcomes in AIS patients who underwent MT.

Materials and methods  This retrospective analysis included AIS patients with large vessel occlusions treated 
with MT at the First Affiliated Hospital of Xi’an Jiaotong University from January 2018 to June 2023. The primary 
outcome was mRS at 90 days, secondary outcomes included hemorrhagic transformation, symptomatic intracranial 
hemorrhage, and malignant brain edema. The study used inverse probability weighting for balancing baseline charac-
teristics and employed univariate and multivariate logistic regression analyses to explore the association between EVF 
and clinical outcomes. G*Power was used to calculate the sample size.

Results  Among 307 patients, 75 (24.4%) presented with EVF. Patients with EVF had significantly higher rates of unfa-
vorable outcomes at 90 days (76.00% vs. 46.12%, P < 0.001). Multivariate analysis revealed significant associations 
between EVF and unfavorable outcome (odds ratio [OR] = 2.69, 95%CI [1.37–5.26], P = 0.004), hemorrhagic transfor-
mation (OR = 3.11, 95%CI [1.73–5.62], P < 0.001), symptomatic intracranial hemorrhage (OR = 3.24, 95%CI 1.42 to 7.37, 
P = 0.005), and malignant brain edema (OR = 3.06, 95%CI [1.56–6.01], P = 0.001). Stratified analysis showed EVF group 
with a baseline Alberta Stroke Program Early CT (ASPECT) score of ≤ 8 exhibited a higher risk of unfavorable outcomes 
compared with patients in the non-EVF group (OR = 2.64, 95%CI [1.03–6.73], P = 0.042). Mediation analysis indicated 
that malignant brain edema accounted for 35.42% of the correlation between EVF and unfavorable outcomes.

Conclusions  This study establishes EVF as an independent risk factor for unfavorable outcomes after MT in AIS. 
Therefore, EVF in conjunction with a low ASPECT score provides essential insights for identifying patients at high risk 
for unfavorable outcomes.
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Background
Mechanical thrombectomy (MT) has demonstrated 
superiority to intravenous thrombolytics as a treat-
ment for patients with acute ischemic stroke (AIS) due 
to large-vessel occlusion [1]. Previous randomised tri-
als have shown an overwhelming benefit of mechanical 
thrombectomy for treating acute ischaemic stroke due 
to large vessel occlusion [2]. Despite the success of sec-
ond-generation thrombectomy devices, a meta-analysis 
revealed that 54% of patients do not achieve favorable 
clinical outcomes following endovascular thrombectomy. 
This was called futile recanalization, defined as a 90-day 
modified Rankin Scale score > 2 [3]. Malignant brain 
edema and symptomatic intracranial hemorrhage were 
common devastating complications following MT for 
AIS. Both conditions can lead to neurological deteriora-
tion and diminish the efficacy of MT, ultimately impact-
ing long-term clinical outcomes [4, 5].

Early venous filling (EVF) is identified through digital 
subtraction angiography (DSA) following revasculari-
zation procedures, such as MT in AIS [6]. This imaging 
phenomenon, initially described by E. J. Ferris et  al., is 
characterized by the premature appearance of venous 
structures during the arterial phase of DSA, suggesting a 
deviation from the normal sequential flow of blood from 
arteries through capillaries to veins [7]. It was described 
that EVF is associated with vascular responses of cer-
ebral ischemia—leading to vasodilation in the ischemic 
region and rapid contrast transit, reflecting a local state 
of hyper-perfusion [8]. It was also demonstrated that EVF 
indicates a higher circulating blood flow, representing 
local cerebral congestion known as “luxury perfusion” 
defined as a state of cerebral increased venous saturation 
when cerebral blood-flow exceeded the demands of cere-
bral metabolism [9, 10]. Such events can escalate the dis-
ruption of the blood–brain barrier, potentially leading to 
hemorrhagic transformation and malignant brain edema 
[11–13].

Further studies indicated that the presence of EVF 
following MT serves as a predictor for postoperative 
reperfusion hemorrhage [8, 14]. Li et  al. demonstrated 
an independent association between EVF and adverse 
clinical outcomes, including hemorrhagic transforma-
tion and malignant brain edema [15]. However, previous 
studies exhibited considerable variability in the baseline 
National Institutes of Health Stroke Scale (NIHSS) score 
and applied overly stringent inclusion criteria, such as 
requiring NIHSS score greater than 6 [8, 15]. Numerous 
studies have investigated the efficacy of MT in patients 
with minor strokes (NIHSS score < 6) due to large ves-
sel occlusion, indicating that approximately 20% of these 
patients may deteriorate without recanalization therapy 
[16, 17]. Consequently, in the real world, operators often 

employ revascularization in this patient group. Stud-
ies that associate EVF with poor clinical outcomes after 
EVT in a real-world setting are lacking. Therefore, this 
study included patients who underwent EVT under real-
world conditions and aimed to elucidate the association 
between EVF and unfavorable clinical outcomes follow-
ing MT in a real-world setting.

Material and methods
Study design and patient selection
We retrospectively reviewed the data of patients diag-
nosed with AIS caused by large artery occlusion who 
underwent MT at the First Affiliated Hospital of Xi’an 
Jiaotong University from January 2018 to December 
2022. All data were collected retrospectively, so informed 
consent was not required by the ethics committee by 
the Medical Ethics Committee of the First Affiliated 
Hospital of Xi’an Jiaotong University. The research was 
approved by the Medical Ethics Committee of the First 
Affiliated Hospital of Xi’an Jiaotong University (XJTU-
1AF2023LSK-443). All procedures performed in stud-
ies involving human participants were in accordance 
with the ethical standards of the institutional and/or 
national research committee and with the 1964 Hel-
sinki declaration and its later amendments or compara-
ble ethical standards. Inclusion criteria were as follows: 
1) Treatment with EVT within 24 h of symptom onset; 
2) Diagnosis of AIS from imaging-confirmed intracra-
nial occlusion, specifically in the internal carotid or mid-
dle cerebral artery (M1/M2); 3) Successful reperfusion 
post-EVT, indicated by a modified Thrombolysis in Cer-
ebral Infarction (mTICI) score of 2b or higher on DSA; 
4) A baseline mRS score of ≤ 2 prior to stroke onset; 5) 
A baseline Alberta Stroke Program Early CT (ASPECT) 
score ≥ 6. Exclusion criteria included: 1) Loss of CT 
images within 72 h or DSA films post-MT; 2) Detection 
of hemorrhage in immediate postoperative CT scans 
post-EVT; 3) Loss to follow-up during the 90-day visit; 4) 
Presence of arteriovenous malformations.

Data collection
Baseline data were categorized into three main groups 
for analysis: demographics (age, gender), patient char-
acteristics (hypertension, diabetes, coronary artery dis-
ease, atrial fibrillation), and specific metrics related to 
thrombectomy procedures (door-to-puncture time and 
stroke onset-to-puncture time). The NIHSS scores at 
admission were obtained through a standardized chart 
review [18]. The ASPECT scores were collected based on 
baseline CT images [19]. Assessment of ASPECT scores 
was independently conducted by two experienced neuro-
interventionalists and interobserver agreement between 
the two physicians was assessed using the Kappa statistic. 
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Stroke subtypes were classified according to the Trial of 
Org 10172 in Acute Stroke Treatment (TOAST) classifi-
cation. Laboratory tests encompassed neutrophils, lym-
phocytes, platelets, low-density lipoprotein, and glucose 
levels. Surgical factors included the administration of 
intravenous thrombolysis, number of device passes, and 
balloon dilation.

Definition of EVF
We collected digital subtraction angiography (DSA) 
images of all patients from the venous to the arterial 
phase in every frame. EVF was defined as the angio-
graphic early appearance of any cerebral vein before the 
late arterial phase on post-reperfusion DSA, which was 
categorized dichotomously (i.e., present or absent) for 
functional outcomes [20]. This encompassed EVF in 
cortical and thalamostriate veins. The arterial phase was 
delineated from the initial appearance of contrast in the 
cervical internal carotid artery to its appearance in the 
M4 segment of the middle cerebral artery (MCA) [21]. 
Assessment of EVF was independently conducted by two 
experienced neurointerventionalists, with 13 years and 
8 years of experience, respectively, without prior knowl-
edge of the clinical findings. The interobserver agreement 
between the two neurointerventionalists was assessed 
using the Kappa statistic.

Outcome assessment
Neurological function recovery was assessed using 
mRS at 90 days after symptom onset. The primary out-
come was defined as an mRS score of > 2, indicating an 
unfavorable outcome. Secondary unfavorable outcomes 
included hemorrhagic transformation (defined as any 
hemorrhage verified by follow-up CT scans within 72 h 
after MT), symptomatic intracranial hemorrhage (con-
firmed by CT images associated with a neurological 
decline of ≥ 4 points on the NIHSS scale), and malignant 
brain edema (characterized by parenchymal hypoden-
sity in ≥ 50% of the MCA territory and evidence of local 
swelling [e.g., sulcal effacement, lateral ventricle com-
pression] or a ≥ 5 mm midline shift [septum pellucidum, 
cerebral falx, midbrain, pineal gland, or third ventricle], 
confirmed by CT within 72 h following MT) [4].

Sample size
The prevalence of EVF was elevated to approximately 
25% based on previous studies. Assuming unfavorable 
outcomes in patients without EVF to be 40% and an odds 
ratio of 1.5 for unfavorable outcomes in patients with 
EVF we needed 295 samples with an 80% power and 5% 
significance.G*Power was used to calculate sample size.

Statistical analysis
Continuous variables (age, time from door to puncture, 
time from stroke onset to puncture, and laboratory meas-
ures) are presented as the median (IQR), and categorical 
variables (gender, occluded site, intravenous thrombo-
lytic, medical history) are presented as proportions. 
Missing data were imputed using a machine learning 
algorithm, specifically random forest imputation. Base-
line characteristics between groups were balanced using 
inverse probability weighting (IPTW).

Univariate and multivariate logistic regression were 
used to find the association between EVF and unfa-
vorable outcomes. Univariate analysis was followed by 
multivariate logistic regression with stepwise variable 
selection. Significant confounders (P ≤ 0.1) were included 
in the multivariate model through stepwise variable 
selection. Propensity scores based on these characteris-
tics (age, gender, baseline glucose, occlusion site, base-
line NIHSS score, and baseline ASPECT score) were 
calculated using a probit model. Multivariable logistic 
regression analysis adjusted for prespecified covari-
ates mentioned above, and inverse probability treatment 
weighting (IPTW) was used to assess the association 
of the treatment approach with primary and second-
ary outcomes. Stratified multivariate logistic regression 
analyses were conducted based on infarct core sizes: 
small (ASPECT score > 8) and large (ASPECT score ≤ 8). 
Mediation analysis was utilized to assess the mediation 
effect of EVF on the association between infarct core 
size and unfavorable outcome, employing the Baron and 
Kenny framework and the Vanderweele and Vansteelandt 
method in Stata statistical software. Sensitivity analyses 
were performed by stratifying data according to stroke 
severity, using NIHSS scores of 13 as thresholds. Some 
independent variables had missing values. Consequently, 
we utilized multiple imputation by chained equations 
(MICE) and conducted subsequent analyses to ascertain 
the robustness of the model. All statistical analyses were 
conducted using StataSE16 (StataCorp LP, College Sta-
tion, TX, USA). A two-tailed value of P ≤ 0.05 was con-
sidered significant.

Results
Patient baseline characteristics
Among the 375 patients with AIS in the anterior circula-
tion who were admitted to the First Affiliated Hospital of 
Xi’an Jiaotong University between January 2018 and June 
2023, a total of 307 who underwent MT were included 
in the study (Supplementary Fig. 1, Flowchart). In terms 
of assessment of imaging indicators, the interrater agree-
ment demonstrated good consistency, with a kappa coef-
ficient of 0.884 for the assessment of EVF, and a kappa 
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coefficient of 0.846 for the assessment of ASPECT score. 
As shown in Table 1, A total of 75 patients (24.4%) pre-
sented with EVF. The EVF group exhibited a higher base-
line NIHSS score (14 [11,18] vs. 12 [8,15], P = 0.003), a 
higher age (69[63,77] vs. 67[57,73], P = 0.020) and a lower 
ASPECT score (8 [7,9] vs. 9 [8,9], P = 0.003) compared 
to the non-EVF group. No significant differences were 
observed between the EVF and non-EVF groups in terms 
of stroke cause or occlusion site, regardless of whether 
taking intravenous thrombolytic therapy, the number of 
device passes, or the time from stroke onset to puncture. 
Baseline characteristics between the two groups were 

balanced using IPTW. After inverse probability weighted 
matching, no significant differences were found in the 
baseline NIHSS scores (12 [9,17] vs. 13 [9,16], P = 0.534), 
age (66[58,75] vs. 67[58,75], P = 0.851) or ASPECT scores 
(8 [7,9] vs. 8 [8,9], P = 0.081) between the EVF and non-
EVF groups. Figure 1 shows the follow-up CT images of 2 
cases who presented with EVF after MT.

Association between EVF and poor clinical outcomes 
after MT
Table 2 shows the results of the univariate and multivari-
ate logistic regression used to investigate the association 

Table 1  Baseline characteristics of EVF( +) and EVF(-)Cohorts before and after IPTW

CE Cardioembolic, DNT time from door to puncture, ICA Internal carotid artery, LAA Large artery atherosclerosis, LDL Low-density lipoprotein, MCA Middle cerebral 
artery, mTICI modified thrombolysis in cerebral infarction score, OPT time from stroke onset to puncture

Original population IPTW adjusted population

EVF + (n = 75) EVF- (n = 232) P EVF + (n = 151) EVF- (n = 156) P

Demographic characteristics

  Age;years, median(IQR) 69(63,77) 67(57,73) 0.020 66(58,75) 67(58,75) 0.851

  Male, n (%) 44(58.67) 143(61.64) 0.647 92(61.11) 95(61.21) 0.988

Risk factors, n (%)

  Atrial fibrillation 27(32.76) 76(36.00) 0.605 49(32.29) 53(33.66) 0.824

  Hypertension 39(52.00) 120(51.72) 0.967 80(53.57) 81(51.55) 0.767

  Diabetes 19(25.33) 45(19.40) 0.271 46(30.71) 30(18.94) 0.067

  Coronary artery disease 20(26.67) 51(21.98) 0.403 37(24.75) 36(22.89) 0.746

  NIHSS score, median( IQR) 14(11,18) 12(8,15) 0.003 12(9,17) 13(9,16) 0.534

  ASPECT score, median( IQR) 8(7,9) 9(8,9) 0.003 8(7, 9) 8(8, 9) 0.081

  Intravenous hrombolytic, n (%) 25(33.33) 65(28.02) 0.379 41(32.95) 35(26.63) 0.373

Stroke cause, n (%) 0.252 0.897

  LAA 95(44.00) 33(40.95) 67(53.06) 51(39.05)

  CE 38(50.67) 109(46.98) 51(40.23) 63(47.97)

  Undetermined or others 4(5.33) 28(12.07) 8(6.71) 17(12.98)

  Occlusion site, n (%) 0.187 0.338

  ICA 17(22.67) 73(31.47) 33(26.56) 42(31.96)

  MCA 44(58.67) 131(56.47) 69(55.11) 71(54.45)

  ICA + MCA 28(18.67) 14(12.07) 23(18.33) 18(13.60)

  Laboratory index

  Platelets*109/L, median(IQR) 196(152,230) 195(168,230) 0.670 196(161,224) 195(166,230) 0.749

  Neutrophil*109/L, median(IQR) 6.9(5.7,9.4) 7.3(5.7.8.5) 0.678 6.8(5.5,9.5) 7.3(5.7,9.1) 0.416

  Lymphocyte*109/L, median(IQR) 1.0(0.8,1.4) 1.1(0.8,1.5) 0.172 1.0(0.7,1.2) 1.1(0.6,1.4) 0.704

  Glu;mmol/L, median(IQR) 6.9(6.1,8.3) 6.6(5.6,8.2) 0.148 6.8(5.7,8.5) 6.7(5.5,8.1) 0.629

  LDL;mmol/L, median(IQR) 2.1(1.6,2.7) 2.1(1.7,2.6) 0.956 2.1(1.8,2.8) 2.0(1.6,2.4) 0.067

Operation-related indicators

  OPT;min, median(IQR) 390(285,505) 465(311,567) 0.287 422(289,505) 468(311,570) 0.530

  DPT;min, median(IQR) 130(81,225) 130(96,191) 0.965 131(80,162) 126(92,146) 0.921

  Balloon dilation, n (%) 19(25.33) 64(27.59) 0.703 37(29.49) 39(30.04) 0.939

  Endovascular stents, n (%) 16(21.33) 55(23.71) 0.672 33(25.07) 35(28.04) 0.668

  mTICI > 2b; n(%) 175(64.00) 48(75.43) 0.054 78(62.10) 94(72.24) 0.159

  Number of device passes, median( IQR) 2(1,3) 2(1,3) 0.059 2(1,3) 2(1,3) 0.118
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between EVF and poor clinical outcomes. The overall 
incidence rates of unfavorable outcome, hemorrhagic 
transformation, symptomatic intracranial hemorrhage, 
and malignant brain edema were 53.42%, 34.85%, 10.10%, 
and 19.21%, respectively. The distribution of the mRS 
score on the 90th day between the EVF group and non-
EVF group is displayed in Fig. 2. The incidence of unfa-
vorable outcomes was significantly higher in the EVF 
group compared with the non-EVF group (76.00% vs. 
46.12%, P < 0.001). Univariate analysis revealed a signifi-
cant association between EVF and unfavorable outcomes 
(OR = 3.69, 95% CI [2.05–6.99], P < 0.001). Multivari-
ate regression analysis, after adjusting for factors such 
as age, gender, baseline glucose, atrial fibrillation, coro-
nary artery disease, baseline NIHSS score and baseline 
ASPECT score (Model 1), showed EVF was significantly 
associated with unfavorable outcomes (OR = 2.96, 95% 
CI [1.53–5.71], P = 0.001). Even upon further adjust-
ment for factors including an mTICI score > 2b and the 
number of device passes (Model 2), EVF was still signifi-
cantly associated with unfavorable outcomes (OR = 2.69, 
95% CI[1.37–5.26], P = 0.004). Similarly, the incidence 
rates of hemorrhagic transformation (57.33% vs. 27.59%, 
P < 0.001), symptomatic intracranial hemorrhage (21.33% 

vs. 6.47%, P < 0.001), and malignant brain edema (37.33% 
vs. 13.36%, P < 0.001) were significantly higher in the 
EVF group compared with the non-EVF group. In uni-
variate analysis, EVF was significantly associated with 
hemorrhagic transformation (OR = 3.52, 95% CI [2.05–
6.05], P < 0.001), symptomatic intracranial hemorrhage 
(OR = 3.92, 95% CI [1.83–8.39], P < 0.001), and malignant 
brain edema (OR = 3.86, 95% CI [2.11–7.04], P < 0.001). 
Multivariate analysis suggested that EVF was significantly 
associated with hemorrhagic transformation (OR = 3.06, 
95% CI [1.72–5.46], P < 0.001), symptomatic intracranial 
hemorrhage (OR = 3.42, 95% CI [1.51–7.74], P = 0.003) 
after adjusting for age, gender, baseline glucose, occlusion 
site, baseline NIHSS score, and baseline ASPECT score 
(Model 1). This association remained significant upon 
further adjustment for variables such as the number of 
device passes and the use of endovascular stents (Model 
2). Likewise, when adjusting for age, gender, baseline 
NIHSS score, baseline ASPECT score, baseline glucose, 
baseline neutrophil, and coronary artery disease (Model 
1), EVF was significantly associated with malignant 
brain edema (OR = 3.16, 95% CI [1.62–6.18], P = 0.001). 
Upon further adjustment for stroke onset-to-puncture 
time(OPT) and number of device passes (Model 2), the 

Fig. 1  Outcomes of EVF during MT. A Patient 1 presents with EVF on DSA during MT (indicated by red arrows), and follow-up CT images suggest 
malignant brain edema; B Patient 2 presents with EVF on DSA during MT (indicated by red arrows), and follow-up CT images suggest hemorrhagic 
transformation. CT, computed tomography; DSA, digital subtraction angiography; EVF, early venous filling; MT, mechanical thrombectomy
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Table 2  Univariate and multivariate regression analysis for comparison of EVF by clinical outcome

Notes: For unfavorable outcome: Model 1 included age, gender, baseline glucose, atrial fibrillation, coronary artery disease, baseline NIHSS score, baseline ASPECT 
score; Model 2 included age, gender, baseline glucose, atrial fibrillation, coronary artery disease, baseline NIHSS score, baseline ASPECT score, mTICI score > 2b, 
number of device passes

For malignant brain edema: Model 1 included age, gender, baseline NIHSS score, baseline ASPECT score, baseline glucose, baseline neutrophil, coronary artery 
disease; Model 2 included age, gender, baseline NIHSS score, baseline ASPECT score, baseline glucose, baseline neutrophil, coronary artery disease, OPT, number of 
device passes

For hemorrhagic transformation and symptomatic intracranial hemorrhage: Model 1 included age, gender, baseline glucose, occlusion site, baseline NIHSS score, 
baseline ASPECT score; Model 2 included age, gender, baseline glucose, occlusion site, baseline NIHSS score, baseline ASPECT score, number of device passes, 
endovascular stents

ASPECT Alberta Stroke Program Early CT, EVF Early venous filling, HT Hemorrhagic transformation, MBE Malignant brain edema, mTICI modified thrombolysis in 
cerebral infarction, NIHSS National Institutes of Health Stroke Scale, OPT time from stroke onset to puncture, SICH Symptomatic intracranial hemorrhage

Total EVF +  EVF- OR(95%CI) P IPTW adjusted

n = 307 n = 75 n = 232 OR(95%CI) P

Unfavorable outcome 164(53.42%) 57(76.00%) 107(46.12%)

  Univariate analysis 3.69(2.05–6.99) < 0.001 2.35(1.25–4.40) 0.008

  Model 1 2.96(1.53–5.71) 0.001 2.88(1.49–5.59) 0.002

  Model 2 2.69(1.37–5.26) 0.004 2.70(1.39–5.25) 0.003

MBE 59(19.21%) 28(37.33%) 31(13.36%)

  Univariate analysis 3.86(2.11–7.04) < 0.001 2.52(1.33–4.76) 0.004

  Model 1 3.16(1.62–6.18) 0.001 3.02(1.56–5.84) 0.001

  Model 2 3.06(1.56–6.01) 0.001 3.01(1.55–5.84) 0.001

SICH 31(10.10%) 16(21.33%) 15(6.47%)

  Univariate analysis 3.92(1.83–8.39) < 0.001 2.59(1.15–5.79) 0.021

  Model 1 3.42(1.51–7.74) 0.003 3.14(1.37–7.16) 0.006

  Model 2 3.24(1.42–7.37) 0.005 3.25(1.38–7.62) 0.007

HT 107(34.85%) 43(57.33%) 64(27.59%)

  Univariate analysis 3.52(2.05–6.05) < 0.001 2.73(1.53–4.84) 0.001

  Model 1 3.06(1.72–5.46) < 0.001 2.94(1.64–5.29) < 0.001

  Model 2 3.11(1.73–5.62) < 0.001 3.26(1.81–5.88) < 0.001

Fig. 2  Distribution of modified Rankin scale scores at 90 days in patients grouped by EVF. EVF, early venous filling
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result remained consistent (OR = 3.06, 95% CI [1.56–
6.01], P = 0.001) Supplementary Fig. 2-5 shows forest plot 
for multivariate analyses.

These findings were also validated in the dataset with 
covariates balanced by PSW. In all three IPTW-weighted 
regression models, the ORs ranged from 2.35 to 2.70 in 
estimating unfavorable outcome, 2.73 to 3.26 in estimat-
ing hemorrhagic transformation, 2.52 to 3.01 in esti-
mating malignant edema, and 2.59 to 3.25 in estimating 
symptomatic intracranial hemorrhage (Table 2).

Stratified analysis of EVF association with poor clinical 
outcomes
In the subgroup stratified analysis, patients in the EVF 
group with a baseline ASPECT score ≤ 8 exhibited a sig-
nificantly higher risk of unfavorable outcome (OR = 2.64, 
95% CI [1.03–6.73], P = 0.042), malignant brain edema 
(OR = 4.59, 95% CI [1.94–10.83], P < 0.001), sympto-
matic intracranial hemorrhage (OR = 4.10, 95% CI 
[1.55–10.86], P = 0.004) and hemorrhagic transforma-
tion (OR = 3.56, 95% CI [1.59–7.95], P = 0.002) than 
patients in the non-EVF group, whereas this association 
was not observed in patients with a baseline ASPECT 
score > 8 (Table 3.). Sensitivity analyses were performed 

by stratifying data according to stroke severity, EVT 
time windows, occlusion sites we found that association 
between EVF and poor clinical outcomes remained con-
sistent (Supplementary Table 1–3).

Mediation analysis between EVF and unfavorable outcome
To further investigate whether the impact of EVF on 
unfavorable outcome is mediated through increased 
rates of malignant brain edema, symptomatic intracranial 
hemorrhage, or hemorrhagic transformation, a media-
tion analysis was conducted. The results revealed malig-
nant brain edema as a significant mediator, contributing 
to 35.42% of the relationship between EVF and unfa-
vorable outcomes. Conversely, no significant mediation 
effects were detected for symptomatic intracranial hem-
orrhage or hemorrhagic transformation in relation to 
unfavorable outcomes (Supplementary Table 4).

Discussion
This study identified EVF as an independent risk factor 
for unfavorable outcomes, including malignant brain 
edema, symptomatic intracranial hemorrhage, hemor-
rhagic transformation, and 90-day mRS > 2 following 
MT in AIS patients with large vessel occlusions. Further 

Table 3  Association between poor clinical outcomes and EVF after mechanical thrombectomy in ASPECT score stratified analyses

For unfavorable outcome: Adjusted for age, gender, baseline glucose, atrial fibrillation, coronary artery disease, baseline NIHSS score, baseline ASPECT score, mTICI 
score > 2b, number of device passes

For malignant brain edema: Adjusted for age, gender, baseline NIHSS score, baseline ASPECT score, baseline glucose, baseline neutrophil, coronary artery disease, 
OPT, number of device passes

For hemorrhagic transformation and symptomatic intracranial hemorrhage: Adjusted for age, gender, baseline glucose, occlusion site, baseline NIHSS score, baseline 
ASPECT score, number of device passes, endovascular stents

ASPECT Alberta Stroke Program Early CT, EVF Early venous filling, HT Hemorrhagic transformation, MBE Malignant brain edema, mTICI modified thrombolysis in 
cerebral infarction, NIHSS National Institutes of Health Stroke Scale, OPT time from stroke onset to puncture, SICH Symptomatic intracranial hemorrhage

Total EVF +  EVF- OR(95%CI) P
n = 307 n = 75 n = 232

Unfavorable outcome

  Total 164(53.42%) 57(76.00%) 107(46.12%) 2.69(1.37–5.26) 0.004

  ASPECT score > 8 70(46.36%) 21(72.41%) 49(40.16%) 2.73(0.96–7.70) 0.058

  ASPECT score ≤ 8 94(60.26%) 36(78.26%) 58(52.73%) 2.64(1.03–6.73) 0.042

MBE

  Total 59(19.21%) 28(37.33%) 31(13.36%) 3.06(1.56–6.01) 0.001

  ASPECT score > 8 17(11.26%) 5(17.24%) 12(9.83%) 1.28(0.36–4.54) 0.699

  ASPECT score ≤ 8 42(26.92%) 23(50.00%) 19(17.27%) 4.59(1.94–10.83) < 0.001

HT

  Total 107(34.85%) 43(57.33%) 64(27.59%) 2.98(1.64–5.42) < 0.001

  ASPECT score > 8 41(27.15%) 14(48.28%) 27(22.13%) 2.38(0.93–6.09) 0.070

  ASPECT score ≤ 8 66(42.31%) 29(63.04%) 37(33.64%) 3.56(1.59–7.95) 0.002

SICH

  Total 31(10.10%) 16(21.33%) 15(6.47%) 2.86(1.23–6.66) 0.041

  ASPECT score > 8 6(3.97%) 2(6.90%) 4(3.28%) 1.67(0.26–10.72) 0.591

  ASPECT score ≤ 8 25(16.02%) 14(30.43%) 11(10.00%) 4.10(1.55–10.86) 0.004
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stratified analysis showed that patients in the EVF group 
with a baseline ASPECT score ≤ 8 exhibited a higher risk 
of unfavorable outcomes compared with patients in the 
non-EVF group. Additionally, it was found that malig-
nant brain edema fully mediated the impact of EVF on 
90-day unfavorable outcomes.

The pathophysiological mechanisms of EVF have not 
been fully understood. Previous studies have suggested 
an association with local hyperperfusion and also pro-
posed the possibility of intracranial venous autoregu-
lation failure after ischemic reperfusion therapy. The 
sudden increase in blood flow floods the venous system 
with consequent widespread vasodilatation, leading 
to premature venous manifestation. Venous dilatation 
may lead to blood retention, thereby impairing cerebral 
venous return [22]. Yu et al. suggested that abnormal cer-
ebral venous drainage in large infarcts accelerates and 
exacerbates cerebral edema [23]. Song K et  al. demon-
strated that blocking the bilateral external jugular veins 
in animal models impaired cerebral venous return. They 
also found that this blockage did not reduce neurologi-
cal function in normal mice. However, in the case of 
middle cerebral artery occlusion, a blockade of bilateral 
external jugular veins can significantly exacerbate neuro-
logical impairment [24]. In addition, tight junctions con-
sisting of proteins located between endothelial cells play 
an important role in the formation of continuous vascu-
lar structures and help to maintain the integrity of the 
blood–brain barrier. In a study by Song K et al., crucial 
tight junction proteins, such as ZO-1 and occludin, sig-
nificantly decreased in mice with blocked bilateral exter-
nal jugular veins, which was accompanied by more severe 
brain edema [25]. Therefore, it is speculated that venous 
malformations resulting from impaired cerebral venous 
return post-ischemia further exacerbate blood–brain 
barrier disruption, leading to hemorrhagic transforma-
tion or malignant brain edema.

Previous studies have investigated the association 
between EVF and poor clinical outcomes after MT 
for AIS. Li et  al. associated EVF with a higher likeli-
hood of intracranial hemorrhage and malignant brain 
edema but not with mortality or favorable outcomes, 
emphasizing its predictive value for post-procedural 
complications [15]. Similarly, Faisal et al. found signifi-
cant associations between EVF and worse hemorrhagic 
outcomes, including symptomatic intracranial hemor-
rhage and hemorrhagic transformation, underscoring 
the need for vigilant patient management. Recent stud-
ies by Elands et al. and Shuai et al. have linked EVF to 
an increased risk of reperfusion hemorrhage after MT 
for AIS [26, 27], although these findings were some-
times constrained by limitations like small sample sizes 
and imbalanced baseline NIHSS scores [28, 29]. What’s 

more, our study included a population with EVF under 
real-world conditions, and employed IPTW to more 
accurately control for potential confounders, thereby 
offering a refined analysis that aligns with the nuanced 
understanding brought forth by recent investigations. 
It was demonstrated that EVF remains an impor-
tant predictor of poor outcomes in the broader EVT 
population.

Our findings further underscore EVF as a significant 
predictor for both short-term and long-term adverse 
outcomes post-MT, notably malignant brain edema 
and overall unfavorable outcome. Unlike Li Y et  al.’s 
study, EVF was independently associated with hem-
orrhagic transformation, malignant brain edema, and 
symptomatic intracranial hemorrhage, but not with 
unfavorable long-term outcomes [15]. To explore pos-
sible causes, we performed a mediation analysis and 
found that malignant brain edema accounted for 35.42% 
of the EVF effect on unfavorable long-term outcomes. 
This suggested a significant pathway through which EVF 
contributes to poor long-term outcomes, primarily by 
elevating the risk of malignant brain edema. Notably, 
the occurrence rate of malignant brain edema in our 
cohort was 19.21%, which was considerably higher than 
the 8.60% reported by Li Y et al., which may be attrib-
uted to differences in stroke severity and infarct size 
among the enrolled patients.

Our stratified analysis revealed that EVF is an inde-
pendent risk factor for malignant brain edema, symp-
tomatic intracranial hemorrhage, and hemorrhagic 
transformation after MT, but only in patients with an 
ASPECT score of ≤ 8 points. Therefore, the predictive 
value of EVF for malignant brain edema and hemor-
rhagic transformation is limited in patients with small 
infarct cores (ASPECT score > 8). This conclusion 
needs to be further explored in studies with larger sam-
ple sizes. It could be interpreted that ASPECT scores 
are indicative of the size of the infarct core and qual-
ity of collateral circulation [30]. Patients with relatively 
high ASPECT scores upon admission may have smaller 
infarct cores and better collateral circulation, and 
they may be more tolerant of the local hyperperfusion 
induced by EVF [31–33]. This underscores the practi-
cal relevance of our findings: EVF may be considered a 
risk factor for predicting poor clinical outcomes after 
MT for patients with severe ischemic stroke in the real 
world. The EVF and ASPECT scores offer accessible 
imaging data, enabling neurointerventionalists to rap-
idly identify patients at high risk for poor short-term 
clinical outcomes through CT and DSA imaging inter-
pretation. Patients with EVF and a low ASPECT score 
might require a more robust surgical strategy and care-
ful post-operative management. At the same time, EVF 



Page 9 of 10Han et al. BMC Neurology           (2025) 25:92 	

can serve as a novel independent predictor, combined 
with other known predictors such as blood glucose lev-
els, to assess poor prognosis after EVT and enhance 
predictive performance.

There were limitations in our study. Firstly, this was 
a retrospective study, and the sample may not be fully 
representative. The study exclusively included Asian 
populations from northwestern China, which imposes 
limitations on the generalizability and extrapolation of 
the findings to other demographic or geographic groups. 
Secondly, the limited sample size precluded a detailed 
exploration of the two subtypes of EVF, including Type 
I (from cortical arterioles to cortical veins) and Type 
II (from lenticulostriate arteries to the thalamostri-
ate vein). Currently, the mechanism of EVF is thought 
to involve local hyperperfusion. However, in this study, 
we were unable to obtain perfusion imaging data from 
patients to investigate the correlation between EVF and 
local hyperperfusion status after EVT. The association 
between EVF and localized intracranial hyperperfu-
sion can be further investigated through a prospective 
cohort study design. This would involve the systematic 
collection of postoperative neuroimaging data, including 
CT perfusion imaging (CTP), as well as other advanced 
imaging modalities. Quantitative assessment of intrac-
ranial hemodynamic parameters, such as cerebral blood 
volume (CBV) and cerebral blood flow (CBF), follow-
ing EVT, would be conducted to elucidate the underly-
ing mechanisms linking EVF and localized intracranial 
hyperperfusion.

Conclusion
This study establishes EVF as an independent risk fac-
tor for unfavorable outcomes after MT in AIS patients 
with large vessel occlusions. EVF in conjunction with 
a low ASPECT score can provide essential insights for 
identifying patients with severe AIS who are at a higher 
risk for unfavorable outcomes, indicating a need for 
tailored surgical strategies and careful post-operative 
management.
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