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ABSTRACT
Background and Objectives: The Alberta Stroke Program CT Score (ASPECTS) is a widely 
used rating system for assessing infarct extent and location. We aimed to investigate the 
prognostic value of ASPECTS subregions’ involvement in the long-term functional outcomes 
of acute ischemic stroke (AIS). Materials and Methods: Consecutive patients with AIS and 
anterior circulation large-vessel stenosis and occlusion between January 2019 and December 
2020 were included. The ASPECTS score and subregion involvement for each patient was 
assessed using posttreatment magnetic resonance diffusion-weighted imaging. Univariate and 
multivariable regression analyses were conducted to identify subregions related to 3-month 
poor functional outcome (modified Rankin Scale scores, 3–6) in the reperfusion and medical 
therapy cohorts, respectively. In addition, prognostic efficiency between the region-based 
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INTRODUCTION

The Alberta Stroke Program Early CT Score (ASPECTS) is 
a semiquantitative scoring system used to estimate the extent 
of  early ischemic changes and to predict clinical outcomes 
in acute ischemic stroke (AIS).[1] Recent advances have 
validated the effectiveness of  reperfusion therapy, especially 
endovascular approaches administered in selected patients 
with large vessel occlusion when treatment is initiated in an 
appropriate time window.[2] Neuroimaging plays a key role 
in assessing patients’ eligibility for endovascular therapy.[3] 
Most landmark randomized clinical trials established their 
selection criteria, including using ASPECTS as a surrogate 
of  lesion size, where an ASPECTS score of  6 was the cut-
off  point for treatment.[4–7]

The ASPECTS template divides the middle cerebral artery 
(MCA) territory into 10 individual regions, with a lower score 
indicating a larger ischemic area and less potential benefit 
from revascularization. The total ASPECTS score has been 
shown to correlate with long-term functional outcomes 
at the group level; however, the regional effects captured 
by the ASPECTS have been underestimated. Individual 
outcomes might be disparate with different hemispheres and 
locations affected, even when ASPECTS scores are the same. 
Hemisphere involvement manifests differently from onset 
symptoms to poststroke recoveries, such as aphasia for the 
left hemisphere stroke and neglect of  the right hemisphere 
owing to the anatomical asymmetry linked to different 
brain functions and behaviors.[8–10] Moreover, infarction of  
specific regions, such as the motor area, usually increases 
the risk of  poststroke disability, presenting worse functional 
outcomes quantified by 3-month modified Rankin Scale 
(mRS) scores. Therefore, the overall ability to solely use the 
ASPECTS score to discriminate individual outcomes is less 
reliable, especially when the score is moderate to high (i.e., 
ASPECTS score > 3).[11]

Previous studies concerning ASPECTS methodologies 
have investigated the unequal impact of  ASPECTS 
subregions on functional outcomes. Deep regions, such 
as the caudate and internal capsule, and cortical regions, 
such as M3, M4, M5, and M6, were clinically relevant to 
long-term outcomes. [12–15] These studies had inconsistent 
findings and were almost only conducted on the 
reperfusion population. Nearly half  of  the patients with 
symptomatic large-vessel stenosis initially received medical 
treatment because of  an unclear onset or mild clinical 
manifestation.[16] Nevertheless, the prognostic value of  the 
ASPECTS subregions on 3-month functional outcomes 
in this nonthrombolysis cohort remains unclear. Whether 
there are differences in the distribution of  outcome-
related ASPECTS subregions between the reperfusion and 
nonreperfusion cohorts also require further investigation.

Therefore, in this study, we conducted a comprehensive 
ASPECTS assessment using posttreatment magnetic 
resonance (MR) diffusion-weighted imaging (DWI) in 
patients with AIS and anterior circulation large-vessel 
stenosis and occlusion. We aimed to (1) determine which 
ASPECTS subregions were related to long-term functional 
outcomes, depending on the affected hemisphere, (2) 
compare the distribution of  outcome-related subregions 
between the reperfusion and nonreperfusion cohorts, and 
(3) validate whether region-based ASPECTS assessment 
would improve the prognostic efficiency compared with 
the conventional ASPECTS score.

MATERIALS AND METHODS

Study population
We conducted a post hoc analysis of  consecutive patients 
with AIS in two multicenter prospective observational 
registries, MR-STARS (NCT02580097) and PROTECT 
(NCT03670862), from January 2019 to December 2020. 

ASPECTS and ASPECTS score methods were compared using receiver operating characteristic curves and DeLong’s test. 
Results: A total of 365 patients (median age, 64 years; 70% men) were included, of whom 169 had poor outcomes. In the 
reperfusion therapy cohort, multivariable regression analyses revealed that the involvement of the left M4 cortical region in 
left-hemisphere stroke (adjusted odds ratio [aOR] 5.39, 95% confidence interval [CI] 1.53–19.02) and the involvement of the 
right M3 cortical region in right-hemisphere stroke (aOR 4.21, 95% CI 1.05–16.78) were independently associated with poor 
functional outcomes. In the medical therapy cohort, left-hemisphere stroke with left M5 cortical region (aOR 2.87, 95% CI 
1.08–7.59) and caudate nucleus (aOR 3.14, 95% CI 1.00–9.85) involved and right-hemisphere stroke with right M3 cortical 
region (aOR 4.15, 95% CI 1.29–8.18) and internal capsule (aOR 3.94, 95% CI 1.22–12.78) affected were related to the 
increased risks of poststroke disability. In addition, region-based ASPECTS significantly improved the prognostic efficiency 
compared with the conventional ASPECTS score method. Conclusion: The involvement of specific ASPECTS subregions 
depending on the affected hemisphere was associated with worse functional outcomes 3 months after stroke, and the critical 
subregion distribution varied by clinical management. Therefore, region-based ASPECTS could provide additional value in 
guiding individual decision making and neurological recovery in patients with AIS.

Key words: ischemic stroke, diffusion magnetic resonance imaging, patient outcome assessment 
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Both studies aimed to assess the effects of  novel imaging 
biomarkers or imaging patterns on patient selection and 
outcome prediction in AIS. The local ethics committee 
approved this study (S2018-193-01). Furthermore, 
informed consent was obtained from all patients.

The inclusion criteria were as follows: (1) Patients with 
AIS and severe stenosis or occlusion of  the anterior 
circulation large vessel, including the internal carotid artery 
(ICA) and MCA; (2) patients with acute infarct lesions 
within the MCA territory; (3) patients who underwent 
posttreatment magnetic resonance imaging (MRI); and 
(4) patients with complete clinical data at admission and 
outcome assessment using the mRS score after 3 months. 
We excluded patients with (1) negative findings on DWI; 
(2) bilateral infarct lesions; (3) old infarct lesions that may 
affect neurological functional assessment; and (4) cerebral 
hemorrhage, tumor, or trauma.

Data on patient demographics and vascular risk factors were 
collected as follows: Age, sex, hypertension, hyperglycemia, 
hyperlipidemia, coronary heart disease, atrial fibrillation, 
smoking, and medication history (antiplatelet and lipid-
lowering therapy). Stroke severity was assessed on admission 
using the National Institutes of  Health Stroke Scale 
(NIHSS). Patients underwent either reperfusion therapy 
(intravenous thrombolysis, endovascular thrombectomy 
[EVT], or both) or nonreperfusion medical therapy 
(antiplatelet agents and anticoagulants), as determined 
by their physicians under the guidelines for managing 
AIS.[7] Functional outcome was assessed by the 3-month 
mRS score via clinical interview or telephone follow-up, 
measuring the degree of  poststroke disability in daily 
activities. The primary outcome was the poor functional 
outcome, defined as an mRS score of  3–6 at 3 months.

Imaging protocol
Posttreatment MRIs were performed 24 h to 72 h after 
symptom onset when the final infarct extent was reached. 
MRI examinations were performed using a 3-T MR 
scanner (Discovery 750, GE Healthcare, USA) with a 
32-channel head coil using standardized head protocols, 
including T2 and T1 weighted imaging, T2 fluid-attenuated 
inversion recovery, DWI, and time-of-flight magnetic 
resonance angiography (TOF-MRA). The ASPECTS was 
assessed on DWI with the following scanning parameters: 
repetition time (TR) 6800 ms, echo time (TE) 90 ms, slice 
thickness, 5 mm, intersection gap, 1 mm, field of  interest 
(FOV) 24 cm × 24 cm, matrix 128 × 128, number of  
excitations 1, b-values of  0 and 1000 s/mm2, number of  
slices 20. Apparent diffusion coefficient (ADC) maps were 
simultaneously generated using a mono-exponential fitting 
model. Arterial status and occlusion site were assessed on 
TOF-MRA; the scanning parameters were as follows: TR 

8.2 ms, TE 3.2 ms, FOV 24 cm × 24 cm, matrix 320 × 
320, slice thickness 1 mm, flip angle 12°.

Imaging analysis
Two neuroradiologists with 5 and 3 years of  experience in 
neuroimaging, blinded to the clinical data, independently 
performed imaging reviews for each patient, and a third 
senior neuroradiologist resolved disagreements. Ten 
subregions of  the ASPECTS template were assessed, 
including three deep regions (caudate nucleus, lenticular 
nucleus, and internal capsule) and seven cortical regions 
(insula and M1–M6 regions) at the ganglionic and 
supraganglionic levels, respectively (Figure 1). Each 
ASPECTS subregion was scored 0 if  totally or partially 
infarcted or 1 if  it appeared normal. Lesions presenting 
fused hyperintensity on DWI and corresponding ADC 
value < 620 μm2/s were considered abnormal,[17] and 
small hyperintensity spots were excluded. The affected 
hemisphere and subregions were recorded, and the total 
DWI-ASPECTS scores were calculated. Arterial status and 
occlusion site were assessed on TOF-MRA with complete 
occlusion, defined as a lack of  flow signal of  a vascular 
segment and distal vessels, and severe stenosis, defined 
as severe or critical stenosis of  a vascular segment with 
significant reduction of  flow signal distal to the stenosis.[18]

Statistical analysis
Continuous variables were expressed as mean ± standard 
deviation or median (interquartile range [IQR]). Categorical 
variables were expressed as counts and percentages. 
Bivariate comparisons were performed using Student’s 
t-test, the Mann–Whitney U test for continuous variables, 
and the χ2 test (or Fisher’s exact test) for categorical 
variables. The reliability of  ASPECTS assessment between 
two observers was measured using Cohen κ.

First, univariate analyses were conducted to determine 
clinical and radiological characteristics related to poor 
functional outcomes (3-month mRS scores, 3–6) in the 
reperfusion and medical therapy cohorts. As individual 
regions were rarely infarcted alone, we calculated Pearson’s 
correlation coefficient, tolerance, and variance inflation 
factor (VIF) to detect collinearity among ASPECTS 
subregions. A correlation coefficient of  > 0.7 between two 
independent variables, tolerance value of  < 0.1, or VIF  
of  ≥ 10 for any variable implied that multicollinearity 
existed.[19] Variables with high collinearity were excluded 
from the multivariable analyses. Furthermore, we performed 
two multivariable logistic regression models: an unadjusted 
model that exclusively contained ASPECTS subregions 
significant in the univariate analyses and an adjusted model 
additionally controlling for clinically relevant covariates, 
such as baseline NIHSS, total ASPECTS score, arterial 
occlusion sites, and treatment options. Receiver operating 
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characteristic curves were plotted, and DeLong’s test was 
used to compare the prognostic efficiency of  the region-
based ASPECTS with the conventional ASPECTS score 
method. Statistical significance was defined as a two-sided 
P-value of  < 0.05. Statistical analyses were performed using 
the SPSS software version 26 (IBM Corp., NY, USA) and 
the MedCalc version 19 (MedCalc Software, Mariakerke, 
Belgium).

RESULTS

Study cohort
Overall, 961 patients from the MR-STARS and 862 from 
the PROTECT studies were screened for eligibility. A 
total of  365 patients (median age 64 years [IQR 55–71], 
70% men) with available clinical and imaging data were 
included. Figure 2 shows the flowchart of  the patient 
inclusion process. The baseline clinical characteristics, 
radiological assessment, and 3-month functional outcomes 
are summarized in Table 1. A total of  169 (46.3%) patients 
had poor functional outcomes (3-month mRS scores, 3–6), 
including 33 deaths during clinical follow-up. The left 
hemisphere was affected in 203 patients (55.6%), and the 
right hemisphere was affected in 162 (44.4%).

Characteristics of infarct extent and distribution
The median total DWI-ASPECTS score in our study was 
6 (IQR 5–8). Interrater agreement in assessing ASPECTS 
subregion involvement was excellent, with an overall ĸ 
coefficient of  0.83 (0.83 and 0.81 for the cortical and 

Figure 1: Illustration of the assessment of DWI-ASPECTS. A shows the ganglionic level, which consists of 3 deep subregions (C: caudate nucleus, L: lenticular 
nucleus, and IC: internal capsule) and 4 cortical subregions (I: insula, M1: anterior inferior frontal lobe, M2: temporal lobe, and M3: inferior parietal and 
posterior temporal lobe). B shows the supraganglionic level, including 3 cortical subregions superior to M1, M2, and M3 (M4: superior anterior frontal lobe, 
M5: precentral and superior frontal lobe, and M6: superior parietal lobe). The DWI-ASPECTS score of this patient was rated as 5. DWI-ASPECTS: Alberta Stroke 
Program Early CT Score on MR-diffusion weighted imaging.

Figure 2: Flowchart of the process of patient inclusion. AIS: acute ischemic 
stroke; mRS: modified Rankin Scale; DWI: diffusion-weighted imaging; 
ICA: internal carotid artery; MCA: middle cerebral artery; MRI: magnetic 
resonance imaging.
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deep regions, respectively). The cortical M5 region was the 
most frequently affected ASPECTS subregion (72.6%), 
followed by the insula (47.9%) and the M6 region (46.3%). 
We calculated Pearson’s correlation between individual 
ASPECTS subregions. The highest correlations were 
observed between the insula and M2, M1 and M4, and 
M3 and M6, indicating that these anatomically adjacent 
regions are more likely to be infarcted simultaneously. No 

significant collinearity was examined, as the correlation 
coefficients between the two subregions were < 0.7, the 
tolerance for each subregion was > 0.1, and all VIF values 
were < 10. The collinearity diagnostics results are presented 
in the supplemental material.

Relationship between ASPECTS subregion 
involvement and 3-month functional outcome in 
the reperfusion therapy cohort
Univariate analysis for the relationship between patient 
characteristics and 3-month poor functional outcome 
in the reperfusion therapy cohort is shown in Table 2. 
Compared with patients with functional independence after 
3 months, those with poor functional outcomes presented 
higher baseline NIHSS and lower ASPECTS scores, either 
in left- or right-sided stroke.

In left-sided stroke, the caudate nucleus, insula, and 
cortical M1, M2, M4, and M6 regions were more frequently 
involved in patients with poor clinical outcomes. As there 
was no collinearity among individual subregions, they were 
computed as independent variables in the multivariable 
logistic regression. Only the M4 cortical region involvement 
(odds ratio [OR] 3.75, 95% confidence interval [CI] 
1.10–12.74; P = 0.034) was independently associated with 
unfavorable functional outcomes. After adjusting for 
clinically relevant variables, the M4 region involvement 
(adjusted OR [aOR] 5.39, 95% CI 1.53–19.02, P = 0.009) 
remained an independent risk factor for poor clinical 
outcomes in patients with left-sided stroke.

When stroke lesions involved the right hemisphere, the 
internal capsule, insula, and cortical M2, M3, and M6 
regions were statistically significant in the univariate 
analysis. Multivariable regression analysis revealed that the 
M3 cortical region infarction (OR 3.64, 95% CI 1.04–12.82; 
P = 0.044) significantly affected the 3-month poststroke 
outcome in right-hemisphere stroke. By controlling 
for clinical risk factors, the adjusted model remained 
unchanged with the aOR of  4.21 (95% CI 1.05–16.78; P = 
0.013). The results of  the multivariate regression analysis 
are shown in Table 3.

Relationship between ASPECTS subregion 
involvement and 3-month functional outcome in 
the medical therapy cohort
Univariate analysis of  factors affecting the 3-month clinical 
outcomes in patients who received medical therapy is 
shown in Table 4. In the univariate analyses, left-hemisphere 
stroke with left caudate nucleus, insula, and M1–M5 cortical 
regions affected, or right-hemisphere stroke with right 
internal capsule, insula, M1–M3, M5, and M6 regions 
involvement were more prone to worse clinical outcomes. 
Multivariate regression analysis indicated that the left 

Table 1: Demographics, clinical, and radiological features of 
the whole cohort
Characteristics Total (n = 365)

Age, years 64 (55–71)

Male, n (%) 257 (70.4)

Hypertension, n (%) 230 (63.0)

Hyperglycemia, n (%) 113 (31.0)

Hyperlipidemia, n (%) 93 (25.5)

Coronary artery disease, n (%) 56 (15.3)

Atrial fibrillation, n (%) 51 (14.0)

Smoke, n (%) 147 (40.3)

Statins, n (%) 120 (32.9)

Aspirin, n (%) 123 (33.7)

Clopidogrel, n (%) 81 (22.2)

Baseline NIHSS 9 (5–12)

Event-to-imaging time, h 7.0 (3.8–14.6)

Reperfusion therapy, n (%) 124 (34.0)

Medical therapy, n (%) 241 (66.0)

3-month mRS 2 (1–4)

Arterial steno-occlusion site, n (%)

  ICA 51 (14.0)

  MCA 262 (71.8)

  ICA/MCA tandem 52 (14.2)

Left-hemisphere stroke, n (%) 203 (55.6)

ASPECTS score 6 (5–8)

Caudate nucleus, n (%) 94 (25.8)

Lenticular nucleus, n (%) 168 (46.0)

Internal capsule, n (%) 92 (25.2)

Insular, n (%) 175 (47.9)

M1, n (%) 96 (26.3)

M2, n (%) 152 (41.6)

M3, n (%) 159 (43.6)

M4, n (%) 136 (37.3)

M5, n (%) 265 (72.6)

M6, n (%) 169 (46.3)

NIHSS: National Institute of Health Stroke Scale; mRS: modified Rankin 
Scale; ICA: internal carotid artery; MCA: middle cerebral artery; ASPECTS: 
Alberta Stroke Program Early CT Score.
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Table 2: Univariate analysis for the association of patient characteristics with 3-month poor functional outcome in patients who 
received reperfusion therapy
Characteristics Total

(n = 124)
Left hemisphere Right hemisphere
mRS 0–2
(n = 40) 

mRS 3–6
(n = 27)

P-value mRS 0–2
(n = 38)

mRS 3–6
(n = 19)

P-value

Age, years 64 (56–71) 62 (50–68) 68 (59–74) 0.052 66 (56–73) 67 (57–74) 0.939 

Male, n (%) 88 (71.0) 31 (77.5) 20 (74.1) 0.747 28 (73.7) 9 (47.4) 0.050 

Hypertension, n (%) 74 (59.7) 22 (55.0) 17 (63.0) 0.517 22 (57.9) 13 (68.4) 0.442 

Hyperglycemia, n (%) 39 (31.5) 11 (27.5) 7 (25.9) 0.887 13 (34.2) 8 (42.1) 0.560 

Hyperlipidemia, n (%) 43 (34.7) 19 (47.5) 7 (25.9) 0.075 14 (36.8) 3 (15.8) 0.101 

Coronary artery disease, n (%) 15 (12.1) 5 (12.5) 3 (11.1) 0.999 6 (15.8) 1 (5.3) 0.405 

Atrial fibrillation, n (%) 11 (8.9) 2 (5.0) 1 (3.7) 0.999 5 (13.2) 3 (15.8) 0.999 

Smoke, n (%) 52 (41.9) 18 (45.0) 13 (48.1) 0.800 17 (44.7) 4 (21.1) 0.081 

Statins, n (%) 49 (39.5) 15 (37.5) 14 (51.9) 0.245 12 (31.6) 8 (42.1) 0.432 

Aspirin, n (%) 44 (35.5) 14 (35.0) 12 (44.4) 0.436 11 (28.9) 7 (36.8) 0.546 

Clopidogrel, n (%) 29 (23.4) 8 (20.0) 8 (29.6) 0.365 9 (23.7) 4 (21.1) 0.999 

Baseline NIHSS 11 (8–14) 10 (7–12) 14 (9–18) 0.015 10 (7–11) 12 (10–15) 0.011 

Arterial steno-occlusion site, n (%) 0.362 0.175 
ICA 24 (19.4) 9 (22.5) 3 (11.1) 9 (23.7) 3 (15.8)

MCA 89 (71.8) 29 (72.5) 21 (77.8) 27 (71.1) 12 (63.2)

ICA/MCA tandem 11 (8.9) 2 (5.0) 3 (11.1) 2 (5.3) 4 (21.1)

Treatment option 0.879 0.115 

  IVT 42 (33.9) 14 (35.0) 9 (33.3) 10 (26.3) 9 (47.4)

  EVT 70 (56.5) 23 (57.5) 15 (55.6) 25 (65.8) 7 (36.8)

  Combined 12 (9.7) 3 (7.5) 3 (11.1) 3 (7.9) 3 (15.8)

ASPECTS score 6 (4–7) 7 (5–8) 5 (3–7) 0.017 6 (5–8) 4 (3–6) 0.005 

Caudate nucleus, n (%) 47 (37.9) 12 (30.0) 15 (55.6) 0.036 13 (34.2) 7 (36.8) 0.844 

Lenticular nucleus, n (%) 70 (56.5) 18 (45.0) 13 (48.1) 0.800 27 (71.1) 12 (63.2) 0.546 

Internal capsule, n (%) 41 (33.1) 15 (37.5) 10 (37.0) 0.969 7 (18.4) 9 (47.4) 0.022 

Insula, n (%) 64 (51.6) 16 (40.0) 18 (66.7) 0.032 16 (42.1) 14 (73.7) 0.024 

M1, n (%) 31 (25.0) 5 (12.5) 9 (33.3) 0.040 10 (26.3) 7 (36.8) 0.413 

M2, n (%) 54 (43.5) 13 (32.5) 16 (59.3) 0.030 13 (34.2) 12 (63.2) 0.038 

M3, n (%) 48 (38.7) 16 (40.0) 11 (40.7) 0.952 10 (26.3) 11 (57.9) 0.020 

M4, n (%) 48 (38.7) 6 (15.0) 13 (48.1) 0.003 18 (47.4) 11 (57.9) 0.454 

M5, n (%) 95 (76.6) 28 (70.0) 19 (70.4) 0.974 31 (81.6) 17 (89.5) 0.441 

M6, n (%) 59 (47.6) 14 (35.0) 17 (63.0) 0.024 15 (39.5) 13 (68.4) 0.039 

NIHSS: National Institute of Health Stroke Scale; mRS: modified Rankin Scale; ICA: internal carotid artery; MCA: middle cerebral artery; IVT: intravenous 
thrombolysis; EVT: endovascular thrombectomy; ASPECTS: Alberta Stroke Program Early CT Score. The bold fonts indicate statistical significance 
(P < 0.05).

caudate nucleus (OR 5.27, 95% CI 1.76–15.80, P = 0.003) 
and M5 (OR 2.88, 95% CI 1.14–7.27, P = 0.025) cortical 
region were retained as independent variables relevant to 
the 3-month functional outcome in left-sided strokes, and 
the right internal capsule (OR 4.83, 95% CI 1.59–14.67, 
P = 0.006) and M3 (OR 3.16, 95% CI 1.33–7.53, P = 
0.009) region involvement significantly increased the risk 
of  functional outcome deterioration in right-sided strokes. 

After adjusting for the baseline NIHSS score, arterial steno-
occlusion site, and total ASPECTS score, the adjusted 
models remained unchanged. Left-sided stroke with left 
caudate nucleus (aOR 3.14, 95% CI 1.00–9.85, P = 0.049) 
and cortical M5 region (aOR 2.87, 95% CI 1.08–7.59, P = 
0.034) involvement, or right-sided stroke affecting the right 
internal capsule (aOR 3.94, 95% CI 1.22–12.78, P = 0.022) 
and cortical M3 region (aOR 4.15, 95% CI 1.29–8.18, P = 
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Table 4: Univariate analysis for the association of patient characteristics with 3-month poor functional outcome in patients who 
received medical therapy
Characteristics Total 

(n = 241)
Left hemisphere Right hemisphere

mRS 0–2  
(n = 70) 

mRS 3–6  
(n = 66)

P-value mRS 0–2 
(n = 48)

mRS 3–6 
(n = 57)

P-value

Age, years 65 (55–70) 62 (53–71) 65 (54–70) 0.505 64 (53–70) 66 (60–70) 0.143 

Male, n (%) 169 (70.1) 50 (71.4) 49 (74.2) 0.712 35 (72.9) 35 (61.4) 0.213 

Hypertension, n (%) 156 (64.7) 48 (68.6) 43 (65.2) 0.672 28 (58.3) 37 (64.9) 0.489 

Hyperglycemia, n (%) 74 (30.7) 26 (37.1) 18 (27.3) 0.219 15 (31.3) 15 (26.3) 0.577 

Hyperlipidemia, n (%) 50 (20.7) 15 (21.4) 10 (15.2) 0.345 9 (18.8) 16 (28.1) 0.264 

Coronary artery disease, n (%) 41 (17.0) 14 (20.0) 11 (16.7) 0.616 7 (14.6) 9 (15.8) 0.864 

Atrial fibrillation, n (%) 40 (16.6) 14 (20.0) 10 (15.2) 0.459 7 (14.6) 9 (15.8) 0.864 

Smoke, n (%) 95 (39.4) 30 (42.9) 25 (37.9) 0.554 16 (33.3) 24 (42.1) 0.356 

Statins, n (%) 71 (29.5) 19 (27.1) 21 (31.8) 0.550 14 (29.2) 17 (29.8) 0.941 

Aspirin, n (%) 79 (32.8) 22 (31.4) 21 (31.8) 0.961 19 (39.6) 17 (29.8) 0.294 

Clopidogrel, n (%) 52 (21.6) 15 (21.4) 14 (21.2) 0.975 13 (27.1) 10 (17.5) 0.239 

Baseline NIHSS 8 (4–11) 6 (2–9) 11 (7–15) <0.001 5 (3–8) 9 (6–12) <0.001

Arterial steno-occlusion site, n (%) 0.073 0.244 

ICA 27 (11.2) 7 (10.0) 8 (12.1) 3 (6.3) 9 (15.8)

MCA 173 (71.8) 55 (78.6) 41 (62.1) 36 (75.0) 41 (71.9)

ICA/MCA tandem 41 (17.0) 8 (11.4) 17 (25.8) 9 (18.8) 7 (12.3)

ASPECTS score 6 (5–8) 7 (6–8) 6 (4–7) <0.001 7 (5–8) 5 (3–7) <0.001

Caudate nucleus, n (%) 47 (19.5) 7 (10.0) 21 (31.8) 0.002 7 (14.6) 12 (21.1) 0.391 

Lenticular nucleus, n (%) 98 (40.7) 22 (31.4) 27 (40.9) 0.250 20 (41.7) 29 (50.9) 0.346 

Internal capsule, n (%) 51 (21.2) 12 (17.1) 14 (21.2) 0.546 6 (12.5) 19 (33.3) 0.013 

Insula, n (%) 111 (46.1) 23 (32.9) 39 (59.1) 0.002 17 (35.4) 32 (56.1) 0.034 

M1, n (%) 65 (27.0) 12 (17.1) 23 (34.8) 0.018 9 (18.8) 21 (36.8) 0.041 

M2, n (%) 98 (40.7) 19 (27.1) 35 (53.0) 0.002 15 (31.3) 29 (50.9) 0.042 

M3, n (%) 111 (46.1) 23 (32.9) 33 (50.0) 0.042 19 (39.6) 36 (63.2) 0.016 

M4, n (%) 88 (36.5) 16 (22.9) 33 (50.0) 0.001 16 (33.3) 23 (40.4) 0.458 

M5, n (%) 170 (70.5) 40 (57.1) 54 (81.8) 0.002 30 (62.5) 46 (80.7) 0.038 

M6, n (%) 110 (45.6) 28 (40.0) 37 (56.1) 0.061 15 (31.3) 30 (52.6) 0.027 

NIHSS: National Institute of Health Stroke Scale; mRS: modified Rankin Scale; ICA: internal carotid artery; MCA: middle cerebral artery; ASPECTS: Alberta 
Stroke Program Early CT Score. The bold fonts indicate statistical significance (P < 0.05).

Table 3: Multivariable binary logistic regression analysis for the Alberta stroke program early CT score subregions related to 3-month 
poor functional outcome

Unadjusted OR 95% CI P-value Adjusted OR 95% CI P-value

Reperfusion therapy cohort

Left - M4 3.75 1.10–12.74 0.034 5.39 1.53–19.02 0.009

Right - M3 3.64 1.04–12.82 0.044 4.21 1.05–16.78 0.013

Medical therapy cohort

Left - Caudate nucleus 5.27 1.76–15.80 0.003 3.14 1.00–9.85 0.049 

Left - M5 2.88 1.14–7.27 0.025 2.87 1.08–7.59 0.034 

Right - Internal capsule 4.83 1.59–14.67 0.006 3.94 1.22–12.78 0.022 

Right - M3 3.16 1.33–7.53 0.009 4.15 1.29–8.18 0.013 

For the reperfusion therapy cohort, the adjusted model additionally adjusted for age, sex, baseline NIHSS, total ASPECTS score, arterial occlusion sites, and 
treatment options. For the medical therapy cohort, the adjusted model additionally adjusted for baseline NIHSS, total ASPECTS score, and arterial occlusion 
sites. OR: odds ratio; CI: confidence interval; NIHSS: National Institutes of Health Stroke Scale; ASPECTS: Alberta Stroke Program CT Score. The bold fonts 
indicate statistical significance (P < 0.05).
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0.013) were significantly associated with poor functional 
outcomes 3 months after stroke (Table 3).

Comparison of prognostic efficiency between 
region-based ASPECTS and ASPECTS score 
assessment
We compared the prognostic efficiency of  region-based 
ASPECTS assessment with the conventional ASPECTS 
score method. The ROC curves are plotted in Figure 3. As 
shown in Table 5, the area under the ROC curves of  the 
region-based ASPECTS method was significantly higher 

than the ASPECTS score in the reperfusion and medical 
therapy cohorts (all DeLong’s test P-values < 0.05). In left-
sided stroke, the specificity of  the region-based ASPECTS 
method was no better than that of  the ASPECTS score; 
however, the sensitivity for identifying patients with 
unfavorable poststroke functional outcomes was notably 
improved. In right-sided stroke, the sensitivity and 
specificity were higher using the region-based ASPECTS 
assessment than the conventional ASPECTS score method.

Figure 4 shows representative cases of  patients with 

Figure 3: Receiver operating characteristic curves of region-based ASPECTS assessment and ASPECTS score for predicting 3-month poor functional outcome 
in the reperfusion therapy cohort with left-sided (A) and right-sided (B) strokes and in the medical therapy cohort with left-sided (C) and right-sided (D) stroke, 
respectively. ASPECTS: Alberta Stroke Program Early CT Score.
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similar ASPECTS scores; however, infarct lesions involved 
different regions and caused different functional outcomes.

DISCUSSION

Our study observed that the involvement of  specific 
ASPECTS subregions depending on the affected 
hemisphere was associated with poor functional outcomes 
3 months after stroke, and the critical subregion distribution 
varied by clinical management. In patients receiving 
reperfusion therapy, left-sided stroke with cortical M4 
involvement and right-sided stroke with cortical M3 
involvement were independently associated with increased 
disability. In the medical therapy cohort, ischemic lesions 
involving the left caudate nucleus and cortical M5 region 
or the right internal capsule and cortical M3 region were 
independent risk factors for worse outcomes. The region-
based ASPECTS method would be more informative in 
assessing stroke extent and topography and improving 
prognostic efficiency compared with the conventional 
ASPECTS score.

The ASPECTS method was initially designed on 
noncontrast CT to measure infarcted regions in the anterior 
circulation as a surrogate of  infarct volume and to link acute 
infarct locations to long-term stroke outcomes. [10, 20] Our study 
corresponded with prior studies on the unequal impact 
of  ASPECTS subregions on 3-month clinical outcomes. 
However, existing studies have only been conducted on 
reperfusion cohorts using either CT-ASPECTS [15, 21] or 
DWI-ASPECTS [12–14] and have yielded inconsistent results. 
Several reasons may explain this discrepancy. First, subtle 
density changes in early ischemic lesions were hardly 
captured by CT-ASPECTS. In contrast, DWI-ASPECTS 
was more sensitive for detecting early ischemia with a 

higher interrater agreement. [22–24] Second, there was a wide 
imaging time range meaning that pretreatment scans might 
insufficiently capture the full extent of  the final infarct 
lesions. Moreover, most studies lacked the statistical power 
to control other confounders potentially associated with 
poststroke functional outcomes. It remains unclear whether 
a region-based ASPECTS assessment could improve 
prognostic efficiency compared with the ASPECTS score.

We conducted a posttreatment DWI-ASPECTS assessment 
with a relatively limited time interval of  24 h to 72 h after 
stroke. The interrater agreement was excellent, indicating 
the reliability of  this imaging tool in assessing the acute 
infarct burden and topography. Our results contribute to 
clinical literature by describing critical regions relevant 
to 3-month poor outcomes by controlling for clinical 
confounders in the reperfusion and nonreperfusion 
cohorts. In patients who received reperfusion therapy, left-
sided stroke involving the M4 region or right-sided stroke 
involving the M3 region was independently associated 
with an increased risk of  poor functional outcomes. The 
M4 region represents the superior frontal cortex. Recent 
studies have indicated that damage to the left superior 
frontal cortex influences semantic and phonological fluency 
and interferes with long-term memory, attention, and 
visuospatial function recovery after stroke.[25, 26] While the 
initial symptom, such as aphasia after a left-sided stroke, 
is easily recognized, neglect caused by right-hemisphere 
stroke is sometimes subtle, causing a delay in treatment 
initiation and reduction of  rehabilitation effects.[10, 27, 28] 
Infarctions involving the right temporoparietal junction 
(namely the right M3 region) often cause unilateral spatial 
neglect due to attention network dysfunction and are 
associated with worse functional outcomes.[29, 30]

Table 5: Prognostic performance of region-based ASPECTS assessment and ASPECTS score method

AUC 95% CI Sensitivity (%) Specificity (%)

Reperfusion therapy cohort with left hemisphere affected

Region-based ASPECTS 0.776 0.658–0.869 77.8 72.5

ASPECTS score 0.670 0.545–0.760 51.9 82.5

Reperfusion therapy cohort with right hemisphere affected

Region-based ASPECTS 0.840 0.719–0.924 78.9 84.2

ASPECTS score 0.726 0.591–0.836 73.7 60.5

Medical therapy cohort with left hemisphere affected

Region-based ASPECTS 0.809 0.733–0.871 71.2 77.1

ASPECTS score 0.731 0.649–0.804 50.0 84.3

Medical therapy cohort with right hemisphere affected

Region-based ASPECTS 0.803 0.714–0.874 75.4 81.2

ASPECTS score 0.701 0.604–0.787 71.9 62.5

AUC: area under the receiver operating characteristic curve; CI: confidence interval; ASPECTS: Alberta Stroke Program CT Score.
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Figure 4: Representative cases of patients with different ASPECTS subregions involvement and clinical outcomes. Case A: A 73-year-old man with left MCA 
occlusion on TOF-MRA. The baseline NIHSS score was 12. Posttreatment MR-DWI showed the infarct lesion involving the left insula, M1, M4, and M5 regions 
with an ASPECTS of 6. This patient received intravenous thrombolysis therapy yet suffered moderately severe disability with a 3-month mRS score of 4. Case 
B: A 73-year-old woman with left MCA severe stenosis and baseline NIHSS score of 9. The infarct lesion affected the left insula, M3, M5, and M6 (ASPECTS 
score = 6). This patient received medical therapy and presented slight poststroke disability with a 3-month mRS score of 2. Case C: A 69-year-old man with 
right MCA occlusion and baseline NIHSS score of 8. The infarct lesion involved the right insula, M1, M2, M4, and M5 (ASPECTS score = 5). This patient 
presented slight poststroke disability with an mRS score of 2 at 3 months. Case D: A 53-year-old man with right MCA occlusion and baseline NIHSS score of 
4. Posttreatment DWI showed the infarct lesion involving the right insula, M2, M3, and M6 (ASPECTS score = 6). This patient presented moderate disability 
with a 3-month mRS score of 3. MCA: middle cerebral artery; TOF-MRA: time-of-flight MR angiography; NIHSS: National Institute of Health Stroke Scale; mRS: 
modified Rankin Scale; ASPECTS: Alberta Stroke Program Early CT Score; MR: magnetic resonance; DWI: diffusion-weighted imaging.
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In patients who received medical therapy, the left M5 
cortical region and deep caudate nucleus involved in left-
hemisphere stroke and the right M3 cortical region and 
internal capsule involved in right-hemisphere stroke were 
more likely to increase the risk of  poststroke disability. 
In left-hemisphere stroke, the involvement of  the 
frontoparietal cortex (M5 region) is likely to impair the 
language center. The concomitant injury of  subcortical 
white matter might affect the adjacent pathway of  the 
superior longitudinal fasciculus and impair cognitive 
function, which in turn influences functional aphasia 
recovery.[31–33] The left caudate nucleus is an associative 
structure linking to the frontal and the parietal lobes, 
and once infarcted, it might affect motor and cognitive 
recovery.[33–35] For right-hemisphere stroke, in addition 
to cortical M3 region involvement, which was consistent 
with the reperfusion cohort, internal capsule injury was 
clinically relevant with worse functional outcomes. The 
internal capsule is a deep region within the corticospinal 
tract passing through.[35, 36] Instead of  directly affecting 
motor activity, degeneration of  tracts in the right internal 
capsule might cause other poststroke complications, such 
as dysphagia, which extends hospitalization and increases 
mortality.[37]

When comparing outcome-related ASPECTS subregions 
between the reperfusion and medical therapy cohorts, 
a noteworthy fact was that deep regions (left caudate 
nucleus and right internal capsule) involvement was an 
independent risk factor only in the medical therapy cohort. 
The irreversible infarction of  the deep nuclei indicated 
insufficient deep collateral support due to long-term arterial 
stenosis, which was also more prone to larger ischemic 
extents and worse clinical outcomes.

From a clinical standpoint, there is clear evidence that a 
larger infarct extent, namely a  lower ASPECTS score is 
usually associated with increased disability. Therefore, the 
goal of  this tool is not to be a perfect discriminator of  
poor functional outcomes but to add objective evidence to 
help clinical management when different patients present 
with the same moderate-to-high total ASPECTS score. As 
shown in Figure 4, critical subregion involvement would be 
an imaging marker for predicting poor functional outcomes, 
indicating that more intensive monitoring and clinical 
intervention are needed to prevent functional deterioration.

This study has some limitations. First, we conducted post 
hoc analyses of  two prospective multicenter registries and 
identified critical ASPECTS subregions related to long-term 
functional outcomes in the reperfusion and nonreperfusion 
therapy cohorts. Our results require further verification in 
larger sample sizes and external cohorts, and if  possible, 
ascribe modified weights to the conventional ASPECTS 

scoring system for higher prognostic efficiency. Second, 
as the brain tissue volume differed among the ASPECTS 
subregions, the final infarct volumes varied when different 
subregions were infarcted. We estimated the infarct extent 
using the total ASPECTS score instead of  measuring the 
actual infarct volume. We strictly assessed each ASPECTS 
subregion to ensure the accuracy of  the evaluation of  the 
infarct extent, as a subregion presenting fused hyperintensity 
on DWI was identified as abnormal to avoid significant 
volumetric differences. A previous study has also shown that 
the region-specific impact on outcomes remained unchanged 
regardless of  the infarct volume.[13] Third, we developed 
corresponding norms before the start of  the two multicenter 
studies; however, we could not guarantee the complete 
unification of  clinical management and imaging protocols 
among research institutions. We conducted a comprehensive 
and careful data screening to ensure that the final patients 
included in this study met the inclusion criteria.

In conclusion, our study demonstrated that the involvement 
of  specific ASPECTS subregions was associated with worse 
functional outcomes 3 months after stroke depending 
on the affected hemisphere, and the critical subregion 
distribution varied by clinical management. Incorporating 
ischemic topologic properties captured by the ASPECTS 
would improve the prognostic efficiency and provide 
additional benefits in stroke management and neurologic 
recovery in patients with AIS.
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