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Abstract

Streszczenie

Epilepsy is one of the most common chronic brain disorders, characterised by recurrent unprovoked seizures. It affects over
50 million people worldwide, irrespective of their socio-demographic status. The most common cause of death in both children
and adults suffering from this disease is “sudden unexpected death in epilepsy” (SUDEP). It is defined as “the 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 post-mortem examination does not reveal
a toxicological or anatomical cause for death”. The aim of this review is to expand knowledge about the most common risk factors
for this fatal complication of epilepsy, which include the presence of generalised tonic-clonic seizures, high seizure burden,
nocturnal tonic-clonic seizures, and early epilepsy onset, as well as disease duration exceeding 15 years. Some uncertain risk
factors include male gender and polytherapy; however, the latter is sometimes considered a protective factor of SUDEDP, as it
enables individuals to overcome the burden of generalised tonic-clonic seizures. A better understanding of those factors could
help implement more effective preventive measures, which would lower the incidence of SUDEP.
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Padaczka nalezy do najczestszych przewleklych zaburzen pracy mézgu, charakteryzuje si¢ wystepowaniem nawracajacych,
samoistnych napadéw. Dotyka ponad 50 milionéw oséb na calym $wiecie, niezaleznie od ich statusu spoteczno-
-demograficznego. Najczestszg przyczyng $mierci zaréwno u dzieci, jak i dorostych cierpigcych na te chorobe jest nagta
nieoczekiwana $mier¢ w padaczce (sudden unexpected death in epilepsy, SUDEP). Jest ona definiowana jako ,nagla,
nieoczekiwana, w lub bez obecnosci §wiadkéw $mier¢ nieurazowa i nie przez utonigcie u pacjentéw z padaczka, z lub bez
dowodéw na wystapienie napadu, z wykluczeniem udokumentowanego stanu padaczkowego, w ktorej badanie po$miertne
nie ujawnia toksykologicznej ani anatomicznej przyczyny $mierci”. Celem niniejszego przegladu jest poszerzenie wiedzy na
temat najczestszych czynnikow ryzyka tej Smiertelnej komplikacji padaczki, ktérymi sa: obecnos¢ uogélnionych napadéw
toniczno-klonicznych, wysoka czesto$¢ napadéw, nocne napady toniczno-kloniczne, wezesny poczatek padaczki oraz czas
trwania choroby powyzej 15 lat. Do niepotwierdzonych dotad czynnikéw ryzyka zaliczaja sie ple¢ meska oraz stosowanie
wielu lekéw w leczeniu padaczki, cho¢ to ostatnie bywa czasami uznawane za czynnik ochronny w przypadku SUDEP,
poniewaz pozwala uwolni¢ pacjentéw od obcigzenia zwigzanego z uogélnionymi napadami toniczno-klonicznymi. Lepsze
zrozumienie tych czynnikéw mogloby pomdc we wprowadzeniu skuteczniejszych metod zapobiegania, a w rezultacie obnizy¢
wskaznik SUDEP.

Stowa kluczowe: drgawki, padaczka, nagta nieoczekiwana $mier¢ w padaczce, SUDEP
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INTRODUCTION

ver 50 million people worldwide suffer from epi-
O lepsy, regardless of their socio-demographic status

(Chen et al., 2023). To diagnose epilepsy, at least
two unprovoked seizures occurring more than 24 hours
apart are required. However, it is worth noting that up to
8% of individuals have at least one seizure in their lifetime
(Chen et al., 2023). The most common diagnostic test used
to diagnose epilepsy is electroencephalogram. Multiple
types of seizures can be distinguished in epilepsy, includ-
ing both focal and generalised. This work focuses on a fatal
complication of this disorder — sudden unexpected death
in epilepsy (SUDEP). A clear underlying pathological aeti-
ology of this event is yet to be determined (Mesraoua et al.,
2022). Overall, trauma, drowning, and anatomical and tox-
icological causes of death are necessary to be ruled out dur-
ing post-mortem examination to diagnose SUDEP (Saetre
and Abdelnoor, 2018), and SUDEP can be subclassified into
definite, probable, and possible categories (Abdel-Mannan
et al., 2019). Awareness of this complication is essential,
as it is the most common epilepsy-related cause of death
in both adults and children (Whitney et al., 2019a). Since
the main risk factor is the presence of frequent and uncon-
trolled generalised tonic-clonic seizures, it is worth consid-
ering whether in some cases this fatal complication could
be preventable.
The main purpose of this paper is to analyse the available
literature with the aim of highlighting the most common
SUDERP risk factors.

MATERIALS AND METHODS

A literature search was conducted for this systematic review,
using the PubMed and Google Scholar electronic databases.
Only these two databases were used, as the aim was to focus
on the most accessible journals and search engines. No ar-
ticle types were excluded. No specific language was set, but
ultimately only works with English abstracts were includ-
ed, one of which was written in German. A time filter was
set to include works published within the past five years.
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The keywords used were: “SUDEP + rates” OR “SUDEP +

statistics” OR “SUDEP + epidemiology” OR “SUDEP + risk

factors” OR “SUDEP + etiopathology” OR “SUDEP + age”

OR “SUDEP + age onset” OR “SUDEP + comorbidities”

OR “SUDEP + prevention” OR “SUDEP + serotonin” OR

“SUDEP + serotonin + prevention” OR “SUDEP + Holter

ECG” OR “SUDEP + mechanism” OR “SUDEP + genetics”.

On Google Scholar, no particular language filter was ap-

plied, the results were sorted by relevance, and no specific

type of publication was selected. The keywords used were

the same as in the PubMed database. The included works

were published between 2016 and 2025.

Inclusion criteria:

1. publications on SUDEP;

2. articles focusing on death in epilepsy, including SUDEP.

Exclusion criteria:

1. articles focusing on epilepsy only, without reference to
SUDEP;

2. articles focusing on risk factors for death in epilepsy
without including SUDEP.

No restrictions regarding the age, sex, ethnicity etc. of indi-

viduals described in the papers were set.

A total of 33 articles were identified and synthesised in this

review.

EPIDEMIOLOGY AND PATHOPHYSIOLOGY

The overall risk of SUDEP is estimated to be approximate-
ly 1 in 1,000 individuals per year (Wartmann et al., 2024;
Whitney et al., 2019). This risk is believed to substan-
tially increase in patients with epilepsy experiencing fre-
quent generalised or focal to bilateral tonic-clonic seizures
(Whitney et al., 2023a). Overall, the incidence of sudden
death in individuals with epilepsy is 20 times higher than
in the general population (Whitney et al., 2023a). All in all,
there does not seem to be any particular increase in risk
in specific countries, nor is there a significant difference
or exclusion by age group or gender. Currently, the exact
pathophysiology of SUDEP remains unknown (Maguire
etal,, 2020), but proposed mechanisms have been described,
and certain pathogenic genetic variants and neurogenetic

Gene

Disorder

Meaning

SCNTA, SCN2A, SCN8A, NPRL2, NPRL3, KCNAT

Developmental and epileptic encephalopathies,
e.g. Dravet syndrome

High seizure burden, medically refractory epilepsy,
altered heart rate variability

DEPDC5

Familial focal epilepsy with variable foci

High seizure burden

Prolonged ventricular repolarisation, predisposition

KCNQ1, KCNH2, SCN5A, NOSTAP, KCNET, ANK2, AKAP9 Long QT syndrome to torsade de pointes, ventricular fibrillation,
and sudden cardiac death
SCN5A, HCN4, SCN1B, CACNAB2 Brugada syndrome Fatal cardiac disease

HCN1, HCN2, HCN4

Familial sinus bradycardia syndrome

Spontaneous rhythmic activity in neurons causing
hyperexcitability of the nervous system

(DKL X-linked infantile spasm syndrome High seizure burden in infants
Expansion of alanine repeats in the homeobox gene . _ Hypoventilation and impaired ventilatory response
PHOX2B Congenital central hypoventilation syndrome to hypercapnia and hypoxaemia during sleep

Tab. 1. Examples of pathogenic genetic variants and neurogenetic syndromes associated with an increased risk of SUDEP (Shao et al., 2025;

Whitney et al., 2023b)
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Central nervous system

damage due to repeated
seizures

Ferroptosis
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Cardiac dysfunction:
- heart rate changes
« heart rate variability
- arrhythmia

- cardiac arrest

Respiratory
dysfunction:
« central and obstructive
apnoea
+ desaturation

« hypercapnia with acidosis

« bradypnea
or tachypnoea

Postictal generalised

electroencephalogram
suppression

Neurotransmitter
dysfunction:

- serotonin
- adenosine

Fig. 1. Current concept of SUDEP (Jiang et al., 2025; Sun et al., 2023)

syndromes correlated with a higher risk of SUDEP can be
distinguished (Fig. 1., Tab. 1).

Risk factors

Type of seizures

The authors agree that the occurrence of tonic-clon-
ic seizures, in particular generalised tonic-clonic seizures
(GTCS), is the most important risk factor for SUDEP
(DeGiorgio et al., 2019; Mesraoua et al., 2022; Sveinsson
et al., 2023). The risk is also increased when these seizures
remain uncontrolled and occur with a greater frequency
(Trivisano et al., 2022). This situation can be observed when
patients do not follow the appropriate anti-seizure treat-
ment or suffer from drug-resistant epilepsy. Hence, it is
crucial to inform patients and their care partners about the
possible risk of SUDEP (Asadi-Pooya et al., 2022; Trivisano
etal., 2022).

In addition, as most SUDEP cases occur at night during
sleep (Ali et al., 2017), sleep is also considered a risk fac-
tor for SUDEP. Some authors link this association to the
presence of sleep-onset seizures (Nei and Pickard, 2021;
Whitney et al., 2019), while others highlight the importance
of the prone position in the immediate aftermath of a GTCS
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(Ali et al., 2017; Esmaeili et al., 2021; Whitney et al., 2019).
Some believe that prone positioning may worsen apnoea
following a GTCS and result in impaired arousal, thus con-
tributing to SUDEP (Whitney et al., 2023a).

SUDERP can also be an aftermath of focal seizures, although
this is less common (Trivisano et al., 2022). More precisely,
in the work of Abdel-Mannan et al. (2019), 53 out of 60
individuals who died from SUDEP had generalised ton-
ic-clonic seizures (88%), and 20 had either simple or par-
tial complex seizures, accounting for 33%. Meanwhile,
Sveinsson et al. (2020b) concluded that GTCS in the years
preceding SUDEP are associated with a 27-fold increase
in risk, and that no excess risk was observed in those with
non-GTCS only. Also, Sveinsson et al. (2023) found that
post-traumatic epilepsy is associated with a higher risk of
SUDEP compared to the genetic aetiology, and that the de-
cisive role seems to be played by the tonic-clonic compo-
nent of the seizure.

Early onset, long epilepsy duration,

and high seizure burden

Other risk factors include early epilepsy onset as well as ep-
ilepsy duration, as the longer it lasts, the higher the risk
of SUDEP. Overall, greater severity of epilepsy, reflected
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in seizure frequency and seizure type, especially in those
with nocturnal GTCS, are predisposing factors to SUDEP
(Trivisano et al., 2022). The aforementioned study also not-
ed that the SUDEP rate is classically considered higher in
adults than in children, with a greater risk for patients with
childhood-onset epilepsy that is chronic and persists into
adulthood, but the authors were reluctant to confirm it, sug-
gesting that SUDEP in children tends to be underestimated.
Abdel-Mannan et al. (2019) highlighted that the relative risk
of SUDEP appears to be 7.7 times higher in patients with
early-onset epilepsy (0-15 years) than in individuals with
late onset (after 45 years). Multiple studies identify early
seizure onset as an independent risk factor for SUDEP
(Maguire et al., 2020; Shankar et al., 2017). Interestingly,
Sveinsson et al. (2023) suggested that SUDEP risk is high-
est during the first years after the epilepsy diagnosis. Also,
it is worth noting that high seizure burden significantly in-
creases the risk of SUDEP, even having three GTCS per year
in comparison to two incidents per year (Abdel-Mannan
et al., 2019; Shankar et al., 2017; Whitney et al., 2019).

Age

Overall, the incidence rate of SUDEP is approximately
23 times higher than that of sudden death in the general
population of the same age (Saetre and Abdelnoor, 2018).
At the same time, Eslami et al. (2021), in their cohort study,
concluded that the peak seems to occur in the fourth de-
cade of life, but they admitted that because of the difficulties
in making an accurate diagnosis, as well as the likely un-
derestimation of SUDEP occurrence in elderly individuals,
more refined classification of SUDEP subgroups is need-
ed to perform epidemiologically relevant comparisons be-
tween studies. On the other hand, Trivisano et al. (2022)
concluded that the SUDEP rate in children is also unclear,
as “it varies depending on the sample population, age range,
type of epilepsies, epileptic syndromes or genetic epilepsies,
classification systems, follow-up period, diagnosis methods,
and recorded cause of death” All in all, it is hard to esti-
mate whether age itself can be considered a risk factor for
SUDEDP, or whether this risk is instead associated with the
duration of epilepsy, since having epilepsy for over 15 years
is regarded as a SUDEP risk factor (Maguire et al., 2020).

Lack of antiepileptic drug treatment

and polytherapy

As mentioned above, resistance to anti-seizure medica-
tions is a predisposing factor for SUDEP (Trivisano et al.,
2022). As the high frequency of GTCS is the main risk fac-
tor for SUDEDP, and the lack of antiepileptic drug treatment
leads to a greater number of seizures, it is an indirect risk
factor (Shankar et al., 2017). Similarly, non-adherence to
prescribed medications — resulting in worsening or loss
of seizure control is also considered as indirect risk factor
(Shankar et al., 2017). It is worth noting that non-adherence
can be both intentional and unintentional (Henning et al.,
2019). Also, the risk is significantly increased after not being
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free from seizures for over five years (Shankar et al., 2017;
Whitney et al., 2019).

Abdel-Mannan et al. (2019) concluded that treatment
comprising multiple antiepileptic drugs is indeed anoth-
er SUDEP risk factor, but they acknowledged that they
were unable to associate the risk with any specific medi-
cation. Still, some authors confidently mention polythera-
py as a risk factor (Maguire et al., 2020), while others point
out discrepancies in terms of polytherapy being associat-
ed with an increased risk of SUDEP (Whitney et al., 2019).
Interestingly, there are also studies claiming that polyther-
apy substantially reduces SUDEP risk (Sveinsson et al.,
2020a). All in all, every aforementioned author agrees that
achieving freedom from seizures is key to decreasing the
risk of SUDEP.

Others: intellectual disability, substance abuse,
gender, cardiac problems, lack of nocturnal
supervision

The presence of intellectual impairment and developmental
delay is associated with medically refractory epilepsy, and
an elevated risk of early all-cause mortality (Abdel-Mannan
etal., 2019; Garg and Sharma, 2020).

A previous diagnosis of substance abuse or alcohol depen-
dence has been associated with an increased risk of SUDEP
(Sveinsson et al., 2020b). On the other hand, Shankar
etal. (2017) considered alcohol and other substance abuse as
a potential indirect risk factor for SUDEP, as it may affect
seizure control.

In terms of gender, Sveinsson et al. (2017) concluded that
the SUDEP incidence rate is independent of sex in older
age, but that the risk is increased in males under the age of
16. Similarly, Abdel-Mannan et al. (2019) reported an in-
creased risk in male individuals, with 51% of SUDEP cases
in their work being male. Maguire et al. (2020) and Shankar
etal. (2017) also identify male gender as a risk factor, while
Bosch et al. (2024) mention it as a risk factor with weak cir-
cumstantial evidence.

At the same time, patients with psychiatric comorbidities
are at greater risk of SUDEDP, especially women (Sveinsson
etal., 2017).

In addition, cardiac problems have been mentioned as po-
tential causes of SUDEP. Baysal-Kirac et al. (2017) conclud-
ed that patients with drug-resistant epilepsy present con-
sistently lower heart rate variability (HRV), which may be
associated with increased cardiovascular mortality. They
highlighted that 24-hour Holter monitoring could be use-
ful to determine increased cardiovascular risk in epilepsy.
DeGiorgio et al. (2019) also noted that lower HRYV; as well
as seizure-induced changes to the QT and corrected QT in-
tervals, may serve as biomarkers for increased SUDEP risk.
This underlines the importance of cardiological consulta-
tion in SUDEP prevention.

It is worth mentioning that living alone seems to be associat-
ed with a fivefold increased risk of SUDEP (Sveinsson et al.,
2020b), while, according to some findings, the combination
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of having GTCS and not sharing a bedroom with up to
a 67-fold increased risk, compared to a 19-fold risk for
those with GTCS who have roommates (Bosch et al., 2024;
Whitney et al., 2023a).

Role of serotonin in SUDEP prevention

Serotonin (5-HT) is involved in the regulation of breath-
ing, sleep/wake states, arousal, and seizure modulation
(Bhasin et al., 2021; Petrucci et al., 2020). Petrucci et al.
(2020) pointed to findings indicating that there are defi-
cits of 5-HT in patients with epilepsy, while Patodia et al.
(2022) highlighted that individuals with SUDEP showed fo-
cal medullary atrophy along with a reduction in serotoner-
gic neurons. They also mentioned that seizures can modu-
late serotonergic networks, including 5-HT receptors and
serotonin transporters. Co-administration of drugs that in-
crease available 5-HT, such as selective serotonin reuptake
inhibitors (SSRIs), may improve seizure control in epilepsy
patients (Petrucci et al., 2020), as well as decrease the risk
of postictal apnoea (Bhasin et al., 2021). It was reported that
postictal hypoxemia was significantly less frequent in pa-
tients receiving SSRIs compared to those who were not on
SSRIs (Bhasin et al., 2021). Overall, chronic 5-HT enhance-
ment might be a seizure-protective factor (Petrucci et al,,
2020), which, as mentioned above, could contribute to a re-
duced risk of SUDEP.

CONCLUSIONS

SUDERP risk factors include:

1. presence of tonic-clonic seizures;

. uncontrolled and nocturnal seizures;

. early onset and long epilepsy duration (>15 years);

. high seizure burden;

. comorbidities.

The highest risk of SUDEP was observed in individuals with
GTCS who slept unattended (Sveinsson et al., 2020b); there-
fore, the presence of nocturnal supervision and the use of
nocturnal listening devices or nocturnal supervision may
help decrease the risk (Maguire et al., 2020; Whitney et al.,
2019). Another preventive strategy is adherence to antiep-
ileptic treatment to achieve freedom from seizures, which,
if maintained for more than 5 years, significantly lowers
the SUDEP rate. Most authors cited in this work point out
that SUDEP in children is rarely discussed in comparison
to SUDEP in adults, and that it should not be underesti-
mated. This highlights the need for further investigation
of this topic, as well as the development of effective meth-
ods of SUDEP prevention that are still lacking (Nascimento
et al., 2017). Also, Mesraoua et al. (2022) highlighted the
significance of multi-faceted education. Firstly, well-educat-
ed healthcare professionals are able to contribute to SUDEP
prevention both directly and indirectly, not only by opti-
mising the management of epilepsy, but also educating pa-
tients and their caregivers about risk reduction behaviours.

o W N
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Secondly, well-informed individuals suffering from epilepsy
and their caregivers can contemplate preventive measures
in order to reduce risk of SUDEP.

In conclusion, every person involved in the process needs to
understand the nature of SUDERP, its burden, and the associ-
ated risk factors, with an emphasis on those that are poten-
tially modifiable. Unfortunately, many neurologists still do
not discuss SUDEP with all patients with epilepsy and their
care partners (Asadi-Pooya et al., 2022; Mesraoua et al.,
2022; Whitney et al., 2023a). At the same time, individuals
living with epilepsy, as well as their family/friends, feel the
need to know the dangers of SUDEP, and positive impact on
self-management upon discussing the risks of SUDEP has
been reported (Collard and Regmi, 2019; Jiang et al., 2025).
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