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Knowledge of SUDEP risk factors has recently advanced thanks 
to the pooled analysis of four major case–control studies performed 
by the Subcommission on Mortality of the ILAE Commission on 
Epidemiology [8,9]. The main risk factor was found to be the presence 
and frequency of generalized tonic–clonics seizures (OR>15 for 
patients with ≥3 GTCS/ month) [9]. Other SUDEP risk factors are 
the gender (male), the age of onset of epilepsy (< 16 years of age), 
the duration of epilepsy (>15 years), use of polytherapy (OR<2), 
underlying neurological deficits, nocturnal seizures [8].

A high seizure frequency remains the biggest conclusively 
substantiated underlying risk factor [7]. The severity of epilepsy 
partly explains some of the risk factors for sudden death, such 
as tonic– clonic seizures, frequent seizures, early onset and long 
duration of epilepsy, and polytherapy, but some factors probably 
contribute to the risk of sudden death directly [3]. The association 
of early onset and long duration of epilepsy with an increased risk of 
sudden death suggests that progressive neural changes contribute to 
the risk [3]. Although polytherapy is a marker of treatment-resistant 
epilepsy, treatment with three or more antiepileptic drugs has been 
found to increase the risk of sudden death by a factor of more than 8 
after adjustment for seizure frequency [10]. However, in randomized, 
controlled trials involving patients with treatment-resistant epilepsy, 
the rate of sudden death was increased by a factor of more than 7 
among patients who received placebo as compared with those who 
received an additional antiepileptic drug [11]. Diurnal seizure 
variability provides the opportunity to select appropriate timing with 
higher dosing in an attempt to achieve higher AED levels around 
the time when seizures occur most frequently [12]. Noncompliance 
and use of recreation drugs and alcohol abuse are other contributory 
factors.

A significant proportion of patients with epilepsy experience 
cardiac and respiratory complications during seizures. These cardio-
respiratory complications are suspected to be a significant risk factor 
for SUDEP [7]. 

Several cardiac changes occur during seizures as a result of 
ictal autonomic dysfunction. Sympathetic responses (causing 
tachycardia and hypertension) are more common as compared to 
parasympathetic responses (causing bradycardia and hypotension). 
Combinations of sympathetic and parasympathetic activation 
and inhibition may occur simultaneously or sequentially during 
individual seizures [7]. Other cardiac abnormalities that may occur 
include asystole, repolarization anomalies (prolonged or shortened 
QTc interval), and atrial fibrillation. These possibly may arise from 
seizures arising from the insular cortex. Electrocardiography (EKG) 
indicators of abnormal cardiac repolarization during seizures 
(such as prolonged or shortened QTc interval) are risk factors for 
life threatening tachyarrhythmia and sudden cardiac death. A few 
studies have shown that mutations in certain genes could lead to 
predisposition to cardiopulmonary complications during seizures 
[13,14]. Investigation of key ion channel genes should be pursued 

Sudden unexpected death in epilepsy (SUDEP) is defined as a 
“sudden, unexpected, witnessed or unwitnessed, non-traumatic and 
non-drowning death in patients with epilepsy with or without evidence 
for a seizure and excluding documented status epilepticus in which 
postmortem examination does not reveal a toxicologic or anatomic 
cause for death’” [1]. SUDEP cases are classified as: (1) definite 
when clinical criteria are met and autopsy reveals no alternative 
cause of death (2)  probable when clinical criteria are met but there 
is no postmortem examination, and (3) possible when there is an 
alternative cause of death or when clinical data are lacking [1,2]. It 
has now become clear that SUDEP is associated with seizures though 
unwitnessed [3]. 

SUDEP is one of the leading causes of death in young and 
otherwise healthy adults with epilepsy and it is the most common 
cause of death that can be directly attributable to epilepsy [4,5]. 
More than 20% of patients with childhood-onset epilepsy who fail to 
achieve long-term seizure freedom will die of SUDEP within 40 years 
of follow-up [6]. The incidence per 1000 patient-years varies with 
the sample population, increasing from 0.09 to 2.65 in community 
samples to 1.2 to 5.9 in tertiary care epilepsy centers to 6.0 to 9.3 
among patients evaluated for or treated with epilepsy surgery or 
vagus-nerve stimulation for epilepsy [3].

The underlying mechanism of SUDEP remains unclear. Sudden, 
unexpected death in epilepsy usually occurs in chronic, refractory 
cases of epilepsy, often in patients with a history of neurologic insult. 
However, sudden death can occur early in the course of epilepsy 
and in patients who have seizures only rarely [3]. Determining 
the precise mechanism of death is difficult, even in cases that were 
recorded on video EEG during the terminal event [3,6]. There is not 
a single mechanism to explain the mechanisms of SUDEP. Potential 
mechanisms may include: 1) cardiac arrhythmias (possibly related 
to the spread of seizures to the cardiovascular centers in the insular 
cortex), 2) ventilatory impairment with hypoventilation, prolonged 
apneas, or oxygen desaturations triggered by seizures, 3) impaired 
righting responses leading to suffocation (most patients with 
SUDEP have been found to be in the prone position), 4) autonomic 
instability during or after a seizure, and/or 5) postictal serotonin (5-
HT) neuronal dysfunction causing depression of breathing, impaired 
arousal, and repositioning reflexes [6].
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to investigation the relationship between epilepsy and sudden death 
[15].

Seizure-induced respiratory changes can be lethal and may 
involve pulmonary dysfunction and suppression of brainstem 
respiratory and arousal centers [16]. These changes have been 
repeatedly demonstrated in numerous studies and include central and 
obstructive apneas, hypoventilation, hypercapnia, and desaturation 
with metabolic acidosis, bradypnea, and tachypnea. The most serious 
of these changes are those associated with respiratory depression 
(such as hypoxemias and central apneas) most commonly observed in 
young men with symptomatic generalized, contralaterally spreading, 
left or right temporal, longer-duration seizures [7]. Serotonin, a 
neurotransmitter, has beenshown to affect brainstem respiratory 
center excitability. Changes in serotonin levels have been reported in 
patients with sudden infant death syndrome (SIDS), and may also be 
contributing to the terminal events with SUDEP [17].

Cerebral shutdown is a yet another putative mechanism 
causing SUDEP that has been proposed. Postictal generalized 
electroencephalography suppression (PGES) which is a hallmark of 
cerebral shutdown, is defined as the immediate postictal (within 30 
s), generalized absence of electroencephalographic activity >10 μV in 
amplitude, allowing for muscle, movement, breathing, and electrode 
artifacts [18]. Prolonged PGES (>50 s) may be an independent risk 
marker for SUDEP [7].  It is however not clear whether PGES is an 
indirect or direct marker of cerebral dysregulation.

The effects of prolonged postictal EEG suppression, apnea, 
pulmonary shunting and edema, suffocation in the prone position, 
impaired arousal to hypercapnia, laryngeal spasm, and respiratory 
acidosis probably combine and cascade with cardiac factors to cause 
many cases of sudden, unexpected death in patients with epilepsy [3].

Can SUDEP be prevented? No prospective or controlled studies 
have evaluated interventions to reduce its incidence. Since a tonic–
clonic seizure precedes most sudden deaths in patients with epilepsy, 
seizure control and the appropriate use of medication as well as 
counseling on lifestyle is the focus of prevention [3]. Prevention 
might in turn target a number of contributing factors, with the aims 
of: (1) reducing the occurrence of GTCS with optimal treatment, (2) 
detecting postictal cardiorespiratory distress (seizure, SpO2, ECG 
monitor), (3) reducing the risk of upper airways partial obstruction 
and postictal respiratory distress (latticepillow, supervision, O2), (4) 
reducing central hypoventilation through physical stimulation, (5) 
reducing endogenous opioid and/or adenosine mediated postictal 
brain and brainstem depression, and (6) reinforcing serotonin related 
respiratory rescue mechanisms (SSRI) [3].

A discussion of sudden, unexpected death in epilepsy may 
be worthwhile for patients with tonic–clonic seizures who are 
beginning an antiepileptic-drug regimen and for patients at high 
risk for recurrent tonic–clonic seizures who are discontinuing such a 
regimen [3]. The 2007 UK National Institute for Health and Clinical 
Excellence (NICE) guidelines for epilepsy recommend disclosing the 
risk of sudden unexpected death in epilepsy SUDEP) to patients. The 
majority of parents wanted to know about SUDEP and its associated 
risks. Whenever possible, SUDEP information should be given by the 
physician accompanied by an information leaflet [19].

The identification of populations at high risk of SUDEP is 
of paramount importance in order to be able to test the impact of 
potentially preventive interventions so as to achieve a reduction of 
SUDEP.
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