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Abstract
Objectives To assess the prognostic value of Alberta Stroke Program Early Computed Tomography Score (ASPECTS) on post-
treatment diffusion-weighted imaging (DWI) for acute ischemic stroke (AIS) patients after endovascular thrombectomy (EVT)
and compare it with that of infarction volume.
Methods Ninety-eight consecutive AIS patients who underwent EVT and post-treatment DWI were retrospectively enrolled.
ASPECTS and infarction volumewere evaluated based on post-treatment DWI, respectively. Good clinical outcomewas defined
as modified Rankin Scale score of 0–2 at 90 days. Predictors of good clinical outcome were evaluated using univariate and
multivariate logistic regression analysis. Prognostic value of post-treatment DWIASPECTS and infarction volumewere assessed
and compared using receiver-operating-characteristic curves and the DeLong method.
Results Favorable outcome was achieved in 62 (63.3%) patients. A strong correlation was found between post-treatment DWI
ASPECTS and infarction volume (ρ = −0.847). Due to strong correlation and potential collinearity, two multivariate logistic
regression models were respectively developed which included post-treatment DWI ASPECTS or infarction volume. As a result,
post-treatment DWI ASPECTS (OR, 2.401; 95%CI, 1.567–3.678; p < 0.001) and infarction volume (OR, 0.982; 95%CI, 0.846–
0.998; p = 0.002) were both independent predictors of good clinical outcome. Setting post-treatment DWIASPECTS ≥ 6 as a cut-
off value, optimal performance (AUC = 0.836; sensitivity, 87.1%; specificity, 66.7%) could be obtained in predicting good
clinical outcome, which was comparable with that of infarction volume (cut-off volume, ≤ 94.87 ml; AUC = 0.821; sensitivity,
90.3%; specificity, 55.6%).
Conclusions Post-treatment DWIASPECTSmight be a potential surrogate of infarction volume and be effective in predicting the
clinical outcome of AIS patients after EVT.
Key Points
• Post-treatment DWI ASPECTS correlated significantly with infarction volume.
• A post-treatment DWI ASPECTS ≥ 6 best predicts good outcomes for AIS patients after EVT.
• Post-treatment DWI ASPECTS has the potential in substituting infarction volume in predicting the clinical outcome of AIS patients.
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Abbreviations
AIS Acute ischemic stroke
ASPECTS Alberta Stroke Program Early Computed

Tomography Score

AUC Area under the ROC curve
DWI Diffusion-weighted imaging
EVT Endovascular thrombectomy
FOV Field-of-view
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ICA Internal carotid artery
ICC Intraclass correlation coefficient
IQRs Interquartile ranges
IVT Intravenous thrombolysis
MCA Middle cerebral artery
mRS Modified Rankin Scale
mTICI Modified Thrombolysis in Cerebral Infarction
NCCT Non-contrast computed tomography
NIHSS National Institute of Health Stroke Scale
ROC Receiver operating characteristic
SWI Susceptibility-weighted imaging
TE Echo time
TR Repetition time

Introduction

Endovascular thrombectomy (EVT) has been proven to benefit
acute ischemic stroke (AIS) patients with large vessel occlusion
in anterior circulation, as long as 24 h after stroke onset [1–5].
However, although the safety and effectiveness of EVT have
been fully verified, we must be aware that the rate of functional
independence after EVT was only about 50% [6]. Previous
studies indicated that infarction volume on follow-up imaging
was closely associatedwith the clinical outcome of AIS patients
after EVT [7–10]. However, the delineation of the infarction
area was usually performed manually, which was time-con-
suming. Recently, some studies indicated that infarction vol-
ume could be calculated using automated software; however, it
did not always perform well, especially when diffuse infarction
lesions occurred or cerebral hemorrhage coexisted [7–11].
Therefore, establishing a convenient and accurate method to
assess the infarct extent and to predict the clinical outcome of
AIS patients after EVT is urgently needed in clinical practice.

Alberta Stroke Program Early Computed Tomography
Score (ASPECTS) was a semi-quantitative grading system
for assessing the extent and distribution of early ischemic
changes in anterior circulation [12, 13]. Initially, ASPECTS
was evaluated based on pre-treatment non-contrast computed
tomography (NCCT) images, and then it was also applied in
diffusion-weighted imaging (DWI) [14, 15]. Previously,
Yoshimoto et al demonstrated that pre-treatment DWI
ASPECTS significantly correlated with pre-treatment DWI
infarction volume and could help to predict an unfavorable
outcome [15]. Recently, Leker RR et al reported that
ASPECTS evaluated on post-treatment NCCT was useful
for predicting the functional outcome in AIS patients after
EVT [16]. However, the post-treatment NCCT was mostly
scanned at 24–72 h after EVT in their study. The infarction
area shown on the NCCT scanned at a short interval after EVT
might not precisely represent the final infarct [16]. Besides
that, the prognostic value of ASPECTS on post-treatment
NCCT was not compared with that of infarction volume in

their study. Considering the superiority of DWI to NCCT in
delineating the infarction area and evaluating the final infarc-
tion extent [17, 18], we evaluated the ASPECTS and infarc-
tion volume on post-treatment DWI, and we hypothesized that
ASPECTS evaluated on post-treatment DWI could help to
predict the prognosis of AIS patients after EVT, and its prog-
nostic value was comparable with that of infarction volume.

Therefore, the aims of the present study were to (1) deter-
mine whether ASPECTS on post-treatment DWI was associ-
ated with the clinical outcome of AIS patients after EVT; (2)
compare the prognostic value between ASPECTS and infarc-
tion volume derived from post-treatment DWI, for clarifying
whether post-treatment DWI ASPECTS could serve as a sur-
rogate of infarction volume for predicting the clinical outcome
of AIS patients after EVT.

Materials and methods

Patients

This study protocol was approved by the human ethics com-
mittee of our center. Written informed consent was waived
due to the nature of a retrospective study. This retrospective
study was based on the consecutive AIS patients who under-
went EVT from July 2017 to April 2021 in our stroke center.
We included the patients who (1) had the occlusion of the
middle cerebral artery (MCA) segment 1 or 2 (M1 or M2)
and/or the internal carotid artery (ICA); (2) had a baseline
modified Rankin Scale (mRS) score less than 2; (3) underwent
post-treatment MRI assessment including DWI and
susceptibility-weighted imaging (SWI) sequences within 7
days after EVT. We excluded patients who (1) had a previous
history of intracranial hemorrhage or brain surgery; (2) failed
to undergo MRI examination because of poor state of con-
sciousness and symptomatic hemorrhage transformation; (3)
had poor image quality of post-treatment DWI due to motion
artifacts.

Clinical information

We collected the clinical information from our stroke data-
base, including (1) demographic features: gender, age; (2)
stroke-related risk factors: hypertension, diabetes mellitus, hy-
perlipidemia, atrial fibrillation, and smoking history; (3)
stroke- and treatment- related characteristics: stroke onset
time, occlusion sites of artery, door-to-puncture time,
National Institute of Health Stroke Scale (NIHSS) scores at
admission and 24 h after EVT, whether intravenous thrombo-
lysis (IVT) was used before EVT or not, recanalization status,
and 90-day mRS scores. Recanalization status was evaluated
based on the final angiographic results by the operator, ac-
cording to the modified Thrombolysis in Cerebral Infarction
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(mTICI) scale. Successful recanalization was defined as
mTICI 2b-3 [19]. Patients were dichotomized into groupswith
good (mRS scores ≤ 0–2) and poor (mRS scores > 2) clinical
outcomes at 90 days.

Imaging protocol

Post-treatment MRI assessment was performed on a 3.0-T
scanner (Magnetom Skyra, Siemens Healthcare) equipped
with a 20-channel head-neck coil. DWI was scanned with b-
values of 0 and 1000 mm2/s, repetition time (TR) of 6400 ms,
echo time (TE) of 98 ms, field-of-view (FOV) of 220 × 220
mm2, matrix of 192 × 192, slice thickness of 4 mm, slice
numbers of 20. SWI was scanned with a TR of 28 ms, TE
of 20 ms, FOV of 220 × 220 mm2, matrix of 384 × 307, slice
thickness of 2 mm, and slice numbers of 48.

Imaging analysis

ASPECTS and infarction volume were analyzed based on
post-treatment DWI. Firstly, two readers (both with more
than 10 years of experience in neuroradiology), who were
blinded for clinical information (except for the affected
hemisphere) and study design, assessed the ASPECTS.
MCA territory was divided into 10 regions (caudate nucle-
us, lentiform nucleus, insula, the posterior limb of the in-
ternal capsule, and M1–M6), corresponding to 10 points of
the score [12]. The readers visually assigned each
ASPECTS region for relative hyperintensity on DWI, com-
pared with the same region in the contralateral hemisphere
[14]. In the case of patients with scattered infarction, an
ASPECTS region with an infarction encompassing more
than 20% of that region was regarded as a positive region
[9]. A normal DWI had ASPECTS of 10 points. One point
would be subtracted for one positive region. After all 10
regions were assessed, a total ASPECTS could be generat-
ed. Once a discrepancy occurred between two readers, a
third reader (with more than 20 years of experience in neu-
roradiology) would make a final decision. Secondly, the
same two experienced neuroradiologists manually delineat-
ed the infarction area on DWI section-by-section using
Carestream Vue PACS (v12.1, Carestream Health). If hem-
orrhagic transformation which is determined by the
hypointensity on SWI imaging was found within the infarc-
tion area, the hemorrhage regions were also incorporated
into the boundaries of the infarct. Then, infarction volume
was calculated by multiplying the sum of lesion areas by the
slice thickness.

Statistical analysis

Continuous variables were reported as medians with inter-
quartile ranges (IQRs). Categorical variables were presented

as numbers and percentages. Intraclass correlation coefficient
(ICC) was used to assess the reproducibility of post-treatment
DWI ASPECTS. Correlation between post-treatment DWI
ASPECTS and infarction volume was analyzed using the
Spearman rank correlation. The values of correlation coeffi-
cient and ICC were interpreted as follows: slight correlation or
agreement, 0.000–0.200; fair correlation or agreement, 0.201–
0.400; moderate correlation or agreement, 0.401–0.600; good
correlation or agreement, 0.601–0.800; excellent correlation
or agreement, 0.801–1.000 [20]. Univariate analyses includ-
ing the Mann-Whitney U test or chi-square test were used to
investigate the association between clinical variables and clin-
ical outcomes at 90 days. Variables with p value less than 0.05
in univariate analyses were included in the multivariate logis-
tic regression using a stepwise backward method. Receiver
operating characteristic (ROC) curves were used to assess
the ability of post-treatment DWI ASPECTS and infarction
volume in predicting a good clinical outcome. The area under
the ROC curve (AUC), sensitivity, and specificity were cal-
culated. The optimal threshold was determined as the value
that would maximize the Youden index. A dichotomized anal-
ysis was also performed based on the optimal cut-off point of
post-treatment DWI ASPECTS using a Mann-Whitney U test
or chi-square test to investigate the differences in clinical char-
acteristics between these patients. All statistical analyses were
performed using SPSS package (version 23.0) or MedCalc
(version 12.3.0). A two-sided p value less than 0.05 indicated
a significant difference.

Results

Patient characteristics

A total of 98 patients who fulfilled our inclusion criteria
were finally enrolled. The median age of included patients
was 69 years (IQR 61–74), and 69 (70.4%) patients were
male. The median time interval between stroke onset and
pre-treatment CT imaging evaluation was 269 min (IQR
181–439), and the median door-to-puncture time was
85 min (IQR 68–110). Median admission NIHSS score
and NIHSS score at 24 h after EVT were 12 (IQR 9–16)
and 8 (3–13), respectively. Good clinical outcomes were
achieved in 66 (67.3%) patients and 46 (46.9%) patients
had hemorrhagic transformation on post-treatment imag-
ing. There were 35 (35.7%) patients who received IVT be-
fore EVT. The median time interval between EVT and
follow-up MRI examination was 4 (IQR 3–5) days.
Detailed clinical information of our patient cohort was
shown in Table 1. Excellent inter-reader reproducibility
was obtained in the assessment of post-treatment DWI
ASPECTS (ICC, 0.866; 95% confidence interval [CI],
0.807–0.908).
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Relationship between clinical and imaging
characteristics and clinical outcome

Significant differences were found in both infarction volume
and post-treatment DWI ASPECTS, which were 19.09 ml
(IQR 10.61–48.15) and 7 (6–8) for patients with good out-
comes and 100.53 ml (IQR 41.63–142.95) and 5 (3–6) for
patients with poor outcomes, respectively (both p < 0.001).
Besides that, patients with good outcomes had significantly
lower admission NIHSS score (11 vs 14, p = 0.017) and post-
treatment NIHSS score at 24 h (5 vs 12, p < 0.001) than
patients with poor outcomes. Successful recanalization was
more frequently achieved in patients with good outcomes than
those without (95.2% vs 58.3%, p < 0.001) (Table 2).

In multivariate logistic regression analysis, two models
were established due to the strong correlation between post-
treatment DWI ASPECTS and infarction volume (ρ =
−0.847), which might influence the result of the logistic anal-
ysis on account of the collinearity. Post-treatment DWI
ASPECTS and infarction volume were included in further
multivariate logistic regression models, respectively. As a re-
sult, together with post-treatment NIHSS score at 24 h and
successful recanalization, post-treatment DWI ASPECTS
(OR, 2.401; 95%CI, 1.567–3.678; p < 0.001) and infarction
volume (OR, 0.982; 95%CI, 0.846–0.998; p = 0.002) were
both independent predictors of good clinical outcome

(Table 3). Two representative cases were shown in Figure 1
and Figure 2.

Prognostic value of post-treatment DWI ASPECTS and
infarction volume

Table 4 summarized the performance of post-treatment DWI
ASPECTS in predicting a good outcome. Setting post-
treatment DWI ASPECTS ≥ 6 as the cut-off value, optimal
predicting performance (sensitivity, 87.1%; specificity,
66.7%; AUC, 0.836) could be obtained in predicting good
outcomes at 90 days. In addition, if setting infarction volume
≤ 94.87 ml as a threshold value, optimal predicting perfor-
mance (sensitivity, 90.3%; specificity, 55.6%; AUC, 0.821)
could be achieved. There was no significant difference in
AUC between post-treatment DWI ASPECTS and infarction
volume in predicting good outcomes (p = 0.686) (Figure 3).

Dichotomized analysis based on post-treatment DWI
ASPECTS

Compared with the patients with post-treatment DWI
ASPECTS < 6, patients with post-treatment DWI
ASPECTS ≥ 6 had lower NIHSS scores at admission (12
vs 15; p = 0.026) and NIHSS scores 24 h after EVT (6 vs
11; p = 0.007). Patients with post-treatment DWI

Table 1 Baseline characteristics
of our study cohort Variables Median (IQR) or n (%)

Gender, male 69 (70.4%)

Age, years 69 (67–74)

NIHSSpre 12 (9–16)

NIHSS24h 8 (3–13)

Time interval stroke onset and baseline imaging, min 269 (181–439)

DPT, min 85 (68–110)

Occlusion location

MCA M1 proximal segment 40 (40.8%)

MCA M1 distal segment 15 (15.3%)

MCA M2 segment 9 (9.2%)

ICA 19 (19.4%)

MCA+ICA 15 (15.3%)

Treatment

EVT alone 63 (64.3%)

EVT after IVT 35 (35.7%)

Successful recanalization 80 (81.6%)

Good clinical outcome 62 (63.2%)

Time interval between EVT and post-treatment MRI, days 4 (3–5)

Note: NIHSSpre, admission National Institutes of Health Stroke Scale; NIHSS24h, National Institutes of Health
Stroke Scale at 24 h after EVT; IQR, interquartile range; DPT, door-to-puncture time; MCA, middle cerebral
artery; ICA, internal carotid artery; EVT, endovascular thrombectomy; IVT, intravenous thrombolysis; MRI,
magnetic resonance imaging; mTICI, modified thrombolysis in cerebral infarction
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ASPECTS ≥ 6 had significantly smaller infarction volume
than those with post-treatment DWI ASPECTS < 6 (19.1
vs 119.2 ml; p < 0.001). In the group with post-treatment
DWI ASPECT ≥ 6, the median infarction volume was

19.1 ml with an intermediate dispersion degree (IQR
10.6–35.9 ml). While in the group with post-treatment
DWI ASPECTS < 6, the median infarction volume was
119.2 ml but the dispersion was large (IQR 95.1–174.0
ml). No significant difference in the occurrence of hemor-
rhagic transformation after EVT was found between the
two groups (40.9% vs 59.4%; p = 0.130). Patients with a
post-treatment DWI ASPECTS ≥ 6 showed a higher pro-
portion of successful recanalization (87.9% vs 68.7%; p =
0.028) and good clinical outcomes (81.8% vs 25.0%; p <
0.001) than those with post-treatment DWI ASPECTS < 6.
Dichotomized analysis of study patients based on post-
treatment DWI ASPECTS was summarized in Table 5
and Figure 4.

Discussion

Our study found that, together with a successful recanalization
and a lower NIHSS scores at 24 h, both a higher post-
treatment DWI ASPECTS and a smaller infarction volume

Table 2 Univariate analyses of
clinical and imaging factors
associated with clinical outcomes

Variables Good outcome

(n = 62)

Poor outcome

(n = 36)

p value

Age, years 68 (57–74) 69.5 (65.25–74.75) 0.238

Gender, male 43 (69.3%) 26 (72.2%) 0.822

Time interval stroke onset and
baseline imaging, min

267 (188.25–378.75) 275 (168.25–490.25) 0.558

DPT, min 83 (66–107) 88.5 (70.25–111.75) 0.403

NIHSSpre 11 (7–15) 14 (11–18) 0.017

NIHSS24h 5 (2–11) 12 (7.25–15.75) < 0.001

IVT 24 (38.8%) 11 (30.6%) 0.417

Occlusion site 0.523

MCA 43 (69.4%) 21 (58.3%)

ICA 11 (17.7%) 8 (22.2%)

MCA+ICA 8 (12.9%) 7 (19.5%)

Successful recanalization 59 (95.2%) 21 (58.3%) < 0.001

Infarction volume 19.09 (10.61–48.15) 100.53 (41.63–142.95) < 0.001

Post-treatment DWI ASPECTS 7 (6–8) 5 (3–6) < 0.001

Hemorrhagic transformation 20 (32.3%) 26 (72.2%) 0.068

Hypertension 38 (61.3%) 26 (72.2%) 0.379

Hyperlipidemia 3 (4.8%) 3 (8.3%) 0.666

Diabetes 13 (21.0%) 13 (36.1%) 0.154

Smoking history 19 (30.6%) 12 (33.3%) 0.824

Atrial fibrillation 17 (27.4%) 8 (22.2%) 0.637

Systolic BP, mmHg 138.5 (129–147.25) 140.5 (130.25–150) 0.704

Diastolic BP, mmHg 80.5 (74–87) 77 (70.75–84.75) 0.228

Note: DPT, door-to-puncture time; NIHSSpre, admission National Institutes of Health Stroke Scale; NIHSS24h,
National Institutes of Health Stroke Scale at 24 h after EVT; IQR, interquartile range; MCA, middle cerebral
artery; ICA, internal carotid artery; IVT, intravenous thrombolysis; DWI, diffusion-weighted imaging; ASPECTS,
Alberta Stroke Program Early Computed Tomography Score; BP, blood pressure

Table 3 Logistic regression of the effect of clinical and imaging
variables on the patient outcome

Variables OR 95% CI p value

Model 1

NIHSS24h 0.887 0.810–0.972 0.010

Successful recanalization 15.056 2.523–89.855 0.003

Post-treatment DWI ASPECTS 2.401 1.567–3.678 < 0.001

Model 2

NIHSS24h 0.919 0.846–0.998 0.044

Successful recanalization 13.352 2.893–61.625 0.001

Infarction volume 0.982 0.971–0.994 0.002

Note: NIHSS24h, National Institutes of Health Stroke Scale at 24 h after
endovascular thrombectomy; DWI, diffusion-weighted imaging;
ASPECTS, Alberta Stroke Program Early Computed Tomography Score
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were independently associated with a good clinical function-
al outcome at 90 days for stroke patients after EVT. A post-
treatment DWI ASPECTS ≥ 6 or an infarction volume of ≤
94.87 ml was identified as the optimal cut-off value for
predic t ing a good cl in ica l outcome at 90 days .
Comparable performance was found for post-treatment
DWI ASPECTS and infarction volume to predict a good
outcome.

Previously, many studies had reported the close relation-
ship between pre-treatment infarction volume and the progno-
sis of stroke patients after EVT [7–10]. However, Goyal M
et al recently pointed out that the commonly used CT or MRI
technique might not be able to precisely determine whether
and to what extent brain tissue would be infarcted, because of
the variability in tissue vulnerability, the phenomenon of se-
lective neuronal loss, and lack of a reliable gold standard [21].
Meanwhile, the estimated infarct core on baseline imaging
might be influenced by the time to reperfusion and the state
of recanalization in the EVT procedures [21]. By contrast, the
evaluation of infarction burden on post-treatment follow-up
imaging might be closer to the extent of final infarction and
provide a more accurate prediction for the functional
outcomes.

Several trials had indicated that post-treatment infarct vol-
ume could effectively predict the functional outcomes after

EVT [7–10], which was also confirmed in the present study.
Setting an infarction volume of 94.87 ml as a threshold value,
optimal predicting performance could be achieved in
predicting the clinical outcome. However, in the present study
and some previous studies, the calculation of infarction vol-
ume on follow-up imaging was conducted using a manual
delineation, which was complicated and time-consuming
[7–10]. Recently, some artificial intelligence–based software
could help us to determine the infarction volume automatical-
ly; however, it did not always provide an accurate evaluation,
especially when diffuse infarct lesions or concomitant hemor-
rhagic conversion occurred [11]. In addition, suchlike soft-
ware was not always available, especially in primary stroke
center. Thus, a simple and accurate surrogate of infarction
volume was needed in clinical practice to predict the clinical
outcome of stroke patients after EVT.

ASPECTS was a semi-quantitative grading tool to assess
the extent of ischemic changes [12, 13]. After initially applied
on NCCT, it was extended to be applied on the perfusion
colored maps and DWI [14, 15, 22]. Several studies had re-
ported the excellent correlation between ASPECTS and in-
farction volume, and the reliability of using pre-treatment
DWI ASPECTS as a surrogate of infarction core volume for
EVT patient selection [14, 15]. However, only few studies
reported the relationship between stroke prognosis and post-

Fig. 1 A 71-year-old male patient with acute ischemic stroke due to
occlusion of the left M1 segment of the middle cerebral artery (a). Post-
treatment diffusion-weighted imaging showed a small volume infarction
of 56.75 ml, and a high DWI ASPECTS of 6 (caudate, lentiform, insula,

andM5 region) (b, c), though hemorrhagic transformation occurred in the
basal ganglia region. Successful recanalization (mTICI 3) was achieved
after endovascular treatment (d, e). The modified Rankin Scale (mRS)
score of this patient was 2 at 90 days

Fig. 2 A 66-year-old male patient with acute ischemic stroke due to
occlusion of the left M1 segment of the middle cerebral artery (a). Post-
treatment diffusion-weighted imaging showed a large volume infarction
of 112.19 ml, and a low DWI ASPECTS of 4 (lentiform, insula, M2, M4,

M5, and M6 regions) (b, c). A poor state of recanalization was achieved
(mTICI 2a) after endovascular treatment (d, e). The modified Rankin
Scale (mRS) score of this patient was 5 at 90 days
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treatment ASPECTS [16]. Leker RR et al reported that a post-
treatment ASPECTS ≥ 7 on follow-up NCCT correlated with
a good outcome after thrombectomy [16]. In our study, we
found that a post-treatment DWI ASPECTS ≥ 6 was optimal
for predicting a favorable outcome. In our opinion, our study

holds the following two advantages: firstly, post-treatment
ASPECTS was evaluated based on follow-up DWI. In our
study cohort, follow-up MRIs were all scanned within 7 days
after EVT; therefore, the infarct area would show as remark-
able hyper-intensity on post-treatment DWI. Post-treatment

Table 4 Diagnostic performance
of post-treatment DWI ASPECTS
and infarction volume in
predicting good outcomes at 90
days

Cut-off value Sensitivity (100%) Specificity (100%) PPV (100%) NPV (100%) AUC

Post-treatment DWI ASPECTS 0.836

≥ 5 93.5

(84.3–98.2)

41.7

(25.5–59.2)

73.4

(67.5–78.6)

78.9

(57.4–91.3)
≥ 6 87.1

(76.1–94.3)

66.7

(49.0–81.4)

81.8

(73.7–87.8)

75.0

(60.2–85.6)
≥ 7 61.3

(48.1–73.4)

86.1

(70.5–95.3)

88.4

(76.7–94.6)

56.4

(47.9–64.5)
≥ 8 37.1

(25.2–50.3)

97.2

(85.5–99.9)

95.8

(76.4–99.4)

47.3

(42.4–52.3)
Infarction volume 0.821

≤ 94.87 ml 90.3

(80.1–96.4)

55.6

(38.1–72.1)

77.8

(70.7–83.6)

76.9

(59.6–88.3)

Note: DWI, diffusion-weighted imaging; ASPECTS, Alberta Stroke Program Early Computed Tomography
Score; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve

Fig. 3 Diagnostic performance of
post-treatment DWI ASPECTS
and infarction volume in
predicting good clinical outcomes
(mRS 0–2) for acute ischemic
stroke (AIS) patients underwent
endovascular treatment. The area
under the curve (AUC) of post-
treatment DWI ASPECTS is
0.836, with no significant
difference compared to that of
infarction volume (AUC = 0.821)
(p = 0.686)
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DWI would be more sensitive for the detection and delinea-
tion of infarct lesion and also for assessing the ASPECTS and
infarction volume [17, 18]. Secondly, the median time interval
between EVT and follow-up MRI examination was 4 days,

which was longer than the time interval (1–3 days) reported in
the study of Leker RR et al Ischemic lesions scanned at a
longer interval might be more rational to be considered the
final infarct. Overall, the excellent correlation and comparable

Table 5 Dichotomized analysis
of patient characteristics based on
post-treatment DWI ASPECTS

Variables Post-treatment DWI
ASPECTS ≥ 6 (n = 66)

Post-treatment DWI
ASPECTS < 6 (n = 32)

p value

Age, years 69 (57.75–74.25) 68.5 (64.5–74) 0.719

Gender, male 46 (69.7%) 23 (71.9%) 1.000

Time interval stroke onset and
baseline imaging, min

256.5 (172.5–406) 279.5 (188–445) 0.620

DPT, min 83 (66.75–110.25) 86 (70.25–110.25) 0.562

NIHSSpre 12 (9–15) 15 (10.25–18.75) 0.026

NIHSS24h 6 (2–11.25) 11 (6.25–16.75) 0.007

Occlusion site 0.678

MCA 45 (68.2%) 19 (59.4%)

ICA 12 (18.2%) 7 (21.9%)

MCA+ICA 9 (13.6%) 6 (18.7%)

Successful recanalization 58 (87.9%) 22 (68.7%) 0.028

Infarction volume 19.1 (10.6–35.9) 119.2 (95.1–174.0) < 0.001

Hemorrhagic transformation 27 (40.9%) 19 (59.4%) 0.130

Good clinical outcomes 54 (81.8%) 8 (25.0%) < 0.001

Note: ASPECTS, Alberta Stroke Program Early Computed Tomography Score; DWI, diffusion-weighted imag-
ing; DPT, door-to-puncture time; NIHSSpre, admission National Institutes of Health Stroke Scale; NIHSS24h,
NIHSS at 24 h after EVT; IQR, interquartile range; MCA, middle cerebral artery; ICA, internal carotid artery

Fig. 4 Dichotomized analysis of study patients based on post-treatment
DWI ASPECTS. There were significant differences between post-
treatment DWI ASPECTS ≥ 6 group and post-treatment DWI
ASPECTS < 6 group in (a) infarction volume (19.1 vs 119.2ml;
p < 0.001), (b) NIHSS scores at admission (12 vs 15; p = 0.026),
(c) NIHSS scores at 24 h after EVT (6 vs 11; p = 0.007), (d) successful
recanalization rate (87.9% vs 68.7%; p = 0.028), and the (f) proportion of
patients with good clinical outcomes (81.8% vs 25.0%; p < 0.001). No

significant difference was found in the proportion of patients with the
occurrence of hemorrhagic transformation between these two groups
(40.9% vs 59.4%; p = 0.130). ASPECTS, Alberta Stroke Program
Early Computed Tomography Score; DWI, diffusion-weighted
imaging; NIHSSpre, admission National Institutes of Health Stroke
Scale; NIHSS24h, NIHSS at 24 h after EVT; mRS, modified Rankin
Scale scores
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predictive ability indicated that post-treatment ASPECTS, es-
pecially on DWI, might be an eligible surrogate of infarction
volume for predicting the clinical outcomes of stroke patients.

Interestingly, in the 62 patients with post-treatment DWI
ASPECTS ≥ 6, there were only 2 patients with infarction
volume > 94.87 ml and a relatively small dispersion degree
(IQR 10.6–35.9 ml) was observed. By contrast, in the 36
patients with post-treatment DWI ASPECTS < 6, there was
an obvious dispersion of infarction volume (IQR 95.1–174.0
ml), and there were 6 patients with infarction volume ≤ 94.87
ml. In our opinion, the different dispersions stratified by post-
treatment DWI ASPECTS were derived from the limitation of
the ASPECTS methodology. As a semi-quantitative grading
system, ASPECTS assigned each of its 10 regions with the
same value, while several ASPECTS regions (lentiform, insu-
lar, caudate, and internal capsule) represented small-volume
brain tissues. This methodology could result in low
ASPECTS, even though a small-volume ischemic lesion ac-
tually occurred. This result indicated that post-treatment DWI
ASPECTS might be more suitable to substitute infarction vol-
ume in the patients with higher ASPECTS and smaller infarc-
tion volume. However, a discrepancy might occur when it
turned to patients with lower ASPECTS and larger infarction
volume.

Our study had some limitations. Firstly, besides the infarc-
tion volume, the infarct location was also focused on the pre-
diction of functional outcomes [23, 24]. The total ASPECTS
used in our study could not reveal the information on infarct
distribution. This might be reflected that 12 patients had a
post-treatment DWI ASPECTS ≥ 6; however, they suffered
a poor clinical outcome at 90 days. We assumed that the in-
farct location might contribute to their poor outcomes. Further
studies were suggested to study the association of each
ASPECTS region on follow-up imaging with the clinical out-
come. Secondly, follow-up MRIs were scanned at varied time
intervals with a median of 4 days after EVT; therefore, the
median time interval from stroke onset to follow-up MRI scan
was about 4–5 days. A previous study indicated that cerebral
edema after stroke commonly had a maximum peak on the
fourth day, which might influence the measurement of FIV
[25]. By contrast, a 7-day follow-up MRI after EVT was con-
sidered a more appropriate evaluation for FIV [18]. Thirdly,
patients with a poor state of consciousness and symptomatic
hemorrhage transformationwere excluded from theMRI eval-
uation. Therefore, a selection bias might exist. Lastly, this
study was a retrospective study conducted in a single center
and the sample was relatively small. Further multiple-center
study with a large sample size is warranted to confirm our
results.

In conclusion, our study indicated that both post-treatment
DWI ASPECTS and infarction volume were independently
associated with the functional outcome of AIS patients after
EVT. They showed comparable performance in predicting the

good outcome. Post-treatment DWI ASPECTS might be a
potential surrogate of infarction volume in terms of providing
the prognostic information for AIS patients after EVT.
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