
S
udden unexplained or unex-
pected death in epilepsy
(SUDEP) is a somewhat un-
common but very serious
cause of mortality in persons

with seizures that are not completely
controlled. Other causes of mortality in
people with epilepsy include seizure-
related death (due to an accident or
drowning during the seizure), status
epilepticus, suicide and deaths due to the
treatment of epilepsy. The higher stan-
dard mortality ratios (SMRs) occur in
persons with refractory epilepsy. So what
exactly is SUDEP? It is sudden, unex-
pected, witnessed or unwitnessed, non-
drowning or atraumatic death in some-
one with epilepsy in whom the autopsy
does not reveal a specific cause.1

Mortality rates are higher among
people with seizures than those without
epilepsy. One way to quantify this is by
looking at the SMR, a measure that
compares the rate of death to age-
matched, sex-matched healthy individu-
als. An SMR of 1.0 signifies no differ-
ence from the reference population. In
persons with epilepsy, the SMR ranges
from 1.3 to 9.3.2 Of course, the higher
SMR could reflect any cause of death.
SUDEP accounts for a smaller percent-
age of these deaths, causing 2-18 percent
of the deaths in people with epilepsy.3

The most often quoted number is that
SUDEP affects 1:1000 individuals.
However, the risk may be much higher,
perhaps as high as 1:100.4 In this study,
the higher rate of SUDEP was reported
in people who had been referred for
epilepsy surgery (i.e., their seizures were
refractory to medical management).

What Causes SUDEP?
By definition, the exact cause is un-
known. However, several theories have
been proposed. Of these, the leading pos-
sibility is that the cause of death is due to
a cardiac arrhythmia, probably induced
by a seizure.5 Evidence in support of this
hypothesis is the observation during
video-EEG monitoring that seizures can
cause an increase in heart rate, tachycar-
dia, or the opposite, bradycardia. Of the
two types of arrhythmia, tachycardia is
the more common,
occurring in up to 99
percent of temporal
lobe seizures.6,7

Rarely, seizures have
been described as caus-
ing asystole.8 In one
study, 20 people with
epilepsy were implant-
ed with a subcutaneous
device that records car-
diac rhythms. One in
five (21 percent) were
found to have periods
of bradycardia or asys-
tole. Three of the four
patients experienced
the change on cardiac
rhythm around the time of a seizure.9

If the arrhythmia is not directly attrib-
utable to seizures, it has been proposed
that the abnormal cardiac rhythm could
be due to the treatment of seizures. Case
reports have linked both phenytoin and
carbamazepine to changes in cardiac
rhythms. In addition, abrupt withdrawal
of either of these medications has been
shown to increase the frequency of pre-
mature ventricular beats.10 There is little

if any information regarding the newer
antiseizure medications and changes in
cardiac rhythm.11 The vagus nerve stimu-
lator has been shown to cause asystole
during the lead test,12 and can cause beat-
to-beat heart rate variability.13 The clinical
significance of the changes in cardiac
rhythms remains unclear. Although some
have proposed that this is the link
between seizure therapies and sudden
unexplained death, no specific drug or
therapy has been shown to be associated

with SUDEP.11

The second possi-
ble cause of SUDEP
is pulmonary: some
have proposed that
s e i z u r e - i n d u c e d
apnea may cause un-
expected death. For
instance, seizures
have been associated
with both obstructive
and central sleep
apnea.14,15 Perhaps the
seizure causes a pro-
longed apnea, which
then leads to death.
Another possibility is
that the apnea in-

duces an irregular cardiac rhythm.
Finally, the chain of events may be that
apnea, if prolonged, causes cardiac
ischemia and then a cardiac arrhythmia.
Further research is needed to more care-
fully understand the link between
seizures, therapy for seizures, and
SUDEP. If the exact link can be under-
stood, measures could be instituted to
prevent the mortality associated with
seizures.
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Although the causes of SUDEP are uncertain, there are a number 
of effective ways to lower a patient’s risk of this tragic outcome.

The leading theory about
SUDEP’s etiology is that
the cause of death is due
to a cardiac arrhythmia,
probably induced by a
seizure, as evidenced by
the observation during
video-EEG monitoring
that seizures can cause
an increase in heart rate,
tachycardia, or the oppo-
site, bradycardia.

                        



Risk Factors for SUDEP
Many risk factors for SUDEP have been
identified (see Table 1). The patient’s his-
tory may reveal several of these: an age
between 20-40, a history of generalized
tonic-clonic seizures, frequent seizures, a
history of developmental delay, and an
early age of onset of seizures. In people
whose seizures which respond poorly to
medication, are on many medications
(polytherapy), are poorly compliant with
their therapy, or those which persist after
epilepsy surgery are also at risk for
SUDEP.16,1

In one study, persons with epilepsy
who were successfully treated with epilep-
sy surgery did not experience SUDEP,
while those who did not respond to surgi-
cal treatment continued to be at risk for
this.17 In other words, those who contin-
ue to have seizures (whether due to non-
compliance or the refractory nature of
their seizure) will continue to be at risk
for SUDEP. By stopping the seizures, as
the Sperling study suggests, one can elim-
inate the mortality due to SUDEP in this
group of people.

What Can Be Done 
to Prevent SUDEP?
When one looks at the list of risk factors
for SUDEP, several stand out: continued
generalized tonic-clonic seizures, poly-
therapy, poor compliance and resistance
to medications or surgery. In other words,
ongoing seizure activity increases the
chance of sudden death. One of the risks,
non-compliance, is the easiest (in theory)

to correct and should be discussed
at each office visit. If non-compli-
ance is due to side effects of the
current therapy, consider alterna-
tive treatment. In addition, many
physicians advocate the education
of persons with epilepsy about
this risk: by stressing the impor-
tance of good seizure control
(compliance), the risk of SUDEP
may be reduced. 

If seizures do not respond well
to medication, consider more aggressive
interventions. Two non-pharmacologic
treatments have been studied. The first is
epilepsy surgery. The findings of Dr.
Sperling have already been reviewed,
illustrating the reduction of SUDEP in
patient who were successfully treated
with resective epilepsy surgery.17

In addition, Annegers studied the
effect of the vagus nerve stimulator on
SUDEP. Following a cohort of 1,819
patients, he found that the SMR was
reduced with duration of treatment. In
addition, the rate of SUDEP was reduced
from 5.5:1000 to 1.7:100 after two years
of therapy.18 Although interpretation of
these results is difficult, one possible
explanation is that the people who con-
tinued with VNS therapy beyond two
years had experienced a reduction of
seizures. In other words, those who had
improved seizure control experienced a
lower rate of SUDEP. 

Conclusions
The cause of SUDEP remains unknown.
However, there are several leading
hypotheses, including seizure-induced
arrhythmia, apnea or cardiac ischemia.
Persons who are most at risk for SUDEP
are those who continue to experience
seizures, especially generalized tonic-
clonic seizures. Appropriate treatment for
seizures, which means complete seizure
control, appears to reduce (or possibly
eliminate) the risk of SUDEP in this
group. In other words, physicians must
institute aggressive therapy, and educate

patients about the need for good compli-
ance in order to reduce this cause of mor-
tality. Future research, aimed at treating
the cardiac and pulmonary causes of
SUDEP is needed. PN
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Table 1. Risk Factor for SUDEP

• Age 20-40

• Early age of onset of seizures

• A history of developmental delay

• Poor compliance with therapy 

• Polytherapy 

• Continued generalized tonic-clonic seizures

• Refractory seizures (continue despite treatment)

                


