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a b s t r a c t

We evaluated the prevalence of epilepsy in a cohort of patients who suffered a sudden unexpected death
(SUDEP), and determined the proportion of the deaths that were related to an identifiable underlying
familial cardiac pathology. Epilepsy is common in people who experience a sudden unexpected death,
with approximately a quarter having identifiable familial electrophysiological abnormalities. Familial
cardiac pathology may be an important cause of SUDEP. A retrospective evaluation was performed of
74 families that were referred to the Royal Melbourne Hospital Cardiac Genetic Clinic over a 5 year period
for investigation following a family member’s sudden, presumed cardiac, death. This state-wide referral
clinic includes all patients who have died from a sudden unexpected death in whom the cause of death is
unascertained. An epilepsy diagnosis was categorised as either definite, probable, possible or unlikely.
The family members underwent comprehensive clinical evaluations and investigations in an attempt
to identify a familial cardiac cause for the sudden unexpected death. Our findings suggest that systematic
referral to a cardiac genetics service is warranted for the first degree relatives of people with epilepsy
who experience a sudden unexplained death, for further evaluation and to identify those who are at
higher risk for sudden death. Interventions may then be instituted to potentially reduce this risk.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

People with epilepsy have an increased risk of death compared
to the general population [1–4]. One of the most important groups
of deaths in people with epilepsy is sudden unexpected death
(SUDEP) [5]. SUDEP refers to the sudden and unexpected death
in a person with epilepsy who is otherwise well, whereby the
death cannot be attributed to trauma, status epilepticus, toxins
or drowning [6].

The reported incidence of SUDEP varies according to the popu-
lations examined [4,7–8]. In community samples, the incidence of
SUDEP has been estimated at 0.09–2.65 per 1000 patient years [7].
By contrast, the incidence of SUDEP is estimated at 4 in 1000
patient years in patients being treated in specialised epilepsy cen-
tres [9], whilst the rate can be as high as 9.3 per 1000 patient years
in those who have undergone epilepsy surgery but continued to
experience uncontrolled seizures [7]. SUDEP may be the overall
cause of as many as 18–30% of deaths in people with epilepsy
[10–11], and is believed to be the leading cause of death in children
and young adults with epilepsy [12].

The aetiology of SUDEP remains uncertain. The two most com-
monly implicated mechanisms are cardiac, due to a seizure
induced malignant cardiac arrhythmia, or respiratory, due to post
seizure apnoea or airway obstruction [7,9]. A third mechanism is
cerebral hypoperfusion and brain shut down, which may occur in
combination with respiratory or cardiac mechanisms [7].

Mutations in voltage-gated ion channel genes involved in regu-
lating cardiac electrical conductivity are increasingly being recog-
nised as important causes of sudden unexpected death in young
people in a non-epilepsy context [13], frequently on a familial basis
[14]. As a number of ion channels expressed in the heart are also
expressed in the brain [15,16], it is possible that mutations in these
ion channels predispose to the dual phenotype of epilepsy and sud-
den cardiac death [17]. There is increasing evidence to suggest that
in patients with sudden unexplained death and negative autopsy
findings, there may be a degree of overlap between chan-
nelopathies in familial cardiac arrhythmias and SUDEP [15].

This study aimed to evaluate data from a cohort of people who
had experienced a sudden and unexpected, presumed cardiac,
death to determine what proportion had a personal or family his-
tory of epilepsy, and identify what proportion had evidence of a
familial cardiac pathology, specifically electrophysiological abnor-
malities that may predispose to sudden death. The information
was collected and evaluated from the audit of a state-wide cardiac
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genetics clinic comprising autopsy reports, investigations of family
members and collateral information.

2. Methods

2.1. Setting and study cohort

A retrospective analysis was undertaken of the families referred
to the Royal Melbourne Hospital Cardiac Genetic Clinic from July
2007 to July 2012 for investigation following a family member’s
sudden death. This is a state-wide referral clinic from the
Victoria Institute of Forensic Medicine (VIFM) for the families of
all of those who have died from a sudden unexpected death where
the cause of death is unascertained, leading the pathologist to
query a possible inherited arrhythmia. Mostly, the deaths had
occurred in a young person (<40 years of age), but the cohort
included people up to 65-years-old who had no obvious cause of
death. The clinic also receives referrals where a cardiac cause of
death is found, however, these individuals were excluded from this
study. Approval was given by the Melbourne Health Human
Research Ethics Committee for this audit.

The aim was to analyse the deceased patient population where
a death remained undetermined or unascertained after autopsy
(with or without a history of epilepsy), by investigating family
members. During the 5 year period, 196 separate families compris-
ing 442 people were assessed in the clinic, and 122 families were
excluded; 19 because of underlying preexisting conditions or a
cause of death identified at autopsy, 35 because the deceased per-
sons were found to have structural cardiac pathology on autopsy,
31 because an alternate cause of death was found or there was
insufficient information, and 37 because no death had occurred
(either a diagnosis had already been established or an out of hos-
pital cardiac arrest with successful resuscitation had occurred).
This left 74 families (comprising 184 people) where a death had
occurred and the cause of death on autopsy was unascertained or
considered to be SUDEP (n = 6).

2.2. Clinical data collection

Information regarding the deceased person’s history of epilepsy
was abstracted from the family files, which were obtained as stan-
dard practice at the clinic. The available data included the full
autopsy report outlining the examination findings, circumstances
surrounding the death and toxicology reports from the VIFM. A
detailed history including the deceased person’s medical history
was obtained from collateral sources (family members and medical
professionals after consent had been provided). The standard data
collection included the family history, verified medical record
including personal history, previous investigations including,
where available, electroencephalogram and MRI. Based on this
information, the deceased person was categorised as having a def-
inite, probable, possible or unlikely history of epilepsy. The criteria
for classifying a person as having a definite history of epilepsy was
based on a combination of a prior diagnosis (as determined by cor-
respondence from neurologists), and supporting information
including positive imaging results, hospital admissions, treatment
with antiepileptic drugs (AED) and a history of seizure activity. A
‘probable’ classification was when an individual had not necessar-
ily been diagnosed with epilepsy, but there was a history of
seizure-like events (with evidence of postictal confusion, tongue
biting or incontinence) and treatment with AED. A ‘possible’ epi-
lepsy classification was given if the deceased did not have a prior
diagnosis but there was evidence of at least two episodes that were
suspicious for seizure activity during their life. If there was evi-
dence of seizure activity at the time of death, this information

would support, but not alter, the classification of a deceased per-
son. This ‘possible’ category was given to deceased individuals
where there was seizure activity, but either due to age constraints
or limited accessible information, a likely history of epilepsy could
not be made. Where there was no history of seizure activity during
life, nor correspondence, investigations or the use of AED, a classi-
fication of ‘unlikely’ was given.

2.3. Cardiac investigations

Information regarding their own medical history and investiga-
tions was collected for the surviving family members who were
seen in the clinic. During the initial assessments an electrocardio-
gram (ECG) and transthoracic echocardiogram was performed on
those who attended. Further cardiac investigations included exer-
cise stress testing (Sprint protocol) and, where relevant, a fle-
cainide or adrenaline challenge [18]. Genetic testing was
undertaken if there was strong evidence of Brugada syndrome or
long QT syndrome (LQTS) [18].The results of an audit of the full
clinic cohort which analyzed the sudden cardiac deaths and arrests
over a 6 year period have been published previously [18]. Of the 74
families that were included in this audit during July 2007 to July
2012, all had a minimum of one family member who underwent
an ECG, of which 12 (16.2%) showed some anomaly (Brugada
Syndrome or LQTS).

2.4. Genetic testing

Genetic testing was carried out in 15 (20.3%) of the families.
Typically, six genes that are commonly associated with significant
cardiac electrophysiological anomalies and risk of sudden death
were analysed: potassium channel voltage gated KQT-like subfam-
ily Q member 1 (KCNQ1; LQT1), potassium channel voltage gated
EAG related subfamily H member 2 (KCNH2; LQT2), sodium chan-
nel voltage gated type V alpha subunit (SCN5A; LQT3), potassium
channel voltage gated subfamily E regulatory beta subunit 1
(KCNE1; LQT5), potassium channel voltage gated subfamily E reg-
ulatory beta subunit 2 (KCNE2; LQT6), potassium channel inwardly
rectifying subfamily J member 2 (KCNJ2; LQT7). In two of these
families, testing of the cardiac ryanodine receptor 2 gene (RyR2)
for catecholaminergic polymorphic ventricular tachycardia
(CPVT) was performed.

3. Results

3.1. Personal or family histories of epilepsy

Of the 74 families studied, 15 (20.3%) of the deceased were
identified as having a personal history of epilepsy; six categorised
as definite, four as probable and five as possible (Fig. 1; Table 1).
The details of these are given in Table 2. Of these 15 people, two
(13.3%) had a family history of sudden death and four (26.7%) were
identified as having an underlying familial cardiac cause of death
(excluding one individual with an equivocal diagnosis of either
CPVT or SUDEP).

Eleven (14.9%) families had a family history of epilepsy, seven of
whom had a deceased member with no personal history of epi-
lepsy (Table 3). There were 52 (70.3%) families in which there
was neither a personal nor family history of epilepsy.

3.2. Cause of death

Of the 74 families in the study cohort, 12 (16.2%) were found to
have an underlying cardiac history (eight with LQTS, two with bor-
derline LQTS, and two with Brugada Syndrome). A diagnosis of
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