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Background: Rapid and accurate imaging assessment is critical for selecting acute ischemic stroke (AIS) patients for endovascular
therapy. While CT perfusion (CTP) provides quantitative evaluation of infarct core, the ASPECTS score based on non-contrast CT (NCCT)
is widely used for its speed and simplicity. However, their comparative predictive value and consistency in clinical practice remain unclear.
Objective: To evaluate the prognostic value of NCCT-based ASPECTS and CTP-derived core infarct volume in AIS patients
undergoing endovascular treatment, and to explore their correlation and clinical implications.

Methods: In this retrospective single-center study, we analyzed 82 patients with acute ischemic stroke who underwent endovascular
therapy within 24 hours of symptom onset. Preoperative ASPECTS scores and CTP-defined core infarct volumes (processed via
Shukun software) were recorded. Prognostic outcome was defined by the 90-day modified Rankin Scale (mRS). Statistical analysis
included logistic regression, ROC curve analysis, and Spearman correlation.

Results: Patients with poor outcomes had significantly larger CTP-derived infarct core volumes and lower ASPECTS scores (both
P<0.001). In the overall cohort, CTP (AUC=0.74) and ASPECTS (adjusted AUC=0.71) demonstrated comparable predictive performance,
with no statistically significant difference. In subgroup analyses stratified by onset-to-treatment time, both modalities remained predictive,
and no significant differences in predictive accuracy were observed between ASPECTS and CTP in either the <6-hour or 6-24-hour groups.
A moderate negative correlation was observed between ASPECTS and core infarct volume (r=0.61, P<0.001).

Conclusion: Both ASPECTS and CTP-derived core infarct volume predict functional outcomes in AIS patients undergoing
endovascular therapy, with comparable performance. ASPECTS offers a rapid assessment, whereas CTP provides quantitative
evaluation. The two modalities may serve complementary roles in clinical decision-making.
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Introduction

Acute ischemic stroke (AIS), accounting for over 80% of all stroke cases, results from the abrupt reduction or cessation of
cerebral blood flow, leading to irreversible ischemic necrosis of brain tissue.' It remains one of the leading causes of death and
disability worldwide.” Timely and effective reperfusion therapy—either intravenous thrombolysis or endovascular thrombect-
omy—can significantly reduce infarct volume and improve neurological outcomes.>* The pathophysiology of AIS involves
a central infarct core surrounded by an ischemic penumbra. The penumbra is potentially reversible with prompt reperfusion,
making rapid and accurate identification of salvageable tissue critical for treatment decisions.” In clinical practice, neuroimaging
plays a central role in this process by facilitating diagnosis, stratifying patients, and guiding reperfusion strategies.
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Currently, non-contrast computed tomography (NCCT), CT angiography (CTA), and CT perfusion (CTP) are widely
used for the emergency evaluation of AIS.® Among these, the Alberta Stroke Program Early CT Score (ASPECTS) based
on NCCT is a semi-quantitative, rapid method for assessing early ischemic changes, widely adopted due to its
accessibility and speed.” CTP, on the other hand, provides quantitative assessments of cerebral hemodynamics, including
infarct core, ischemic penumbra, and collateral circulation.’ Recent studies have further highlighted the important role of
CT perfusion imaging in guiding reperfusion therapy and prognostic evaluation in acute ischemic stroke.® Landmark
randomized trials have further clarified the role of imaging-based infarct assessment in selecting patients for endovas-
cular therapy. The HERMES meta-analysis demonstrated that patients with ASPECTS >6 derive substantial benefit from
thrombectomy in the early treatment window,® whereas the DAWN? and DEFUSE-3'? trials established that quantitative
infarct core volume measured by CT perfusion or diffusion-weighted MRI can identify patients who benefit from
thrombectomy in the extended time window of 6-24 hours after symptom onset.

According to current guidelines, ASPECTS remains the initial imaging modality of choice in most AIS cases, while
CTP is recommended for patients within the extended window (6-24 hours) or with unclear onset.” ASPECTS and CTP
are both routinely used to estimate infarct core volume in AIS, serving as critical tools for therapeutic decision-making.
However, despite their widespread application, accumulating evidence indicates notable discrepancies between the two
modalities in defining infarct extent and predicting outcomes.'""'*> ASPECTS, while simple, is subject to interobserver
variability and limited sensitivity to subtle early changes, whereas CTP offers quantitative accuracy but may be
influenced by technical and post-processing variability.'*'*

Recent studies have demonstrated only moderate correlation between ASPECTS and CTP-derived core volumes, and
sometimes marked inconsistency.15 For example, CTP-defined large core infarctions (=70 mL) appear to be more predictive of
poor prognosis than ASPECTS-defined large cores (ASPECTS <5), particularly in patients treated within 6 hours of onset.'®
Although both modalities were employed in landmark randomized trials such as SELECT2 and ANGEL-ASPECT,’ criteria
and predictive performances varied. Until now, direct comparisons of their prognostic performance across different ther-
apeutic time windows remain limited. In particular, whether these two imaging approaches provide consistent predictive value
in both early (<6 hours) and extended (6—24 hours) treatment windows has not been fully clarified.

Therefore, this study aimed to compare the prognostic value of ASPECTS and CTP-derived infarct core volume in patients
with AIS undergoing endovascular therapy. We also assessed the agreement between these two modalities and their predictive
performance in early and extended therapeutic windows. Given that advanced perfusion imaging is not universally available in
all clinical settings, particularly in resource-limited hospitals, clarifying the relative utility of these imaging approaches may help
guide more practical and efficient imaging strategies in acute stroke care.

Materials and Methods
Study Design and Population

This retrospective study included patients diagnosed with acute ischemic stroke (AIS) who were treated through the stroke
emergency green channel at the First People’s Hospital of Zigong between January 2023 and December 2024. Patients were
eligible for inclusion if they met the following criteria: age >18 years, underwent both non-contrast computed tomography
(NCCT) and CT perfusion (CTP) imaging within 24 hours of symptom onset in the emergency department, and had infarcts
involving the anterior circulation with diagnosis and treatment conducted in accordance with the Chinese Guidelines for
Endovascular Treatment of Acute Ischemic Stroke (2023 edition). Exclusion criteria included infarction involving the posterior
circulation, bilateral hemispheric infarctions, intracranial hemorrhage, incomplete clinical or imaging data, or poor image
quality that hindered accurate assessment.

Clinical and Imaging Data Collection

Demographic, clinical, and imaging data were extracted from the hospital’s electronic medical records and imaging archiving
system. Additional follow-up data were collected through structured telephone interviews. The recorded variables included
age, sex, time from symptom onset to hospital admission (categorized as <6 hours or 6—24 hours), history of smoking, alcohol
use, hypertension, hyperglycemia, hyperlipidemia, atrial fibrillation, prior stroke, baseline ASPECTS score based on NCCT,
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and core infarct volume determined by CTP using fully automated processing software (Shukun Technology, Beijing, China).
Neurological impairment at admission was assessed using the National Institutes of Health Stroke Scale (NIHSS), and
functional outcome was evaluated using the modified Rankin Scale (mRS) at 90 days post-treatment.

Imaging Protocol and Assessment Criteria

All patients underwent NCCT scanning upon admission, and ASPECTS was used to semi-quantitatively assess early
ischemic changes in the territory of the middle cerebral artery. ASPECTS is scored out of 10, with one point subtracted
for each area showing early ischemic changes such as focal parenchymal hypoattenuation or loss of gray-white matter
differentiation. A score of 0 indicates diffuse ischemia throughout the MCA territory.

CTP images were processed using Shukun automated software to generate perfusion maps and calculate infarct core
volume. In this study, the infarct core was defined as the volume of brain tissue exhibiting a cerebral blood flow (CBF)
reduction of more than 70%, ie, CBF <30% of the contralateral normal value. This threshold has been widely adopted in
clinical trials for delineating irreversibly damaged brain tissue.

Outcome Evaluation

Short-term neurological improvement was evaluated using the NIHSS score 742 days after treatment. A reduction of
more than 4 points in the NIHSS score compared to baseline was considered indicative of significant neurological
recovery. Long-term functional outcome was assessed at 90 days post-treatment using the mRS. A favorable outcome
was defined as an mRS score of less than 2, while a poor outcome was defined as an mRS score greater than 2. An mRS
score of 4 or higher was interpreted as severe disability or death.

Statistical Analysis

All statistical analyses were conducted using SPSS version 27.0 (IBM Corp., Armonk, NY, USA). For continuous variables
following a normal distribution, data were presented as mean + standard deviation (SD). For skewed data, the median and
interquartile range (IQR) were reported. Categorical variables were summarized as frequencies and percentages. For univariate
analysis, independent sample #-tests or Mann—Whitney U-tests were used to compare continuous variables, and y’-tests were
employed for categorical data. Multivariate logistic regression analysis was conducted to identify independent predictors of
endovascular treatment outcomes. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the
predictive performance of imaging parameters for poor functional outcome (mRS > 2). Because higher ASPECTS scores indicate
smaller infarct burden and a lower likelihood of poor outcome, a directionally aligned variable (10 — ASPECTS) was used in the
ROC analysis to ensure consistent interpretation when predicting unfavorable outcomes. The area under the ROC curve (AUC)
was calculated and compared across models. Spearman correlation analysis was used to examine the association between
ASPECTS scores and CTP-derived core infarct volumes. A two-sided P-value <0.05 was considered statistically significant.

Results

Patient Characteristics

A total of 82 patients with acute ischemic stroke (AIS) who underwent endovascular therapy via the emergency green
channel between January 2023 and December 2024 were included according to the predefined inclusion and exclusion
criteria. The patients ranged in age from 38 to 89 years, with 55 patients (67.07%) aged 70 years or older and 27 patients
(32.93%) younger than 70 years. The cohort comprised 47 females and 35 males.

Among these patients, 72 (87.8%) had at least one comorbid condition. Hypertension was the most prevalent (69.5%,
57/82), followed by hyperglycemia (34.1%, 28/82) and atrial fibrillation (29.3%, 24/82). A total of 23 patients (28.0%)
had a history of prior stroke, underlining the importance of secondary prevention in this population.

The preoperative neurological status, as measured by the NIHSS, showed a median score of 12 (interquartile range
[IQR]: 8.75-17), indicating moderate-to-severe neurological deficits in a substantial portion of patients. In terms of
imaging findings, the median ASPECTS score was 9 (IQR: 7-10), while the median core infarct volume based on CTP
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was 20 mL (IQR: 1.93-41.5), suggesting that most patients had relatively preserved ischemic penumbra and moderate
core infarction. Detailed baseline characteristics are summarized in Tables 1 and 2.

Prognostic Analysis
Based on the 90-day modified Rankin Scale (mRS) (Table 3), patients were categorized into two groups: favorable
prognosis (mRS <2, n = 37) and poor prognosis (mRS >2, n = 45). Patients in the poor prognosis group exhibited higher
rates of smoking (64.29% vs. 35.71%) and alcohol consumption (66.67% vs. 33.33%) than those in the favorable group;
however, these differences were not statistically significant (p > 0.05). Similarly, the prevalence of hypertension,
hyperglycemia, hyperlipidemia, atrial fibrillation, and stroke history was higher in the poor prognosis group, though
none of these differences reached statistical significance.

The median preoperative NIHSS score was slightly higher in the poor prognosis group (13 [IQR: 9—-18.5]) compared
to the favorable group (12 [IQR: 7-15]), but this difference was not statistically significant (Z = —1.682, p = 0.093)
(Table 4). However, significant differences were observed in imaging-based predictors. The median core infarct volume
in the poor prognosis group was substantially larger (32 mL [IQR: 15.5-53.6]) than in the favorable group (9 mL [IQR:
0-21.5]; Z = -3.729, p < 0.001). Conversely, the ASPECTS score was significantly lower in the poor prognosis group
(median 8 [IQR: not stated]) compared to the favorable group (median 10 [IQR: 9-10]; Z = -3.392, p < 0.001).

Furthermore, postoperative neurological improvement assessed at 7+2 days, defined by a decrease in NIHSS score >4
points, was significantly associated with favorable long-term outcomes (p < 0.001, y’-test), indicating early symptom
improvement as a strong predictor of prognosis.

Table | Baseline Demographic and Clinical Characteristics of the Patients

Variable Frequency | Percentage (%)
Age <70 years old 27 32.93
270 years old 55 67.07
Gender Male 35 42.68
Female 47 57.32
Smoking history None 68 82.93
Yes 14 17.07
Alcohol consumption history | None 76 92.68
Yes 6 7.32
Hypertension None 25 30.49
Yes 57 69.5
Hyperglycaemia None 54 65.85
Yes 28 34.15
Hyperlipemia None 73 89.02
Yes 9 10.98
Atrial fibrillation None 58 70.73
Yes 24 29.27
Stroke history None 59 71.95
Yes 23 28.05
Time of onset Within 24 hours | 33 40.24
Within 6 hours | 49 59.76

Table 2 General Basic Information of Patients

Variable Median | QI Q3
Preoperative NIHSS score | 12 875 | 17
Core infarct volume 20.00 345 | 46.0
ASPECTS 9 7 10
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Table 3 Prognostic Variable in Acute Ischemic Stroke Patients Undergoing Endovascular Therapy

Variable Good Poor Chi-square P
Prognosis Prognosis Value
%) (%)

Age <70 years old 16 | 59.26% | 11 | 40.74% | 3.249 0.071
270 years old 21 | 38.18% | 34 | 61.82%

Gender Male 17 | 4857% | 18 | 51.43% | 0.293 0.588
Female 20 | 42.55% | 27 | 57.45%

Smoking None 32 | 47.06% | 36 | 52.94% | 0.603 0.437
Yes 5 35.71% | 9 | 64.29%

Drinking None 35 | 46.05% | 41 | 53.95% | 0.363 0.547
Yes 2 | 3333% | 4 | 66.67%

Hypertension None 12 | 48.00% | 13 | 52.00% | 0.12 0.729
Yes 25 | 43.86% | 32 | 56.14%

Hyperglycaemia None 28 | 51.85% | 26 | 48.15% | 2.893 0.089
Yes 9 32.14% | 19 | 67.86%

Hyperlipemia None 33 | 45.21% | 40 | 54.79% | 0.002 0.965
Yes 4 | 4444% | 5 55.56%

Atrial fibrillation None 28 | 48.28% | 30 | 51.72% | 0.796 0.372
Yes 9 37.50% | 15 | 62.50%

Stroke history None 27 | 45.76% | 32 | 54.24% | 0.035 0.852
Yes 10 | 43.48% | 13 | 56.52%

Time Within 24 hours | 18 | 54.55% | 15 | 45.45% | 1.98 0.159
Within 6 hours 19 | 38.78% | 30 | 61.22%

The NIHSS score decreased by more than 4 points after surgery | Yes 34 | 72.34% | 13 | 27.66% | 32.945 <0.001
No 3 | 857% 32 | 91.43%

Table 4 Prognostic Value of CTP and ASPECTS in Acute Ischemic Stroke Patients
Undergoing Endovascular Therapy

Variable Good Prognosis | Poor Prognosis | Z-value P

Preoperative NIHSS score 12 ((7~15) 13 (9~18.5) —1.682 0.093
CTP 9 (0~21.5) 32 (15.5~53.6) -3.729 <0.01
ASPECTS 10 (9~10) 8 (7~9) -3.392 | <0.001

Prognostic Comparison Between <6 Hours and 6—24 Hours Subgroups

A multivariate logistic regression analysis was conducted including variables such as age, time from symptom onset,
ASPECTS score, CTP core infarct volume, and preoperative NIHSS score. The results identified age >70 years and
ASPECTS score as independent predictors of poor prognosis following endovascular therapy in patients with AIS.

To compare the predictive performance of ASPECTS and CTP core infarct volume for unfavorable outcomes, receiver
operating characteristic (ROC) curve analysis was performed. In the overall cohort, both ASPECTS and CTP core volume
showed predictive value, with CTP displaying superior accuracy (AUC = 0.74, 95% CI: 0.63—0.85) compared to ASPECTS
(AUC = 0.29, 95% CI: 0.17-0.41). Because higher ASPECTS scores indicate smaller infarct burden and a lower likelihood
of poor outcome, a directionally aligned variable (10 — ASPECTS) was used in the ROC analysis predicting poor functional
outcome (mRS > 2). After this adjustment, the recalculated AUC for 10-ASPECTS was 0.71, reflecting its predictive value
for unfavorable outcomes. The difference between them was not statistically significant (p = 0.62; Figure 1).

When stratified by time from onset, predictive performance remained significant in patients treated within 6 hours. In this
subgroup, ASPECTS showed better accuracy (AUC = 0.80, 95% CI: 0.66—0.94) compared to CTP (AUC = 0.76, 95% CI:
0.61-0.90), with no statistically significant difference (p = 0.50; Figure 2). In patients treated between 6 and 24 hours after
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Figure | Comparison of ROC Curves for CTP Core Infarct Volume and ASPECTS Score in Predicting 90-Day Outcomes.
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Figure 2 ROC Curves for CTP and ASPECTS in Predicting 90-Day Outcomes Within 6 Hours of Stroke Onset.

onset, the predictive value of CTP approached significance (p = 0.053; AUC = 0.70, 95% CI: 0.51-0.88), whereas ASPECTS
demonstrated greater prognostic accuracy in this subgroup (AUC = 0.57, 95% CI: 0.37-0.77; Figure 3).

Correlation Between ASPECTS Score and Core Infarct Volume
A Spearman correlation analysis was performed to assess the relationship between ASPECTS scores and CTP-derived
core infarct volumes in the entire cohort. A significant inverse correlation was observed (r =—-0.61, p <0.001), indicating
that lower ASPECTS scores were associated with larger infarct cores.

When stratified by onset-to-treatment time, the negative correlation remained statistically significant in both sub-
groups. For patients imaged within 6 hours of symptom onset, the correlation coefficient was —0.67 (p < 0.001), while in
the 6-24 hour group, the coefficient was —0.47 (p < 0.05), suggesting a consistent inverse relationship between these two

imaging markers irrespective of time window.
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Figure 3 ROC Curves for CTP and ASPECTS in Predicting 90-Day Outcomes in Patients Presenting 6 to 24 Hours After Onset.

Discussion

This study demonstrates that both ASPECTS and CTP-derived core infarct volume are significantly associated with
functional outcomes in patients with acute ischemic stroke undergoing endovascular therapy. The two imaging modalities
showed comparable prognostic performance, with a moderate inverse correlation between them. These findings suggest
that ASPECTS and CTP provide complementary information for outcome prediction in clinical practice.

Our findings are more consistent with the view that ASPECTS and CTP-derived core infarct volume provide comparable
but complementary prognostic information in acute ischemic stroke patients undergoing endovascular therapy, rather than
indicating a clear superiority of one modality over the other. In our cohort, both imaging markers were associated with 90-day
outcome, whereas CTP showed only a numerically higher discriminative performance than ASPECTS, without a statistically
significant difference. This interpretation is supported by prior studies showing only a moderate correlation between
ASPECTS and CTP-defined core volume, with substantial variability of core volume within the same ASPECTS strata,
suggesting that the two methods are related but not interchangeable.'” Haussen et al reported that ASPECTS and automated
CTP core volume were independently and comparably associated with good outcome after thrombectomy, despite consider-
able heterogeneity between the two measures.'’ Likewise, Nannoni et al demonstrated a moderate inverse correlation between
ASPECTS and CTP core volume and suggested that ASPECTS may serve as a surrogate marker of infarct core in selected
late-presenting patients, particularly those with large-vessel occlusion.'?

At the same time, some studies suggest that CTP may offer additional value in specific scenarios, especially when defining
large-core infarction. For example, Sui et al showed that a CTP-defined large core (=70 mL) was more strongly associated with
poor outcome than an ASPECTS-defined large core (ASPECTS <5), particularly within 6 hours after onset.'® However, this
advantage appears to depend on the clinical context and threshold definition rather than reflecting uniform superiority across
all patient groups. By contrast, McDonough et al found that, among patients with low ASPECTS, a model combining
ASPECTS and collateral status outperformed a CTP-based model for predicting favorable outcome, underscoring the
continuing clinical value of simpler imaging approaches.'® In addition, Chu et al reported that ASPECTS across NCCT, CTA-
SI, and CTP-CBYV remained associated with final infarction, although CTP-CBV-based ASPECTS showed somewhat better
reliability for delineating early ischemic changes.”’ Our findings are in line with this literature: although CTP provides
quantitative characterization of infarct core, ASPECTS remains clinically important because of its speed, accessibility, and
retained prognostic significance in multivariable analysis. This may also explain why ASPECTS remained an independent
predictor in our model, whereas CTP core volume did not, possibly because of collinearity between the two imaging variables
and the limited sample size.
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Multiple studies have further addressed the performance variability of automated imaging platforms. For example,

Mallon et al'*

compared the outputs of Brainomix and RAPID software and found discrepancies in infarct volume
estimations and treatment eligibility, underscoring the need for careful interpretation of automated outputs. Likewise,
Muehlen et al*' cautioned that CTP summary maps may underperform in patients with poor revascularization, where
large infarcts are present. Notably, the correlation between ASPECTS and CTP core volume in our study (r = —0.61) is

comparable to previous reports. Nannoni et al'>

demonstrated a similar moderate negative correlation (p =~ —0.49), with
stronger associations in patients presenting later or with large vessel occlusion. This supports our subgroup analyses
showing time-window—independent correlation. Conversely, Siegler et al® reported instances where ASPECTS out-
performed perfusion imaging in detecting irreversible damage in late-presenting patients, calling for careful clinical
contextualization of imaging metrics. Additionally, our analysis confirmed that the negative correlation between
ASPECTS and CTP core volume persisted across both early (<6 hours) and extended (624 hours) time windows,
reinforcing the reliability of this relationship across different clinical scenarios. These findings align with previous work
that emphasized the clinical utility of ASPECTS in both early and late presentations.” Nevertheless, the limited

sensitivity of NCCT in detecting early ischemic changes has been a recurring concern in the literature,'

and many
authors recommend complementing ASPECTS evaluation with perfusion imaging whenever feasible.'*

This study suggests that both CTP-derived core infarct volume and NCCT-based ASPECTS are clinically informative for
prognostic assessment in AIS patients undergoing endovascular treatment, with overall comparable predictive performance in
our cohort. Although CTP provides quantitative estimation of infarct core, ASPECTS remains an important and practical tool
because of its simplicity, rapid availability, and broad accessibility, particularly in emergency settings and resource-limited
hospitals. The significant inverse correlation between ASPECTS and CTP-defined core infarct volume (r=-0.61, p <0.001),
which was observed in both the <6-hour and 6-24-hour subgroups, indicates that despite their methodological differences—
ASPECTS being a semi-quantitative regional score and CTP providing voxel-based volumetric measurement—both
approaches reflect the extent of ischemic injury and may offer complementary information in clinical decision-making. In
practice, ASPECTS may serve as a rapid first-line imaging marker to facilitate timely treatment decisions, whereas CTP may
provide additional value by more precisely quantifying infarct core when available. This interpretation is consistent with our
finding that ASPECTS remained an independent predictor in multivariable analysis, while the effect of CTP core volume may
have been attenuated by collinearity or limited sample size. In addition, older age was associated with poorer outcome,
underscoring the importance of integrating imaging findings with key clinical variables when evaluating prognosis. Overall,
these findings support a pragmatic imaging strategy in which ASPECTS and CTP are used in a complementary manner
according to local resources, workflow efficiency, and clinical context.

This study has several limitations that should be acknowledged. First, it employed a retrospective, single-center design with
a relatively small sample size, which may limit the generalizability of the findings, reduce statistical power in certain analyses—
particularly subgroup analyses—and increase the risk of selection bias. Because the study was based on retrospectively collected
clinical data, no formal prospective sample size or power calculation was performed. Larger, multicenter prospective studies are
needed to validate these results and enhance their external applicability. Second, the imaging assessment focused primarily on
ASPECTS scores and CTP-derived core infarct volumes, without incorporating other important parameters such as collateral
circulation status, mismatch between perfusion and diffusion, or degree of reperfusion post-intervention. In addition, ASPECTS
scores and CTP-derived core infarct volume both reflect the extent of ischemic injury and may therefore exhibit some degree of
collinearity when included simultaneously in multivariable models. These additional imaging markers may provide a more
comprehensive understanding of the pathophysiology and treatment response in AIS. Future studies should consider integrated
evaluations involving multimodal imaging, larger cohorts, and standardized software platforms to improve the accuracy,
reliability, and clinical applicability of imaging-based prognostic tools in acute stroke care.

Conclusions

Both ASPECTS and CTP-derived core infarct volume predict functional outcomes in AIS patients undergoing endovas-
cular therapy, with comparable performance. ASPECTS offers a rapid assessment, whereas CTP provides quantitative
evaluation. The two modalities may serve complementary roles in clinical decision-making.
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