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Abstract Sudden unexpected death in epilepsy (SUDEP) accounts for approximately 2%
of deaths in population-based cohorts of epilepsy, and up to 25% of deaths in
cohorts of more severe epilepsy. When it occurs, SUDEP usually follows a
generalised tonic-clonic seizure. Unresponsiveness, apnoea, and cardiac arrest
occur in SUDEP, rather than the typical gradual recovery. The great majority of
tonic-clonic seizures occur without difficulty and how the rare seizure associated
with SUDEP differs from others is unknown.

Three mechanisms have been proposed for SUDEP: cardiac arrhythmia,
neurogenic pulmonary oedema, and postictal suppression of brainstem respiratory
centres leading to central apnoea. Recent studies have found that the incidence of
SUDEP increases with the severity of epilepsy in the population studied. The
duration of epilepsy, number of tonic-clonic seizures, mental retardation, and
simultaneous treatment with more than two antiepileptic drugs are independent
risk factors for SUDEP. Some studies have reported that carbamazepine use,
carbamazepine toxicity, and frequent, rapid changes in carbamazepine levels, may
be associated with SUDEP. Other evidence indicates that carbamazepine could
potentially increase the risk for SUDEP by causing arrhythmia or by altering
cardiac autonomic function. However, this evidence is tenuous and most studies
have not found an association between the use of carbamazepine or any other
individual antiepileptic drug and SUDEP.

There is little information regarding antiepileptic drugs other than phenytoin
and carbamazepine. The incidence of SUDEP with gabapentin, tiagabine, and
lamotrigine clinical development programmes is in the range found in other
populations with refractory epilepsy. This suggests that these individual
antiepileptic drugs are no more likely to cause SUDEP than antiepileptic drugs in
general.

Best current evidence indicates that the risk of SUDEP can be decreased by
aggressive treatment of tonic-clonic seizures with as few antiepileptic drugs as
necessary to achieve complete control. At present there is no strong reason to
avoid any particular antiepileptic drug. Further studies are needed to elucidate the
potential role of individual antiepileptic drugs in SUDEP and establish clinical
relevance, if any. These studies may be challenging to conduct and interpret
because SUDEP is relatively uncommon and large numbers will be necessary to
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narrow confidence intervals to determine the clinical relevance. Also adjustments
will be needed to account for the potent risks associated with other independent

factors.

Sudden unexpected death in epilepsy (SUDEP)
has been recognised since the middle of the 19th
century,!'?! long before antiepileptic drugs were
available. For many years SUDEP was considered
rare and of interest mostly to forensic pathologists.
Detailed patient follow-up that is required for US
FDA submission of new antiepileptic drugs revealed
a mortality rate higher than that expected in the
general population or even the general population
with epilepsy. Many of these deaths were sudden
and unexplained even after complete autopsy. Regu-
latory authorities were required to consider the pos-
sibility that the antiepileptic drugs being evaluated
were responsible for the deaths. This concern in-
creased interest in SUDEP. Studies in the last dec-
ade have begun to clarify the incidence, aetiology,
and risk factors for this entity. These studies have
revealed that SUDEP is responsible for 18-25% of
deaths among patients with medically-refractory ep-
ilepsy.>*! However, SUDEP appears to be relatively
rare in population-based cohorts of epilepsy in
which seizures are generally well controlled with
medications. Only approximately 2% of deaths can
be explained by SUDEP in this situation.!”) The
potential role of antiepileptic drugs in the aetiology
of SUDEP has also been examined in some of these
studies. This review provides a general introduction
to SUDEP and discusses the available information
associating SUDEP with antiepileptic drugs. Where
possible, the reviewer offers tentative conclusions.

1. Definition and Circumstances
of Death

Early studies used a variety of definitions of
SUDEP, making comparisons between these studies
difficult. Recently, investigators have adopted more
uniform definitions. Investigators in the UK have
defined SUDEP as a “sudden, unexpected, wit-
nessed or unwitnessed, nontraumatic and non-
drowning death in patients with epilepsy with or
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without evidence for a seizure and excluding docu-
mented status epilepticus, in which postmortem
examination does not reveal a toxicologic or ana-
tomic cause for death”.!® North American investiga-
tors have required the following criteria: (i) the
patient has epilepsy (recurrent unprovoked
seizures); (ii) death occurs unexpectedly while the
patient is in a reasonable state of health; (iii) death
occurs over minutes; (iv) death occurs in benign
circumstances while the patient is engaged in nor-
mal activities; and (v) no obvious cause of death,
including status epilepticus is present.’! Potential
SUDEP cases have been divided into four catego-
ries: definite (other causes excluded by sufficient
description of circumstances of death and autopsy
with toxicologic screening); probable (no obvious
cause of death but no autopsy); possible (SUDEP
possible but information regarding circumstances of
death insufficient); and not SUDEP (SUDEP unlike-
ly because of circumstances at death or another
cause of death established).”l Because of low
autopsy rates in the US, a working definition of
SUDEP typically includes both definite and prob-
able SUDEP.

Circumstances of death are remarkably uniform
in various studies. Between one-third and two-thirds
of SUDEP cases are found dead in bed, often in
prone position.®!!1 One-half to three-quarters die
shortly after a witnessed seizure.!®!1"13) Indirect evi-
dence of tonic-clonic seizures is found in many of
the remaining patients. In continuously observed
patients with SUDEP, a tonic-clonic seizure is typi-
cally followed by unresponsiveness, apnoea and
pulselessness. Attempts to resuscitate are unsuc-
cessful, even with advanced life support.’®%13! Ton-
ic-clonic seizures preceding SUDEP do not appear
to differ from the patient’s usual seizures in severity
or other characteristics. It must be emphasised that
the great majority of patients tolerate the great ma-
jority of tonic-clonic seizures without difficulty. Au-
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Table I. Incidence of sudden unexpected death in epilepsy in various epilepsy populations

Population type

Location/group studied

Incidence (/1000
patient-years)

Geographic population
Large health provider cohort

Olmsted County, Minnesota, USAP! 0.35
Group Health Cooperative of Puget Sound, Tacoma, 1.3

Washington, USAB!

Provincial Health Plan, Saskatchewan, Canadal'® 0.5
Hospital admissions for epilepsy, Stockholm, Sweden!'6] 1.5
Refractory epilepsy cohorts 3 epilepsy centres in Midwestern USA® 1.5
Epilepsy centre, UKI['7] 2.0
Institutionalised youths, UKl 3.4
Epilepsy centre, UKI['9 5.9
Antiepileptic drug® and medical device clinical Lamotriginel” 2.8
development programmes
Gabapentin[?9 3.8
Tiagabinel?! 3.3
Vagal nerve stimulator(??! 41
Epilepsy surgery programmes Pittsburgh, Pennsylvania, USAR3! 9.3
Philadelphia, Pennsylvania, USA24 4.0

a Almost all patients were receiving multiple antiepileptic drugs.

topsies following SUDEP are unremarkable except
for pulmonary oedema, which occurs in almost all
cases.#%14l There is generally little evidence of
cardiovascular disease, although this may be in part
due to exclusion criteria adopted by many investiga-
tors. Many studies exclude patients with evidence of
significant cardiovascular disease at autopsy.

2. Incidence

To date, the only published population-based
study (Olmsted County, Minnesota, USA) found a
SUDERP incidence of 0.35 per 1000 patient years.5!
Sudden unexplained death was 24 times more likely
in epilepsy patients than in the population without
epilepsy.l’! SUDEP incidence appears to increase
steadily with an increasing severity of epilepsy in
the studied population (table I). SUDEP incidence in
antiepileptic drug development programmes is in
the range found in cohorts of patients with refractory
epilepsy and somewhat less than the incidence in
patients awaiting epilepsy surgery (table I). Almost
all patients in drug development programmes were
treated with multiple antiepileptic drugs.
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3. Risk Factors

Uncontrolled case series,®%12231 typically col-
lected at medical examiners’ offices, suggested that
SUDEP cases had more frequent seizures, more
developmental delay, and more CNS lesions than
the ‘general population’ with epilepsy. Virtually all
patients experienced tonic-clonic seizures. Control-
led studies™'®! have demonstrated that the duration
of epilepsy, frequency of generalised tonic-clonic
seizures, and mental retardation, are independent
risk factors for SUDEP. Tonic-clonic seizures rather
than other seizure types appears to be the culprit; as
few as 1-3 tonic-clonic seizures per year increases
the risk of SUDEP.™ The use of psychotropic drugs
was shown to increase the risk of SUDEP in
somel!>16] but not all™! studies.

4. Pathogenesis

Understanding the pathogenesis of SUDEP is
necessary to elucidate any potential contributions of
antiepileptic drugs. Three potential mechanisms
have been proposed. Initial reports speculated that
fatal cardiac arrhythmia may cause SUDEP (see the
review by Jay and Leestma!®!). The catecholamine
surge associated with tonic-clonic seizures may in-
duce subtle cardiac lesions. Catecholamine surges
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may also induce ventricular ectopic activity. Ven-
tricular ectopic activity may also be increased by
sleep, psychotropic medications, and some an-
tiepileptic drugs, perhaps explaining some of the
associations observed in clinical studies.[3%15.16.26]
Finally animal models have demonstrated that both
interictal and ictal discharges increase the risk of
cardiac arrhythmia.?”! However, this potential
mechanism has been challenged because serious
arrhythmia is rare when heart rhythm is monitored
during epileptic seizures?®?°1 and because animal
models of SUDEP suggest that arrhythmia is not the
primary cause of death.[3%311

Pulmonary oedema is frequently observed at
autopsy in persons with SUDEP.[3%141 This has led
to the proposal that neurogenic pulmonary oedema
causes SUDEP.!®!¥ Neurogenic pulmonary oedema
does occur rarely after epileptic seizures (see the
review by Archibald and Armstrong'®?!). Hypothala-
mic stimulation, which may occur during a seizure,
increases permeability.33!
However, the extent of pulmonary oedema observed
in autopsies and in the animal model of SUDEP is

not thought sufficient to account for death in most
(31,34]

pulmonary vascular

cases.

The mechanism currently favoured by many ar-
gues that a profound central apnoea following
generalised tonic-clonic seizures is the primary
cause of death; pulmonary oedema and arrhythmia
are thought to be secondary to the apnoea.l!7343]
This hypothesis is supported by the animal model of
SUDEP,! and by observations that apnoea is com-
mon following epileptic seizures.[*®! Furthermore, a
review of rare cases of SUDEP recorded during
video-electroencephalography  (EEG)  monitor-
ingl¥7381 suggests that severe postictal cerebral sup-
pression inhibits brainstem mediated respiratory
drive resulting in apnoea, arrhythmia, and death. An
obstructive component may exacerbate the apnoea
and perhaps this accounts for the finding that many
patients with SUDEP are found dead in bed in the
prone position.
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5. Sudden Unexpected Death in
Epilepsy (SUDEP) and
Antiepileptic Drugs

5.1 SUDEP and Compliance with
Antiepileptic Drug Treatment

The earlier SUDEP series, based at medical ex-
aminer’s offices consistently demonstrated low
postmortem antiepileptic drug blood levels.[®10
These uncontrolled observations were interpreted as
representing non-compliance with antiepileptic drug
treatment. One recent controlled study found that
postmortem sub-therapeutic antiepileptic drug
levels were significantly more common in SUDEP
cases than in epilepsy patients who had died of other
causes®”! while another study!“! found no differ-
ence. It is not clear whether postmortem antiepilep-
tic drug measurements reflect the situation at time of
death because continuing metabolism, alteration in
protein binding, and redistribution may alter serum
antiepileptic drug concentrations. Studies in New
Zealand White rabbits demonstrated that whole
blood phenytoin concentrations drop 45% in the 72
hours postmortem while carbamazepine levels re-
main stable.[*!! There is also reason to believe that
concentrations of valproic acid (valproate) and phe-
nobarbital ~ (phenobarbitone)  decrease  post-
mortem!*!! although this phenomenon has not been
studied per se. Because of these concerns, recent
studies have compared premortem antiepileptic drug
levels in SUDEP patients and controls. The number
of patients with sub-therapeutic antiepileptic drug
levels during the last visit prior to SUDEP did not
differ in the two groups.[**?! Serial premortem an-
tiepileptic drug determinations did not reveal a pat-
tern of non-compliance among SUDEP patients
either.*?! Therefore, the best data available suggests
that antiepileptic drug non-compliance is not a risk
factor for SUDEP.

5.2 SUDEP and the Number of Antiepileptic
Drugs Used

Earlier uncontrolled series reported that SUDEP
patients were treated with multiple antiepileptic
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drugs more often than epilepsy patients in gener-
al.l®-191 A controlled study also found that simultane-
ous treatment with more than one antiepileptic drug
was associated with SUDEP.[!'>! These authors spec-
ulated that the number of antiepileptic drugs used
was a surrogate for the severity of epilepsy although
they were unable to assess the severity of epilepsy in
their patients and so could not directly address this
question. Two subsequent cohort-based case-con-
trolled studies™ ' have reported that treatment with
more than two antiepileptic drugs is a risk factor for
SUDEP even after adjustment for the number of
seizures experienced.

Walczak et al.™ followed a large prospectively
enrolled cohort of patients from three epilepsy cen-
tres in the upper Midwestern USA. While this cohort
probably had somewhat more severe seizures than
that found in the community, virtually all patients
were intensively studied and the diagnosis of epilep-
sy was secure. In this cohort, simultaneous treatment
with more than two antiepileptic drugs increased the
risk of SUDEP by 3—4 times, after adjustment for
the number of seizures of any type or the number of
tonic-clonic seizures.

Nilsson et al.['® studied a cohort of all patients
discharged from a Stockholm, Sweden county hos-
pital with a diagnosis of seizures between 1980 and
1989. This population was probably more reflective
of those patients who had epilepsy in the com-
munity. They found that simultaneous treatment
with more than two antiepileptic drugs increased the
risk of SUDEP by approximately nine times, after
adjustment for the number of seizures of any type,
age at onset of epilepsy, type of epilepsy, and the
number of antiepileptic drug dosage changes.

Thus, two large, epidemiologically sound studies
of complementary populations have found that treat-
ment with multiple antiepileptic drugs increases the
risk of SUDEP after some adjustment for seizure
type and severity. It is not clear whether the number
of seizures, type of seizures, age of onset, and type
of epilepsy are a complete reflection of epilepsy
severity. Other factors such as mental retardation,
structural lesions, and psychosocial measures may
also be important. The physiological impact of indi-
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vidual seizures varies widely and ideally should be
incorporated into a measure of seizure severity.
Scales to measure this exist, but would be impossi-
ble to administer prospectively to a sufficiently large
cohort. The number of SUDEP cases in the two
cohorts was also relatively small and adjustments
were made post hoc based on available information
in at least one of the studies.[l Despite this, the
findings are remarkably consistent and attempts to
adjust for seizure and epilepsy severity are reasona-
ble, leading this reviewer to conclude that simulta-
neous treatment with more than two antiepileptic
drugs is an independent risk factor for SUDEP.

5.3 SUDEP and Individual Antiepileptic Drugs

The question then arises whether any individual
antiepileptic drug or combination of antiepileptic
drugs is associated with SUDEP. Unfortunately
much less information is available to answer this
question. Older antiepileptic drugs (phenytoin, phe-
nobarbital, and valproic acid) used in the earlier
SUDEP case series appeared to reflect general prac-
tice and no single antiepileptic drug appeared to
predominate.

Neither contemporary cohort based studies?*#!
nor contemporary medical examiner series!!240]
have found any particular antiepileptic drug to be
associated with SUDEP. SUDEP was noted in drug
development programmes for lamotrigine,”! tia-
gabine,?!! and gabapentin.?? Initially, there was
concern that these antiepileptic drugs may be re-
sponsible. However, the SUDEP incidence in these
antiepileptic drug development programmes was in
the general range found in cohorts of patients with
severe epilepsy (table I). These comparisons have
led to the conclusion that the higher SUDEP inci-
dence in clinical development programmes (relative
to an unselected cohort of patients with epilepsy) is
due to the severity of the epilepsy rather than to the
antiepileptic drugs.[??) Patients treated with add-on
lamotrigine had somewhat lower SUDEP rates than
patients treated with add-on placebo in the lamo-
trigine clinical development programme,””! which
provides further support for this conclusion. These
comparisons do not rule out the possibility that
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antiepileptic drugs in general, rather than epilepsy,
are responsible for SUDEP because patients treated
with a particular antiepileptic drug were compared
with patients treated with other antiepileptic drugs.
These comparisons do provide evidence that the
particular antiepileptic drug studied is not associated
with SUDEP any more often than antiepileptic drugs
in general.

There are theoretical reasons to suspect that car-
bamazepine may be more likely to cause SUDEP
than other antiepileptic drugs (see sections 6.1 and
6.2). Consequently, several reports have analysed
the possibility that carbamazepine use is associated
with SUDEP. Carbamazepine was implicated in a
small series of 14 SUDEP patients at an epilepsy
centre in Cardiff, Wales. Eighty-five percent of
SUDEP cases had been treated with carbamazepine
while only 38% of the remaining patients without
SUDEP followed at that centre had been treated
with carbamazepine.l'’! However, three larger con-
trolled studies found that the use of carbamazepine
was equally likely in SUDEP cases and control
subjects.[*1216] Furthermore, a cohort-based study!?!
found that carbamazepine use in SUDEP cases was
less likely than in the cohort from which the cases
had been drawn. None of these series adjusted for
other known risk factors for SUDEP, therefore the
possibility that carbamazepine varied systematically
with other known risk factors cannot be excluded.

Further analyses have explored the possibility
that toxic concentrations of carbamazepine may be
associated with SUDEP. One study found that toxic
carbamazepine concentrations at last visit were
equally likely in SUDEP cases and controls.*) A
recent analysis comparing postmortem antiepileptic
drug levels in SUDEP cases and controls did not
find toxic carbamazepine concentrations in any of
the cases.™%) However, a more detailed analysis by
Nilsson et al.*?! found that the risk of SUDEP was
increased 9-fold with toxic carbamazepine concen-
trations at the time of last visit, after adjusting for
age and seizure frequency. The risk was increased
further to >26 times the reference, after adjusting for
age, seizure frequency, and the number of an-
tiepileptic drug dose changes in the last year.
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SUDERP risk was not increased with therapeutic car-
bamazepine concentrations at the last visit, irrespec-
tive of how many antiepileptic drug dose changes
had been made. SUDEP risk was also increased
9-fold with low carbamazepine concentrations at
last visit, but only when more than one antiepileptic
drug dose change had been made in the last year. In
contrast, phenytoin concentrations at last visit were
not associated with SUDEP even after all of the
above adjustments. The authors concluded that fre-
quent changes of carbamazepine dose with concen-
trations outside of therapeutic range were an inde-
pendent risk factor for SUDEP after adjustment for
seizure severity.

6. Possible Mechanisms Implicating
Antiepileptic Drugs in SUDEP

6.1 Antiepileptic Drugs and Arrhythmia

Phenytoin has been used as an antiarrhythmic
drug in the past, particularly to normalise the pro-
longed refractory period of the atrioventricular node
caused by digoxin therapy. Bradyarrhythmias have
been reported infrequently, occasionally evolving to
asystole and death, usually in elderly patients treated
for cardiac disorders, and almost exclusively with
intravenous treatment (see the review by Tomson
and Kennebick™). To my knowledge only one case
of arrhythmia has been attributed to oral phenytoin
use.*Y The almost exclusive occurrence of arrhyth-
mia with intravenous use has led to the conclusion
that the solvent used in the older phenytoin intrave-
nous formulation or the rapid increase in phenytoin
concentration associated with intravenous use was
responsible for the arrhythmia.

Bradyarrhythmias, including atrioventricular
block and asystole, have been reported somewhat
more frequently with oral administration of carba-
mazepine even at relatively low doses. Bradyar-
rhythmia almost always occurred in patients older
than 40 years, usually with pre-existing conduction
abnormalities (see reviews by Tomson and Ken-
nebick™®! and Kasarkis et al.*3). However, arrhyth-
mias detected during 24-hour ECG monitoring were
equally likely in elderly patients treated with carba-
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mazepine and in age-matched controls. 6! Initiation
of carbamazepine did not induce changes in mea-
sures of cardiac conduction in another small
study.[”! Phenobarbital does not decrease cardiac
conduction,™ nor does intravenous valproic acid
induce ECG abnormalities, even when rapidly ad-
ministered to elderly patients with cardiac rhythm
disturbances.[*521 To my knowledge, the risk of
arrhythmias with the use of other antiepileptic drugs
has not been studied.

In summary, antiepileptic drugs rarely cause
bradyarrhythmias; when they do so it is usually in
elderly patients with pre-existing cardiac conduction
defects. It is therefore unlikely that direct antiepilep-
tic drug effects on cardiac conduction are responsi-
ble for SUDEP.

6.2 Antiepileptic Drugs and Alteration of
Cardiac Autonomic Function

Functional and anatomic studies have indicated
that interictal autonomic cardiac function is abnor-
mal in epilepsy patients treated with antiepileptic
drugs. Separating the effects of epilepsy from the
effects of antiepileptic drugs has been difficult but
there is some evidence that carbamazepine has an
independent effect. Many other factors can affect
measures of cardiac autonomic function. The possi-
bility that these other confounders (e.g. generalised
anxiety or non-antiepileptic medications) may differ
in epilepsy and control subjects has not been ad-
dressed. This issue, together with the different pro-
cedures used, makes comparisons between studies
and the drawing of any conclusions difficult.

The single study comparing autonomic cardiac
control in a group of newly diagnosed untreated
epilepsy patients and a group of controls found no
differences.l>3 Multiple studies have found altera-
tions of autonomic cardiac control in treated patients
with chronic epilepsy.53-31 These alterations ap-
peared more significant in epilepsy patients treated
with carbamazepine than in those treated with other
antiepileptic drugs,’3-361 although carbamazepine
alone clearly did not account for all autonomic
changes in a study that attempted to separate the
effects of epilepsy and carbamazepine statistical-
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ly.[531 Carbamazepine administration appeared to in-
crease sympathetic autonomic activity in control
patients without epilepsy.!® Phenytoin, valproic
acid, phenobarbital and vigabatrin did not appear to
influence cardiac autonomic activity in epilepsy pa-
tients“8>334 although the power to exclude effects
in these studies has been limited.

Power spectral analysis of heart rate variability
has been advanced as a means to separately analyse
parasympathetic and sympathetic cardiac autonomic
activity?®” although the utility of this measure has
been debated.¥ Studies utilising this measure have
found decreased sympathetic tonel*®36-°1 and de-
creased parasympathetic modulation'336>°! in epi-
lepsy patients. Decreased parasympathetic modula-
tion was significantly more common with carbama-
zepine treatmentP®®  and this was broadly
consistent with noncomputerised analysis of ECG
RR intervals in previous studies.[>3-5!

Autonomic cardiac activity in epilepsy patients
during carbamazepine withdrawal was analysed in
two studies. Hennessy et al.[*! studied power spec-
tral analysis of heart rate variability in 12 patients
undergoing carbamazepine withdrawal during vid-
e0-EEG monitoring. They reported that abrupt ces-
sation of therapeutic carbamazepine levels was
associated with evidence of increased sympathetic
cardiac activity in 10 out of 12 patients with intracta-
ble epilepsy; 1 out of 12 patients had an increase in
preventricular contractions.!®! Kennebick et al.[°!]
reported that the abrupt cessation of toxic carbama-
zepine levels was associated with a significant re-
duction in heart rate variability in a pattern known to
predict mortality after myocardial infarction.!®! Fur-
thermore, in 3 of 10 patients, premature ventricular
contractions increased beyond a threshold typically
associated with more malignant arrhythmias.l®!l A
power spectral measurement of heart rate variability
similar to that employed by Hennessy et al.[®! did
not show changes to suggest elevated sympathetic
function; in fact a measure of cardiac sympathetic
function significantly decreased during the with-
drawal period.®! Differences in the methods of
computing the power spectral measures of heart rate
variability, other methodological differences, or the
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older age of the patients in Kennebick et al.®'] may
account for the different findings.

Single photon emission computed tomography
with iodine-123 metaiodobenzylguanidine allows
for the anatomic examination of cardiac sympathetic
innervation. In vivo examination of epilepsy patients
reveals that there is decreased cardiac uptake of this
radioligand.®®! This most likely indicates postgang-
lionic sympathetic denervation and raises the possi-
bility of denervation hypersensitivity. However, a
mild tonic increase in central sympathetic outflow,
perhaps due to interictal epileptiform activity could
also result in these findings.’®! Cardiac uptake of
this radioligand did not differ in patients treated with
carbamazepine and those treated with lamo-
trigine.l>”

If cardiac sympathetic postganglionic denerva-
tion hypersensitivity does in fact occur in epilepsy
patients, the risk of fatal arrhythmia during the mas-
sive sympathetic output of a generalised tonic-clon-
ic seizure may in fact be higher. The autonomic
nervous system changes associated with carbamaze-
pine use, especially with abrupt large fluctuations in
carbamazepine concentrations may play an impor-
tant additional role. These mechanistic speculations
are consistent with the clinical findings of Nilsson et
al.*?l These authors found that SUDEP is strongly
associated with the interaction between number of
antiepileptic dose changes and carbamazepine con-
centrations outside the therapeutic range.

This reviewer believes that the above thoughts
regarding mechanisms are tentative and not yet con-
vincing, however, they are worthy of further study.
The results of Nilsson et al.,*?! while methodologi-
cally and statistically sound, are based on only five
patients in whom carbamazepine levels were
supratherapeutic but not particularly high. The con-
fidence intervals were correspondingly wide so the
clinical significance of these findings is unclear.
Two other studies have not found an association
between carbamazepine toxicity and SUDEP.+40]
although both studies probably had less power to
detect such an association.

Nilsson et al.[*?! compared the risk of SUDEP in
patients treated with carbamazepine and those treat-
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ed with phenytoin. The increased risks attributed to
some aspects of carbamazepine treatment may, in
fact, reflect a protective effect of phenytoin rather
than a deleterious effect of carbamazepine. Pheny-
toin may exert a protective effect by its antiar-
rhythmic properties or by other mechanisms.[6263]
Finally, it is not clear whether the decreased para-
sympathetic modulation apparently associated with
carbamazepine treatment is harmful. Indeed,
Druschky et al.® have suggested that decreased
parasympathetic modulation may ‘counter-regulate
sympathetic cardiac dysfunction’ and thus help pre-
vent SUDEP. In this reviewer’s opinion, further
clinical observations implicating carbamazepine
toxicity in SUDEP, a better understanding of the
phenomena underlying heart rate variability, and a
thorough understanding of the effect of carbamaze-
pine on cardiac autonomic function are necessary
before any role for carbamazepine toxicity in
SUDEP can be accepted.

6.3 Antiepileptic Drugs and the Intensity of
Postictal Cerebral Inhibition

A third possible mechanism extends the idea that
postictal inhibition of cerebral activity blunts brain-
stem-mediated airway protective reflexes and
respiratory drive, leading to apnoea, secondary ar-
rhythmia, and death. Treatment with multiple an-
tiepileptic drugs or certain individual antiepileptic
drugs could conceivably further exacerbate this in-
hibition, especially in individuals with a generalised
encephalopathy.[! At this point there are no animal
or human data to support this idea and it remains
entirely speculative.

7. Conclusions, Clinical Implications,
and Further Studies

Consistent evidence indicates that the simultane-
ous use of more than two antiepileptic drugs in-
creases the risk of SUDEP. The clinical relevance of
the risk posed by polytherapy is not entirely clear
and the risk associated with polytherapy is probably
less than the risk associated with even infrequent
tonic-clonic seizures.*! In this reviewer’s opinion,
current knowledge has not associated any particular

Drug Safety 2003; 26 (10)



Antiepileptic Drugs and Sudden Death in Epilepsy

antiepileptic drug with SUDEP. The associations
between carbamazepine toxicity and SUDEP are
tenuous and their clinical relevance is uncertain.
There does not appear to be any reason to avoid
carbamazepine, even in patients with multiple risks
for SUDEP. It is reasonable to avoid abrupt carba-
mazepine withdrawal, especially in the setting of
carbamazepine toxicity although even here the asso-
ciation with SUDEDP is tenuous.

These conclusions have implications for the
treatment of patients with epilepsy. Every effort
should be made to control tonic-clonic seizures with
less than three antiepileptic drugs. Using as few
antiepileptic drugs as possible decreases cost, mini-
mises adverse effects and decreases the likelihood of
medication interactions so this has long been the
standard of practice. The association between
SUDEP and antiepileptic polytherapy is a further
reason to use only as many antiepileptic drugs as are
needed. The great majority of tonic-clonic seizures
can be controlled with less than three antiepileptic
drugs provided that antiepileptic drugs with comple-
mentary mechanisms and pharmacokinetic proper-
ties are used. Unfortunately, it is easier to add an-
tiepileptic drugs than to withdraw them, so unneces-
sary polypharmacy is still too common in the
treatment of chronic epilepsy.

Appropriate antiepileptic drug trials can usually
be completed within 2 years. If epilepsy is not
controlled within this time interval, it is unlikely to
be ever completely controlled with antiepileptic
drugs alone.[%* An evaluation by a centre specialis-
ing in epilepsy is appropriate at this point to confirm
the diagnosis of epilepsy and consider other treat-
ment options. Successful epilepsy surgery reduces
all-causes mortality and probably reduces SUDEP
in medically refractory epilepsy.?*! There is tenuous
evidence that the vagal nerve stimulator may reduce
SUDEP in this population although this requires
confirmation.”?! Resective epilepsy surgery results
in complete seizure control in 60-80% of patients
with intractable epilepsy, while complete seizure
control is rare with vagal nerve stimulation.[63-67)
Vagal nerve stimulation should therefore be used
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only when resective epilepsy surgery is not indicat-
ed.

Further studies are necessary to confirm that an-
tiepileptic polytherapy is associated with SUDEP, to
assess the possibility that any individual antiepilep-
tic drug is associated with excessive risk and to
address the potential mechanisms discussed above.
Studies of SUDEP risk among patients treated with
the newer antiepileptic drugs in large epilepsy co-
horts are especially needed. Addressing these issues
will be challenging for the following reasons.
SUDERP is relatively uncommon in the general popu-
lation. It is now clear that the risk of SUDEP asso-
ciated with antiepileptic drug therapy will require
adjustment to account for the potent risks associated
with other independent factors. Studies of selected
populations with severe epilepsy will probably be
necessary to accumulate the number of SUDEP
cases necessary to answer these questions. Compar-
ing the incidence of SUDEP in epilepsy patients
using a given antiepileptic drug to sudden death
rates in patients using the same antiepileptic drug for
other conditions (e.g. depression, migraine, pain)
may be helpful. However, adjustment will be neces-
sary because mortality may differ in epilepsy and
the other medical conditions. Large numbers will
also be necessary to narrow confidence intervals and
determine the clinical relevance of these observa-
tions. Future studies may reveal that any association
between individual antiepileptic drugs and SUDEP
may be statistically valid but not clinically relevant.

Acknowledgements

Work supported in part by NIH-NINDS Grant
P50:NS16308. The author thanks Dr Ilo Leppik for valuable
suggestions and Liliane Dargis for assistance with the manu-
script. The author has no conflicts of interest that are directly
relevant to the content of this manuscript.

References

1. Bacon GM. On the modes of death in epilepsy. Lancet 1868; I:
555-6

2. Spratling WP. The causes and manner of death in epilepsy. Med
News 1902; 80: 1225-7

3. Jick SS, Cole TB, Mesher RA, et al. Sudden unexplained death
in young persons with primary epilepsy. Pharmacoepidemiol
Drug Saf 1992; 1: 59-64

Drug Safety 2003; 26 (10)



682

10.

12.

14.

15.

16.

19.

20.

21.

22.

23.

24.

25.

. Leestma JE, Annegers JF, Brodie MJ, et al.

. Walczak TS, Leppik IE, D’Amelio M, et al. Incidence and risk

factors in sudden unexpected death in epilepsy: a prospective
cohort study. Neurology 2001; 56: 519-25

. Ficker DM, So EL, Shen WK, et al. Population-based study of

the incidence of sudden unexplained death in epilepsy. Neuro-
logy 1998; 51: 1270-4

. Nashef L. Sudden unexpected death in epilepsy: terminology

and definitions. Epilepsia 1997; 38 (11 Suppl.): S6-8

Sudden unex-
plained death in epilepsy: observations from a large clinical
development program. Epilepsia 1997; 38: 47-55

. Leestma JE, Walczak TS, Hughes JR, et al. A prospective study

on sudden unexplained death in epilepsy. Ann Neurol 1989;
26: 195-203

. Leestma JE, Kalelkar MB, Teas SS, et al. Sudden unexpected

death associated with seizures: analysis of 66 cases. Epilepsia
1984; 25 (1): 84-8

Terrence CF, Wisotzkey HM, Perper JA. Unexpected, unex-
plained death in epileptic patients. Neurology 1975 Jun; 25:
594-8

. Nashef L, Garner S, Fish D. Circumstances of death in sudden

death in epilepsy: interviews of bereaved relatives. J Neurol
Neurosurg Psychiatry 1999; 64: 349-52

Kloster R, Engelskjonm TJ. Sudden unexpected death in epilep-
sy (SUDEP):a clinical perspective and a search for risk factors.
Neurol Neurosurg Psychiatry 1999; 67: 439-444

. Langan Y, Nashef L, Sander JW. Sudden unexpected death in

epilepsy: a series of witnessed deaths. J Neurol Neurosurg
Psychiatry 2000; 68: 211-3

Terrence CF, Rao GR, Perper JA. Neurogenic pulmonary edema
in unexpected, unexplained death of epileptic patients. Ann
Neurol 1981; 9: 458-64

Tennis P, Cole TB, Annegers JF, et al. Cohort study of
incidence of sudden unexplained death in persons with seizure
disorder treated with antiepileptic drugs in Saskatchewan,
Canada. Epilepsia 1995; 36: 29-36

Nilsson L, Farahmand B, Persson PG, et al. Risk factors for
sudden unexpected death in epilepsy: a case control study.
Lancet 1999 Mar 13; 353: 888-93

. Timmings PL. Sudden unexpected death in epilepsy: is carba-

mazepine implicated? Seizure 1998; 7: 289-91

. Nashef L, Fish DR, Garner S, et al. Sudden death in epilepsy: a

study of incidence in a young cohort with epilepsy and learn-
ing difficulty. Epilepsia 1995; 36: 1187-94

Nashef L, Fish DR, Sander JW, et al. Incidence of sudden
unexpected death in an adult outpatient cohort with epilepsy at
a tertiary referral centre. J Neurol Neurosurg Psychiatry 1995;
58: 462-4

Neurontin. In: Physicians Desk reference. 50th ed. Montvale
(NJ): Med Econ 1996, 1924

Leppik IE. Tiagabine: the safety landscape. Epilepsia 1995; 36
(6 Suppl.): S10-S3

Annegers JF, Coan SP, Hauser WA, et al. Epilepsy, and vagal
nerve stimulation by the NCP system, all cause mortality and
sudden unexpected, unexplained death. Epilepsia 2000; 41:
549-53

Dasheiff RM, Dickinson LJ. Sudden unexpected death of epi-
leptic patients due to cardiac arrhythmia after seizure. Arch
Neurol 1986; 43: 194-6

Sperling MR, Feldman H, Kinman J, et al. Seizure control and
mortality in epilepsy. Ann Neurol 1999; 46: 45-50

Hirsch CS, Martin DL. Unexpected death in young epileptics.
Neurology 1971 Jul; 21: 682-90

© Adis Data Information BV 2003. All rights reserved.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

40.

41.

42.

43.

44.

45.

46.

47.

Walczak

Jay GW, Leestma JE. Sudden death in epilepsy. Acta Neurol
Scand 1981; 63 (82 Suppl.): 1-66

Lathers CM, Schrader PL, Boggs J. Synchronization of cardiac
autonomic neural discharge with epileptogenic activity: the
lockstep phenomenon. Electroencephalogr Clin Neurophysiol
1987; 67: 247-59

Keilson MJ, Hauser WA, Magrill JP, et al. ECG abnormalities
in patients with epilepsy. Neurology 1987; 37: 1624-6

Blumhardt LD, Smith PEM, Owen L. Electrocardiographic
accompaniments of temporal lobe epileptic seizures. Lancet
1986 May; 10: 1051-5

Johnston SC, Horn JK, Valnete J, et al. The role of hypoventila-
tion in a sheep model of epileptic sudden death. Ann Neurol
1995; 37: 531-7

Johnston SC, Siedenberg R, Min J, et al. Central apnea and
acute cardiac ischemia in a sheep model of epileptic sudden
death. Ann Neurol 1997; 42: 588-94

Archibald RB, Armstrong JD. Recurrent postictal pulmonary
edema. Postgrad Med 1978; 63: 210-3

Reynolds RW. Pulmonary edema as a consequence of hypothal-
amic lesions in rats. Science 1963; 141: 930-2

Simon RP. Epileptic sudden death: animal models. Epilepsia
1997; 38 (11 Suppl.): S35-7

Epilepsy and sudden death: proceedings of an international
workshop [discussion]. Epilepsia 1997; 38 (11 Suppl):
S57-S59

Nashef L, Walker F, Allen P, et al. Apnoea and bradycardia
during epileptic seizures: relation to sudden death in epilepsy.
J Neurol Neurosurg Psychiatry 1996; 60: 297-300

Bird JM, Dembny KAT, Sandeman D, et al. Sudden unex-
plained death in epilepsy: an intracranially monitored case.
Epilepsia 1997; 38 (11 Suppl.): 52-6

So EL, Sam MC, Lagerlund TL. Postictal central apnea as a
cause of SUDEP: evidence from a near-SUDEP incident.
Epilepsia 1999; 41: 1494-7

. George JR, Davis GG. Comparison of anti-epileptic drug levels

in different cases of sudden death. J Forensic Sci 1998; 43:
598-603

Opeskin K, Burke MP, Cordner SM, et al. Comparison of
antiepileptic drug levels in sudden unexpected deaths in epi-
lepsy with deaths from other causes. Epilepsia 1999; 40 (12):
1795-8

Tomson T, Skold AC, Holmgen P, et al. Postmortem changes in
blood concentrations of phenytoin and carbamazepine: an ex-
perimental study. Ther Drug Monit 1998; 20: 309-12

Nilsson L, Bergman U, Diwan V, et al. Antiepileptic drug
therapy and its management in sudden unexpected death in
epilepsy: a case-control study. Epilepsia 2001; 42 (5): 667-73

Tomson T, Kennebéck G. Arrhythmia, heart rate variability, and
antiepileptic drugs. Epilepsia 1997; 38 (11 Suppl.): S48-51

Durelli L, Mutani R, Sechi GP, et al. Cardiac side effects of
phenytoin and carbamazepine. Arch Neurol 1985; 42: 1067-8

Kasarkis EJ, Kuo CS, Berger R, et al. Carbamazepine-induced
cardiac dysfunction: characterization of two distinct clinical
syndromes. Arch Intern Med 1992; 152: 186-91

Kennebick G, Bergfeldt L, Tomson T, et al. Carbamazepine
induced bradycardia: a problem in general or only in suscepti-
ble patients? A 24 hour long term ECG study. Epilepsy Res
1992; 13: 141-5

Matteoli S, Trappolini M, Curione M, et al. Effeti della carba-
mazepine sull’ eccitoconduzione cariaca in soggetti giovani:
studio seriato con ECG-dinamico. G Ital Cardiol 1994; 24:
391-7

Drug Safety 2003; 26 (10)



Antiepileptic Drugs and Sudden Death in Epilepsy

48. Massettani R, Strata G, Galli R, et al. Alteration of cardiac
function in patients with temporal lobe epilepsy: different roles
of EEG-ECG monitoring and spectral analysis of RR variabil-
ity. Epilepsia 1997; 38: 363-9

49. Limdi NA, Faught E. The safety of rapid valproic acid infusion.
Epilepsia 2000; 41: 1342-5

50. Sinha S, Naritoku DK. Intravenous valproate is well tolerated in
unstable patients with status epilepticus. Neurology 2000; 55:
722-4

51. Venkataraman V, Wheless JW. Safety of rapid intravenous

infusion of valproate loading doses in epilepsy patients. Epi-
lepsy Res 1999; 35: 147-53

52. Ramsay RE, Uthman B, Leppik IE, et al. The tolerability and
safety of valproate sodium injection given as an intravenous
infusion. J Epilepsy 1997; 10: 187-93

53. Isojarvi JI, Ansakkorpi H, Suominen K, et al. Interictal cardio-
vascular autonomic responses in patients with epilepsy. Epi-
lepsia 1998; 39: 420-6

54. Ansakorpi H, Korpelainen JT, Suominen K, et al. Interictal
cardiovascular autonomic responses in patients with temporal
lobe epilepsy. Epilepsia 2000; 41: 42-7

55. Devinsky O, Perrine K, Theodore WH. Interictal autonomic
nervous system function in patients with epilepsy. Epilepsia
1994; 35: 199-204

56. Tomson T, Ericson M, Ihrman C, et al. Heart rate variability in
patients with epilepsy. Epilepsy Res 1998; 30: 77-83

57. Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology. Heart rate
variability: standards of measurement, physiological interpre-
tation, and clinical use. Circulation 1996; 93: 1043-65

58. Sleight P, La Rovere MT, Mortara A, et al. Physiology and
pathophysiology of heart rate and blood pressure variability in
humans: is power spectral analysis largely an index of
baroreflex gain? Clin Sci 1995; 88: 103-9

59. Druschky A, Hilz MJ, Hopp P, et al. Interictal cardiac autonom-
ic dysfunction in temporal lobe epilepsy demonstrated by

© Adis Data Information BV 2003. All rights reserved.

60.

61.

62.

63.

64.

65.

66.

67.

683

[123]] metaiodobenzylguanidine-SPECT. Brain 2001; 124:
2372-82

Hennessy MJ, Tighe MG, Binne CD, et al. Sudden withdrawal
of carbamazepine increases cardiac sympathetic activity in
sleep. Neurology 2001; 57: 1650-4

Kennebick G, Ericson M, Tomson T, et al. Changes in arrhyth-
mia profile and heart rate variability during abrupt withdrawal
of antiepileptic drugs: implications for sudden death. Seizure
1997, 6: 369-75

Moss G, Stein AA. Cerebral etiology of the acute respiratory
distress syndrome: diphenylhydantoin prophylaxis. J Trauma
1975; 15: 39-41

Lathers CM, Schraeder PL. Autonomic dysfunction in epilepsy:
characterization of autonomic cardiac neural discharge asso-
ciated with pentylenetetrazol-induced epileptogenic activity.
Epilepsia 1982; 23: 633-47

Kwan P, Brodie MJ. Early identification of refractory epilepsy.
N Engl J Med 2000; 342: 314-9

Engel Jr J, Van Ness PC, Rasmussen TB, et al. Outcome with
respect to epileptic seizures. In: Engel Jr J, editor. Surgical
treatment of the epilepsies. 2nd ed. New York: Raven Press
Ltd, 1993

Wiebe S, Blume WT, Girvin JP, et al. for the Effectiveness and
Efficiency of Surgery For Temporal Lobe Epilepsy Study
Group. A randomized controlled trial of surgery for temporal-
lobe epilepsy. N Engl J Med 2001; 345: 311-8

Handforth A, DeGiorgio CM, Schacter SC, et al. Vagal nerve
stimulation therapy for partial onset seizures: a randomized
active control trial. Neurology 1998; 51: 48-55

Correspondence and offprints: Dr Thaddeus Walczak,
MINCEP® Epilepsy Care, P.A. 5775 Wayzata Blvd, Ste 255,
Minneapolis, MN 55447, USA.

E-mail: mincepmail@mincep.com

Drug Safety 2003; 26 (10)



	Abstract 673
	1. Definition and Circumstances of Death 674
	2. Incidence 675
	3. Risk Factors 675
	4. Pathogenesis 675
	5. Sudden Unexpected Death in Epilepsy (SUDEP) and Antiepileptic Drugs 676
	5.1 SUDEP and Compliance with Antiepileptic Drug Treatment 676
	5.2 SUDEP and the Number of Antiepileptic Drugs Used 676
	5.3 SUDEP and Individual Antiepileptic Drugs 677

	6. Possible Mechanisms Implicating Antiepileptic Drugs in SUDEP 678
	6.1 Antiepileptic Drugs and Arrhythmia 678
	6.2 Antiepileptic Drugs and Alteration of Cardiac Autonomic Function 679
	6.3 Antiepileptic Drugs and the Intensity of Postictal Cerebral Inhibition 680

	7. Conclusions, Clinical Implications, and Further Studies 680
	Acknowledgements 681
	References 681
	Correspondence 683
	Email 683

