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Background: Among poststroke morbidities, poststroke epilepsy (PSE) has been identified as a significant clinical issue. Although middle cerebral artery (MCA) infarct is the most common type of stroke among all vascular territories, very few studies specifically focused on the risk factors leading to PSE in patients with MCA infarct.

Methods: A population study in Taiwan has been conducted, linking the National Health Insurance Research Database and Hospital Stroke Registry, from 2001 to 2015 and 2006 to 2010, respectively. Patients were divided into MCA and non-MCA groups, and the diagnosis of incident epilepsy between the groups has been compared. The multivariable Cox proportional hazard model was used to identify the risk factors for developing PSE. The distribution of time to PSE was estimated using the Kaplan–Meier method.

Results: In total, 1,838 patients were recruited, with 774 and 1,064 in the MCA and non-MCA groups, respectively. PSE incidence in the MCA group was 15.5% vs. 6.2% in the non-MCA group, with a hazard ratio of (95% CI) 2.06 (1.33–3.19). Factors significantly associated with PSE included atrial fibrillation, depression, National Institutes of Health Stroke Scale (NIHSS) scores of ≥ 16, and alert on arrival. For patients with MCA infarct, higher NIHSS and Glasgow coma scale scores, the presence of visual field defects and weakness, urination control impairment, and complications during hospitalization were associated with a higher risk for PSE development.

Conclusions: This study established the conditions leading to a higher risk of PSE and identified the important clinical risk factors in patients experiencing MCA infarct. Efforts to manage these risk factors may be important in preventing PSE in patients with MCA infarct.
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INTRODUCTION

Advances in stroke treatment resulted in a dramatic reduction in stroke mortalities; however, the number of stroke survivors living with morbidities increased significantly. Among these morbidities, seizures and epilepsy are not uncommon, and PSE has been identified as a significant clinical issue among stroke survivors. As we know, stroke is the most common cause of epilepsy in older adults and for patients aged more than 65 years, where PSE accounts for 30–50% of new-onset seizures (1). The incidence of early seizures (occurring within the first 1–2 weeks after a stroke) is between 2.4 and 5.4%, and the risk of poststroke late seizures (seizures occurring later than 14 days after a stroke) is around 7–18% (1, 2). Our previous study documented that seizures at stroke presentation and during hospitalization worsen overall morbidity and mortality, (3) suggesting the importance of awareness of seizure care in the treatment of ischemic stroke.

The stroke severity, location, and type of pathological changes, genetic factors, and preinjury and postinjury exposure to nongenetic factors including exposome can be used and divide patients experiencing an ischemic stroke into different levels of susceptibility (4–6), where the standardized rate of developing epilepsy is highest during the first year (7). Studies showed that a higher National Institutes of Health Stroke Scale (NIHSS) score, cortical involvement at a younger age, and central nervous system morbidities are associated with a higher risk of PSE (1). Moreover, ethnicity may play an important role in the development of PSE. For example, the prevalence of poststroke seizures in patients without atrial fibrillation is higher in Australia than it is in China (8).

The middle cerebral artery (MCA) infarct is the most common form of stroke among all vascular territories (9). The cerebral cortex and regions in the MCA territory, i.e., the temporal and frontal lobes, may be more susceptible to epileptogenesis after a stroke than other brain areas (10). Surprisingly, the risk factors of epilepsy after an MCA infarct are not clearly known and have not been specifically addressed. Although one study reported a higher incidence of seizures in an MCA group than in an internal carotid artery group (11) and one study reported MCA infarct as one of the main variables associated with PSE risk, (12) no study was found specifically focusing on post-MCA infarct epilepsy and also comparing this group of patients with patients experiencing non-MCA strokes. Furthermore, the interaction between an MCA infarct and other risk factors has not been thoroughly explored.

This study conducted a large-scale epidemiological study, linking a large dataset stroke registry and an administrative claims database to investigate the incidence and risk factors related to post-MCA infarct epilepsy in Taiwan to unravel the potential clinical risk factors and make a specific comparison with post-non-MCA infarct epilepsy.



METHODS


Data Source and Linkage

Two databases have been linked for this study: the National Health Insurance Research Database (NHIRD) from 2001 to 2015 and the Hospital Stroke Registry from 2006 to 2010. The NHIRD is derived from the National Health Insurance program, which covers nearly all of the Taiwanese population. It includes baseline demographics for beneficiaries, outpatient care claims, inpatient claims, and claims for medication dispensed at pharmacies. Each claim contains the International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) diagnosis and procedure codes, expenditures per visit or admission, and details of drug prescriptions. The NHIRD used in this work was provided by the Ministry of Health and Welfare and is maintained by the Health and Welfare Data Science Center (HWDC) in Taipei City, Taiwan [https://nhird.nhri.org.tw/en/]. For further details of Taiwan's NHIRD, readers can refer to Hsieh et al. (13).

The Hospital Stroke Registry database in this study was derived from two Taiwan Stroke Registry (TSR) participating hospitals, i.e., the National Cheng Kung University Hospital and Ditmanson Medical Foundation Chiayi Christian Hospital. The TSR, launched in August 2006, is a nationwide stroke registry used to collect data on the quality of stroke care and to inform healthcare policy making (14, 15). The ongoing TSR enrolls patients who are hospitalized for acute stroke or transient ischemic attacks within 10 days of symptom onset. By 2015, >100,000 stroke events have been registered in the TSR (16).

The two databases were linked by the national identification number in the HWDC to ensure the security of personal information, so the researchers could only access the linked databases in the HWDC (Supplementary Figure 1). Because only aggregate data without any individual-level information can be released from the HWDC, informed consent from individual patients were not required. The research protocol was approved by the Institutional Review Board of National Cheng Kung University Hospital (IRB No. A-ER-108-563).



Study Population

Patients hospitalized for acute ischemic stroke (ICD-9-CM codes 433 or 434) who survived and were discharged between 2006 and 2010 were identified from the Hospital Stroke Registry (Figure 1). After data linkage with the NHIRD, claims records of successfully linked patients were retrieved. For each patient, the successfully linked stroke hospitalization episode was defined as the index stroke hospitalization, and the discharge date of the index stroke hospitalization was defined as the index date. Patients who were younger than 20 years old were excluded. To ensure that it was a first-ever stroke, patients who demonstrated claims of any type of stroke (ICD-9-CM codes 430–438) within 3 years before the index date were excluded. Patients who demonstrated claims for seizure or epilepsy (ICD-9-CM codes 7803 or 345) or who received antiepileptic drugs within 1 year before the index date were also excluded.


[image: Figure 1]
FIGURE 1. Collection of the study population. NCKUH, National Cheng Kung University Hospital; CCH, Chia-Yi Christian Hospital.




Main Independent Variable and Covariates

The main independent variable of interest was the presence of an MCA territory infarction. According to the infarct location recorded in the stroke registry, patients were divided into MCA and non-MCA cohorts, respectively. From the dataset linking the claims data and stroke registry, baseline demographics, stroke severity on admission, functional status at discharge, laboratory data, comorbidities, medication uses, presence of complications, and neurosurgery records for the index stroke hospitalization have been retrieved. Stroke severity was represented by the NIHSS score on initial presentation, while functional status was represented with the modified Rankin Scale (mRS) and Barthel Index scores at discharge, as recorded in the Hospital Stroke Registry.



Outcome and Follow-Up

The outcome of interest was the diagnosis of incident seizure or epilepsy, defined by ICD-9-CM diagnostic codes 7803 or 345 in at least one inpatient claim or at least two emergency room or outpatient claims. In Taiwan's NHIRD, the sensitivity and specificity were 83.91 and 99.83%, respectively, for the claims diagnosis of epilepsy (17). Patients were followed from the index date until the occurrence of the outcome, mortality, disenrollment from National Health Insurance, or the end of the database (December 31, 2015), whichever came first.



Statistical Analysis

Descriptive statistics were used to summarize the baseline characteristics in the study population. The continuous variables were described as means with SDs, and the categorical variables were described by number and proportions. The differences in the baseline characteristics between MCA and non-MCA groups were tested using a t-test for the continuous variables and the chi-square for the categorical variables. Next, the distribution of time to seizure or epilepsy was estimated using the Kaplan–Meier method. Then, the multivariable Cox proportional hazard model was used to identify the risk factors for developing seizures or epilepsy after an ischemic stroke, and the relative hazard in the MCA group has been estimated further and was compared with that of the non-MCA group by stratifying the risk factors. All significance levels were two-sided: P < 0.05. Statistical analyses have been performed using SAS software (version 9.4 for Windows; SAS Institute Inc., Cary, NC, USA).

We adopted the external adjustment method which was developed by Schneeweiss (18) to estimate the effects of relative risk adjusting unmeasured confounding factors. The limitations of this method were: (1) exploring only one external variable; (2) the external variables have to be a binary variable. Therefore, we grouped the NIHSS variable (NIHSS score: ≥16 vs. NIHSS score: ≤15) and Glasgow coma scale (GCS score: 3–13 vs. GCS score: 14–15) in two groups. We then performed two analyses: the adjusted relative risk of Glasgow coma scale score after adjusting NIHSS and the adjusted relative risk of urinary tract infection after adjusting NIHSS. The estimated relative risk for PSE in patients with NIHSS score ≥16 compared to NIHSS score ≤15 was 2.23 and we used the estimate as to the parameter for external adjustment.




RESULTS


Characteristics of All Patients With Ischemic Stroke (MCA Infarct vs. Non-MCA Infarct)

In total, 2,769 patients with ischemic stroke were identified from the Hospital Stroke Registry and were successfully linked to the NHIRD. About 670 patients were excluded due to presenting with a prior stroke of any type within the previous 3 years, 61 patients were excluded due to prior seizures or epilepsy, and 200 patients were excluded due to prescriptions for antiepileptic drugs within the previous year. Of the remaining 1,838 patients, 774 and 1,064 were MCA infarct and non-MCA infarct, respectively (Figure 1).

The baseline characteristics of the patients are demonstrated in Table 1. Compared to patients with non-MCA infarct, those with MCA infarct were older (71.8 ± 12.2 vs. 69.8 ± 12.0, P < 0.001), presented with more atrial fibrillation (25.2 vs. 12.7%, P < 0.001) and prior warfarin use (8.5 vs. 4.8%, P < 0.001), less hyperlipidemia (43.9 vs. 51.2%, P = 0.002), and prior statin use (32.9 vs. 40.9%, P < 0.001). They exhibited higher NIHSS and mRS scores (both P < 0.001), were less likely to be alert on arrival (74.9 vs. 91.9%, P < 0.001), received more neurosurgeries (1.8 vs. 0.3%, P < 0.001), and exhibited more inhospital complications, namely, pneumonia (10.9 vs. 5.3%, P < 0.001) and hemorrhagic infarcts (4.7 vs. 1/0%, P < 0.001).


Table 1. Characteristics of all patients experiencing an ischemic stroke.
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The Risk Factors for PSE in Patients With Ischemic Stroke (MCA Infarct and Other Risk Factors for PSE)

The risk factors for PSE in patients who experienced an ischemic stroke were investigated further using the multivariable Cox proportional hazard model. The unadjusted and adjusted hazard ratios (HRs) (95% CI) of MCA infarct for PSE were 2.48 (1.64–3.76) and 2.06 (1.33–3.19), respectively. Other factors significantly associated with PSE in the multivariable analysis [unadjusted HR (95% CI) and adjusted HR (95% CI)] included atrial fibrillation [2.65 (1.75–4.01) and 1.76 (1.06–2.91)], depression [2.24 (1.17–4.31) and 2.00 (1.02–3.91)], NIHSS scores of ≥ 16 [3.17 (1.99–5.05) and 3.21 (1.47–7.00)], and alert on arrival [1.6 (0.99–2.6) and 0.43 (0.21–0.88)] (Table 2).


Table 2. The risk factors for poststroke epilepsy in patients with ischemic stroke using the multivariable Cox proportional hazard model.
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Stratified HRs for PSE (MCA Infarct vs. Non-MCA Infarct)

In the stratified analysis (Supplementary Figure 2), the trend of a positive association between MCA infarct and PSE was shown across subgroups of sex (male), age (60–79 years), hypertension, and use of antiplatelet agents. Similarly, disease severity (NIHSS, mRS, and nonalert on arrival) showed a positive trend between MCA infarct and PSE (P values for all interactions > 0.05).



The Risk Factors for Developing PSE in Patients With MCA Infarct

The risk factors for developing PSE specifically in patients with MCA infarcts have been analyzed further. For patients with MCA infarcts, the disease severity [higher NIHSS (P = 0.002) and Glasgow coma scale scores (P = 0.006)], the presence of visual field defects (P = 0.034) and limb weakness (P = 0.005), urination control impairment (P = 0.019), and complications during hospitalization [urinary tract infection (P = 0.019), and hemorrhagic infarct (P = 0.05)] were associated with a higher risk for PSE development (Table 3).


Table 3. The risk factors for developing poststroke epilepsy in patients with MCA infarcts.
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The Incidence Curves for Developing PSE in Patients With MCA Infarcts vs. Non-MCA Infarcts

In the univariable analysis using the Kaplan–Meier method (Figure 2), a significantly higher incidence of PSE was observed among patients with MCA infarcts than those patients with non-MCA infarcts (incidence rate, 15.5 vs. 6.2 per 1,000 person-year; P = 0.0012).


[image: Figure 2]
FIGURE 2. Unadjusted incidence curves for developing poststroke epilepsy in patients with MCA infarcts and non-MCA infarcts based on the Hospital Stroke Registry. MCA, middle cerebral artery.





DISCUSSION

In this study, all patients with ischemic stroke (MCA infarct vs. non-MCA infarct) were first characterized, and the risk factors for PSE in all patients were investigated; then, HRs for PSE were stratified (MCA infarct vs. non-MCA infarct); finally, the risk factors for developing PSE in patients with MCA infarcts have been specifically evaluated. Furthermore, in our survival analysis, the incidence curves for the development of PSE in patients with MCA infarcts vs. non-MCA infarcts have been depicted. In addition to establishing the higher risk of PSE following an MCA infarct as compared to a non-MCA infarct, the important clinical risk factors associated with PSE in patients with MCA infarcts were identified: the disease severity [higher NIHSS and Glasgow coma scale scores, the presence of visual field defects and limb weakness, urination control impairment, and complications during hospitalization (urinary tract infection and hemorrhagic infarcts)].

The MCA is the most common artery involved in an acute stroke (9). It branches directly from the internal carotid artery and consists of four main branches: M1, M2, M3, and M4. They provide important blood supply to parts of the frontal, temporal, and parietal lobes of the brain, and deeper structures, namely, the caudate, internal capsule, and thalamus (19). Studies reported that large events involving the middle and superior temporal gyri are particularly associated with the development of poststroke late seizures (20), supplied by the MCA (21). The lateral and inferior frontal gyri and anterior lateral part of the parietal lobe, supplied by the MCA, are also associated with a high risk of seizures (6, 22, 23). It is thus conceivable that due to the involvement of the temporal and frontal lobes, this area may be more susceptible to epileptogenesis after stroke than other brain areas.

In this study, patients with MCA infarcts exhibited more atrial fibrillation as compared to those with non-MCA infarcts, which was compatible with the findings of earlier studies showing atrial fibrillation to be associated with MCA infarcts (24), suggesting that statins may be beneficial in atrial fibrillation-related strokes (25). Moreover, less hyperlipidemia and prior statin use were found in patients with MCA infarcts. The findings of another study also suggested that statin use before the onset of nonlacunar MCA infarction is associated with a smaller infarct volume (26). Furthermore, the overall MCA infarcts were associated with higher NIHSS and mRS scores, consistent with the initial presentation, where these patients were less likely to be alert on arrival. Meanwhile, to infer that patients with MCA infarcts received more neurosurgeries and exhibited more in-hospital complications, namely, pneumonia, urinary tract infections, and hemorrhagic infarcts, would be reasonable.

Regarding the overall risk factors for PSE in patients experiencing an ischemic stroke, MCA infarcts were identified to exhibit the highest adjusted HR among all the variables. Atrial fibrillation, NIHSS scores of ≥16, alert on arrival, and depression were the other risk factors associated with PSE. The stratified specific comparison of the MCA infarct vs. non-MCA infarct groups on HR showed, in addition to an overall higher risk of PSE for the MCA infarct groups, a positive trend of an association was found between MCA infarct and PSE in some subgroups, namely, sex (male), age (60–79 years), hypertension, and using of antiplatelet agents, disease severity (NIHSS, mRS, and nonalert on arrival). The reason that the other risk factors did not show a strong positive trend is probably due to the strong HR of MCA infarct itself in this stratified analysis. The above findings suggested that, compared to non-MCA infarcts, MCA infarcts exhibited a higher HR for PSE.

In patients with MCA infarcts, specific risk factors were identified. Disease severity, as expected, could represent brain damage and important risk factors that could predict PSE. Similarly, the presence of visual field defects, limb weakness, and urination control impairment all represented significant compromises in and neuronal damage to MCA vascular territory, namely, the temporal, parietal, and frontal territories. In another study specifically focusing on collateral flow in acute MCA infarcts (27), visual field defects were independently associated with poor collateral status in their multiple logistic regression. Similarly, visual field defects were associated with poor collateral status in another study (28). Poor collateral recruitment in MCA blood flow velocity may be related to seizures (29). In addition, visual field defects may represent a marker of stroke cortical localization, which has extensively been associated with poststroke epilepsy in previous studies (5).

Depression has been regarded as the peri-injury exposome and risk of epileptogenesis after cerebral stroke (6), which is consistent with the findings in our study in predicting overall PSE, but not specifically in MCA infarcts. In addition, urinary incontinence has been identified as a predictor of death and severe disability in stroke (30), and incontinence at stroke presentation is significantly associated with PSE (5). Urinary tract infections during hospitalization should be noted as an important risk factor for PSE. Although urinary tract infections have not been associated with a worsened outcome (31), the risk of PSE could significantly enhance the care burden. To our knowledge, this is the first study indicating that urination control and urinary tract infections are the main risk factors for developing PSE in patients with MCA infarcts. Whether urinary tract infection in patients with MCA infarcts would lead to PSE is worth further investigation.

Interestingly, one study proposing another scoring system for PSE prediction did not include the stroke location as an important variable (32). Nevertheless, one study proposed a prognostic model for predicting poststroke late seizures, in which the parameters were stroke severity, large-artery atherosclerotic etiology, early seizures, cortical involvement, and MCA territory involvement (12). In this study, MCA involvement led to a high HR in the univariable analysis, but not in the final multivariable Cox proportional hazards model. As the multivariate model included the two independent variables “cortical involvement” and “early seizures,” the significance of MCA infarct was less clear (12) and it suggests “cortical involvement” plays a more important role than the MCA infarct variable itself in PSE. Of note, the reliability of this prognostic model needs further verification (33). In our study, as our study mainly focuses on patients with MCA infarct, which included all the territories, we did not specify the extent of cortical involvement. The significance of MCA-infarct on PSE was clearly established. Furthermore, as to the early seizures, in our current prospective database, the number of early seizures was too low, which was deemed not to be able to generate enough statistical power.

Although the observations were retrospective, this study was based on prospectively registered patients with stroke who were admitted to National Cheng Kung University Hospital and Ditmanson Medical Foundation Chia-Yi Christian Hospital. The data collected in this stroke registry were prospectively recorded. Our study presents several additional limitations. The HR of acute seizure complications during hospitalization was not assessed precisely due to the small sample size. Performing long-term EEG monitoring on every patient with stroke is not practically feasible. Another limitation was the fact that the HR of neurosurgical intervention in PSE could not be evaluated due to the small sample size. Although patients who require neurosurgical procedures during the acute stage of a stroke typically represent a higher degree of severity, neurosurgical interventions, including hemicraniectomies, still require randomized clinical trials to prove their effects on functional recovery, especially in patients over 60 years of age and those who are severely disabled (34, 35). Besides, we did not perform a multivariable regression model to assess the factors associated with PSE in the MCA infarct group because of the insufficient number of PSE cases among patients with MCA infarcts. Alternatively, we adopted the external adjustment method to estimate the effects of relative risk adjusting unmeasured confounding factors in Supplementary Table 1. The risk of PSE was increased in lower Glasgow coma scale score (3–13) as compared to higher Glasgow coma scale score (14–15), and in patients with urinary tract infection as compared to patients without urinary tract infection. Further studies using other databases with a large sample size are still needed to verify the findings.

Regarding the effects of acute treatments for stroke (thrombolysis and thrombectomy), due to the extremely small number of patients, we did not verify the effects of acute treatments on PSE. Furthermore, according to the current database, we could neither differentiate the data based on the tracts of MCA occlusion (M1-M4) nor analyze the tandem occlusion stroke (MCA + ICA) in the MCA cohort. In addition, according to the database, at the current stage, we could only compare MCA infarcts with non-MCA infarcts (total); we could not differentiate between the subgroups in patients with non-MCA (e.g., patients with vertebrobasilar infarct). Whether different territories of MCA would carry the different risks of PSE is worth further investigation. Lastly, whether the results can be generalized to other racial/ethnic groups is unclear given that stroke and its complications may not be totally similar among different ethnic groups (8, 36).



CONCLUSIONS

This study on a large dataset linking stroke registry and an administrative claims database established the higher risk of PSE and identified the important distinct clinical risk factors associated with PSE in patients with MCA infarcts: disease severity [higher NIHSS and Glasgow coma scale scores, presence of visual field defects and limb weakness, urination control impairment, and complications during hospitalization (urinary tract infections and hemorrhagic infarcts)]. Increased awareness and early management of these risk factors in patients with MCA infarcts may be important in PSE prevention and thus should be given attention.
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