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The prognostic value of ASPECTS in specific regions following mechanical thrombectomy in patients with acute ischemic stroke from large-vessel occlusion
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Objective: The aim of this study is to investigate the relationship between the volume of specific regional infarction and the prognosis of patients who undergo mechanical thrombectomy (MT) for acute large vessel occlusion.

Methods: In this study, we collected the clinical and imaging features of patients with unilateral acute anterior circulation ischemic stroke from January 2021 to June 2023 in the Second Affiliated Hospital of Nanchang University. All patients underwent CT perfusion and non-contrast CT scan before MT. The ASPECTS was assessed based on imaging data, and artificial intelligence was used to obtain the percentage of infarction in each of the 10 regions of ASPECTS. According to the modified Rankin Scale, the patients were divided into the good prognosis group and poor prognosis group at the 90-day follow-up. Various indicators in the two groups were compared. Multivariable logistic regression was used to assess the risk factors for poor prognosis. The relationship between core infarction volume and the probability of poor prognosis was plotted to analyze the trend of poor prognosis with changes in the proportion of infarction volume. Finally, a receiver operating characteristic curve was constructed to analyze the predictive ability on poor prognosis.

Results: A total of 91 patients were included, with 58 patients having a good prognosis (mRS ≤ 2) and 33 patients having a poor prognosis (mRS ≥ 3). Multivariate analysis showed that NIHSS score and core infarction involving the internal capsule and M6 region were independent risk factors for poor prognosis. According to the linear correlation, a higher ratio of core infarction volume in the internal capsule or M6 region was linked to an increased risk of a poor prognosis. However, the non-linear analysis revealed that the prognostic impact of core infarction volume was significant when the ratio was greater than 69.7%. The ROC curve indicated that the combination of NIHSS score, infarct location, and the ratio of infarct volume has an AUC of 0.87, with a sensitivity of 84.8% and a specificity of 84.5%.

Conclusion: It is important to examine the location and volume of the infarct in the internal capsule and M6 when deciding whether to do a MT.
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1 Introduction

Currently, mechanical thrombectomy (MT) is one of the main methods used to recanalize occluded blood vessels in acute ischemic stroke (AIS). However, studies have shown that not all early stroke patients benefit from this treatment, and blind treatment may increase the risk of intracranial hemorrhage (1, 2). Thus, it is critical to accurately evaluate early ischemia alterations. Clinicians typically use the National Institutes of Health Stroke Scale (NIHSS) to assess the degree of neurological deficit in acute stroke patients. However, this scale, which contains many items, does not quantify clinical symptoms accurately. It relies mainly on the subjective judgment of the scorer, which has certain limitations (3, 4).

Barber et al. (5) proposed the Alberta Stroke Program Early CT Score (ASPECTS) method. However, the manual ASPECTS method relies on the scorer’s experience and lacks consistency. This can result in delayed and inaccurate diagnosis during the early stages of the disease. Fortunately, with advancements in medical engineering and the application of artificial intelligence, CT and MRI imaging data in stroke patients can now be processed more effectively (6). This eliminates the impact of subjective factors and enhances the accuracy and consistency of diagnosis. Previous studies have shown that patients with ASPECTS ≥6 are more likely to benefit from endovascular treatment (7–10). However, recent research has found that some AIS patients with lower ASPECTS can also achieve good outcomes after successful recanalization with MT (11–13). This suggests that the ASPECTS has certain limitations, and poor prognosis may be related to the location of the infarction. Equating infarction locations may prematurely exclude patients who could benefit from MT in the early stages. Therefore, the aim of this study is to explore the relationship between the 10 regions and infarct volume assessed by ASPECTS and the prognosis of patients after MT for acute large vessel occlusion.



2 Materials and methods


2.1 General information

Clinical and imaging data of patients diagnosed with acute anterior circulation large vessel occlusive ischemic stroke at the Second Affiliated Hospital of Nanchang University from January 2021 to June 2023 were collected. Inclusion criteria were as follows: (1) Age ≥ 18 years; (2) Patients with unilateral anterior circulation large vessel occlusion AIS; (3) Mechanical thrombectomy performed within 24 h of symptom onset; (4) Preoperative NCCT and CTP examinations were conducted. Exclusion criteria were as follows: (1) Bilateral arterial occlusion or posterior circulation AIS; (2) Known intracranial hemorrhage, trauma, or tumor; (3) Incomplete clinical and imaging data; (4) Poor image quality. The research protocol was approved by the Ethics Committee of the Second Affiliated Hospital of Nanchang University.



2.2 Instrument

A GE 256-slice spiral CT scanner was used. Patients were instructed to keep their heads stable. First, a whole-brain NCCT scan was performed to exclude intracranial hemorrhage. The scanning range extended from the outer canthus of the eye to the vertex, with the following parameters: scanning voltage of 120 kV, scanning current of 300 mA, slice thickness of 5 mm, and interslice spacing of 5 mm. Subsequently, a CTP examination was conducted. The dose was 1.5 kg/mL of iodinated contrast agent (370 mgI/mL) was injected via the cubital vein at a rate of 5.0 mL/s. The scan was initiated 5 s after the injection, and the total scan time was at least 50 s, with an interval of less than 4 s between two scans. The scanning parameters for CTP were as follows: scanning voltage of 80 kV, scanning current of 150 mAs, and slice thickness of 5 mm.



2.3 Imaging assessment

All preoperative NCCT and CTP raw data of the patients were processed using F-stroke software (NeuroBlem Ltd. Shanghai, version: V 1.0.26). In the software, the core infarct location refers to the region with relative cerebral blood flow less than 30%, and the core infarct proportion refers to the percentage of the core infarct volume in the corresponding anatomical area relative to the total volume of that area (14). Additionally, two senior radiologists with intermediate or higher professional titles combined with artificial intelligence analysis to assess the imaging data and calculate the ASPECTS (Figure 1).
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FIGURE 1
 Ten anatomical regions of ASPECTS. C, Caudate nucleus; IC, Internal capsule; L, Lentiform nucleus; I, Insula; M1, anterior inferior frontal lobe; M2, temporal lobe; M3, inferior parietal and posterior temporal lobe; M4, anterior superior frontal lobe; M5, precentral and superior frontal lobe; M6, superior parietal lobe.




2.4 Clinical data and follow-up

The general information of all enrolled patients was recorded, including age, gender, history of hypertension, history of hyperglycemia, history of hyperlipidemia, history of elevated homocysteine, history of coronary heart disease, history of atrial fibrillation, smoking history, bridging therapy, baseline NIHSS score, onset to door time (ODT), door to puncture time (DPT), onset to puncture time (OPT), and puncture to recanalization time (PRT). After a 90-day follow-up, the patients were divided into the good prognosis group (mRS ≤ 2) and the poor prognosis group (mRS ≥ 3) according to the modified Rankin Scale (mRS).



2.5 Statistical analysis

Statistical analysis was performed using SPSS 27.0 software. The Shapiro–Wilk test was used to assess the normality of quantitative data. Normally distributed continuous variables were presented as mean ± standard deviation (x ± s), and the independent samples t-test was used for comparisons between the two groups. Non-normally distributed continuous variables were presented as median (Q1, Q3), and the Mann–Whitney U test was used for comparisons between the two groups. Categorical variables were presented as frequency (%), and the χ2 test or Fisher’s exact test was used for comparisons between the two groups. Multivariate logistic regression analysis was then conducted to identify independent risk factors for poor prognosis.

The relationship between the percentage of core infarction volume and the probability of poor prognosis, as well as the odds ratio (OR), was assessed. Finally, receiver operating characteristic (ROC) curves were constructed to evaluate the predictive ability of the percentage of core infarction volume and other indicators for adverse prognosis by comparing the area under the curve (AUC). A significance level of p < 0.05 was considered statistically significant.




3 Results


3.1 Baseline characteristics

A total of 91 patients were included in the study, with 58 cases in the good prognosis group (44 males and 14 females; Figure 2) and 33 cases in the poor prognosis group (21 males and 12 females; Figure 3). The PRT was longer in the poor prognosis group compared to the good prognosis group [41.5(35, 53.8) vs. 52 (42.5,90)]. The baseline NIHSS scores were higher in the poor prognosis group compared to the favorable prognosis group [14 (7,20) vs. 8(6,11), p = 0.01]. The ASPECTS were lower in the poor prognosis group compared to the favorable prognosis group [5(3,8) vs. 8(6,9), p = 0.01]. There were no statistically significant differences between the two groups in other indicators (P > 0.05; Table 1).
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FIGURE 2
 Example of patient with good prognosis (mRS≤2) and low ASPECT scores. Female, 78 years old, with limb weakness 1 day. ASPECTS is 4 points. (A) NCCT shows dense middle cerebral artery sign on the right side. (B) CTA MIP shows occlusion of the right internal carotid artery. (C) DSA shows stenosis of the right internal carotid artery. (D) DSA shows recanalization of the right internal carotid artery after surgery. (E) The core infarction involves the M1, M2, M3, internal capsule, M4, and M5 region, along with their respective infarction percentages. (F) Operation sample.


[image: Figure 3]

FIGURE 3
 Example of patient with poor prognosis (mRS > 2) and high ASPECT scores. Female, 73 years old, woke up with limb weakness for 6 hours. ASPECTS is 6 points. (A) NCCT shows patchy hypodensity in the right cerebral hemisphere. (B) CTA MIP shows occlusion of the right middle cerebral artery. (C) DSA shows occlusion of the right middle cerebral artery. (D) DSA shows recanalization of the right middle cerebral artery. (E) The core infarction involves the insula, lentiform nucleus, internal capsule, and M4, along with their respective infarction percentages. (F) Operation sample.




TABLE 1 Comparison of baseline data between the good prognosis group and poor prognosis group.
[image: Table1]



3.2 Relationship between core infarct involvement and prognosis

Firstly, the χ2 test was performed to assess the relationship between core infarction in M1, M2, M3, M4, M5, M6, insula, lentiform nucleus, internal capsule and caudate nucleus and prognosis. Significant differences were found between the two groups with regard to core infarcts in the lentiform nucleus, internal capsule, caudate nucleus, M5 and M6 (Table 2). The factors that showed significant differences in the above tests, along with ASPECTS and NIHSS scores, were included as independent variables in a multiple Logistic regression model. The results, as shown in Table 3 and Figure 4, indicated that infarction in the internal capsule (OR = 10.54, p = 0.005) and M6 region (OR = 9.3, p = 0.006) were independent predictors of poor prognosis.



TABLE 2 Comparison of imaging features between the good prognosis group and the poor prognosis group.
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TABLE 3 Multivariate logistic regression models used to identify independent predictors of poor prognosis.
[image: Table3]

[image: Figure 4]

FIGURE 4
 A forest plot of the multivariate regression analysis that influences poor prognosis.




3.3 The relationship between the proportion of core infarction in each region and prognosis will be examined

According to the foregoing conclusion, a Wilcoxon test was performed on the proportion of core infarction in the internal capsule and M6 between the two groups and the results were statistically significant. Spearman’s rank correlation was used to analyze the relationship between the proportion of core infarction volume in internal capsule or M6 and prognosis. The results indicated that as the proportion of core infarction volume increased, the likelihood of a poor prognosis also increased (Figure 5). A restricted cubic spline was fitted with the number of nodes set as 4 to consider the possible non-linear relationship between the joint effect of the two regions and prognosis. The relationship curve between the proportion of core infarction volume and the probability of poor prognosis as well as OR was plotted. It can be observed that when the proportion of core infarction is relatively small (≤69.7%), it has a minimal impact on the occurrence of poor prognosis. However, once the proportion of core infarction volume exceeds 69.7%, its contribution significantly increases (Figure 6). Finally, models were constructed using baseline NIHSS score, baseline NIHSS score combined with the affected location, and baseline NIHSS score combined with the affected location and proportion of core infarction. The ROC curve showed that the combination of baseline NIHSS score with the affected location and proportion of core infarction had the best predictive effect for poor prognosis (Table 4; Figure 7).

[image: Figure 5]

FIGURE 5
 The relationship between the percentage of core infarction volume in the internal capsule or M6 and prognosis.
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FIGURE 6
 Nonlinear relationship between combined effect of core infarction percentage in the internal capsule and M6 and poor prognosis.




TABLE 4 The value of NIHSS score, core infarct location, and infarct proportion in assessing the risk of poor prognosis in patients.
[image: Table4]
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FIGURE 7
 The receiver operating characteristic curve of the prognosis prediction of the NIHSS score and imaging feature.





4 Discussion

The results of this study revealed that the PRT was lower in the group with good prognosis compared to the group with poor prognosis and ASPECTS in good prognosis group was higher than the last group. Additionally, the NIHSS score was identified as an independent risk factor for poor prognosis. Moreover, this study utilized artificial intelligence to determine the regions and proportions of core infarction. Additionally, it investigated the correlation between regional infarction and its size with the clinical prognosis in patients who underwent MT. The results revealed that infarction in the internal capsule and M6 region, along with the volume of infarction, were strongly linked to a poor prognosis. Furthermore, these factors were identified as independent risk factors for poor prognosis.

A study by Romain Bourcier et al. (15) confirmed a significant association between PRT and the prognosis of patients after MT. Lower PRT was found to be associated with better reperfusion status, which aligns with the results of this study. Previous studies have also demonstrated that baseline NIHSS score and ASPECTS are prognostic factors for patients undergoing mechanical thrombectomy for acute ischemic stroke (16–18), which is consistent with the findings of this study. The ASPECTS reflects the extent of core infarction, and a lower score indicates a larger infarction area and a higher likelihood of poor prognosis. The NIHSS score is a commonly used indicator to assess the severity of neurological deficits. A higher NIHSS score indicates a more severe neurological deficit and a more difficult recovery after surgery. In addition, previous literature (19–21) has shown that the OPT is closely related to poor prognosis. However, this factor was not statistically significant in this study, which may be due to increased awareness of stroke in recent years and the improvement of emergency green channels, as all patients included in this study had an OPT within 12 h.

The volume of core infarction and the volume of ischemic penumbra have been shown to be closely related to the postoperative clinical prognosis of patients with acute ischemic stroke. In recent years, studies have also shown a certain correlation between clinical prognosis and the location of infarction. A study conducted by Charlotte Rosso et al. (22) revealed that the preservation of the thalamus, internal capsule, and cortical M5 in left-sided AIS were independent predictors of a good prognosis. On the other hand, the cortical M3 and M6 were found to be associated with clinical prognosis in right-sided AIS. Additionally, Haranhalli et al. (23) suggested that infarction in the insula, M2, and M5 was linked to high mRS scores. Pietro Panni et al. (24) suggested that involvement of the M6 in right-sided stroke and involvement of the internal capsule in left-sided stroke were independent risk factors for poor prognosis. There are some discrepancies in the above studies. The reason for these discrepancies may be that the ASPECTS in those studies were based on subjective judgments, whereas in this study, all ASPECTS of NCCT and CTP were analyzed by physicians using software analysis to minimize errors.

A meta-analysis conducted by Seyedsaadat et al. (25) revealed that infarction in the M6 and M3 regions, as assessed by ASPECTS on NCCT images, was more predictive of adverse functional outcomes compared to other anatomical regions. This finding is consistent with the results of our study. The significant association between infarction in the internal capsule and poor prognosis may be attributed to the fact that the internal capsule serves as a convergence point for incoming and outgoing fibers from various structures, connecting the cerebral cortex, thalamus, brainstem, and spinal cord. As a result, patients with internal capsule infarction may experience severe neurological deficits. The M6 region includes the primary motor cortex, and even relatively small infarctions in this region can lead to symptoms related to motor impairment and aphasia (26).

We used artificial intelligence to obtain the percentage of core infarction volume to corresponding region volume in the 10 regions of the ASPECTS, quantifying the core infarction volume in each region and analyzing the impact of regional core infarction proportion on prognosis. The results showed that the core infarction volume in the internal capsule and M6 was also an independent predictor of poor prognosis and had significant predictive value for prognosis. The larger the proportion of core infarction volume in the internal capsule or M6, the more likely the patient was to have a high mRS score at 90 days. The combined effect of the internal capsule and M6 region on prognosis showed a non-linear relationship. When the proportion of core infarction volume was ≤69.7%, there was a weaker correlation with prognosis improvement. However, when the proportion of core infarction volume exceeded 69.7%, the correlation with prognosis significantly increased. Previous studies have primarily focused on the role of total core infarction volume in predicting prognosis. However, this study goes a step further by demonstrating the significance of regional infarction. Based on the ROC curve, the diagnostic performance was found to be highest when combining the location and volume of the ischemic core with the clinical NIHSS score. This information can assist clinicians in early identification of acute stroke patients who may benefit from thrombectomy, ultimately leading to more accurate and appropriate treatment for a larger number of patients.

This study addressed two inherent limitations of the ASPECTS using artificial intelligence. First, it assumed that the impact of infarction in each region on prognosis is equal. Second, it assumed that regardless of the size of infarction volume within a region, any infarction in that region has the same impact on prognosis.

Furthermore, this study has limitations. Although this study thoroughly discussed the relationship between ASPECTS anatomical region infarction and prognosis, it did not separately investigate the relationship between the involved regions and their proportions in left and right hemisphere AIS patients and the prognosis after MT. Additionally, this study did not include infarctions in the posterior circulation region. Finally, this study is a retrospective small-sample study conducted at a single center, and further research with larger sample sizes and multi-center studies are needed for validation.

In conclusion, this study further demonstrated the relationship between infarction in the internal capsule and M6 region and their volumes with the prognosis of patients after MT. Therefore, clinicians should consider the infarction status in these regions when deciding whether to perform thrombectomy, which can help assess the prognosis of patients.
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