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Background: Advanced perfusion modalities are increasingly popular for various 
diseases. However, few studies have focused on contrasting perfusion patterns.

Objective: This study aimed to compare the time efficiency and clinical outcomes 
of patients with acute ischemic stroke (AIS) who underwent endovascular 
treatment (EVT) before one-stop arterial spin labeling (ASL) and computed 
tomography perfusion (CTP) protocols.

Methods: This study retrospectively included 326 patients with AIS who had 
accepted EVT within 24  h of onset from four comprehensive stroke centers 
between October 2017 and September 2022. After 1:1 matching of the propensity 
scores, 202 patients were separated into two groups: the ASL group (n =  101) and 
the CTP group (n =  101).

Results: Functional independence at 90  days (modified Rankin Scale [mRS] 0–2; 
p =  0.574), onset-to-puncture time (p =  0.231), door-to-puncture time (p =  0.136), 
and door-to-perfusion time (p =  0.646) were not significantly different between the 
two groups. The proportion of EVT complications (31.7% in the ASL group vs. 14.9% 
in the CTP group, p =  0.005) and symptomatic intracranial hemorrhage (sICH) at 
24  h (23.8% in the ASL group vs. 9.9% in the CTP group, p  =  0.008) in the CTP 
group were lower than the ASL group. The ischemic core volume was a common 
predictor of favorable outcomes in both ASL (p <  0.001) and CTP (p  <  0.001) groups.

Conclusion: There were no significant differences in time efficiency and efficacy 
outcomes between the two groups of patients receiving one-stop ASL and CTP. 
The proportion of sICH at 24  h and EVT complications of patients in the CTP group 
was lower than the ASL group. The ischemic core volume was an independent 
predictor for favorable outcomes.
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1. Introduction

Endovascular treatment (EVT) is an effective and safe treatment 
for acute ischemic stroke (AIS) (1, 2). Advanced perfusion modalities 
are increasingly used for selecting patients to undergo EVT (3–5). 
These modalities are able to quantify the volume of ischemic 
penumbra, core infarct, and hypoperfusion (6–9). EVT is important 
for salvaging the recoverable ischemic penumbra, which improves the 
functional prognosis of patients with AIS (10, 11).

Several studies have investigated pre-interventional imaging and 
found that the clinical prognosis after EVT was better in patients 
selected for perfusion imaging than in those without it (12, 13). The 
DEFUSE-3 and DAWN trials demonstrated that advanced perfusion 
imaging could be used to assist in selecting patients for EVT (14, 15). 
Based on the results from two trials above, stroke guidelines in the 
United States and Europe recommend the use of advanced perfusion 
for EVT (16, 17). One-stop arterial spin labeling (ASL) and one-stop 
computed tomography perfusion (CTP) are the two main advanced 
perfusion imaging modalities (18); however, it is unclear which 
perfusion modality is more helpful in patient selection.

Therefore, this study aimed to retrospectively compare the time 
efficiency, efficacy outcomes, and safety outcomes of patients with AIS 
who received one-stop ASL and one-stop CTP before EVT within 24 h 
of onset using multicenter data.

2. Methods

2.1. Ethics

This study was endorsed by the Medical Ethics Committee of the 
First Affiliated Hospital of Jinan University, and all patients signed an 
institutional informed consent form.

2.2. Patients

The study collected participants who were enrolled in four 
Guangdong district general stroke centers within 24 h of symptoms of 
AIS beginning to appear between October 2017 and September 2022. 
The data were obtained from a multicenter prospective registry, the 
Multi-center Prospective Registry Study for Endovascular Treatment 
of Acute Ischemic Stroke (ChiCTR 1900028224). The inclusion 
criteria were as follows: (1) patients aged 18 years or older; (2) patients 
who were treated with emergency EVT within 24 h of onset; (3) 
patients who completed one-stop ASL or CTP modality before 
EVT. The following criteria were used to exclude candidates: (1) 
intracranial arterial thrombolysis alone, (2) intracranial hemorrhage 
prior to EVT, (3) incomplete clinical and imaging data, (4) poor 
quality perfusion images, and (5) refusal to enroll or failure to 
follow-up. After the inclusion and exclusion of patients, there were 
225 in the ASL group and 101 in the CTP group, of whom 105 were 
from a multicenter prospective study and 221 from a single-center 
retrospective study (selection details are presented in Figure  1); 
however, both groups had an imbalanced baseline. Therefore, 
we applied a 1:1 matching propensity score to reduce the effects of 
confounding factors (matching details are shown in Table 1). After 
matching, 101 patients were included in the ASL group and 101 

patients in the CTP group. Patients were selected for EVT primarily 
based on the National Institutes of Health Stroke Scale (NIHSS) 
scores, Alberta Stroke Program Early CT Score (ASPECTS), and 
perfusion mismatch on CT or magnetic resonance imaging by visual 
inspection of neurointerventionalists and neurologists. In the prior 
EVT, all patients were assigned to two groups: ASL and CTP.

Demographic data and clinical information of the patients were 
collected. Based on the ORG 10172 Trial in Acute Stroke Treatment 
Classification, stroke etiology can be divided into three categories: 
large atherosclerosis, cardioembolism, and others/unspecified (19). 
The occlusion site of the vessel was classified as ICA, MCA, ACA, BA, 
or tandem occlusion. Tandem occlusion was defined as arterial 
occlusion in two or more different parts of a continuous vessel (20). 
The modified thrombolysis on the cerebral infarction (mTICI) scale 
assessed reperfusion status after the neurointervention: 0-2a and 
2b-3, graded according to whether 50% of the affected vascular 
territory was re-perfused (21).

2.3. ASL protocol

MR examinations were performed using a 1.5 T (GE Healthcare, 
Milwaukee, WI, USA). Resting-state perfusion imaging was acquired 
using a pCASL sequence with 3D fast spin-echo acquisition and 
background suppression. Acquisition parameters were as follows: 
repetition time (TR) = 4,632 ms, echo time (TE) = 10.5 ms, post-labeling 
delay = 1.525 s, field of view (FOV) = 240 × 240 mm, slice thickness/slice 
spacing = 4.0/0 mm, number of slices = 36, and excitation number. The 
rs-fMRI data were acquired using a gradient-echo planar imaging 
sequence with the following parameters: TR/TE = 2000/25 ms, 
FOV = 240 × 240 mm, scan matrix = 64 × 64, flip angle = 90°, excitation 
number = 1, voxel size = 3.75 × 3.75 × 3 mm3, slice thickness/
spacing = 3.0/1.0 mm, number of slices = 35, and scan time = 7 min, and a 
total of 210 time points were scanned. In addition, structural data were 
acquired using a 3D brain volume imaging sequence covering the entire 
brain with TR/TE = 8.2/3.2 ms, flip angle = 12°, bandwidth = 31.25 Hz, 
slice thickness/slice spacing = 1.0/0 mm, scan matrix = 256 × 256, 
FOV = 240 × 240 mm, number of excitations = 1, and scan time = 3 min 45 s.

2.4. CTP protocol

CT was carried out with a 320-slice multidetector CT machine 
(AquilionOne; Canon Medical Systems, Tokyo, Japan). In this study, 
50 mL of the contrast medium containing 370 mg of iodine per mL 
(Ultravist 370; Bayer, Leverkusen, Germany) was injected at a flow rate 
of 6 mL/s. The parameters of the CT scan were as follows: tube voltage 
80 kV; matrix 512 × 512; field of view 320 mm; rotation time 0.35 s; 
and collimator 0.5 mm x 320. Nineteen whole-brain scans were 
acquired for each patient. The scans were loaded into the Vitrea Fx 6.3 
workstation (Vital Images, Minnetonka, MN).

2.5. Image analysis

The evaluation of CTP and ASL images was performed using 
F-STROKE (version 1.0.9). The one-stop CTP protocol included 
computed tomography, multi-period computed tomography 
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angiography (CTA), and CTP. As part of the one-stop ASL protocol, 
diffusion-weighted imaging (DWI), fluid-attenuated inversion 
recovery (FLAIR), and MR angiography (MRA) of the head and neck 
were also included. To define the volume of the ischemic core, the 
apparent diffusion coefficient (ADC) was multiplied by 620, and the 
volume of hypoperfusion was defined as cerebral blood flow 
(CBF) < 40% on ASL (22). The time to maximum (Tmax) > 6 s volume 
represents hypoperfusion, and a CBF < 30% of volume represents the 
ischemic core in CTP (23, 24). Details of the hypoperfusion and 
ischemic core images are illustrated in Figure 2.

2.6. Outcome measures

Our clinical outcomes included efficacy and safety. The primary 
outcome was functional independence (defined as a modified Rankin 
Scale [mRS] score 0–2) of efficacy outcomes. Efficacy outcomes were 
mRS score 0–2 at 90 days, NIHSS at discharge, early neurological 
improvement (ENI), early neurological deterioration (END), and 
futile recanalization. ENI was defined as a decline in NIHSS score 
from admission to 24 h ≥ 4 or NIHSS score at 24 h was 0–1 (25). END 
was an increase in 24-h NIHSS (> 4) from baseline (25). Futile 
recanalization was discharged with an mRS of 4–6 or deteriorating 
pre-stroke disability (mRS of 4–6) despite reperfusion success (25). 
Symptomatic intracranial hemorrhage (sICH) within 24 h, 90-day 
mortality, and complications associated with EVT were the safety 
outcomes. sICH at 24 h post-admission was defined as any 
hemorrhage combined with an increase in the NIHSS score, at least 
4 points on any NIHSS score or by at least 2 points on any NIHSS 
score category following the Heidelberg Classification Scheme (18). 
Complications related to intervention were hemorrhagic 
transformation, embolism, arterial dissection, and vasospasm.

2.7. Statistical analysis

Propensity score matching was used to minimize the effect of 
confounders. Our data were primarily analyzed in two separate 

groups, ASL and CTP. Measured variables are expressed as means or 
medians using Student’s t-tests and Mann–Whitney U-tests, and 
qualitative variables are expressed as percentages using Mann–
Whitney U-tests and analysis of variance. With the dichotomous 
variable of outcome as the dependent variable and the observed 
factors as the independent variables, we used multifactorial logistic 
regression analysis to derive independent risk factors for outcome. 
Statistical significance was set at a p-value of <0.05. All statistical 
analyses were performed using SPSS Statistics 27.0 (IBM, Chicago, IL, 
United  States) and R (version 4.2.0, R Foundation for Statistical 
Computing, Vienna, Austria).

3. Results

3.1. Patients

There were 101 patients each in the ASL and CTP groups. The 
median age of the ASL group was 66 years (IQR, 60–75 years), and the 
median age of the CTP group was 70 years (IQR, 58–77 years), with 
no statistically significant differences between the two groups 
(p  = 0.285). The middle cerebral artery was the most commonly 
occluded site (41.6% in the ASL group and 50% in the CTP group; 
p = 0.628). The proportion of successful reperfusion in the ASL and 
CTP groups was 92.1 and 95%, respectively. No significant differences 
were observed (p = 0.390).

Admission systolic blood pressure in the ASL group (median 143, 
IQR 125–158) and diastolic blood pressure (mean 81, SD 16) were 
substantially higher than those in the CTP group (median 132, IQR 
118–145, p  = 0.005; mean 74, SD 16, p  = 0.002, respectively). 
Meanwhile, fasting blood glucose at admission (median 6.7, IQR 
5.6–8.3, ASL group vs. median 7.2, IQR 6.2–8.8, CTP group; 
p = 0.022), the proportion of atrial fibrillation history (18 [18%], ASL 
group vs. 32 [31.7%], CTP group; p < 0.001), hypoperfusion volume 
(median 68.4, IQR 35.2–120.55, ASL group vs. median 114.2, IQR 
80.5–194.9, CTP group; p < 0.001), and ischemic core volume (median 

FIGURE 1

Flow chart. EVT, endovascular treatment; ASL, arterial spin labeling; CTP, computed tomography perfusion.
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TABLE 1 Baseline characteristics of patients between ASL and CTP before and after propensity score matching.

Before propensity score matching After propensity score matching

ASL (n =  225) CTP (n =  101) p-value ASL (n =  101) CTP (n =  101) p-value

Demographics

Age, median (IQR) 63 (56–73) 70 (58–77) 0.004 66 (60–75) 70 (58–77) 0.285

Male sex, n (%) 151 (67.19) 69 (68.3) 0.830 73 (72.3) 69 (68.3) 0.538

Medical history

Smoking, n (%) 56 (25) 20 (19.8) 0.306 27 (26.7) 20 (19.8) 0.244

Drinking, n (%) 26 (13.5) 9 (9) 0.257 9 (8.9) 9 (8.9) >0.999

Hypertension, n (%) 128 (56.9) 68 (67.3) 0.075 64 (63.4) 68 (67.3) 0.554

Diabetes, n (%) 69 (30.7) 39 (38.6) 0.159 37 (36.6) 39 (38.6) 0.771

Hyperlipidemia, n (%) 104 (54.2) 83 (83) <0.001 86 (85.1) 84 (83.2) 0.700

Atrial fibrillation, n (%) 52 (23.2) 32 (31.7) 0.107 18 (18.0) 32 (31.7) 0.025

Acute coronary syndrome, n 

(%)

43 (19.1) 16 (15.8) 0.478 19 (18.8) 16 (15.8) 0.577

Valvulopathy, n (%) 15 (6.7) 9 (8.9) 0.473 4 (4) 9 (8.9) 0.251

Ischemic stroke, n (%) 43 (19.1) 18 (17.8) 0.783 19 (18.8) 18 (17.8) 0.856

Admission clinical data

SBP, median (IQR) 137 (123–154) 132 (118–145) 0.052 143 (125–158) 132 (118–145) 0.005

DBP, mean (SD) 80 (16) 74 (16) 0.003 81 (16) 74 (16) 0.002

FBG, median (IQR) 6.5 (5.7–8.2) 7.2 (6.2–8.8) 0.001 6.7 (5.6–8.3) 7.2 (6.2–8.8) 0.022

Baseline NIHSS, median (IQR) 13 (9–17) 16 (9–21) 0.003 15 (11–19) 16 (9–21) 0.355

Baseline ASPECTS, median 

(IQR)

7 (6–9) 7 (6–8) 0.048 7 (5–8) 7 (6–8) 0.477

HDL cholesterol, median (IQR) 0.97 (0.81–1.62) 1.05 (0.85–1.20) 0.049 1.01 (0.87–1.11) 1.04 (0.86–1.20) 0.112

LDL cholesterol, mean (SD) 2.62 (1.98–3.34) 2.53 (2.00–3.14) 0.245 2.84 (0.92) 2.60 (0.90) 0.058

HbA1c, median (IQR) 6 (5.5–6.6) 6 (5.5–6.9) 0.698 6.1 (5.7–6.5) 6.1 (5.6–6.8) 0.826

Occlusion vessel, n (%) 0.785 0.628

ICA 60 (26.7) 22 (25.2) 29 (28.7) 22 (21.8)

MCA 110 (48.9) 50 (49.5) 42 (41.6) 50 (49.5)

ICA + MCA 16 (7.1) 10 (9.9) 10 (9.9) 10 (9.9)

ACA 6 (2.7) 4 (4.0) 2 (2.0) 4 (4.0)

BA 33 (14.7) 15 (14.9) 18 (17.8) 15 (14.9)

TOAST classification, n (%) 0.191 0.560

LAA 139 (61.8) 72 (71.3) 71 (70.3) 72 (71.3)

CE 71 (31.6) 22 (21.8) 26 (25.7) 22 (21.8)

Others/unknown 15 (6.7) 7 (6.9) 4 (4.0) 7 (6.9)

Treatment, n (%) 0.647 0.831

Direct EVT 200 (88.9) 88 (87.1) 89 (88.1) 88 (87.1)

IVT + EVT 26.2 (11.1) 13 (12.9) 12 (11.9) 13 (12.9)

Reperfusion after EVT, n(%) 207 (92.4) 96 (95) 0.381 93 (92.1) 96 (95.0) 0.390

Hypoperfusion, volume (ml), 

median (IQR)

69.1 (31.5–124.6) 115.8 (83.4–198.3) <0.001 68.4 (35.2–120.55) 114.2 (80.5–194.9) <0.001

Ischemic core, volume (ml), 

median (IQR)

15.1 (9.8–30.8) 37.4 (16.9–60.3) <0.001 14.6 (9.6–28.5) 36.5 (14.5–55.5) <0.001

Mismatch ratio, median (IQR) 4.3 (3.4–5.1) 4.1 (2.8–5.4) 0.084 4.5 (3.5–5.0) 3.9 (2.6–5.3) 0.076

IQR, interquartile range; ASL, arterial spin labeling; CTP, computed tomography perfusion; SBP, systolic blood pressure; DBP, diastolic blood pressure; ICA, internal carotid artery; MCA, 
middle cerebral artery; ACA, anterior cerebral artery; BA, basilar artery; FBG, fasting blood glucose; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program 
Early CT Score; LAA, large artery atherosclerosis; CE, cardiogenic; EVT, endovascular treatment; IVT, intravenous thrombolysis.
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14.6, IQR 9.6–28.5, ASL group vs. median 36.5, IQR 14.5–55.5, CTP 
group; p < 0.001) were higher in the CTP group. Differences were 
considered statistically significant. Additionally, neither group showed 
statistically significant differences in other baseline features. The 
details of demographic, clinical, and neuroimaging data are 
summarized in Table 1.

3.2. Time windows

From onset to puncture, the median time in the ASL group was 
383 min (IQR, 245–583 min), whereas it was 333 min in the CTP 
group, (IQR, 208–486 min). Accordingly, the average door-to-
puncture (DPT) time in the ASL group was 78 min (IQR, 53–121 min) 
compared to 95 min in the CTP group (IQR, 60–127 min). Median 
door-to-reperfusion time was 138 min for CTP (IQR, 90–206 min) 
and 97 min for ASL (IQR, 132–181). No significant differences were 
found in onset-to-puncture time (p = 0.231), door-to-puncture time 
(p = 0.136), and door-to-reperfusion time (p = 0.646).

3.3. Efficacy outcomes

The mRS scores at 90 days (p  = 0.574), the NIHSS scores at 
discharge (p = 0.670), ENI (p = 0.213), END (p = 0.149), and futile 
recanalization (p  = 0.538) did not display significant differences 
between the two groups. As shown in Table 2; Figure 3, 47 patients in 
the ASL group and 51 patients in the CTP group experienced positive 
outcomes (mRS 0–2). In total, 46.3% of ASL patients had favorable 
outcomes compared to 50.5% of the CTP patients (p = 0.574). 

ASL-before-EVT patients did not display a significant difference in 
efficacy outcomes compared with CTP-before-EVT patients.

3.4. Safety outcomes

There were 24 sICH cases in less than 24 h in the ASL group and 
10 in the CTP group, substantially different between both groups (ASL 
group, 23.8% vs. CTP group, 9.9%, p = 0.008). All-cause death was 
similar (9.9% for ASL and 8.9% for CTP, p = 0.810). There were 32 
(7%) and 15 (14.9%) EVT-related events for ASL and CTP, respectively, 
and a statistically significant difference was found between the two 
groups (p = 0.005). Details of the time windows and outcomes are 
summarized in Table 2.

3.5. Multivariable regression analysis for 
predicting favorable outcomes (mRS 0–2 
at 90  days) in the ASL group and CTP group

To predict favorable outcomes, 101 patients from the ASL group 
and 101 patients from the CTP group were entered into models with 
logistic regression for multiple variables. Multivariate logistic 
regression in the ASL group indicated that hypoperfusion volume 
(OR: 0.924; p  = 0.043) and ischemic core volume (OR: 2.752; 
p  = 0.002) predicted favorable outcomes at 90 days. Multivariate 
logistic regression analysis in the CTP group showed that ischemic 
core volume (OR: 1.220; p = 0.028) predicted favorable outcomes. 
Ischemic core volume was a common predictor in both groups. The 
ASL and CTP group multivariate regression analyses for the 

FIGURE 2

Hypoperfusion volume and ischemic core volume in arterial spin labeling (ASL) and computed tomography perfusion (CTP). The images above show 
two patients who suffered a right M1-MCA occlusion and neurological deficit (patient A admission NIHSS  =  7, patient B admission NIHSS =12) and were 
successfully treated with thrombectomy (patient A mTICI 2C, patient B mTICI 3). (A) Top row shows patient A’s images. On TOF-MRA, DWI shows 
occlusion of right MCA with infarction of the basal ganglia. Ischemic core volume in ASL, measured by apparent diffusion coefficient (ADC), was 
5.7  mL. The volume of ischemic core in ASL defined by apparent diffusion coefficient (ADC)  <  620 was 5.7  mL. (B) Bottom row shows patient B’s 
images. The ischemic core volume in CTP defined by CBF  <  30% (red) was 45.9  mL. A hypoperfusion volume of 285.1  mL was determined by the time 
to maximum (Tmax) >6  s (green). As defined by Tmax >6  s (green) - CBF  <  30% (red), a mismatch volume of 239.2  mL has been observed. Both patients 
had excellent neurological recovery at discharge (NIHSS  =  1).
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prediction of a favorable outcome at 90 days are shown in Table 3. 
We found that the larger the ischemic core infarct size, the lower the 
percentage of functional independence in the ASL and CTP groups 
when analyzing the relationship between ischemic core volume and 
functional independence. The details of the relationship are shown in 
Figure 4.

4. Discussion

Given the limited studies comparing perfusion modalities, 
we aimed to compare the ASL and CTP imaging modalities. This 
study reported no significant difference for 90-day favorable functional 
outcomes and time efficiency between the ASL and CTP groups. 
However, the proportion of sICH and EVT complications in the CTP 
group was significantly lower than the ASL group. The ischemic core 
volume was found to be a reliable predictor for favorable prognosis.

Our results did not show a statistically significant difference 
between the ASL and CTP groups in the advanced perfusion imaging 
the onset-to-puncture time, door-to-puncture time, and door-to-
reperfusion time. Thus, there are no significant differences in efficacy 
outcomes, suggesting that both pre-intervention options are feasible 
in terms of time and efficacy outcomes. However, both modalities 
have their advantages and disadvantages. Compared with ASL, 
one-stop CTP has a shorter scanning time, broader adaptation to the 
population, higher clarity of vascular imaging, and higher accuracy of 
perfusion imaging. Therefore, the initial assumption of our study was 
that the door-to-puncture time or door-to-reperfusion time of the 
CTP group would be significantly shorter than that of the ASL group. 
However, the results were inconsistent with the assumption. The 
possible explanation may be that for participants in the CTP group 
who came to the hospital outside normal working hours, the duty 
nurse in the imaging department spent time rushing from home to 
the hospital to provide the patients with a contrast injection, which 

TABLE 2 Time windows and clinical outcomes after propensity score matching.

Overall (n =  202) ASL (n =  101) CTP (n =  101) p-value

Time windows

OPT, median (IQR) 359 (240–551) 383 (245–583) 333 (208–486) 0.231

DPT, median (IQR) 89 (59–123) 78 (53–121) 95 (60–127) 0.136

DRT, median (IQR) 137 (92–189) 138 (90–206) 97 (132–181) 0.646

Clinical outcomes, n (%)

Efficacy outcomes

mRS 0–2 at 90 days 104 (51.5) 47 (46.5) 51 (50.5) 0.574

NIHSS at discharge, median (IQR) 6 (2–13) 6 (3–13) 6 (2–14) 0.670

ENI 58 (28.7) 25 (24.8) 33 (32.7) 0.213

END 8 (4.0) 6 (5.9) 2 (2.0) 0.149

Futile recanalization 60 (29.7) 28 (27.7) 32 (31.7) 0.538

Safety outcomes

sICH at 24 h 34 (16.8) 24 (23.8) 10 (9.9) 0.008

Complications of EVT 47 (23.3) 32 (31.7) 15 (14.9) 0.005

Mortality at 90 days 19 (9.4) 10 (9.9) 9 (8.9) 0.810

IQR, interquartile range; ASL, arterial spin labeling; CTP, computed tomography perfusion; OPT, onset-to-puncture time; DPT, door-to-puncture time; DRT, door-to-reperfusion time; NIHSS, 
National Institutes of Health Stroke Scale; sICH, symptomatic intracranial hemorrhage; mRS, modified Rankin Scale; EVT, endovascular treatment.

FIGURE 3

Modified Rankin scale scores at 90  days.
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increases the waiting time. Thus, patients undergoing CTP were 
admitted later than those undergoing ASL patients; most patients were 
admitted during the COVID period. Upon arrival at the hospital, 
patients had to undergo complete viral nucleic acid testing and 
provide a negative viral nucleic acid before receiving further perfusion 
imaging and vascular interventions, a complex process that consumed 
more time. Therefore, future studies will hopefully compare the 
temporal differences between the two perfusion modalities over the 
same period.

Although our results did not find a correlation between door-to-
puncture time and outcomes, it was found that ischemic core volume 
analyzed by perfusion imaging was strongly associated with favorable 
clinical outcomes. Furthermore, in a multivariable logistic regression 
analysis, we found that ischemic core volume was a reliable factor of 
primary clinical prognosis. Smaller infarct core volume was related to 
patients with more favorable functional independence, more effective 
recanalization, a smaller proportion of sICH at 24 h, and fewer 
postoperative complications. Thus, infarct volume possibly was an 
independent predictor of clinical outcomes, not time efficiency, which 
aids in selecting EVT patients.

Moreover, our results did not find a difference in time efficiency. 
Nevertheless, the sICH at 24 h, EVT complications, hypoperfusion 
volume, and ischemic core volume were significantly different. 
We analyzed the reasons for the differences in the safety outcomes as 
follows. First, as a contrast-based imaging modality, one-stop CTP had 

better vessel definition and fewer artifacts compared to one-stop 
ASL. The interventionalist receives more accurate information, such as 
the location and characteristics of the thrombus prior to EVT. As a 
result, they are likely to select a more appropriate intervention, 
potentially reducing complications and sICH of EVT. Second, with the 
iterative updating of embolization devices and the increasing skill of 
neurointerventionists, EVT complications such as vessel injury leading 
to bleeding or thrombus escape causing distal vessel embolization have 
become less likely. Third, with the increased awareness of ischemic 
stroke, the ability to detect stroke has increased, and onset-to-puncture 
time has decreased. In patients with a shorter onset time, the 
interventionist may have more time to preserve a more significant 
number of ischemic penumbrae, and the patient may ultimately have 
a smaller core infarct size. These may reduce the rate of infarct 
hemorrhagic transformation or even sICH after revascularization. 
Although the choice of both perfusion modalities before EVT is 
acceptable, individualization based on the condition is most reasonable.

5. Limitations

There were several limitations to this study. First, this was a 
multicenter retrospective study of patients treated with EVT only, 
which may limit the generalizability of the study, and the quality of a 
retrospective study might be uneven. However, the data were from a 

TABLE 3 Multivariable regression analysis for predicting favorable outcome (mRS 0–2 at 90  days) in the ASL group and CTP group after propensity 
score matching.

ASL (n =  101) CTP (n =  101)

Predictors OR [95%CI] p-value Predictors OR [95%CI] p-value

Age 1.011 (0.935–1.093) 0.784 Age 1.024 (0.957–1.096) 0.490

ASPECTS 0.937 (0.514–1.707) 0.832 ASPECTS 0.875 (0.546–1.402) 0.578

Hypoperfusion volume 0.921 (0.850–0.998) 0.043 Hypoperfusion volume 1.004 (0.969–1.040) 0.840

Ischemic core volume 2.752 (2.028–4.477) 0.002 Ischemic core volume 1.220 (1.021–1.457) 0.028

Mismatch ratio 4.450 (1.586–12.489) 0.005 Mismatch ratio 0.936 (0.329–2.659) 0.901

mRS, modified Rankin Scale; ASPECTS, Alberta Stroke Program Early CT Score; ASL, arterial spin labeling; CTP, computed tomography perfusion.

FIGURE 4

Association between ischemic core volume and functional independence (mRS 0–2) at 90 days. Relationship between ischemic core volume and the 
functional independence (mRS, modified Rankin Scale 0–2) was assessed using logistic regression models. (A) Represents the ASL group and (B) is for 
the CTP group. The dash line is point estimate, and solid lines are 95% confidence interval. Models adjusted for age, Alberta Stroke Program Early CT 
Score (ASPECTS), ischemic core volume, and mismatch ratio.
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registry multicenter cohort study, and we applied a propensity match 
score to reduce confounding factors. Second, we only compared the 
ASL and CTP groups rather than the perfusion-weighted imaging 
modalities of MRI perfusion. This may have reduced the power of the 
study to inform clinical practice. Third, patients underwent only 
pre-interventional advanced perfusion imaging. Therefore, post-
interventional reperfusion imaging was not available to compare 
infarct volume changes. To validate the differences between the 
one-stop ASL protocol and the one-stop pre-EVT protocol model, 
further multicenter randomized controlled trials with larger sample 
sizes and advanced equipment are warranted.

6. Conclusion

In patients with acute ischemic stroke within 24 h of onset, there 
were no significant differences in time efficiency and efficacy outcomes 
between the two perfusion groups. However, patients had lower sICH 
at 24 h and fewer EVT complications in the CTP group. Moreover, 
core infarct volume provided by advanced perfusion was an 
independent predictor of favorable outcome. Thus, perfusion images 
provide useful information for interventional decision-makers.

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 Medical 
Ethics Committee of the First Affiliated Hospital of Jinan University. 
The studies were conducted in accordance with the local legislation 
and institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

JG: Data curation, Investigation, Methodology, Software, 
Validation, Writing – original draft, Writing – review & editing. ZJ: 
Conceptualization, Investigation, Methodology, Visualization, Writing 

– original draft. SH: Data curation, Methodology, Investigation, 
Writing – review & editing. JY: Data curation, Methodology, 
Visualization, Writing – review & editing. MG: Conceptualization, 
Data curation, Visualization, Writing – review & editing. SZ: 
Conceptualization, Funding acquisition, Project administration, 
Resources, Writing – review & editing. HL: Data curation, 
Methodology, Project administration, Validation, Writing – review & 
editing. YL: Data curation, Methodology, Writing – review & editing. 
KL: Data curation, Methodology, Writing – review & editing. MY: 
Software, Visualization, Writing – review & editing. LH: Supervision, 
Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This work was 
funded by Science and Technology Projects in Guangzhou (Grant No.: 
202201020062) and Science and Technology Project of Zengcheng 
District, Guangzhou (zckj2019-011). Medical Science and Technology 
Research Foundation of Guangdong Province (A2023417).

Acknowledgments

The authors would like to express gratitude to Editage (www.
editage.cn) for having edited the English version.

Conflict of interest

MY was employed by Neuroblem Limited Company.
The remaining authors declare that the research was conducted in 

the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

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.

References
 1. Casetta I, Fainardi E, Saia V, Pracucci G, Padroni M, Renieri L, et al. Endovascular 

Thrombectomy for acute ischemic stroke beyond 6 hours from onset: a real-world 
experience. Stroke. (2020) 51:2051–7. doi: 10.1161/STROKEAHA.119.027974

 2. Albers GW, Lansberg MG, Kemp S, Tsai JP, Lavori P, Christensen S, et al. A 
multicenter randomized controlled trial of endovascular therapy following imaging 
evaluation for ischemic stroke (DEFUSE 3). Int J Stroke. (2017) 12:896–905. doi: 
10.1177/1747493017701147

 3. Nogueira RG, Haussen DC, Liebeskind D, Jovin TG, Gupta R, Jadhav A, et al. 
Stroke imaging selection modality and endovascular therapy outcomes in the early 
and extended time windows. Stroke. (2021) 52:491–7. doi: 10.1161/STROKEAHA. 
120.031685

 4. Miao J, Sang H, Li F, Saver JL, Lei B, Li J, et al. Effect of imaging selection paradigms 
on endovascular Thrombectomy outcomes in patients with acute ischemic stroke. Stroke. 
(2023) 54:1569–77. doi: 10.1161/STROKEAHA.122.042203

 5. Zaharchuk G. Arterial spin-labeled perfusion imaging in acute ischemic stroke. 
Stroke. (2014) 45:1202–7. doi: 10.1161/STROKEAHA.113.003612

 6. Simonsen CZ, Madsen MH, Schmitz ML, Mikkelsen IK, Fisher M, Andersen G. 
Sensitivity of diffusion-and perfusion-weighted imaging for diagnosing acute ischemic 
stroke is 97.5%. Stroke. (2015) 46:98–101. doi: 10.1161/STROKEAHA.114.007107

 7. Campbell BCV, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, et al. 
Endovascular therapy for ischemic stroke with perfusion-imaging selection. N Engl J 
Med. (2015) 372:1009–18. doi: 10.1056/NEJMoa1414792

 8. Czap AL, Sheth SA. Overview of imaging modalities in stroke. Neurology. (2021) 
97:S42–51. doi: 10.1212/WNL.0000000000012794

 9. Li L, Jiang Y, Wang J, Chen Y, Cao R, Lu Y, et al. Predictive value of 
different computed tomography perfusion software regarding 90-Day outcome of acute 
ischemic stroke patients after endovascular treatment: a comparison with magnetic 

https://doi.org/10.3389/fneur.2023.1275715
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://www.editage.cn
http://www.editage.cn
https://doi.org/10.1161/STROKEAHA.119.027974
https://doi.org/10.1177/1747493017701147
https://doi.org/10.1161/STROKEAHA.120.031685
https://doi.org/10.1161/STROKEAHA.120.031685
https://doi.org/10.1161/STROKEAHA.122.042203
https://doi.org/10.1161/STROKEAHA.113.003612
https://doi.org/10.1161/STROKEAHA.114.007107
https://doi.org/10.1056/NEJMoa1414792
https://doi.org/10.1212/WNL.0000000000012794


Gao et al. 10.3389/fneur.2023.1275715

Frontiers in Neurology 09 frontiersin.org

resonance imaging. J Comput Assist Tomogr. (2022) 46:945–52. doi: 10.1097/
RCT.0000000000001342

 10. Todo K, Sakai N, Imamura H, Yamagami H, Adachi H, Kono T, et al. Successful 
reperfusion with endovascular therapy has beneficial effects on long-term outcome 
beyond 90 days. Cerebrovasc Dis. (2019) 47:127–34. doi: 10.1159/000499190

 11. Hacke W, Kaste M, Bluhmki E, Brozman M, Dávalos A, Guidetti D, et al. 
Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med. 
(2008) 359:1317–29. doi: 10.1056/NEJMoa0804656

 12. Dhillon PS, Butt W, Podlasek A, McConachie N, Lenthall R, Nair S, et al. Perfusion 
imaging for endovascular Thrombectomy in acute ischemic stroke is associated with 
improved functional outcomes in the early and late time windows. Stroke. (2022) 
53:2770–8. doi: 10.1161/STROKEAHA.121.038010

 13. Campbell BCV, Majoie CBLM, Albers GW, Menon BK, Yassi N, Sharma G, et al. 
Penumbral imaging and functional outcome in patients with anterior circulation 
ischaemic stroke treated with endovascular thrombectomy versus medical therapy: a 
meta-analysis of individual patient-level data. Lancet Neurol. (2019) 18:46–55. doi: 
10.1016/S1474-4422(18)30314-4

 14. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, et al. 
Thrombectomy for stroke at 6 to 16 hours with selection by perfusion imaging. N Engl 
J Med. (2018) 378:708–18. doi: 10.1056/NEJMoa1713973

 15. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et al. 
Thrombectomy 6 to 24 hours after stroke with a mismatch between deficit and infarct. 
N Engl J Med. (2018) 378:11–21. doi: 10.1056/NEJMoa1706442

 16. 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

 17. Turc G, Bhogal P, Fischer U, Khatri P, Lobotesis K, Mazighi M, et al. European 
stroke organisation (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. doi: 
10.1177/2396987319832140

 18. Tian B, Liu Q, Wang X, Chen S, Xu B, Zhu C, et al. Chronic intracranial artery 
stenosis: comparison of whole-brain arterial spin labeling with CT perfusion. Clin 
Imaging. (2018) 52:252–9. doi: 10.1016/j.clinimag.2018.08.005

 19. Berkhemer OA, Fransen PSS, Beumer D, van den Berg LA, Lingsma HF, Yoo AJ, 
et al. A randomized trial of Intraarterial treatment for acute ischemic stroke. N Engl J 
Med. (2015) 372:11–20. doi: 10.1056/NEJMoa1411587

 20. Feil K, Herzberg M, Dorn F, Tiedt S, Küpper C, Thunstedt DC, et al. Tandem 
lesions in anterior circulation stroke: analysis of the German stroke registry-
endovascular treatment. Stroke. (2021) 52:1265–75. doi: 10.1161/STROKEAHA. 
120.031797

 21. Tomsick T, Broderick J, Carrozella J, Khatri P, Hill M, Palesch Y, et al. 
Revascularization results in the interventional Management of Stroke II trial. AJNR Am J 
Neuroradiol. (2008) 29:582–7. doi: 10.3174/ajnr.A0843

 22. Sheth KN, Terry JB, Nogueira RG, Horev A, Nguyen TN, Fong AK, et al. Advanced 
modality imaging evaluation in acute ischemic stroke may lead to delayed endovascular 
reperfusion therapy without improvement in clinical outcomes. J Neurointerv Surg. 
(2013) 5:i62–5. doi: 10.1136/neurintsurg-2012-010512

 23. Ma G, Yu Z, Jia B, Xian Y, Ren Z, Mo D, et al. Time to endovascular 
reperfusion and outcome in acute ischemic stroke: a Nationwide prospective registry 
in China. Clin Neuroradiol. (2022) 32:997–1009. doi: 10.1007/s00062-022- 
01178-7

 24. Hassan AE, Shamim H, Zacharatos H, Chaudhry SA, Sanchez C, Tekle WG, et al. 
Prospective endovascular treatment in acute ischemic stroke evaluating non-contrast 
head CT versus CT perfusion (PLEASE no CTP). Interv Neurol. (2020) 8:116–22. doi: 
10.1159/000496615

 25. Dhillon PS, Butt W, Podlasek A, McConachie N, Lenthall R, Nair S, et al. 
Association between time to treatment and clinical outcomes in endovascular 
thrombectomy beyond 6 hours without advanced imaging selection. J Neurointerv Surg. 
(2023) 15:336–42. doi: 10.1136/neurintsurg-2021-018564

https://doi.org/10.3389/fneur.2023.1275715
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1097/RCT.0000000000001342
https://doi.org/10.1097/RCT.0000000000001342
https://doi.org/10.1159/000499190
https://doi.org/10.1056/NEJMoa0804656
https://doi.org/10.1161/STROKEAHA.121.038010
https://doi.org/10.1016/S1474-4422(18)30314-4
https://doi.org/10.1056/NEJMoa1713973
https://doi.org/10.1056/NEJMoa1706442
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1177/2396987319832140
https://doi.org/10.1016/j.clinimag.2018.08.005
https://doi.org/10.1056/NEJMoa1411587
https://doi.org/10.1161/STROKEAHA.120.031797
https://doi.org/10.1161/STROKEAHA.120.031797
https://doi.org/10.3174/ajnr.A0843
https://doi.org/10.1136/neurintsurg-2012-010512
https://doi.org/10.1007/s00062-022-01178-7
https://doi.org/10.1007/s00062-022-01178-7
https://doi.org/10.1159/000496615
https://doi.org/10.1136/neurintsurg-2021-018564

	Comparison of clinical outcomes in patients with acute ischemic stroke who underwent endovascular treatment using different perfusion modalities: a real-world multicenter study
	1. Introduction
	2. Methods
	2.1. Ethics
	2.2. Patients
	2.3. ASL protocol
	2.4. CTP protocol
	2.5. Image analysis
	2.6. Outcome measures
	2.7. Statistical analysis

	3. Results
	3.1. Patients
	3.2. Time windows
	3.3. Efficacy outcomes
	3.4. Safety outcomes
	3.5. Multivariable regression analysis for predicting favorable outcomes (mRS 0–2 at 90 days) in the ASL group and CTP group

	4. Discussion
	5. Limitations
	6. Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

