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1  |  INTRODUC TION

Epilepsy is a common neurological disorder caused by multiple fac-
tors.1,2 Stroke is one of the most common causes of unprovoked 
seizures and thus epilepsy in the elderly population.3 Acute symp-
tomatic seizures (formerly also termed “early seizures”) occur within 

7 days after stroke and unprovoked seizures (formerly also termed 
“late seizures”) thereafter.4 The occurrence of at least one unpro-
voked seizure is required for a clinical diagnosis of epilepsy.5,6

Depending on the type of cerebrovascular disease, 8– 15% of pa-
tients with stroke may develop poststroke epilepsy (PSE),7- 9 which 
has a negative impact on stroke prognosis and quality of life.2 Risk 
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factors for unprovoked seizures and epilepsy following stroke may 
include younger age, greater stroke severity, involvement of middle 
cerebral artery territory, hemorrhagic stroke, and acute symptom-
atic seizures.10- 13

There is no consensus on how to best treat patients with PSE.14 
Representative data for the treatment of PSE in Germany, particu-
larly AED treatment, are limited. The objectives of this study were to 
describe the incidence and risk factors of PSE in Germany based on 
claims data, and to describe outpatient treatment of PSE.

2  |  METHODS

2.1  |  Overall study design

This retrospective study was based on statutory claims data from 
AOK PLUS, a German public sickness fund insuring about 3.2 mil-
lion persons in the states of Saxony and Thuringia. The database 
contains anonymized patient- level data including demographics, in-
patient care (excluding medication), outpatient care, and outpatient 
medication. This study was conducted in accordance with the ethi-
cal principles of the Declaration of Helsinki and was consistent with 
Good Epidemiology Practices and applicable regulatory require-
ments. Because of the noninterventional nature of the study, which 
analyzed a retrospective anonymized data set only, no ethical vote 
was needed.

The study period was from 01 January, 2010 to 31 December, 
2016 (Figure 1A). Patients who had at least one hospitalization 

with a main diagnosis of acute stroke (International Classification 
of Diseases [ICD]- 10 I60/I61/I62/I63/I64.- ; subarachnoid hemor-
rhage, intracerebral hemorrhage, other nontraumatic intracranial 
hemorrhage, cerebral infarction, and stroke not specified as hem-
orrhage or infarction) were included. The index date was defined as 
the date of first observed acute stroke hospitalization. To allow for a 
baseline period of 12 months before and a follow- up time of at least 
12 months after index (a shorter follow- up was permitted in case of 
death), patients with acute stroke between 01 January, 2011 and 31 
December, 2015 were eligible for the analyses (Figure 1B). Eligible 
patients had continuous AOK PLUS insurance throughout the fol-
low- up period, which started at index and lasted until the end of data 
availability (31 December, 2016) or death. Patients with stroke or an 
inpatient/outpatient ICD- 10 G40.-  claim 12 months before the first 
observed stroke hospitalization were excluded.

A seizure claim was defined as at least one ICD- 10 G40.-  claim 
during/after index stroke hospitalization. Seizure claims data do not 
always indicate a clinical diagnosis of epilepsy; for example, patients 
may have had acute symptomatic seizures following stroke but may 
not have developed epilepsy. Seizure claims during index hospital-
izations were considered indicative of patients with acute symptom-
atic seizures, whereas claims after index hospitalization (or multiple 
claims) were considered indicative of unprovoked seizures/PSE. 
However, there remains a degree of uncertainty as the exact dates 
when seizures occurred were unknown (acute symptomatic seizures 
are defined as seizures occurring within 7 days of stroke, and unpro-
voked seizures are defined as those occurring after 7 days). ICD- 10 
R56.8 (other and unspecified convulsions) claims were not analyzed, 

F I G U R E  1  (A) Study design; (B) patient sample. Cohorts A1- 3 are not mutually exclusive. aExcept patients who died in <12 months, who 
were still included
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since this code is not specific to epileptic seizures and would not 
generally be used for acute symptomatic or unprovoked seizures in 
Germany.

2.2  |  Study cohorts

The main cohort (Cohort A) comprised all eligible patients with 
acute stroke who had at least one seizure claim; Cohort B comprised 
those without seizure claims (Figure 1B). A subgroup of patients with 
an index stroke hospitalization between 01 January, 2011 and 31 
December, 2011 (follow- up period of 60– 72 months, or until death 
if sooner), was also analyzed (Cohort A- 1 [with seizure claim] and 
Cohort B- 1 [without seizure claim]), representing the patients with 
the longest follow- up times. A sensitivity analysis was performed 
in a subgroup of patients with at least two seizure claims (during 
or after index hospitalization) (Cohort A- 2). Analyses were also per-
formed in patients with at least one seizure claim during index stroke 
hospitalization (Cohort A- 3).

2.3  |  Outcomes

We reported the following outcomes: incidence of PSE, patient 
characteristics, time from stroke to seizure claim, risk factors for 
seizure claim after index stroke hospitalization, mortality, and risk 
factors for death after index stroke hospitalization, neuropsychiatric 
comorbidities at baseline and follow- up, and treatment of patients 
with seizure claims.

Incidence of PSE was calculated from the number of eligible 
stroke patients in the sickness fund (cases per 1000 patient- years) 
within the first 90/180/365 days of follow- up and over the total fol-
low- up period, and was defined as patients with ≥2 seizure claims 
(during/after index hospitalization), or ≥1 seizure claim after index 
hospitalization. Patients who had only one seizure claim during the 
index hospitalization and no further seizure claims were excluded, 
since these patients may have had an acute symptomatic seizure but 
did not develop epilepsy. Reported patient characteristics included 
age, sex, and Charlson Comorbidity Index (CCI),15 and description of 
the index hospitalization (type of stroke [by ICD- 10], length of stay, 
and complexity of stroke treatment). Stroke treatment complex-
ity was based on German inpatient diagnosis- related group (DRG) 
codes, which are based on several parameters including main diag-
nosis, codiagnoses, procedures, complications, and length of hospi-
tal stay. The codes reflect treatment expenditure, which decreases 
from A to H.

Kaplan- Meier analysis of time from beginning of the index stroke 
hospitalization to first seizure claim was used to estimate the risk 
of seizure claim at specified time points; patients were censored at 
death and end of observation period. Multivariate Cox- regression 
analysis of time from index stroke hospitalization discharge to first 
post- index hospitalization seizure claim was performed to identify 
factors associated with PSE. Similarly, a multivariate Cox- regression 

analysis was performed to identify factors associated with early 
death. Both analyses were performed by stepwise backward elim-
ination of independent variables (p >.1), including sex, age, baseline 
CCI, seizure claim during index hospitalization (yes/no), number of 
all- cause hospitalizations during the baseline period, length of index 
hospital stay (days), type of stroke, and complexity of stroke treat-
ment. For the analysis of early death, seizure claim during index 
hospitalization was considered as a time- dependent variable. For 
analysis of time to first seizure claim after index hospitalization dis-
charge, patients were censored at death or end of observation. For 
analysis of time to death after stroke, patients were censored at end 
of observation.

Treatment outcomes included details of initial seizure claim and 
AED treatment during the follow- up period. The first AED regimen 
recorded in the database was considered to be the first- line treat-
ment. If the patient had claims for different AEDs on the same day, 
this was assumed to be combination therapy. Addition of an AED (to 
monotherapy or combination therapy), withdrawal of an AED (from 
combination therapy), or switch of one or more AEDs all constituted 
second- line treatment.

Statistical tests were performed using Stata 14 statistical soft-
ware. As this was a descriptive study, no assessment of required 
sample size was performed. Due to the retrospective nature of the 
study, all statistical tests and presented P- values were exploratory; 
no multiple testing was done. For categorical variables, statistical 
comparisons to assess differences between groups were conducted 
using either Chi- square tests or Fisher's exact test (when the values 
in any of the cells of a contingency table were below 5). For contin-
uous variables, statistical comparisons were conducted using t tests 
for variables with a normal distribution in the case of two- sample 
comparison groups and one- way analysis of variance in the case of 
multisample comparison groups; Wilcoxon rank sum (nonparamet-
ric) tests were used for variables with skewed distribution.

3  |  RESULTS

3.1  |  Incidence of poststroke epilepsy and 
characteristics of patients with and without seizure 
claims

Overall, 58 007 patients in the AOK PLUS database had at least 
one inpatient stroke diagnosis between 01 January, 2011 and 31 
December, 2015, of whom, 53 883 patients were eligible for the 
analyses, with a mean follow- up period of 829.05 days (median 
749 days, Figure 1B).

Overall, 6054 of 53 883 (11.24%) patients with acute stroke had 
at least one seizure claim (Cohort A, Figure 1). 826 of 53 883 (1.53%) 
eligible patients had only one seizure claim (during index hospital-
ization) and no further seizure claims and were excluded from the 
analysis of incidence of PSE. The incidence of PSE (cases/1000 
patient- years) was 190.82 within 90 days after stroke, 135.42 within 
180 days, 94.49 within 1 year, and 46.97 within the total follow- up 
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period. Incidences of PSE were similar in both sexes (within 
total follow- up period: 45.87 [men], 47.96 [women] cases/1000 
patient- years).

The mean (SD) age at index date was 73.95 (12.89) years in pa-
tients with at least one seizure claim (Cohort A) and 76.48 (12.41) 
years in those without (Cohort B, p <.001, Table 1). Cerebral in-
farction was the most common stroke type at index hospitaliza-
tion among patients with and without seizure claims (Table 1). 
Hemorrhagic stroke at index was more common in patients with a 
seizure claim. The median length of index hospitalization associated 
with stroke was 12 days in patients with a seizure claim, and 9 days in 
patients without (Table 1). During the 12- month baseline period, the 
most common comorbidities in patients with and without a seizure 
claim were essential hypertension, disorders of lipoprotein metab-
olism (and other lipidemias), and type 2 diabetes mellitus (Table S1). 
Agents acting on the renin- angiotensin system were the most com-
monly prescribed non- AED medications at baseline (Table S1).

Of the patients with seizure claim (Cohort A, N = 6054), 1450 
had their index stroke hospitalization in 2011 (Cohort A- 1), 4178 
(69.01%) had at least one further seizure claim (Cohort A- 2), and 
2130 had at least one seizure claim during index stroke hospital-
ization (Cohort A- 3). Patient characteristics (demographics, type of 
stroke, and length of hospital stay) were generally similar in each of 
these cohorts (Table 1).

3.2  |  Time to first epilepsy claim

In all eligible patients with acute stroke (N = 53 883), the Kaplan- 
Meier estimated proportion of patients without seizure claims from 
beginning of the index stroke hospitalization was 94.36% (95% CI: 
94.16– 94.56) at 90 days, 92.66% (95% CI: 92.42– 92.89) at 180 days, 
90.38% (95% CI: 90.11– 90.65) at 1 year, and 87.79% (95% CI: 87.48– 
88.10) at 2 years (Figure S1).

Among patients with a seizure claim (Cohort A, N = 6054), 2130 
(35.18%) had their first claim during index hospitalization and 3924 
(64.82%) after discharge. 2384 of 6054 (39.38%) patients had their 
first seizure claim within 1 year of discharge and 1540 (25.44%) 
thereafter. In patients with a seizure claim during index hospitaliza-
tion (Cohort A- 3), 61.55% (1311 of 2130) had a second claim fol-
lowing discharge. Of the patients who had their first seizure claim 
following hospital discharge, 1250 of 3924 (31.86%) received their 
first claim from a general practitioner, and 542 of 3924 (13.81%) 
from a neurologist.

In patients with index stroke hospitalization in 2011 (N = 11 
527), 1450 had seizure claims (Cohort A- 1). In these patients, 425 
(29.31%) had their first claim during index hospitalization and 1025 
(70.69%) after discharge. The Kaplan- Meier estimated proportion of 
patients without seizure claims was 94.55% (95% CI: 94.11– 94.97) at 
90 days, 92.53% (95% CI: 92.00– 93.03) at 180 days, 90.15% (95% CI: 
89.53– 90.73) at 1 year, and 87.53% (95% CI: 86.83– 88.20) at 2 years 
(Figure S2).

3.3  |  Risk factors for poststroke epilepsy claims

Multivariate Cox- regression analysis in all patients with stroke 
(N = 53 883) showed that hemorrhagic stroke (HR = 1.13, 95% CI: 
1.06– 1.21; p <.001) was associated with a higher risk of seizure 
claim following hospital discharge than cerebral infarction (Table 2). 
Furthermore, a seizure claim during index hospitalization was a sig-
nificant risk factor for a seizure claim after discharge (HR = 6.97; 95% 
CI: 6.53– 7.43; p <.001). Age (HR = 0.99; 95% CI: 0.99– 0.99; p <.001) 
and length of index hospitalization (HR = 1.02; 95% CI: 1.02– 1.02; 
p <.001) were also associated with risk of seizure claim after hospi-
tal discharge. Sex, CCI, number of all- cause hospitalizations during 
baseline, and stroke treatment complexity were not significantly as-
sociated with risk of seizure claims after index hospitalization.

3.4  |  Mortality following stroke

During follow- up, mortality rate (deaths/1000 patient- years) was 
187.0 in patients with seizure claim (Cohort A, N = 6054), and 204.6 
in patients without (Cohort B, N = 47 829). The highest mortality rate 
was observed in patients with a seizure claim during index stroke 
hospitalization (Cohort A- 3, N = 2130; 318.9 deaths/1000 patient- 
years). In patients with index hospitalization in 2011, mortality rate 
was 168.6 in patients with seizure claims (Cohort A- 1) and 185.5 in 
patients without (Cohort B- 1).

Multivariate Cox- regression analysis in all patients with stroke 
(N = 53 883) showed that patients with hemorrhagic stroke had a 
significantly higher risk of early death after index hospitalization 
(HR = 1.72; 95% CI: 1.66– 1.78; p <.001) compared with those who 
had cerebral infarction (Table 3). Stroke not specified as hemorrhage 
or infarction was also associated with increased risk of mortality 
compared with cerebral infarction (HR = 1.26; 95% CI: 1.19– 1.34; 
p <.001). Patients with a seizure claim during index hospitalization 
had an increased risk of death after hospital discharge in comparison 
with patients who had no seizure claims during index hospitalization 
(HR = 1.78; 95% CI: 1.68– 1.89; p <.001). Age (HR = 1.07, 95% CI: 
1.07– 1.07), CCI at baseline (HR = 1.07, 95% CI: 1.06– 1.07), length 
of index hospitalization (HR = 0.99, 95% CI: 0.99– 0.99), and number 
of all- cause hospitalizations (HR = 1.09, 95% CI: 1.08– 1.10) during 
baseline were also associated with risk of death (p <.001 for all). 
Female sex was associated with decreased risk of death (HR = 0.97, 
95% CI: 0.95– 1.00; p =.047). Stroke treatment complexity was not 
significantly associated with risk of death.

3.5  |  Neuropsychiatric comorbidities

The most common neuropsychiatric comorbidities during the 12- 
month baseline period in patients who later had seizure claims 
(Cohort A), as well as those who did not (Cohort B), were anxiety, 
dissociative and somatoform disorders, and depression (Table 4). 
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During 12- months of follow- up, depression (p <.001) was more com-
mon in patients with than without seizure claims (Table 4).

3.6  |  Outpatient AED treatment

In the first year of follow- up, 4465 of 6054 (73.75%) patients with 
a seizure claim (Cohort A) received AED treatment; no AED treat-
ment was recorded in the remaining 1589 (26.25%) patients of 
whom 1052 (66.21%) died during follow- up. The most commonly 
prescribed AEDs (prescribed in ≥5% of patients) were levetiracetam, 
valproic acid, gabapentin, lamotrigine, and pregabalin (Figure 2A). 
Most patients (73.73% [3292 of 4465]) who received AED treatment 
in the first year of follow- up remained on first- line therapy. Of 1173 
patients with a second- line treatment, 711 (60.61%) remained on 
that therapy. In the second year of follow- up, 3024 (64.57%) surviv-
ing patients (N = 4683; patients who did not die before the start of 
the second observational year) received AED treatment (Figure 2B); 
2292 (48.94%) patients had more than two AED prescriptions 

(Figure 2C). In patients with at least one seizure claim during index 
hospitalization (Cohort A- 3), 1278 of 2130 (60.00%) received AED 
treatment in the first year of follow- up. In the second year of follow-
 up, 612 (49.80%) patients surviving into the second observational 
year (N = 1229) had more than two AED prescriptions.

4  |  DISCUSSION

The results of this large retrospective claims database analysis with 
a median follow- up of nearly 2.5 years showed that a substantial 
proportion of patients (11.24%) with acute stroke and no previous 
epilepsy diagnosis had at least one seizure claim during/after stroke 
hospitalization. A seizure claim does not necessarily indicate an 
epilepsy diagnosis, as patients may have had an acute symptomatic 

TA B L E  2  Multivariate Cox- regression analysis of seizure claim 
after index stroke hospitalization: all patients with acute stroke 
(N = 53 883)

Variables Hazard ratio (95% CI)
p- 
value

Age at strokea  0.99 (0.99– 0.99) <.001

Sexb 

Female 1.06 (1.00– 1.12) .058

Type of strokec 

Hemorrhaged  (ICD−10 
Code: ICD−10 I60.- /
I61.- /I62.- .)

1.13 (1.06– 1.21) <.001

Not specified as 
hemorrhage or 
infarction (ICD−10 
code: I64.- .)

0.88 (0.75– 1.04) .146

Length of index 
hospitalizationa 

1.02 (1.02– 1.02) <.001

Seizure claim during index 
hospitalizatione 

6.97 (6.53– 7.43) <.001

Patients were censored at death or end of observation. Number of 
patients with at least one seizure claim after index hospitalization: 
5228.
CCI, number of all- cause hospitalizations during baseline, and 
complexity of stroke treatment (based on DRG codes) did not 
show significant impact on time to first seizure claim after index 
hospitalization and are therefore not included in the table.
Abbreviations: CCI, Charlson Comorbidity Index; ICD- 10, International 
classification of diseases, 10th revision.
a Analyzed as a continuous variable. 
b Reference: male. 
c Reference: cerebral infarction (ICD- 10 code: I63.- ). 
dSubarachnoid, intracerebral or nontraumatic intracranial. 
eReference: no seizure claim during index hospitalization (patients may 
have had a seizure claim after index hospitalization). 

TA B L E  3  Multivariate Cox- regression analysis of death after 
index stroke hospitalization: all patients with acute stroke (N = 53 
883)

Variables Hazard ratio (95% CI)
p- 
value

Age at strokea  1.07 (1.07– 1.07) <.001

Sexb 

Female 0.97 (0.95– 1.00) .047

Type of strokec 

Hemorrhaged  (ICD−10 
Code: ICD−10 I60.- /
I61.- /I62.- .)

1.72 (1.66– 1.78) <.001

Not specified as 
hemorrhage or 
infarction (ICD−10 
code: I64.- .)

1.26 (1.19– 1.34) <.001

CCI at baselinea  1.07 (1.06– 1.07) <.001

Length of index 
hospitalizationa 

0.99 (0.99– 0.99) <.001

Seizure claim during index 
hospitalization (included 
as a time- dependent 
variable)e 

1.78 (1.68– 1.89) <.001

Number of all- cause 
hospitalizations during 
baselinea 

1.09 (1.08– 1.10) <.001

Patients were censored at end of observation. Number of patient 
deaths: 24 257.
Complexity of stroke treatment (based on DRG codes) did not 
show significant impact on time to first seizure claim after index 
hospitalization and are therefore not included in the table.
CCI, Charlson Comorbidity Index; ICD- 10, International classification of 
diseases, 10th revision.
aAnalyzed as a continuous variable. 
bReference: male. 
cReference: cerebral infarction (ICD- 10 code: I63.- ). 
dSubarachnoid, intracerebral or nontraumatic intracranial. 
eReference: no seizure claim during index hospitalization (patients may 
have had a seizure claim after index hospitalization). 
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seizure following stroke without developing epilepsy. Of 6054 pa-
tients with a seizure claim (Cohort A), 69.01% had an additional sei-
zure claim (Cohort A- 2), indicating that these patients had developed 
epilepsy. The incidence of epilepsy following hospitalization for 
stroke (defined as patients with ≥2 seizure claims [during/after index 
hospitalization], or ≥1 seizure claim after index hospitalization) was 
94.49 cases/1000 patient- years within 1 year and 46.97 cases/1000 
patient- years over the total follow- up period.

A similar analysis of administrative claims using data from the 
United States7 found that 8– 15% of patients with stroke may de-
velop PSE, depending on the type of stroke. Analyses based on 
clinical data have shown comparable results.16- 18 A prospective 
multicenter study in 1897 patients with stroke (and no previous 
epilepsy) found that 8.9% of patients had at least one poststroke 
seizure (either acute symptomatic or unprovoked).16 The incidence 
of poststroke seizures was likely lower because of a shorter mean 
follow- up time (9 months vs approximately 31 months in the cur-
rent study). In a study of 421 patients with a mean observation 
period of 30 months, incidence of seizures after a cerebrovascular 
event (>80% stroke) was 11.6%.17 In a prospective German study 
of 1020 patients with stroke, 8.2% developed PSE within 2 years.18 
A retrospective study of 240 patients with a mean follow- up time 
of 868 days (median: 1062 days) found that 13 patients (5.4%) de-
veloped PSE (11 were diagnosed with epilepsy and two had patient 
records indicative of epilepsy).19 Incidence of PSE was estimated 
to be 23 cases/1000 patient- years. However, only patients with 
ischemic stroke were included in that study, which may have con-
tributed to the lower incidence of epilepsy.19

In our analysis, among all patients with a seizure claim, 35.18% 
received their first claim during index stroke hospitalization (Cohort 
A- 3) and 64.82% after hospital discharge. In all eligible patients with 
stroke, the Kaplan- Meier estimated proportion of patients without 
seizure claims from beginning of the index stroke hospitalization was 
90.38% at 1 year and 87.79% at 2 years. A seizure claim during index 
hospitalization was a risk factor for further claims, as demonstrated 
by Cox regression analysis and the high proportion of patients in 
Cohort A- 3 who had seizure claims after hospital discharge (61.55%). 
Previous studies have indicated that seizures occurring shortly after 
stroke may be a risk factor for developing epilepsy.10,12 A study in 
192 patients with stroke found that patients with acute symptomatic 
seizures had a 10- year recurrence risk for an unprovoked seizure of 
33.0%; patients with unprovoked seizures had a 71.5% recurrence 
risk.5 Since acute symptomatic seizures occur within 7 days of 
stroke,4 this may reflect pathophysiological changes in the first few 
days after stroke which are not apparent weeks later.20 It should be 
noted that the median length of hospital stay in the current study 
was more than 7 days; therefore, seizures occurring during stroke- 
associated hospitalizations were not necessarily acute symptomatic 
seizures.

Our results showed that hemorrhagic stroke at index was more 
common in patients with a subsequent seizure claim than in patients 
without. Furthermore, Cox regression analysis showed that patients 
with hemorrhagic stroke and seizure claim during index hospitaliza-
tion were at higher risk of seizure claim after index hospitalization 
discharge. This is in line with previous studies.11,13,16,17 Prospective 
studies in 1200 participants with ischemic stroke in Switzerland12 

TA B L E  4  Neuropsychiatric comorbidities at baseline and follow- up: all patients with acute stroke

Comorbidity, 
n (%)

12 months baseline 12 months follow- up

Cohort A:
Patients with seizure claim
(N = 6054)

Cohort B:
Patients without seizure claim
(N = 47 829)

Cohort A:
Patients with seizure claim
(N = 6054)

Cohort B:
Patients without seizure claim
(N = 47 829)

Anxiety, 
dissociative, 
and 
somatoform 
disorders

1098 (18.14) 8186 (17.12) 1198 (19.79) 8708 (18.21)

Depression 1044 (17.24) 7731 (16.16) 1877 (31.00) 10 893 (22.77)

Personality 
disorder

67 (1.11) 344 (0.72) 67 (1.11) 344 (0.72)

Schizophrenia 60 (0.99) 379 (0.79) 77 (1.27) 449 (0.94)

Psychoses 58 (0.96) 296 (0.62) 90 (1.49) 346 (0.72)

Bipolar disorder 40 (0.66) 214 (0.45) 53 (0.88) 240 (0.50)

Delusional 
disorders

29 (0.48) 189 (0.40) 39 (0.64) 212 (0.44)

Adjustment / 
disturbance 
of conduct 
disorder

28 (0.46) 205 (0.43) 39 (0.64) 235 (0.49)

Other psychiatric 
disorder

6 (0.10) 52 (0.11) 15 (0.25) 89 (0.19)
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and 1020 patients from Germany18 demonstrated that severity of 
stroke is a predictor of unprovoked seizures/PSE. In the current 
study, a direct assessment of stroke severity (such as the National 
Institutes of Health Stroke Scale) was not possible based on the 
available claims data. However, treatment complexity (based on 
DRG codes) had no significant impact on risk for seizure claim after 
index stroke hospitalization. Data on additional characteristics, such 
as location of lesion, were not available in the AOK Plus database.

We observed the highest mortality rate (318.9 deaths/1000 
patient- years) in the subgroup of patients with seizure claims during 
index hospitalization (Cohort A- 3). The mortality rate following 
stroke was 187.0 deaths/1000 patient- years in patients with seizure 

claims (Cohort A) and 204.6 in patients without (Cohort B). The 
lower mortality in patients with seizure claims may be due to sur-
vival bias, since patients need to survive for some time to develop 
PSE. We, therefore, performed a Cox regression analysis in which 
seizure claim during index hospitalization was included as a time- 
dependent variable to prevent survival bias. Results showed that a 
seizure claim during index stroke hospitalization was associated with 
a 1.78- fold higher risk of early death. These results are in agreement 
with previous research; a retrospective study in the United States5 
found higher 30- day mortality in patients with first acute symptom-
atic seizures (N = 262) compared with patients with a first unpro-
voked seizure (N = 148). Similarly, a study using data from Swedish 
national registries found that patients with PSE had an increased risk 
of death; however, the definition for PSE included ICD- 10 G41 (sta-
tus epilepticus) and R56.8 (other and unspecified convulsions) codes, 
in addition to the G40 (epilepsy) code used in this study.21

Analysis of neuropsychiatric comorbidities showed that the inci-
dence of depression during 12- month follow- up was slightly higher 
in patients with than without seizure claims, in line with data from 
previous studies.22- 24 Based on the literature, depression may be 
both a consequence of stroke and a marker for PSE.22- 24 Such rela-
tionships with epilepsy have been found for other neuropsychiatric 
comorbidities including anxiety and psychosis.22,24

The European Stroke Organization guidelines for the manage-
ment of poststroke seizures weakly recommend immediate AED 
treatment after an unprovoked seizure.25 In the absence of evidence 
from randomized controlled trials, this recommendation was based 
on an observational study which demonstrated a high risk of seizure 
recurrence following the first unprovoked seizure.5 In our study, 
the majority of patients with seizure claims received outpatient 
AED treatment, and remained on their first- line therapy. Treatment 
patterns were relatively stable across the first and second year of 
follow- up, and nearly half of patients received more than two AED 
prescriptions in the second year, indicating continuous treatment. A 
similar pattern was observed in patients with seizure claim during 
index hospitalization (Cohort A- 3); since the majority had a further 
claim after hospital discharge, many of these patients had likely de-
veloped epilepsy and therefore required AED treatment. A large 
Swedish study in patients initiating AED treatment between 2005 
and 2010 found that carbamazepine was the most commonly pre-
scribed AED,26 whereas the most commonly prescribed AED in our 
study was levetiracetam, similar to a smaller Swedish study19 using 
data from 2015. Nonenzyme- inducing AEDs such as levetiracetam 
are generally preferred for the treatment of patients with PSE, in 
order to minimize the potential for drug- drug interactions and exac-
erbation of vascular risk.27 Few trials have assessed the efficacy and 
safety of AEDs for the treatment of PSE.14 The limited available data 
have not shown any differences in efficacy between levetiracetam, 
lamotrigine, or controlled- release carbamazepine, though levetirac-
etam and lamotrigine appeared to have a better safety profile than 
controlled- release carbamazepine.14

Our study has several limitations. All data were based on inpa-
tient and outpatient claims from an administrative claims database; 

F I G U R E  2  Most common outpatient AED prescriptions during 
follow- up: all patients with acute stroke and seizure claim (Cohort 
A, N = 6054). (A) During first year of follow- up (AEDs prescribed 
in ≥1% of patients); (B) During second year of follow- up (AEDs 
prescribed in ≥0.5% of patients); a(C) Number of prescriptions and 
AEDs during the second year of follow- up.a Two or more AED 
prescriptions are indicative of continuous AED treatment. For 
continuous treatment in Germany, the medical prescription refill 
interval is typically 3 months. aAnalysis was based on a subsample 
of patients who did not die before start of second observational 
year after stroke (N = 4683). AED, antiepileptic drug
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no clinical data were available for confirmation of epilepsy diag-
noses. As mentioned previously, the exact dates when seizures 
occurred were unknown. We were, therefore, unable to confirm 
whether patients had acute symptomatic seizures (within 7 days of 
stroke) or unprovoked seizures (more than 7 days after stroke). We 
analyzed ICD- 10 G40.-  claims only. It is possible that a small number 
of relevant claims were made using the ICD- 10 R56.8 code, though 
ICD- 10 G40.-  would generally be used for acute symptomatic or un-
provoked seizures in Germany. Furthermore, clinical characteristics 
that may contribute to risk of seizures, such as stroke severity, could 
not be assessed. Finally, these data were collected from a German 
database, and may not be generalizable to other countries. Despite 
these limitations, this study provides long- term data for a large num-
ber of patients with stroke and seizure claims, with a substantial 
number of patients followed up for at least 60 months.

Overall, our results support previous findings that PSE occurs in 
a substantial proportion of patients with stroke. Hemorrhagic stroke 
and seizure claim during index hospitalization were risk factors for 
seizure claims after hospital discharge. In line with guideline recom-
mendations, most patients with seizure claims were treated with 
AEDs, despite a lack of evidence from clinical trials in this patient 
population.
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