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Abstract

Introduction: Although the efficacy and safety of endovascular treatment (EVT) for large-core ischemic stroke have
been proven, most trials used perfusion imaging or included early-window patients, limiting generalizability to the late
window, particularly in developing countries.

Aim: We aimed to evaluate the safety and functional outcomes of EVT in large-core stroke patients treated between
12 and 24 h (late window) from last known well (LKWV).

Methods: We conducted a prospective, multicenter observational study across four comprehensive stroke centers in
Vietnam, enrolling consecutive patients who underwent EVT within 24 h of symptom onset between August 2023 and
September 2024. Large core was defined by an Alberta Stroke Program Early CT Score (ASPECTS) of 3 to 5 on non-
contrast computerized tomography (NCCT) or diffusion-weighted magnetic resonance imaging (DWI-MRI). Patients
who underwent EVT within 12-24h after LKW were compared to those treated before 12h (early window). Primary
and safety outcomes were independent ambulation (90-day modified Rankin scale (mRS) = 0-3) and symptomatic intra-
cranial hemorrhage (sICH). Secondary outcomes were 90-day mRS 0-2, ordinal mRS, successful reperfusion (modified
Thrombolysis in Cerebral Infarction score =2b, early neurological deterioration (END)), and 90-day mortality.

Results: Of 1872 patients receiving EVT, 343 with large ischemic cores (median age = 64.0years, 33.8% female)
were included, with 103 (30.0%) treated in the 12- to 24-h window. Compared to early-window patients, late-window
patients had lower rates of intravenous thrombolysis (2.9% vs. 32.9%, p <0.001), higher brain MRl use (51.5% vs. 16.2%,
p<<0.001), and longer pre-treatment imaging-to-groin puncture times (106 vs. 77 min, p<<0.001). After adjusting for
confounders, there were no significant differences in 90-day mRS 0-3 (56.3% vs. 55.0%, adjusted odds ratio (aOR) =
0.71, 95% confidence interval (Cl) = 0.39-1.28, p=0.26), ordinal mRS (aOR = 1.21, 95% CI = 0.78-1.90, p=0.39), and
sICH (aOR = 1.12, 95% Cl = 0.32-3.50, p=0.85). Other secondary outcomes were also similar.
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Conclusion: In patients with anterior circulation large vessel occlusion stroke and low ASPECTS, EVT at 12-24 h ver-
sus <|2h from symptom onset showed no significant differences in clinical or safety outcomes. Larger trials are needed

to confirm these findings, especially in developing regions.
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Introduction

Endovascular treatment (EVT) for acute stroke due to large
vessel occlusion (LVO) is a highly effective therapy in
select patients.! Through the years, the indications for EVT
have progressively expanded.?* Recent clinical trials dem-
onstrated the efficacy and safety of EVT in treating patients
with large ischemic core presenting within 24 h of symptom
onset.*”?

The LArge Stroke Therapy Evaluation (LASTE) trial
demonstrated the efficacy and safety of EVT for acute,
unrestricted large ischemic core patients when performed
within 6.5h of symptom onset, predominantly (82.4%)
using MRI for patient selection.” Similarly, the RESCUE-
Japan LIMIT trial randomized patients either within 6 h of
the last-known time of being well or within 6 to 24 h after
the patient was last known to be normal, with no signal
change on the fluid-attenuated inversion recovery (FLAIR)
image, suggesting that patients were presenting within an
early onset period. There were only 12 EVT cases who
were beyond 12 h in RESCUE-Japan LIMIT.*

Other trials, such as SELECT 2 and ANGEL-ASPECT,
employed computed tomography angiography (CTA) and
computed tomography perfusion (CTP) to select patients
within 24 h of onset, but these methods pose challenges for

routine practice.>®!® In addition, the SELECT 2 and
ANGEL-ASPECT trials incorporated CTP in ASPECTS
(Alberta Stroke Program Early CT Score) scoring, which
may introduce bias when ASPECTS is assessed solely with
non-contrast CT (NCCT).>® On the contrary, the TENSION
trial relied mainly on NCCT for ASPECTS scoring, focus-
ing on patients for EVT within 12h of symptom onset.
TENSION provides strong evidence proving the clear ben-
efit of EVT up to 12h from symptom onset in large-core
patients, although the median (interquartile range, IQR)
time of onset of patients randomized in TENSION was 2
(1.2-3.6) h.® Inconsistent findings emerged from the
TESLA trial, which used NCCT for ASPECTS scoring and
selected patients within 24h of onset.!® The TESLA trial
showed neutral results, raising uncertainties regarding the
effectiveness of EVT in the 12- to 24-h time window for
large-core stroke patients.!® This suggests that while the
benefit of EVT in the early window (up to 12h) is well-
supported, the evidence for EVT in the late window (12—
24h) remains inconclusive, with limited data.

For large-core stroke trials, only ANGEL-ASPECT was
conducted in an upper-middle-income country, while the
other trials were conducted in developed countries.*%!° In
addition, the stroke incidence in developing countries tends
to occur at a younger age compared to developed regions.!!
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Pre-hospital and in-hospital delays in stroke care are also
common, further complicating clinical decision-making in
resource-limited settings.!> This raises critical questions
regarding whether EVT should be offered to large-core
patients beyond 12h from symptom onset, particularly in
developing countries where healthcare resources are
constrained.'

To address these uncertainties, our study aimed to com-
pare the clinical outcomes of large ischemic core stroke
patients who underwent EVT within two distinct time win-
dows: 12-24h (late window) and <12 h (early window)
post-symptom onset. Patients were selected based on an
ASPECTS of 3-5, and the study was conducted across four
comprehensive stroke centers in Vietnam.

Methods
Study design and patient enrollment

We conducted a prospective, multicenter, observational
study in Vietnam involving four comprehensive stroke
centers, screening consecutive patients who underwent
EVT within 24h of symptom onset from August 2023 to
September 2024. Large ischemic core was defined by an
ASPECTS of 3-5 on NCCT or diffusion-weighted mag-
netic resonance imaging (DWI-MRI) and was assessed by
two ASPECTS-certified stroke neurologists (www.letsget-
proof.com), with disagreements resolved by a senior reader.
An ASPECTS region was considered abnormal if more
than 30% of its area, or a confluent region, exhibited
restricted diffusion or hypoattenuation on NCCT.'* The
RAPID Al software (iSchemaView, Menlo Park, CA, USA)
was used to evaluate the core and penumbra of acute stroke
patients when perfusion imaging was performed. The fol-
lowing inclusion criteria were applied, which are consistent
with routine treatment criteria for EVT: presentation to our
neuroangiography lab within 24h after last-known well
time; age =18 years; pre-stroke mRS score of 0-2; National
Institutes of Health Stroke Scale (NIHSS) =6; had CTA/
MRA (magnetic resonance angiography) evidence of a
LVO (internal carotid artery (ICA), M1 or proximal M2
segments of middle cerebral artery, or tandem occlusion).
The exclusion criteria were as follows: symptom onset
beyond 24 h, multiple or bilateral ischemic strokes, anterior
distal anterior cerebral artery occlusion or acute verte-
brobasilar artery occlusion, severe or end-stage medical
conditions, severe coagulation disorders, and inability to
provide consent or follow-up. The decision for EVT was
made by a treating physician according to the hospital
protocol.

The primary outcome was the 90-day functional ambu-
lation rate, defined as an mRS score of 0-3. Safety out-
comes were defined as sICH (symptomatic intracerebral
hemorrhage), PH2 (parenchymal hemorrhage type 2), any

hemorrahge according to the safe implementation of
thrombolysis in stroke-monitoring study (SITS-MOST)
criteria, the mortality rate and early neurological deteriora-
tion (END). Secondary outcomes included functional inde-
pendence (mRS of 0-2), mRS shift analysis, and rates of
successful reperfusion (modified thrombolysis in cerebral
infarction (mTICI 2b-3)). Stroke etiologies were defined
based on the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) criteria."

END was specified as an increase in the NIHSS score by
=4 points within 24 h after EVT. Good collateral status was
defined using the Tan et al.'® score, which classifies collat-
erals as “good” if they are seen in =50% of the middle
cerebral artery territory based on CTA, or if the hypoperfu-
sion index is <0.4 based on MRI perfusion.!” In cases with
MRI, collateral status was scored using the American
Society of Interventional and Therapeutic Neuroradiology/
Society of Interventional Radiology (ASITN/SIR) collat-
eral scale based on DSA (Digital subtraction angiography).
Grades 0-1, 2, and 3—4 are typically regarded as poor, mod-
erate, and good collateral flow, respectively.'® The follow-
up assessment with the mRS at 90days was conducted
either via telephone or during outpatient visits.

Our study was approved by the Research Ethics
Committee of the University of Medicine and Pharmacy at
Ho Chi Minh City (reference no. 939/HDBD-DHYD), and
ethics approval was obtained from each participating site
prior to patient enrollment. Informed consent was obtained
from patients or their caregivers before inclusion in the
study. This study adhered to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
guidelines and was registered in clinicaltrials.gov under the
identifier NCT06016348.

Statistical analysis

Descriptive statistics were used to analyze and compare
baseline characteristics, treatment variables, and func-
tional outcomes. Categorical variables were analyzed
using the chi-square test or Fisher’s exact test, as appropri-
ate. Continuous variables were assessed using the
Wilcoxon rank-sum test or the #-test, depending on the data
distribution. Continuous data are presented as mean (stand-
ard deviation) or median (IQR), based on distribution
characteristics.

We adjusted regression analyses for key baseline and
potential pathophysiological covariates that could influ-
ence patient outcomes: age, sex, diabetes, hypertension,
atrial fibrillation (AF), pre-stroke mRS, NIHSS, ASPECTS,
occlusion site, pre-treatment imaging-to-groin time, and
imaging modality (CT or MRI).!*?° Binary logistic regres-
sion was used to compare the odds of achieving mRS 0-3
at 90days, as well as safety and secondary outcomes.
Ordinal logistic regression was used to assess shifts across
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Figure I. Flowchart of patients’ selection.

- 1071 small ischemic core

- 142 ASPECTS <3

1872 Patients

- 9 onset-to-groin >24 hours

- 251 basilar occlusion

- 4 lost to follow up

- 3 with pre-mRS > 2

\

- 7 very severe medical condition
- 23 spontaneous recanalization

- 5 early recurrrent/bilateral occlusion

343 patients

Large core within 24 hours -

1 no repeat NCCT

- 1 early major surgery

- 12 were unable to provide a consent

form or follow-up

<12-hour

240 patients

12-24-hour

103 patients

ASPECTS: Alberta Stroke Program Early CT Score; pre-mRS: pre-stroke Modified Rankin Score; NCCT: Non-Contrast Computed Tomography.

the full mRS distribution between groups. Odds ratios, 95%
confidence intervals, and corresponding p-values were cal-
culated. In addition, we assessed the heterogeneity of the
late-window effect size on independent ambulation (mRS
= (0-3) at 90days in pre-specified subgroups: age group,
collateral status (good vs. bad),?! imaging modalities (CT
or MRI),”?> ASPECTS (4-5 and 3),?* and sICH or PH2 to
highlight differences in our population.

The Cochran—Armitage trend test was used to assess
trends in mRS proportional distribution differences
between the treatment window groups, as well as trends
in independent ambulation at 90days and mRS 5-6 at
90days between age groups. The Fisher exact test was
used to assess differences in functional ambulation across
stroke center sites. The adjusted distribution of mRS by
collateral status (good vs. poor) and ASPECTS (4-5 vs. 3)
was compared using ordinal logistic regression. All
analyses were conducted using RStudio (Version 2024.12.
0.467), with a p-value of <0.05 considered statistically
significant.

Results
Study population

From 1872 patients screened, 1071 patients were excluded
due to small ischemic core, 251 due to acute vertebrobasilar
artery occlusion. After removal of patients with other exclu-
sion criteria, 343 patients with large ischemic core
ASPECTS of 35 were included in this study, of whom 103
(30.03%) had symptom onset to groin puncture in the late
window (12-24h) (Figure 1). Both groups had similar age
distributions, with median ages (64 [55.5-68] vs. 64 [54.8—
70.2], p=0.59), mean ages (61.7 (standard deviation (SD):
11.7) vs. 62.8 (SD: 12.7), p=0.43), proportion of females
(27.2% vs. 36.7%, p=0.09), NIHSS scores (16 [13-21] vs.
18 [14.0-22.0], p=0.32), pre-mRS scores, and comorbidity
profiles, indicating a well-matched baseline. There was a
higher frequency of MRI (51.5% vs. 16.2%, p<<0.001) or
perfusion MRI (42.7% vs. 8.75%, p<0.001) performed in
the late-window group. In addition, significant differences
were observed in time metrics. The median onset-to-arrival
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Table I. Baseline characteristics of ASPECTS 3-5 patients undergoing endovascular treatment by time to treatment:
12-24 hvs. <12 h.

Symptom onset 12-24  Symptom onset <I|2 h
All (n=343) h (n=103) (n=240)

(Continued)
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Table I. (Continued)

All (n=343)

Symptom onset |2-24 <I|2 h

h (n=103)

Symptom onset <
(n=240)

AF: atrial fibrillation; NIHSS: National Institutes of Health Stroke Scale; tPA: tissue plasminogen activator; ASPECTS: Alberta Stroke Program early
CT Score; NCCT-CTA: non-contrast computed tomography and computed tomographic angiography; MRI: magnetic resonance imaging; ICA:
internal carotid artery; MI: Branch of M| Segment of middle cerebral artery; M2: Branch of M| Segment of middle cerebral artery; TOAST: Trial of

ORG 10172 in Acute Stroke Treatment; ACA, anterior cerebral artery.

time was substantially longer in the late-window group
compared to the early-window group (13.0 (10.3-15.6) vs.
3.92 (2.47-5.97) h, p<0.001). Similarly, the median door-
to-groin puncture time was significantly longer in the late-
window group (207 [160-279] vs. 138 [103—197] min,
p<<0.001), as was the median pre-treatment imaging-to-
groin puncture time (106.0 [81.0-148.0] vs. 77.0 [58.0—
124.0] min, p<<0.001) (Table 1).

The overall median onset-to-groin time was signifi-
cantly longer in the late compared to the early group (16.5
(13.6-19.2) vs. 6.72 (5.0-8.7) h, p<0.001).

Clinical outcomes

We observed no significant difference in 90-day ambula-
tion (mRS 0-3) between the late- and early-window groups,

both before and after adjusting for confounders (56.3% vs.
55.0%, adjusted odds ratio (aOR) = 0.71, 95% CI = 0.39—
1.28, p=0.257) (Figure 2). Similarly, we did not find a sig-
nificant difference in the odds of an ordinal shift in mRS
between late- and early-window patients (aOR = 1.21,
95% CI = 0.78-1.90, p=0.390) (Figure 2).

Safety outcome analysis

The safety outcomes, including symptomatic intracranial
hemorrhage (sICH), PH2, any hemorrhage are detailed in
Table 2. No statistically significant differences were observed
between the late and early groups for the following out-
comes: SICH (aOR = 1.12,95% CI = (0.32-3.50), p=0.847),
PH2 (aOR = 1.11 (0.38-2.96), p=0.840), and any hemor-
rhage (aOR = 0.70 (0.40-1.23), p=0.210) (Table 2).

International Journal of Stroke, 00(0)
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Figure 2. Grotta bar plot of mRS 0-3 in ASPECTS 3-5 post-EVT patients: |2- to 24-h vs. <I|2-h time window.

*aOR =1.21(0.78-1.90), p = 0.390
OR =0.96 (0.83-1.10), p = 0.559

Late window (12-24h)

n= 103 1

10

24

mRS 0-3= 56.3%

'aOR =0.71 (0.39-1.28), p = 0.257
OR = 1.05 (0.66-1.68), p = 0.823

14

mRS score 90d

Early window (<12h)

n= 240 s

mRS 0-3= 55.0%

33

[ Cochrane-Armitage trend test, p = 0.525 ]

0% 25%

50%
Patients, %

75% 100%

*Binomial model (MRS 0-3 vs. 4-6): adjusted for Age, Sex, Diabetes, Hypertension, AF, Pre-stroke mRS, NIHSS, ASPECTS, Occlusion site, Pre-

treatment imaging to groin time, and CT-MRI imaging.

*Proportional odds model: adjusted for Age, Sex, Diabetes, Hypertension, AF, Pre-stroke mRS, NIHSS, ASPECTS, Occlusion site, Pre-treatment

imaging to groin time, and CT-MRI imaging.

aOR: adjusted odds ratio; OR: odds ratio; mRS: modified Rankin score; ASPECTS: Alberta Stroke Program Early CT Score; EVT: endovascular

treatment.

Secondary outcomes

We did not observe any significant differences between
late- and early-window patients in successful reperfusion
rates (89.3% vs. 91.7%, aOR = 0.64, 95% CI = 0.27-1.55,
p=0.305) and 90-day mortality (6.8% vs. 17.9%, aOR =
0.67,95% CI = 0.24-1.72, p=0.422). Similarly, secondary
outcomes showed a similar proportion of patients achieving
mRS 0-2 at 90days (33.0% vs. 33.8%, aOR = 0.67, 95%
CI = 0.35-1.24, p=0.209) and END (7.77% vs. 16.7%,
aOR 0.50, 95% CI = 0.19-1.16, p=0.121) (Table 2).

Heterogeneity of treatment effect across
subgroups

There was no heterogeneity in the effects of the late or early
window on ambulation (mRS 0-3) at 90days across the pre-
specified subgroups—age, ASPECTS (4-5 vs. 3), imaging
modality (CT or MRI), and collateral status (good vs. bad)
(Figure 3). Similarly, there was no difference in the rates of
sICH and PH2 between the late and early windows (Figure 3).

Subgroup analyses

The study showed a high rate of mRS 0-3 in both the late
and early windows (Supplemental Figure S1). The rate of

mRS 0-3 was consistent across the four stroke centers
without statistical difference (p=0.762) (Supplemental
Figure S1). In addition, we observed a clear age-dependent
decline in functional outcomes. Functional ambulation
decreased from 77.2% in patients aged <55 years (61/79)
to 28.6% in those aged >75years (12/42) (p<<0.001),
while the rate of very severe disability (mRS 5-6) increased
from 13.9% to 61.9% (p<<0.001) (Figure 4). Our study
included 45.6% (152/333) of patients with good collateral
status, revealing a significant association between collat-
eral status and mRS scores, with a shift toward lower mRS
scores in the good collateral group (p=0.001) (Figure 5).
There was also a trend toward lower mRS scores in patients
with ASPECTS 4-5 compared to those with ASPECTS 3,
although the difference was not statistically significant
(p=0.052) (Supplemental Figure S2).

Discussion

Our study observed that in patients with anterior circulation
LVO and an ASPECTS of 3-5, late-window EVT (12-24 h)
was associated with similar rates of independent ambula-
tion (mRS 0-3) at 90days and no increase in sICH com-
pared to the early-window group (<12h), with consistent
results across subgroups.

International Journal of Stroke, 00(0)
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Table 2. Multivariable regression analysis of late versus early window and clinical outcomes.

12-24h
(n=103)

<12h
(n=240)

Unadjusted analysis

Adjusted analysis*

OR (95% Cl) aOR (95% Cl)

Efficacy outcomes

mTICI 2b-3, n (%) 312(91.0) 92 (89.3)

220 (91.7)

076 (0.35-1.71) 0487  0.64(0.27-1.55)  0.305

SICH, n (%) 24 (7.0)

5 (4.85)

Any hemorrhage, n (%) 237 (69.1) 64 (62.1)

19 (7.9)

173 (72.1)

061 (0.19-157) 0308  1.12(0.32-350)  0.847

0.64 (0.39-1.04) 0.068  0.70 (0.40-1.23) 0.210

Mortality at 90d, n (%) 50 (146)  7(68)

43 (17.9)

0.34 (0.13-0.74)  0.007  0.67 (0.24-1.72)  0.422

*Adjusted for Age, Sex, Diabetes, Hypertension, AF, Pre-stroke mRS, NIHSS, ASPECTS, Occlusion site, Pre-treatment imaging to groin time, and

CT-MRI imaging.

mRS: modified Rankin score; aOR: adjusted odds ratio; mTICl: modified treatment in cerebral infarction; sICH: symptomatic intracranial
hemorrhage; PH2: parenchymal hemorrhage type 2; END: early neurological deterioration.

Figure 3. Forest plots for the late-window endovascular treatment adjusted effect for mRS 0-3 at 90 days across pre-specified

subgroups.

Subgroup AllLn  mRS 0-3 in Late window, n (%) mRS 0-3 in Early window, n (%) aOR (95% CI) Pvalue Interaction P value
Age groups :
=55 88 21(80.8) 47 (758) . 146(02810036) 0665 | Ref
5670 174 30(536) 62(525) o — 072(03210159) 0423 }0.960
=70 81 7(333) 23(383) e 028(00510138) 0136 | 0448
ASPECTS '
ASPECTS45 250  46(568) 105 (59.0) ——— 056(02810111) 0099 ]-o.z?z
ASPECTS 3 84 12 (54.6) 27 (436) ; 126(03010553) 0748
CT and MRI imaging
MRI a2 33 (62.3) 21(539) == 079(02410239) 0676 }0_385
cr 251 25(50.0) 111(55.2) e 052(02410111) 0092
Collateral status |
Good 152 29(84.4) 66 (617) — 084(03210225) 0728 ]-c.aos
Bad 181 26(482) 63 (49.6) —— 049(02010118) 0120
Others 306 55(57.9) 124 (58.8) - 065(03510121) 0175 ]_u_tgz
SICH or PH2 a7 3(375) 8(276) — : : - 213(00410313.92) 0725

01 05 1 2 3 4

Favors 0-12h Favors 12.24h

The adjusted odds ratio was calculated by using binary logistic regression of the following variables into account: Age, Sex, Diabetes, Hypertension,
AF, Pre-stroke mRS, NIHSS, ASPECTS, Occlusion site, Pre-treatment imaging to groin time, and CT-MRI imaging.

aOR: adjusted odds ratio; ASPECTS: Alberta Stroke Program Early CT Score; CT: computed tomography; MRI: magnetic resonance imaging; sICH:
symptomatic intracranial hemorrhage; PH2: parenchymal hemorrhage type 2.

These findings partially align with data from the STAR
collaboration, which demonstrated comparable outcomes
between <6h and 6-24h EVT groups with ASPECTS
2-5.2* Similar to Elawady et al., our study found a non-
significant trend toward higher sSICH and END in the early-
window group, possibly due to poor collateral circulation
and rapid infarct progression in these patients, who might
be excluded in the late window as the ischemic core
enlarges over time.?*?7 Our study, however, focuses upon
EVT between 12 and 24 h in large-core patients, a group

underrepresented in randomized controlled trials (RCTs).2
An ANGEL-ASPECT substudy supports EVT efficacy up
to 13 h and 22min,”® consistent with our 12- to 24-h
findings.

The study demonstrated a high functional ambulation
rate (mRS 0-3) with consistent findings across four stroke
centers (Supplemental Figure S1), driven by favorable
clinical factors. First, the cohort had a younger median
age (64.0years), lower than in major trials, and younger
age was significantly associated with better outcomes

International Journal of Stroke, 00(0)
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Figure 4. Age-based subgroup analysis of functional outcomes in patients with ASPECTS 3-5 after endovascular treatment,

assessing association with good (mRS 0-3) and poor (mRS 5-6) outcomes.
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The Cochran—Armitage trend test was used to test for trend in proportion.
mRS: modified Rankin score; ASPECTS: Alberta Stroke Program Early CT Score.

Figure 5. Grotta bar plot of mRS in ASPECTS 3-5 post-EVT patients: good vs. poor collaterals.

mRs[Jo[O1[D2@E:M4+MsMe

“aOR = 0.79 (0.69-0.90), p = 0.001
OR =0.61(0.40-0.92), p=0.019

Good collateral
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*Proportional odds model: adjusted for Age, Sex, Diabetes, Hypertension, AF, Pre-stroke mRS, NIHSS, ASPECTS, Occlusion site, Pre-treatment

imaging to groin time, and CT-MRI imaging.

aOR: adjusted odds ratio; OR: odds ratio; ASPECTS: Alberta Stroke Program Early CT Score; EVT: endovascular treatment.

(p<<0.001) (Figure 4). Second, 45.6% of patients had good
collaterals, higher than in TENSION (36.3%),”! and
strongly associated with favorable mRS shift (p=0.001)
(Figure 5). Third, 75.2% had ASPECTS 4-5, indicating
smaller infarcts compared to 43.5% in the EVT arm of

ANGEL-ASPECT,® with a trend toward better outcomes
than ASPECTS 3 (p=0.052) (Supplemental Figure S2),
consistent with prior data.?> While ASPECTS scoring is
known for variability among stroke physicians, we
addressed this by having each imaging study assessed by
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two independent certified ASPECTS raters, with a senior
rater resolving any disagreements. In addition, when com-
paring early- and late-window groups, potential ASPECTS
scoring bias was likely similar between them. Furthermore,
our study achieved a high successful reperfusion rate
(91.0%), which likely contributed to good outcomes, sup-
ported by previous studies.?®?° Younger age may have
facilitated EVT, and our high-volume centers (>150 cases/
year) likely enhanced procedural success.*® Recent small-
core EVT studies in Asian populations have shown similar
trends.>!

The intravenous thrombolysis (IVT) rate in our study
was 23.9% (82/343), consistent with reported rates of 20.8—
39%.5832 Current guidelines lack a definitive threshold for
hypoattenuation severity to predict IVT response, except
for contraindications like intracranial hemorrhage, exten-
sive hypoattenuation, or frank hypodensity.’> Among IVT
recipients, 41.5% (34/82) with small ischemic cores
received IVT at primary stroke units before transfer to a
thrombectomy facility; repeat imaging at the stroke center
showed rapid core progression to large infarcts. IVT deci-
sions for others followed guideline-based physician discre-
tion. END and mortality were lower in the late window
(7.77% vs. 16.7%, p=0.029; 6.8% vs. 17.9%, p=0.007),
but differences were non-significant after confounder
adjustment (Table 2). A higher rate of perfusion or brain
MRI use in the late-window group may have introduced
selection bias by excluding patients with a poor prognosis
from EVT.* Subgroup analyses from ANGEL-ASPECT
and SELECT 2 trials showed no interaction between EVT
effect and imaging mismatch.>>3 At our centers, patients
were selected for EVT using the DEFUSE-3 criteria,
excluding those without sufficient mismatch (mismatch
volume >15mL, ratio >1.8), which may have contributed
to the lower rates of deterioration and mortality observed in
the late window. To ensure consistency, ASPECTS was
scored using diffusion-weighted imaging in patients who
underwent perfusion MRI. Although prior studies suggest
DWI-ASPECTS outperforms NCCT-ASPECTS,? we
found no outcome differences between these modalities
(Figure 3).

Our findings support extending endovascular therapy
(EVT) to the 12- to 24-h window for large-core ischemic
stroke (ASPECTS 3-5) in developing countries like Vietnam,
where younger patients and delayed presentations are preva-
lent.!"'237 Despite limited guideline support beyond 12h in
developing regions,*® and inconclusive evidence from trials
such as RESCUE-Japan LIMIT (n=12), ANGEL-ASPECT
(n=56), SELECT 2 (n=70), and TESLA (n=68), our data
demonstrate comparable outcomes to the <12-h window, con-
firming safety in resource-limited settings. Strategies such as
direct-to-angiography transfer, as demonstrated in the ANGIO-
CAT trial, could improve reperfusion and outcomes by
minimizing delays. Further RCTs and meta-analyses, uti-
lizing minimal imaging protocols and exploring adjunctive

therapies,*’ are needed to optimize 12- to 24-h EVT strategies
and enhance patient outcomes.

Our study has several limitations. First, it relies on an
indirect comparison, inferring the safety and efficacy of
thrombectomy in the 12- to 24-h window by comparing it
with <12-h treatment, without a direct comparison to best
medical therapy. Second, the small sample size (n=343)
from major stroke centers restricts applicability to diverse
populations in developing and developed countries. Third,
the absence of a standardized imaging protocol for late-
window patients limits the generalizability of our findings.
Fourth, the non-randomized observational design inher-
ently introduces selection bias. Fifth, more frequent use of
advanced imaging (MRI or perfusion MRI) in the late
window may introduce selection bias by favoring EVT
for patients with better prognoses. Sixth, ASPECTS scor-
ing poses challenges, including inter-rater variability.*!
Seventh, quantifying early ischemic changes in ASPECTS
regions is complex. Eighth, the clinical impact of ASPECTS
regions varies by eloquence.*? Ninth, diagnostic and treat-
ment delays may reduce relevance to settings with estab-
lished stroke care systems. Tenth, exclusion of very large
infarct cores may skew results. Eleventh, we did not evalu-
ate brain edema or malignant edema, which could affect
outcomes. In addition, we did not re-assess recanalization
status at 24-36h, so we cannot exclude the possibility of
re-occlusion in high-risk intracranial atherosclerotic dis-
ease cases, despite the high rate of successful reperfusion
observed on the final angiogram.*

Conclusion

Our study suggests that EVT can be performed safely and
without statistically significant differences in clinical out-
comes in patients with LVO and large ischemic cores within
the late (12-24 h) and early (<12 h) time windows from
symptom onset, potentially expanding the indication strat-
egy for the late window, particularly in resource-limited
settings.
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