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Abstract

Objectives: Improvements in acute stroke care have led to an increase in ischemic stroke 

survivors, who are at risk for development of post-ischemic stroke epilepsy (PISE). The impact 

of therapies such as thrombectomy and thrombolysis on risk of hospital revisits for PISE is 

unclear. We utilized administrative data to investigate the association between stroke treatment and 

PISE-related visits.

Methods: Using claims data from California, New York, and Florida, we performed a 

retrospective analysis of adult survivors of acute ischemic strokes. Patients with history of 

epilepsy, trauma, infections, or tumors were excluded. Included patients were followed for a 

primary outcome of revisits for seizures or epilepsy. Cox proportional hazards regression was used 

to identify covariates associated with PISE.

Results: In 595,545 included patients (median age 74 [IQR 21], 52% female), the 6-year 

cumulative rate of PISE-related revisit was 2.20% (95% CI 2.16–2.24). In multivariable models 

adjusting for demographics, comorbidities, and indicators of stroke severity, IV-tPA (HR 1.42, 

95% CI 1.31–1.54, p<0.001) but not MT (HR 1.62, 95% CI 0.90–1.50, p=0.2) was associated with 

PISE-related revisit. Patients who underwent decompressive craniectomy experienced a 2-fold 

increase in odds for returning with PISE (HR 2.35, 95% CI 1.69–3.26, p<0.001). In-hospital 

seizures (HR 4.06, 95% CI 3.76–4.39, p<0.001) also elevated risk for PISE.

Significance: We demonstrate that ischemic stroke survivors who received IV-tPA, underwent 

decompressive craniectomy, or experienced acute seizures were at increased risk PISE-related 

revisit. Close attention should be paid to these patients with increased potential for long-term 

development of and re-hospitalization for PISE.

Keywords

IV-tPA; Mechanical thrombectomy; Decompressive craniectomy; HCUP; Ischemic stroke; 
Epilepsy; Seizures

INTRODUCTION

Improvements in acute stroke care, namely the use of intravenous alteplase (IV-tPA) and 

mechanical thrombectomy (MT), have led to a considerable increase in the proportion of 

patients who survive a first-time ischemic stroke.1 Despite demonstrated benefits of acute 

stroke interventions, their impact on long term complications is not yet clear. One such 

complication is post-ischemic stroke epilepsy (PISE). PISE is estimated to occur in 2–6% of 

stroke survivors,2–4 and is associated with poor-quality of life and high mortality in young 

patients.5–7 It is possible that acute stroke interventions decrease the likelihood of PISE by 

minimizing ischemic brain injury.8 But neurotoxic properties of IV-tPA and the potential for 

reperfusion injury following MT may instead place patients at increased risk for PISE.9–11 

Further, MT increases the number of stroke patients surviving with partial infarcts. These 

partial infarcts may present a nidus for epileptogenesis, consequently increasing the risk for 

PISE after endovascular intervention.
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Previous analyses of PISE have investigated the impact of acute stroke therapies but have 

reported conflicting findings. Single-center studies found no association between acute 

stroke interventions and development of post-stroke seizures,12,13 but these studies were 

likely underpowered to detect differences in the rate of PISE development. Another study 

of more than 1,000 patients did describe an increased risk for epilepsy in patients receiving 

either IV-tPA or MT,14 but this study failed to follow patients for more than 2 years. 

Additionally, atrial fibrillation (AF) is a known risk factor for cortical strokes, and has 

been shown to correlate with PISE,15,16 while other studies support that PISE is more 

common in stroke patients who undergo neurosurgical interventions, such as decompressive 

craniectomy.17

Ischemic stroke survivors also inherit a significant risk for hospital readmission. It is 

estimated that the likelihood of hospital readmission is nearly 40% by 360 days18 and 

correlates with a significant increase in 5-year mortality.19 Given the notable proportion of 

stroke survivors at risk for PISE, hospital revisit for PISE is likely a considerable source 

of morbidity and mortality faced by survivors. No existing studies have used long-term 

follow-up in a state-wide population to study the effect of acute stroke interventions on the 

risk for hospital revisit after development of PISE. We therefore deployed a longitudinal 

study of administrative claims data from three large and diverse US states to determine the 

association between acute stroke interventions, demographic and clinical characteristics, and 

the risk of hospital revisit for PISE.

METHODS

Study Design

We performed a retrospective, longitudinal analysis of prospectively collected administrative 

claims data from the State Inpatient Databases and State Emergency Department Databases 

as part of the Healthcare Cost and Utilization Project. All data were de-identified, 

standardized, and checked for quality. Data from the State Inpatient Databases were 

available from California between 2005 and 2011, New York between 2005 and 2014, and 

Florida between 2005 and 2014. The State Emergency Department Database was available 

from California for years 2005–2011. These states were chosen because of their large, 

diverse populations and availability of desired data elements. Given that de-identified subject 

data from publicly available databases were used, this study was exempt from review from 

our institutional review board.

Subjects

We identified hospital admissions for ischemic stroke using a previously validated algorithm 

and International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-

CM) codes.20 Acute ischemic stroke was defined by ICD-9-CM codes 433.X1 or 434.X1 

in any diagnosis code position without a primary discharge code for rehabilitation (V57) or 

any diagnosis of intracerebral hemorrhage (431), subarachnoid hemorrhage (430), or trauma 

(800–804, 850–854). We included adult subjects (age ≥ 18) who were admitted in California 

from 2005–2010 and in New York and Florida from 2005–2013 to allow for at least one year 

of follow-up in 2011 and 2014, respectively. We excluded patients who were not residents 
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of California, New York or Florida to increase the likelihood that hospital revisits would 

be captured in the state-level data. Patients who did not survive to discharge and patients 

who were discharged to hospice were excluded from the analysis. A unique patient identifier 

included in the HCUP databases allows for linkage of subsequent admissions. Patients who 

lacked this identifier were not included. Due to the possibility of confounding, we only 

included patients without a pre-existing diagnosis of epilepsy or prior seizures or history of 

known risk factors for the development of epilepsy, including brain trauma, infection, and 

tumors. Pre-existing epilepsy was identified using the placement ICD-9-CM codes 345.X in 

any diagnosis code position when indicated as present prior to admission.

Outcome

The primary outcome, PISE, was defined as any hospital readmission or emergency room 

visit for seizures at least 30 days after the index stroke admission. This definition was based 

on the fact that a single late, unprovoked seizure after ischemic stroke constitutes epilepsy.21 

Visits for seizures were identified using ICD-9-CM codes 780.39 or 345.X in the primary 

diagnosis position, which has been previously validated.22 Patients were followed from the 

time of their index ischemic stroke through the end of the available follow-up period. We 

tracked all subsequent hospital admissions and emergency room visits (in California only) in 

included subjects. In the case that patients had multiple admissions or visits for seizures, the 

first readmission or revisit was considered the event of interest.

Covariates

Demographic characteristics (age, sex, race/ethnicity) and baseline comorbidities (atrial 

fibrillation [AF], hypertension [HTN], hyperlipidemia [HLD], smoking, congestive heart 

failure [CHF], myocardial infarction [MI], chronic kidney disease [CKD], prior malignancy, 

diabetes [DM], smoking) were identified using validated ICD-9-CM codes and used as 

covariates in multivariable models. Drug and alcohol use were identified using the AHRQ 

Elixhuaser comorbidity index ICD-9-CM codes and evaluated as covariates.23 In the State 

Inpatient Databases, race/ethnicity is categorized into White, Black, Hispanic, Asian or 

Pacific Islander, Native American, and Other, with ethnicity taking precedence over race. 

Given that we identified very few Native American patients, Native Americans were 

grouped into the “Other” category. Acute seizures that occurred during the index hospital 

admission were identified using ICD-9-CM code 780.39, which includes both electrographic 

and clinical seizures.24 Procedure codes were used to gather information on treatments 

administered during the index hospitalization. This included the use of IV-tPA, mechanical 

thrombectomy, decompressive craniectomy, placement of an external ventricular drain, and 

electroencephalogram (EEG). Additional markers of stroke severity, including tracheostomy, 

percutaneous endoscopic gastrostomy (PEG) placement, and length of stay, as well as 

insurance payer were included. Insurance payer lists the expected primary payer for the 

hospital admission and includes Medicare, Medicaid, private, self-pay, or Other. Dual 

eligible Medicare/Medicaid patients are included in the “Medicare” category.

Statistical Analysis

R Version 4.0.0 was used for all analyses. We report descriptive statistics using means 

(standard deviation [SD]) and medians (interquartile range [IQR]) for normally and non-
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normally distributed continuous variables, respectively. Discrete variables are reported using 

counts (percentage [%]). Missing data was not imputed. Unadjusted comparisons involving 

categorical and continuous variables were performed using Chi-square and unpaired t 

tests, respectively. We used right-censored survival analysis to determine the incidence 

of PISE. Patients were censored after the first admission or ED visit for epilepsy or 

seizures, at the time of an in-hospital death during follow-up, or at the end of the 

follow-up period. We used the log-rank test to check for differences in the probability 

of PISE revisits between groups. Unadjusted and adjusted Cox proportional hazards 

regression was used to determine the association between covariates and the development 

of epilepsy. Visual inspection of Kaplan-Meier curves was used to confirm the proportional 

hazards assumption. Multivariable models were built by selecting covariates with p<0.1 in 

univariable analyses and forcing universal confounders age and sex into the model.

In a sensitivity analysis, we compared the rate of PISE-related revisits between patients who 

received acute stroke interventions to age and sex matched patients who received neither 

IV-tPA nor MT. Patients were matched in a 1:1 ratio.

Data Availability

The study was completed using publicly available data provided by the Healthcare Cost and 

Utilization Project, as described above. Information about acquiring the data can be found at 

https://hcup-us.ahrq.gov/.

RESULTS

Study Population

We identified 595,545 survivors of index ischemic stroke without prior history of epilepsy 

or risk factors for seizure development (Figure 1). The median age of included patients was 

74 years (interquartile range [IQR] 62–83), and 52% were female (Table 1). Patients were 

followed for a median time of 4.66 years (IQR 2.50–6.83 years).

During the follow-up period, 11,471 ischemic stroke survivors (1.93%) were readmitted 

to the hospital or presented to the emergency room with seizures, which we classified 

as PISE. The median time to seizure visit was 11.47 months (IQR 5.88–21.06 months). 

Among patients included in the study, the 6-year cumulative risk for revisit for PISE was 

2.20% (95% confidence interval [CI] 2.16–2.24). PISE was more common in patients who 

were younger (mean age 67 vs. 71 years, p<0.001) and patients who had more pre-existing 

comorbidities, including AF (18 vs. 17%, p=0.03), HTN (52 vs. 50%, p<0.001), and DM 

(29 vs. 27%, p<0.001). The 6-year cumulative rate of PISE-related revisit in California, 

where ED data were available, was 2.74% (95% CI 2.66–2.82), compared to 1.96% (95% CI 

1.89–2.02) in Florida New York and 1.97% (95% CI 1.91–2.04) in New York, where only 

seizures that led to hospital admissions were captured (Figure 2).

Acute Stroke Treatment

In our study population, 22,818 patients (3.8%) received IV-tPA alone, 802 (0.1%) 

underwent mechanical thrombectomy (MT) alone, and 1,139 (0.2%) received both IV-tPA 

Kuohn et al. Page 5

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://hcup-us.ahrq.gov/


and MT. The 6-year cumulative rate of PISE after receiving IV-tPA was 3.20% (95% 

CI 2.94–3.45), compared to 4.11% (95% CI 2.52–5.67) after MT, 4.27% (95% CI 2.71–

5.81) after both IV-tPA and MT, and 2.16% (95% CI 2.12–2.20) after neither treatment 

(Table 2, Figure 3). In unadjusted regression analyses, we found that patients who received 

IV-tPA (hazard ratio [HR] 1.50, 95% confidence interval [CI] 1.39–1.63, p<0.001) or who 

underwent MT (HR 1.86, 95% CI 1.86–2.38, p<0.001) were at greater risk for developing 

PISE (Figure 4) compared to patients who received neither treatment.

Stroke Severity

We assessed the impact of surrogate markers of stroke severity on the risk for hospital revisit 

for PISE. The 6-year cumulative risk for PISE-related revisit was 11.18% (95% CI 7.68–

14.54) in patients who underwent decompressive craniectomy compared to 2.20% (95% CI 

2.16–2.24) in patients who did not. Craniectomy was associated with the greatest increase 

in risk for PISE-related revisit (hazard ratio [HR] 5.51, 95% CI 4.01–7.58, p<0.001). We 

discovered a 1% increase in the risk for PISE-related revisit for each additional day of 

hospitalization for the index stroke (HR 1.01, 95% CI 1.01–1.01, p<0.001). Further, patients 

who required a tracheostomy experienced a 2-fold increase in odds of returning to the 

hospital with PISE (HR 1.89, 95% CI 1.65–2.16, p<0.001).

Multivariable Analysis

In adjusted Cox proportional hazards regression models, we tested the association between 

acute stroke therapies and revisits for PISE while accounting for baseline demographics, 

comorbidities, and characteristics of the index hospitalization (Figure 4). IV-tPA was 

associated with a 42% increase in the odds of PISE-related revisit (HR 1.42, 95% CI 1.31–

1.54, p<0.001, Figure 3). We did not find an association between MT and PISE (HR 1.62, 

95% CI 0.90–1.50, p=0.2) in the adjusted model. The strongest predictors for PISE-related 

revisits were decompressive craniectomy (HR 2.35, 95% CI 1.69–3.26, p<0.001) and acute 

seizures during the index hospital admission (HR 4.06, 95% CI 3.76–4.39, p<0.001). In the 

absence of acute seizures, the use of EEG during the index hospitalization still predicted 

revisits for PISE during follow-up (HR 1.55, 95% CI 1.35–1.77, p<0.001). Race, AF, HTN, 

DM, CKD, and drug and alcohol use were also associated with PISE-related revisits.

We used exploratory model building to determine which covariates explained the lack of 

association between MT and PISE in adjusted analyses. In a multivariable model that 

included all covariates listed in Figure 4, but specifically excluded AF and markers of stroke 

severity (craniectomy, tracheostomy and PEG placement, and length of stay) we did observe 

a significant correlation between MT and PISE (HR 1.40, 95% CI 1.09–1.81, p=0.009). 

When AF and severity markers were added to the model, the correlation between MT and 

PISE did not persist.

Sensitivity Analysis

In a sensitivity analysis, where we compared ischemic stroke patients who received IV-tPA 

to age- and sex-matched stroke controls who received neither IV-tPA nor MT, the association 

between IV-tPA and PISE persisted. The 6-year cumulative rate of PISE-related revisit in the 
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control cohort was 2.22% (95% CI 2.01–2.42), while a rate of 3.22% (95% CI 2.96–3.47) 

was found in the IV-tPA group.

DISCUSSION

In this longitudinal, state-wide analysis, we found that the use of IV-tPA, but not MT, 

was an independent risk factor for hospital revisits for PISE. There was an increase 

in risk for revisits for PISE among stroke survivors who received IV-tPA even after 

adjustment for demographic factors and indicators of stroke severity. MT was associated 

with PISE in unadjusted models, but the association did not persist in adjusted analyses. 

Neurosurgical intervention with decompressive craniectomy and acute seizures during the 

index hospitalization were most strongly predictive of PISE-related revisits. We followed 

patients for a median of nearly 5 years. While other explanations for the development of 

epilepsy could arise in this period, there are known latencies between brain injury and 

development of PISE that warrant longitudinal follow-up.25 Our results support an elevated 

risk for PISE hospital revisits after ischemic strokes treated with IV-tPA.

Our analysis identified an elevated rate of hospital revisits for PISE in patients who were 

treated with IV-tPA. Mixed results from prior studies have made the relationship between 

IV-tPA and PISE difficult to clarify. Some studies report no differences in the rate of PISE 

among patients who did vs. did not receive IV-tPA,12 while others report a significantly 

increased risk for PISE after IV-tPA that is not explained by stroke severity or baseline 

comorbidities.14 Even further, one study identified a decreased risk for seizures after 

IV-tPA treatment.26 Among disparate findings, our results add evidence for a small but 

statistically significant relationship between ischemic strokes treated with IV-tPA and PISE. 

We utilized a population-sized sample of demographically and clinically diverse ischemic 

stroke survivors, who were free of pre-existing risk factors for epilepsy development, to 

show that treatment with IV-tPA correlates with PISE. In an age- and sex-matched sensitivity 

analysis, the association persisted. It is possible that this relationship is confounded by 

clinical predictors that we were unable to assess in our data.

Stroke patients who require treatment with IV-tPA may have larger and more debilitating 

strokes or may survive with greater volume of partially infarcted tissue than their 

counterparts. IV-tPA also increases the risk for hemorrhagic conversion, which, even if 

minor, significantly increases the risk for PISE.27 Our findings nonetheless provide strong 

evidence that increased vigilance for new-onset seizures is warranted in stroke survivors 

treated with IV-tPA.

In contrast, our results did not support an association between MT and PISE. Like IV-tPA, 

the relationship between endovascular therapies and PISE has not been clear. Only one 

study identified an independent association between MT and post-stroke seizures,14 while 

other positive studies found that the association depended upon infarct size and occurrence 

of hemorrhagic transformation.28,29 These findings fit more closely with our results. We 

found that MT correlated with PISE in univariable analyses, but after adjustment for baseline 

characteristics, other acute stroke therapies, and indicators of stroke severity, the association 

did not persist. However, we were unable to assess specific aspects of the intervention 
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that may affect the risk for PISE, such as degree of recanalization success, hemorrhagic 

transformation, or thrombectomy-related subarachnoid hemorrhage. Additionally, we were 

limited to data through 2014. Results from trials demonstrating the efficacy of MT for 

acute stroke treatment were not released until 2015,30 after which MT became both more 

successful and widely used. Future studies including data from 2015 onwards will be pivotal 

in identifying or discrediting a potential link between MT and PISE. Patients who underwent 

MT in our study cohort likely had large stroke syndromes and potentially low rates of 

successful recanalization. Thus, studies from 2015 onwards are needed to fully understand 

the association between MT and PISE. It is possible that treatment with MT only correlates 

with PISE when recanalization is unsuccessful. If true, this may indicate that the risk for 

seizures is confounded by extensive ischemic injury caused by large vessel occlusions and, 

as our results support, is not due to an independent epileptogenic effect of MT. Further, 

hemorrhagic transformation is a known predictor of PISE and occurs in up to 11% of 

ischemic strokes treated with MT.31 The risk for hemorrhagic transformation after MT may 

in part explain the association between MT and PISE seen in our univariable analyses. 

However, we were unable to address this in our dataset given that ICD-9-CM codes cannot 

be reliably used to identify hemorrhagic transformation.32 Future studies with neuroimaging 

data would help clarify whether infarct size and hemorrhagic transformation, even if minor, 

are independent predictors of PISE-related revisits in patients treated with MT. Lastly, 

reperfusion syndrome, caused by sudden cerebral reperfusion and characterized by early 

seizures, is one plausible way by which MT predisposes patients to PISE.33,14 But this 

mechanism again relies on an intermediary, in this case early seizures, to establish a greater 

risk for PISE. Correspondingly, in our adjusted analyses accounting for the occurrence of 

in-hospital seizures, MT did not correlate with revisits for PISE.

In our exploratory, multivariable model, we discovered that the association between MT 

and PISE was lost specifically when pre-existing AF and indicators of stroke severity 

were included as covariates. AF is a known risk factor for large vessel occlusions, 

a stroke type that commonly requires intervention with MT.34,35 As well, strokes of 

cardioembolic etiology are more likely to produce cortically distributed infarcts, which 

have been shown to increase the risk for PISE.36,37 Thus, AF, as a marker of large vessel 

occlusions and cortical involvement that may necessitate intervention with MT, may in part 

explain the increase in risk for PISE after MT. Similarly, increasing stroke severity despite 

attempted intervention may also explain our findings. It is possible that strokes requiring 

decompressive craniectomy represent instances of unsuccessful MT. The risk for PISE in 

patients who underwent MT but still required craniectomies, tracheostomy/PEG placements, 

or extended hospital stays is likely more closely related to the volume and severity of 

the stroke than to the MT intervention. We were unable to assess the recanalization 

rate following MT in this dataset, which may also explain the lack of significance in 

the multivariable model. Based on our exploratory analysis, we hypothesize that AF and 

increasing stroke severity, which overlap with unsuccessful MT, are stronger predictors 

of PISE than undergoing MT without stratification of success rates. Further studies with 

detailed clinical and imaging data are needed to confirm this hypothesis.

Treatment with decompressive craniectomy imparted a significantly increased risk for 

returning to the hospital with PISE. The rate of PISE in patients undergoing craniectomy 
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for malignant infarction has been estimated between 45 and 55%.38,39 We identified a rate 

of hospital revisit of 11.18%, indicating that a strong association between neurosurgical 

interventions and development of PISE is supported. The risk for PISE associated with 

craniectomy is likely due to underlying stroke severity, rather than the procedure itself. 

Additional research is needed to clarify the factors underlying the risk of PISE after 

craniectomy.40

The greatest risk for PISE-related revisit occurred in patients who experienced in-hospital 

seizures, aligning with the known risk for post-stroke epilepsy after early seizures and 

status epilepticus.41,42 Interestingly, we also found that patients who did not experience 

acute seizures but underwent EEG also faced an elevated risk for epilepsy. It is possible 

that patients who required EEG without experiencing an event characterized or coded as 

seizures may have still shown other abnormal EEG patterns, such as periodic epileptiform 

discharges, a biomarker associated with the development of electrographic seizures. This 

would support prior evidence provided that periodic discharges that do not meet seizure 

criteria are a significant independent risk factor for the development of epilepsy later on.43,44 

The presence of an early neurophysiological risk factor for PISE indicates that broader use 

of continuous or extended EEG monitoring after stroke may be necessary. Ongoing research 

to identify which patients require extended EEG monitoring will be crucial for identifying 

those at high risk for PISE and eventually preventing its development.43

There are limitations to this study. First, we were unable to account for infarct size, stroke 

location, or hemorrhagic transformation in our models, which are known risk factors for the 

development of PISE. Thus, it is possible that the observed associations were confounded 

by stroke severity, degree of cortical involvement, or hemorrhagic transformation of the 

index stroke. We demonstrate a robust correlation between IV-tPA use and PISE while 

understanding that the mechanistic association is not yet clear. Second, the use of ICD-9-CM 

codes to identify our initial study cohort and outcomes measures may be flawed. It is 

possible that hospital admissions were incorrectly attributed to ischemic stroke or seizure 

events. To attempt to mediate this, we used only previously validated ICD-9-CM codes. 

Also, due to inherent limitations of claims data, we focused only on PISE events that led 

to hospital revisits and were unable to quantify those who were treated in the outpatient 

setting. Additionally, we were only able to assess seizure revisits in the ED setting in 

California and therefore missed seizure events that occurred in the ED in New York or 

Florida, unless they led to admission. This limitation is reflected in a slightly higher risk 

observed in California compared to New York and Florida. Also, given that our outcome 

relies on readmissions, PISE would not have been detected until after discharge in the small 

proportion of patients (<2%) with an index length of stay longer than 30 days. Lastly, 

claims data lacks information on prescription medications, rendering us unable to evaluate 

the effect of prior and post-discharge medications on the risk of PISE. Future studies of 

stroke survivors that may clarify the mechanism of the correlation between administration 

of IV-tPA and improving mechanical thrombectomy procedures are warranted. Studies that 

account for stroke severity, infarct location, hemosiderin deposition, early EEG findings, and 

medication usage will be crucial.
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In conclusion, treatment with IV-tPA was an independent risk factor for hospital revisits 

for PISE. Patients treated with MT experienced higher rates of PISE although MT was 

not independently associated with PISE after controlling for AF and severity markers. 

Decompressive craniectomy and the need for EEG were also independent predictors of 

PISE-related revisits, as were in-hospital seizures during the index admission. Further 

investigation is needed to clarify the impact of acute stroke care on PISE while carefully 

accounting for clinical and neuroimaging stroke characteristics.
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Highlights:

• Use of IV-tPA was associated with hospital revisit for PISE when adjusting 

for demographics, comorbidities, and characteristics of the index stroke 

admission.

• There was no independent association between MT and PISE-related revisits 

in adjusted models.

• Decompressive craniectomy was associated with more than a 2-fold increase 

in the risk for revisit for PISE.

• The occurrence of in-hospital seizures correlated most closely with long-term 

revisits for PISE.
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Figure 1. 
Summary of the application of study inclusion/exclusion criteria across the included 

datasets. The study cohort was identified from the State Inpatient Datasets from California 

(2005–2010), New York (2005–2013), and Florida (2005–2013). First-time stroke survivors 

without pre-existing risk factors for the development of epilepsy (n=595,545) were followed 

longitudinally for the development of PISE. Abbreviations: AIS, acute ischemic stroke; ICH, 

intracerebral hemorrhage; SAH, subarachnoid hemorrhage.
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Figure 2. 
Kaplan-Meier curves demonstrating the cumulative risk for revisits for PISE separated 

by state – California, Florida, and New York. Shown are the results of the longitudinal 

analysis of ischemic stroke survivors who were followed for post-stroke seizure events in 

each included state. More revisits for PISE were captured in California, where emergency 

department data were available. P-value for the log-rank test indicates a significant 

difference in cumulative rate of PISE between groups. Abbreviations: PISE, post-ischemic 

stroke epilepsy.

Kuohn et al. Page 15

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Kaplan-Meier curves demonstrating the cumulative risk for PISE-related revisits separated 

by treatment exposure at index stroke – IV-tPA, MT, both treatments, and neither treatment. 

Shown are the results of the longitudinal analysis of ischemic stroke survivors who were 

followed for post-stroke seizure events. Patients who received IV-tPA, underwent MT, or 

received both treatments were at increased risk for hospital revisit for PISE. P-value for 

the log-rank test indicates a significant difference in cumulative rate of PISE between 

groups. Abbreviations: IV-tPA, intravenous alteplase; MT, mechanical thrombectomy; PISE, 

post-ischemic stroke epilepsy.
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Figure 4. 
Adjusted Cox proportional hazards regression model evaluating the association between 

baseline patient characteristics, stroke interventions, and attributes of the index 

hospitalization with hospital revisits for PISE. The estimated hazard ratio for each covariate 

is plotted on the X-axis and listed in the adjacent table. Error bars represent 95% confidence 

intervals. The vertical red line indicates a hazard ratio of 1. EEG refers to patients who 

underwent EEG but did not experience acute seizures during the index hospitalization. 

The 6-year cumulative rate of PISE-related revisit in patients with vs. without each binary 

covariate is listed in the last two columns of the table to clarify the impact of each covariate 

on the risk for PISE-related revisit. Abbreviations: CI, confidence interval; HR, hazard ratio; 

PISE, post-ischemic stroke epilepsy.
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Table 1.

Baseline characteristics of included subjects separated by patients who did vs. did not return to the hospital 

with PISE.

Variable Without PISE
N=584,047

With PISE
N=11,471

p

Age (years), mean [SD) 71 [14] 67 [15] <0.001

Female, n (%) 305,385 (52) 5,932 (52) 0.2

Race, n (%) <0.001

 White 368,696 (64) 6,206 (55)

 Black 87,914 (15) 2,661 (24)

 Hispanic 71,463 (13) 1,579 (14)

 Asian 24,354 (4) 375 (3)

 Other 20,106 (4) 373 (3)

Insurance Payer, n (%) <0.001

 Medicare 394,937 (68) 7,060 (62)

 Medicaid 49,623 (9) 1,530 (13)

 Private Insurance 100,879 (17) 2,108 (18)

Comorbidities, n (%)

 AF 99,331 (17) 2,039 (18) 0.03

 HTN 300,829 (52) 5,719 (50) <0.001

 HLD 219,696 (38) 4,033 (35) <0.001

 DM 157,279 (27) 3,287 (29) <0.001

 CKD 58,769 (10) 1,233 (11) 0.02

 Smoking 12,564 (2) 507 (4) <0.001

 Drug use 22,495 (4) 683 (6) <0.001

 Alcohol use 99,331 (17) 2,039 (18) 0.03

Hospital Course, n (%)

 IV-tPA 23,296 (4) 661 (6) <0.001

 MT 1,878 (0.3) 63 (0.5) <0.001

 Craniectomy 700 (0.1) 77 (0.7) <0.001

 EEG 7,840 (1) 268 (2) <0.001

 Tracheostomy 6,741 (1) 220 (2) <0.001

 PEG 30,054 (5) 1,009 (9) <0.001

 LOS (days), mean [SD] 7 [9] 9 [13] <0.001
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Table 2.

Cumulative rates of revisits for PISE among patients treated with acute stroke therapies.

All Patients IV-tPA MT Both IV-tPA and MT Neither

N = 595,545 N = 22,818 N = 802 N = 1,139 N = 570,786

Risk At risk Events Rate 
(%)

At 
risk Events Rate 

(%)
At 

risk Events Rate 
(%)

At 
risk Events Rate 

(%) At risk Events Rate 
(%)

1-Year 
Risk 560,568 5,969 1.03 21,566 342 1.55 737 14 1.84 1,054 18 1.66 537,211 5,595 1.02

6-Year 
Cumulative 
Risk

214,464 5,500 2.20 6,165 283 3.20 87 13 4.11 168 18 4.27 208,044 5,186 2.16

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2023 January 01.


	Abstract
	INTRODUCTION
	METHODS
	Study Design
	Subjects
	Outcome
	Covariates
	Statistical Analysis
	Data Availability

	RESULTS
	Study Population
	Acute Stroke Treatment
	Stroke Severity
	Multivariable Analysis
	Sensitivity Analysis

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.
	Table 2.

