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Objective: The present study investigated the predictive value of each perfusion parameter 
of the Alberta Stroke Program Early Computed Tomography Score (ASPECTS) in CT 
perfusion (CTP) imaging for the prognosis of endovascular treatment at the time of admis-
sion in patients with acute ischemic stroke in the anterior circulation.
Patients and Methods: The imaging data of 62 patients with acute ischemic stroke in the 
anterior circulation with an onset time of 6 h or less were retrospectively analyzed. All 
patients underwent the one-stop whole-brain dynamic volume four-dimensional (4D) CT 
angiography (CTA)-CTP and cranial magnetic resonance imaging (MRI) within seven days 
after treatment. The patients were divided into better and worse prognosis groups according 
to their clinical symptoms, combined with an MRI-ASPECTS score of ≤ 6 within seven days 
after treatment. The observed perfusion parameters included cerebral blood flow (CBF)- 
ASPECTS, cerebral blood volume (CBV)-ASPECTS, mean transit time (MTT)-ASPECTS, 
and time to peak (TTP)-ASPECTS. The difference in ASPECTS scores involving the CTP 
parameter, as well as diagnostic power, was compared between the two groups of patients.
Results: All CTP-ASPECTS scores negatively correlated with clinical prognosis. The 
higher the CTP-ASPECTS scores preceding treatment in patients with ischemic stroke in 
the anterior circulation, the better the prognosis. There were statistically significant differ-
ences in the scores of CBF-ASPECTS and CBV-ASPECTS between the two groups (P < 
0.05). Receiver operating curve (ROC) analysis showed that the parameter with the largest 
area under the curve (AUC) was the CBF-ASPECTS score (P = 0.003), with a sensitivity of 
90.9%, a specificity of 59.1%, and an AUC of 0.806, which was the most valuable prognostic 
predictor.
Conclusion: The CBF-ASPECTS score presented significant value as a primary indicator 
for predicting the outcome of endovascular treatment in patients with acute ischemic stroke 
in the anterior circulation, and it had good application prospects in clinical practice.
Keywords: X-ray computed tomography, perfusion imaging, Alberta Stroke Program Early 
Computed Tomography Score, stroke

Introduction
Domestic and foreign studies have verified that the Alberta Stroke Program Early 
Computed Tomography Score (ASPECTS) is a simple and rapid quantitative 
assessment for the extent of infarction and a predictor for clinical outcomes that 
can help in the screening of patients requiring endovascular treatment and 
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determine their prognosis.1,2 However, the reliability of 
the non-contrast CT (NCCT)-ASPECTS remains contro-
versial. In particular, in the diagnosis of ultra-early stroke, 
the NCCT-ASPECTS has relatively low diagnostic accu-
racy. Computed tomography perfusion (CTP) technology 
has been widely used in the treatment of ischemic stroke, 
but the application of CTP-ASPECTS to a CTP parameter 
chart remains in the research stage in China and abroad.1,3 

One-stop, whole-brain dynamic volume CTP and four- 
dimensional (4D) CT angiography (CTA) techniques, com-
bined with multi-parametric ASPECT scores including 
cerebral blood volume (CBV)-ASPECTS, cerebral blood 
flow (CBF)-ASPECTS, mean transit time (MTT)- 
ASPECTS, and time-to-peak (TTP)-ASPECTS were 
employed in the present study to provide an image basis 
for determining the choice of endovascular therapy and 
prognosis for patients with acute ischemic stroke in the 
anterior circulation.

Patients and Methods
General Data
A total of 62 patients, admitted within 6 h to Handan 
Central Hospital (China) from January 2016 to 
December 2019 with cerebral infarction in the middle 
cerebral artery supply area due to severe stenosis or occlu-
sion of the internal carotid artery or middle cerebral artery, 
and who received endovascular treatment, were retrospec-
tively analyzed. There were 42 males and 20 females 
within an age range of 39–78 years old (average age, 
56.6). Based on whether patients were conscious or not, 
changes in muscle strength, and magnetic resonance ima-
ging (MRI) findings within one week, patients were 
divided into a better or worse prognosis group. The parti-
cipant inclusion criteria were as follows: 1) all patients 
signed a written informed consent form to be included in 
the study; 2) patients with onset of the disease within 6 
h and with no cerebral hemorrhage or brain tumor con-
firmed by non-contrast computerized tomography 
(NCCT); 3) patients whose CTA showed severe stenosis 
or occlusion of the internal carotid artery or middle cere-
bral artery; 4) patients who eventually received endovas-
cular treatment; 5) patients with preoperative CTP 
suggestive of reduced cerebral blood flow (CBF). The 
exclusion criteria were as follows: 1) patients with severe 
cardiac and pulmonary diseases; 2) patients with an exist-
ing history of intracranial surgery, a large infarction, and 
allergic history to iodine contrast. This study was 

conducted with approval from the Ethics Committee of 
Handan Central Hospital. Written informed consent was 
obtained from all patients.

Scanning Apparatus and Parameters
Computed tomography perfusion (Toshiba Aquilion One 
320CT, Tokyo, Japan) was conducted for all patients. 
During the examination, the patient was placed in the supine 
position with the head centered; the scanning range was 
16 cm up from the base of the skull. A 20G cannula was 
inserted in the middle elbow vein using a dual-channel 
hyperbaric syringe; Uvexan (370 mg I/mL, Bayer, 
Germany) was used as a contrast agent. The 19-round 
volume scan protocol was divided into five sequences. 
The first sequence was delayed by 7 s to scan one round. 
The second sequence started at 10.7 s and scanned three 
rounds, with 2 s intervals per round. The third sequence 
started at 17 s and scanned six rounds with 2 s intervals per 
round. The fourth sequence started at 29.4 s and scanned 
four rounds with a 2 s interval per round. The fifth sequence 
started at 39.1 s and scanned five rounds with 5 s intervals 
per round. The tube voltage and current were 80 kV and 300 
mA, respectively, and 60 mL of the contrast agent was 
injected at a flow velocity of 5 mL/s, followed by 40 mL 
of natural saline at the same velocity. Conventional scan 
sequences were adopted in the cranial MRI including T1WI 
and T2WI, MRI fluid-attenuated inversion recovery 
(FLAIR), and diffusion-weighted imaging (DWI). The 
scanning sequences were performed with the following 
parameters. T2WI adopts fast spin echo sequence: TR, 
3770 ms; TE, 95ms; FOV, 230mm; section thickness and 
spacing, 5mm and 1.5mm; scanning matrix, 320×320mm; 
average value, 1; no parallel acquisition technology. T1WI 
adopts small angle excitation fast gradient echo sequence: 
TR, 180ms; TE, 2.71ms; flip angle, 70 °; FOV, 230mm; 
section thickness and spacing, 5mm and 1.5mm; scanning 
matrix, 320×320mm; average value, 1; no parallel acquisi-
tion technology. Fluid attenuated T2WI sequence uses 
inversion recovery Fast spin Echo sequence TR, 8500ms; 
TE, 85ms; TI, 2440ms; FOV, 230ms; section thickness and 
spacing, 5mm and 1.5mm; average value, 1; no parallel 
acquisition technology. The diffusion weighted imaging 
(DWI): TR and TE, 4500 ms and 74 ms; b value, 1000; 
FOV, 230 mm; section thickness and spacing, 5 mm and 
1.5 mm; matrix, 128 × 128; parallel acquisition factor, 2; 
average value, 2.
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Image Post-Processing
All volume data were transferred to a Vitrea workstation for 
processing to obtain a CTP pseudo-color chart. The perfusion 
parameters included CBF, CBV, MTT, and TTP. Ten regions 
on two layers of the middle cerebral artery blood supply area 
were selected (Figure 1A–D) as follows: 1) the caudate 
nucleus and the layers below were divided into seven 
regions, ie, M1, M2, M3, insula (I), lenticular (L), caudate 
nucleus (C), and the posterior limb of the internal capsule 
(IC); 2) the cerebral cortex above the nucleus including the 
M4, M5, and M6 regions. The 10 regions have the same 
weight, all with 1 point. A total score of 10 points represented 
normal, and the total score was reduced by 1 point for each 
area affected. The four parameters CBF, CBV, MTT, and 
TTP were scored before the endovascular treatment, and 
MRI-DWI was scored within one week after the 

endovascular treatment. The 4D digital subtraction angiogra-
phy (DSA) images were created after the automatic subtrac-
tion of cranial arteries using a workstation software package 
(Figure 1E).

Statistical Analysis of the Perfusion 
Parameters
The SPSS Statistics 23.0 software was used to effect statis-
tical analysis. Each parameter of the preoperative scores of 
the CTP-ASPECTS was compared between the good and 
worse prognosis groups using the rank-sum test. The receiver 
operating curve (ROC) was used to analyze the predictive 
efficacy of the four parameters, with the area under the curve 
(AUC) calculated together with the considered diagnostic 
accuracy, sensitivity, and specificity; P < 0.05 was considered 
to reflect a statistically significant difference.

Figure 1 Case illustration of MRI-ASPECTS score. (A) TTP was prolonged in M1, M2, C, L and IC areas in right hemisphere than in corresponding contralateral brain tissue 
with TTP-ASPECTS score 5. (B) MTT was prolonged in M1, M2, C, L and IC areas in right hemisphere than in contralateral brain tissue with MTT-ASPECTS score 5. (C) The 
decrease of CBF in M1, C and IC areas in right hemisphere compared with contralateral corresponding areas with CBF-ASPECTS score 7. (D) The decrease of CBV in C and 
IC areas in right hemisphere compared with contralateral corresponding areas with CBV-ASPECTS score 8. (E) 4D-CTA showed the occlusion of right middle cerebral 
artery. (F) DWI demonstrated high signal intensity in C and IC areas in right hemisphere after 5 days of mechanical thrombectomy therapy with the MRI-ASPECTS score 8. 
The patients discharged with the recovery of the muscle strength of the left limb and can walk normally.
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Results
The Correlation Between the Baseline 
Pre-Operative Scores of CTP in the 
Alberta Stroke Program Early Computed 
Tomography Score and Prognosis
Based on whether the patient was conscious or not, the 
recovery of muscle strength, and MRI examination results 
within one week (Figure 1F), a total of 45 patients with no 
hemorrhage, no expansion of infarction, and an MRI- 
ASPECTS score >6 were included in the better prognosis 
group. A total of 17 patients with postoperative hemorrhage, 
expansion of infarction, and an MRI-ASPECTS score ≤6 
were included in the worse prognosis group. The mean values 
of the preoperative scores of CBF-ASPECTS, CBV- 
ASPECTS, MTT-ASPECTS, and TTP-ASPECTS were 
greater in the better prognosis group compared with the 
worse prognosis group, and a higher ASPECTS score was 
correlated with a good prognosis. When comparing the CTP- 
ASPECTS between the two groups, the results showed that 
the scores of CBF-ASPECTS (Z = –2.949, P = 0.003), CBV- 
ASPECTS (Z = –2.481, P = 0.013), MTT-ASPECTS (Z = – 
1.242, P = 0.214), TTP-ASPECTS (Z = –0.802, P = 0.422), 
and there existed a statistically significant difference in CBF- 
ASPECTS and CBV-ASPECTS between the better and the 
worse prognosis groups (P < 0.05). There was no statistically 
significant difference in the scores of MTT-ASPECTS and 
TTP-ASPECTS between the two groups (P > 0.05) (Table 1).

Analysis of the Prognostic ROC Predicted 
by the Preoperative Scores of CTP in the 
Alberta Stroke Program Early Computed 
Tomography Score
The ROC analysis was conducted for CBF-ASPECTS, 
CBV-ASPECTS, MTT-ASPECTS, and TTP-ASPECTS 
scores. The results indicated that the AUC of the above 
parameters was 0.806, 0.752, 0.628, and 0.583, respectively. 
The AUC of the CBF-ASPECTS was the largest (Figure 2). 

The preoperative CBF-ASPECTS had the best diagnostic 
efficacy in the semi-quantitative evaluation of the endovas-
cular treatment in patients with acute ischemic stroke in the 
anterior circulation and was the most reliable indicator for 
postoperative clinical outcome. Using a score of 6 as the best 
cut-off point for prediction, CBF-ASPECTS ≤ 6 indicated 
a sensitivity of 90.9% and specificity of 59.1%.

Discussion
Approximately 28–46% of acute ischemic strokes in the 
anterior circulation are due to the occlusion of large ves-
sels, often suggesting a poor prognosis. Accordingly, early 
treatment of the responsible vessels and the opening of 
obstructed vessels to save the ischemic penumbra are key 
to treatment. Currently, both domestic and foreign guide-
lines recommend endovascular therapy for ischemic stroke 
as having the highest level of evidence (Class I, Level 
A evidence). These recommendations were for the first 
time suggested for endovascular treatment represented by 
mechanical thrombectomy.4–6 Neuroimaging examination 
plays an important clinical role in assessing the severity of 
stroke and prognosis before surgery.5–9 The traditional 
scores of NCCT ASPECTS in patients with acute cerebral 
infarction show no remarkable image development in the 
early stage, and the diagnostic reliability of these scores is 
controversial and confusing for prognostic assessment.10,11 

In the present study, the CTP-ASPECTS scoring method 
was applied to the endovascular treatment for acute 
ischemic stroke in the anterior circulation, and four 
ASPECT parameters were used to retrospectively analyze 
endovascular treatment in patients with acute ischemic 
stroke in the anterior circulation to better understand the 
reliable parameters for pre-operative neuroimaging 
diagnosis.

The four image parameters included the CBF- 
ASPECTS, CBV-ASPECTS, MTT-ASPECTS, and TTP- 
ASPECTS, produced within the CTP-ASPECTS. Each 
parameter had a different meaning in terms of evaluating 
the CBF. As such, it was necessary to screen the most 

Table 1 The Results of the Scores of CTP-ASPECTS

Parameters Good Prognosis (44) Bad Prognosis (18) Z P

Median (M) Inter-Quartile Range Median (M) Inter-Quartile Range

CBF 7 6–7 5 5–6 −2.949 0.003
CBV 7 6–8 6 6–7 −2.481 0.013

MTT 5.5 5–6 5 4–6 −1.242 0.214

TTP 5 5–6 5 4–6 −0.802 0.422
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reliable image parameter to achieve the best prediction for 
postoperative prognosis. Rava et al12,13 have shown that 
CTP parameters can better distinguish the infarct core 
from the ischemic penumbra, and the mismatch of CBF- 
ASPECTS and CBV-ASPECTS can fully predict the 
volume of potentially salvage brain tissue. In the analysis 
conducted in the present study, no statistically significant 
difference was found in the MTT-ASPECTS and TTP- 
ASPECTS scores between the better and worse prognosis 
groups (P > 0.05). These results indicated that MTT and 
TTP may reflect the average transit time and blood-flow 
velocity of blood passing through all the blood supply 
vessels in the brain tissue. Abnormalities in these para-
meters can be found even in the case of only a slight injury 
to cerebral blood flow. Furthermore, these parameters 
could not distinguish between ischemia, infarction core, 
and ischemic penumbra. There were statistically signifi-
cant differences in the scores of CBF-ASPECTS and 
CBV-ASPECTS between the better and worse prognosis 
groups (P < 0.05), and the parameters were higher in the 
better than the worse prognosis group. These results sug-
gested that the region with decreased CBF and CBV may 

reflect the infarction core and ischemic penumbra, which 
could be adopted to determine the final approximate scope 
of infarction and salvageable ischemic brain tissue before 
surgery. The endovascular treatment of mechanical throm-
bectomy was less effective when the CBF-ASPECTS and 
CBV-ASPECTS had a score below 6 points, which was 
consistent with the results of domestic and foreign 
studies.14,15

The results of the present study show that the scores of 
CBF-ASPECTS and CBV-ASPECTS may reliably predict 
a poor prognosis in patients receiving endovascular treatment 
for acute ischemic stroke in the anterior circulation. 
Meanwhile, analysis of the ROC revealed that the AUC of 
the CBF-ASPECTS score was 0.806, which was significantly 
higher compared with the score of CBV-ASPECTS (with an 
AUC of 0.752). Accordingly, the CBF-ASPECTS score was 
considered better suitable than the CBV-ASPECTS, MTT- 
ASPECTS, and TTP-ASPECTS scores for assessing the 
prognosis of endovascular treatment for acute stroke in the 
anterior circulation. The optimal cut-off point for the predic-
tion has been inconsistently reported in China and abroad but 
is still in the research stage.16,17 In the present study, a CBF- 

Figure 2 The receiver operating curves of the computed tomography Alberta Stroke Program Early Computed Tomography Score (ASPECTS) parameters including the 
cerebral blood flow, cerebral blood volume, mean transit time, and time to peak ASPECTS in the two groups of patients, with an area under curve of 0.806, 0.752, 0.628, and 
0.583, respectively.
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ASPECTS of ≤6 was adopted as the optimal cut-off point for 
suggesting a poor prognosis in terms of clinical outcome. 
This was because CBF may have been the most representa-
tive parameter for cerebral ischemia. A reduced CBF may 
lead to cerebral oxygen metabolism disorder; if the obstructed 
blood vessels can be revascularized in time, however, blood 
flow will be restored in the case of cerebral ischemia and 
cerebral infarction, and good therapeutic results after surgery 
can be achieved. Moreover, the 320-row whole-brain CTP 
can obtain 4D-CTA images to help further understand the site 
of the responsible vascular lesion, and facilitate the further 
development of endovascular treatment protocols.18–20

Our study had some limitations, such as the small 
sample size and the relatively short follow-up time. 
Further expansion of sample size, longer follow-up dura-
tion, and multicenter studies are needed.

In summary, CTP-ASPECTS scores may be useful for 
the early prognostic assessment of endovascular treatment 
for acute ischemic stroke in the anterior circulation. 
Furthermore, CBF-ASPECTS score may be more reliable 
and deserve further clinical application.
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