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Sudden unexpected death in epilepsy: experience from a tertiary epilepsy centre
in Cyprus with review of the literature
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Abstract

Background: Sudden unexpected death in epilepsy (SUDEP) affects 0.09-9.3 per 1,000 person-years depending on the
population studied and constitutes the most common cause of death in people with epilepsy. The purpose of this study
was to analyze epidemiological data of patients with SUDEP, identify possible risk factors in the population of a tertiary
referral center and provide a review of the literature aiming to raise awareness of this phenomenon.

Methods: Data for this study originate from the records of the Cyprus Institute of Neurology and Genetics in Nicosia
Cyprus. We performed a systematic review of patients with epilepsy who had died between 1997 and 2012 and identi-
fied those whose death circumstances met the definition of SUDEP. Information was collected regarding sex, age, type
of seizures, anti-epileptic therapies, and circumstances of death. Ethical approval was obtained from the institutional
medical ethics committee.

Results: Four hundred and forty four new patients were diagnosed with epilepsy among referrals to the epilepsy clinic
and were followed to the end of the study period. Seven patients, six males, were identified who met criteria for SUDEP.
The average age was 30 years. All patients had had either primary or secondary tonic-clonic seizures. Most were on
polypharmacy, and two had Vagus Nerve Stimulation implanted. Most deaths were unwitnessed and nocturnal. The
overall incidence rate for SUDEP in this population was 2.13 deaths/1000 person-years. Overall Cumulative Incidence
(or lifetime risk) was calculated at 15.76 SUDEP deaths/1,000 patients.

Conclusions: In our series, SUDEP was primarily a nocturnal and unwitnessed event that affected primarily young males.
Among both males and females patients, 36.8% of all deaths were due to SUDEP. The major risk factor identified was the
occurrence of generalized tonic-clonic seizures signifying that every effort should be made to control this type of seizures.
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Introduction

Mortality in people with epilepsy (PWE) is higher
than the general population due partly to sudden unex-
pected death (SUDEP). A common definition of SUDEP
is “sudden, unexpected, witnessed or unwitnessed, non-
traumatic and non-drowning death in an individual with
epilepsy, with or without evidence for a seizure and ex-
cluding documented status epilepticus where postmortem
examination does not reveal a cause for death™. This
definition differs from that of sudden death in general,
because the latter includes deaths with and without an
identified pathologic cause, whereas SUDEP refers to
deaths without an identified pathologic or toxicological
cause. However, most evidence suggests that the majority
of SUDEP cases occur following terminal seizures, and
result from functional pathogenic mechanisms'.

The concept of SUDEP is not recent. In 1868, Bacon?
wrote about “sudden death in a fit”, whereas Spratling?
referred to epilepsy as “a disease which destroys life sud-
denly and without warning through a single brief attack”.

Livingstone* however, claimed that “there is no reason
why someone with epilepsy ... should not live as long as
he would if he did not have epilepsy”. Recently, a con-
sensus on a unified definition and a working classification
was proposed along with nine recommendations’. The
word “unexpected,” instead of “unexplained,” was pro-
posed to be used in the term SUDEP; the term should be
applied whether or not a terminal seizure is known to have
occurred. The category “Possible SUDEP” should be used
in cases with competing causes of death; the term “SUDEP
Plus” should be used when evidence indicates that a pre-
existing condition, known before or after autopsy, could
have contributed to the death (e.g. long-QT syndrome with
no documented primary ventricular arrhythmia leading to
death or coronary insufficiency with no evidence of myo-
cardial infarction). Death should have occurred within one
hour from the onset of a known terminal event. Status epi-
lepticus lasting more than 30 min should be an exclusion
criterion for SUDEP. A specific category of SUDEP due
to asphyxia should not be designated. Death occurring in
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water but without circumstantial or autopsy evidence of
submersion should be classified as “Possible SUDEP”;
and the designation “Near-SUDEP” should include cases
of cardiorespiratory arrest reversed by resuscitation and
subsequent survival for more than one hour.

It should be emphasized that SUDEP is not a diagno-
sis of death but a clinical event which strikes immediately
following convulsive seizures and remains a diagnosis of
exclusion®. Against this background, we sought to iden-
tify the series of SUDEP that occurred in our Institution.

Materials and Methods

The data of this study originate from the records of the
Cyprus Institute of Neurology and Genetics, a tertiary refer-
ral medical and academic center in Nicosia Cyprus, where
patients with intractable and pharmacoresistant epilepsy are
managed. We carried out a systematic review of patients
with epilepsy who died between 1997 and 2012 and identi-
fied those whose death circumstances met the definition of
SUDEP!. Information was collected regarding the sex, age,
type of seizures, anti-epileptic therapies and circumstances
of death. Data on this series are presented in tabular form
(Table 1), and a review of the literature is provided aiming
to raise awareness regarding SUDEP. Ethical approval was
obtained from the institutional medical ethics committee.
Statistical analyses were performed regarding the incidence,
cumulative risk, and sex-specific characteristics.

Results

A total of 444 patients had been diagnosed with epi-
lepsy and followed between 1997 and 2011. Of these,
seven patients were identified who met the criteria of
SUDEDP, six men, and one woman, ranging in age from
18 to 55 years with a mean age of 30 years (Table 1).
One patient had left-sided temporal lobe epilepsy (TLE),
one had right-sided TLE, one had multifocal epilepsy
with secondary generalization in the setting of mild static
encephalopathy, three had frontal lobe epilepsy with sec-
ondary generalization, and one had idiopathic epilepsy
with generalized tonic-clonic seizures (GTCS). Circum-
stances of death are described in the table. All but one

(No. 3) were unwitnessed; of the unwitnessed cases,
two (33.3%) were found dead in bed, three (50%) were
found dead elsewhere in the home, and one (16.5%) was
found dead outside the home on his boat. Death occurred
in association with a witnessed generalized tonic-clonic
seizure in one case; resuscitation was attempted unsuc-
cessfully in this patient by family members. Two patients
(Nos. 3 and 4) had vagus nerve stimulation in conjunc-
tion with their anti-epileptic therapy.

The overall incidence rate among our population was
2.13 SUDEP deaths/1,000 person-years, whereas the over-
all Cumulative Incidence (lifetime risk) was 15.76 SUDEP
deaths/1,000 patients. Among both male and female pa-
tients, 36.8% of deaths were due to SUDEP. Regarding
sex-specific characteristics the incidence rate was 0.68
SUDEP deaths/1000 person-years among females, and 3.30
SUDEP deaths/1000 person-years among male patients.
Female-specific Cumulative Incidence (or lifetime risk)
was 5.10 SUDEP deaths/1000 patients (1 SUDEP death/196
females). Male-specific Cumulative Incidence (or lifetime
risk) was 24.19 SUDEP deaths/1000 patients (6 SUDEP
death/248 males). Among females, 20% of all deaths were
due to SUDEP whereas among males, 42.8% of all deaths
were due to SUDEP pointing to a male preponderance.

Discussion

SUDEP incidence depends on the population studied
and may vary by a factor of 100; In a US population-
based study, Ficker’ indicated an overall rate which was
20 times higher than expected. Unselected cohorts of
incident epilepsy cases have low rates, between 0.09 to
35 per 1,000 person-years®. Incidence rates from 0.9 to
2.3 per 1,000 person-years”!® were observed in epilepsy
populations, whereas in chronic refractory cases they
ranged from 1.1 to 5.9 per 1,000 person-years'"'2. The
significance of seizures as a risk factor was demonstrated
in epilepsy surgery candidates and in patients who con-
tinue to have seizures after surgery with rates between
6.3 t0 9.3 per 1,000 person-years'®. Moreover, in patients
with chronic refractory epilepsy, SUDEP accounts for

Table 1: Circumstances of death of the seven patients who met the criteria of sudden unexpected death in epilepsy
(SUDEP), identified from 444 patients that had been diagnosed with epilepsy and followed between 1997 and 2011 in

the Cyprus Institute of Neurology and Genetics.

A/A Case Sex  Age Seizure Type Location AEDs Timing
1 06/07/54 M 55 LTLEc2gen Home TPR, Venlafaxine, Mirtazapine Nocturnal
2 13/10/82 F 29 RTLEc2gen Home VPA Morning
3 25/01/90 M 18 MFc2gen Beach VPA, LTG, TPR, VNS Daytime
4 11/10/86 M 25 L Frontal ¢ 2 gen Bed Clobazam, OXC, LEV, VNS Nocturnal
5 26/01/68 M 29 L Frontal ¢ 2 gen Home Clonazepam, LTG, CBZ Nocturnal
6 27/11/87 M 22 NFLE c2 gen Bed (CBZ) Non-compliant Nocturnal
7 02/06/59 M 35 1GTC Boat VPA, TPR Daytime

M: male, F: female, AEDs: antiepileptic drugs, TLE: temporal lobe epilepsy, MF: multifocal epilepsy, Frontal: frontal lobe epilepsy, GTC:
epilepsy with generalized tonic-clonic seizures, TPR: Topiramate , VPA: Valproate , LTG: Lamotrigine, VNS: vagus nerve stimulation, OXC:

Oxcarbazepine, LEV: Levetiracetam, CBZ: Carbamazepine.
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10-50% of all deaths and is the leading cause of prema-
ture death'. The high proportion of SUDEP among our
patients probably reflects the relatively young age of our
epileptic cohort (average age =41.3 years) and the conse-
quent small number of deaths. In addition, our population
mainly consists of intractable cases that were referred in
order to undergo a presurgical evaluation or other spe-
cialized interventions. Among females, 20% of all deaths
were due to SUDEP whereas, among males, 42.8% of all
deaths were due to SUDEP pointing to a male preponder-
ance in agreement with other studies.

SUDEP is mostly an unwitnessed event, but there is
often circumstantial evidence suggesting that an epilep-
tic seizure did or could have occurred®. Among the few
witnessed events, habitual seizures were observed, pre-
sumed epileptic’. Langhan et al in 2000 reported 15 cases
in whom SUDEP was preceded by a seizure in 80%, as
did 9/12 cases that Kloster and colleagues reported'*. Sei-
zures seem to resolve before death in all observed cases,
and the mechanism appeared to be a respiratory arrest
(obstructive or central) in the majority®.

Supervision, therefore, becomes a putative protective
factor, and this is corroborated by several studies'>¢, es-
pecially in residential settings which allow close supervi-
sion at night, and SUDEP incidence is reported to be low.
In fact, in one such study SUDEP occurred during school
recess but not during term time'®. A supervisor may stimu-
late a person, whose breathing is compromised following
a seizure, restoring proper cardiorespiratory function'” and
potentially preventing SUDEP. This becomes significant
considering the fact that many such cases are found in the
prone position and have unwitnessed deaths during sleep'.
Six of our seven patients had an unwitnessed death.

In order to eclucidate SUDEP risk factors further, the
International League Against Epilepsy (ILAE) appointed
a Task Force" which pooled data from four major case-
control studies. Their review included 289 cases and
958 controls with epilepsy and the analysis revealed
SUDERP risk 1.4 times higher in males compared to fe-
males; moreover, age at onset and duration of epilepsy
correlated with SUDEP risk as follows: it was 1.7 times
higher in those whose epilepsy begun before 16 years of
age compared with those who had onset between ages 16
to 60; risk doubled if epilepsy was present for more than
15 years. Notably, the frequency of GTCS emerged as
the most important risk factor for SUDEP as compared to
those without GTCS. An odds ratio of 2.94 was estimated
for patients having one or two GTCS per year; it was
increased to 8.28 in those having three to 12 GTCS per
year. A 9.06 odds ratio was associated with a frequency
between 13-50 GTCS per year; and 50 or more GTCS per
year were associated with an odds ratio of 14.51. In ad-
dition, patients on antiepileptic drug (AED) polytherapy,
implying intractability, had triple the risk that those on
monotherapy. The combination of GTCS frequency with
polytherapy had the highest risk'>. The number and type
of AEDs or their combinations had not shown increased
risk once the authors adjusted their analysis for GTCS™.

GTCS frequency remained strongly associated with an
increased risk for SUDEP. In our series all patients had
GTCS either primary or secondarily generalized. Thus,
decreasing GTCS frequency should be one of the main
strategies in the attempt to prevent SUDEP',

Nocturnal seizures are an independent SUDEP risk
factor, therefore, night supervision becomes a key pre-
ventive measure. Lambert’s study'® revealed that SUDEP
occurred during sleep in 58% of his sample whilst in 86%
it occurred as a non-witnessed event; When it occurred
during sleep, it was usually unobserved [odds ratio (OR)
4.4, 95% confidence interval (CI) 1.6—-12]. Moreover, pa-
tients whose SUDEP happened while they were asleep,
had more chances to exhibit habitual nocturnal seizures
compared to those whose SUDEP was not related to sleep
(OR 3.6, 95% CI 1.4-9.4). Moreover, patients with habit-
ual nocturnal seizures had a greater chance of dying than
controls who remained alive (OR 3.9, 95% CI 2.5-6.0).
Four of our seven patients died at night.

SUDEP probably results from a combination of dif-
ferent mechanisms in different individuals®. Most research
has focused on the physiological consequences of the hy-
poventilation associated with seizures (central and/or ob-
structive) as well as cardiac dysrhythmia. Animal studies
using sheep suggested a primary respiratory cause. In one
such study'” five out of 13 sheep died acutely following the
onset of a seizure. Those that died exhibited a greater de-
gree of hypoventilation and peak left atrial and pulmonary
artery pressure, as well as extravascular edema compared
to survivors. In another sheep study of experimental sta-
tus epilepticus'®, there was a rapid fall in pO, and rise in
pCO, concentrations before death in the animals that died
compared with those that survived. In yet a third study
Johnston'® noted the occurrence of central and obstructive
apnea, in the absence of significant cardiac dysrhythmias
concluding that hypoventilation, originating mainly in the
central nervous system, was the culprit of the deaths ob-
served. Likewise, in audiogenic mice, which tend to die
following seizures induced by sound stimuli, the phenom-
enon was totally prevented when they were placed in an
environment augmented with oxygen, signifying the im-
portance of respiratory dysfunction as a cause of death®.

Central apnea was also noted to occur in people with
epilepsy, sometimes with peripheral respiratory obstruction
components®!. Reported cases of SUDEP or near-SUDEP
while undergoing video -electroencephalography (EEG)
monitoring suggest the sequence of events that occur; usu-
ally a partial-onset, often secondarily generalized, seizure in
most of which a lethal interruption or generalized suppres-
sion of EEG activity was noted followed by cardiorespirato-
ry changes (central nervous system shut down). Five of our
seven patients had partial-onset seizures, all with secondary
generalization. Such findings point to a profound central in-
hibition and possibly explain the central respiratory hypov-
entilation that occurs. In most cases, apnea and hypoventila-
tion were thought to be the primary cause of death>*’.

Lhatoo and colleagues® reported significantly
longer postictal EEG flattening following convulsive
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seizures in ten cases with SUDEP compared to 30 con-
trols. The Mortality in Epilepsy Monitoring Unit Study
(MORTEMUS)*! was a review of SUDEP and near-
SUDEP cases which took place while undergoing video-
EEG telemetry. SUDEP in this study usually followed
an early postictal, centrally mediated, severe alteration of
respiratory and cardiac function induced by GTCS, lead-
ing to immediate death or a short period of partly restored
cardiorespiratory function followed by terminal apnea
and cardiac arrest.

Cardiac and autonomic changes during seizures have
also been considered to be risk factors for SUDEP as it is
known that patients with drug-resistant epilepsy can devel-
op subtle cardiac dysfunctions®*** or changes in autonomic
myocardial control**?”. Such a supposition, however, was
not corroborated in a small controlled study, which failed
to detect differences in the variability of interictal heart
rate between seven patients who subsequently had SUDEP
and seven controls with epilepsy who did not die*. The
evidence for ictally-induced changes is more convincing
nonetheless. In two studies®**® conducted on patients un-
dergoing video-EEG monitoring, ictal asystole occurred
in an estimated 0.27-0.40% of cases. Of the ten seizures
recorded all were complex partial; eight arose out of the
temporal and two out of the frontal lobe.

Rossetti*! reported the interesting case of drop attacks
in a patient with significant improvement following im-
plantation of a demand pacemaker. Cerebral stimulation
ofinsular, orbitofrontal and anterior temporal lobe regions
was reported to cause ictal bradyarrhythmia* suggesting
that seizures may interfere with proper heart function
through brain areas that affect cardiac rate, rhythm, out-
put and QT duration, causing prolongation and increased
risk for torsade de pointes arrhythmia®*; moreover, the
autonomic control centers of the brain including the hy-
pothalamus and the amygdala are functionally connected
with these structures suggesting putative mechanisms by
which seizures may alter cardiac function. It is known
that heart rate variability can decrease during or after
seizures possibly leading to cardiac arrhythmias some of
which could, in susceptible individuals, prove fatal. Neu-
rotransmitter and catecholamine surges may also contrib-
ute to occurrences of arrhythmias344,

SUDEP may also result from genetic factors through
mechanisms that cause channelopathies. Abnormal ion
channels may be co-expressed in both heart and brain re-
sulting in pathological interplay leading to seizures and
cardiac arrhythmias. This is corroborated by animal stud-
ies which reveal the co-expression of epilepsy in a mouse
model of human long QT mutations®. Glasscock et al*
suggested that the KCNQ gene in knockout mice may con-
fer susceptibility to SUDEP. A family has been reported
by Hindocha et al*’, with two members dying of SUDEP,
which harbored an SCN1A mutation. Other candidate mu-
tations for SUDEP were reported by Tu et al*®, detected on
SCNSA or KCNH2 genes. Langan et al, hypothesized an
overlap between SUDEP, cardiac syncope, sudden infant
death syndrome, intrauterine death, and premature sud-

den cardiac death®. In addition, Aurlien*® and colleagues
reported a SUDEP case with a missense mutation in the
LQTS-associated gene on SCN5SA coding for the cardiac
sodium channel suggesting another putative mechanism.

Every attempt should be made to achieve SUDEP risk
reduction. To that effect, drug treatment to reduce GTCS
should also, theoretically, decrease SUDEP risk. Studies
have shown that AED treatment, mono or polytherapy,
confers neuroprotection compared to no treatment; in the
ILAE Task Force pooled analysis'®, a protective, albeit not
significant trend was noted even on a single AED therapy
compared to no treatment. However, in another controlled
study® lack of treatment was associated with a SUDEP
risk that was 21.7 times higher compared with patients
on treatment. Frequent AED changes, perhaps indicating
more difficult to control seizures, appear to increase this
risk; one controlled study showed a relative risk of 6.08
in those individuals with multiple changes in treatment
regiments per year compared to those on stable dosages®!,
whereas poor compliance with antiepileptic treatment has
been reported to increase this risk*. Whereas AED poly-
therapy was reported to increase the risk of SUDEP in
several case-control studies!®*-253 the association may
not be necessarily causal and may reflect, again, more
severe epilepsy. In fact, Ryvlin* reported that adjunctive
AED treatment may reduce the risk of SUDEP more than
seven-fold in patients with uncontrolled seizures.

There have been concerns that some AEDs, especially
carbamazepine, and lamotrigine, might increase the risk of
SUDERP either due to their mechanism of action®, or their
effects on cardiac conduction®®*”. However, such putative
associations could not be confirmed by the ILAE Task
Force pooled analysis'®, and SUDEP risk was decreased by
about 80% in patients who were assigned additional AED
therapy compared to patients given placebo’.

Serotonin (5-HTT) should be mentioned with respect
to its role in respiration, antiepileptic effects®, and putative
protective potential®®. The raphe nucleus controls respira-
tion centrally, and may be involved in the respiratory dys-
function observed postictally and possibly be linked etio-
logically to SUDEP®!. A link may thus exist between epi-
lepsy, serotonin, and respiration through a polymorphism
in the 5-HTT gene leading to genetic susceptibility in cer-
tain individuals®. In animal models Fluoxetine, a selective
serotonin reuptake inhibitor (SSRI), has shown a protec-
tive effect in reducing ictal respiratory arrest®. Desatura-
tion of oxygen was detected significantly less frequently
postictally in patients receiving SSRIs* suggesting a pos-
sible neuroprotective and SUDEP preventive role.

Another preventive strategy would involve careful
selection of candidates for surgical control of their epi-
lepsy. SUDEP incidence rates after surgical treatment of
epilepsy range from 1.8 to 4.0 per 1,000 patient-years in
various studies®**® which are lower than those reported
in surgical pharmacoresistant candidates. Even though
SUDEP can occur after epilepsy surgery, it appears in
patients who continue to have seizures following sur-
gery, whereas in most series published, it has not been
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reported in seizure-free postoperative patients38:62.64.67.68,
However Persson et al*, have suggested that firm con-
clusions regarding postoperative SUDEP rates cannot be
established since there may be intrinsic differences be-
tween successful and unsuccessful postoperative patients
in terms of their medical characteristics and responses to
therapy. Other risk factors reported included right-sided
resections in mesial temporal sclerosis (MTS) [standard
mortality ratio (SMR) 3.33, 95% CI 1.39-8.00], men with
MTS (SMR 3.12, 95% CI 1.56-6.25), and men with non-
specific lesions® (SMR 2.68, 95% CI 1.00-7.09). In our
series, one patient was awaiting surgery.

Concern was raised regarding vagus nerve stimulation
(VNS) therapy and its potential to induce bradycardia or
cardiac arrest. Ardesch’ recommended greater caution to
avoid asystole if bradycardia was induced during the VNS
device insertion. There is evidence that VNS can exacer-
bate obstructive and central sleep apnea’ . However, in
areview of 1819 individuals (funded in part by the device
manufacturers), totaling 3,176.3 person-years following
implantation, 25 deaths had occurred suggesting, accord-
ing to the authors, that there were no differences from the
rates reported in other epileptic populations''. Two of our
patients had VNS implanted.

Shorvon and Tomson® suggested the following meas-
ures to reduce the risk of SUDEP in clinical practice: con-
trol of GTCS with optimum treatment, compliance and
lifestyle adjustments (e.g., use of alcoholic beverages,
sleep habits); slowly and gradually changing AEDs; night-
time supervision for those patients at high risk; caution
with AEDs, which may potentially cause adverse cardi-
orespiratory effects; attention to ictal warning signs such
as prolonged GTCS, marked cyanosis, severe bradycardia
or apnea, marked atonia, and EEG suppression postictally;
supervision after a seizure until full consciousness is re-
stored; and counseling of selected patients on the risks.
Further research is warranted in order to delineate the
mechanism of SUDEP precisely and to devise and imple-
ment effective preventive measures. Patients in our series
had characteristics similar to those identified in larger
studies elsewhere. Finally, the physician should assess the
appropriate population and the critical time at which to fa-
cilitate a discussion about SUDEP. Kroner et al”® reported
that approximately half the patients and their caregivers
believed that knowledge regarding SUDEP would influ-
ence their epilepsy management; in that respect, they rec-
ommend that health care providers need to educate those
at high risk about preventative measures as well as help
alleviate fears among those at minimal or no risk.

Conclusions

SUDEP remains a significant factor for mortality in peo-
ple with epilepsy. As in most series reported, our patients had
GTCS, most had nocturnal seizures, all but one were male
and the average age was 30 years. The majority of deaths
were unwitnessed. Therefore, our strategies to reduce or pre-
vent SUDEP should include measures to control seizures,
medically, surgically or with other interventions, monitoring

of selected cases at risk especially at night, and further re-
search to ascertain the factors which lead to SUDEP so that
better preventive strategies are developed.
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