
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​​​/​​/​c​r​e​a​t​i​​
v​e​c​​o​m​m​​o​n​​s​​.​o​​r​​g​/​​l​i​c​​e​n​s​​​e​s​​/​​b​y​​-​n​c​​-​​n​d​/​4​.​0​/.

Shi et al. BMC Neurology          (2025) 25:150 
https://doi.org/10.1186/s12883-025-04152-1

BMC Neurology

*Correspondence:
Yu Geng
gengy2004@126.com
1Suzhou Medical College of Soochow University, Suzhou, China
2Department of Neurology, Center for Rehabilitation Medicine, Zhejiang 
Provincial People’s Hospital (Affiliated People’s Hospital, Hangzhou 
Medical College), Hangzhou, Zhejiang, China
3Department of Clinical Laboratory, Laboratory Medicine Center, Zhejiang 
Provincial People’s Hospital (Affiliated People’s Hospital, Hangzhou 
Medical College), Hangzhou, Zhejiang, China

Abstract
Objective  To assess safety and efficacy of endovascular treatment (EVT) in acute ischemic stroke (AIS)patients 
selected by ASPECTS within 6–24 h after onset.

Methods  Patients were divided into early and late time window groups. Primary outcome was 90-day mRS 0–2, 
safety outcomes were 90-day any intracranial hemorrhage (ICH) and mortality. Univariate and multivariate analyses 
were conducted for the prediction of good outcome.

Results  Of the 296 patients screened, 242 patients fulfilled the study criteria. Patients in the late time window 
group were younger, had lower baseline NIHSS scores and ASPECTS, a lower proportion of atrial fibrillation, a 
higher proportion of large-artery atherosclerosis, less received intravenous thrombolysis, and had a longer time 
from symptom onset to treatment. No difference in primary and safety outcomes: good outcome (42% vs. 50.5%, 
p = 0.188), ICH (26.1% vs. 20.6%, p = 0.311), and mortality (18% vs. 9.9%, p = 0.067). Multivariate analysis showed that 
age (OR = 0.977, 95%CI 0.955–0.999, p = 0.039), NIHSS score (OR = 0.905, 95%CI 0.858–0.953, p = 0.001), ASPECTS 
(OR = 1.242, 95%CI 1.004–1.538, p = 0.046), glucose (OR = 0.817, 95%CI 0.720–0.926, p = 0.002), platelet (OR = 1.005, 95% 
CI 1.000 -1.010, p = 0.031) and successful recanalization (OR = 5.037, 95%CI 1.137–22.318, p = 0.033) were independent 
predictors of good outcomes.

Conclusions  For late-window acute anterior-circulation LVO patients, those selected based on the ASPECTS 
exhibited comparable 90-day good outcomes and safety profiles to those in the early time window. This finding 
implies that ASPECTS could serve as a screening tool for patients in the late time window when undergoing EVT.

Clinical trial  This is a clinical retrospective study. However, at the time when the study was initiated, clinical trial 
registration was not a mandatory requirement. Therefore, this trial was not registered.
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Introduction
Endovascular therapy (EVT) has emerged as an advanced 
and effective therapeutic strategy for patients with acute 
ischemic stroke (AIS) caused by large-vessel occlusion 
(LVO), even in the context of late time window strokes. 
The DAWN and DEFUSE-3 trials are widely regarded as 
the gold standard of clinical evidence for patients with 
AIS within the late time window. However, the practi-
cal application of their results in routine clinical practice 
may be somewhat restricted by the overly narrow inclu-
sion criteria [1, 2]. Advanced imaging modalities may 
lead to the exclusion of certain patients who could poten-
tially gain benefit from EVT. Additionally, perfusion 
imaging may not be readily available in primary stroke 
centers, especially in developing countries. In conjunc-
tion with the risks of increased radiation exposure, con-
trast-induced kidney injury, and lengthened treatment 
time, it is of crucial importance to identify and validate 
simpler imaging-based selection criteria.

The Alberta Stroke Program Early CT Score 
(ASPECTS) offers a relatively reliable approach for eval-
uating the infarct core in AIS. Additionally, as the time 
from symptom onset elapses, the infarct core becomes 
more prominent on non-contrast computed tomogra-
phy (NCCT), and the precision of ASPECTS may be 
further enhanced. Consequently, many centers consis-
tently choose endovascular treatment patients based on 
fundamental imaging techniques, such as the combina-
tion of NCCT and CT perfusion (CTP), often integrating 
ASPECTS. The selection paradigm based on ASPECTS 
for late-presenting and wake-up stroke patients undergo-
ing EVT has been shown to exhibit similar patient eligi-
bility rates and comparable 90-day functional outcomes 
to those using the DAWN and DEFUSE-3 criteria. MR 
CLEAN-LATE trial has indicated that patient selection 
for EVT in the extended time window can be mainly 
based on the assessment of collateral flow using CT angi-
ography (CTA) [3].

The aim of this study was to conduct a comprehen-
sive evaluation of the safety and efficacy of endovascular 
treatment in patients with acute anterior circulation large 
vessel occlusion stroke within a treatment time window 
ranging from 6 to 24 h, using ASPECTS as the screening 
criterion.

Patients and methods
Patients
This study retrospectively analyzed patients who under-
went endovascular treatment for acute ischemic stroke 
(AIS) resulting from large vessel occlusion in the anterior 
circulation between January 2019 and December 2022. 
The inclusion of consecutive patients was predicated on 
the following criteria: (1) age ≥ 18 years; (2) a modified 
Rankin Scale (mRS) score of ≤ 2 prior to the stroke; (3) 

an Alberta Stroke Program Early CT Score (ASPECTS) 
of ≥ 6; (4) occlusion of the proximal internal carotid 
artery or middle cerebral artery (M1/M2 segments); 
and (5) groin puncture executed within 24  h follow-
ing stroke onset. Demographic characteristics, medi-
cal history, clinical features, neuroimaging findings, and 
endovascular treatment procedures were prospectively 
documented.

Patients were divided into early and late time window 
groups.

Imaging evaluation
Imaging assessment was carried out by two trained neu-
roradiologists. The imaging protocol mandated a non-
contrast-enhanced CT (NCCT) scan, CT angiography 
(CTA), and CT perfusion (CTP), which were performed 
at baseline. The assessment of ischemic changes was con-
ducted using the Alberta Stroke Program Early CT Score 
(ASPECTS) scale, where a score of 10 denotes normal 
and 1 point is subtracted for each abnormal area [4].

Outcome assessment
The modified Rankin Scale(mRS) scores were used to 
assess functional outcomes, ranging from 0 (no disability) 
to 6 (death) and mRS ≤ 2 was indicated a good outcome 
[5]. Safety outcomes included mortality (mRS = 6) and 
any intracranial hemorrhage (ICH). Successful recanali-
zation was defined as a eTICI score ≥ 2b [6].

Statistical analysis
Patients were subsequently divided into two groups 
based on stroke onset time, including the early time win-
dow (within 6 h of stroke onset) group and the late time 
window (within 6–24 h of stroke onset) group. Nominal 
variables were described in terms of frequencies, ordi-
nal variables as the median (interquartile range, IQR), 
and continuous variables as the mean ± SD. Differences 
between the groups were evaluated using Fisher’s exact 
test, χ² test, Mann - Whitney test, or t - test as appropri-
ate, and a p - value < 0.05 was deemed statistically signifi-
cant. Univariate and multivariate analyses for the primary 
endpoint of ‘good outcome’ were conducted. Data analy-
sis was performed using SPSS 29.0 (SPSS, USA).

Results
In total, 296 patients received an EVT for acute anterior 
circulation LVO within 24  h were included during the 
study. Of 242 patients (excluded: ASPECTS<6, n = 38;loss 
the 90- day mRS, n = 12; absence of postoperative NCCT 
images, n = 4)fulfilled eligible criteria, 111 patients and 
131 patients were assigned to the early time window and 
late time window groups, respectively.

This study demonstrated that the median ASPECTS 
score was 9 (8–10), the median infarct volume was 18 
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(6–38) ml, and the median penumbra volume was 90 
(57–128) ml. A Spearman correlation analysis was per-
formed between the ASPECTS score and the infarct core 
volume. The results indicated a correlation coefficient r 
was − 0.189 (p = 0.004), suggesting an inverse correlation 
between the ASPECTS score and the infarct core volume.

This study has demonstrated that regardless of the 
treatment time, there were no differences in the primary 
endpoint and safety outcomes between the two groups. 
The proportions of 90-day good outcome in the early 
time window group and the late time window group were 
50.5% and 42%, respectively (Fig. 1). Moreover, the inci-
dences of ICH (26.1% vs. 20.6%, p = 0.311) and mortal-
ity (18% vs. 9.9%, p = 0.067) were also comparable in the 
two groups. Compared to the early time window group, 
patients in the late time window group were younger, 
with lower baseline NIHSS scores, lower ASPECTS, 
a lower proportion of atrial fibrillation, and a higher 
proportion of large - artery atherosclerosis. Addition-
ally, they were less frequently treated with intravenous 
thrombolytic therapy and the time from symptom onset 
to treatment was longer. The proportion of successful 
recanalization was comparable between the two groups 
(96.4% vs. 90.8%, p = 0.083) (Table 1).

In the univariate analysis, the factors significantly 
associated with a good outcome included age, NIHSS 
score, ASPECTS, glucose, platelet count, smoking, and 
successful recanalization. After conducting multivari-
ate regression analysis, the independent predictors of a 
good outcome were as follows: age (OR = 0.977, with a 
95% CI 0.955–0.999, p = 0.039), NIHSS score (OR = 0.905, 
95% CI 0.858–0.953, p = 0.001), ASPECTS (OR = 1.242, 
95% CI 1.004–1.538, p = 0.046), glucose (OR = 0.817, 95% 
CI 0.720–0.926, p = 0.002), platelet (OR = 1.005, 95% CI 
1.000–1.010, p = 0.031), and successful recanalization 
(OR = 5.037, 95% CI 1.0137–22.318, p = 0.033) (Table 2).

Discussion
Our study shown that patients with AIS caused by ante-
rior circulation LVO in the late time window, those 
selected based on the ASPECTS exhibited comparable 

90-day good outcomes and safety profiles to those in the 
early time window. The functional outcomes were con-
sistent with the results of the HERMES meta-analysis, 
as well as the DAWN and the DEFUSE 3 study. These 
results suggest that a baseline ASPECTS score of ≥ 6 on 
non - contrast computed tomography (NCCT) might 
serve as an alternative to the selection paradigms based 
on computed tomography perfusion (CTP) or magnetic 
resonance imaging (MRI) in the late time window.

Multiple large randomized controlled trials have con-
firmed the efficacy and safety of endovascular treatment 
for acute anterior circulation LVO stroke within 6 h after 
onset. The guideline gives the highest level of evidence 
and recommendation for endovascular treatment within 
6  h after onset [7–11]. Subsequently, a subgroup analy-
sis of the HERMES collaboration (a pooled database of 
5 randomized controlled trials) showed that in stroke 
patients receiving EVT within 6 h time window, the clini-
cal outcomes was comparable with or without perfusion 
imaging, and the value of advanced imaging in improving 
functional outcomes may be limited [12]. The guideline 
recommends that patients receiving EVT within the 6 h 
time window do not need advanced imaging assessment. 
In 2018, the DAWN and DEFUSE 3 studies expanded the 
time window for the benefit of EVT to 24  h by screen-
ing patients with acute anterior circulation LVO stroke 
with clinical-imaging mismatch or significant penumbra 
using advanced imaging assessment [1, 2]. A meta-anal-
ysis of 10 clinical trials conducted by Tsivgoulis, et al. 
showed that compared with traditional imaging, endo-
vascular treatment using advanced imaging assessment 
was associated with better clinical outcomes [13]. Based 
on the best and strict CT perfusion parameters to select 
patients may improve the proportion of good outcomes. 
For patients with acute anterior circulation LVO within 
the 6–24  h, the guideline recommends that only those 
who meet the DAWN and DEFUSE 3 study criteria after 
advanced imaging assessment can receive EVT. However, 
CTP imaging may overestimate the infarct core and may 
exclude a certain proportion of patients who could have 
benefited from endovascular treatment.

Fig. 1  Clinical outcome after 90 days on the modified Rankin Scale (mRS) in early time window and late time window patients
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Whether advanced imaging assessment is a necessary 
prerequisite for endovascular treatment in patients in 
the late time window remains controversial. An increas-
ing amount of evidence suggests that using the ASPECTS 
on NCCT to select patients in the late time window 
for endovascular treatment may be safe and effective. 
Recently, Santos et al. found that the clinical outcome 
of patients in the late time window selected by the clini-
cal - ASPECTS mismatch pattern was similar to that of 
patients within 6 h of onset receiving endovascular treat-
ment [14]. Nagel et al. also did not find any difference 
in the clinical outcome of patients with and without CT 
or MRI perfusion imaging [15]. Studies have shown that 
there is a moderate correlation between the infarct core 
assessed by ASPECTS on NCCT and the infarct core 
volume assessed by CT perfusion, and this correlation 
is more significant in patients in the late time window 
[16]. In an international cohort study of patients with 

acute anterior circulation LVO within the 6–24  h time 
window, compared with patients receiving only medical 
treatment, patients selected by NCCT and CT angiogra-
phy for endovascular treatment had a better clinical out-
come and lower disability and mortality at 90-day [17]. 
The RESCUE BT trial selected patients in the late time 
window with ASPECTS ≥ 6 on NCCT for endovascular 
treatment, and the clinical outcomes was comparable to 
the DAWN and DEFUSE − 3 trials. CT or MRI perfu-
sion imaging assessment led to a delay in the in-hospital 
treatment process (longer time from admission to punc-
ture), suggesting that advanced imaging assessment may 
be redundant [18]. In addition, evidence suggests that in 
the late time window, NCCT may be more sensitive and 
accurate than relative cerebral blood flow in showing 
irreversible brain tissue damage [19–21]. Recently pub-
lished trials have demonstrated that patients with large 
- core infarction within 0–24  h of onset or last normal 

Table 1  Characteristics of patients in early window and late window
Variable Early time window

(n = 111)
Late time window
(n = 131)

P values

Clinical baseline data
  Age, median (IQR), y 71(60–79) 68(56–75) 0.036
  Male, n (%) 69(62.2) 81(61.8) 0.958
  NIHSS score, median (IQR) 17(14–21) 15(11–19) 0.008
  ASPECTS, median (IQR) 9(8–10) 8(7–10) 0.008
Risk factors
  Hypertension, n (%) 77(69.4) 84(64.1) 0.389
  Diabetes, n (%) 22(19.8) 21(16) 0.442
  Atrial fibrillation, n (%) 62(55.9) 43(32.8) 0.001
  Smoking, n (%) 28(25.2) 26(19.8) 0.317
Baseline measurements
  SBP, median (IQR), mm Hg 152(132–170) 153(135–170) 0.690
  Platelet, mean (IQR), 109/L 172(143–205) 182(143–212) 0.330
  Glucose, median (IQR), mmol/L 6.8(6.2–8.6) 7.1(6.1–8.3) 0.937
Occlusion site, n (%) 0.249
  ICA 38(34.2) 54(41.2)
  MCA-M1 68(61.3) 75(57.3)
  MCA-M2 5(4.5) 2(1.5)
Stroke cause, n (%) 0.002
  LAA 32(29.1) 66(51.6)
  Cardioembolic 60(54.5) 47(36.7)
  Others 18(16.4) 15(11.7)
Procedural data
  Intravenous thrombolysis, n (%) 65(58.6) 34(26) 0.001
  OTP, median (IQR), min 240(167–293) 590(457–836) 0.001
  OTR, median (IQR), min 299(227–370) 647(529–909) 0.001
  eTICI, 2b or 3, n (%) 107(96.4) 119(90.8) 0.083
Outcome
  mRS score 0–2 (%) 56(50.5) 55(42) 0.188
  mRS score 6 (%) 20(18) 13(9.9) 0.067
  ICH (%) 29(26.1) 27(20.6) 0.311
IQR, interquartile range; NIHSS, National Institute of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; SBP, systolic blood 
pressure; ICA, Internal Carotid Artery; MCA-M1, Middle Cerebral Artery-M1 Segment; LAA, large-artery atherosclerosis; eTICI, expanded Thrombolysis in Cerebral 
Infarction; OTP, symptoms onset to groin puncture time; OTR, symptoms onset to recanalization time; mRS, modified Rankin Scale; ICH, intracranial hemorrhage
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time and having an ASPECTS score of 3–5 on NCCT 
can derive benefits from endovascular treatment [22, 
23, 24]. Therefore, we have sufficient reasons to believe 
that the necessity of using advanced imaging assessment 
in selecting endovascular treatment in the late time win-
dow is gradually decreasing. NCCT assessment has the 
advantages of wider popularity, faster examination time, 
lower radiation exposure and cost. ASPECTS imaging 
assessment may be a reasonable alternative for screening 
patients for endovascular treatment in the late time win-
dow. ASPECTS is a practical semi-quantitative tool for 
assessing the infarct core in clinical practice. Although 
the overall consistency of ASPECTS is good, the abso-
lute inter-rater consistency is low. Through scientific and 
systematic training and with the help of computer-aided 
software, the problem of scoring consistency may be 
solved to achieve accurate and rapid screening of acute 
stroke patients.

In addition, this study revealed that the proportion of 
intracranial atherosclerosis was higher in the late time 
window group. This might be attributed to the better col-
lateral circulation in patients with atherosclerosis. Owing 
to the existence of collateral circulation, the brain tissue 
in the lesioned vascular area of the patient may survive 
for a longer period before transforming from the isch-
emic state to core infarction. Consequently, the patient 
can receive endovascular treatment within a late time 
window and achieve a favorable clinical outcome. This 
implies that collateral circulation assessment may assist 
in selecting stroke patients in the late time window who 
are eligible for endovascular treatment. The recent MR 
CLEAN LATE trial has confirmed that for patients with 
anterior - circulation LVO ischemic stroke within 6–24 h 

after onset or the last known good health condition and 
with collateral blood flow screened by CTA, endovascu-
lar treatment is both effective and safe [3]. This trial uses 
a simpler imaging screening method to expand the eligi-
bility of patients in the late time window for endovascular 
treatment, which may help expand the current guideline 
recommendations for the indication of endovascular 
treatment.

In addition, this study confirmed that the important 
factors affecting the clinical outcomes of EVT are still 
traditional factors such as age, baseline NIHSS score, 
blood glucose and successful recanalization. Despite the 
exciting results of a series of clinical trials, patient selec-
tion continues to be a complex problem that demands a 
comprehensive assessment of clinical symptoms, imaging 
characteristics, and individual patient factors (including 
age, underlying comorbidities, etc.). The precise identi-
fication of patients suitable for endovascular treatment 
remains an area that requires further exploration. Never-
theless, in the context of a large and increasingly needy 
stroke population, simplifying preoperative evaluation 
methods and reducing treatment delay will be an effec-
tive strategy to expand the population that can benefit 
from such interventions.

This study has some limitations: First, the lack of ran-
dom allocation and retrospective design has the inherent 
risk of selection bias. Second, our study did not measure 
CTA collateral circulation. Therefore, our study may 
support the use of non-contrast computed tomogra-
phy alone in patients with good non-contrast computed 
tomography without considering the presence or degree 
of collateral circulation. Thirdly, our study was confined 
to patients with anterior circulation large - vessel occlu-
sion, and thus our findings might not be applicable to 
patients with posterior circulation occlusion.

Conclusions
In this large patient cohort study, we have successfully 
verified the efficacy and safety of simple imaging crite-
ria (that is, ASPECTS score ≥ 6 and confirmation of large 
vessel occlusion by CT angiography) in the selection of 
patients for endovascular treatment in the late time win-
dow. The clinical outcomes and safety profiles obtained 
by applying these criteria show no significant differences 
compared with those of patients receiving endovascular 
treatment in the early time window. This research find-
ing indicates that ASPECTS imaging assessment may 
potentially serve as a reasonable alternative approach for 
screening patients for endovascular treatment in the late 
time window.
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