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Introduction
Individuals with epilepsy have a mortality rate 2-3
times that of the general population.1-3 This
increased mortality is attributable to both the under-
lying disease and epilepsy itself. The commonest
seizure related death is sudden unexpected death
(SUDEP), an event which recently has aroused great
interest. 

Definition 
An agreed definition of SUDEP and classification of
epilepsy related deaths has not been achieved. We
propose the following definition: “.....sudden unex-
pected, nontraumatic and nondrowning death in an
individual with epilepsy with or without evidence
for a seizure and excluding documented status
epilepticus where postmortem examination does
not reveal a cause for death”.4

In recent years in the UK an estimated 90% of
sudden deaths have been referred to the coroner
and proceed to postmortem examination but where
this is not done, it is necessary to formulate, for the
purposes of epidemiological studies, a definition
which encompasses possible, probable and definite
cases of SUDEP. An approach that has been adopt-
ed by various studies.5-7 

Incidence studies
The incidence of SUDEP has been estimated by a
number of investigators who have undertaken both
population based and cohort studies and the results
of these studies are summarised in tables 1 and 2.

Post-mortem findings
Whilst the definition of SUDEP includes the proviso
that no anatomical or toxicological cause of death is
found at post-mortem, there are nevertheless certain
features which are commonly found at autopsy.
This includes pulmonary oedema (deemed insuffi-
cient in itself to cause death) increased lung, liver and cardiac
weights.8-10 In addition neuropathological findings have report-
ed decreased brain weights8 and cerebral oedema8,11 with struc-
tural brain lesions being present in 27- 70% of cases.8,10-12

Possible mechanisms
A variety of mechanisms have been proposed for sudden death
in epilepsy including disturbances of respiration and cardiac
conduction. Apnoea was a frequent finding in a study of ictal
cardiorespiratory parameters at the telemetry unit of the
National Hospital for Neurology and Neurosurgery.13 and this
hypoventilation, which was primarily central in nature,
occurred in the context of both generalised and partial seizures.
Obstructive apnoea occurred less commonly in this study but it
is likely that in the controlled environment of the telemetry
unit, where nursing intervention is likely to minimise airway
compromise, the contribution of intrinsic or extrinsic obstruc-
tive apnoea to SUDEP may be underestimated. 

An important role for hypoventilation is also supported by an
animal model in which chemically induced seizures in sheep
can cause death in association with a precipitous drop in the
partial pressure of oxygen which occurs along with a con-
comitant rise in pulmonary artery and left atrial pressures
resulting in pulmonary oedema - a frequent finding and almost
a pathologic hallmark for sudden death in epilepsy (see
above15). In this animal model care was taken to ensure that air-
way patency was maintained.14

Of further interest with respect to the role of
apnoea in SUDEP are the findings of a study in a
residential school for children with epilepsy and
learning difficulties. The children were closely
supervised by experienced staff while at school,
including at night. No cases of SUDEP were wit-
nessed during the period of the study suggesting
that attention to the recovery of the individual fol-
lowing a seizure, and positioning or stimulating if
necessary, may have a role in its prevention.16

The development of apnoea during a seizure
does not exclude a role for cardiac arrhythmia in
SUDEP. Clinical observations of seizures associated
with severe cardiac arrhythmias have been report-
ed, mainly involving sinus arrest and bradycardia
with the majority of these cases having an epileptic
focus located in the temporal lobes.17-20

Bradyarrhythmias, often transient have also been
noted to occur in the presence of apnoea13 and pro-
posed mechanisms for this transient bradycardia
include a direct effect of the seizure discharge or a
response to apnoea mediated by the cardio–respi-
ratory reflex.21 Sinus tachycardia is a common
accompaniment to seizures22 but although malig-
nant tacharrhythmias also occur the evidence sug-
gests that this is an infrequent occurrence.23

Experimentally Mameli and colleagues24 found that
various arrhythmias occurred during the paroxys-
mal discharge when hypothalamic partial epilepsy
was induced in hemispherectomised rats, futher-
more severe arrhythmias also occurred where there
was a mesencephalic or rhombencephalic focus.25,26 

Prolongation of the QT interval has been postu-
lated to occur in sudden death cases with some
investigators finding some evidence of ictal prolon-
gation of the QT and QTc intervals although not
beyond the normal ranges.27 It has already been
noted that cases of prolonged QT syndrome may
be misdiagnosed as epilepsy28 and it remains to be

seen whether the same genetic predisposition may cause long
QT syndrome and epilepsy in a subgroup of patients with idio-
pathic epilepsy and SUDEP. Autonomic dysfunction leading to
an imbalance in cardiac autonomic control may also play a role
in SUDEP29 as investigators have shown reduced heart rate vari-
ability in those with epilepsy which may be related to the
epilepsy itself, medication and medication withdrawal.30-32

A recent study which examined cardiac pathology in SUDEP
cases found evidence of perivascular and interstitial fibrosis
along with reversible myocyte vacuolisation. The control
group, in whom such abnormalities were not detected, did not
include individuals with epilepsy dying of other causes and
thus the significance of these findings is unclear.33 Opeskin and
colleagues34 performed detailed cardiac examination on ten
SUDEP victims and ten controls, where there was no history of
epilepsy and death was due to a non cardiac cause. They found
no increase in morphological cardiac conduction system abnor-
malities in the SUDEP group and neither was there any differ-
ence in the level of coronary artery stenoses between the two
groups. They qualify their findings by stating that subtle abnor-
malities of the conduction system were identified in some of
the epilepsy related deaths which could have contributed to
death by causing cardiac arrhythmia. 

Case – control studies to date
Descriptive studies of SUDEP cohorts have reported potential
risk factors which include youth, male sex, remote symptomatic
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epilepsy, structural findings on neuropathology, severe epilep-
sy, alcohol abuse, abnormal EEG’s with epileptiform changes
and greater variations, mental handicap, psychotropic medica-
tion, African Americans, lack of compliance with treatment,
abrupt medication changes, low antiepileptic drug levels and
unwitnessed nocturnal seizures.35 Case control studies are the
way forward in further clarifying risk factors for SUDEP.

Nilsson and colleagues36 have undertaken the first sizeable
case control study. Fifty seven cases were identified of whom
91% had undergone PM examination and a number of conclu-
sions can be drawn: The relative risk of SUDEP increased with
increasing number of seizures/year. The estimated RR was
10.16(2.94-35.18) in those with more than 50 seizures/year
compared with those who had two seizures/year and RR was
23.2(3.16-170.28) when those having any seizure were com-
pared with those who were seizure free.

The risk of SUDEP increased with increasing number of con-
comitant AEDs 9.89 for three compared with monotherapy.
This was a risk factor independent of seizure control as judged
by seizure frequency. Seizure severity was not investigated.
Other major risk factors were frequent changes of AED dosage
compared with unchanged dosage 6.08(1.99-18.56). There was
an 18 fold increase in RR associated with epilepsy in childhood
compared with onset >45 years of age. The association
between SUDEP risk and early onset of epilepsy and SUDEP
risk and seizure frequency was weaker for women than men
whereas the association between dosage change and increased
risk was stronger in female patients. Male patients with locali-
sation related epilepsy had a lower risk when compared to
those with idiopathic epilepsy.

Walczak et al37 identified ten probable and ten definite
SUDEP cases with the risk of SUDEP being increased by tonic
clonic seizures [OR 7(2-24)], number of AEDs [OR 3.8(1.3-11)]
when adjusted for the number of all seizures and mental retar-
dation OR4.6(1.2-18). 

Preliminary results have also been reported from a large
case-control UK study of 154 SUDEP cases, of whom 21 were
witnessed.38 This is the largest case control study to date and
all cases underwent post-mortem examination. Risk of SUDEP
was greater if a generalised tonic clonic seizure occurred in the
last 3 months (OR 10.3(5.6-19.2) ) and with increasing number
of antiepileptic drugs ever taken (OR4.3(2.1-8.90 for 4 AEDs
when compared with 1-2). Those who had never had drug
therapy were also at increased risk when compared with those
who had taken 1-2 drugs (OR 11.6(4.3-39.4). Recent AED with-
drawal i.e. in the last 3 months also increased the risk of
SUDEP (OR 2.7(1.1-6.5). Taking carbamazepine appeared to be
associated with an increased risk of SUDEP with the OR just
achieving significance OR 2(1.1-3.6). The clinical significance
of this observation, suggested previously39,40, is not yet clear
and causation should not be assumed as there are many pos-
sible interpretations. This study also investigated supervision.
There was a decreased risk of SUDEP if the bedroom was

shared with someone capable of giving assistance (OR 0.38
(0.2-0.8) and if special precautions such as the use of listening
devices were taken (OR 0.3 (0.1-0.86)). 

Clinical implications
This possibility of sudden death should be considered when-
ever patient management strategies are considered. SUDEP is
largely a seizure related phenomenon and the optimisation of
seizure control is highly important in its prevention. Effective
AED therapy is therefore of paramount importance in the pre-
vention of these tragic deaths. The risk of SUDEP needs to be
considered whenever decisions are made about changes, par-
ticularly withdrawal of AED therapy as this may increase the
risk as a consequence of altered seizure control or severity as
a result of changes in reflex function. 

Supervision at night appears to protect against SUDEP.
Indeed as the majority of these deaths are unwitnessed, atten-
tion to recovery following a seizure and positioning or stimu-
lation as necessary may be important in SUDEP prevention.
Every effort should be made to reduce avoidable seizures such
as those related to specific trigger factors or to poor compli-
ance with medication. It is thus important that patients be
aware of the risks of their condition in order to make balanced
decisions about treatment and lifestyle. Such discussion may be
difficult and its nature and timing will vary from patient to
patient dependent on assessment of individual risk. The issue
of supervision at night may be particularly difficult to address,
especially in the young adult. 

Finally correct certification of epilepsy deaths is vital both for
accurate data on SUDEP and other epilepsy related deaths and
to allow for the monitoring of trends in mortality and the effec-
tiveness of potential preventive measures discussed here.
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