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Abstract
Introduction: Recent trials have demonstrated the re-
markable benefit of endovascular treatment (EVT) up to
24 h in patients with large vessel occlusion (LVO) and
target mismatch profiles; however, benefits of late-
window EVT in Vietnamese population remain poorly
understood. This study aims to evaluate the real-world
outcomes of EVT in acute ischemic stroke (AIS) patients
selected using perfusion imaging within the 6–24-h
window. Methods: This is a prospective study of con-
secutive patients with anterior circulation LVO stroke who
underwent EVT within 6–24 h after last known well be-

tween August 2022 and March 2024. Patients were se-
lected based on the DAWN/DEFUSE-3 criteria (Perfusion-
RAPID, iSchemaView). The primary outcome was the
proportion of patients with functional independence at
90 days (modified Rankin Scale score of 0–2). The sec-
ondary outcomes were successful reperfusion defined by
thrombolysis in cerebral infarction (TICI) ≥2b on the final
procedure and subgroup analysis between good (hypo-
perfusion intensity ratio [HIR] <0.4) and poor collaterals
(HIR ≥0.4) groups. Safety outcomes were mortality rate
and symptomatic intracranial hemorrhage (sICH). Results:
Of 122 enrolled patients, 68% met inclusion criteria of
DEFUSE-3 trial, 61%met DAWN trial criteria. Mean age was
66 years, median baseline NIHSS was 13, median time
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from stroke onset to hospital arrival was 12.55 h
(9.50–16.48), and median infarct volume was 11.5 mL. The
rate of functional independence at 90 days was 45.9%.
Successful reperfusion (TICI score of ≥2b) was achieved by
83.6% of cases. The 90-day mortality rate was 10.7%; sICH
was reported in 8 patients (6.6%). Patients with good
collaterals had better functional outcome. Conclusions:
This real-world observational study suggests that late-
window EVT may be safe and effective in eligible Viet-
namese patients selected based on perfusion imaging,
thus supporting its practical use in this patient population.
HIR is a robust indicator of collateral status and could
made it a valuable addition to stroke imaging workup in
clinical setting. © 2024 The Author(s).

Published by S. Karger AG, Basel

Plain Language Summary
Recent trials have demonstrated the benefit of endo-
vascular treatment (EVT) up to 24 h in patients with large
vessel occlusion (LVO) and target mismatch profiles;
however, benefits of late-window EVT in Vietnamese
population remain poorly understood. This study aimed
to evaluate the real-world outcomes of EVT in acute is-
chemic stroke (AIS) patients selected using perfusion
imaging within the 6–24-h window. This is a prospective
study of 122 consecutive patients with anterior circulation
LVO stroke who underwent EVT within 6–24 h after last
known well between August 2022 and March 2024. Pa-
tients were selected based on the DAWN/DEFUSE-3 cri-
teria (Perfusion-RAPID). The primary outcome was the
proportion of patients with functional independence at
90 days (modified Rankin Scale score of 0–2). The sec-
ondary outcomes were successful reperfusion defined by
thrombolysis in cerebral infarction (TICI) ≥2b and sub-
group analysis between good (hypoperfusion intensity
ratio (HIR) <0.4) and poor collaterals (HIR ≥0.4) groups.
Safety outcomes were mortality rate and symptomatic
intracranial hemorrhage (sICH). The rate of functional
independence at 90 days was 45.9%. Successful re-
perfusion was achieved by 83.6% of cases. The mortality
rate was 10.7%; sICH rate was 6.6%. Patients with good
collaterals had better functional outcome. This real-world
observational study suggests that late-window EVT may
be safe and effective in eligible Vietnamese patients se-
lected based on perfusion imaging. Hypoperfusion in-
tensity ratio is a robust indicator of collateral status and
could made it a valuable addition to stroke imaging
workup in clinical setting. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Large vessel occlusion (LVO) is the major cause of
acute ischemic stroke (AIS), accounts for up to 30–38%,
and significantly impacts disability and mortality [1, 2].
In 2015, five landmarks randomized controlled clinical
trials had proven the benefits and safety of endovascular
treatment (EVT) in acute anterior circulation stroke
presenting within 6 h after last known well (LKW) [3].
Time is the most crucial factor for selecting patients in the
conventional window, with the neurologic improvement
highly dependent on time [4]. Recently, the DAWN (the
DWI or CTP Assessment with Clinical Mismatch in the
Triage of Wake-Up and Late Presenting Strokes Un-
dergoing Neurointervention with Trevo) and DEFUSE-3
(the Endovascular Therapy Following Imaging Evalua-
tion for Ischemic Stroke) clinical trials, using RAPID-
perfusion imaging protocols, had proven the benefits of
EVT in selected patients presenting in the 6–24 h after
stroke onset with a relatively small infarct core and a large
ischemic penumbra [5, 6]. Outcomes of patients pre-
senting within 6–24 h are highly dependent on the rate of
infarct growth and the extent of the ischemic core and
penumbra. In fact, the DAWN and DEFUSE-3 trials
effectively identified patients with slow infarct growth
progression in the late time window who were still eligible
to benefit from EVT [5, 6]. Therefore, the current rec-
ommendation for stroke treatment supports the “tissue-
clock” concept instead of the “time-clock” approach for
patients in the late window [7]. Several factors affect the
progression of ischemic core, among which collateral
status has been shown to be an important predictor of
infarct growth [8], the risk of hemorrhagic transforma-
tion, and clinical outcomes for patients with AIS due to
LVO [9, 10]. Perfusion imaging provides noninvasive
quantification, enabling the estimation of the infarct core
and identification of salvageable tissue. Hypoperfusion
intensity ratio (HIR) is derived from perfusion imaging
and is defined as the ratio of tissue with a time to
maximum (Tmax) >10 s and Tmax >6 s. Recent studies
suggest that the HIR is associated with collateral status,
infarct growth, and functional outcomes after EVT in
patients with anterior circulation LVO [11].

In Vietnam, the EVT treatment time window has been
extended up to 24 h after stroke onset in eligible patients
selected based on perfusion imaging; however, there is
still a lack of data on the safety and effectiveness of late-
window EVT reperfusion in this population. Moreover,
differences in epidemiology, ethnicity, clinical charac-
teristics, and cerebral vasculature of the Vietnamese
population compared to those in previous studies may
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pose challenges for thrombectomy and affect its clinical
outcomes. Therefore, our study aimed to evaluate the
real-world outcomes of EVT treatment in AIS patients
with anterior LVO selected using RAPID-perfusion
imaging within the 6–24-h window at the Tertiary
Stroke Hospital in Ho Chi Minh City, Vietnam.

Methods

Study Design and Patient Enrollment
We conducted a prospective, observational single-center

study of EVT patients who were treated 6–24 h after onset
or LKW between August 2022 and March 2024 at the
Department of Cerebrovascular Diseases at People’s
Hospital 115 in Ho Chi Minh City. The following in-
clusion criteria were applied, which are consistent with
routine treatment criteria for EVT in the late window:
(1) an interval between stroke onset and groin puncture
of 6–24 h; (2) age ≥18 years; (3) pre-stroke mRS score
of 0–2; (4) had CTA (computed tomographic angiog-
raphy)/magnetic resonance angiography evidence of
an LVO (occlusion of internal carotid artery, M1 or
proximal M2 segments of middle cerebral artery [MCA],
or tandem); (5) met DAWN or DEFUSE-3 criteria.
Patients with intracranial hemorrhage (ICH) on CT/
magnetic resonance imaging (MRI) or those who re-
fused to participate in this study were excluded. Per-
fusion imaging, including computed tomography per-
fusion (CTP) or magnetic resonance perfusion, was used
to select patients presenting in the late window, fol-
lowing the current American Heart Association (AHA)
guidelines, which recommend EVT for patients who
meet the inclusion criteria of the DAWN or DEFUSE-3
trials [12]. The RAPID AI (iSchemaView, Menlo Park,
CA, USA) software was used to measure the infarct
volume and penumbral regions. The HIR, defined as the
ratio of the volume of tissue with a time to maximum
(Tmax) of >10 s divided by the volume of tissue with a
Tmax of >6 s, can be quantitatively derived from MR
perfusion datasets. Good collaterals were defined as
HIR <0.4, and poor collaterals were defined as HIR ≥0.4
[11]. EVT was performed using stent retriever or aspi-
ration device. The decision for EVT was made by a
treating physician according to the hospital protocol. The
primary outcome was the proportion of patients with
functional independence at 90 days, defined as a modified
Rankin Scale (mRS) score of 0–2. Secondary outcome
included rates of successful reperfusion (TICI score ≥2b)
on the final procedure and subgroup analysis between
good and poor collateral groups. Safety outcomes were

defined as ICH according to the safe implementation of
thrombolysis in stroke-monitoring study (SITS-MOST)
criteria [13] and the mortality rate. Any hemorrhage was
defined as the presence of any ICH including intracere-
bral, subarachnoid, subdural, epidural, or intraventricular
hemorrhage on the 24-h follow-up CT/MRI. The follow-
up assessment with mRS at 90 days was evaluated via
telephone or during outpatient visits. The study was
approved by the People’s Hospital 115 Research Ethics
Committee and followed the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Statistical Analysis
Continuous variables were reported as median ±

interquartile range (IQR). Categorical variables were
reported as proportions. We also analyzed and compared
the baseline characteristics before EVT, including age,
sex, NIHSS score at admission, type of onset, history of
atrial fibrillation, hypertension, diabetes, artery occlusion
site, infarct core; treatment data; and functional outcomes
between good collaterals (HIR <0.4) and poor collaterals
(HIR ≥0.4) groups using descriptive statistics, including
the χ2 test, Fisher’s exact test (for categorical variables),
and Mann-Whitney U test or t test (for continuous
variables) where appropriate. Data were analyzed using R
(version 4.0.3 R Core Team [2020]), with a p value of 0.05
considered statistically significant.

Results

Study Population
Between August 2022 and March 2024, of the 149

patients screened in People’s Hospital 115, a total of 122
patients were included in this study. Flowchart of study
selection was shown in Figure 1. Eighty-three patients
(68%) met inclusion criteria of DEFUSE-3 trial, and 74
patients (61%) met DAWN trial criteria. Baseline char-
acteristics of patients are summarized in Table 1. The
median age was 66 (IQR: 59–76) years, 68.9% were males,
and median (IQR) baseline NIHSS was 13 (9.0–17.0). The
rate of witness onset in our study is 54.9%. LVO was
found in 43 (35.2%) patients in the intracranial internal
carotid artery, 60 (49.2%) in theMCA-M1, 6 (4.9%) in the
MCA-M2, and 13 (10.7%) in tandem. The median infarct
volume was 11.5mL.More than two-thirds of the patients
had good collaterals (77.0%). The median of stroke onset
to perfusion imaging and onset to groin puncture time
was 15.95 h (IQR: 11.35–19.15) and 16.63 h (IQR:
13.25–21.30), respectively. On MR perfusion parameter
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maps, the median lesion volume of the ischemic core,
hypoperfusion volume defined by Tmax >6 and
Tmax >10 s was 11.5 mL (IQR: 4–26), 113 mL (IQR:
79–156), and 28 mL (IQR: 10–63), respectively. The
median HIR was 0.3 (IQR: 0.1–0.4).

Clinical Outcomes
Of the 122 included patients, 56 (45.9%) were func-

tionally independent at 90 days, while 30 (24.5%) had
moderate to severe disability (mRS 4–5). The rate of
successful reperfusion (TICI score ≥2b) on the final
procedure was 83.6% of cases.

Mortality at 90 days was 10.7% of patients. Of these,
84.6% (11 of 13 patients) had an NIHSS score of 10 and
above, and more than half (7 of 13 patients) had an
NIHSS score above 15. Symptomatic ICHs were reported
in 8 patients (6.6%). No thrombectomy-related compli-
cations were observed in our study (Table 2).

Subgroup Analyses: Comparison between Good
Collateral and Poor Collateral Groups
We performed a subgroup analysis of EVT patients,

who were separated into good (HIR <0.4) and poor
collateral (HIR ≥0.4) groups based on evaluation of
perfusion datasets. Representative cases were shown in
Figure 2. There were no significant differences between
the two groups regarding sex, medical comorbidities,
vessel occlusion site, time intervals (Table 1). The age was
significantly lower in patients with good (median age 65;
IQR: 56–72) compared with poor (median age 71; IQR:

61–82; p = 0.02) collaterals. The median NIHSS at ad-
mission was lower in those with good collaterals (12; IQR:
8–14) versus poor collaterals (17; IQR: 14–21; p < 0.05).
The median ASPECTS was 7 (IQR: 6–8) for all patients,
with a higher baseline ASPECTS seen in patients with
good collaterals (p < 0.05). There were significant dif-
ferences in the distribution of TOAST classifications
between the two groups in which there was higher
prevalence of large artery atherosclerosis in good col-
lateral group, while poor collateral group had a higher
prevalence of cardioembolism.

Ischemic core volume was lower in the good and poor
collateral groups (8.0 mL [IQR: 3–17] vs. 26 mL [IQR:
14–45], respectively; p < 0.05). Patients with good col-
laterals had statistically smaller mismatch volumes,
smaller Tmax >6 s and Tmax >10 s (Table 3). Clinical
outcomes differed significantly between patients with
HIR <0.4 and those with HIR ≥0.4, particularly in the rate
of functional independence at 90 days, which was 53.1%
in HIR <0.4 group compared to 31.7% in the HIR ≥0.4
group (p = 0.04). The result was shown in Figure 3.

Discussion

According to current guidelines, EVT is strongly
recommended for patients fulfilling the DAWN or DE-
FUSE-3 criteria within 24 h of stroke onset. This study
provides a comprehensive analysis of EVT outcomes in
AIS patients with anterior LVO within the 6–24-h

149 p

6-24 hour

Good collaterals

81

Bad collaterals

41

- 6 onset-to-groin ≤ 6 hours

- 3 onset-to-groin ≥ 24 hours

- 7 Basilar occlusion

- 5 loss of follow up

- 2 with pre-mRS ≥ 3

- 4 fail Perfusion-RAPID

Fig. 1. Study flowchart.
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window in a Vietnamese population, focusing on the
impact of collateral circulation measured by the HIR. Our
findings highlight the role of collateral circulation in
determining stroke severity and patient outcomes fol-
lowing EVT in late window.

Our study demonstrated that 45.9% of patients achieved
functional independence at 90 days. These outcomes were
consistent with results from the DAWN trial (49%) and
DEFUSE-3 trial (45.1%), which highlighted the benefits of
EVT in carefully selected patients presenting beyond the

conventional 6-h window. Regarding safety outcomes, the
proportion of patients with sICH (6.6%) in our study was
similar to the proportions of patients with sICH in the
endovascular groups of the DAWN trial (6%) and DE-
FUSE-3 trial (7%). In contrast, mortality rate at 3 months
in our study (10.7%) was lower compared to that in the
endovascular groups of the DAWN trial (19%) and DE-
FUSE-3 trial (14%). Difference in mortality might be at-
tributed to factors such as lower baseline age (66 vs. 69.4
[EVT arm in DAWN] and 70 [EVT arm in DEFUSE-3]),

Table 1. Baseline characteristics for all patients

Patients and characteristics, n All (n = 122) Good collaterals
(HIR <0.4), n = 81

Poor collaterals
(HIR ≥0.4), n = 41

p value

Age, median (IQR), years 66 (59–76) 65 (56–72) 71 (61–82) 0.02

Male sex, n (%) 84 (68.9) 56 (69.1) 28 (68.3) 1.0

Medical history, n (%)
Hypertension 116 (95.1) 77 (95.1) 39 (95.1) 1.0
Diabetes mellitus 30 (24.6) 18 (22.2) 39 (95.1) 0.53
Atrial fibrillation 22 (18.2) 11 (13.8) 11 (26.8) 0.13

Type of onset, n (%)
Witnessed onset 67 (54.9) 47 (58) 20 (48.8) 0.44
Unwitnessed onset 55 (45.1) 34 (42) 21 (51.2)

NIHSS score (IQR) 13 (9–17) 12 (8–14) 17 (14–21) 0.00

ASPECTS, median (IQR) 7 (6–8) 7 (6–8) 6 (6–7) 0.00

Occlusion site, n (%)
ICA 43 (35.2) 29 (35.8) 14 (34.1) 0.08
MCA 66 (54.1) 42 (51.9) 18 (43.9) 0.9
Tandem 13 (10.7) 9 (11.1) 4 (9.8) 1.0

IV tPA given, n (%) 6 (4.9) 2 (2.5) 4 (9.8) 0.19

TOAST, n (%)
Cardioembolism 24 (19.7) 10 (12.3) 14 (34.1) 0.00
Large artery atherosclerosis 96 (78.7) 69 (85.2) 27 (65.9) 0.03
Other and undetermined 2 (1.6) 2 (2.5) 0 (0) 0.8

Time metrics (median) (IQR), h
Onset to arrival 12.55 (9.50–16.48) 13.68 (9.50–16.48) 11.53 (9.80–15.15) 0.47
Door-to-perfusion imaging 2.02 (1.37–3.02) 2.03 (1.37–3.02) 2.00 (1.40–3.02) 0.67
Perfusion imaging to groin 1.48 (1.05–2.2) 1.45 (1.05–2.18) 1.58 (1.22–2.07) 0.87
Door to groin 3.67 (2.72–5.1) 3.63 (2.73–5.15) 3.70 (2.68–4.80) 0.69
Groin to revascularization 1.00 (0.70– 1.28) 0.93 (0.65–1.23) 1.02 (0.78–1.38) 0.31
Onset-to-perfusion imaging 15.95 (11.35–19.15) 16.38 (11.55–19.28) 13.72 (11.10–18.75) 0.34
Onset to groin 16.63 (13.25–21.30) 17.68 (13.27–21.55) 15.55 (13.25–20.35) 0.36
Onset to revascularization 17.47 (14.38–21.92) 18.02 (14.38–22.33) 17.22 (14.58–21.18) 0.49

Endovascular devices
Stentriever 63 42 (51.9) 21 (51.2) 0.947
Aspiration alone 12 9 (11.1) 3 (7.3) 0.509
Aspiration plus stentriever 28 14 (17.3) 14 (34.2) 0.04

NIHSS, National Institutes of Health Stroke Scale; IQR, interquartile range; ASPECTS, Alberta Stroke Program Early CT Score; ICA,
internal carotid artery; tPA, tissue plasminogen activator; TOAST, Trial of ORG 10172 in acute stroke treatment.
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Table 2. Primary and secondary outcomes between the good collaterals and poor collaterals

Patients and characteristics, n All (n = 122) Good collaterals
(HIR <0.4), n = 81

Poor collaterals
(HIR ≥0.4), n = 41

p value

Efficacy outcome, n (%)
mRS 0–2 at 90 days 56 (45.9) 43 (53.1) 13 (31.7) 0.04
TICI ≥2b 102 (83.6) 66 (64.7) 36 (35.3) 0.53

Safety outcomes, n (%)
Symptomatic ICHa 8 (6.6) 3 (3.7) 5 (12.2) 0.16
Any hemorrhageb 41 (33.6) 26 (32.1) 24 (58.5) 0.01
Mortality 13 (10.7) 8 (9.9) 5 (12.2) 0.94

TICI, thrombolysis in cerebral infarction; ICH, intracranial hemorrhage. aSymptomatic ICH was defined according to the safe
implementation of thrombolysis in stroke-monitoring study (SITS-MOST) criteria as any parenchymal hemorrhage type 2 (PH-2)
with a 4-point or more increase in NIHSS. bAny hemorrhage was defined as the presence of any ICH including intracerebral,
subarachnoid, subdural, epidural, or intraventricular hemorrhage on the 24-h follow-up CT/MRI.

a

b

Fig. 2. a Patient with favorable outcome (stroke onset to groin
puncture time, 18.15 h; 90-day mRS score, 1). (i) Right MCA-
M1 segment occlusion is observed on MRA image. (ii, iii) MRP
parameter maps before thrombectomy indicate the ischemic
core (ADC <620 and hypoperfusion volume [Tmax >6 s] of this
patient are 8 and 63 mL, respectively). A small HIR (0.2) (good
collaterals) was found. b Patient with unfavorable outcome

(stroke onset to groin puncture time, 16.58 h; 90 day mRS
score, 4). (i) Left MCA-M1 segment occlusion is shown on
MRA image. (ii, iii) MRP parameter maps before throm-
bectomy indicate the ischemic core (ADC <620 and hypo-
perfusion volume [Tmax >6 s] of this patient are 62 and 169
mL, respectively). A large HIR (0.6) (bad collaterals) was
found.
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NIHSS score (13 vs. 16 [DAWN] and 17 [DEFUSE-3]).
Access to MRI or CTP is not always available at many
stroke centers globally. There are very little data on
thrombectomy interventions using advanced imaging in
Asian countries, especially in Southeast Asia. Katano et al.
[14] investigate the efficacy and safety of mechanical
thrombectomy for AIS patients selected through perfusion
imaging when performed more than 16 h after the LKW.

The results from this study are similar to those in our
study. In the group of patients who underwent inter-
vention within the 6–24-h window, the rate of favorable
outcome (mRS 0–2) was 44.3%, while the rates of sICH
andmortality were 6.25% and 9.9%, respectively. However,
compared to PROSPR-SEA [15], a registry-based study
conducted in Southeast Asian countries (Vietnam, Thai-
land, Singapore) that included EVT patients treated within

Table 3. HIR, core and perfusion volumes (technique: MRI)

Patients and characteristics, n All (n = 122) Good collaterals
(HIR <0.4), n = 81

Poor collaterals
(HIR ≥0.4), n = 41

p value

Core and penumbra
Core volume, mL 11.5 (4–26) 8 (3–17) 26 (14–45) 0.00
Mismatch volume, mL 94.5 (57–137) 87 (53–128) 110 (77–176) 0.01
Penumbra Tmax >6 volume, mL 113 (79–156) 94 (65–139) 140 (115–194) 0.00
Penumbra Tmax >10 volume, mL 28 (10–63) 14 (4.0–30) 74 (51–105) 0.00
Mismatch ratio 8.6 (3.5–28.8) 11.8 (4.9–49.3) 4.2 (3.0–10.8) 0.00

Data are given as n (%) and median (IQR). MRI, magnetic resonance imaging; Tmax, time to maximum.

Fig. 3. Score on the modified Rankin Scale at 90 days. Shown is the distribution of scores for disability on the
modified Rankin scale (which ranges from 0 to 6, with higher scores indicating more severe disability) among
patients in the bad collaterals group and the good collateral group. There was significant difference between
groups (p = 0.04).
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8 h of LKW, the rate of functional independence in
PROSPR-SEA was higher (62.2%) and the mortality rate
lower (7.8%) than in our study. The shorter treatment
window and earlier intervention in PROSPR-SEA likely
contributed to better outcomes. As a developing country,
Vietnam struggles with the lack of resources, personnel,
and apparatus, as well as a heavy workload, which cause
prehospital and inhospital delays. As a result, our study
had a longer median time from stroke onset to perfusion
imaging (15.95 h) compared to the DEFUSE-3 trial (10.48
h). Despite this delay, patients in our study showed a small
core (11.5 mL) and 77% of patients had favorable collateral
circulation (HIR <0.4), resulting in slow progression and
minimal harm caused by the delay.

Our subgroup analysis based on HIR <0.4 (good col-
laterals) and HIR ≥0.4 (poor collaterals) revealed critical
differences. Patients with good collaterals were younger and
presented with lower NIHSS scores at admission compared
to those with poor collaterals. The lower ischemic core
volumes, smaller mismatch volumes, lower Tmax >6
and >10 s, and higher ASPECT scores in the good collateral
group suggest that robust collateral circulation helps pre-
serve brain tissue, leading to better clinical outcomes.
Functional independence at 90 days was significantly higher
in patients with good collaterals (53.1%) compared to those
with poor collaterals (31.7%), indicating that collateral
status is a crucial determinant of long-term recovery. In
addition, the good collateral group had a significantly higher
prevalence of large artery atherosclerosis, whereas the poor
collateral group had a higher prevalence of cardioembolism.
AIS patients with underlying cardioembolism etiology are
less likely to benefit from good collateral supply. This is
consistent with findings by Rebello et al. [16], which in-
dicate that AIS patients with cardioembolism do not typ-
ically present with favorable collateral status.

The quality of collateral blood supply to the affected
hemisphere in LVO AIS is a significant predictor of
infarct size and growth, functional outcome [17, 18], the
rate of hemorrhagic transformation [9, 19, 20] and then
has an impact on the clinical decision. Collateral as-
sessment on digital subtraction angiography was con-
sidered the gold-standard method for evaluating the
cerebral arteries, yet this assessment could be only derived
during EVT, which limits its application on LVO AIS
decision-making. Currently, imaging triage of collateral
status is most commonly performed using CTA. Nev-
ertheless, in our comprehensive stroke center, MRI and
MR perfusion was the method used mostly (more than
two-thirds of patients) in late-time window treatment for
both patients direct triaged at our center or transferred
from a primary stroke center. Time-of-flight magnetic

resonance angiography in the setting of an LVO AIS does
not allow evaluation of the distal vascular bed, preventing
collateral assessment. As a simply derived perfusion
parameter, HIR not only required experience from
physicians in assessing collateral status as on CTA but
also demonstrated a more detailed picture of collateral
blood flow. A low HIR has been reported as a reliable
marker of favorable collaterals [21] and was found to be
associated with stroke severity and infarct growth in
previous studies [11, 22, 23]. Moreover, RAPID AI
software platform that automates the derivation and
reporting of the HIR may provide valuable time savings
and rapidly transfer results via messaging platforms to the
entire stroke team, facilitating the decision-making
process. Because the HIR can be derived from MR
perfusion, centers that favor MR imaging for late-window
EVT triage may also benefit from the HIR as a measure of
collateral status.

Limitations
Our study has limitations. First, the study was con-

ducted at a single thrombectomy-capable stroke center,
which may lead to potential selection bias. Second, the
study is limited by its prospective observational design
and small sample size. However, our sample size was
larger than that of the EVT group in the DAWN and
DEFUSE-3 trials. Third, the only use of MR perfusion for
patient selection in late-window treatment delayed time
intervals and thus prolonged onset-to-revascularization
window, which could impact on clinical outcomes.
Fourth, the study involves an indirect comparison that
suggests the safety and efficacy of thrombectomy within
the 6–24-h window by comparing it to the EVT group
treated in that timeframe across other studies, without a
direct comparison to optimal medical treatment. This
interpretation should be approached with caution. Future
studies conducted at other stroke centers in Vietnam are
needed to strengthen the reliability of our findings in this
patient population.

Conclusion

The outcomes of extended window thrombectomy in
our study was comparable with the results of DEFUSE-3
and DAWN trial. This real-world observational study
suggests that late time-window EVT may be safe and
effective in eligible Vietnamese patients selected based on
perfusion imaging, thus supporting its practical use in
this patient population. As an automated and quantitative
tool, HIR is a robust indicator of collateral status and is
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easier to interpret than subjective CTA collateral scoring
methods. This could made it a valuable addition to stroke
imaging workup in clinical setting.
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