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Video-electroencephalographic
findings and clinical
characteristics of bathing seizures
in children

Xiaojun Kuang, Hongmei Liao, Hongjun Fang*, Xiao Zhang,
Lijuan Wang, Liming Yang and Liwen Wu

Hunan Children’s Hospital, Changsha, Hunan, China

Objective: To explore the electroencephalogram (EEG) and clinical
characteristics of childhood bathing epilepsy.

Methods: We conducted a prospective summary of the clinical data from 10 children
with bathing epilepsy who were admitted to Hunan Children’s Hospital from April
2019 to November 2023 and analyzed their EEGs and clinical characteristics.

Results: Our 10 patients included eight males and two females, with seizure-
onset ages ranging from 4months and 20days to 14 months. Nine cases
showed normal intellectual development, and one case manifested delayed
development. The Video-EEG (VEEG) findings showed that nine cases exhibited
normal background with no interictal epileptic discharge. The seizures were
characterized by lip cyanosis, tachycardia or bradycardia, weakness, paleness,
and loss of consciousness. Ictal EEG revealed rhythmic fast waves, spike waves,
spike-slow waves, or slow and sharp-wave activity over the temporal region
(eight cases) or the occipital and temporal regions (one case), finally evolving
into a delta rhythm that lasted for 57-201s. These children exhibited no seizures
after discontinuing bathing and were not administered antiseizure medication.
Theinterictal EEG of one case reflected mild slow background and focal interictal
epileptic discharge; and her semiology was eyes gazing to right, with clonic
movements of the right face and lips, lip cyanosis, bradycardia, and impaired
consciousness. Ictal EEG showed spike—wave and spike-slow-wave rhythms
over the left central, parietal, and temporal regions; these then spread to the
left hemisphere, lasting for approximately 104s. This patient did not exhibit
bathing seizures after stopping her bathing but later experienced frequent
spontaneous and drug-resistant seizures. The interictal EEG background slowed
down, while focal epileptic discharge increased. Her intellectual development
was significantly delayed, and a novel pathogenic mutation in the SMCI1A
gene, c.298+2T>C, was detected. She was diagnosed with developmental and
epileptic encephalopathy.

Conclusion: A majority of children with bathing epilepsy in our study showed
focal autonomic seizures accompanied by impaired consciousness. Stopping
bathing could control the seizures and showed a good prognosis. A few infants
manifested a poor prognosis, and we posit that bathing seizure rarely constitute
the early manifestations of developmental and epileptic encephalopathy. VEEG
findings and clinical features can also indicate the prognosis.
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1 Introduction

Bathing epilepsy refers to a specific type of reflex epilepsy caused
by bathing susceptible children in water that is nearly body
temperature (36°C-37°C). Both bathing seizures and hot-water
seizures constitute reflex epilepsy, and some patients experience
spontaneous seizures (1). However, bathing epilepsy is different from
hot-water epilepsy, as in most hot-water epilepsy cases, reducing the
water temperature can prevent seizures; and most cases reflect genetic
factors (2, 3). However, in bathing epilepsy—with a fixed water
temperature—there may be other triggering factors such as the
pressure of water on the buttocks, abdomen, face, or other parts of the
body. Bathing epilepsy is more common in infancy, and most infants
show a good prognosis and do not require antiseizure medication (1).
Although a majority of cases of bathing epilepsy are benign, most
exhibit autonomic nervous system symptoms that can affect the
cardiovascular system and pose a risk of sudden unexpected death in
epilepsy (SUDEP) (4). Early diagnosis is therefore of paramount
importance. There are currently relatively few reports on the clinical
characteristics, seizure semiology, treatment, or prognosis of bathing
epilepsy, particularly with respect to reports of interictal
electroencephalography (EEG) (5, 6). In this article, we recorded the
EEG characteristics of 10 cases of seizures that occurred during warm-
water bathing and summarized their clinical characteristics and
follow-up. We posit that this study will provide a reference for
physicians that will allow for early diagnosis, correct prognostic
judgment, and appropriate treatment.

2 Clinical data and methods

Personnel at our EEG monitoring center in our Neurology
Department bathed those children who only experienced seizures
while taking a bath during the VEEG monitoring process with the
consent of the children’s guardians. We enrolled a total of 10 pediatric
patients who only experienced reflex epilepsy while taking a bath from
April 2019 to November 2023; seizures were detected in all of the
infants while in a warm-water bath during EEG monitoring, and these
10 children were then diagnosed with bathing epilepsy. We excluded
infants with some non-epileptic conditions such as syncope, breath-
holding spells, alternating hemiplegia of childhood (AHC),
hyperekplexia, and paroxysmal extreme pain disorder (PEPD).

Bathing was implemented and recorded as follows. We used a
32-channel VEEG monitor (Nihon Kohden EEG-1200C), and 19
channel recording electrodes were placed according to the
international 10-20 system. All EEG connections criteria were met.
We conducted electrocardiographic (EKG) and bilateral deltoid
muscle electromyographic recordings. We performed passive
eye-opening and closing tests and intermittent flash stimulation tests
during the conscious phase in all 10 patients. We adjusted the room
temperature to 25°C-28°C and added warm water at 36°C-37°C to
approximately half of the basin (i.e., so that the water level was at the
baby’s navel), removed the child’s clothing, placed the child in the
basin, marked the time the child entered the water, and observed and
recorded the semiology and EEG findings of the child during the
seizure. We continued monitoring after the seizure, recording at least
one sleep cycle until 30 min after self-awakening, with a monitoring
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time of 4-15h. We separate water and electricity during the bathing
process for the sake of electrical safety.

We collected information as to the children’s age at onset, sex,
current medical history, past history, family history, a physical
examination, head magnetic resonance imaging (MRI), cardiac
ultrasonography, routine blood chemistry and biochemistry, blood
tandem mass spectrometry and urine gas chromatography-mass
spectrometry, Gesell developmental scale, and other data from the 10
pediatric patients and summarized and analyzed them.

3 Results

3.1 Demographics and clinical presentation
of bathing epilepsy patients

Of the 10 patients, eight were males (80%) and two were
females (20%). All patients developed seizures that occurred only
during routine bathing, with the onset age ranging from 4 months
and 20 days to 1 year and 2 months. One child had a fever for 7 days
before the seizure, and two children had diarrhea or pneumonia
during the seizure. The remaining children exhibited no obvious
cause prior to the seizures. Two of the 10 patients had a family
history of convulsions. The seizure symptoms of nine children were
similar, with symptoms such as lip cyanosis, tachycardia or
bradycardia, weakness, paleness, and loss of consciousness
appearing 3.5-10s after the start of bathing. Two children also
exhibited oral automatistic movements. One case (patient 10 in
Table 1) showed eyes gazing to right, clonic movements of the right
face and lips, lip cyanosis, bradycardia, and impaired consciousness
5s after taking a shower. Three children manifested spontaneous
seizures, and one child (patient 4 in Table 1) had rhythmic clonic
seizures in the right upper limb that lasted for several seconds
before bathing seizures but which resolved spontaneously; there
was no change in facial color or impaired consciousness, with 0-5
episodic seizures per day. The attack then completely stopped
before the bathing seizures. One case (patient 5 in Table 1) had one
unprovoked episode of lip cyanosis and limb stiffness during sleep
after bathing seizures, lasting for about 10s. One case (patient 10 in
Table 1) revealed frequent and gradual spontaneous seizures after
15days of bathing-seizure onset. The 10 pediatric patients
exhibited normal cardiac ultrasonographic scans, typical genetic
and metabolic screening results of blood and urine, and routine
blood electrolytes. Brain imaging was abnormal in three cases. The
bilateral frontal and temporal extra brain spaces were slightly
wider and the bilateral ventricles were fuller in case 5. Case
7 showed slightly wider bilateral frontal and temporal extra brain
spaces, slightly enlarged and deformed bilateral ventricles, and
slightly thinner corpus callosum. Case 10 demonstrated an
arachnoid cyst and slightly widened bilateral frontal and temporal
extra-brain spaces. Follow-up was from 2 months to 4 years and
8 months. When patients 1-9 stopped taking baths in the bathtub
and a change was made in their style of bathing, there were no
seizures. After about 1week to 1month, the infants gradually
transitioned to warm-water baths without similar episodes. These
nine patients did not take any antiseizure medications (detailed
clinical data of the 10 patients are shown in Table 1).
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TABLE 1 Clinical characteristics and follow-up of children with bathing seizures.

Early symptoms

before bathing
seizures

Seizure
frequency

Brain MRI

Score of
Gesell
scale

Spontaneous
seizure

Family
history

Age at last
follow-up

Response to
therapy

1 Male 1 year No 7 episodes/15 days | Normal 92 No Grandmother | No 4 years 9months | Seizure-free
2months
2 Female | 10months Fever 4 episodes/5 days Normal 94 No No No 4 years 7months | Seizure-free
3 Male 10 months No 4 episodes/10 days Normal 95 No No No 4 years 7months | Seizure-free
4 Male 8 months 29 No 4 episodes/9 days Normal 95 Yes No No 3 years 6months = Seizure-free
days
5 Male 5months No 8 episodes/4months | Bilateral frontal and temporal 90 Yes No No 3 years 8months = Seizure-free
extra-brain spaces were slightly
wider, and bilateral ventricles
were fuller
6 Male 8 months No 4 episodes/20 days Normal 93 No No No 2 years 8months = Seizure-free
7 Male 8 months No 3 episodes/10 days Bilateral frontal and temporal 86 No Father No 2 years 6months | Seizure-free
extra-brain spaces were slightly
wider, bilateral ventricles were
slightly enlarged and deformed,
and the corpus callosum was
slightly thinner
8 Male 9months 3 Diarrhea 3 episodes/4 days Normal 92 No No No 4months Seizure-free
days
9 Male 6months 28 No 4 episodes/20 days Normal 93 No No No 2months Seizure-free
days
10 Female | 4months 20 Diarrhea 4 episodes/5 days Bilateral frontal and temporal 70 Yes No LEV VPA 2 years Frequent seizures
days extra-brain spaces were slightly TPM Moderate
widened developmental
delay
Developmental
epileptic
encephalopathy
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3.2 VEEG findings

Nine cases showed a normal background rhythm, while one
patient showed a slight slowing of waves (case 10). Interictal EEG
demonstrated small spikes in the bilateral Rolandic area including
central, parietal, and posterior temporal regions during sleep in
one patient and a small number of sharp waves in the left frontal,
central, parietal, and temporal regions in another patient. Ictal
EEG recordings revealed rhythmic changes beginning in the left
temporal region in five patients, the right temporal region in
three patients, and the right occipitotemporal region in one
patient. The initial discharge modes of ictal EEG included
low-amplitude fast rhythm (four cases); low-amplitude spike and
mixed medium-amplitude slow waves or spike slow-wave rhythm
(two cases); and low to medium amplitude theta waves and a
sharp wave rhythm (three cases); the latter gradually evolved into
diffuse high to extremely high-wave amplitude delta rhythms in
various regions. Ictal EEG recordings of patient 8 showed low to
medium amplitude spike slow-wave rhythm over the right
temporal area that evolved into a diffuse high-amplitude delta
rhythm, followed by widespread voltage suppression, and finally
a diffuse high-amplitude delta rhythm (see Figure 1). Ictal EEG
lasted for 57-201's. The overall characteristic of the ictal EEG was
low amplitude, and it did not exhibit any prominent spikes, while
the high-amplitude delta
monomorphic. The ictal EEG of patient 10 showed left central,

rhythm was prominent and
parietal, and temporal spike slow-wave rhythm in the first 20s,

gradually evolving into high-amplitude slow waves significant in

10.3389/fneur.2024.1366206

each region; then high to extremely high amplitude spikes and
spike slow-wave rhythm in the left hemisphere; and finally
extending to the midline region, lasting for 104 s (see Figure 2;
the details of VEEG in our 10 pediatric patients are shown in
Table 2).

Patient 10showed mild developmental delay, with no
deformities of the head or face; her left middle finger, ring finger,
and little finger were flexed; and her brain MRI was abnormal.
The seizure form comprised obvious focal motor symptoms. The
VEEG showed a slightly slow-wave background and a small
amount of focal interictal epileptiform discharge. The ictal EEG
was typical of focal and regional spikes, with spike slow waves
that persisted; and after the seizure, the EEG showed a unilateral
delta rhythm. Considering that the initial four seizures were
induced by bathing, antiseizure medications were not prescribed.
The patient subsequently experienced spontaneous clustered
seizures, occurring as 10 episodes per day and they were treated
with levetiracetam. She then developed recurrent episodes of
clonic movements of the right face, lips, and limb at a rate of
approximately one episode per minute. After continuous
administration of midazolam, the seizures stopped, but there
were still recurrent episodes after halting midazolam. Multiple
EEGs indicated a slow background rhythm and multifocal sharp
waves. Using whole-genome sequencing, we detected a
€.298+2T>C mutation in the SMC1A gene (Figure 3). Topiramate
and valproate were added, and the patient was followed-up with
for 2 years, during which the patient still exhibited spontaneous

seizures. The intellectual development of this child was
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Ictal EEG of case 8 shows left temporal region low-medium amplitude rhythmic sharp-slow wave — diffuse high-amplitude delta rhythm in various
regions — generalized suppression — diffuse high-amplitude delta rhythm in various regions, lasting for 201 s (X1 left deltoid muscle, X2 right deltoid
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muscle, X3-EKG).

Ictal EEG of case 10 shows left central, parietal, and temporal spike-slow wave rhythm — high-amplitude slow waves in each region — high-extremely
high amplitude spikes and spike-slow wave in the left hemisphere, spread midline region, lasting for 104 s (X1-left deltoid muscle, X2-right deltoid

moderately delayed, and the diagnosis was developmental
epileptic encephalopathy.

4 Discussion

Reflex epilepsy refers to recurrent seizures primarily caused by
specific motor, sensory, or cognitive stimuli, including both simple
sensory stimuli and complex stimuli (7-10). In this article, we reported
10 cases of bathing epilepsy in which the bath water was nearly body
temperature, thus belonging to the category of simple sensory stimulation.
The age at onset for our infants was from 4months and 20days to
14months, with a latent period of 3.5-10s. Of these patients, boys
accounted for 80%, which was consistent with previous reports.

Some literature suggests that bathing epilepsy is different from
hot-water epilepsy (1). Hot-water epilepsy is related to the temperature
of the water (ranging from 38°C to 55°C) during bathing, and
lowering the water temperature during bathing reduces seizure
incidence or no longer induces epilepsy at all (11). Most reports of
hot-water epilepsy are from India and Turkey where ritual bathing
involves repeatedly pouring hot water over the child’s head, suggesting
a genetic predisposition. A genetically aberrant thermoregulatory
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system or an anatomical abnormality of the temporo-insular and
parietal networks has been suggested as a possible mechanism for
epileptogenesis. Hot-water epilepsy are usually self-limiting, and even
if antiseizure medications are required, seizure-free status can
be achieved with monotherapy (12). Thermal sensitivity is an
important characteristic of children with Dravet syndrome. Patients
with Dravet syndrome may exhibit hot bathing epilepsy in the early
stages (13). Lee et al. (14) reported 26 patients with Dravet syndrome
exhibiting hot water bath test induced seizures, the median body
temperature was 37.8°C, ranging from 36.8°C to 38.7°C, the median
water temperature was 39.0°C, ranging from 37.9°C to 40.0°C. Hot
bathing epilepsy in patients with Dravet syndrome is related to water
temperature, and slight rise in body temperature around 37°C-37.9°C
may induced seizure. These patients usually have a poor prognosis and
later develop into refractory epilepsy, cognitive impairment, and
motor disorders. While bathing epilepsy is unrelated to water
temperature. In our study, the temperature of the water was lukewarm
(36°C-37°C) and there was no clear relationship between seizures and
pouring water over the infant’s head, thus excluding hot-water
epilepsy. In our practice, we have found that seizures are not triggered
when a baby’s face and limbs come into contact with warm water, but
it is only when the buttocks and abdomen are immersed in water that
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TABLE 2 VEEG findings of bathing seizures in children.

10.3389/fneur.2024.1366206

Background Interictal Latency Semiology Ictal EEG Duration Background
epileptic after of rhythm after
discharge initiation seizure in = seizure

of bathing VEEG
1 ly2m Normal No 4s Motor arrest, lip Left temporal region low- 157s Generalized slow
cyanosis, tachycardia | amplitude spike mixture waves
(105/min — 160/ medium amplitude delta wave
min), pallor, impaired = — diffuse medium-high-
consciousness medium amplitude delta
rhythm in various regions
2 10m Normal No 7s Motor arrest, Right temporal region 68s Generalized slow
bradycardia (120/ medium-amplitude rhythmic waves
min — 90/min), lip theta and sharp wave —
cyanosis, impaired diffuse medium-high
consciousness amplitude delta rhythm in
various regions
3 10m Normal No 10s Motor arrest, lip Left temporal region medium- 70s Generalized slow
cyanosis, tachycardia | amplitude rhythmic theta and waves
(120/min — 180/ sharp wave — diffuse
min), pallor, impaired | medium-high amplitude delta
consciousness rhythm in various regions
4 9m Normal No 10s Lip cyanosis, Left temporal region low- 955 Generalized slow
tachycardia (120/ amplitude rhythmic fast wave waves
min — 180/min), oral | — diffuse extremely high
automatisms, amplitude delta rhythm in
limpness, pallor, various regions
impaired
consciousness
5 9m Normal Small spike in 65 Lip cyanosis, Left temporal region low- 115s Generalized slow
Rolandic bradycardia (120/ amplitude rhythmic fast wave waves
region min — 90/min), — diffuse high-extremely high
limpness, impaired amplitude delta rhythm in
consciousness various regions
6 8m Normal No 5-6s Lip cyanosis, Right temporal region low- 168s Generalized slow
tachycardia (115/ amplitude rhythmic fast wave waves
min — 180/min), — diffuse extremely high
pallor, oral amplitude delta rhythm in
automatisms, various regions
limpness, impaired
consciousness
7 8m Normal No 65 Lip cyanosis, Right temporo-occipital 57s Generalized slow
limpness, Bradycardia | region medium-amplitude waves
(120 — 90/min) rhythmic theta and sharp
impaired wave — diffuse medium-high
consciousness amplitude delta rhythm on the
right side
8 Im7d Normal No 3.5s Lip cyanosis, Left temporal region low- 201s Generalized slow
Bradycardia (125/ medium amplitude rhythmic waves
min — 80/min), sharp-slow wave — diffuse
wandering gaze, high-amplitude delta rhythm
staring gaze, in various regions —
limpness, pallor, generalized suppression —
impaired diffuse high-amplitude delta
consciousness rhythm in various regions
(Continued)
Frontiers in Neurology 06 frontiersin.org
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TABLE 2 (Continued)

Age

Background

Interictal
epileptic

discharge

Latency
after
initiation
of bathing

Semiology

Ictal EEG

10.3389/fneur.2024.1366206

Duration
of
seizure in
VEEG

Background
rhythm after
seizure

parietal, and

right face and lips, lip

slow waves in each region —

temporal cyanosis, Bradycardia | high-extremely high
regions (140/min — 85/min), = amplitude spikes and spike-
impaired slow wave in the left

consciousness

hemisphere, spread midline

9 7m19d Normal No 9s Lip cyanosis, Left temporal region low- 92s Generalized slow
Bradycardia (120/ amplitude rhythmic fast wave waves
min — 90/min), — diffuse medium-high
limpness, impaired amplitude delta rhythm in
consciousness various regions
10 4m22d Slightly slow Sharp in the 5s Eyes gazing to the Left central, parietal, and 104s Rhythmic delta
frontal, right, clonic temporal spike-slow wave slow waves over
central, movements of the rhythm — high-amplitude the left

hemisphere

region

seizures are triggered. Wiping the infant’s body rather than bathing
the infant in warm water does not induce seizures. Therefore, seizures
may be related to the pressure stimulation of water on the buttocks
and abdomen.

There are few extant studies on EEGs of bathing seizures, and
most do not entail ictal recordings—possibly due to the fact that
VEEG recordings are difficult to obtain during a bath. For example,
Dashi et al. (15) reported a 10-year-old boy with normal psychomotor
development. His interictal EEG demonstrated epileptiform
discharges in the right frontal-anterior temporal region consisting of
spike-wave complexes in brief runs of 1-3 Hz. Changing the style of
bathing then resulted in freedom from seizures at the two-year follow
up. Gorostidi et al. (1) reported on two cases and also reviewed the
literature for ictal VEEG of 16 children with respect to bathing
seizures. Ictal VEEG revealed delta-theta high-amplitude focal waves
that involved temporal and adjacent regions, with a rapid spread to the
ipsilateral hemisphere or generalization. In our analysis, we detected
one episode of bathing seizure during VEEG in 10 pediatric patients.
Seizures in nine cases were of focal onset with loss of awareness and
prominent autonomic symptoms such as lip cyanosis, slowed or
increased heart rate, pallor, and no secondary generalized tonic—clonic
seizure. Ictal VEEG revealed fast rhythms (four cases), spike slow-
wave or spike mixed slow-wave rhythms (two cases), and theta or
sharp-wave rhythms (three cases) involving the temporal region (five
cases on the left and three cases on the right) and the right occipital
and temporal areas (one case); these gradually evolved into diffuse
delta rhythms in various regions. According to the ILAE2017 Epilepsy
Classification (16), these children were diagnosed with focal
autonomic epilepsy with impaired awareness that may have been due
to the stimulation of peripheral receptors by water temperature and
pressure during bathing and the activation of the autonomic nervous
system network in the medial temporal lobe and insula through
afferent nerves (17, 18). All of these nine children became seizure free
by changing their style of bathing at two-month-to-four-year and
eight-month follow-ups, and psychomotor development was noted to
be normal. Patient 10 developed episodes of a staring gaze, clonic
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movements of the right face and lips, cyanosis, bradycardia, and
impaired consciousness. Ictal EEG showed a spike slow-wave rhythm
starting from the left central, parietal, and temporal regions and
gradually evolving into a spike slow-wave rhythm in the left
hemisphere that ultimately affected the midline area. After termination
of bathing, the child remained episode-free for a period of time.
Unfortunately, frequent and uncontrollable spontaneous seizures
appeared after 15 days, with delayed development, and the child was
diagnosed with developmental epileptic encephalopathy.

In our investigation, the youngest onset age for patients 1-9 was
4months and 20 days, and the oldest onset age was 1 year and 2 months.
Gorostidi et al. (1) described 16 infants with bathing seizures with an
onset age of 4-24 months (excluding one case of onset at 36 months
and one case of neonatal onset). Thus, bathing epilepsy was more
common in infants under 2years of age and exhibited significant
age-dependence. Our patient exhibited seizures 3-8 times from 4 days
to 4 months, with seizures mainly concentrated within a certain period
of time and not occurring at other times, and they exhibited distinctly
clustered seizure characteristics. The age-dependent and clustered
characteristics of bathing seizures may be related to the excessive
excitation of physiological stimuli in cortical or subcortical neuronal
regions, and the specific underlying mechanism needs to be studied
further (4). The types of seizures in these infants were focal autonomic
seizures with impaired consciousness, and the interictal EEGs were
basically normal (one case showed spike waves involving the Rolandic
region). The ictal EEG is characterized by various rhythmic electrical
activities in the temporal area, which gradually evolve into diffuse,
non-persistent high-amplitude delta rhythms. Neuroimaging was
basically normal (two cases showed mild abnormalities), with normal
neural development. Two infants in this study possessed a family
history of seizures. We posit that avoiding triggering factors will control
seizures and Gorostidi et al. (1) reported carbamazepine, sodium
valproate, and levetiracetam are also beneficial, portending a favorable
long-term prognosis. The clinical and EEG characteristics of patients
1-9 were generally consistent with benign infantile epilepsy (familial
or non-familial), which was defined as self-limited familial and
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FIGURE 3

Sanger-sequencing electropherograms showing a de novo splicing variant in SMC1A (NM_006306.4:exon2:C.298+2T>C).

non-familial infantile epilepsy (SeLIE) in the 2022 ILAE Classification
for Epilepsy Syndromes. The difference here was that these children
had bathing-induced epilepsy, but we ask, “Did they reflect a special
type of SeLIE (19)?”

Previous studies have shown genetic changes in a small number
of patients with bathing epilepsy. Although genetic factors contribute
to the etiology of bathing epilepsy, the molecular mechanism (s)
underlying this disease remains arcane. Braun et al. (20) diagnosed
bathing epilepsy in an MDB5-associated neurological disorder
(MAND) patient with a chromosome 2q22.3q23.2 deletion. Accogli
et al. (4) identified eight distinct pathogenic or likely pathogenic
variants and two variants of unknown significance in SYN1 in eight
families with bathing epilepsy. Unfortunately, only patient 10 in our
study underwent genetic testing due to recurrent seizures and poor
treatment outcomes. In our study, symptoms in nine patients were
benign and self-limited. Patient 10 was characterized as experiencing
bathing epilepsy, followed by spontaneous, untriggered seizures that
ultimately resulted in drug refractoriness and progressive worsening
of the syndrome. Whole-genome sequencing identified a
¢.298+2T>C mutation in the SMCI1A gene. The SMCIA gene
mutation was first described in a patient with rare Cornelia de Lange
syndrome (CdLS), characterized by growth retardation and typical
facial deformities (21). There have also been recent reports of
seizures, developmental epileptic

phenotypes  such as
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encephalopathy, or Rett syndrome (22, 23). The phenotypic
characteristics of the patient in this particular case were
developmental delay, finger deformity, a slow EEG background,
multifocal interictal discharges, and uncontrollable focal seizures—
all of which were consistent with developmental epileptic
encephalopathy. We know of no previous reports of SMC1A gene
variant phenotypes in infants in whom bathing epilepsy
characterized their first epileptic episode.

5 Conclusion

In summary, a majority of cases of infantile warm-water
bathing epilepsy are self-limited and exhibit a good long-term
prognosis. A few infants manifest the initial symptoms of
developmental epileptic encephalopathy, with developmental delay
occurring before onset, with abnormal head imaging; obvious
symptoms of focal motor seizures; persistent, drug-resistant, or
clustered spontaneous seizures; abnormal VEEG background;
interictal discharge; and typical and persistent focal spikes and
slow waves in ictal EEG. These characteristics often suggest a
potentially poor prognosis, and we recommend that antiseizure
medications be administered early and that genetic testing
be conducted.

frontiersin.org


https://doi.org/10.3389/fneur.2024.1366206
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Kuang et al.

Data availability statement

The datasets presented in this article are not readily available
because of ethical and privacy restrictions. Requests to access the
datasets should be directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Hunan Children’s Hospital. The studies were conducted
in accordance with the local legislation and institutional requirements.
Written informed consent for participation in this study was provided
by the participants' legal guardians/next of kin. Written informed
consent was obtained from the individual(s), and minor(s)' legal
guardian/next of kin, for the publication of any potentially identifiable
images or data included in this article.

Author contributions

XK: Data curation, Writing - review & editing, Formal analysis,
Project administration, Validation, Writing - original draft. HL: Data
curation, Funding acquisition, Methodology, Supervision, Writing -
review & editing. HF: Conceptualization, Data curation, Investigation,
Methodology, Writing — review & editing. XZ: Data curation,
Methodology, Writing — review & editing. LWa: Conceptualization,
Investigation, Resources, Writing — review & editing. LY: Project

References

1. Mosquera-Gorostidi A, Azcona-Ganuza G, Yoldi-Petri ME, Garcia I, de Gurtubay
S, Aguilera-Albesa A. Ictal video-electroencephalography findings in bathing seizures:
TwoNew cases and review of the literature. Pediatr Neurol. (2019) 99:76-81. doi:
10.1016/j.pediatrneurol.2019.04.017

2. Daems F, Weckhuysen S. Hot water epilepsy: a case report of a sporadic form of
reflex epilepsy. Epileptic Disord. (2023) 25:426-8. doi: 10.1002/epd2.20029

3. Balgetir F, Génen M, Miingen E, Berilgen A, Miingen B. Long-term clinical course
and prognosis of hot water epilepsy: 15-year follow-up. Epilepsy Behav. (2022)
129:108607. doi: 10.1016/j.yebeh.2022.108607

4. Accogli A, Wiegand G, Scala M, Cerminara C, Jacomino M, Riva A, et al. Clinical
and genetic features in patients with reflex bathing epilepsy. Neurology. (2021)
97:577-86. doi: 10.1212/WNL.0000000000012298

5. Lenoir P, Ramet J, De Meirleir L, D'Allest AM, Desprechins B, Loeb H. Bathing-
induced seizures. Pediatr Neurol. (1989) 5:124-5. doi: 10.1016/0887-8994(89)90040-4

6. Franzoni E, Gentile V, Grosso S, Brunetto D, Cordelli DM, Balestri P. Bathing
epilepsy: report of two Caucasian cases. Epileptic Disord. (2010) 12:88-90. doi: 10.1684/
epd.2010.0295

7. Cappellari AM, Bulgaro C, Bruschi G, Papa M. Bathing epilepsy: a video case
report. Epileptic Disord. (2021) 23:639-42. doi: 10.1684/epd.2021.1295

8. Koepp MJ, Aciagli LC, Pressler RM, Lehnertz K, Beniczky S. Reflex seizures, traits,
and epilepsies: from physiology to pathology. The lancet. Neurology. (2016) 15:92-105.
doi: 10.1016/S1474-4422(15)00219-7

9. Zifkin BG, Kasteleijn-Nolst Trenité D. Reflex epilepsy and reflex seizures of the
visual system: a clinical review. Epileptic Disord. (2000) 2:129.

10. Atalar AC, Vanli-Yavuz EN, Yilmaz E, Bebek N, Baykan B. Reflex epileptic features
in patients with focal epilepsy of unknown cause. Clin Neurol Neurosurg. (2020)
190:105633. doi: 10.1016/j.clineuro.2019.105633

11. Sharma A, Sankhyan N. Hot-water epilepsy in children. Indian ] Pediatr. (2021)
88:857-8. doi: 10.1007/s12098-021-03840-3

12. Panda PK, Sharawat IK. Bathing and hot water epilepsy. Pediatr Neurol. (2020)
104:72. doi: 10.1016/j.pediatrneurol.2019.10.005

Frontiers in Neurology

10.3389/fneur.2024.1366206

administration, Validation, Visualization, Writing - review & editing.
LWu: Conceptualization, Data curation, Investigation, Writing —
review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by grants from Natural Science Foundation of Hunan
Province (nos. 2023JJ60276 and 2022]]70087).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Fukuda M, Morimoto T, Nagao H, Kida K. Clinical study of epilepsy with severe
febrile seizures and seizures induced by hot water bath. Brain and Development. (1997)
19:212-6. doi: 10.1016/50387-7604(96)00564-5

14. Lee H-E, Chi C-S, Tsai C-R, Chen C-H, Wang C-C. Electroencephalographic
features of patients with SCN1A-positive Dravet syndrome. Brain and Development.
(2015) 37:599-611. doi: 10.1016/j.braindev.2014.10.003

15. Dashi F, Seferi A, Rroji A, Enesi E, Petrela M. Bathing epilepsy: report of three
Caucasian cases. Acta Informat Med. (2015) 23:113-5. doi: 10.5455/
aim.2015.23.113-115

16. Fisher RS, Helen Cross J, French JA, Higurashi N, Hirsch E, Jansen FE, et al.
Operational classification of seizure types by the International League Against Epilepsy:
Position Paper of the ILAE Commission for Classification and Terminology. Epilepsia.
(2017) 58:522-30. doi: 10.1111/epi.13670

17. Kawai K. Epilepsy and autonomic nervous system. Brain Nerve. (2022) 74:271-7.
doi: 10.11477/mf.1416202023

18. Obaid S, Zerouali Y, Nguyen DK. Insular epilepsy: semiology and noninvasive
investigations. J Clin Neurophysiol. (2017) 34:315-23. doi: 10.1097/WNP.0000000000000396

19. Zuberi SM, Wirrell E, Yozawitz E, Wilmshurst JM, Specchio N, Riney K, et al.
ILAE classification and definition of epilepsy syndromes with onset in neonates and
infants: Position statement by the ILAE Task Force on Nosology and Definitions.
Epilepsia. (2022) 63:1349-97. doi: 10.1111/epi.17239

20. Braun MH, Payne ET, Simpkins A, Kozlik S, Curtisl C. Novel bathing epilepsy in

a patient with 2q22.3923.2 deletion. Seizure. (2021) 91:1-4. doi: 10.1016/j.
seizure.2021.05.007

21. Boyle MI, Jespersgaard C, Brendum-Nielsen K, Bisgaard A-M, Timer Z. Cornelia
de Lange syndrome. Clin Genet. (2015) 88:1-12. doi: 10.1111/cge.12499

22.Bozarth XL, Lopez J, Fang H, Lee-Eng J, Duan Z, Deng X. Phenotypes and
genotypes in patients with SMC1A-related developmental and epileptic encephalopathy.
Genes. (2023) 14. doi: 10.3390/genes14040852

23.Ye YZ, Duan J, Hu ZQ, Cao DZ, Liao JX, Chen L. Developmental and epileptic
encephalopathy 85 caused by SMC1A gene truncating variation: 4 cases report and literature
review. Chin ] Pediatr. (2022) 60:583-7. doi: 10.3760/cma.j.cn112140-20211126-00994

frontiersin.org


https://doi.org/10.3389/fneur.2024.1366206
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.pediatrneurol.2019.04.017
https://doi.org/10.1002/epd2.20029
https://doi.org/10.1016/j.yebeh.2022.108607
https://doi.org/10.1212/WNL.0000000000012298
https://doi.org/10.1016/0887-8994(89)90040-4
https://doi.org/10.1684/epd.2010.0295
https://doi.org/10.1684/epd.2010.0295
https://doi.org/10.1684/epd.2021.1295
https://doi.org/10.1016/S1474-4422(15)00219-7
https://doi.org/10.1016/j.clineuro.2019.105633
https://doi.org/10.1007/s12098-021-03840-3
https://doi.org/10.1016/j.pediatrneurol.2019.10.005
https://doi.org/10.1016/s0387-7604(96)00564-5
https://doi.org/10.1016/j.braindev.2014.10.003
https://doi.org/10.5455/aim.2015.23.113-115
https://doi.org/10.5455/aim.2015.23.113-115
https://doi.org/10.1111/epi.13670
https://doi.org/10.11477/mf.1416202023
https://doi.org/10.1097/WNP.0000000000000396
https://doi.org/10.1111/epi.17239
https://doi.org/10.1016/j.seizure.2021.05.007
https://doi.org/10.1016/j.seizure.2021.05.007
https://doi.org/10.1111/cge.12499
https://doi.org/10.3390/genes14040852
https://doi.org/10.3760/cma.j.cn112140-20211126-00994

	Video-electroencephalographic findings and clinical characteristics of bathing seizures in children
	1 Introduction
	2 Clinical data and methods
	3 Results
	3.1 Demographics and clinical presentation of bathing epilepsy patients
	3.2 VEEG findings

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

