
ORIGINAL ARTICLE

Sudden cardiac death is associated both with
epilepsy and with use of antiepileptic medications
Abdennasser Bardai,1,2,3 Marieke T Blom,1 Charlotte van Noord,3,4

Katia M Verhamme,3 Miriam C J M Sturkenboom,3,5 Hanno L Tan1

1Department of Cardiology,
Heart Center, Academic
Medical Center, University of
Amsterdam, Amsterdam,
The Netherlands
2Interuniversity Cardiology
Institute Netherlands, Utrecht,
The Netherlands
3Department of Epidemiology,
Erasmus Medical Center,
Rotterdam, The Netherlands
4Department of Internal
Medicine, Erasmus Medical
Center, Rotterdam,
The Netherlands
5Department of Medical
Informatics, Erasmus Medical
Center, Rotterdam,
The Netherlands

Correspondence to
Dr Hanno L Tan, Department
of Cardiology, Academic
Medical Center, Meibergdreef
9, Amsterdam 1105 AZ,
The Netherlands;
h.l.tan@amc.nl

Received 6 February 2014
Revised 6 June 2014
Accepted 27 June 2014
Published Online First
16 July 2014

To cite: Bardai A, Blom MT,
van Noord C, et al. Heart
2015;101:17–22.

ABSTRACT
Objective Epilepsy is associated with increased risk for
sudden cardiac death (SCD). We aimed to establish, in a
community based study, whether this association is
mediated by epilepsy per se, use of antiepileptic
medications (AEMs), or both.
Methods We studied SCD cases and age/sex matched
controls in a case–control study in a large scale general
practitioners’ research database (n=478 661 patients).
SCD risk for symptomatic epilepsy (seizure <2 years
before SCD), stable epilepsy (no seizure <2 years before
SCD), and use of AEMs (any indication) was determined.
Results We identified 926 SCD cases and 9832
controls. Fourteen cases had epilepsy. Epilepsy was
associated with an increased SCD risk (cases 1.5%,
controls 0.5%; adjusted OR 2.8, 95% CI 1.4 to 5.3).
SCD risk was increased for symptomatic epilepsy (cases
0.9%, controls 0.1%; adjusted OR 5.8, 95% CI 2.1 to
15.6), but not with stable epilepsy (cases 0.6%, controls
0.4%; adjusted OR 1.6, 95% CI 0.7 to 4.1). AEM use
was found in 23 cases and was associated with an
increased SCD risk (cases 2.5%, controls 0.8%; adjusted
OR overall 2.6, 95% CI 1.5 to 4.3) among symptomatic
epilepsy cases (cases 0.9%, controls 0.1%; adjusted OR
6.4, 95% CI 2.4 to 17.4) and non-epilepsy cases (cases
1.0%, controls 0.4%; adjusted OR 2.3, 95% CI 1.01 to
5.2). Increased SCD risk was associated with sodium
channel blocking AEMs (cases 1.6%, controls 0.4%;
adjusted OR 2.8, 95% CI 1.1 to 7.2), but not with
non-sodium channel blocking AEMs. Carbamazepine and
gabapentin were associated with increased SCD risk
(carbamazepine: cases 1.1%, controls 0.3%; adjusted
OR 3.2, 95% CI 1.1 to 9.2; gabapentin: cases 0.3%,
controls 0.1%; adjusted OR 5.7, 95% CI 1.2 to 27.9).
Conclusions Epilepsy and AEM use are both
associated with increased SCD risk in the general
population. Poor seizure control contributes to increased
SCD risk in epilepsy, while sodium channel blockade
contributes to SCD susceptibility in AEM users.

INTRODUCTION
Sudden cardiac death (SCD) accounts for 50% of car-
diovascular deaths in Western societies. Its causes are
complex.1 Part of SCD is explained by established
risk factors such as heart failure and ischaemic heart
disease.2 SCD risk may also be increased by drugs,
including those used to treat non-cardiac disease,
because these drugs impair cardiac repolarisation
(QT prolongation) or depolarisation (QRS widen-
ing), thereby increasing the risk for fatal cardiac
arrhythmias (ventricular fibrillation (VF)). Such non-

cardiac drugs are associated with QT prolongation,
QRS widening, and SCD.3–5

Similarly, it is increasingly recognised that non-
cardiac disease may be associated with increased SCD
risk, possibly by affecting cardiac electrophysiology.
Epilepsy, in particular, is associated with increased
risk for sudden death. Sudden death is a leading
cause of death in epilepsy, especially among patients
with poorly controlled epilepsy and recurrent sei-
zures.6 Lethal cardiac arrhythmias are potential
causes for sudden death in epilepsy.7 In a recent sys-
tematic ECG based study, we provided the first proof
that epilepsy is associated with a threefold increased
risk for VF and SCD in the general population.8 The
causes for this association are unresolved. Two
mechanisms may play a role. First, epilepsy per se
may increase SCD risk. Case reports of patients with
poorly controlled epilepsy in whom sudden death
was observed support this notion.6 Secondly, use of
antiepileptic medications (AEMs) may cause cardiac
arrhythmias, as some AEMs may impede cardiac
depolarisation by blocking cardiac sodium channels;
this mechanism can evoke lethal arrhythmias in sus-
ceptible individuals (QT prolongation by AEMs has
not been reported).9

So far, these potential mechanisms have not been
systematically studied in a community based study.
Our aim was to estimate the effects of epilepsy and
AEM use on SCD risk. To probe the role of epi-
lepsy, we studied whether SCD risk is more ele-
vated in patients with severe epilepsy than in
patients with non-severe epilepsy. To probe the role
of AEMs, we studied whether SCD risk is increased
in non-epilepsy patients who use AEMs (eg, for
neuralgia), and whether SCD risk is more elevated
in AEMs with sodium channel blocking properties.

METHODS
Setting and study design
This investigation was a case–control study con-
ducted in conjunction with the Integrated Primary
Care Information (IPCI) project. IPCI is a longitu-
dinal observational database that contains the com-
plete medical records of 478 661 patients from a
large group of general practitioners (GPs) in the
Netherlands. In the Dutch healthcare system, the
GP plays a pivotal role by acting as a gatekeeper for
all medical care. Details of the database have been
described elsewhere10 11 Briefly, IPCI contains com-
puter based records, including coded and anonym-
ous data on patient demographics, symptoms (in
free text), and diagnoses (using the International
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Classification for Primary Care (ICPC) and free text) from GPs
and specialists.12

The source population comprised all patients aged ≥18 years
in the IPCI database with a valid database history (date of regis-
tration with GP) of at least 1 year. The study population com-
prised all SCD (see below for SCD definition) cases plus their
controls in the source population. For each case of SCD, up to
20 controls were randomly drawn from the source population
(incidence density sampling) matched by age (year of birth),
gender, and SCD date.

Definition of SCD
SCD in IPCI was defined according to the European Society of
Cardiology guidelines: (1) witnessed natural death, heralded by
abrupt loss of consciousness, within 1 h of onset of acute symp-
toms; or (2) unwitnessed, unexpected death of someone seen in
a stable medical condition <24 h previously with no evidence
of a non-cardiac cause.13 Medical and demographic data were
screened for all deaths in the database. The medical records of
all individuals who died were reviewed manually to assess
whether death could be classified as SCD. Individuals were clas-
sified as SCD cases if the medical record indicated that death
occurred within 1 h after onset of cardiovascular symptoms and
if the following wording was found in the free text: ‘SCD’,
‘acute cardiac death’, ‘mors subita’, ‘sudden death’, ‘died sud-
denly’, ‘died unexpectedly’ or if this was an unwitnessed, unex-
pected death of someone seen in ‘good health’ or in stable
medical condition <24 h previously. Individuals with evidence
of a non-cardiac cause (eg, suicides, pneumonia, convulsion,
choking, or cerebrovascular accident) were not classified as
SCD. Validation of SCD was performed independently by two
medically trained persons blinded to exposure. A third expert
arbitrated in case of a discrepancy.

Use of AEMs
All available AEMs in the Netherlands were studied: phenytoin,
carbamazepine, levetiracetam, vigabatrin, ethosuximide, clona-
zepam, phenobarbital, primidone, lamotrigine, oxcarbazepine,
gabapentin, and valproic acid. AEMs were classified into two
groups based on their published ability to block the sodium
channel (neural and/or cardiac). Sodium channel blocking drugs
included: phenytoin, carbamazepine, oxcarbazepine, lamotri-
gine, and gabapentin.14–19

The duration of each prescription was calculated by dividing
the total number of units issued per prescription by the pre-
scribed daily number of units. AEM use was defined as current
if the SCD date fell within a period of use or a maximum of
28 days after the end of the last prescription (to deal with carry-
over and non-compliance effects). Past use was defined as dis-
continuation of an AEM >28 days before the date of the SCD.
If patients had no prescription for an AEM before the SCD
date, they were considered as non-exposed.

Definition of epilepsy
All GP records of cases and controls using an AEM were
reviewed manually to confirm a diagnosis of epilepsy. Patients
were categorised as having epilepsy if the ICPC code for epi-
lepsy was recorded in the GP record and/or epilepsy could be
derived from the GP record (eg, seizures and use of AEMs, cit-
ation in the GP record of communications between GP and
neurologist confirming epilepsy or long term use of AEMs with
exclusion of other diagnoses for which AEMs could be used).
Only cases and controls with a diagnosis of epilepsy and current
treatment with AEMs were classified as epilepsy. Patients were

defined as having stable epilepsy if they were seizure-free in the
2 years before the SCD date, or as having symptomatic epilepsy
if they had at least one seizure in the 2 years before the SCD
date, either because they were therapy resistant or because they
had epilepsy de novo.20

Analysis of non-epilepsy patients using AEMs
All GP records of cases and controls of patients who used an
AEM, but had no epilepsy, were reviewed manually to retrieve
the indication for AEM prescription (mainly chronic postherpe-
tic neuralgia, chronic diabetic neuropathic pain, or restless legs).

Covariates
Known risk factors and other covariates for SCD were gathered
from the medical records through computerised searches and
manual validation. Myocardial infarction, transient ischaemic
attack, stroke, arrhythmia, and heart failure were assessed, based
on the diagnoses provided by GP and medical specialists in the
medical records.21 Use of QTc prolonging drugs, antiarrhythmic
drugs, digoxin, diuretics, calcium channel blockers, and
β-blockers at the index date were considered covariates.

Statistical analysis
The relative risk of SCD associated with AEM use was estimated
by calculation of the adjusted ORs using conditional logistic
regression analysis. Clinically relevant covariates that were uni-
variately associated with SCD (at a level of p<0.1) were
included in the regression analyses if they changed the point
estimate of the association between AEM use and SCD by
>5%.22 To study whether epilepsy was associated with
increased SCD risk, we classified patients as having stable or
symptomatic epilepsy and analysed this specifically. To study
whether AEM use was associated with increased SCD risk, we
examined SCD risk for patients with or without epilepsy.
Among current users, we evaluated the effect of the duration of
use, defined as the time between first intake and the index date.
We investigated potential effect modification by age and gender.
All analyses were performed using SPSS for Windows V.20.0
(Chicago, Illinois, USA).

RESULTS
Subject characteristics
The source population comprised 478 661 subjects. During a
follow-up of 1 905 382 person-years, 14 259 persons died,
including 926 SCD cases. We identified 9832 controls.
The mean age of cases was 71.7 years and 62.0% were male
(table 1).

Association between epilepsy and SCD
Fourteen cases (1.6%) and 49 controls (0.5%) had a diagnosis
of epilepsy. Epilepsy was associated with an almost threefold
increased risk for SCD (cases 1.5%, controls 0.5%; ORadjusted

2.8, 95% CI 1.4 to 5.3) (table 2). Patients with stable epilepsy
had no increased SCD risk (cases 0.6%, controls 0.4%;
ORadjusted 1.6, 95% CI 0.7 to 4.1) (table 2), while patients with
symptomatic epilepsy had an almost sixfold increased SCD risk
(cases 0.9%, controls 0.1%; ORadjusted 5.8, 95% CI 2.1 to 15.6)
(table 2). In the symptomatic epilepsy group, seven patients had
therapy resistant epilepsy, and one epilepsy de novo 4.5 months
before SCD. The last seizure occurred 20 months (n=1 patient),
11 months (n=1) or within 5 months (n=6) before SCD, while
median seizure frequency was 2.5 per 2 years. There was no
statistically significant difference in age or sex between patients
with stable epilepsy and patients with symptomatic epilepsy
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(70.0 vs 71.4 years, male sex 33% vs 63% (p=0.6),
respectively).

Association between use of AEMs and SCD
Among cases, 23 (2.5%) were current AEM users at the SCD
date, and 24 (2.6%) were past users (table 2). Current AEM use
was associated with a 2.6-fold increased SCD risk (cases 2.5%,
controls 0.8%; ORadjusted 2.6, 95% CI 1.5 to 4.3) (table 3),
while past use was not (cases 2.6%, controls 1.7%; ORadjusted

1.4, 95% CI 0.9 to 2.3) (table 3). Current AEM use was asso-
ciated with increased SCD risk among symptomatic epilepsy
patients (cases 0.9%, controls 0.1%; ORadjusted 6.4, 95% CI 2.4

to 17.4) (table 3) and non-epilepsy patients (cases 1.0%, con-
trols 0.4%; ORadjusted 2.3, 95% CI 1.01 to 5.2) (table 3), but
not among stable epilepsy patients (cases 0.7%, controls 0.4%;
ORadjusted 1.6, 95% CI 0.7 to 4.1) (table 3). All cases were on
monotherapy, except for three who used two AEMs (two
patients with symptomatic epilepsy were on carbamazepine/
phenytoin and carbamazepine/valproic acid; one patient with
stable patient was on carbamazepine/clonazepam). Patients who
had used AEMs for >30 days had a higher risk for SCD (cases
2.3%, controls 0.8%; ORadjusted 2.6, 95% CI 1.1 to 6.0)
(table 4) than those who had used AEMs for ≤30 days (cases
0.2%, controls 0.06%; ORadjusted 0.9, 95% CI 0.1 to 10.7)
(table 4).

Stratified analyses among current users showed that men (cases
1.5%, controls 0.5%; ORadjusted 3.3, 95% CI 1.1 to 8.5) had a
higher risk than women (cases 1.0%, controls 0.3%; ORadjusted

1.4, 95% CI 0.3 to 6.0) (table 4). This difference was not statis-
tically significant. SCD risk in patients <65 years of age (cases
0.8%, controls 0.3%; ORadjusted 2.7, 95% CI 0.6 to 11.2) was
not significantly different from those ≥65 years old (cases 1.7%,
controls 0.6%; ORadjusted 1.2, 95% CI 0.3 to 4.3) (table 4).

Association between sodium channel
blocking AEMs and SCD
The highest SCD risk was observed among users of sodium
channel blocking AEMs (cases 1.6%, controls 0.4%; ORadjusted

3.0, 95% CI 1.7 to 5.3) (table 5). The association remained
unchanged after correction for epilepsy (cases 1.6%, controls
0.4%; ORadjusted 2.8, 95% CI 1.1 to 7.2) (table 5). The risk
among users of non-sodium channel blocking AEMs was lower
and not significant (cases 1.1%, controls 0.5%; ORadjusted 1.7,
95% CI 0.5 to 5.3) (table 5). Use of sodium channel blocking
AEMs was comparable among epilepsy and non-epilepsy
patients (stable vs symptomatic epilepsy: 43% vs 20%, (p=0.6);
epilepsy vs non-epilepsy: 29% vs 44% (p=0.7)).

Analyses of individual AEMs showed a statistically signifi-
cantly increased SCD risk among carbamazepine users (cases
1.1%, controls 0.3%; ORadjusted 3.2, 95% CI 1.1 to 9.2)
(table 5) and gabapentin users (cases 0.3%, controls 0.06%;
ORadjusted 5.7, 95% CI 1.2 to 27.9) (table 5), also after correc-
tion for epilepsy.

DISCUSSION
We found evidence that both epilepsy and AEM use were asso-
ciated with increased SCD risk. Symptomatic epilepsy, but not
stable epilepsy, was associated with increased SCD risk. AEM
use was independently associated with increased SCD risk in
epilepsy. SCD risk was also elevated in non-epilepsy patients

Table 1 Baseline characteristics, demographics, and distribution
of covariates

Characteristic

SCD
cases
n=926

Controls
n=9832 OR* (95% CI)

Gender
Male 574 (62.0) 6319 (64.3)
Female 352 (38.0) 3513 (35.7)

Age in years, mean (SD) 71.7 (13.7) 66.1 (13.6)
≤55 121 (13.1) 2145 (21.8)
55–65 145 (15.7) 2147 (21.8)
66–75 248 (26.8) 2818 (28.7)

>75 412 (44.5) 2722 (27.7)
Comorbidities
Ischaemic cerebrovascular or
cardiovascular disease

273 (29.5) 1448 (14.7) 2.0 (1.7 to 2.3)

Arrhythmia 83 (9.0) 553 (5.6) 1.3 (1.0 to 1.7)
Hypertension 364 (39.3) 3005 (30.6) 1.3 (1.1 to 1.5)
Diabetes mellitus 169 (18.3) 833 (8.5) 2.3 (1.9 to 2.8)
Heart failure 162 (17.5) 397 (4.0) 4.0 (3.2 to 5.0)
Hypercholesterolaemia 137 (14.8) 1085 (11.0) 1.7 (1.3 to 2.0)
Smoking 197 (21.3) 2024 (20.6) 1.3 (1.1 to 1.5)

Alcohol abuse 22 (2.4) 84 (0.9) 3.5 (2.1 to 5.9)
Concomitant medication
QT prolonging drugs 50 (5.4) 188 (1.9) 1.7 (1.2 to 2.4)
Antiarrhythmic drugs 15 (1.6) 76 (0.8) 1.9 (1.0 to 3.5)
Digoxin 76 (8.2) 221 (2.2) 3.2 (2.4 to 4.4)
Diuretics 168 (18.1) 597 (6.1) 3.3 (2.7 to 4.1)
Calcium channel blockers 87 (9.4) 604 (6.1) 1.4 (1.1 to 1.7)
β-blockers 141 (15.2) 1082 (11.0) 1.4 (1.1 to 1.7)

Data are expressed as number (%) unless otherwise indicated.
*ORs matched for age, gender, practice, and calendar time.
SCD, sudden cardiac death.

Table 2 Epilepsy and risk for SCD

SCD cases
n=926

Controls
n=9832 OR* (95% CI) OR† (95% CI)

No epilepsy 912 (98.4) 9783 (99.5) 1.0 (reference) 1.0 (reference)
Epilepsy‡ 14 (1.5) 49 (0.5) 2.7 (1.4 to 5.3) 2.8 (1.4 to 5.3)
Stable epilepsy§ 6 (0.6) 37 (0.4) 1.7 (0.7 to 4.2) 1.6 (0.7 to 4.1)
Symptomatic epilepsy¶ 8 (0.9) 12 (0.1) 5.9 (2.1 to 16.1) 5.8 (2.1 to 15.6)

Data are expressed as number (%) unless otherwise indicated.*ORs matched for age, gender, practice, and calendar time.
†ORs matched for age, gender, practice, and calendar time, adjusted for heart failure.
‡Patients with a diagnosis of epilepsy and use of AEMs.
§Patients with a diagnosis of epilepsy, use of AEMs, and no seizure in the 2 years before SCD date.
¶Patients with a diagnosis of epilepsy, use of AEMs, and seizure in the 2 years before SCD date.
AEM, antiepileptic medication; SCD, sudden cardiac death.

Arrhythmias and sudden death

Bardai A, et al. Heart 2015;101:17–22. doi:10.1136/heartjnl-2014-305664 19

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2014-305664 on 16 July 2014. D

ow
nloaded from

 

http://heart.bmj.com/


who used AEMs for chronic pain syndromes. Sodium channel
blocking AEMs were associated with increased SCD risk,
whereas AEMs without sodium channel blocking properties
were not, indicating that sodium channel blockage may contrib-
ute to increased SCD risk in AEM users.

Epilepsy is associated with SCD
We recently provided the first evidence from a systematic ECG
based study that epilepsy is associated with a threefold increased
risk for VF and SCD in the general population.8 In the present
study, performed in a different cohort from the general popula-
tion, we found a similar threefold increase in SCD risk, confirm-
ing this association. The point prevalence of epilepsy in the
control group in our present study was 0.5%. This agrees well
with the prevalence of epilepsy in the general population
reported by us and others, suggesting that we captured all
people with epilepsy in our study.8 23

We aimed to identify the causes for the association between
epilepsy and SCD risk, focusing on the roles of epilepsy per se
(possibly mediated by a shared biologic basis of epilepsy and
VF, eg, aberrant ion channels) and AEMs (possibly mediated by
their cardiac sodium channel blocking properties).24 Providing
supportive evidence for the role of epilepsy per se, we found
that SCD risk was elevated in patients with symptomatic epi-
lepsy, but not stable epilepsy. Thus, a history of recent seizures
(in our study, resulting from therapy resistant seizures in almost
90% of cases) is associated with increased SCD risk. It has been
suggested that these uncontrolled seizures in therapy resistant
patients, particularly tonic-clonic seizures, might trigger sudden
death in epilepsy. This view is derived from reports of sudden
unexpected death in epilepsy (SUDEP) cases, but such cases are
rarely witnessed. Almost none of the witnessed patients in the
present study (0%) and our previous8 study (8%) experienced a
seizure directly before SCD.

Table 3 Use of AEMs and SCD risk

SCD cases
n=926

Controls
n=9832 OR* (95% CI) OR† (95% CI)

Overall use
Never use 879 (94.9) 9583 (97.5) 1.0 (reference) 1.0 (reference)
Past use 24 (2.6) 1 66 (1.7) 1.5 (1.0 to 2.4) 1.4 (0.9 to 2.3)
Current use 23 (2.5) 83 (0.8) 2.8 (1.7 to 4.6) 2.6 (1.5 to 4.3)

Use for epilepsy
Current use 14 (1.5) 49 (0.5) 2.7 (1.4 to 5.3) 2.8 (1.4 to 5.3)

Use for stable epilepsy
Current use 6 (0.7) 37 (0.4) 1.7 (0.7 to 4.1) 1.6 (0.7 to 4.1)

Use for symptomatic epilepsy
Current use 8 (0.9) 12 (0.1) 6.5 (2.4 to 17.5) 6.4 (2.4 to 17.4)

Use by non-epilepsy patients
Current use 9 (1.0) 34 (0.4) 2.7 (1.3 to 5.9) 2.3 (1.01 to 5.2)

Data are expressed as number (%) unless otherwise indicated.
*ORs matched for age, gender, practice, and calendar time.
†ORs matched for age, gender, practice, and calendar time, adjusted for heart failure.
AEM, antiepileptic medication; SCD, sudden cardiac death.

Table 4 Effect modification of SCD risk in users of AEMs

SCD cases
n=926

Controls
n=9832 OR* (95% CI) OR† (95% CI) OR‡ (95% CI)

Never used 879 (94.9) 9583 (97.5) 1.0 (reference) 1.0 (reference) 1.0 (reference)
Past use 24 (2.6) 166 (1.7) 1.5 (1.0 to 2.4) 1.4 (0.9 to 2.3) 1.4 (0.9 to 2.2)
Current use 23 (2.5) 83 (0.8) 2.8 (1.7 to 4.6) 2.5 (1.5 to 4.2) 2.3 (1.4 to 3.9)
Duration of use (days)
≤30 2 (0.2) 6 (0.06) 2.6 (0.5 to 14.3) 1.8 (0.3 to 11.0) 0.9 (0.1 to 10.7)
>30 21 (2.3) 77 (0.8) 2.7 (1.6 to 4.6) 2.6 (1.5 to 4.5) 2.6 (1.1 to 6.0)

Effect modification
Gender§

Current use in females 9 (1.0) 34 (0.3) 2.7 (1.2 to 6.1) 2.7 (1.2 to 6.1) 1.4 (0.3 to 6.0)
Current use in males 14 (1.5) 49 (0.5) 2.8 (1.5 to 5.3) 2.5 (1.3 to 4.8) 3.3 (1.1 to 8.5)

Age (years)
Current use in <65 7 (0.8) 27 (0.3) 4.4 (1.9 to 10.4) 3.3 (1.3 to 8.4) 2.7 (0.6 to 11.2)
Current use in ≥65 16 (1.7) 56 (0.6) 2.2 (1.2 to 4.1) 2.2 (1.1 to 4.0) 1.2 (0.3 to 4.3)

Data are expressed as number (%) unless otherwise indicated.
*ORs matched for age, gender, practice, and calendar time.
†ORs matched for age, gender, practice, and calendar time, adjusted for heart failure.
‡ORs matched for age, gender, practice, and calendar time, adjusted for heart failure and epilepsy.
§There was no gender interaction among users of antiepileptic medications (p=0.88).
AEM, antiepileptic medication; SCD, sudden cardiac death.
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Thus, although tonic-clonic seizures are suggested as being
direct triggers for sudden death in epilepsy, especially SUDEP,
we believe that this is not the case for SCD in epilepsy—that is,
sudden death with a cardiac cause. This notion is supported by
a recent study which demonstrated that the majority of wit-
nessed SCD in epilepsy patients did not occur in the setting of a
tonic-clonic seizure.25 Nonetheless, a tonic-clonic seizure may
still be a risk factor for SUDEP, due to respiratory causes.

A possible mechanism underlying the susceptibility for SCD
in epilepsy might be a shared genetic cause, as suggested in
various reports.24 26–28 In both the brain and the heart, ion
channels play a critical role in the generation and conduction of
electrical activity. Various ion channels are expressed both in the
brain and in the heart, albeit at different levels.29 Mutations in
genes encoding these ion channels may lead to defective ion
channel function and pathological electrical activity, manifesting
as epilepsy in the brain and arrhythmia in the heart. Examples
of such genes are: (1) KCNQ1,26 27 the most common long QT
syndrome-causing gene, encoding a potassium channel; (2)
SCN1A,24 28 the gene which encodes the neuronal sodium
channel; and (3) SCN5A,29 the most common Brugada
syndrome-causing gene, encoding the cardiac sodium channel.
As epilepsy patients are at risk for both epileptic seizures and
cardiac ventricular arrhythmias, it becomes even more difficult
to establish the true cause for seizures in these patients. Epilepsy
may cause seizures, but (self-terminating) ventricular tachycar-
dias may also induce hypoxaemia related seizures that mimic
epilepsy seizures. Moreover, ventricular tachycardias may not be
self-terminating and convert to VF, thereby causing hypoxaemia
related seizures and SCD. In these patients, both the seizures
and SCD are not linked to epilepsy.

Use of AEMs is associated with SCD
A possible role for AEMs in SCD has so far been suggested in
small cohorts of epilepsy patients with severe epilepsy who were
treated at specialised epilepsy institutions, and often used mul-
tiple AEMs.30 We investigated the role of AEMs in SCD in the
general population, assessing SCD risk in stable and symptom-
atic epilepsy patients (to reduce confounding by disease sever-
ity), and in non-epilepsy patients (to exclude confounding by

epilepsy). Most patients (87%) used a single AEM, thereby
reducing confounding by polytherapy of AEMs. AEM use was
associated with increased SCD risk among symptomatic epilepsy
patients and non-epilepsy patients, but not among stable
epilepsy patients. In stable patients, a possible proarrhythmic
effect of the AEMs may have been outweighed by reduction in
sudden death risk by the fact that the epilepsy was well con-
trolled. Importantly, non-epilepsy patients who used AEMs had
increased SCD risk. This may be of concern, as the indications
for AEM prescriptions (especially carbamazepine and gabapen-
tin) have widened to include chronic pain syndromes.

To investigate further the role of AEMs in SCD, AEMs with
sodium channel blocking properties were tested in detail.
Previous studies have linked cardiac drugs with sodium channel
blocking properties to SCD.9 Moreover, patients with an inher-
ited reduction in cardiac sodium current (eg, Brugada syn-
drome) have an increased risk for VF and SCD. Here, we
showed that the use of AEMs with sodium channel blocking
properties was associated with an almost threefold increased
SCD risk, even after correction for confounding factors and
epilepsy. Conversely, AEMs without sodium channel blocking
properties exhibited a weaker and non-significant association
with SCD. We found carbamazepine and gabapentin, both
sodium channel blockers, to be associated with increased SCD
risk.

Strength and limitations of the study
The major strength of our study is its population based design,
minimising selection bias. This enabled us to study symptomatic
and asymptomatic epilepsy patients. Furthermore, we were able
to study patients who used AEMs for various indications. Our
access to the databases of GPs allowed us to collect extensive
information on drug use, concomitant diseases, potential con-
founders, and circumstances surrounding death. However, our
study also has some limitations. First, although GPs register
death consistently, we may have missed some sudden deaths.
Secondly, misclassifications of deaths may have occurred. To
reduce misclassification, we only included cases with sufficient
and clear information on the circumstances surrounding death.
Finally, while GP records were accurate in registering epilepsy

Table 5 Current use of individual AEMs and SCD risk

SCD cases
n=926

Controls
n=9832 OR* (95% CI) OR† (95% CI) OR‡ (95% CI)

Sodium channel blocking AEMs§ 15 (1.6) 43 (0.4) 3.0 (1.7 to 5.4) 3.0 (1.7 to 5.3) 2.8 (1.1 to 7.2)
Carbamazepine 10 (1.1) 26 (0.3) 4.0 (1.8 to 8.9) 3.8 (1.7 to 8.5) 3.2 (1.1 to 9.2)
Gabapentin 3 (0.3) 6 (0.06) 5.1 (1.1 to 22.3) 5.9 (1.2 to 28.5) 5.7 (1.2 to 27.9)
Lamotrigine 0 3 (0.0) NA NA NA
Oxcarbazepine 0 1 (0.0) NA NA NA
Phenytoin 3 (0.3) 10 (0.1) 2.0 (0.4 to 9.1) 2.2 (0.5 to 10.2) 2.0 (0.3 to 12.7)

Non-sodium channel blocking AEMs§ 10 (1.1) 51 (0.5) 2.2 (0.8 to 6.0) 1.7 (0.6 to 5.1) 1.7 (0.5 to 5.3)
Clonazepam 4 (0.4) 14 (0.1) 2.9 (0.9 to 9.4) 2.1 (0.6 to 7.3) 2.1 (0.6 to 7.2)
Levetiracetam 0 1 (0.0) NA NA NA
Phenobarbital 2 (0.2) 14 (0.1) NA NA NA
Primidone 0 4 (0.0) NA NA NA
Valproic acid 4 (0.4) 20 (0.2) 2.2 (0.7 to 6.8) 2.0 (0.6 to 6.2) 1.8 (0.4 to 7.3)

Data are expressed as number (%) unless otherwise indicated.
We conducted only separate analyses for individual AEMs if there were at least 3 current users.
*ORs matched for age, gender, practice, and calendar time.
†ORs matched for age, gender, practice, and calendar time, adjusted for heart failure.‡ORs matched for age, gender, practice, and calendar time, adjusted for heart failure and epilepsy.
§Because some patients used 2 AEMs concomitantly, numbers do not add up.
AEM, antiepileptic medication; NA, not analysed; SCD, sudden cardiac death.

Arrhythmias and sudden death

Bardai A, et al. Heart 2015;101:17–22. doi:10.1136/heartjnl-2014-305664 21

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2014-305664 on 16 July 2014. D

ow
nloaded from

 

http://heart.bmj.com/


diagnosis and seizures, little additional information on epilepsy
type and seizure type was available.

Key messages

What is already known on this subject?
Epilepsy is associated with sudden death. Recently, epilepsy has
also been associated with sudden cardiac death (SCD).

What might this study add?
Epilepsy is associated with a 2.8-fold increase in SCD risk, and use
of antiepileptic medications (AEMs) is associated with a 2.6-fold
increase in SCD risk. SCD risk is mediated by poor seizure control
and use of AEMs that block cardiac sodium channels.

How might this impact on clinical practice?
Seizure control in epilepsy patients may reduce SCD risk. AEMs
must be chosen by taking sudden cardiac death risk into account.
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