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Objective: To explore the clinical prognosis and factors after mechanical thrombectomy (MT) in patients with large cerebral infarction assessed by computed tomographic perfusion (CTP)and the optimal threshold of cerebral blood flow (CBF) for estimating ischemic core.

Methods: We analyzed data from the anterior circulation database of our hospital (August 2018–June 2021). Multivariate logistic regression analyses identified the predictors of clinical outcomes for patients with large baseline infarcts (>50 ml) assessed by the MIStar software. The receiver operating characteristic (ROC) analysis was used to explore the cutoff value of factors.

Results: The present study included one hundred thirty-seven patients with large baseline infarcts. Moreover, 23 (16.8%) patients achieved functionally independent outcomes, and 50 (36.5%) patients died at 90 days. A total of 20 (14.7%) patients had symptomatic intracranial hemorrhage (sICH). The multivariable analysis showed that higher age and larger core volume were independent of poor outcomes. The cutoff value of core volume was 90 ml, and the age was 76 years. Hypertension and rt-PA treatment were independent factors of sICH. Higher age and larger ischemic volume were independent risk factors of mortality.

Conclusions: Mechanical thrombectomy can be applied in patients with large ischemic core volumes. Patients older than 76 years with large cores (>90 ml) are unlikely to benefit from MT. These findings may be helpful in selecting patients with large baseline infarcts to be treated by MT. The threshold of CBF < 30% is the independent factor, and this is worth evaluating in future studies to find the optimal threshold of CBF.

Keywords: acute ischemic stroke, mechanical thrombectomy, CT perfusion, large ischemic core, cerebral blood flow


INTRODUCTION

Mechanical thrombectomy (MT) has demonstrated its safety and efficacy in selected patients with acute ischemic stroke (AIS) due to anterior proximal vessel occlusion (PVO) (1–4). However, patients with large ischemic core (≥50 or ≥70 ml) (1) and computed tomography (CT)-based-Alberta Stroke Program Early CT score (ASPECTS < 6) were excluded in previous randomized clinical trials that demonstrated the validation of MT (5).

Some studies reported that patients with large ischemic core strokes had lower functional independence rates (5, 6). However, some studies have also shown that MT can improve the clinical prognosis of patients with a large ischemic core (7). So, it is controversial for patients with large core infarction treated with MT.

Computed tomographic perfusion (CTP) has been used to assess ischemic penumbra and core infarction (8). In addition, previous studies have suggested that CTP can be used as a tool to select patients who may benefit from MT. (9, 10). The cerebral blood flow (CBF) < 30% has been used to estimate the ischemic core in previous studies. However, the CBF < 30% may overestimate the ischemic core volumes, potentially leading to some patients losing the opportunity of MT. (11). So, the optimal threshold for estimating the ischemic core is still unclear.

Therefore, we explored the clinical prognosis and factors after MT in patients with large acute area cerebral infarction assessed by CTP and the optimal threshold of CBF for estimating ischemic core.



METHODS


Study Design and Ethics

The study was an observational retrospective cohort study. We recorded patients' clinical and imaging data, such as demographics, past medical history, symptomatic intracranial hemorrhage, and 3-month clinical prognosis.

The data were obtained from the anterior circulation database of a comprehensive stroke center. The patient or the proxy signed the informed consent.



Inclusion Criteria

The inclusion criteria for the present study were as follows: acute occlusion of anterior circulation vessel; time stroke onset to treatment <24 h; age ≥18 years; the baseline National Institutes of Health Stroke Scale (nIHSS) score ≥ 5; pretreatment ischemic core volume ≥50 ml (assessed by CBF < 30%); and premorbid modified Rankin Scale (mRS) score ≦3. There are no exclusion criteria.



Imaging Analysis and Mismatch Definition

Patients were scanned using a 256-slice CT scanner (Revolution; GE Healthcare, Waukesha, WI). For the CTP (70 kV peak, 225 mA, 2.0 s cycle time, 22 cm recon field of view (FoV), and 12 cm coverage) protocol, 45 ml CT contrast agent was power injected at 4.5 ml/s followed by a saline chase of 40 ml at 6 ml/s.

Perfusion maps and ischemic core volumes (CTP volumes) were determined using MIStar software (Apollo Medical Imaging Inc, Melbourne, VIC, Australia). Delayed time (DT > 3 s) was defined as the hypoperfusion brain tissue, and the ischemic core volumes were relative CBF (rCBF) < 30%, rCBF < 25%, and rCBF < 20%. The mismatch volume (volume of DT > 3 s minus volume of rCBF) and mismatch ratio (volume of DT > 3 s divided by volume of rCBF < 30%, rCBF < 25%, and rCBF < 20%) were also calculated by MIStar software.



Assessment Criteria

The assessment of clinical prognosis was the use of the mRS score at 3 months, and the definition of functional independence outcome was a score of 2 or less. The definition of a favorable outcome was the mRS score of 3 or less. The assessment of reperfusion was the modified treatment in cerebral infarction (mTICI) scale, and the substantial reperfusion was the state of 2b, 2c, or 3. The secondary outcomes, such as 3-month mortality and sICH within 7 days, were also assessed. The definition of sICH was according to the Heidelberg Bleeding Classification (12).



Statistical Analysis

Continuous data were presented as mean ± SD and categorical data as frequency and percentage. Analysis was carried out with an independent-samples t-test and the chi-square and Fisher's exact tests.

Univariate logistic regression was used to analyze potential factors, and a covariate with a univariate p-value < 0.05 was included in multivariate logistic regression to identify predictors of clinical outcomes. The odds ratio (OR), 95% confidence interval (CI), and p-value were determined for factors of the univariate and multivariate models. The receiver operating characteristic (ROC) analysis was used to explore the cutoff value of factors.

Statistical significance was defined as p < 0.05 and an OR with a 95% CI. Statistical analysis was carried out with SPSS version 22.0 (SPSS Inc, Chicago, Illinois).




RESULTS


Populations and Baseline Characteristics

Between August 2018 and June 2021, we reviewed 137 patients with large ischemic cores due to large vessel occlusion of anterior circulation treated by mechanical thrombectomy (46.7% women and mean age 69.5 ± 10.4 years) (as shown in Table 1 for the baseline clinical characteristics) (Supplementary Figure 1 shows the patients' flow diagram.). Patients without functional independence outcomes were more elderly than those in the functional independence outcomes group (65.5 ± 10.8 vs. 70.3 ± 10.1, p = 0.042). The functional independence outcome group had fewer women (21.7 vs. 51.8%, p = 0.008). Patients without functional independence outcomes were more likely to have middle cerebral artery (MCA) and internal carotid artery (ICA) terminus occlusion (p = 0.007). There was no significance difference in time from onset to treatment between the functional group and without functional group.


Table 1. Baseline clinical characteristics of different groups.
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Ischemic Core and Penumbra

The ischemic core volume based on CTP was 96.9 ± 47.1 ml (CBF < 30%), 79.8 ± 43.7 ml (CBF < 25%), and 62.5 ± 39.1 ml (CBF < 20%).

Compared with the functional independence outcome group, the ischemic core volume was lager in the non-functional independence outcome group (CBF < 30%: 102.7 ± 49.4 vs. 68.2 ± 11.0 ml, p = 0.001; CBF < 25%: 85.1 ± 45.9 vs. 53.8 ± 11.5 ms, p = 0.002; and CBF < 20%: 67.2 ± 41.0 vs. 39.5 ± 12.0 ml, p = 0.003). The mismatch volume and ratio were not different in the two groups. The large core volume (≥70 ml) was in 68.6% (94/137) patients (mean core volumes: 114.4 ± 47.5 ml, mean age: 72.7 ± 12.3 years).



Outcomes

At a 3-month follow-up, 23(16.8%) patients were functionally independent. The factors of patients without functional independence were higher age, being female, occlusion artery of MCA and ICA terminus, and higher ischemic core volumes. The multivariable analysis showed that higher age and larger ischemic core volume (calculated by CBF < 30%) were independent factors of poor functional outcomes.

For patients with mRS 0–3 as the dependent variable, 25.5% (35/137) of patients had a favorable outcome at a 3-month follow-up. The unfavorable outcome was associated with higher age, occlusion artery of MCA and ICA terminus, larger ischemic core volume (calculated by CBF < 30%), atrial fibrillation, and higher NIHSS (Supplementary Table 1).

The substantial recanalization was achieved in 122 (89.1%) patients and was not different in groups (functional independence group vs. non-functional independence group: 91.3 vs. 88.6%, p = 1.0).

A total of 20 (14.7%) patients had sICH, including 3 (13.0%) patients with functional independent and 17 (14.9%) patients with poor outcome (p = 1.0). In the present study, factors associated with sICH were hypertension, hyperlipidemia, and the use of tobacco and recombinant tissue plasminogen activator (rt-PA) (Supplementary Table 2). Hypertension and the use of rt-PA treatment were independent factors of sICH (Table 2).


Table 2. Multivariate logistic regression analysis for outcomes.
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At a 3-month follow-up, the mortality rate was 36.5% (50/137). The multivariable analysis considered higher age and larger ischemic core volume (calculated by CBF < 30%) as independent risk factors of mortality (Table 2).

Figure 1 shows the ROC analysis for the prediction of functional independence outcome by the ischemic core volumes (calculated by CBF < 30%, CBF < 25%, and CBF < 20%). The volume threshold of CBF < 30% for the highest sensitivity (0.68) and specificity (0.87) was 75 ml. The cutoff value of ischemic core volume (CBF < 25% and CBF < 20%) were 65 and 40 ml, respectively. The highest sensitivity of CBF < 25% and CBF < 20% was 0.60 and 0.65, and the specificity was 0.87 and 0.76.


[image: Figure 1]
FIGURE 1. Receiver operating characteristic (ROC) curves for different definitions of core infarcts volumes (ml).


Figure 2 shows the ROC analysis for the prediction of functional independence outcome by the ischemic core volumes (calculated by CBF < 30%, ≥ 70 ml) and age. The cutoff value of core volume was 90 ml, and the age was 76 years old. The highest sensitivity of these two factors was 0.66 and 0.51, and the specificity was 0.97 and 0.90, respectively.
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FIGURE 2. Receiver operating characteristic curves for age (year) and ischemic core volumes of patients with baseline core volumes larger than 70 ml.





DISCUSSION

The prognosis of patients with large baseline ischemic core volume treated by MT is still uncertain. In the present study, we found that 16.8% (23/137) of patients achieved functional independence outcome, and 36.5% of patients died at a 3-month follow-up, which showed a worse outcome at 3 months after stroke than patients with small infarcts in the previous studies (5, 6, 13). Our findings again confirmed that patients with large baseline ischemic core volume were associated with poor outcomes at 3 months after stroke. However, there were still 25.5% (35/137) of patients with a favorable outcome at a 3-month follow-up in the present study. So, we tried to find the factors of prognosis in our study, which may help guide MT for large baseline infarct in clinical practice.

In the present study, we used the CTP to assess the large baseline ischemic core volume and was consistent with previous studies (9, 10).

Bandera reported that the optimal CBF varied widely in their review study (14). Campbell also reported that the optimal threshold was <31% of the mean contralateral CBF (15). However, the ischemic core volume (defined by CBF < 30%) may be overestimated (11). The CBF < 30% may not be the optimal threshold for assessing the ischemic core volume, especially in a very early time window (16, 17). Saraji reported that they planned to use the CBF < 20% threshold in patients within a 2 h time window after stroke in the study of SELECT2 (18). Therefore, we also estimated the ischemic core volume by CBF < 30%, CBF < 25%, and CBF < 20%, which tried to find an appropriate definition of ischemic core volume. In the present study, we used these three definitions to assess the ischemic core volume, and all of them were related to prognosis in univariate analysis. However, only the ischemic core volume estimated by CBF < 30 was the independent risk factor. The result may be affected by the time from onset to treatment, which was more than 120 min in our study. In future research, a more appropriate algorithm may be required to determine the definition of infarction core.

In the present study, we found that larger baseline ischemic core volumes were the independent factor of the prognosis, which was in line with the results of Panni's study (19). Yoshimoto reported that patients with 70 and 100 ml ischemic volumes might benefit from MT, and the upper core limit is approximately 120 ml (20). In the present study, we further analyzed the patients with core infarction volume larger than 70 ml by ROC analysis. We found that patients with a core infarction volume larger than 90 ml had worse outcomes at a 3-month follow-up, which implies that patients with large cores (>90 ml) may not benefit from MT.

Our study also found that higher age was the independent factor of poor outcomes. Mourand and Danière reported that the cutoff value of 70 years was the treatment consideration, and patients younger than 70 years had a better outcome after MT (21, 22). In our study, the ROC analysis showed that patients over 76 years old had a worse outcome, which means that patients older than 76 years with large cores may not benefit from MT.

Gilgen reported that the rate of sICH in patients with large cores (>70 ml) was 16.1% (13), which was consistent with our study (sICH: 14.6%). No significant difference emerged in our study between patients with functional independence outcomes and patients without independence outcomes. However, the Highly Effective Reperfusion evaluated in Multiple Endovascular Stroke Trials (HERMES) study suggests a higher rate of sICH in patients with large volume infarcts treated by MT. So, it is worth looking for factors of sICH. In our study, hypertension was the independent factor of sICH. Chen also reported that patients with higher hypertension were more likely to have sICH (23). More studies are needed to evaluate the factors and find the cutoff value of hypertension. The randomized trials of intravenous Alteplase before MT in Asia and Europe showed that the percentage of sICH was similar between the two groups, which means that the use of rt-PA before MT did not increase the risk of sICH more than that of direct MT (24, 25). However, we found that intravenous Alteplase before MT increased the risk of sICH in the present study, which may be associated with large baseline infarcts. The factors of sICH and bridging thrombectomy for large baseline infarcts after thrombolysis are required to be studied.

In the present study, the 3-month mortality rate was 36.5%, which was in line with the results (mortality rate: 31.5%) of Kerleroux's study (26). The factors of morality were larger volume infarcts and higher age. Many studies have reported that patients with larger infarct volume and higher age were more likely to die at a 3-month follow-up (17, 27). Our study again confirmed that these factors were associated with poor outcomes. Kaesmacher reported that patients with successful reperfusion were independently associated with reduced mortality (28). Despite the fact that we did not find that successful recanalization is a statistical factor for a good prognosis. However, patients with favorable outcomes had a higher percentage of successful recanalization in our study. This means that a tendency for successful recanalization may have lower mortality rates in patients with large baseline infarcts. More studies are required to confirm the results.



LIMITATIONS

The present study has several limitations. First, this is a retrospective study that leads to a selection bias. Second, the follow-up time is only 3 months, and the functional independence outcome may be underestimated. Third, we used the software of MIStar to assess the core volume, which may differ between different software packages, such as RAPID software, though previous studies have confirmed the efficacy of MIStar in the use of assessing core volume (29).



CONCLUSION

The present study showed that MT could be applied in patients with large ischemic core volumes. Patients older than 76 years with large cores (>90 ml) are unlikely to benefit from MT. The threshold of CBF < 30%, CBF < 25%, and CBF < 20% are used to estimate core volume in this study, and only the threshold of CBF < 30% is the independent factor. This is worth evaluating in future studies to find the optimal threshold of CBF.
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