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Abstract

Objective: We aim to compare the effect of long-term anti-seizure medication (ASM) monotherapy on the risk of
death and new ischemic stroke in patients with post-stroke epilepsy (PSE).

Patients and methods: We identified all hospitalized patients (≥ 20 years) with a primary diagnosis of ischemic or
hemorrhagic stroke from 2001 to 2012 using the National Health Insurance Research Database in Taiwan. The PSE
cohort were defined as the stroke patients (1) who had no epilepsy and no ASMs use before the index stroke, and
(2) who had epilepsy and ASMs use after 14 days from the stroke onset. The patients with PSE receiving ASM
monotherapy were enrolled and were categorized into phenytoin, valproic acid, carbamazepine, and new ASM
groups. We employed the Cox regression model to estimate the unadjusted and adjusted hazard ratios (HRs) with
95 % confidence intervals (CIs) of death and new ischemic stroke within 5 years across all groups, using the new
ASM group as the reference.

Results: Of 6962 patients with PSE using ASM monotherapy, 3917 (56 %) were on phenytoin, 1623 (23 %) on
valproic acid, 457 (7 %) on carbamazepine, and 965 (14 %) on new ASMs. After adjusting for confounders, compared
with new ASM users, phenytoin users had a higher risk of death in 5 years (HR: 1.64; 95 % CI: 1.06–2.55). On the
other hand, all ASM groups showed a similar risk of new ischemic stroke in 5 years.

Conclusions: Among patients with PSE on first-line monotherapy, compared to new ASMs, use of phenytoin was
associated with a higher risk of death in 5 years.
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Introduction
Cerebrovascular disease is a common underlying mech-
anism for late-onset epilepsy [1]. Long term cumulative
risk of post-stroke epilepsy (PSE) after a cerebrovascular
event varies from 2 to 15 % according to different defini-
tions of PSE, stroke types, and follow-up durations [2].

Anti-seizure medications (ASMs) are often administered
to prevent recurrent seizures in patients with PSE [3].
The choice of first-line ASMs in patients with PSE are
diverse. International League Against Epilepsy had re-
ported that carbamazepine, phenytoin, levetiracetam and
zonisamide had level A evidence of efficacy for adults
with focal seizures; gabapentin and lamotrigine had level
A evidence of efficacy for elderly adults with focal sei-
zures [4]. Two small randomized controlled trials in pa-
tients with PSE showed that lamotrigine and
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levetiracetam were effective for seizure control and were
better tolerated compared to carbamazepine [5–7]. In
general, more than 70 % of patients with PSE can be
well-controlled under ASM monotherapy [6–8].
Except for seizure control effectiveness, the effects of

ASMs on cardiovascular outcomes and mortality are also
important issues. A nationwide cohort study in Denmark
found that ASM-treated epilepsy was associated with a
higher risk of myocardial infarction, stroke, cardiovascu-
lar death and all-cause death [9]. A range of ASMs, espe-
cially first-generation of ASMs, have been linked to
atherothrombotic risk factors, such as increased level of
homocysteine, hyperlipidemia, weight gain, and insulin
resistance [9]. One study had found that phenytoin was
associated with an increased stroke risk compared to
carbamazepine in patients with epilepsy [10]. It has been
reported that stroke patients with PSE have higher mor-
tality and worse functional outcome compared to those
without PSE [11–13]. Therefore, the impact of ASMs on
the risk of all-cause death and recurrent stroke should
be particularly considered. However, studies about this
issue are scarce and diverse. Therefore, we conducted
this nationwide cohort study to evaluate the comparative
effects of long-term ASM monotherapy on the risks of
all-cause death and new ischemic stroke in patients with
PSE.

Methods
Data source
We conducted a nationwide retrospective cohort study
using the National Health Insurance Research Database
(NHIRD). The Taiwan National Health Insurance pro-
gram was launched in 1995. It covers 99 % of the popu-
lation and reimburses for outpatient and inpatient
services as well as prescription drugs. In the study
period, the diagnosis code in NHIRD consists of the 9th
revision of the International Classification of Diseases
(ICD-9). The diagnoses of acute ischemic stroke and epi-
lepsy have been validated in NHIRD [14–16]. This study
has been approved by the institutional review board of
Chang Gung Memorial Hospital, Chiayi, Taiwan.

Study Population: defining the patients with PSE (Fig. 1)
We identified all hospitalized patients (≥ 20 years) who
were admitted with a primary diagnosis of ischemic or
hemorrhagic stroke (ICD-9 codes 433.X1, 434.X1, 436,
431) encountered between January 1, 2001 and Decem-
ber 31, 2012. Hospitalizations due to transient ischemic
stroke (ICD-9 435.9) or subarachnoid hemorrhage (ICD-
9 430) were not included. For each case, the first stroke
episode during the study period was defined as the index
stroke. We excluded (1) patients without computed tom-
ography or magnetic resonance imaging of brain during
the index stroke or within the 3 days before the index

stroke (because the diagnosis of stroke may be indefin-
ite), (2) patients with an epilepsy diagnosis (ICD-9
345.00) before the index stroke, (3) patients who had
used any ASMs within 180 days before the index stroke,
and (4) patients who died within 2 months after the
index stroke (because the early mortality after the stroke
is less likely related to ASMs use).
PSE was defined as presence of epilepsy diagnosis

(ICD-9 345.00) (once in inpatient or twice in outpatient
diagnosis) along with usage of oral ASM for more than
28 days. We extracted data of ASMs usage after 14 days
from the index stroke, because ASMs used within 14
days from the index stroke may be used for early seizure
control or prevention. ASMs in this study included
carbamazepine, clobazam, gabapentin, lacosamide, lamo-
trigine, levetiracetam, oxcarbazepine, perampanel,
phenobarbital, phenytoin, pregabalin, rufinamide, val-
proic acid, tiagabine, topiramate, vigabatrin, and zonisa-
mide. Intravenous ASMs were not included in our study
because we focused on the long-term effects of ASMs.
This was a nationwide study that included all available

and eligible patients. The requirement of informed con-
sent from subjects included in this study was waived.

Grouping of anti-seizure medications (Fig. 1)
Among the patients with PSE, we identified the patients
whose first-line treatment was a single ASM for more
than 28 days. These patients were grouped according to
the first-line ASM they used, including phenytoin group,
valproic acid group, carbamazepine group and new ASM
(including monotherapy with clobazam, gabapentin,
lacosamide, lamotrigine, levetiracetam, oxcarbazepine,
perampanel, pregabalin, rufinamide, tiagabine, topira-
mate, vigabatrin, and zonisamide) group. We excluded
patients who used phenobarbital as the first ASM be-
cause the case number was too small. Any gap between
ASMs prescription more than 28 days was considered as
discontinuing of the ASM.

Study design
This was a retrospective cohort study. For each patient,
the first date of the ASM use was defined as index date
of ASM use. Each patient was followed from the index
date of ASM use until one of the following events hap-
pened: (1) death from any cause; (2) end of the database
(December 31, 2013); (3) switching to or adding on an-
other ASMs; (4) discontinuing the first ASM or (5)
follow-up for 5 years. The primary study outcome was
all-cause death and the secondary study outcome was
new ischemic stroke in the follow-up period. Death was
defined by death mark in NHIRD, and new ischemic
stroke was defined by new hospitalization with a primary
diagnosis of ischemic stroke (ICD-9 codes 433.X1,
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434.X1, 436) with brain imaging during or within the 3
days before the hospitalization.
Comorbidity information was extracted by ICD-9

codes before the index date of ASM use for each case,
including hypertension (ICD-9 401–405), ischemic heart
disease (ICD-9 410–414), diabetes mellitus (ICD-9 250),
hyperlipidemia (ICD-9 272), atrial fibrillation (ICD-9
427.31), heart failure (ICD-9 428), chronic kidney disease
(ICD-9 585, 403), peripheral vascular disease (ICD-9
443.9), mood disorders (ICD-9 296, 311), dementia
(ICD-9 290), migraine (ICD-9 346) and prior stroke (be-
fore the index stroke) (ICD-9 430–434, 436–438). Stroke
severity of the index stroke was evaluated by the stroke
severity index (airway suctioning, bacterial sensitivity
test, general ward stays, intensive care unit stay, nasogas-
tric intubation, osmotherapy, and urinary
catheterization), developed specifically to evaluate the
severity of strokes in Taiwan NHIRD [17, 18]. Informa-
tion about concomitant medication use (including anti-
platelets, anticoagulants, antidepressants and statin)
from the index date of ASM use to the end of the
follow-up period was extracted for each case.

Statistical analysis
The differences among the baseline characteristics of the
four ASM groups were analyzed by Analysis of Variance
(ANOVA) for normally distributed variables, and Pear-
son’s Chi Square test for categorical variables.
We employed the Cox regression model to estimate

the unadjusted and adjusted hazard ratios (HRs) and
95 % confidence intervals (CIs) of the relative risk of
death and new ischemic stroke of the phenytoin group,
valproic acid group and carbamazepine group, using the
new ASM group as the reference. The relative risk of
new ischemic stroke in the four ASM groups were ana-
lyzed by competing risk analysis with death as the com-
peting risk. The model was adjusted for age, gender,
index stroke types, all of the above-mentioned comor-
bidities, concomitant medications use (anticoagulants,
antidepressants, antiplatelet agents, and statin), and year
of index date of ASM use. For the groups which had sig-
nificantly different risk of death or new ischemic stroke
in the follow-up period compared to the reference
group, we further did subgroup analyses. Subgroup ana-
lyses were performed to assess the interaction effect be-
tween different patient characteristics and ASMs use.
We tested the significance of the interaction terms in
the regression models using the Wald test for
interactions.
To evaluate the impact of ASM switches, we per-

formed a sensitivity analysis called the “first ASM
model”. In this model, patients were classified according
to the initial ASM they received, regardless of subse-
quent usage pattern.

Statistical significance was determined using 95 % CIs
or a P value < 0.05. Statistical analysis was performed
using the SAS statistical package (release 9.4, SAS Insti-
tute Inc, Cary, NC).

Results
In the study period, 320,961 stroke patients without pre-
vious epilepsy history or previous ASMs use were identi-
fied, and 9127 (2.8 %) of them had PSE with ASM use.
Among these patients, 6962 cases received the first ASM
monotherapy continuously for more than 28 days, and
they were classified according to the first ASM they re-
ceived: 3917 in phenytoin group, 1623 in valproic acid
group, 457 in carbamazepine group, and 965 in new
ASM group. (Fig. 1) In the new ASMs group, 307
(31.8 %) used gabapentin, 262 (27.2 %) used levetirace-
tam, 259 (26.8 %) used oxcarbazepine, 71 (7.4 %) used
topiramate, 39 (4 %) used lamotrigine, 12 (1.2 %) used
clobazam, 8 (0.8 %) used pregabalin and 7 (0.7 %) used
vigabatrin. For the subtypes of the index stroke, 4650
(66.8 %) had ischemic stroke and 2312 (33.2 %) had
hemorrhagic stroke. Patient characteristics of the four
ASM groups were shown in Table 1. The mean age of
patients in the phenytoin, valproic acid, carbamazepine
and new ASM groups was 67.6, 68.7, 66.3 and 66.1 years,
respectively. The mean latency from the index stroke to
the PSE in the phenytoin, valproic acid, carbamazepine
and new ASM groups were 1.5, 1.6, 1.0, and 1.7 years,
respectively. The index stroke subtype was hemorrhagic
stroke in 1420 (36.3 %), 456 (28.1 %), 169 (37 %) and 267
(27.7 %) patients in the phenytoin, valproic acid, carba-
mazepine and new ASM groups, respectively. (Table 1)

The number of death or new ischemic stroke in the
follow-up period and the mean interval from the date of
ASM use to the date of death or new ischemic stroke in
the four ASM groups were shown in Table 2. Compared
to the new ASM group, the risk of the 5-year mortality
was higher in phenytoin group (HR 1.64, 95 % CI 1.06–
2.55) but was not different in valproic acid group (HR
1.03, 95 % CI 0.62–1.70) and carbamazepine group (HR
0.47, 95 % CI 0.14–1.62), after adjustment of covariates.
The risk of the new ischemic stroke was not different in
patients in carbamazepine group (HR 0.50, 95 % CI
0.16–1.57), valproic acid group (HR 0.64, 95 % CI 0.33–
1.25), or phenytoin group (HR 0.95, 95 % CI 0.55–1.65),
compared to those in the new ASM group. (Table 3)
The Kaplan–Meyer curves of survival rate and new is-
chemic stroke rate in the four groups were shown in
Fig. 2. A similar trend was found in the “first ASM
model” (shown in Supplementary Table 1). The risk of
the 5-year mortality was also higher in phenytoin group
(HR 1.44, 95 % CI 1.20–1.71) compared to new ASM
group.
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The subgroup analyses suggested phenytoin compared
with new ASMs was associated with an increased risk of
5-year mortality in patients with PSE with hyperlipid-
emia but not patients with PSE without hyperlipidemia
(hyperlipidemia: HR 2.76, 95 % CI 1.37–5.56 vs. no
hyperlipidemia: HR 1.11, 95 % CI 0.63–1.96, P for inter-
action = 0.04) (Table 4).

The average daily dose of each ASM in all patients
and in those who had mortality within 5 years in each
group were summarized in Supplementary Table 2.
There was no difference in the average daily dose of
each ASM in all patients and in those who died within 5
years.

Discussion
To our knowledge, this is the first study investigating
the long-term effect of ASM monotherapy on the risk of
all-cause death and new ischemic stroke in patients with
PSE. There is a paucity of studies about the risk of death

or vascular events associated with ASM use [9, 19, 20].
Studies have found that ASM-treated epilepsy was asso-
ciated with a higher risk of myocardial infarction, stroke,
cardiovascular death, all-cause death and sudden cardiac
death [9, 20]. A study revealed that ASM use was associ-
ated with an increased risk of death in patients with Alz-
heimer disease [19]. It has been reported that older
ASMs, such as phenytoin, carbamazepine, valproic acid,
or phenobarbital, were linked to a higher risk of death
or stroke in patients with epilepsy without prior stroke
[9, 10, 19]. However, older ASMs are still frequently pre-
scribed as the first-line therapy in patients with PSE. In
our cohort, 86 % of patients with PSE used older ASMs
as the first-line monotherapy.
There are some potential explanations for our finding

that long-term phenytoin monotherapy was associated
with a higher death risk in patients with PSE. A Sweden
study found that the disorders of the circulatory systems
were the most common cause of death in the patients
with PSE [21]. Therefore, the increased death risk in
phenytoin user may be contributed from its influences
on the circulatory systems. Phenytoin was associated

Fig. 1 Flow chart of study cohort selection and grouping
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with a higher risk of hyperlipidemia [22, 23], increased
homocysteine and high sensitivity C-reactive protein
[24], and increased atherosclerosis measured as intima
media thickness [24]. Phenytoin is a sodium channel
blocker. Sodium channel blocking ASMs were reported
to be related to a higher risk of sudden cardiac death
and arrhythmogenic ST-T abnormality [20, 25]. De-
creased cardiac sodium current may increase the risk of
ventricular fibrillation and sudden cardiac death [20].
Cases of arrhythmia and sinus arrest has also been

reported in phenytoin users [26]. Phenytoin has been
shown to inhibit the IKr and a possible role in sudden
unexpected death in epilepsy patients (SUDEP) has been
suggested [27]. Furthermore, phenytoin has a zero-order
metabolism and may easily result in overdose that may
present as arrhythmia, respiratory arrest or sinus arrest.
Finally, a study had revealed that patients with PSE using
phenytoin had a higher risk of emergency room visits or
hospitalization due to seizures, compared to the patients
with PSE using new ASMs [28]. Poor control of seizures

Table 1 Basic characteristics of patients with post-stroke epilepsy in the four ASM groups

Phenytoin
(n = 3917)

Valproic acid
(n = 1623)

Carbamazepine
(n = 457)

New ASM (n = 965)

Age of ASM use, y, mean(SD) 67.6 (14.0) 68.7 (14.4) 66.3 (13.2) 66.1 (13.7)

Hemorrhagic stroke, n (%) 1420 (36.3 %) 456 (28.1 %) 169 (37.0 %) 267 (27.7 %)

Male, n (%) 2525 (64.5 %) 998 (61.5 %) 248 (54.3 %) 587 (60.8 %)

Hypertension, n (%) 3558 (90.8 %) 1468 (90.5 %) 422 (92.3 %) 863 (89.4 %)

Diabetic mellitus, n (%) 1609 (41.1 %) 668 (41.2 %) 194 (42.5 %) 420 (43.5 %)

Hyperlipidemia, n (%) 1608 (41.1 %) 761 (46.9 %) 205 (44.9 %) 534 (55.3 %)

Ischemic heart disease, n (%) 1780 (45.4 %) 779 (48.0 %) 183 (40.0 %) 430 (44.6 %)

Heart failure, n (%) 524 (13.4 %) 228 (14.1 %) 45 (9.9 %) 97 (10.1 %)

Atrial fibrillation, n (%) 767 (19.6 %) 355 (21.9 %) 40 (8.8 %) 166 (17.2 %)

Prior stroke, n (%) 1125 (28.7 %) 499 (30.8 %) 120 (26.3 %) 269 (27.9 %)

Chronic kidney disease, n (%) 345 (8.8 %) 143 (8.8 %) 41 (9.0 %) 110 (11.4 %)

Peripheral vascular disease, n (%) 20 (4.4 %) 123 (3.1 %) 72 (4.4 %) 46 (4.8 %)

Mood disorder, n (%) 352 (9.0 %) 210 (12.9 %) 50 (10.9 %) 99 (10.3 %)

Dementia, n (%) 719 (18.4 %) 354 (21.8 %) 60 (13.1 %) 115 (11.9 %)

Migraine, n (%) 128 (3.3 %) 63 (3.9 %) 24 (5.3 %) 54 (5.6 %)

Stroke severity index

Mild, n (%) 515 (13.2 %) 312 (19.2 %) 74 (16.2 %) 188 (19.5 %)

Moderate, n (%) 2573 (65.7 %) 1014 (62.5 %) 348 (76.2 %) 632 (65.5 %)

Severe, n (%) 829 (21.2 %) 297 (18.3 %) 35 (7.7 %) 145 (15.0 %)

Concomitant medications

Anticoagulants, n (%) 241 (6.2 %) 163 (10.0 %) 16 (3.5 %) 95 (9.8 %)

Antidepressants, n (%) 545 (13.9 %) 305 (18.8 %) 120 (26.3 %) 230 (23.8 %)

Antiplatelet, n (%) 1900 (48.5 %) 835 (51.5 %) 242 (53.0 %) 513 (53.2 %)

Statins, n (%) 500 (12.8 %) 249 (15.3 %) 71 (15.5 %) 213 (22.1 %)

Interval from index stroke to index date of ASM use, years, mean(SD) 1.5 (1.7) 1.6 (1.8) 1.0 (1.1) 1.7 (2.0)

Abbreviations: ASM anti-seizure medication; SD standard deviation

Table 2 Death and new ischemic stroke in the four ASM groups

Phenytoin
(n = 3917)

Valproic acid
(n = 1623)

Carbamazepine
(n = 457)

New ASM
(n = 965)

P value

Mortality in the follow-up period, n (%) 237(6.1 %) 56(3.5 %) 4(0.9 %) 23(2.4 %) < 0.0001

Interval from index date of ASM use to death, years, mean (SD) 0.9(1.1) 0.8(0.8) 1.3(1.7) 0.8(1.0) 0.5362

New ischemic stroke in the follow-up period, n (%) 83(2.1 %) 25(1.5 %) 4(0.9 %) 20(2.1 %) < 0.0001

Interval from index date of ASM use to new ischemic stroke, years, mean (SD) 1.6(1.6) 1.4(1.2) 0.9(0.6) 1.4(1.4) 0.7513

Abbreviations: ASM anti-seizure medication; SD standard deviation
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may also increase the risk of seizure-related death and
SUDEP [28].
On the other hand, we did not find a difference in new

ischemic stroke risk across the various ASMs groups in
patients with PSE. But phenytoin has been reported to
be related to a higher stroke risk in patients with epi-
lepsy without stroke history [10]. We thought that physi-
cians might pay more attention to monitor and to treat
the vascular risk factors in patients with PSE. These
stroke prevention strategies may mask the small effects
of ASMs on new ischemic stroke risk.

Our study showed that the ischemic stroke and mor-
tality rate were lowest in carbamazepine group. There
might be some bias in this finding because many pa-
tients were censored from the carbamazepine group due
to medication withdrawal before any study outcome
happened. At recruitment, there were 457 patients in
carbamazepine group, but at the end of the 1st year,
there were only 76 patients remained. Carbamazepine is
notorious in its risk of severe hypersensitivity reactions
in Asians [29], so physicians may tend to withdrawal it if
the patients reported any discomforts.
The main strength of our study was that it was based

on a nationwide database, that provided advantages of
large case numbers, long follow-up duration, complete
data of the duration and the dosage of ASMs, and less
selection bias related to socioeconomic status, job situ-
ation or different healthcare institutions. Although the
diagnosis of stroke and epilepsy could not be confirmed
by medical chart review, the two diagnoses had been val-
idated in NHIRD, with an accuracy of 94 % for stroke
and 99.83 % for epilepsy [14, 16]. Another strength of
our study was that we focused on first-line ASM mono-
therapy. Previous studies showed that more than 70 % of
the patients with PSE could achieve seizure freedom
under ASM monotherapy [5], and the 5-year retention
rate of first ASM in patients with PSE was high (55–
75 %) [30]. Therefore, selection of first ASM in patients
with PSE is important in clinical practice, and our study
provided an important reference on this issue.
This study has limitations. First, some important infor-

mation, such as the types and the severity of the sei-
zures, reasons to choose or not to choose a specific
ASM, the patients’ laboratory data and imaging findings,
and the TOAST classification of the index stroke, could
not be assessed by NHIRD. Second, we did not know

Table 3 The risk of 5-year mortality and new ischemic strokes
in the four ASM groups

Outcome Crude HR
(95% CI)

P value Adjusted HRa

(95% CI)
P value

Follow-up for 5 years

Death

New ASM Reference Reference

Carbamazepine 0.40(0.14–1.16) 0.09 0.47(0.14–1.62) 0.23

Valproic acid 1.35(0.83–2.19) 0.23 1.03(0.62–1.70) 0.92

Phenytoin 1.95(1.27-3.00) 0.002 1.64(1.06–2.55) 0.03

New ischemic strokes (competing risk analysis)

New ASM Reference Reference

Carbamazepine 0.45(0.15–1.32) 0.15 0.50(0.16–1.57) 0.23

Valproic acid 0.68(0.38–1.22) 0.20 0.64(0.33–1.25) 0.19

Phenytoin 0.81(0.50–1.34) 0.42 0.95(0.55–1.65) 0.87

Abbreviations: ASM anti-seizure medication, HR hazard ratio,
CI confidence interval
aAdjusted for age, gender, index stroke type, hypertension, diabetic mellitus,
hyperlipidemia, ischemic heart disease, heart failure, atrial fibrillation, prior
stroke, chronic kidney disease, peripheral vascular disease, mood disorder,
dementia, migraine, stroke severity index, concomitant anticoagulants use,
concomitant antiplatelet use, concomitant antidepressants use, concomitant
statin use, and Year of index date of ASM use

Fig. 2 The Kaplan–Meyer curves of survival rate (a), and new ischemic stroke rate (b)
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Table 4 Subgroups analysis in the phenytoin vs. the New ASM groups

Adjusted HR (95% CI)* P for interaction

Sex 0.41

Male 1.98(1.05–3.74)

Female 1.35(0.73–2.49)

Index stroke type 0.41

Ischemic stroke 1.52(0.95–2.45)

Hemorrhagic stroke 2.42(0.74–7.97)

Hyperlipidemia 0.04

Yes 2.76(1.37–5.56)

No 1.11(0.63–1.96)

Ischemic heart disease 0.79

Yes 1.59(0.90–2.82)

No 1.84(0.92–3.70)

Heart failure 0.83

Yes 2.04(0.73–5.68)

No 1.70(1.03–2.78)

Atrial fibrillation 0.75

Yes 1.35(0.60–3.06)

No 1.69(1.00-2.86)

Mood disorder 0.43

Yes 6.33(0.50–79.90)

No 1.57(1.00-2.46)

Dementia 0.18

Yes 1.15(0.52–2.53)

No 1.95(1.14–3.33)

Migraine 0.96

Yes -

No 1.62(1.03–2.53)

Stroke severity index 0.93

Mild 1.70(0.49–5.85)

Moderate 1.86(1.05–3.30)

Severe 1.15(0.48–2.77)

Concomitant anticoagulants use 0.97

Yes -

No 1.39(0.90–2.17)

Concomitant antidepressants use 0.39

Yes 6.39(0.73–55.56)

No 1.55(0.99–2.43)

Concomitant antiplatelet use 0.55

Yes 1.54(0.85–2.77)

No 1.66(0.85–3.24)

Concomitant Statin use 0.09

Yes 8.07(0.98–66.76)

No 1.38(0.88–2.17)

Medication use duration 0.34
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the drug compliance and the serum concentration of the
ASMs in each patient. Inadequate dosage of ASMs may
result in poor seizures control or more severe side ef-
fects. Third, we could not ascertain the cause of death
from our database, and we could not evaluate if there
were any differences in the cause of death in different
ASM groups. Fourth, although our study design included
adequate control of numerous confounding factors, un-
measured or unknown confounders may have generated
a bias. For example, we were not able to account for ef-
fects of smoking, physical activity, alcohol intake, diet
habits, a family history of cardiovascular diseases, body
mass index or socioeconomical status. Fifth, our study
included the patients with PSE who had no switches of
their ASM. These patients may be younger, with fewer
comorbidities, and with lesser disease severity. There-
fore, our study population may not be representative of
the whole population of PSE. Finally, this study used na-
tional health insurance database in Taiwan, and most in-
sured people in this insurance system are Asians.
Therefore, the result of the study may not be
generalizable to other populations in different races or
countries. The generalizability of the current results
needs to be confirmed by further studies conducted in
other countries and populations.
In conclusion, our study showed that using pheny-

toin as the first-line ASM monotherapy, compared
with using new ASMs, was associated with an in-
crease in 5-year death risk among patients with PSE.
This finding provides potentially vital information for
clinicians to improve the long-term survival of pa-
tients with PSE. Still, prospectively designed cohort
studies and randomized controlled trials are war-
ranted, to identify the most optimal ASM regimen(s)
for patients with PSE.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12883-021-02241-5.

Additional file 1

Additional file 2

Acknowledgements
The authors thank the Health Information and Epidemiology Laboratory at
the Chiayi Chang Gung Memorial Hospital for the comments and assistance
in data analysis.

Authors’ contributions
CYH wrote the manuscript, did the study design and made the figures and
tables. CYC wrote the manuscript. JDL modified the study design, figures
and tables. ML did the study design and modified the manuscript. B.O
modified the manuscript. All authors have read and approved the
manuscript.

Funding
This work was supported by Chang Gung Memorial Hospital, Taiwan, grant
number CFRPG6J0021. We used the fund to pay for the database of national
health insurance research database in Taiwan and for the Health Information
and Epidemiology Laboratory at the Chiayi Chang Gung Memorial Hospital
to assist in data analysis.

Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available because this was a national insurance database but are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Institutional review board of Chang Gung Memorial Hospital, Chiayi, Taiwan
did the ethics approval and waived the need for informed consent. All the
experiment protocol for involving humans was in accordance to guidelines
of national/international/institutional or Declaration of Helsinki in the
manuscript.

Consent for publication
None.

Competing interests
On behalf of all authors the corresponding author declares there is no
conflict of interest.

Author details
1Departments of Neurology, Chang Gung University College of Medicine,
Chang Gung Memorial Hospital, Chiayi, Taiwan. 2Departments of
Neurosurgery, Chang Gung University College of Medicine, Chang Gung
Memorial Hospital, Chiayi, Taiwan. 3Department of Neurology, University of
California, California, San Francisco, USA.

Received: 11 December 2020 Accepted: 10 May 2021

References
1. Zelano J. Prognosis of poststroke epilepsy. Epilepsy Behav. 2019
2. Sarecka-Hujar B, Kopyta I. Poststroke epilepsy: Current perspectives on

diagnosis and treatment. Neuropsychiatr Dis Treat. 2019;15:95–103
3. Xu MY. Poststroke seizure: Optimising its management. Stroke Vasc Neurol.

2019;4:48–56

Table 4 Subgroups analysis in the phenytoin vs. the New ASM groups (Continued)

Adjusted HR (95% CI)* P for interaction

< 90 days 2.63(1.25–5.52)

90–179 days 1.58(0.60–4.16)

≥ 180 days 1.32(0.68–2.56)

Year of index date of ASM use 0.96

2001–2007 1.83(0.66–5.05)

2008–2013 1.92(1.18–3.13)

Abbreviations: ASM anti-seizure medication, HR hazard ratio, CI confidence interval

Hsu et al. BMC Neurology          (2021) 21:226 Page 8 of 9

https://doi.org/10.1186/s12883-021-02241-5
https://doi.org/10.1186/s12883-021-02241-5


4. Glauser T, Ben-Menachem E, Bourgeois B, Cnaan A, Guerreiro C, Kalviainen
R, et al. Updated ilae evidence review of antiepileptic drug efficacy and
effectiveness as initial monotherapy for epileptic seizures and syndromes.
Epilepsia. 2013;54:551–563

5. Brigo F, Lattanzi S, Zelano J, Bragazzi NL, Belcastro V, Nardone R, et al.
Randomized controlled trials of antiepileptic drugs for the treatment of
post-stroke seizures: A systematic review with network meta-analysis.
Seizure. 2018;61:57–62

6. Consoli D, Bosco D, Postorino P, Galati F, Plastino M, Perticoni GF, et al.
Levetiracetam versus carbamazepine in patients with late poststroke
seizures: A multicenter prospective randomized open-label study (epic
project). Cerebrovasc Dis. 2012;34:282–289

7. Gilad R, Sadeh M, Rapoport A, Dabby R, Boaz M, Lampl Y. Monotherapy of
lamotrigine versus carbamazepine in patients with poststroke seizure. Clin
Neuropharmacol. 2007;30:189–195

8. Kutlu G, Gomceli YB, Unal Y, Inan LE. Levetiracetam monotherapy for late
poststroke seizures in the elderly. Epilepsy Behav. 2008;13:542–544

9. Olesen JB, Abildstrom SZ, Erdal J, Gislason GH, Weeke P, Andersson C, et al.
Effects of epilepsy and selected antiepileptic drugs on risk of myocardial
infarction, stroke, and death in patients with or without previous stroke: A
nationwide cohort study. Pharmacoepidemiol Drug Saf. 2011;20:964–971

10. Hsieh CY, Lai EC, Yang YH, Lin SJ. Comparative stroke risk of antiepileptic
drugs in patients with epilepsy. Epilepsia. 2013;54:172–180

11. Arntz RM, Maaijwee NA, Rutten-Jacobs LC, Schoonderwaldt HC, Dorresteijn
LD, van Dijk EJ, et al. Epilepsy after tia or stroke in young patients impairs
long-term functional outcome: The future study. Neurology. 2013;81:1907–
1913

12. Zelano J, Redfors P, Asberg S, Kumlien E. Association between poststroke
epilepsy and death: A nationwide cohort study. Eur Stroke J. 2016;1:272–278

13. Harnod T, Lin CL, Kao CH. Epilepsy is associated with higher subsequent
mortality risk in patients after stroke: A population-based cohort study in
taiwan. Clin Epidemiol. 2019;11:247–255

14. Cheng CL, Kao YH, Lin SJ, Lee CH, Lai ML. Validation of the national health
insurance research database with ischemic stroke cases in taiwan.
Pharmacoepidemiol Drug Saf. 2011;20:236–242

15. Hsieh CY, Chen CH, Li CY, Lai ML. Validating the diagnosis of acute ischemic
stroke in a national health insurance claims database. J Formos Med Assoc.
2015;114:254–259

16. Chen CC, Chen LS, Yen MF, Chen HH, Liou HH. Geographic variation in the
age- and gender-specific prevalence and incidence of epilepsy: Analysis of
taiwanese national health insurance-based data. Epilepsia. 2012;53:283–290

17. Sung SF, Hsieh CY, Lin HJ, Chen YW, Chen CH, Kao Yang YH, et al. Validity
of a stroke severity index for administrative claims data research: A
retrospective cohort study. BMC Health Serv Res. 2016;16:509

18. Hung LC, Sung SF, Hsieh CY, Hu YH, Lin HJ, Chen YW, et al. Validation of a
novel claims-based stroke severity index in patients with intracerebral
hemorrhage. J Epidemiol. 2017;27:24–29

19. Sarycheva T, Lavikainen P, Taipale H, Tiihonen J, Tanskanen A, Hartikainen S,
et al. Antiepileptic drug use and mortality among community-dwelling
persons with alzheimer disease. Neurology. 2020;94:e2099-e2108

20. Bardai A, Blom MT, van Noord C, Verhamme KM, Sturkenboom MC, Tan HL.
Sudden cardiac death is associated both with epilepsy and with use of
antiepileptic medications. Heart. 2015;101:17–22

21. Hansen J, Asberg S, Kumlien E, Zelano J. Cause of death in patients with
poststroke epilepsy: Results from a nationwide cohort study. PLoS One.
2017;12:e0174659

22. Vivanco-Hidalgo RM, Gomez A, Moreira A, Diez L, Elosua R, Roquer J.
Prevalence of cardiovascular risk factors in people with epilepsy. Brain
Behav. 2017;7:e00618

23. Ikeda K, Sawada M, Morioka H, Kyuzen M, Ebina J, Nagasawa J, et al. Clinical
profile and changes of serum lipid levels in epileptic patients after cerebral
infarction. J Stroke Cerebrovasc Dis. 2017;26:644–649

24. Chuang YC, Chuang HY, Lin TK, Chang CC, Lu CH, Chang WN, et al. Effects
of long-term antiepileptic drug monotherapy on vascular risk factors and
atherosclerosis. Epilepsia. 2012;53:120–128

25. Ishizue N, Niwano S, Saito M, Fukaya H, Nakamura H, Igarashi T, et al.
Polytherapy with sodium channel-blocking antiepileptic drugs is associated
with arrhythmogenic st-t abnormality in patients with epilepsy. Seizure.
2016;40:81–87

26. Guldiken B, Remi J, Noachtar S. Cardiovascular adverse effects of phenytoin.
J Neurol. 2016;263:861–870

27. Aurlien D, Gjerstad L, Tauboll E. The role of antiepileptic drugs in sudden
unexpected death in epilepsy. Seizure. 2016;43:56–60

28. Huang YH, Chi NF, Kuan YC, Chan L, Hu CJ, Chiou HY, et al. Efficacy of
phenytoin, valproic acid, carbamazepine and new antiepileptic drugs on
control of late-onset post-stroke epilepsy in taiwan. Eur J Neurol. 2015;22:
1459–1468

29. Ferrell PB, Jr., McLeod HL. Carbamazepine, hla-b*1502 and risk of stevens-
johnson syndrome and toxic epidermal necrolysis: Us fda
recommendations. Pharmacogenomics. 2008;9:1543–1546

30. Larsson D, Asberg S, Kumlien E, Zelano J. Retention rate of first antiepileptic
drug in poststroke epilepsy: A nationwide study. Seizure. 2019;64:29–33

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hsu et al. BMC Neurology          (2021) 21:226 Page 9 of 9


	Abstract
	Objective
	Patients and methods
	Results
	Conclusions

	Introduction
	Methods
	Data source
	Study Population: defining the patients with PSE (Fig. 1)
	Grouping of anti-seizure medications (Fig. 1)
	Study design
	Statistical analysis

	Results
	Discussion
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

