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BACKGROUND: Perfusion imaging (PI) serves as a valuable tool for triaging patients with acute ischemic stroke for endovascular
treatment (EVT). This study aims to investigate trends in PI use and its impacts on EVT rates and clinical outcomes, particularly
focusing on variations across different time windows.

METHODS: Data from a prospective, nationwide, acute stroke registry in South Korea were analyzed retrospectively. PI was
regarded as treatment-decision imaging when conducted either (1) prior to EVT, or (2) within 3 hours from hospital arrival in
patients not receiving EVT. The study spanned 3 epochs: 2011–2014, 2015–2017, and 2018–2021. Based on the time from
onset to arrival, patients were categorized into 2 time windows: early (0–6 hours) and late (6–24 hours). We evaluated EVT rates
and clinical outcomes in patients with anterior large vessel occlusion.

RESULTS: From 2011 to 2021 among 49 449 patients with acute ischemic stroke presenting within 24 hours of onset, PI use
rates declined from 36.9% to 30.1%. In the early window, rates dropped from 48.4% to 32.4%, whereas in the late window,
they increased from 23.5% to 27.8%. Factors such as older age, atrial fibrillation, anterior large vessel occlusion, and severe
stroke were associated with higher rates in the late window. Conversely, younger age and male sex were associated with higher
rates in the early window. For patients with anterior large vessel occlusion, PI use increased the likelihood of receiving EVT in the
late window and minimized the risk of symptomatic intracranial hemorrhage in the early window. However, 3-month functional
outcomes and mortality were. unaffected.
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CONCLUSION: The study revealed distinct trends in PI use across early and late time windows, indicating varying roles of PI in these
time frames. However, the definitive value and necessity of PI in guiding EVT decision-making remain unclear, underscoring the
need for further research
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The advent of the perfusion mismatch concept posi-
tioned perfusion imaging (PI) as a key element in opti-
mizing the use and effectiveness of endovascular treat-
ment (EVT) for acute ischemic stroke (AIS).1 Pivotal
EVT trials in the early time window (up to 6 hours
after stroke onset) employing perfusion mismatch for
patient triage2,3 showed a potential for larger treatment
effects compared with those not using this approach.4,5

Furthermore, PI has been instrumental in extending
the time window for EVT eligibility. Notably, the DAWN
(Clinical Mismatch in the Triage of Wake Up and Late
Presenting Strokes Undergoing Neurointervention With
Trevo) and DEFUSE 3 (Endovascular Therapy Following
Imaging Evaluation for Ischemic Stroke 3) trials used
PI to identify patients with salvageable brain tissue,
thereby expanding the treatment window to 6–24 hours
poststroke onset.6,7

Despite strong evidence supporting the use of
PI in AIS, its practical application remains limited.
For instance, in the United States, the use of com-
puted tomography (CT) perfusion for AIS only modestly
increased from 1.4% to 4.2% between 2014 and 2017,
despite the release of pivotal early window EVT trials in
2015.8 During this period, only 14% of hospitals treating
patients with stroke were equipped with CT perfusion,
in contrast to the widespread availability of noncontrast
CT (100%) or magnetic resonance imaging (91%). Fol-
lowing the release of the DAWN and DEFUSE 3 trials
in 2018, PI has gained recognition as a critical imaging
technique for AIS, particularly in the late time window.9

However, there is a lack of comprehensive data detail-
ing trends in PI use for AIS since the publication of these
landmark trials.

This study aims to examine temporal trends in PI use
for treatment decisions and its impact on both EVT rate
and clinical outcomes in the real-world practice of South
Korea. We also seek to uncover any disparities in PI
use trends and its association with EVT rate and clinical
outcomes between the early and late time windows.

METHODS
Data in this study are available from the correspond-
ing author by a reasonable request. The study was

approved by local institutional review boards across all
participating centers.

Study Design and Population
This retrospective analysis leverages the CRCS-K-NIH
(Clinical Research Collaboration for Stroke in Korea-
National Institute of Health) registry, a nationwide, mul-
ticenter, prospective stroke registry, initiated in 2008. It
includes 20 tertiary or secondary hospitals, of which 17
(8 tertiary and 9 secondary hospitals) participated in this
study. The registry operates on a voluntary basis and
enrolls consecutive patients admitted with acute stroke
or transient ischemic attack. Further information on the
CRCS-K-NIH registry is provided elsewhere.10

Our analysis focused on patients aged 18 and above
diagnosed with AIS, presenting within 24 hours of
their time last seen well (TLSW) from January 2011 to
December 2021. Ineligible participants were those who
were transferred post-EVT. Anterior large vessel occlu-
sion (aLVO) was identified as occlusion in the intracranial
internal carotid artery or the M1 segment of the mid-
dle cerebral artery.6 Our cohorts for analysis included
(1) all AIS within 24 hours for PI use trend, (2) patients
with aLVO for EVT rate, and (3) patients with aLVO
excluding those with missing outcomes for clinical out-
comes. Additionally, we evaluated patients with AIS and
aLVO undergoing EVT for the impact of PI on clinical
outcomes in this subgroup.

Data Collection
In the CRCS-K-NIH registry, collection of clinical infor-
mation and data entry were performed by research
coordinators (usually registered nurses). Variable defi-
nitions and data collection processes were standard-
ized, and training workshops for registrars were held
regularly.10 Among the collected information, demo-
graphics, history of medial illness, history of medica-
tions, stroke characteristics including location of occlu-
sion sites in symptomatic artery, initial National Insti-
tutes of Health Stroke Scale (NIHSS) score, premorbid
modified Rankin Scale (mRS) score, causative stroke
mechanism, lab data, reperfusion therapy (intravenous
thrombolysis and EVT), transfer status, and workflow
time metrics were extracted from the registry database
and used for this study.
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Study Outcomes
In examining trends in PI use, PI was considered as
treatment-decision imaging under 2 conditions: if it
was conducted before EVT or within 180 minutes from
patient arrival in cases where EVT was not adminis-
tered. The 180-minute cutoff was established based on
an analysis of the time elapsed from patient arrival to
PI acquisition for patients with aLVO undergoing EVT.
This time frame encompasses the 99th percentile for
the early window and the 96th percentile for the late
window (Figure S1). PI modalities included both CT
perfusion and magnetic resonance perfusion.

To assess the effectiveness of PI use, outcomes
were EVT rate and 3-month functional outcomes (the
proportion of achieving an mRS score 0–2 and mRS
score 0–1, and the distribution of mRS scores). Safety
outcomes were 3-month mortality and symptomatic
intracranial hemorrhage (ICH) during hospitalization.

Statistical Analysis
Categorical variables were analyzed using Pearson’s
chi-square test and continuous variables using analy-
sis of variance, Student’s t-test, or Wilcoxon rank sum
test when appropriate. For variables with <5% missing
data, imputation was performed using group median
and mode values.

To discern trends in PI use, patients with AIS pre-
senting within 24 hours from TLSW were analyzed with
the study period being divided into 3 epochs: 2011–
2014, 2015–2017, and 2018–2021.4,6,7 Further gran-
ularity was introduced by categorizing our subjects
based on the time elapsed between TLSW and arrival,
forming 2 groups: the early (0–6 hours) and the late (6–
24 hours) time windows.11 Subsequently, the Cochran–
Armitage trend test was applied in each population of
the overall, early, and late time window, respectively.
To explore potential factors affecting PI use, we used
multivariable logistic regression models with a general-
ized estimating equation method to account for cen-
ter clustering. Candidate factors were selected based
on clinical relevance and prior literature.12 To evaluate
the differential impact of these factors according to the
time window, interaction terms between each factor
and time window were introduced.

The association of PI use with EVT rate and func-
tional and safety outcomes was assessed in patients
with aLVO. We employed modified Poisson regression
and ordinal logistic regression models, applying the
generalized estimating equation method to account for
center clustering. Variables for adjustment include age,
sex, hypertension, diabetes, hyperlipidemia, atrial fib-
rillation, history of stroke or transient ischemic attack
and taking statin, previous mRS score, causative stroke
mechanism, occlusion site, intravenous thrombolysis,

Nonstandard Abbreviations and Acronyms
AIS acute ischemic stroke
ALVO anterior large vessel occlusion
CRC-K-NIH Clinical Research Collaboration for

Stroke in Korea - National Institute
of Health

CT computed tomography
DAWN Clinical Mismatch in the Triage

of Wake Up and Late Present-
ing Strokes Undergoing Neuroint-
ervention With Trevo

DEFUSE 3 Endovascular Therapy Following
Imaging Evaluation for Ischemic
Stroke 3

EVT endovascular thrombectomy
ICH intracranial hemorrhage
PI perfusion imaging
TLSW time last known well

CLINICAL PERSPECTIVE
What Is New?

• In the era of endovascular thrombectomy, the
trends and clinical impact of perfusion imag-
ing use in the early (0–6 hours) and late time
windows (6–24 hours) remain unclear.

• Regarding perfusion imaging use trend, a
decrease in the early window and an increase
in the late window were observed, in line with
recommendations from international acute
stroke guidelines.

What Are the Clinical Implications?

• Although perfusion imaging use was asso-
ciated with higher likelihood of receiving
endovascular thrombectomy in the late win-
dow and reduced risk of symptomatic hem-
orrhage in the early window, it did not affect
3-month functional outcomes and mortality.

systolic blood pressure, initial glucose, transfer-in sta-
tus, epoch, and elapsed time from TLSW to arrival.
EVT was not adjusted regarding its mediation effect
on the outcomes. An interaction term was introduced
to assess the effect modification by the time window
on the impact of PI use. In addition to this traditional
approach, we applied inverse probability of treatment
weighting analysis using propensity scores for further
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adjustments of baseline imbalances according to PI
use. Variables used to generate propensity scores for
PI use were predetermined based on clinical relevance
and prior literature.11,13–21 In the assessment of func-
tional outcome and mortality at 3 months for patients
with aLVO, subjects missing 3-month mRS data were
excluded.

Under the assumption that PI-based triage might
primarily affect clinical outcomes through EVT, sepa-
rate analyses regarding functional and safety outcomes
were conducted in patients with aLVO who under-
went EVT. This analysis aimed to identify any potential
augmentation in the effectiveness of PI use.

A value of P<0.1 was considered significant for
assessment of interaction. In the other comparisons,
a value of P<0.05 with a 2-sided test was considered
significant. All statistical analyses were performed using
SAS Version 9.4 (SAS Institute, Cary, NC).

RESULTS
We analyzed 49 449 adults with AIS who presented
within 24 hours after TLSW from a pool of 97 324
patients in the CRCS-K-NIH database, spanning 2011–
2021 (Figure 1). The mean age was 69±13 years. Fifty-
nine percent were men, and the median value of the
initial NIHSS score was 4 (interquartile range 2–10).

Upon examining the data across different epochs,
we observed notable trends in patient characteristics.
There was an increase in the mean age, along with
decreasing trends in initial NIHSS scores, atrial fibrilla-
tion, aLVO, premorbid disabilities, and transfer-in rates
(Table 1).

Among the 17 participating centers, the PI use rates
exhibited a wide variation ranging from nearly 0% at cer-
tain centers to exceeding 60% at others, with a median
rate of 15% (Figure S2).

Temporal Changes of PI Use as
Treatment-Decision Imaging
Throughout the study period, there was a noticeable
decrease in PI use rates by 6.8% points (Figure 2).
This decrease was more pronounced in the early win-
dow, showing a substantial 16% points reduction.
Conversely, in the late window, there was a mod-
est increase of 4.3% points (P’s for trend <0.001 on
Cochran–Armitage trend test).

Determinants Influencing PI Use Across
Time Windows
Among all patients with AIS presenting within 24 hours
after TLSW (n = 49 449), significant differences in base-
line characteristics exist according to PI use (Table

S1). Multivariable analysis identified male sex, aLVO,
higher initial NIHSS score, and presentation in the late
window as factors increasing the likelihood of PI use
(Table 2A). Given the contrasting use trends between
the early and late windows, we incorporated an interac-
tion term between each variable and time window. This
approach allowed us to highlight the distinct influences
of predefined factors on PI use across different time
frames (Table 2B). Early window analysis linked younger
age and male sex to increased PI use, whereas, in
the late window, factors like older age, atrial fibrilla-
tion, aLVO, and higher initial NIHSS scores predomi-
nated. Consistent with the trend analysis, regarding PI
use, a marked decline in the early window and a sig-
nificant uptick in the late window were observed (P for
interaction = 0.004).

Correlation Between PI Use, EVT Rates,
and Clinical Outcomes for Patients With
aLVO
In our cohort, 10 315 patients were diagnosed with
aLVO. Notable disparities in baseline characteristics
were observed between patients with and without PI
(Table S2). However, these imbalances were neutralized
after applying inverse probability of treatment weighting
(Figure S3).

Patients with PI demonstrated higher EVT rates in
the late window and fewer symptomatic ICHs in the
early window compared with those without PI (Table 3).
An improvement in 3-month mRS score distributions
was also observed in patients with PI in the early win-
dow. Multivariable analyses confirmed that the reduc-
tion of symptomatic ICH in the early window and the
increased likelihood of receiving EVT in the late win-
dow were significantly associated with PI use. How-
ever, regarding 3-month functional outcomes and mor-
tality, PI use did not show a significant impact in either
window (Figure 3).

Association of PI Use With Clinical
Outcomes in Patients With aLVO Who
Underwent EVT
A total of 4008 patients with aLVO underwent EVT.
Baseline characteristics were well balanced after apply-
ing inverse probability of treatment weighting (Figure S4
and Table S3). There was no difference in time elapsed
from patient arrival to EVT between those with and
without PI (98 [78–125] versus 100 [77-130] minutes;
median [interquartile range]; P = 0.30).

In the early window, an improvement of 3-month
mRS distribution (P = 0.003) and a lower rate of
symptomatic ICH (3.7% versus 5.3%, P = 0.03) were
observed in the PI group compared with the no PI
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Figure 1. Study flow chart. aLVO indicates anterior large vessel occlusion; CRCS-K-NIH, Clinical Research Center for Stroke-Korea-National
Institute of Health; EVT, endovascular treatment; ICA, internal carotid artery; MCA, middle cerebral artery; CRCS-K-NIH, Clinical Research
Collaboration for stroke in Korea-National Institute of Health; TIA, transient ischemic attack; and TLSW, time last seen well.

group (Table S4). In the multivariable models, PI use
did not affect functional outcomes and mortality at 3
months. Regarding symptomatic ICH, an interaction
between the time window and PI use was not sta-
tistically significant (P for interaction = 0.70; Figure
S5).

DISCUSSION
Our study, covering the years 2011–2021, revealed
an overall notable downward trend in PI use among
patients with AIS in South Korea presenting within 24
hours after onset. Interestingly, although PI use sig-
nificantly decreased in the early window, there was a
modest increase in the late window. For patients with
aLVO, PI use considerably increased the probability
of receiving EVT in the late window and reduced the
risk of symptomatic ICH in the early window. How-

ever, 3-month functional outcomes and mortality were
unaffected in either window. When specifically focus-
ing on patients with aLVO who underwent EVT, the
differential influence of PI use on symptomatic ICH
between the early and late time windows was not
evident.

The distinct trends in PI use between the early
and late windows may reflect changes in the stroke
guidelines.9,22,23 The successful early window EVT tri-
als in 2015, which required only noncontrast CT and
the identification of aLVO for EVT eligibility,4,24 might
have led to uncertainty about the role of PI in the early
window. This hypothesis is supported by a substan-
tial 12.2% point decrease from 2011–2014 to 2015–
2017 (Figure 2). On the other hand, the adoption of
the DAWN and DEFUSE 3 criteria, which included PI
for EVT triage in the late window,6,7 probably con-
tributed to the increase of PI use in the late window,
as evidenced by a 3.2% point rise from 2015–2017 to
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Table 1. Baseline Characteristics of Patients With Acute Ischemic Stroke Who Presented Within 24 Hours After Stroke Onset
According to Epochs (N=49 449)

2011–2014
(N = 14824)

2015–2017
(N = 13795)

2018–2021
(N = 20830) Ptrend

∗

Demographic factor

Age, mean ± SD, y 68.0 ± 12.8 68.6 ± 12.8 69.5 ± 13.2 <0.001

Male sex, n (%) 8694 (58.6) 8143 (59.0) 12425 (59.6) 0.05

History of medical illness

Hypertension, n (%) 9972 (67.3) 8665 (62.8) 13822 (66.4) 0.30

Diabetes, n (%) 4506 (30.4) 4070 (29.5) 6643 (31.9) <0.001

Hyperlipidemia, n (%) 4371 (29.5) 3508 (25.4) 6736 (32.3) <0.001

Smoking, n (%) 5746 (38.8) 4966 (36.0) 6841 (32.8) <0.001

Stroke or TIA, n (%) 106 (0.7) 66 (0.5) 131 (0.6) 0.42

Coronary artery disease, n (%) 1336 (9.0) 1256 (9.1) 2116 (10.2) <0.001

Atrial fibrillation, n (%) 3881 (26.2) 3478 (25.2) 5160 (24.8) <0.001

Stroke characteristics

Anterior LVO, n (%) 3171 (21.4) 2905 (21.1) 4239 (20.4) 0.01

Initial NIHSS score, median (IQR) 4 (2–11) 4 (2–10) 4 (1–9) <0.001

0–5, n (%) 8491 (57.3) 8168 (59.2) 13101 (62.9)

6–15, n (%) 4268 (28.8) 3788 (27.5) 5387 (25.9)

≥16, n (%) 2065 (13.9) 1839 (13.3) 2342 (11.2)

Previous mRS <0.001

0, n (%) 11213 (75.6) 10646 (77.2) 16869 (81.0)

1, n (%) 1233 (8.3) 1151 (8.3) 1527 (7.3)

≥2, n (%) 2378 (16.0) 1998 (14.5) 2434 (11.7)

Causative stroke mechanism <0.001

LAA, n (%) 4896 (33.1) 4164 (30.2) 6634 (31.9)

SVO, n (%) 2181 (14.7) 2334 (16.9) 3570 (17.1)

Cardioembolic, n (%) 3999 (27.0) 3634 (26.4) 5101 (24.5)

Other determined, n (%) 328 (2.2) 432 (3.1) 837 (4.0)

Undetermined, n (%) 3403 (23.0) 3226 (23.4) 4686 (22.5)

Systolic blood pressure, mean ± SD, mmHg 143.2 ± 9.2 143.1 ± 9.3 143.4 ± 9.2 0.01

Initial serum glucose, mean ± SD, mg/dL 133.7 ± 24.3 133.0 ± 23.9 134.0 ± 24.0 0.19

Reperfusion therapy

IVT, n (%) 3135 (21.1) 2668 (19.3) 3495 (16.8) <0.001

EVT, n (%) 1413 (9.5) 1712 (12.4) 2956 (14.2) <0.001

Transfer-in, n (%) 524 (3.5) 439 (3.2) 389 (1.9) <0.001

Modality of perfusion imaging <0.001

CT perfusion, n (%) 508 (8.5) 714 (14.3) 1321 (17.5)

MR perfusion, n (%) 5458 (91.5) 4296 (85.7) 6236 (82.5)

Workflow metrics

TLSW to arrival, median (IQR), (h) 5 (2–12) 5 (2–12) 6 (2–13) <0.001

Early window, n (%) 7967 (53.7) 7352 (53.3) 10660 (51.2)

Arrival to EVT, median (IQR), (h) 109 (86–139) 98 (78–128) 100 (76–135) 0.47

CT indicates computed tomography; EVT, endovascular treatment; IQR, interquartile range; IVT, intravenous thrombolysis; LAA, large artery atherosclerosis; LVO,
large vessel occlusion; MR, magnetic resonance; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; SVO, small vessel occlusion; TIA,
transient ischemic attack; and TLSW, time last seen well.

∗P value by Cochran–Armitage trend test, Cochran–Mantel–Haenszel test and linear contrasts test in analysis of variance.

2018–2021. Additionally, in the late window, PI use sig-
nificantly increased the likelihood of undergoing EVT in
patients with aLVO. However, these effects were not
observed in the early window, potentially due to current
stroke guidelines emphasizing PI for EVT triage in the
late window.9

The PI use rate was 32.3% in our study, markedly
higher than the 2.5% reported in the United States
between 2014 and 2017.8 In contrast to the downward
trend observed in our study, the US rates showed a
slight increase from 1.4% in 2014 to 4.2% in 2017.8,25

These differences in both absolute rates and the trend
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Table 2. Potential Determinants of PI Use as Treatment-Decision Imaging in Patients Presenting Within 24 Hours After Onset
(N = 49 449) Without (A) and With (B) Considering Their Interactions With Time Window

A

Adjusted OR (95% CI) P value

Demographic factor

Age, per 10 y 1.01 (0.97–1.06) 0.62

Male sex 1.07 (1.01–1.13) 0.02

History of medical illness

Hypertension 0.97 (0.83–1.14) 0.74

Diabetes 0.97 (0.90–1.06) 0.51

Hyperlipidemia 1.16 (0.79–1.70) 0.46

Stroke or TIA 1.06 (0.68–1.67) 0.79

Atrial fibrillation 0.95 (0.84–1.07) 0.40

Stroke characteristics

Anterior LVO 1.39 (1.05–1.84) 0.02

Initial NIHSS score, per 1 point 1.02 (1.00–1.04) 0.03

Previous mRS score

0 1(Ref)

1 1.00 (0.67–1.49) 0.98

≥2 0.96 (0.66–1.39) 0.83

Transfer-in 0.89 (0.63–1.26) 0.52

Epoch

2011–2014 1 (Ref)

2015–2017 0.77 (0.40–1.48) 0.42

2018–2021 0.75 (0.36–1.56) 0.44

Late window (Early window as a reference) 0.58 (0.47–0.71) <0.001

Early window Late window

B Adjusted OR (95% CI)† P
Adjusted OR
(95% CI)† P

P for
interaction

Demographic factor

Age, per 10 y 0.99 (0.98–1.00) 0.04 1.04 (1.02–1.06) <0.001 <0.001

Male sex 1.04 (1.00–1.08) 0.04 0.99 (0.95–1.03) 0.47 0.02

History of medical illness

Hypertension 1.02 (0.94–1.11) 0.62 0.98 (0.92–1.04) 0.54 0.37

Diabetes 0.99 (0.96–1.03) 0.77 0.99 (0.97–1.02) 0.52 0.94

Hyperlipidemia 0.92 (0.84–1.01) 0.07 0.94 (0.86–1.03) 0.19 0.70

Stroke or TIA 0.88 (0.62–1.25) 0.48 1.08 (0.82–1.40) 0.59 0.04

Atrial fibrillation 0.95 (0.88–1.02) 0.17 1.16 (1.04–1.29) 0.01 <0.001

Stroke characteristics

Anterior LVO 1.03 (0.94–1.14) 0.51 1.50 (1.19–1.88) <0.001 0.006

Initial NIHSS score,
per 1 point

1.01 (1.00–1.02) 0.07 1.05 (1.01–1.09) 0.02 0.07

Previous mRS score 0.91

0 1(Ref) 1(Ref)

1 0.97 (0.84–1.13) 0.73 0.92 (0.73–1.16)

≥2 0.99 (0.90–1.08) 0.75 0.97 (0.80–1.18)

Transfer-in 0.78 (0.52–1.17) 0.23 0.80 (0.58–1.10) 0.84

Epoch 0.004

2011–2014 1 (Ref) 1 (Ref)

2015–2017 0.61 (0.27–1.36) 0.23 1.08 (0.72–1.62) 0.71

2018–2021 0.51 (0.21–1.23) 0.14 1.26 (0.75–2.12) 0.38

The results are presented as italics in the variables showing non-significant interaction with time window (P for interaction ≥0.1) in Table A and those showing
significant interaction with time window (P for interaction <0.1) in Table B.

LVO indicates large vessel occlusion; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; and TIA, transient ischemic
attack.
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Figure 2. Secular trends of perfusion imaging use in patients with acute ischemic stroke who presented within 24 hours after
onset. ∗Cochran–Armitage trend test was applied, without adjustments for center clustering and other covariates.

Table 3. Comparisons of Outcomes According to PI Use in Patients With Anterior Large Vessel Occlusion (N = 10 315)

Early window (0–6 hours) Late window (6–24 hours)

PI, n (%)
(N = 2804)

No PI, n (%)
(N = 3688) P†

PI, n (%)
(N = 1441)

No PI, n (%)
(N = 2382) P†

EVT rate 1310 (46.7) 1780 (48.3) 0.22 482 (33.4) 436 (18.3) <0.001

Functional outcomes at 3 mo∗

mRS score 0–2 1192 (43.5) 1517 (42.8) 0.55 467 (33.3) 815 (35.6) 0.16

mRS score 0–1 852 (31.1) 1075 (30.3) 0.49 321 (22.9) 515 (22.5) 0.78

mRS score distribution 0.002 0.70

0 438 (16.0) 504 (14.2) 144 (10.3) 200 (8.7)

1 414 (15.1) 571 (16.1) 177 (12.6) 315 (13.8)

2 340 (12.4) 442 (12.5) 146 (10.4) 300 (13.1)

3 380 (13.9) 376 (10.6) 205 (14.6) 279 (12.2)

4 445 (16.3) 543 (15.3) 292 (20.8) 468 (20.5)

5 350 (12.8) 605 (17.1) 219 (15.6) 391 (17.1)

Safety outcomes

Deaths at 3 mo∗ 371 (13.6) 505 (14.2) 0.43 218 (15.6) 335 (14.6) 0.45

Symptomatic ICH 82 (2.9) 158 (4.3) 0.004 38 (2.6) 65 (2.7) 0.87

EVT indicates endovascular treatment; ICH, intracranial hemorrhage; mRS, modified Rankin Scale; and PI, perfusion imaging.
∗2738 and 3546 patients with and without PI in the early window and 1401 and 2288 with and without PI in the late window had data of 3-month mRS.
†P value by chi-square test and Cochran–Mantel–Haenszel shift test.
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Figure 3. Association between perfusion imaging use and outcomes in patients with anterior large vessel occlusion. RRs and
cOR were obtained from modified Poisson regression and ordinal logistic regression models, respectively, before (with adjustments for variables
mentioned in the Methods section) and after applying IPTW with propensity scores. cOR indicates common odds ratios; EVT, endovascular
treatment; ICH, intracranial hemorrhage; IPTW, inverse probability of treatment weighting; mRS, modified Rankin Scale; and RR, relative risk.

could be due to variations in the types of participating
centers. Our data predominantly came from teaching,
tertiary, and urban hospitals, whereas the US data pri-
marily included nonteaching hospitals.8,25 Notably, even
with different methodologies, significant global varia-
tions in PI use rates have been reported, such as 63%
in the Swiss Stroke Registry and only 1.2% in theUnited
Kingdom’s national stroke registry.26

In the late window, aLVO, atrial fibrillation, and higher
initial NIHSS scores were associated with an increase in
use of PI for treatment decisions. The 3 factors we iden-
tified, aLVO, atrial fibrillation, and higher initial NIHSS
score, may be associated with larger infarct size or
greater severity of stroke deficit.27 Interestingly, these
factors did not have a significant impact on PI use in
the early window. This suggests that in the late win-
dow, clinicians might consider PI as an potential tool
for EVT triage, whereas its role seems more uncertain
in the early window.9,23

In the early window, we found that younger individ-
uals and males were more likely to undergo PI. This
aligns with prior studies that have noted age and sex
disparities in access to advanced neuroimaging.25,28

Notably, women often have less access to diagnostic
evaluations.29 Furthermore, in younger persons PI may
serve to help validate the presence of stroke and pro-
vide additional evidence to support use of acute stroke
therapies especially when a stroke mimic is being con-

sidered in a young person. Conversely, in the late win-
dow, older age was associated with PI use. Worse
collateral circulation in the elderly30 and more strin-
gent criteria for this population in randomized trials5,6

likely necessitate PI use for patient selection and risk
stratification in older patients.31

It is worth noting that in the early window, even
though a higher proportion of patients with aLVO
who received PI underwent intravenous thrombolysis
(40.1%) compared with those who did not receive PI
(30.9%), the rate of symptomatic ICH was lower in
those with PI than those without PI. Previous studies
have suggested that certain perfusion parameters on PI
could predict the risk of symptomatic ICH.17,32,33 In the
analysis focusing solely on patients with aLVO under-
going EVT, the differential impact of PI use between
the early and late time windows might have been been
alleviated by excluding patients not receiving EVT due
to the absence of perfusion mismatch. These patients
could have been candidates for EVT if they did not
undergo PI.

However, our study indicated that PI use did not sig-
nificantly improve functional outcomes for patients with
aLVO in either time window. Although randomized trials
on early window EVT have shown substantial benefits
by triaging with perfusion-mismatch imaging,2–5 obser-
vational studies report conflicting results.18,21 Interest-
ingly, the recent MR CLEAN-LATE trial highlighted the
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efficacy and safety of late window EVT triage using
collateral flow on CT angiography.34 Considering the
widespread use of advanced imaging techniques like
multiphase CT angiography or magnetic resonance
imaging in South Korea,35 it is plausible that patients
without PI in our study could have been triaged for EVT
using these alternative neuroimaging modalities.

From an economic standpoint, a critical question
arises: if PI use does not yield significant improvements
in functional outcomes, and considering the additional
costs associated with PI contributing to higher EVT
rates in the late window, is its integration into EVT triage
efforts justified in any time window? Particularly in the
late window, there has been an emphasis on identify-
ing EVT-eligible patients without relying on PI to expand
the accessibility and applicability of EVT.34,36 Although
our observations did not reach statistical significance in
the multivariable analyses, there was a noticeable trend
suggesting that PI use might improve 3-month mRS
score distributions in the early time window.

Despite the 2019 guideline from the American Heart
Association recommending clinical examination and
noncontrast CT with identifying aLVO for early AIS EVT
triage without routine PI use,9 this study showed that
South Korea’s clinical practice notably diverges, favor-
ing advanced imaging such as PI to refine EVT patient
selection. Moreover, our study counters the poten-
tial concern that PI delays EVT, showing no signifi-
cant impact on the elapsed time from patient arrival to
EVT (Table S3). This suggests that efficient integration
of advanced imaging, such as PI, into stroke imaging
protocols can enhance patient selection without time
delays.

The limitations of this study should be noted.
First, the impact of PI on physicians’ decision-making
for EVT remains uncertain. However, our definition
based on imaging acquisition time arguably aligns
more closely with treatment decisions than previous
literature,8,25 that relied on billing claims to categorize
PI as a decision-making tool if performed on day 1 or
day 2. Second, the potential for varying performance
across different centers may have affected our findings.
Although the generalized estimating equation method
was employed to account for center clustering, there is
still room for unmeasured confounders. Third, the spe-
cific imaging modalities used, particularly CT and mag-
netic resonance imaging, might have influenced our
results. Magnetic resonance imaging-based selection
for EVT was reported to be associated not with func-
tional outcomes but with a reduced risk of symptomatic
ICH.16 Notably, 80% of patients with PI received mag-
netic resonance perfusion in our cohort. Fourth, recent
randomized trials for EVT in the late time window and
large core infarct aimed to broaden the pool of eligible
patients with or without advanced neuroimaging.34,37–39

Our database does not encompass the recent trends
since 2022. Last, regarding the representativeness of
the CRCS-K-NIH registry, it primarily comprises ter-
tiary or teaching hospitals. Nevertheless, demograph-
ics, presentation, and stroke severity in our registry are
almost identical to those reported in a national stroke
audit.10

Despite these limitations, our study highlights a
noticeable difference in PI use trends between the early
and late time windows, suggesting that physicians may
perceive the role of PI differently in each time window.
Although there was an expansion in EVT eligibility in the
late window and a decrease in symptomatic ICH in the
early window, PI use did not lead to improved 3-month
functional outcomes in patients with aLVO. This raises
questions regarding the necessity and effectiveness of
PI in EVT triage and underscores the need for additional
research.

ARTICLE INFORMATION
Received April 2, 2024; Accepted July 1, 2024

Affiliations
Department of Neurology, Soonchunhyang University Hospital Seoul,
Soonchunhyang University College of Medicine, Seoul, Republic of Korea
(J.-Y.L., K.L.); Department of Translational Medicine, Seoul National University
College of Medicine, Seoul, Republic of Korea (J.-Y.L., J.K.); Department
of Neurology, Seoul National University Bundang Hospital, Seoul National
University College of Medicine, Seongnam, Republic of Korea (D.Y.K., J.Y.K.,
J.K., B.J.K., M.-K.H., H.-J.B.); Department of Neurology, Nowon Eulji Medical
Center, Eulji University School of Medicine, Seoul, Republic of Korea (Y.S.K.,
K.K.); Department of Neurology, Daejeon Eulji Medical Center, Eulji University
School of Medicine, Daejeon, Republic of Korea (J.G.K., S.J.L.); Department of
Neurology, Dong-A University Hospital, Dong-A University College of Medicine,
Busan, Republic of Korea (D.-H.K., J.-K.C.); Department of Neurology, Seoul
Medical Center, Seoul, Republic of Korea (J.-K.C., S.-S.P., T.H.P.); Department
of Neurology, Yeungnam University Medical Center, Yeungnam University
College of Medicine, Daegu, Republic of Korea (D.H.K., J.L.); Department
of Neurology, Inje University Ilsan Paik Hospital, Inje University College of
Medicine, Goyang, Republic of Korea (H.-K.P., Y.-J.C., K.-S.H.); Department
of Neurology, Hallym University Sacred Heart Hospital, Hallym University
College of Medicine, Anyang, Republic of Korea (M.L., M.S.O., K.-H.Y.,
B.-C.L.); Department of Neurology, Chonnam National University Hospital,
Chonnam University College of Medicine, Gwangju, Republic of Korea (H.K.,
K.C., J.-T.K.); Department of Neurology, Dongguk University Ilsan Hospital,
Dongguk University College of Medicine, Goyang, Republic of Korea (D.-S.G.,
D.-E.K.); Department of Neurology, Jeju National University Hospital, Jeju
University College of Medicine, Jeju, Republic of Korea (C.-H.K., J.-G.K.,
J.C.C.); Department of Neurology, Chungbuk National University Hospital,
Chungbuk National University College of Medicine, Cheongju, Republic of
Korea (K.S.Y., D.-I.S.); Department of Neurology, Ulsan University Hospital,
Ulsan University College of Medicine, Ulsan, Republic of Korea (W.-J.K.,
J.-H.K.); Department of Neurology, Keimyung University Dongsan hospital,
Keimyung University School of Medicine, Daegu, Republic of Korea (H.P.,
J.-H.H., S.S.); Department of Neurology, Hallym University Chuncheon Sacred
Heart Hospital, Hallym University College of Medicine, Chuncheon, Republic
of Korea (S.-H.L., C.K.); Department of Neurology, Chung-Ang University
Hospital, Chung-Ang University College of Medicine, Seoul, Republic of Korea
(C.-Y.P., H.-B.J., K.-Y.P.); Department of Neurology, Uijeongbu Eulji Medical
center, Eulji University School of Medicine, Uijenongbu, Republic of Korea (D.L.,
J.-M.P.); Department of Neurology, Republic of Korea University Guro Hospital,
Republic of Korea University College of Medicine, Seoul, Republic of Korea
(K.-J.L., J.H.H., C.K.K., K.O.); Department of Neurology, Kyung Hee University
Hospital, Kyung Hee University College of Medicine, Seoul, Republic of Korea
(H.G.W., S.H.H.); Department of Neurology, Inha University Hospital, Inha

Stroke Vasc Interv Neurol. 2024;4:e001361. DOI: 10.1161/SVIN.124.001361 10

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 19, 2024



Lee et al Use of Perfusion Imaging in Real-World Practice

University College of Medicine, Incheon, Republic of Korea (J.K.); Department
of Biostatistics, College of Medicine, Republic of Korea University, Seoul,
Republic of Korea (J.L.); Asan Medical Center, Clinical Research Center, Seoul,
Republic of Korea (J.S.L.); Davee Department of Neurology, Northwestern
University Feinberg School of Medicine, Chicago, IL, USA (P.B.G.)

Acknowledgments
Every author contributed to study design, data acquisition, analysis, drafting,
and critical revision of the manuscript.

Sources of Funding
This study was supported by a research grant from the Korea Centers for
Disease Control and Prevention (no. 2023-ER1006-00).

Disclosures
None.

Supplemental Materials
Supplemental material
Figure S1. Distribution of the elapsed time from arrival to acquisition of perfu-
sion imaging in patients who underwent endovascular treatment in the early (A)
and late windows (B)
Figure S2. Perfusion imaging utilization rates across 17 participating centers in
patients with acute ischemic stroke presenting within 24 hours of stroke onset
Figure S3. Absolute standardized differences in covariates used for estimating
propensity score in patients with anterior large vessel occlusion before and after
applying IPTW
Figure S4. Absolute standardized differences in covariates used for estimating
propensity score in patients with anterior large vessel occlusion who underwent
endovascular treatment before and after matching
Figure S5. Association between perfusion imaging utilization and outcomes in
patients with anterior large vessel occlusion who underwent EVT
Table S1. Comparisons of baseline characteristics according to PI utilization (N
= 49,449)
Table S2.Comparisons of baseline characteristics in patients with anterior large
vessel occlusion according to PI utilization (N = 10,315)
Table S3. Baseline characteristics of patients with anterior large vessel occlu-
sion who presented within 24 hours after stroke onset and underwent EVT
according to PI utilization (N = 4,008)
Table S4. Comparisons of outcomes according to PI utilization in patients with
anterior large vessel occlusion who underwent EVT (N = 4,008)

REFERENCES

1. Lansberg MG, Straka M, Kemp S, Mlynash M, Wechsler LR, Jovin
TG, Wilder MJ, Lutsep HL, Czartoski TJ, Bernstein RA. MRI profile
and response to endovascular reperfusion after stroke (DEFUSE 2): a
prospective cohort study. Lancet Neurol. 2012;11:860-867.

2. Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, Yan
B, Dowling RJ, Parsons MW, Oxley TJ. Endovascular therapy for ischemic
stroke with perfusion-imaging selection. N Engl J Med. 2015;372:1009-
1018.

3. Saver JL, Goyal M, Bonafe A, Diener H-C, Levy EI, Pereira VM, Albers
GW, Cognard C, Cohen DJ, HackeW. Stent-retriever thrombectomy after
intravenous t-PA vs. t-PA alone in stroke. N Engl J Med. 2015;372:2285-
2295.

4. Berkhemer OA, Fransen PS, Beumer D, Van Den Berg LA, Lingsma
HF, Yoo AJ, Schonewille WJ, Vos JA, Nederkoorn PJ, Wermer MJ. A
randomized trial of intraarterial treatment for acute ischemic stroke.N Engl
J Med. 2015;372:11-20.

5. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, San
Román L, Serena J, Abilleira S, Ribó M. Thrombectomy within 8 hours
after symptom onset in ischemic stroke. N Engl J Med. 2015;372:2296-
2306.

6. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P,
Yavagal DR, Ribo M, Cognard C, Hanel RA. Thrombectomy 6 to 24 hours
after stroke with a mismatch between deficit and infarct. N Engl J Med.
2018;378:11-21.

7. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez
S, McTaggart RA, Torbey MT, Kim-Tenser M, Leslie-Mazwi T. Thrombec-
tomy for stroke at 6 to 16 hours with selection by perfusion imaging. N
Engl J Med. 2018;378:708-718.

8. Kim Y, Lee S, Abdelkhaleq R, Lopez-Rivera V, Navi B, Kamel H, Savitz
SI, Czap AL, Grotta JC, McCullough LD. Utilization and availability of
advanced imaging in patients with acute ischemic stroke. Circ Cardiovasc
Qual Outcomes. 2021;14:e006989.

9. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC,
Becker K, Biller J, Brown M, Demaerschalk BM, Hoh B. 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-e418.

10. Bae H-J, Kim JY, Kang J, Kim BJ, Han M-K, Choi K-H, Kim J-T, Park
M-S, Cho K-H, Kim BK, et al. David G. Sherman Lecture Award: 15-
year experience of the nationwide multicenter stroke registry in Korea.
Stroke. 2022;53:2976-2987. doi: https://doi.org/10.1161/STROKEAHA.
122.039212

11. Lopez-Rivera V, Abdelkhaleq R, Yamal J-M, Singh N, Savitz SI, Czap
AL, Alderazi Y, Chen PR, Grotta JC, Blackburn S. Impact of initial
imaging protocol on likelihood of endovascular stroke therapy. Stroke.
2020;51:3055-3063.

12. Vagal A, Sucharew H, Wang LL, Kissela B, Alwell K, Haverbusch M,
Woo D, Ferioli S, Mackey J, De Los Rios La Rosa F, et al. Trends
in disparities in advanced neuroimaging utilization in acute stroke: a
population-based study. Stroke. 2023;54:1001-1008. https://doi.org/10.
1161/STROKEAHA.122.040790

13. Froehler MT, Saver JL, Zaidat OO, Jahan R, Aziz-Sultan MA, Klucznik RP,
Haussen DC, Hellinger Jr FR, Yavagal DR, Yao TL. Interhospital transfer
before thrombectomy is associated with delayed treatment and worse
outcome in the STRATIS registry (systematic evaluation of patients treated
with neurothrombectomy devices for acute ischemic stroke). Circulation.
2017;136:2311-2321.

14. Jahan R, Saver JL, Schwamm LH, Fonarow GC, Liang L, Matsouaka
RA, Xian Y, Holmes DN, Peterson ED, Yavagal D. Association between
time to treatment with endovascular reperfusion therapy and outcomes
in patients with acute ischemic stroke treated in clinical practice. JAMA.
2019;322:252-263.

15. Bourcier R, Goyal M, Liebeskind DS, Muir KW, Desal H, Siddiqui AH,
Dippel DW, Majoie CB, Van ZwamWH, Jovin TG. Association of time from
stroke onset to groin puncture with quality of reperfusion after mechan-
ical thrombectomy: a meta-analysis of individual patient data from 7
randomized clinical trials. JAMA Neurol. 2019;76:405-411.

16. Kim J-T, Cho B-H, Choi K-H, Park M-S, Kim BJ, Park J-M, Kang K,
Lee SJ, Kim JG, Cha J-K. Magnetic resonance imaging versus com-
puted tomography angiography based selection for endovascular therapy
in patients with acute ischemic stroke. Stroke. 2019;50:365-372.

17. Olivot J-M, Albucher J-F, Guenego A, Thalamas C, Mlynash M, Rousseau
V, Drif A, Christensen S, Sommet A, Viguier A. Mismatch profile influences
outcome after mechanical thrombectomy. Stroke. 2021;52:232-240.

18. Nogueira RG, Haussen DC, Liebeskind D, Jovin TG, Gupta R, Jadhav
A, Budzik RF, Baxter B, Krajina A, Bonafe A. Stroke imaging selection
modality and endovascular therapy outcomes in the early and extended
time windows. Stroke. 2021;52:491-497.

19. Nguyen TN, Abdalkader M, Nagel S, Qureshi MM, Ribo M, Caparros F,
Haussen DC, Mohammaden MH, Sheth SA, Ortega-Gutierrez S, et al.
Noncontrast computed tomography vs computed tomography perfusion
or magnetic resonance imaging selection in late presentation of stroke
with large-vessel occlusion. JAMA Neurol. 2022;79:22-31. https://doi.
org/10.1001/jamaneurol.2021.4082

20. Compagne KC, Kappelhof M, Hinsenveld WH, Brouwer J, Goldhoorn
R-JB, Uyttenboogaart M, Bokkers RP, Schonewille WJ, Martens
JM, Hofmeijer J. Improvements in endovascular treatment for acute
ischemic stroke: a longitudinal study in the MR CLEAN Registry. Stroke.
2022;53:1863-1872.

21. Dhillon PS, Butt W, Podlasek A, McConachie N, Lenthall R, Nair S,
Malik L, Booth TC, Bhogal P, Makalanda HLD. Perfusion imaging for
endovascular thrombectomy in acute ischemic stroke is associated with
improved functional outcomes in the early and late time windows. Stroke.
2022;53:2770-2778.

22. PowersWJ, Derdeyn CP, Biller J, Coffey CS, Hoh BL, Jauch EC, Johnston
KC, Johnston SC, Khalessi AA, Kidwell CS, et al. 2015 American Heart

Stroke Vasc Interv Neurol. 2024;4:e001361. DOI: 10.1161/SVIN.124.001361 11

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 19, 2024

https://doi.org/10.1161/STROKEAHA.122.039212
https://doi.org/10.1161/STROKEAHA.122.039212
https://doi.org/10.1161/STROKEAHA.122.040790
https://doi.org/10.1161/STROKEAHA.122.040790
https://doi.org/10.1001/jamaneurol.2021.4082
https://doi.org/10.1001/jamaneurol.2021.4082


Lee et al Use of Perfusion Imaging in Real-World Practice

Association/American Stroke Association focused update of the 2013
guidelines for the early management of patients with acute ischemic
stroke regarding endovascular treatment. Stroke. 2015;46:3020-3035.
doi: https://doi.org/10.1161/STR.0000000000000074

23. Turc G, Bhogal P, Fischer U, Khatri P, Lobotesis K, Mazighi M,
Schellinger PD, Toni D, De Vries J, White P. European stroke Organisa-
tion (ESO)–European society for minimally invasive neurological therapy
(ESMINT) guidelines on mechanical thrombectomy in acute ischaemic
StrokeEndorsed by stroke alliance for Europe (SAFE). Eur Stroke J.
2019;4:6-12.

24. Bracard S, Ducrocq X, Mas JL, Soudant M, Oppenheim C, Moulin T,
Guillemin F. Mechanical thrombectomy after intravenous alteplase ver-
sus alteplase alone after stroke (THRACE): a randomised controlled trial.
Lancet Neurol. 2016;15:1138-1147.

25. Vagal A, Meganathan K, Kleindorfer DO, Adeoye O, Hornung R, Khatri P.
Increasing use of computed tomographic perfusion and computed tomo-
graphic angiograms in acute ischemic stroke from 2006 to 2010. Stroke.
2014;45:1029-1034.

26. Physicians RCo. The Road to Recovery: The Ninth SSNAP Annual Report.
SSNAP; 2022.

27. Tu HT, Campbell BC, Christensen S, Desmond PM, De Silva DA, Parsons
MW, Churilov L, Lansberg MG, Mlynash M, Olivot JM, et al. Worse
stroke outcome in atrial fibrillation is explained by more severe hypop-
erfusion, infarct growth, and hemorrhagic transformation. Int J Stroke.
2015;10:534-540. https://doi.org/10.1111/ijs.12007

28. Vagal A, Sucharew H, Wang LL, Kissela B, Alwell K, Haverbusch M, Woo
D, Ferioli S, Mackey J, De Los Rios La Rosa F. Trends in disparities in
advanced neuroimaging utilization in acute stroke: a population-based
study. Stroke. 2023;54:1001-1008.

29. Ospel J, Singh N, Ganesh A, Goyal M. Sex and gender differences in
stroke and their practical implications in acute care. J Stroke. 2023;25:16-
25. https://doi.org/10.5853/jos.2022.04077

30. Wiegers EJA, Mulder M, Jansen IGH, Venema E, Compagne KCJ,
Berkhemer OA, Emmer BJ, Marquering HA, van Es A, Sprengers ME,
et al. Clinical and imaging determinants of collateral status in patients
with acute ischemic stroke in MR CLEAN trial and registry. Stroke.
2020;51:1493-1502. https://doi.org/10.1161/strokeaha.119.027483

31. Monteiro A, Cortez GM, Greco E, Aghaebrahim A, Sauvageau E, Hanel
RA. Hypoperfusion intensity ratio for refinement of elderly patient selec-

tion for endovascular thrombectomy. J Neurointerv Surg. 2022;14:242-
247.

32. Sarraj A, Hassan AE, Grotta J, Sitton C, Cutter G, Cai C, Chen PR,
Imam B, Pujara D, Arora A. Optimizing patient selection for endovas-
cular treatment in acute ischemic stroke (SELECT): a prospective, mul-
ticenter cohort study of imaging selection. Ann Neurol. 2020;87:419-
433.

33. Suh CH, Jung SC, Cho SJ, Kim D, Lee JB, Woo D-C, Oh WY, Lee JG,
Kim KW. Perfusion CT for prediction of hemorrhagic transformation in
acute ischemic stroke: a systematic review and meta-analysis. Eur Radiol.
2019;29:4077-4087.

34. Olthuis SG, Pirson FAV, Pinckaers FM, Hinsenveld WH, Nieboer D,
Ceulemans A, Knapen RR, Robbe MQ, Berkhemer OA, van Walderveen
MA. Endovascular treatment versus no endovascular treatment after
6–24 h in patients with ischaemic stroke and collateral flow on CT
angiography (MR CLEAN-LATE) in the Netherlands: a multicentre, open-
label, blinded-endpoint, randomised, controlled, phase 3 trial. Lancet.
2023;401:1371-1380.

35. Kim B, You S-H, Jung SC. A multicenter survey of acute stroke
imaging protocols for endovascular thrombectomy. Neurointervention.
2021;16:20-28.

36. Dekker L, Venema E, Pirson FAV, Majoie C, Emmer BJ, Jansen IGH,
Mulder M, Lemmens R, Goldhoorn RB, Wermer MJH, et al. Endovas-
cular treatment in anterior circulation stroke beyond 6.5 hours after onset
or time last seen well: results from the MR CLEAN Registry. Stroke Vasc
Neurol. 2021;6:572-580. https://doi.org/10.1136/svn-2020-000803

37. Bendszus M, Fiehler J, Subtil F, Bonekamp S, Aamodt AH, Fuentes B,
Gizewski ER, Hill MD, Krajina A, Pierot L, et al. Endovascular thrombec-
tomy for acute ischaemic stroke with established large infarct: multicen-
tre, open-label, randomised trial. Lancet. 2023;402:1753-1763. https:
//doi.org/10.1016/S0140-6736(23)02032-9

38. Huo X, Ma G, Tong X, Zhang X, Pan Y, Nguyen TN, Yuan G, Han H, Chen
W, Wei M, et al. Trial of endovascular therapy for acute ischemic stroke
with large infarct. N Engl J Med. 2023;388:1272-1283. https://doi.org/
10.1056/NEJMoa2213379

39. Sarraj A, Hassan AE, Abraham MG, Ortega-Gutierrez S, Kasner SE,
Hussain MS, Chen M, Blackburn S, Sitton CW, Churilov L, et al. Trial of
endovascular thrombectomy for large ischemic strokes. N Engl J Med.
2023;388:1259-1271. https://doi.org/10.1056/NEJMoa2214403

Stroke Vasc Interv Neurol. 2024;4:e001361. DOI: 10.1161/SVIN.124.001361 12

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 19, 2024

https://doi.org/10.1161/STR.0000000000000074
https://doi.org/10.1111/ijs.12007
https://doi.org/10.5853/jos.2022.04077
https://doi.org/10.1161/strokeaha.119.027483
https://doi.org/10.1136/svn-2020-000803
https://doi.org/10.1016/S0140-6736(23)02032-9
https://doi.org/10.1016/S0140-6736(23)02032-9
https://doi.org/10.1056/NEJMoa2213379
https://doi.org/10.1056/NEJMoa2213379
https://doi.org/10.1056/NEJMoa2214403

	Perfusion Imaging-Based Triage for Acute Ischemic Stroke: Trends in Use and Impact on Clinical Outcomes
	METHODS
	Study Design and Population
	Data Collection
	Study Outcomes
	Statistical Analysis

	RESULTS
	Temporal Changes of PI Use as Treatment-Decision Imaging
	Determinants Influencing PI Use Across Time Windows
	Correlation Between PI Use, EVT Rates, and Clinical Outcomes for Patients With aLVO
	Association of PI Use With Clinical Outcomes in Patients With aLVO Who Underwent EVT

	DISCUSSION
	ARTICLE INFORMATION
	Acknowledgments
	Sources of Funding
	Disclosures
	REFERENCES


