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Results: Prone positioning occurred in 5.86% of seizures, with 91.6% of prone-
onset seizures remaining in the prone position throughout. PGES was present
in 50.4% of patients (mean duration: 120.5s). SUDEP-7 scores were significantly
higher in PGES-positive patients (mean: 7.04) compared to PGES-negative (mean:
6.36; p=0.031). Daytime GCS occurred significantly earlier after sleep onset than
night time GCS (53.3 vs. 131.4 minutes; p=0.001).

Significance: PGES appears to be a reliable marker associated with higher
SUDEP-7 scores and may indicate increased SUDEP risk in children. While
SUDEP-7 has limitations in pediatric use, it remains the most accessible clinical
tool. Integrating EEG and body position metrics could enhance individualized
monitoring for pediatric patients at risk.
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1 | INTRODUCTION growing awareness, SUDEP remains unpredictable due
to the multifactorial and poorly understood mechanisms

Sudden unexpected death in epilepsy (SUDEP) is a lead- involved.*™

ing cause of epilepsy-related mortality, accounting for Among proposed mechanisms, the MORTEMUS

up to 17% of deaths in all epilepsy patients and as much study highlighted the role of cardiorespiratory dysfunc-

as 50% in those with drug-resistant epilepsy.” Despite tion as a consequence of cerebral disturbances following
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generalized convulsive seizures (GCS). Notably, terminal
apnea was found to precede terminal asystole in observed
SUDEP cases, emphasizing the importance of autonomic
and respiratory collapse.®® This underscores the relevance
of identifying physiological biomarkers that may signal
impending collapse, such as postictal EEG suppression.

Several clinical risk factors for SUDEP have been iden-
tified, including frequent GCS, nocturnal seizures, and
prone positioning during the peri-ictal period.> However,
evidence-based recommendations for preventive strate-
gies, particularly for pediatric patients, are lacking. Prone
positioning, also implicated in sudden infant death syn-
drome (SIDS), is recognized as a modifiable SUDEP risk
factor. Despite its importance, no formal guidelines exist
on sleep positioning in children with epilepsy, making this
an area of concern. Despite its low prevalence in moni-
tored seizures, the strong association between prone po-
sitioning and PGES, as well as SUDEP, warrants further
scrutiny in pediatric cohorts.

Peri-ictal biomarkers such as prolonged postictal gen-
eralized EEG suppression (PGES) have been explored as
physiological indicators of SUDEP risk. PGES is thought
to reflect impaired seizure termination and may indicate
prolonged postictal suppression of brainstem centers con-
trolling respiration and circulation.”"* While prolonged
PGES has shown associations with elevated SUDEP risk,
optimal duration thresholds remain unclear. Although
some studies suggest using thresholds of 20 or 80s, a >10-s
cutoff has been widely applied in pediatric cohorts and re-
mains a sensitive measure for capturing early suppression
dynamics. Additional physiological markers including
peri-ictal cerebral oxygenation and heart rate variability
(HRV) have also been investigated, although their roles
remain exploratory.'* ">

To quantify clinical SUDEP risk, the SUDEP-7 Inventory
was introduced, incorporating seizure frequency, anti-
seizure medication burden, seizure-related injuries, and
other factors.*> While widely used, its practicality and
predictive accuracy, particularly in pediatric populations,
are debated. Our use of SUDEP-7 does not imply it as a
gold standard but rather reflects the lack of validated, age-
specific alternatives. In the absence of pediatric-specific
tools and given the lack of observed SUDEP events in our
cohort, we used the SUDEP-7 Inventory to evaluate risk
stratification.

This study aims to assess key clinical and electrophysi-
ological variables associated with SUDEP risk in children
with epilepsy. We focused on GCS timing, peri-ictal body
position, PGES presence and duration, epilepsy duration,
and SUDEP-7 scores in a video-EEG monitored cohort.
By integrating these data, we hope to improve pediatric
SUDERP risk stratification and inform targeted prevention
strategies.

Key points

« PGESwasobservedin 50.4% of pediatric epilepsy
patients undergoing video-EEG monitoring.

« PGES-positive patients had significantly higher
SUDEP-7 scores than PGES-negative patients.

« Prone positioning was rare but strongly associ-
ated with PGES during generalized seizures.

« Generalized seizures occurred earlier during
daytime sleep than nighttime sleep.

 Epilepsy duration >36months was linked to
significantly higher SUDEP-7 scores.

2 | METHODS

2.1 | Study design and setting

We performed a retrospective review of medical and EEG
records from pediatric patients who underwent video-
EEG (v-EEG) monitoring at a quaternary epilepsy center
in Ankara, Tiirkiye, between January 1, 2002, and January
1, 2022. All patients were evaluated by pediatric epilep-
tologists, with classification of seizures and epilepsy syn-
dromes based on the 2017 ILAE criteria.'*'® The study
followed STROBE guidelines and received ethics approval
from the local review board." Inclusion criteria were a
diagnosis of drug-resistant epilepsy and at least one docu-
mented GCS during v-EEG monitoring.

2.2 | Data collection

Standardized forms were used to extract clinical data,
including epilepsy classification, seizure semiology, and
seizure frequency. We recorded peri-ictal body posi-
tions, antiseizure medication (ASM) history, and time
to medical staff intervention and oxygen administration.
SUDEP-7 Inventory scores were calculated for each pa-
tient. Additional variables included number and timing of
GCS during sleep and wakefulness, and body positions at
seizure onset and termination.

Seizure generalization onset was defined as the brief
transition from focal activity to GCS, typically marked by
versive movements or vocalization, in accordance with
Theodore et al.* Staff were instructed not to interfere
with body position during the seizure but to place the pa-
tient in a lateral position during recovery. Peri-ictal posi-
tions (within 2min before and after seizure onset) were
categorized as supine, prone, lateral, sitting, or standing
following Wang et al.*!
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2.3 | Video-EEG monitoring and PGES
evaluation

All patients underwent 32-channel long-term v-EEG
using the international 10-20 system. Seizure semiology
and EEG patterns, including ictal onset and postictal find-
ings, were independently reviewed by two board-certified
epileptologists (E.A., T.H.).

PGES was defined as generalized EEG suppres-
sion (<10pV) occurring within 30s of seizure offset.
Interobserver reliability for PGES detection was high
(Krippendorff's @=.95), with no significant differences in
PGES duration estimates (p=.085).

2.4 | SUDEP-7 inventory

Each patient was assigned a SUDEP-7 Inventory score
based on seven established risk factors, excluding epilepsy
duration >30years due to age limitations.”*** The com-
ponents included frequency of generalized tonic-clonic
seizures, nocturnal seizure occurrence, seizure-related
injuries, polytherapy, history of injury, and vagus nerve
stimulator use.

Despite its use in risk assessment, the SUDEP-7
Inventory may not fully capture pediatric-specific risk fac-
tors such as autonomic instability, genetic vulnerability, or
supervision during sleep.*>*'®! In this study, we applied
the tool to enable standardized risk comparison across
subgroups, including prone vs. non-prone seizures, PGES-
positive vs. PGES-negative patients, and sex differences.

2.5 | Statistical analysis
Statistical analyses were conducted using SPSS version
26 (IBM Corp., Armonk, NY). Continuous variables were
compared using the Student t-test or Wilcoxon Mann-
Whitney test as appropriate. Categorical variables were
assessed using chi-squared or Fisher's exact tests.
Visualization of seizure-related body position changes
was performed using Sankey plots generated in R (R
Foundation for Statistical Computing, Vienna, Austria)
with the ggalluvial extension for ggplot2. A p-value <.05
was considered statistically significant.

3 | RESULTS
3.1 | Demographic characteristics

Of the 362 pediatric epilepsy patients evaluated in the
video-EEG monitoring (VEM) unit, 117 (32.3%) had at
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least one documented generalized convulsive seizure
(GCS), yielding 273 analyzable seizures. The average num-
ber of GCS per patient was 2.31 (range: 1-21). Nearly half
(47.8%) experienced a single GCS, while 18.8% had four or
more. The cohort was predominantly male (58.9%), with
a mean age of 162 months (range: 7-228 months) and an
average epilepsy duration of 80.9 + 55.8 months. Patients
were on an average of 2.3 antiseizure medications (ASMs),
having failed a mean of 1.87 prior ASMs. Most patients
(90.5%) had focal epilepsy, with 9.5% having primary gen-
eralized epilepsy (Table 1).

3.2 | Body position data

Among the 273 GCS events, initial seizure positions were
as follows: supine (42.1%), right lateral (27.5%), left lat-
eral (20.5%), sitting (6.9%), and prone (2.9%). Peri-ictal
prone positioning occurred in 16 seizures (5.86%). In this
subgroup, 11 of 12 prone-onset seizures remained prone
throughout the event. Notably, only 1.14% of non-prone-
onset seizures ended in the prone position, whereas
91.66% of prone-onset seizures concluded in the same po-
sition (Figure 1).

The prone-positive group (n =14 seizures) consisted of
3 females and 11 males, with a mean age of 90.85 months
and a SUDEP-7 score of 6.68. The prone-negative group
had a mean age of 76.36 months and a SUDEP-7 score of
5.85 (Table 2), though this difference was not statistically
significant (p=.254). There was no difference in initial
sleep posture between seizure and seizure-free nights
(p=.243) (Table 3). Body position changed during 45.4%
of GCS events. At seizure termination, most patients were
supine (57.1%), followed by right lateral (20.8%), left lat-
eral (16.1%), and prone (5.1%).

No significant differences were identified between
prone and non-prone groups regarding seizure duration,
PGES presence or duration, or epilepsy exposure (Table 4,
Figure 2).

3.3 | Electrophysiological data
PGES was observed in 69 of 117 patients (50.4%). Of these,
6 had primary generalized epilepsy, while 60 experienced
secondarily generalized seizures. PGES durations ranged
from 30s to 35min (mean: 122.2+50.7s). Among prone-
positive patients, 93.75% of seizures were associated with
PGES, with a mean duration of 108.5s. However, PGES
durations did not significantly differ between prone and
non-prone groups (p=.372).

PGES-positive patients had significantly higher
SUDEP-7 scores than PGES-negative patients (mean: 7.04
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TABLE 1 Summary of the patients’

Patients n=117 (%)
Male gender 69 (59%) demographic data.
Intellectual disability presence 62 (52.9%)
Age (months)* 162 +43 (range 7-228 months)
Age at epilepsy onset (months)* 74.1 + 56.4 (range 1day-192months)
Epilepsy duration (months)* 80.9 + 55.8 (range 1 month-210 months)
Epilepsy syndrome % (n)
Focal epilepsy 106 (90.5%)
Idiopathic (genetic) generalized epilepsy 11 (9.5%)
Drug-refractory epilepsy 89 (76%)
V-EEG duration (day)? 4.47 +1.22 (range 1-10day)
Seizure frequency 7.07 + 8.64 (range 1-45)
GCS frequency 2.34+2.4(1-21)
Overall seizure frequency prior to admission
At least one seizure per day 33 (28.2%)
At least once a week 42 (35.8%)
At least once a month 34 (29%)
Less than once a month or unknown 8 (6.8%)
Antiseizure drugs (mean) 2.37
Failed antiseizure drugs in the past (mean) 1.87
Current antiseizure drugs n
Clobazam 26
Levetiracetam 59
Oxcarbazepine 29
Lacosamide 2
Valproate 53
Phenobarbital 18
Carbamazepine 38
Topiramate 41

*Mean + standard deviation.

362 child patients
1 January 2002-1 January 2022 }—' 818 seizures

/\

117 (32.3%) patients 245 (67.7%) patients
273 (33.3%) GCS seizures 545 (66.7%) non- GCS seizures
| 153 (56.1%) Sleep Period GCS | | 120 (43.9%) Awake Period GCS
130 (47.6%) Night time Sleep 23 (8.4%) Day-time Sleep
Period GCS Period GCS

FIGURE 1 Sankey diagram of seizure body positions. Sankey diagram illustrating the transition of body positions during 273
generalized convulsive seizures. Initial positions included supine, lateral (right/left), sitting, and prone. The diagram highlights that prone-
onset seizures (n=12) predominantly remained in the prone position throughout the ictal phase, while other positions showed greater
variability. These findings underscore the stability and clinical relevance of prone positioning as a potential SUDEP risk factor.
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TABLE 2 The comparison of patients, prone positive versus negative.

Prone positive patients

Epileptic L

et Disorders

Prone negative patients

(n=14, %) (n=113) p

Gender (Female) 3(21.4%) 45 (39.8%) .012
Age (months) 90.85 (+4.83) 76.36 (£6.67) .075
(mean + SDS)

SUDEP 7 inventory score (mean + SDS) 5.85(+2.19) 6.68 (+1.80) .021
Epilepsy exposure duration (min) (mean + SDS) 103.3 (+59.2) m 86.45 (+56.1) m .003
PGES 10 (14.4%) 59 (85.6%) 142
PGES duration (s) 85 (+158) 126 (+£428) .372

Note: Bold values indicate significance p values.

vs. 6.36; p=.031) and a greater total number of seizures
(mean: 7.26 vs. 6.68; p=.02), suggesting an association be-
tween PGES and elevated SUDEP risk (Table 4).

3.4 | Timing data

The mean latency to GCS onset after sleep initiation was
131.2+120.6 min. GCS occurred significantly earlier during
daytime sleep (mean: 53.3+41.4min) compared to night-
time sleep (mean: 131.4+119.0 min; p=.001) (Table 5).

3.5 | SUDEP-7 inventory data

SUDEP-7 Inventory scores ranged from 4 to 9, with a
mean of 6.64 +1.81. No significant differences were found
between sexes (p=.377) or between prone and non-prone
groups (p=.609). Patients with epilepsy durations ex-
ceeding 36months had significantly higher SUDEP-7
scores than those with shorter durations (6.97 +1.80 vs.
5.70 +1.48; p=.001).

4 | DISCUSSION

SUDEP remains a major concern in pediatric epilepsy
care, particularly among patients with drug-resistant
seizures. While prone positioning has been implicated
as a modifiable risk factor, its significance in pediatric
peri-ictal dynamics has not been well established.®>** Our
study adds to the limited literature by analyzing the asso-
ciations between prone positioning, PGES, and SUDEP-7
Inventory scores in children.

Although the SUDEP-7 Inventory is frequently used in
clinical settings, its applicability in pediatric populations
is debatable.®** Due to the lack of a validated, pediatric-
specific alternative and the absence of SUDEP cases in
our cohort, we employed this tool for standardized risk

assessment. Our use of SUDEP-7 does not imply it as a
gold standard but reflects the lack of validated age-specific
alternatives. Notably, SUDEP-7 scores were significantly
higher in PGES-positive patients (mean: 7.04 vs. 6.36,
p=.031), suggesting that PGES may reflect increased
SUDEP susceptibility.*'! However, this inventory does not
account for critical pediatric-specific variables such as au-
tonomic dysfunction, genetic predisposition, or nocturnal
supervision, limiting its standalone predictive value.

In adults, SUDEP-7 Inventory has shown moderate
predictive value in retrospective cohorts, particularly in
those with frequent GTCS and medication non-adherence.
However, its ability to predict individual SUDEP risk re-
mains limited.'®** Our findings in children must therefore
be interpreted within this contextual limitation.

Our findings support the role of PGES as a physio-
logic marker in SUDEP risk assessment. Patients exhib-
iting PGES had significantly higher SUDEP-7 scores,
consistent with studies showing PGES as a surrogate for
prolonged electroclinical disturbance during seizure ter-
mination.*>*® Importantly, PGES was present in nearly all
prone-positioned seizures, underscoring a potential com-
pounding effect.®**

While the pathophysiology of PGES in SUDEP is
still debated, evidence suggests that postictal cerebral
suppression may contribute to respiratory arrest or im-
paired arousal responses.** Lhatoo et al.* reported that
PGES durations exceeding 80s quadrupled SUDEP risk.
Although our study used a >30-s threshold, consistent
with prior pediatric research, recent work supports the
need to consider longer thresholds (e.g., 20 or 80s) in fu-
ture risk models.*'%*

Although peri-ictal prone positioning was rare (5.86%),
nearly all prone-onset seizures remained in that position
throughout the ictal phase. This finding is consistent
with earlier reports suggesting that, without interven-
tion, patients often remain prone at seizure onset, es-
pecially during sleep.”’” These dynamics, also observed
in the MORTEMUS study, are concerning given the
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TABLE 4 The comparison of prone
position with respect to GCS and PGES

i Disorders

GCS ending, Prone/

GCS onset, non-prone, n =14/ PGES
presence. . cpso s
n=273 n=259 Patients (%) p positivity
Prone Prone 11 (4.0%) Kappa: .904 11 (100%)
n=11 Non-prone 1(.4%) p<.001
Non-Prone Prone 3(1.1%) Kappa: .486 1(33.3%)
n=262 Non-prone 258 (98.85%)  P<-001
Sankey Diagram
Prone_ Prone Prone Prone Prone
200-
Supine
=
] Supine
B Supine Supine
o
g o Supine
3
g
® Left Lateral
=
Ko
B 100 -
3 100 Left Lateral
2 peitiaee Left Lateral
3
g - Left Lateral
z
50- Right Lateral -
Right Lateral Right Lateral Right Lateral :
Right Lateral
04
Sleeplonset Seizuré onset Before :/ersion After v:ersion End olf GCS

FIGURE 2 Positional change patterns in prone vs. non-prone seizures. Visualization of body position changes during GCS among

patients who started in a prone position compared to those who did not. Notably, 91.6% of prone-onset seizures concluded in the same

position, while only 1.14% of non-prone-onset seizures transitioned into prone. The diagram emphasizes the importance of initial sleep

posture and its implications for SUDEP risk.

TABLE 5 GCS'ssleep (day and night time sleep) and
wakefulness timing data.

GCS timing
after sleep
N=273 (%) (min) P
Sleep GCS 153 (56.1%) 131.15 (SDS:
120.65)
Daytime sleep 23 (8.4%) 53.27 (SDS: p=.001

GCS 41.37)

Nighttime 130 (47.6%) 131.37 (SDS:
sleep GCS 118.95)
Wakefulness GCS 120 (43.9%) —

association between prone position and impaired postic-
tal recovery.®°

Our subgroup findings resonate with previous litera-
ture, suggesting that prone positioning is more frequent

in younger individuals."' Although our sample did not
include SUDEP cases, the implications of this finding in
younger patients emphasize the need for age-adapted pre-
ventive strategies.'”*! Additionally, our data revealed that
GCS occurred earlier during daytime sleep than nighttime,
suggesting time-specific windows of heightened vulnera-
bility. These results may help inform optimal monitoring
schedules or timing for supervision and device-based sei-
zure detection.

Our findings provide important insights into SUDEP
prevention and patient monitoring by identifying pre-
ferred or avoided sleeping postures for pediatric patients
at risk of SUDEP and the times of day when seizures are
more likely to occur. Tonic—clonic seizures, nocturnal sei-
zures, past injuries, and a lack of evening supervision are
significant criteria for recommending seizure-monitoring
devices.”® However, few studies have addressed how fre-
quently or when such devices should be used.”**” Our
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findings suggest that early sleep periods, especially during
daytime naps, may represent windows of increased vul-
nerability that could guide optimized supervision or alert
system calibration.

Importantly, we observed that epilepsy duration
>36months was significantly associated with higher
SUDEP-7 scores (p=.001). This clinical variable, often
overlooked, may represent a simple and low-cost surro-
gate marker of cumulative risk. Unlike PGES or EEG-
based indices, epilepsy duration is accessible and easily
recorded in clinical settings. Given this robust association
patients with epilepsy persisting beyond 36 months may
benefit from closer longitudinal monitoring. Future pe-
diatric studies should evaluate its longitudinal predictive
power alongside physiological biomarkers.

Taken together, our findings support a multifactorial
model of SUDEP risk involving physiological (PGES),
clinical (epilepsy duration), and behavioral (prone po-
sitioning) elements. Monitoring strategies for high-risk
pediatric patients should incorporate prone positioning,
PGES presence, and seizure timing. Interventions such as
nocturnal supervision, sleep posture guidance, or seizure
detection devices may mitigate risk in susceptible indi-
viduals. We suggest that patients with epilepsy duration
>36 months and PGES-positive seizures should be prior-
itized for device-based surveillance, especially during the
first 2hours after sleep onset.

Our study has limitations. First, the absence of SUDEP
cases limits definitive conclusions about predictive va-
lidity. Second, as a single-center retrospective study,
generalizability is constrained. Finally, the study did not
systematically evaluate environmental or genetic risk
factors. Larger, multicenter cohorts with longitudinal
follow-up are needed to validate and expand upon our
findings.

5 | CONCLUSION

Postictal generalized EEG suppression (PGES) was sig-
nificantly associated with elevated SUDEP-7 scores, sup-
porting its role as a physiological marker of SUDEP risk in
pediatric epilepsy. Although infrequent, peri-ictal prone
positioning strongly co-occurred with PGES and may con-
tribute to cumulative risk. Epilepsy duration longer than
36months also emerged as a simple, yet robust clinical
marker linked to higher risk scores.

Our results suggest that children with prolonged epi-
lepsy, PGES-positive seizures, or prone positioning may
benefit from enhanced nocturnal monitoring, sleep pos-
ture guidance, and seizure detection technologies. The
earlier occurrence of generalized convulsive seizures

during daytime sleep highlights potential time windows
for targeted supervision.

While the SUDEP-7 Inventory has limitations in pe-
diatric populations, its integration with EEG, positional,
and temporal markers may improve individualized risk
stratification. We recommend prioritizing patients meet-
ing multiple risk criteria for intensified follow-up. Future
prospective studies are warranted to validate this multi-
dimensional approach and develop age-appropriate
SUDEP prevention strategies.
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Test yourself

1.

According to the study findings, which of the following was most significantly associated with higher
SUDEP-7 Inventory scores in pediatric epilepsy patients?

A. Seizures occurring during nighttime sleep

B. Epilepsy duration shorter than 12 months

C. Presence of postictal generalized EEG suppression (PGES)

D. Seizures with focal onset without generalization

. What did the study reveal about the relationship between seizure timing and sleep phase in pediatric

patients?

A. Seizures occurred later during daytime sleep than night time sleep

B. Daytime seizures occurred significantly earlier after sleep onset than night time seizures
C. Nodifference in seizure timing between day and night

D. Seizures were exclusively nocturnal

. Which clinical factor was identified as a simple, accessible marker associated with higher SUDEP-7 scores in

children with epilepsy?

A. Family history of epilepsy

B. Use of vagus nerve stimulation

C. Epilepsy duration longer than 36 months

D. Number of antiseizure medications prescribed

Answers may be found in the supporting information.
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