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Background: The outcome of patients undergoing endovascular thrombectomy
(EVT) for large vessel occlusion in a comprehensive stroke center (CSC) is
affected by the onset-to-treatment time. Whether the pathway to CSC arrival
(direct vs. interhospital transfer) is thus associated with EVT outcomes among
such patients is unknown.
Methods: Using the Taiwan Registry of Endovascular Thrombectomy for AIS
registry, patients ≥20 years of age and receiving EVT for AIS within 24 h of
onset between January 2019 and December 2022 were included. Patients were
categorized according to CSC arrival pathway into direct arrival and transfer
groups. The primary outcome was 3-month functional independence, defined
as a modified Rankin Scale (mRS) of 0–2.
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Results: Of the1830 patients included, 79% arrived at a CSC directly and 21%
via transfer. More patients in the direct arrival than the transfer group achieved
a 3-month mRS of 0–2. A significant interaction was found between onset-
to-puncture (OTP) time and arrival pathway for achieving 3-month mRS 0–2
(p interaction = 0.017). Arrival by transfer was associated with reduced odds of
achieving mRS 0–2 when OTP time was < 6 h (aOR, 0.55), but with increased
odds when OTP was ≥6 h (aOR, 1.95).
Conclusions: Direct arrival was associated with improved outcomes if OTP
< 6 h. Patients who arrive via transfer may still benefit substantially from EVT
during the later treatment window. Further study is warranted to examine the
predictors of favorable post-EVT outcomes within a 24-h window to facilitate
timely treatment.

KEYWORDS

direct transport, endovascular thrombectomy, functional outcome, inter-hospital
transfer, ischemic stroke, onset-to-puncture time

Introduction

Endovascular thrombectomy (EVT) is the guideline-
recommended standard-of-care for patients with acute ischemic
stroke (AIS) caused by large vessel occlusion (LVO) (1, 2). The
effectiveness of EVT for improving patients’ functional outcomes
is tightly linked to the time until treatment, with studies showing
that each hour of delay in receiving EVT decreases the probability
of achieving functional independence by 5.3% (3). For each hour
of delay in receiving thrombectomy after arrival at a EVT-capable
facility, an estimated 0.92 healthy life-years are lost (4). EVT
requires specialized infrastructure and medical expertise that
are often available only at comprehensive stroke centers (CSC),
which may be less accessible than local primary stroke centers
(PSC) that provide intravenous thrombolysis (IVT) alone. The
transport strategy for patients with suspected LVO requires careful
considerations and appropriate triage between healthcare services
to avoid overcrowding and misdistribution of medical resources,
delayed treatment decisions, and poorer recovery.

Previous observational studies and post-hoc analyses comparing
post-EVT clinical outcomes between LVO patients according to
transport strategy mostly supported direct transport to a CSC
for EVT to achieve better 3-month functional independence. A
meta-analysis of multiple studies found that patients admitted via
direct transport to a CSC for mechanical thrombectomy were 1.3
times more likely to achieve better functional outcomes than were
secondary-transfer patients, despite comparable recanalization
rates (5). Similarly, Romoli et al. reported that, compared
to patients who underwent IVT at a PSC before transfer to
a CSC (‘drip-and-ship’ approach), those who were directly
transported to a CSC (mothership approach) had better 3-month
functional independence. Additionally, delayed administration of
thrombolysis was associated with poorer functional outcomes.
Nevertheless, two multi-center randomized controlled trials
reported less conclusive findings. The RACECAT trial studied a
cohort of patients with suspected LVO stroke who were randomly
assigned to an EVT-capable CSC (482 patients) or a local PSC
(467 patients) for treatment (6). Despite significantly higher EVT
and lower IVT rates in those directly transported to a CSC,

no statistically significant differences in post-treatment outcomes
or mortality were observed at 90 days between the two types
of treatment centers (7). Comparably, the TRIAGE-STROKE
study reported a statistically non-significant increase in the odds
of functional improvement at 90 days for patients who were
transported to a CSC first among the 104 enrolled patients with AIS
(8). However, the small sample size could have resulted a power too
low to show a significant benefit in the direct-to-CSC approach (8).

Notably, the location and distribution of stroke centers,
population density, and healthcare structure vary significantly
across geographical regions. These factors could affect the efficiency
of triage and transport and whether or not AIS patients were
able to receive timely treatment (9, 10). These factors indicate the
need to conduct country- or region-specific studies regarding the
treatment center type and patients’ functional outcomes following
an AIS diagnosis. Studies from East Asia are more scarce than
those from Western countries. Few studies have been conducted
in Taiwan, where the population density is high and nearly
all residents are covered by National Health Insurance (11).
Previous studies highlight the importance of considering onset-
to-puncture (OTP) time, defined as the duration of time between
the onset of symptoms and the administration of corresponding
treatments, which is clearly delayed in transferred patients. Thus,
this study aims to examine the association between patient
functional outcomes and CSC arrival status, clinical factors other
than OTP time, and neuroimaging factors using data in the nation-
wide Taiwan Registry of Endovascular Thrombectomy for Acute
Ischemic Stroke (TREAT-AIS).

Methods

Study participants

We conducted retrospective analysis of data in the TREAT-AIS,
a nation-wide prospective, multicentered, observational registry
of Taiwanese residents (n = 1830). Details of the registry design
and included data have been published previously (12). Briefly,
this registry is a joint effort involving 10 medical centers and
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9 teaching hospitals started in January 2019, following approval
by the institutional review boards of all participating hospitals
(ClincalTrials.gov number: NCT05281055). Patients who met the
following criteria were included in the registry: (1) age ≥ 20 years
(the threshold was set according to the Civil Code in effect prior to
2023, which defined adulthood as beginning at 20 years; thus, cases
enrolled before 2023 followed this legal definition); (2) received
EVT for AIS caused by intracranial LVO within 24 h of stroke
onset; (3) presented with LVO confirmed by magnetic resonance
imaging angiography, computed tomography angiography, or
digital subtraction angiography; (4) had pre-stroke independence
defined by a modified Rankin Scale (mRS) score of 0–2; and (5)
consented to participate. For the purpose of this study, patients
who underwent EVT for AIS from January 2019 to December 2022
were included.

The study was conducted in accordance with the principles
and guidelines outlined in the Declaration of Helsinki. TREAT-
AIS received approval from the joint institutional review board
of all participating hospitals. This study was approved by the
Institutional Review Board of Landseed International Hospital
(LIHIRB-20-027B1). Informed consent was waived for this
observational cohort study by the Institutional Review Board of
Landseed International Hospital.

Data categorization and collection

All participating hospitals were EVT-capable CSCs. Patients
were categorized into two groups depending on their pathway
to arrival at the CSC: either (1) arriving directly at the CSC
(‘direct’ group) or (2) via transfer from a PSC (‘transfer’ group).
Eligibility for EVT was determined based on the recommendations
by the American Heart Association or the Taiwan Stroke Society
(1, 2). Participant demographics and clinical data were collected
at three workflow timepoints: symptom onset, pathway to CSC
arrival, and EVT initiation (‘puncture’). The following clinical data
were included in the analysis: pre-admission data, risk factors,
medication history, baseline stroke severity according to the
National Institutes of Health Stroke Scale (NIHSS), Alberta Stroke
Program Early CT Score (ASPECTS; in the transfer group, the score
was determined at the CSC based on imaging performed at the
PSC. New imaging and ASPECTS reassessment were conducted
upon CSC arrival only when there was a significant temporal delay
between the PSC scan and CSC arrival, or when patients exhibited
clear clinical deterioration during transfer), Glasgow Coma Scale
(GCS), pharmacological and/or mechanical treatments received
before EVT at the CSC or PSC, and medications given at the
time of discharge. The efficacy and safety outcomes of stroke-
related treatments were adjudicated by the principal investigators
at each site.

Treatment and safety outcomes

The primary treatment outcome was functional independence
(mRS range, 0–2) at 3 months post-EVT. The secondary outcomes
were as follows: (1) successful post-EVT recanalization (defined

as modified Thrombolysis in Cerebral Infarction [mTICI] grades
2b−3); (2) mRS at 3 months post-EVT; and (3) mortality. The
safety outcome was the incidence of symptomatic intracranial
hemorrhage (sICH), defined as type 2 parenchymal hemorrhage
with ≥4-point deterioration according to the NIHSS evaluated
within 36 h after baseline.

Statistical analysis

Continuous variables were analyzed using Student’s t-test.
Categorical variables were analyzed using the Chi-squared test or
Fisher exact test and are presented as frequencies and percentages.
Multivariate logistic regression analysis was performed to assess
EVT outcomes and clinical factors. The effect of OTP time on
outcomes according to the arrival pathway was examined. A p
interaction was derived from the interaction term (OTP × arrival
group) in adjusted models. A p-value < 0.05 was considered
statistically significant. All statistical analyses were performed using
the SAS software (version 9.4, SAS Institute, Cary, NC).

Results

Patient characteristics

Between January 2019 and December 2022, a total of 1830
patients registered in the TREAT-AIS received EVT for AIS in a
participating CSC. Of these patients, 1448 patients (79.1%) arrived
directly at the CSC, and 382 (20.9%) were transferred from a
PSC. Patient demographics and baseline clinical data are shown
in Table 1. The mean age of the two groups was comparable (71.2
and 71.1 years for the direct and the transfer groups, respectively).
Compared to the transfer group, the direct group had a higher rate
of previous cerebrovascular accident, dyslipidemia, and cancer. The
direct group also had more patients using antiplatelet and lipid-
lowering medications before admission, with higher median GCS
and ASPECTS scores than the transfer group. However, patients
in the direct group had less carotid occlusion and lower NIHSS
at admission than did those in the transfer group (all p < 0.05).
All other characteristics, including the fraction of patients treated
with IVT before EVT, and timing of presentation were comparable
between arrival pathways (Table 1).

Post-EVT outcomes

The direct and transfer groups did not differ significantly
(p > 0.05) with respect to the rate of successful recanalization
(defined as mTICI grades 2b−3; 82.9% and 86.8%, respectively),
sICH (4.4% and 7.9%), and 3-month mortality (16.7% and 18.9%)
(Table 2). The distribution of mRS scores at 3 months after
EVT did not differ significantly between the two groups (p >

0.05) (Figure 1A). However, the proportion of patients achieving
3-month functional independence (defined as mRS 0–2) was
significantly higher in the direct group than in the transfer
group (30.5 and 24.3%, respectively; p < 0.001) (Table 2). Timing
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TABLE 1 Demographics of patients who arrived at a CSC for EVT.

Variable Direct arrival (N = 1,448) Transferred from PSC (N = 382) P

Age, mean and SD 71.2 13.6 71.1 12.8 0.949

Sex, n and % female – – – – –

627 43.3 173 45.3 0.486

Risk factors, n and %

Hypertension 1,049 72.4 282 73.8 0.591

Diabetes mellitus 493 34.0 140 36.6 0.342

Previous cerebrovascular accident 309 21.3 64 16.8 0.048

Previous transient ischemic attack 37 2.6 6 1.6 0.259

Dyslipidemia 767 53.0 174 45.5 0.010

Cancer 203 14.0 35 9.2 0.012

Smoking 408 28.2 110 28.8 0.811

Heart disease, n and %

Atrial fibrillation 750 51.8 212 55.5 0.197

Other ischemic conditions (CAD, old MI) 212 14.6 51 13.4 0.523

Medication before admission, n and %

Anticoagulant 228 15.7 50 13.1 0.198

Antiplatelet 286 19.8 57 14.9 0.031

Lipid-lowering drug 277 19.1 50 13.1 0.006

GCS score, median and IQR 11 9–15 11 9–14 0.025

NIHSS at admission, median and IQR 17 12–23 19 14–24 0.004

ASPECTS, median and IQR (n = 1,786) 9 7–10 8 6–9 <0.001

Target vessel, n and %

Carotid 350 24.2 120 31.4 0.004

M1 839 57.9 234 61.3 0.242

M2–3 341 23.5 58 15.2 <0.001

Anterior cerebral artery 41 2.8 6 1.6 0.166

Posterior, including VA, BA, and PCA 156 10.8 48 12.6 0.322

Intravenous thrombolysis, n and % (n = 1,736) 536 39.0 131 36.4 0.373

Time of day, n and %

Day (08:00–17:00) 851 58.8 201 52.6 0.053

Night 582 40.2 179 46.9

Weekend, n and %

No 1,055 72.9 289 75.7 0.273

Yes 378 26.1 92 24.1

COVID-19 pandemic, n and %

No (2019–2020) 580 40.1 149 39.0 0.342

Yes (2021–2022) 853 58.9 232 60.7

P < 0.05 shown in bold.
ASPECTS, Alberta Stroke Program Early Computed Tomography Score; BA, basilar artery; CAD, coronary artery disease; CSC, comprehensive stroke center; EVT, endovascular thrombectomy;
GCS, Glasgow Coma Scale; IQR, interquartile range; MI, myocardial infarction; NIHSS, National Institute of Health Stroke Scale; PCA, posterior cerebral artery; PSC, primary stroke center;
VA, vertebral artery.

of presentation did not significantly affect post-EVT outcomes
(Supplementary Tables S1–S6), except that among direct arrivals,
weekday presentations were associated with higher 3-month
mRS mortality than weekend presentations (18.0 and 12.9%,
respectively; p = 0.024) (Supplementary Table S3).

Workflow outcomes

The direct group had a significantly shorter onset-to-door time
(73.0 min vs. 236.0 min) and onset-to-puncture time (229.5 min
vs. 336.0 min) than did the transfer group. Notably, when
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TABLE 2 Comparison of EVT outcomes between direct CSC arrival and transfer from a PSC.

Outcome Direct

arrival

Transfer

from a

PSC

P

Total Cases N = 1,448 N = 382 –

Functional outcomes, n (%)

Final TICI (mTICI 2b−3) 1,201 (82.9) 331 (86.8) 0.081

Symptomatic ICH 63 (4.4) 30 (7.9) 0.898

3-month mRS 0–2 (n = 1,661) 429 (30.5) 82 (24.3) 0.004

3-month mRS mortality 242 (16.7) 72 (18.9) 0.325

Workflow outcomes, median (IQR) (min)

Onset-to-door (n = 1,477) 73 (40–170) 236

(180–324)

<0.001

Difference vs. transfer, (min) 163 – –

Door-to-puncture (n = 1,626) 151

(116–193)

103 (74.5–

131.5)

<0.001

Difference vs. transfer, (min) −48 – –

Onset-to-puncture (n = 1,611) 229.5

(174–345)

336

(274–430)

<0.001

Difference vs. transfer, (min) 106.5 – –

Onset-to-puncture <6 h∗ , n (%)

(n = 1,611)

974 (76.8) 199 (58.0) <0.001

Early treatment window (onset-to-puncture time < 6 h)

(n = 1,173)

3-month mRS 0–2, n (%) (n =
1,060)

319 (36.0) 39 (22.3) <0.001

Symptomatic ICH, n (%) (n =
1,173)

43 (4.4) 17 (8.5) 0.016

Door-to-puncture, median

(IQR)(min) (n = 1,063)

140

(109–173)

91.5

(68–114)

<0.001

Late treatment window (onset-to-puncture time ≥ 6 h)

(n = 438)

3-month mRS 0–2 (%) (n = 409) 69 (24.7) 37 (28.5) 0.423

Symptomatic ICH (%) (n = 438) 9 (3.1) 8 (5.6) 0.204

Door-to-puncture, median

(IQR)(min) (n = 305)

191

(144–303)

118.5

(86–162)

<0.001

P < 0.05 shown in bold.
∗Time (<6 vs. >6 h) × arrival pathway (PSC vs. CSC) for mRS 0–2; P interaction = 0.005.
CSC, comprehensive stroke center; door, arrival at CSC; EVT, endovascular thrombectomy;
ICH, intracranial hemorrhage; IQR, interquartile range; mRS, modified Rankin Scale; mTICI,
modified Thrombolysis in Cerebral Infarction; Onset, symptom onset; PSC, primary stroke
center; puncture, EVT initiation; TICI, Thrombolysis in Cerebral Infarction.

door-to-puncture time was uniformly defined as the interval from
arrival at the CSC to arterial puncture, the direct group had a
longer door-to-puncture time (151.0 min) than the transfer group
(103.0 min; all p < 0.001), reflecting that some diagnostic steps may
have been completed before CSC arrival in transferred patients.
The proportion of patients who underwent EVT within 6 h was
significantly higher in the direct group (76.8%) than in the transfer
group (58.0%; p < 0.001) (Table 2).

Patients presenting directly to the CSC during nighttime
hours experienced longer onset-to-puncture times compared
to daytime arrivals (236.5 min vs. 225 min; p = 0.049)
(Supplementary Table S1). No significant diurnal variations
in workflow metrics were observed among patients transferred
from a PSC (Supplementary Table S2). Direct arrivals on weekends
had longer door-to-puncture times than weekday arrivals (158 min
vs. 147 min; p = 0.007) (Supplementary Table S3). Similarly, PSC-
to-CSC transfers on weekends showed longer door-to-puncture
times than weekday transfers (111.5 min vs. 98.5 min; p = 0.039),
although onset-to-door time was shorter on weekends (224.5 min
vs. 240 min; p = 0.049) (Supplementary Table S4). Workflow
outcomes remained consistent regardless of the COVID-19
pandemic for both cohorts (Supplementary Tables S5, S6).

Among all patients with logged PSC arrival times (n = 99), the
median time from onset to PSC arrival was 60 min (interquartile
range [IQR] 37–100), while the median time from onset to CSC
arrival was 223 min (IQR 178–285), a difference of 163 min (p <

0.001). The median time from PSC arrival to puncture was 233 min
(202–273), compared with 82 (63–101) min from CSC arrival to
puncture, yielding a difference of 151 min (p < 0.001).

Post-stroke outcomes

Factors potentially associated with 3-month functional
independence are presented in Supplementary Table S7. Compared
to patients who arrived directly, those who were transferred were
less likely to achieve 3-month functional independence (univariable
logistic regression analysis: OR, 0.67; p = 0.004). Univariable
analysis identified age, hypertension, cancer, atrial fibrillation,
baseline NIHSS score, carotid artery involvement, and OTP time
>6 h as risk factors for failing to achieve 3-month functional
independence (all p < 0.05). Undergoing IVT before EVT and
higher ASPECTS and GCS scores were positively associated with
3-month functional independence (all p < 0.05). After adjustment
for the risk factors identified by multivariate analysis, age (aOR,
0.96), history of cancer (aOR, 0.50), NIHSS score at baseline (aOR,
0.94), IVT (aOR, 1.41), ASPECTS score (aOR, 1.14), and GCS
score (aOR, 1.07) were significant factors associated with 3-month
functional independence (Supplementary Table S7).

Role of OTP time

The role of OTP time and its potential interaction with arrival
pathway was tested by stratification and logistic regression. Among
patients treated earlier (OTP < 6 h), the direct group had higher
proportion of patients achieving functional independence than the
transfer group (36.0 vs. 22.3%) and fewer with sICH (4.4 vs. 8.5%,),
despite a longer door-to-puncture time (140.0 min vs. 91.5 min;
all p < 0.05) (Table 2). However, the differences in functional
independence and sICH between the two arrival pathways were
statistically insignificant for patients treated later (OTP, 6–24 h).

Figure 1B shows the relationship between time to treatment
and functional independence for both arrival pathway groups.
The rate of functional independence decreased exponentially
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FIGURE 1

(A) Distribution of 3-month modified Rankin Scale (mRS) score by arrival pathway. (B) Interaction between onset-to-puncture time and arrival
pathway on 3-month functional independence (mRS 0–2) outcome. The effect of onset-to-puncture time on the probability of achieving 3-month
functional independence was compared between patients who arrived at a CSC directly (blue line) and those who were transferred from a PSC (red
line). P = 0.017 for interaction between arrival pathways.

in the direct group and intersected with the transfer group
at approximately 8–10 h after onset, leading to a significant
interaction (p interaction = 0.017).

Supplementary Tables S8, S9 present descriptive distributions
and univariate analyses for each variable associated with 3-month
functional independence and sICH within the <6-h and ≥6-
h strata. Adjusted multivariable results for factors potentially
associated with these outcomes in the early and late treatment
windows are presented in Table 3. In the early treatment window,
patients transferred from a PSC were less likely to exhibit 3-month
functional independence (aOR, 0.55; p = 0.006), compared to
those who arrived directly at a CSC. In addition to the arrival
pathway, multivariate analysis identified age (aOR, 0.97), NIHSS
at baseline (aOR, 0.94), IVT (aOR, 1.53), ASPECTS score (aOR,
1.10), and GCS score (aOR, 1.07) as factors significantly associated

with 3-month mRS of 0–2 (all p < 0.05) (Table 3). Among patients
treated in the early time window, the pathway of arrival at a CSC
was not associated with developing sICH or with factors relevant
to the development of sICH, including dyslipidemia (aOR, 0.52),
lipid-lowering drug use (aOR, 2.18) and ASPECTS score (aOR,
0.86; all p < 0.05) (Table 3).

Nevertheless, multivariate logistic regression analysis showed
that the arrival pathway was positively associated with 3-month
functional independence (aOR, 1.95; p = 0.033) among patients
in the later time window (Table 3). Other significant factors
included age (aOR, 0.97), antiplatelet medication use (aOR, 0.37),
NIHSS at baseline (aOR, 0.91), and ASPECTS score (aOR, 1.29);
(all p < 0.05). No factors were found to be associated with
sICH among patients treated during the later time window
(p > 0.05).
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TABLE 3 Multivariate logistic regression analysis of 3-month mRS 0–2 and sICH between subjects with early and late treatment.

Variable Onset-to-puncture time < 6 h Onset-to-puncture time ≥ 6 h

3-month mRS 0–2 Symptomatic ICH (%) 3-month mRS 0–2 Symptomatic ICH (%)

aOR (95% CI) P aOR (95% CI) P aOR (95% CI) P aOR (95% CI) P

Transferred from PSC

(Ref: Direct arrival)

0.55 (0.36–0.84) 0.006 1.84 (0.99–3.42) 0.055 1.95 (1.05–3.62) 0.033 1.58 (0.53–4.75) 0.417

Age 0.97 (0.96–0.98) <0.001 1.00 (0.98–1.02) 0.914 0.95 (0.93–0.97) <0.001 1.00 (0.96–1.05) 0.940

Hypertension 0.87 (0.62–1.21) 0.400 1.83 (0.85–3.93) 0.120 0.78 (0.42–1.46) 0.441 1.69 (0.44–6.55) 0.446

Previous transient

ischemic attack

2.40 (0.86–6.66) 0.093 N/A N/A 1.56 (0.35–6.99) 0.561 N/A N/A

Dyslipidemia 0.96 (0.70–1.31) 0.795 0.52 (0.28–0.97) 0.040 0.94 (0.53–1.65) 0.818 0.78 (0.26–2.35) 0.981

Cancer 0.48 (0.30–0.76) 0.002 0.25 (0.06–1.06) 0.060 0.51 (0.22–1.17) 0.113 2.59 (0.70–9.56) 0.659

Atrial fibrillation 1.02 (0.75–1.39) 0.907 0.84 (0.47–1.50) 0.566 1.42 (0.79–2.54) 0.242 1.35 (0.42–4.36) 0.154

Antiplatelet medication 0.98 (0.67–1.42) 0.915 0.95 (0.48–1.90) 0.891 0.37 (0.16–0.87) 0.023 1.37 (0.37–5.04) 0.622

Lipid-lowering drug 1.36 (0.91–2.03) 0.133 2.18 (1.05–4.54) 0.038 1.85 (0.82–4.16) 0.138 0.74 (0.14–4.01) 0.730

NIHSS at baseline 0.94 (0.92–0.97) <0.001 1.03 (0.98–1.08) 0.313 0.91 (0.87–0.95) <0.001 1.02 (0.94–1.12) 0.634

Intravenous

thrombolysis

1.53 (1.14–2.05) 0.005 1.20 (0.69–2.10) 0.515 0.73 (0.34–1.55) 0.411 0.39 (0.05–3.30) 0.386

ASPECTS before EVT 1.10 (1.02–1.20) 0.021 0.86 (0.76–0.98) 0.023 1.29 (1.09–1.52) 0.003 0.99 (0.76–1.29) 0.950

Carotid artery involved

(Ref: No)

0.92 (0.65–1.28) 0.612 1.30 (0.71–2.36) 0.398 0.56 (0.27–1.13) 0.104 2.48 (0.85–7.23) 0.097

M2–3 artery involved

(Ref: others)

1.08 (0.76–1.53) 0.675 0.87 (0.43–1.77) 0.709 1.66 (0.86–3.22) 0.132 N/A N/A

GCS score 1.07 (1.02–1.14) 0.012 1.05 (0.95–1.16) 0.364 1.06 (0.98–1.15) 0.171 1.01 (0.85–1.22) 0.877

P < 0.05 shown in bold.
aOR, adjusted odds ratio; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; CI, confidence interval; CSC, comprehensive stroke center; EVT, endovascular thrombectomy;
GCS, Glasgow Coma Scale; ICH, intracranial hemorrhage; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; PSC, primary stroke center; OR, odds ratio.

Discussion

In this study, we found that the arrival pathway significantly
influenced the 3-month functional independence of patients who
received EVT for LVO. However, the arrival pathway did not
affect the rate of successful recanalization, sICH, or 3-month
mortality. Significant differences in arrival and treatment times
were found between the two arrival pathways. The transfer group
had shorter door-to-puncture time than did the direct group,
presumably due to earlier IVT, (7) supported by a comparable
percentage of patients who underwent IVT before EVT in both
groups, imaging evaluation in a PSC, and surgical preparation
in advance. However, patients who were transferred from a PSC
might be negatively affected by longer door-in–door-out and
traffic times than those who arrived directly. Consequently, the
proportion of patients receiving timely EVT (i.e., OTP < 6 h)
was lower among the patients who were transferred. Multivariate
analysis demonstrated a significant association between OTP
time and 3-month functional independence, highlighting the
interaction between timely treatment and arrival pathway on 3-
month functional outcomes.

For patients with AIS due to LVO who require early EVT,
any improvement in the workflow time or transport efficiency
that expedites their arrival at a CSC could potentially shorten

their time to treatment. However, the arrival pathways may vary
between geographical regions and countries, depending on local
EMT circumstances, including staff availability, access to triage on
the spot, and the proximity and availability of nearby primary and
comprehensive stroke centers. Previous studies report that about
50% of EVT patients were treated after interhospital transfer, (13,
14) a much higher fraction than the 20.8% observed in our patient
cohort. These differences likely result from the high population
density in cities in Taiwan. No consensus has been reached on
the effect of transport method on post-EVT outcomes, particularly
in the Asia-Pacific region. Several studies suggest that transport
mode was important to reduce delays in treatment but did not
significantly affect post-EVT outcomes (14–17). For example, a
study using a nationwide stroke registry in Singapore found that
patients transported by emergency medical services (EMS) were
more likely to receive timely stroke evaluation and treatment
(door-to-needle time ≤60 min) than self-transported patients (15).
Similarly, a study conducted in Beijing, China, found that transport
mode did not result in significant differences in post-EVT outcomes
despite the fact that the onset-to-needle time was longer for direct
admission to a CSC compared to transfer from PSC to CSC (16).
In South Korea, establishing a fast-tracked interhospital transfer
system was suggested to improve IVT initiation in the drip-and-
ship (at PSC) approach compared to direct CSC admission (17).
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Outside of the East Asian countries, a cohort of EVT-treated
patients in central Israel was observed to have comparable OTP
times and clinical outcomes between direct and transfer groups
(18). These studies suggest that not only workflow time but also
geographical regions could affect post-EVT outcomes.

Our study found that the arrival pathway was significantly
associated with post-EVT 3-month functional independence and
that the optimal arrival pathway differed depending on whether or
not the time to treatment was delayed. To administer treatment
during the early time window, direct admission is recommended
for timely EVT. Studies from Japan and Australia have reported
similar findings, where interhospital transfer worsened the odds
of achieving a 90-day mRS of 0–2 and increased the OTP time
compared to direct admission for patients receiving EVT for AIS
(19, 20). An analysis of South Korean national stroke audit data also
found that direct dispatch to a CSC resulted in better EVT rates and
functional outcomes compared to an initial dispatch to a PSC (21).

Studies outside of the Asia-Pacific region have also shown
mixed results. Some reported comparable 3-month post-EVT
outcomes between direct admission and transfer route for patients
with anterior circulation LVO (22) and basilar artery occlusion
(23). Studies supportive of direct admission to a CSC for timely
treatment reported that secondary transfers from PSCs were
associated with worse functional independence in Spain (24).
In a cohort of 650 AIS-LVO patients from the international
COMPLETE registry, the investigators observed that transferred
patients were treated with EVT later and were less likely to achieve
90-day functional independence than were those transported
directly to CSCs (25). A regional stroke network in rural Germany
also reported that the transfer approach was inferior to the
direct transport to CSC in terms of 3-month post-EVT functional
outcomes (26). Recent randomized clinical trials, including
RACECAT, reported comparable outcomes between direct-to-CSC
and transfer approaches (7, 8). The benefit of saving time by
direct transport was counterbalanced by worse functional outcomes
in ICH patients (27). Nevertheless, other studies suggest that
geographical and healthcare structural differences likely influenced
post-EVT functional outcomes. For example, for patients with
LVO-induced stroke from the RACECAT trial conducted in
nonurban Catalonia, Spain, were less likely to receive EVT and
had worse mRS scores than did propensity-matched patients living
in urban areas of the same region (28). The authors further
showed that each 30-min delay in time-to-EMS evaluation was
associated with a 1.03-folds increased risk of 90-day disability in
patients with severe stroke who were taken to a PSC first (29).
Similarly, being transported to a PSC first was associated with
worse disability outcomes in patients evaluated by EMS >2 h
after symptom onset (29). However, transport time savings for
thrombolysis using the PSC-first approach varied across different
networks (27). Compared to AIS patients in less populated regions,
those in more populated regions received thrombolysis faster but
EVT within a similar timeframe, potentially resulting in more
comparable outcomes between the two transport strategies in less
populated areas (27). These findings raise concerns about the
current EMS triage capabilities and the availability of non-imaging
evaluation tools for different stroke types, highlighting the need

for further investigations into the pros and cons of transporting
patients with suspected AIS directly to a CSCs or via PSC (9, 10).

We found an interaction between OTP time and arrival
pathway associating with the 3-month functional independence
outcome. For patients who arrived at the CSC directly, 3-month
functional independence was most closely associated with time to
treatment. In contrast, in the transfer group, the probability of
achieving 3-month functional independence was less associated
with OTP time. This finding could result from differences in EVT
feasibility between hospitals and the medical assistance provided
by the PSC. EVT of the anterior circulation beyond 8 h after
onset is not covered by the national health insurance of Taiwan.
Additionally, tissue-clock evaluation to justify the use of any
intervention was widely used in the later treatment window. We
observed that direct admission to a CSC was recommended during
the early treatment window (<6 h) and for patients with higher
GCS identified by EMT for timely management. In the later
time window (6–24 h), arrival by transfer was associated with a
higher likelihood of 3-month functional independence for younger
patients and those with a lower NIHSS and higher ASPECTS score
before EVT. The cost-effectiveness regarding time and distance
required to transport patients to a PSC and CSC within 8 h of
symptom onset was evaluated in a US study (30). The authors
showed that the direct-to-CSC pathway was the most cost-effective
approach when the distances to reach a PSC and a CSC were similar.
In contrast, the transfer pathway was the preferred strategy when
the PSC and CSC were both far from the location of onset (>1.5 h
away) (30). While the distance between the PSC and CSC was
not examined in our study, Taiwan’s healthcare infrastructure is
geographically similar to large urban settings in which the tertiary
care, stroke center, and EMS are easily accessible within 1.5 h. This
factor likely explains our finding that direct arrival to a CSC was
associated with more favorable outcomes compared to transfer
from a PSC during the early treatment window.

In our cohort, a higher prevalence of carotid artery occlusions
was observed in the transfer group, a factor that could theoretically
contribute to lower baseline ASPECTS and poorer clinical
outcomes. To address this potential confounding, we performed
additional statistical validations. First, the Variance Inflation Factor
(VIF) for carotid artery occlusion and ASPECTS was 1.01,
indicating negligible multicollinearity and confirming that these
variables act as independent predictors in our model. Furthermore,
within the transfer group, baseline ASPECTS did not differ
significantly between patients with and without carotid artery
occlusion (median 7 [IQR 6–9] vs. 8 [IQR 6–9], p = 0.084). This
suggests that carotid artery occlusion was not the primary driver of
lower baseline ASPECTS in transferred patients. Most importantly,
in multivariable analysis that included both ASPECTS and carotid
artery occlusion and were stratified by onset-to-puncture interval,
the transfer pathway remains an independent predictor of 3-month
functional independence (mRS 0–2) (Table 3). Therefore, carotid
artery occlusion and ASPECTS do not fully explain the pathway–
outcome association, although residual confounding cannot be
excluded; further studies and sensitivity analyses (models with and
without ASPECTS, and stratified analyses by carotid status) are
warrant to confirm the robustness of these findings.
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Although mobile stroke units (MSUs) are not currently
available in Taiwan, their potential importance for prehospital
stroke care warrants acknowledgment. MSUs represent a
transformative advancement in prehospital care by addressing
the critical “time is brain” principle through the delivery of rapid
diagnosis and treatment directly at the point of patient contact (31).
Recent clinical evidence, specifically from the Berlin prehospital
Or usual delivery of acute stroke care (B_PROUD) and Benefits
of Stroke Treatment Delivered by a mobile stroke unit Compared
with standard management by emergency medical services (BEST-
MSU) trials, demonstrated that MSUs—ambulances equipped
with CT scanners, point-of-care laboratories, and specialized
teams—significantly improved functional outcomes and reduced
treatment delays (32, 33). A recent systematic review, including five
randomized controlled trials, six observational studies, and two
meta-analyses, reported that MSUs reduced the median onset-to-
needle time for thrombolysis by 20–41 min compared to standard
EMS. This time efficiency substantially increased golden-hour
thrombolysis rates (from <5% with EMS to 21%−33% with MSUs)
and was associated with improved 90-day functional outcomes
(mRS 0–1) in patients with AIS (34). While resource constraints
currently preclude the implementation of MSUs in Taiwan and may
limit prehospital optimization, their proven benefits underscore
the importance of considering such innovations in future stroke
system planning.

While this study used a relatively large, prospectively enrolled
registry that reflected real-world scenarios, several limitations
should be acknowledged. TREAT-AIS only enrolled patients who
received EVT and not all stroke patients with suspected LVO.
Additionally, due to the nature of TREAT-AIS, this study focused
on an East Asian population with a high population density.
Because PSC arrival time is not a mandatory registry field, only
99 patients had documented PSC data. The discrepancy in sample
size between the direct and transfer groups likely reflects regional
geographical characteristics rather than prehospital LVO screening,
which has not yet been adopted nationwide. The ratio of direct-
to-CSC admissions is known to fluctuate significantly based on
population density and the proximity of thrombectomy centers. For
instance, while the MR CLEAN registry (Netherlands)—a country
with land area, population size and the number of thrombectomy
centers comparable to Taiwan—reported a lower proportion of
direct admissions (45%−55%), (35) the East Asian metropolitan
K-NET registry reported a direct-to-CSC rate as high as 92%
(36). Our cohort’s distribution (79% direct-to-CSC) sits between
these international benchmarks, suggesting that differences in
healthcare infrastructure and regional hospital distribution may
explain the intermediate ratio. While the registry was initiated
in 2019, the primary impact of the COVID-19 pandemic on
stroke workflows in Taiwan was delayed until the major outbreaks
of 2021. Analysis of Supplementary Tables S5, S6 demonstrates
that the pandemic did not significantly affect workflow and
post-EVT outcomes for either direct-to-CSC or transfer patients.
Nevertheless, the potential influence of the pandemic on stroke
care during certain periods is acknowledged as a limitation.
Taken together, these factors could limit the generalizability of the
reported findings. The nonrandomized observational study design
precludes causal inference. The distances between the location of
onset, PSC, and CSC were not reported in the registry, hindering

further geographical investigations into route optimization to avoid
workflow or treatment delays. TREAT-AIS does not explicitly
record which image source was used to derive ASPECTS in
transferred patients. Consequently, observed differences in baseline
ASPECTS between the transfer and direct groups may reflect
selection/referral practices, timing-related infarct progression, or
heterogeneity in CT acquisition and reader interpretation across
centers, any of which could introduce bias. Furthermore, no
mismatch profile was recorded for the later treatment window,
which has been identified as a promising proxy for outcomes.

Conclusions

For patients receiving EVT for AIS, direct transport to a CSC
was associated with greater 3-month functional independence than
was transfer from a PSC. During the early treatment window,
proactive EVT treatment is recommended regardless of the arrival
pathway, especially for patients with higher GCS scores. However,
patients who arrive via transfer route may still benefit substantially
from EVT during the later treatment window, especially those
who are younger, use antiplatelet agents, and have lower NIHSS
and higher ASPECTS scores. A randomized study is warranted to
examine the predictors of favorable post-EVT outcomes within a
24-h window to facilitate timely treatment.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the
Institutional Review Board of Landseed International Hospital
(Approval number: LIHIRB-20-027B1). The studies were
conducted in accordance with the local legislation and institutional
requirements. The Ethics Committee/Institutional Review
Board waived the requirement of written informed consent for
participation from the participants or the participants’ legal
guardians/next of kin due to the observational nature of the study.

Author contributions

C-YWa: Conceptualization, Formal analysis, Investigation,
Writing – original draft, Writing – review & editing. C-JC:
Investigation, Writing – review & editing. Y-CH: Investigation,
Writing – original draft. W-YL: Investigation, Writing – review
& editing. S-CT: Formal analysis, Investigation, Writing –
review & editing. C-HC: Formal analysis, Investigation, Writing
– review & editing. C-JL: Investigation, Writing – review &
editing. K-HL: Investigation, Writing – review & editing. P-SS:

Frontiers in Neurology 09 frontiersin.org

https://doi.org/10.3389/fneur.2026.1743928
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Wang et al. 10.3389/fneur.2026.1743928

Investigation, Writing – review & editing. C-WT: Investigation,
Writing – review & editing. H-JC: Investigation, Writing –
review & editing. C-HF: Investigation, Writing – review &
editing. C-LC: Investigation, Writing – review & editing. C-YWe:
Investigation, Writing – review & editing. S-YY: Investigation,
Writing – review & editing. P-LC: Investigation, Writing –
review & editing. H-LY: Investigation, Writing – review &
editing. S-FS: Investigation, Writing – review & editing. H-ML:
Investigation, Writing – review & editing. C-HL: Investigation,
Writing – review & editing. ML: Investigation, Writing – review
& editing. I-HL: Investigation, Writing – review & editing. Y-WC:
Conceptualization, Formal analysis, Investigation, Writing – review
& editing. LC: Conceptualization, Investigation, Writing – review &
editing. L-ML: Conceptualization, Investigation, Writing – review
& editing. H-YC: Conceptualization, Formal analysis, Writing –
review & editing. J-TL: Conceptualization, Investigation, Writing
– review & editing. J-SJ: Conceptualization, Investigation, Writing
– review & editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This work was supported by
Taiwan Stroke Society.

Conflict of interest

The author(s) declared that this work was conducted
in the absence of any commercial or financial relationships

that could be construed as a potential conflict
of interest.

Generative AI statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.2026.
1743928/full#supplementary-material

References
1. Lin CJ, Chi NF, Chen SH, Huang HY, Liu HY, Kuo YM, et al. 2023 update to the
Taiwan stroke society guidelines for endovascular thrombectomy in acute ischemic
stroke patients. Formosan J Stroke. (2023) 5:151–72. doi: 10.6318/FJS.202309_5(3).0001

2. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K,
et al. Guidelines for the early management of patients with acute ischemic stroke: 2019
update to the 2018 guidelines for the early management of acute ischemic stroke: a
guideline for healthcare professionals from the American heart association/American
stroke association. Stroke. (2019) 50:e344–418. doi: 10.1161/STR.0000000000000211

3. Mulder MJHL, Jansen IGH, Goldhoorn RB, Venema E, Chalos V,
Compagne KCJ, et al. Time to endovascular treatment and outcome in
acute ischemic stroke: MR CLEAN registry results. Circulation. (2018)
138:232–40. doi: 10.1161/CIRCULATIONAHA.117.032600

4. Almekhlafi MA, Goyal M, Dippel DWJ, Majoie CBLM, Campbell BCV, Muir
KW, et al. Healthy life-year costs of treatment speed from arrival to endovascular
thrombectomy in patients with ischemic stroke: a meta-analysis of individual
patient data from 7 randomized clinical trials. JAMA Neurol. (2021) 78:709–
17. doi: 10.1001/jamaneurol.2021.1055

5. Zhao W, Ma P, Chen J, Yue X. Direct admission versus secondary transfer for
acute ischemic stroke patients treated with thrombectomy: a systematic review and
meta-analysis. J Neurol. (2021) 268:3601–9. doi: 10.1007/s00415-020-09877-2

6. Abilleira S, Pérez de la Ossa N, Jiménez X, Cardona P, Cocho D, Purroy F, et al.
Transfer to the local stroke center versus direct transfer to endovascular center of
acute stroke patients with suspected large vessel occlusion in the catalan territory
(RACECAT): study protocol of a cluster randomized within a cohort trial. Int J Stroke.
(2019) 14:734–44. doi: 10.1177/1747493019852176

7. Perez de. la Ossa N, Abilleira S, Jovin TG, Garcia-Tornel A, Jimenez X, Urra X, et al.
Effect of direct transportation to thrombectomy-capable center vs. local stroke center
on neurological outcomes in patients with suspected large-vessel occlusion stroke in
nonurban areas: The RACECAT randomized clinical trial. JAMA. (2022) 327:1782–94.
doi: 10.1001/jama.2022.4404

8. Behrndtz A, Blauenfeldt RA, Johnsen SP, Valentin JB, Gude MF, Al-Jazi MA,
et al. Transport strategy in patients with suspected acute large vessel occlusion
stroke: TRIAGE-STROKE, a randomized clinical trial. Stroke. (2023) 54:2714–
23. doi: 10.1161/STROKEAHA.123.043875

9. Royan R, Meurer WJ. Going for Distance or Speed? Determining the optimal
hospital destination for patients with acute stroke in the prehospital setting. J Am Heart
Assoc. (2023) 12:e032263. doi: 10.1161/JAHA.123.032263

10. Fiorella D, Jovin TG, Arthur AS, Nogueira R, Siddiqui AH, Hirsch JA, et al.
Triage of emergent large vessel occlusion (ELVO) patients directly to comprehensive
stroke centers (CSCS) is good practice and benefits patients in urban and suburban
population Centers - New insights from the TRIAGE-STROKE and RACECAT studies.
J Neurointerv Surg. (2023) 16:1–3. doi: 10.1136/jnis-2023-021341

11. National Health Insurance, Administration Ministry of Health and Welfare.
Available online at: https://www.nhi.gov.tw/en/mp-2.html [Accessed July 11 2024].

12. Tang SC, Hsieh YC, Lin CJ, Chen YW, Lin KH, Sung PS, et al. TREAT-
AIS: a multicenter national registry. Stroke Vasc Interv Neuro. (2023)
3:e000861. doi: 10.1161/SVIN.123.000861

13. Froehler MT, Saver JL, Zaidat OO, Jahan R, Aziz-Sultan MA, Klucznik RP, et al.
Interhospital transfer before thrombectomy is associated with delayed treatment and
worse outcome in the STRATIS registry (systematic evaluation of patients treated with

Frontiers in Neurology 10 frontiersin.org

https://doi.org/10.3389/fneur.2026.1743928
https://www.frontiersin.org/articles/10.3389/fneur.2026.1743928/full#supplementary-material
https://doi.org/10.6318/FJS.202309_5(3).0001
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/CIRCULATIONAHA.117.032600
https://doi.org/10.1001/jamaneurol.2021.1055
https://doi.org/10.1007/s00415-020-09877-2
https://doi.org/10.1177/1747493019852176
https://doi.org/10.1001/jama.2022.4404
https://doi.org/10.1161/STROKEAHA.123.043875
https://doi.org/10.1161/JAHA.123.032263
https://doi.org/10.1136/jnis-2023-021341
https://www.nhi.gov.tw/en/mp-2.html
https://doi.org/10.1161/SVIN.123.000861
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Wang et al. 10.3389/fneur.2026.1743928

neurothrombectomy devices for acute ischemic stroke). Circulation. (2017) 136:2311–
21. doi: 10.1161/CIRCULATIONAHA.117.028920

14. Katsanos AH, Poppe A, Swartz RH, Mandzia J, Catanese L, Shankar J, et al.
Interhospital transfer for endovascular stroke treatment in Canada: results from the
OPTIMISE registry. Stroke. (2024) 55:2103–12. doi: 10.1161/STROKEAHA.124.046690

15. Xu H, Xian Y, Woon FP, Bettger JP, Laskowitz DT, Ng YY, et al. Emergency medical
services use and its association with acute ischaemic stroke evaluation and treatment in
Singapore. Stroke Vasc Neurol. (2020) 5:121–7. doi: 10.1136/svn-2019-000277

16. Jiang F, Yin W, Jia J, Zhong H, Yang H, Huang J, et al. Clinical outcomes
after endovascular thrombectomy in different triage methods. Heliyon. (2023)
9:e19113. doi: 10.1016/j.heliyon.2023.e19113

17. Chung I, Bae HJ, Kim BJ, Kim JY, Han MK, Kim J, et al. Interactive direct
interhospital transfer network system for acute stroke in South Korea. J Clin Neurol.
(2023) 19:125–30. doi: 10.3988/jcn.2022.0158

18. Pardo K, Naftali J, Barnea R, Findler M, Perlow A, Brauner R, et al. Effect of
time delay in inter-hospital transfer on outcomes of endovascular treatment of acute
ischemic stroke. Front Neurol. (2023) 14:1303061. doi: 10.3389/fneur.2023.1303061

19. Edwards LS, Blair C, Cordato D, McDougall A, Manning N, Cheung A, et al.
Impact of interhospital transfer on patients undergoing endovascular thrombectomy
for acute ischaemic stroke in an Australian setting. BMJ Neurol Open. (2020)
2:e000030. doi: 10.1136/bmjno-2019-000030

20. Shigeta K, Ota T, Kaneko J, Sato K, Aoki R, Jimbo H, et al. Negative
impact of interhospital transfer on clinical outcomes of mechanical
thrombectomy for fast progressive stroke. J Stroke Cerebrovasc Dis. (2021)
30:105633. doi: 10.1016/j.jstrokecerebrovasdis.2021.105633

21. Kang J, Kim SE, Park HK, Cho YJ, Kim JY, Lee KJ, et al. Routing to endovascular
treatment of ischemic stroke in korea: recognition of need for process improvement. J
Korean Med Sci. (2020) 35:e347. doi: 10.3346/jkms.2020.35.e347

22. Brochado AP, Muras AC, Oyarzun-Irazu I, Rodriguez-Sainz A, Caballero-
Romero I, Aguilera-Irazabal B, et al. Drip and ship and mothership
models of mechanical thrombectomy result in similar outcomes in acute
ischemic stroke of the anterior circulation. J Stroke Cerebrovasc Dis. (2022)
31:106733. doi: 10.1016/j.jstrokecerebrovasdis.2022.106733

23. Masouris I, Wischmann J, Schniepp R, Müller R, Fuhry L, Hamann GF, et al. Basilar
artery occlusion: drip-and-ship versus direct-to-center for mechanical thrombectomy
within the neurovascular network of Southwest Bavaria (NEVAS). J Neurol. (2024)
271:1885–92. doi: 10.1007/s00415-023-12126-x

24. Del Toro-Perez C, Amaya-Pascasio L, Arjona-Padillo A, Martinez-Sanchez P.
Impact of direct transport to thrombectomy-capable center vs. nearby/distant local
stroke centers on stroke outcome in patients undergoing thrombectomy: a real-life
study. J Pers Med. (2024) 14:395. doi: 10.3390/jpm14040395

25. Hassan AE, Zaidat OO, Nanda A, Atchie B, Woodward K, Doerfler A, et al.
Impact of interhospital transfer vs. direct admission on acute ischemic stroke

patients: a subset analysis of the COMPLETE registry. Front Neurol. (2022)
13:896165. doi: 10.3389/fneur.2022.896165

26. Taschner CA, Trinks A, Bardutzky J, Brich J, Hartmann R, Urbach H, et al.
Drip-and-Ship for thrombectomy treatment in patients with acute ischemic stroke
leads to inferior clinical outcomes in a stroke network covering vast rural areas
compared to direct admission to a comprehensive stroke center. Front Neurol. (2021)
12:743151. doi: 10.3389/fneur.2021.743151

27. Schuler FAF, Ribó M, Dequatre-Ponchelle N, Rémi J, Dobrocky T, Goeldlin
MB, et al. Geographical requirements for the applicability of the results of
the RACECAT study to other stroke networks. J Am Heart Assoc. (2023)
12:e029965. doi: 10.1161/JAHA.123.029965

28. Garcia-Tornel A, Millan M, Rubiera M, Bustamante A, Requena M, Dorado
L, et al. Workflows and outcomes in patients with suspected large vessel
occlusion stroke triaged in urban and nonurban areas. Stroke. (2022) 53:3728–40.
doi: 10.1161/STROKEAHA.122.040768

29. García-Tornel Á, Seró L, Urra X, Cardona P, Zaragoza J, Krupinski J, et al.
Workflow times and outcomes in patients triaged for a suspected severe stroke. Ann
Neurol. (2022) 92:931–42. doi: 10.1002/ana.26489

30. Wu X, Wira CR, Matouk CC, Forman HP, Gandhi D, Sanelli P, et al. Drip-and-
ship versus mothership for endovascular treatment of acute stroke: a comparative
effectiveness analysis. Int J Stroke. (2022) 17:315–22. doi: 10.1177/17474930211008701

31. Fassbender K, Lesmeister M, Merzou F. Prehospital stroke
management and mobile stroke units. Curr Opin Neurol. (2023) 36:140–
6. doi: 10.1097/WCO.0000000000001150

32. Ebinger M, Siegerink B, Kunz A, Wendt M, Weber JE, Schwabauer E, et al.
Association between dispatch of mobile stroke units and functional outcomes
among patients with acute ischemic stroke in Berlin. JAMA. (2021) 325:454–
66. doi: 10.1001/jama.2020.26345

33. Grotta JC, Yamal JM, Parker SA, Rajan SS, Gonzales NR, Jones WJ, et al.
Prospective, multicenter, controlled trial of mobile stroke units. N Engl J Med. (2021)
385:971–81. doi: 10.1056/NEJMoa2103879

34. Aderinto N, Olatunji G, Kokori E. Effectiveness of mobile stroke units in reducing
time to thrombolysis in acute ischemic stroke: a scoping review. Int J Emerg Med. (2025)
18:109. doi: 10.1186/s12245-025-00903-6

35. Hinsenveld WH, Brouwer J, den Hartog SJ, Bruggeman A, Kappelhof
M, Jansen IG, et al. National trends in patient characteristics, interventional
techniques and outcomes of endovascular treatment for acute ischaemic stroke:
final results of the MR CLEAN registry (2014–2018). Eur Stroke J. (2025)
10:1268–80. doi: 10.1177/23969873251334271

36. Ueda T, Hasegawa Y, Takeuchi M, Morimoto M, Tsuboi Y, Yamamoto R,
et al. Primary results of mechanical thrombectomy for acute ischemic stroke: The
K-NET registry in the Japanese metropolitan area. Int J Stroke. (2023) 18:607–
14. doi: 10.1177/17474930221138014

Frontiers in Neurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2026.1743928
https://doi.org/10.1161/CIRCULATIONAHA.117.028920
https://doi.org/10.1161/STROKEAHA.124.046690
https://doi.org/10.1136/svn-2019-000277
https://doi.org/10.1016/j.heliyon.2023.e19113
https://doi.org/10.3988/jcn.2022.0158
https://doi.org/10.3389/fneur.2023.1303061
https://doi.org/10.1136/bmjno-2019-000030
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105633
https://doi.org/10.3346/jkms.2020.35.e347
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106733
https://doi.org/10.1007/s00415-023-12126-x
https://doi.org/10.3390/jpm14040395
https://doi.org/10.3389/fneur.2022.896165
https://doi.org/10.3389/fneur.2021.743151
https://doi.org/10.1161/JAHA.123.029965
https://doi.org/10.1161/STROKEAHA.122.040768
https://doi.org/10.1002/ana.26489
https://doi.org/10.1177/17474930211008701
https://doi.org/10.1097/WCO.0000000000001150
https://doi.org/10.1001/jama.2020.26345
https://doi.org/10.1056/NEJMoa2103879
https://doi.org/10.1186/s12245-025-00903-6
https://doi.org/10.1177/23969873251334271
https://doi.org/10.1177/17474930221138014
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Influence of interhospital transfer on endovascular thrombectomy outcome in acute ischemic stroke patients: an analysis of the TREAT-AIS registry
	Introduction
	Methods
	Study participants
	Data categorization and collection
	Treatment and safety outcomes
	Statistical analysis

	Results
	Patient characteristics
	Post-EVT outcomes
	Workflow outcomes
	Post-stroke outcomes
	Role of OTP time

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


