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a b s t r a c t

Introduction: Reflex bathing seizures are described during the course of bathing in water near body
temperature. These seizures differ from other epilepsies characterized by bathing-induced seizures such
as hot water epilepsy, but there are few well-described patients and only some of these have been
documented by ictal video-electroencephalography.
Methods: Our objective was to characterize the clinical presentation of bathing-induced seizures
demonstrated by ictal video-electroencephalographic recordings with water temperature below 38�C.
We described two previously unreported infants and reviewed additional cases in the literature that
fulfilled those criteria.
Results: Eighteen infants were indentified. They were predominantly male (72%), and the mean age of
seizure onset was 15 months (one to 36 months). The most frequent seizure triggers included pouring
water over the face and immersion. Seizures were of focal onset with loss of awareness and prominent
autonomic symptoms. Ictal video-electroencephalography revealed delta-theta high-amplitude focal
waves involving temporal and adjacent regions, with a rapid spread to the ipsilateral hemisphere or
generalization. Avoiding known triggers usually controlled the seizures, but carbamazepine, valproate,
and levetiracetam were also helpful. Neuroimaging was normal in all cases, and neurodevelopment was
unaffected.
Discussion: Bathing seizures predominate in boys with an early onset and a benign self-limited course.
The use of ictal video-electroencephalographic recordings in these cases leads to diagnosis and reveals
individual differences in triggers.

© 2019 Elsevier Inc. All rights reserved.
Introduction

Bathing seizures refer to a specific type of reflex seizures trig-
gered by bathing a susceptible child in water near body tempera-
ture (36�C to 37�C). These seizures seem to be different from those
in hot water epilepsy (HWE), a condition with a strong genetic
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predisposition described in southern India and Turkey where ritual
bathing involves repeatedly pouring hot water (ranging from 38�C
to 55�C) over the child's head. Some cases have been associated
with focal brain lesions in temporal or parietal lobes in both chil-
dren and adults.1-3 The pathophysiology of HWE may be relate to a
combination of repeated pouring of water (kindling effect) and the
high temperature of water during bathing in genetically or
anatomically susceptible subjects.2-4 In many cases of HWE,
lowering water temperature is enough to avoid seizures. However,
in bathing seizures water is usually at core temperatures and other
triggers may be involved. A systematic review of the literature
shows a confusing mixture of both types of seizures in published
series. The number of reported infants with bathing seizures is
small, and diverse methodologies for outlining the triggers and the
semiology of seizures have been described.1,5-15
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Ictal video-electroencephalographic (v-EEG) recording during
specific conditions is useful for the delineation of reflex seizures.
Although v-EEG recorded while pouring water over different parts
of the body during a bath is not routinely used, it adds valuable
information for the recognition of triggers and clinical features that
may be difficult to achieve in other settings. Moreover, recordings
also allow differentiating seizures from other bathing-induced
paroxysmal disorders described in infants, such as alternating
hemiplegia of childhood, hyperekplexia, and paroxysmal extreme
pain disorder, inwhich episodes can be triggeredwithwarm or cool
water temperatures (30�C) in neonates.1 Our objective was to
describe the clinical and ictal EEG characteristics of seizures
induced by bathing with water temperature below 38�C. Our hy-
pothesis is that this subgroup represents a specific type of reflex
seizures in respect to triggers, as it has been previously suggested
by other authors.1,10,14
Methods

We described two new infants and review the other unambig-
uous cases from the literature. Articles were reviewed after a
PubMed search using keywords bathing epilepsy, hot water epi-
lepsy, reflex seizures, bath-induced seizures, reflex epilepsy, and
ictal EEG. We included only cases with reflex seizures during a bath
with water at temperature below 38�C and a detailed description of
ictal v-EEG recordings available. We also considered only patients
with a normal cerebral magnetic resonance imaging (MRI) study to
differentiate genetically from anatomically susceptible subjects.5-15
Results

Patient 1: This 30-month-old boy was born to healthy non-
consanguineous parents after an uncomplicated delivery. His
family history was unrevealing. Psychomotor development was
normal. At age 10 months, he developed recurrent episodes of
pallor, cyanosis, limpness, and loss of awareness that lasted one to
two minutes, each time he was bathed. Since then, he refused to be
bathed in the bathtub. Breath-holding spells were initially sus-
pected, with a normal complete blood count, ferritin levels, and
electrocardiogram. Baseline and sleep EEG including photo-
stimulationwere also normal. As all episodeswere bath related, a v-
EEG was performed while bathing the child. Sudden tactile, visual,
and auditive stimuli did not produce any change in behavior or EEG
pattern. Warm water at 36.5�C to 37�C was then poured over the
FIGURE 1. Patient 1. Electroencephalographic activity, 10-second epoch, 100 uv/cm, 30-mon
bath. Generalized delta 2 Hz, high-amplitude 300- to 400-mV waves. Clinically pallor, blue l
figure is available in the online edition. The video associated with this figure can be viewe
legs, abdomen, and chest, shoulders, arms, neck, and back. EEG
recordings began showing bitemporal 3- to 4-Hz waves at 46 sec-
onds with no clear clinical changes for the next 49 seconds. The
child suddenly developed pallor, cyanosis, diminished muscle tone,
and a staring gaze; EEG showed generalized high-amplitude
(300 mV) slow waves at 2 Hz. The EEG pattern normalized
abruptly after 78 seconds, together with abrupt clinical recovery
and crying (Fig 1). Cerebral MRI was normal. Bathing epilepsy was
diagnosed, and valproate was initiated. Subsequently, the child
remained episode free during bathing for the next 16 months.
Unfortunately, seizures reappeared upon medication withdrawal
prompting reintroduction of valproate.

Patient 2: This 13-month-old healthy girl, born to unrelated
parents, developed episodes of cyanosis, limpness, and loss of
awareness that lasted a few seconds and occurred only during
routine bathing. Initial investigations were normal, including
interictal EEG with photostimulation. v-EEG was performed during
a bath. Sudden tactile, visual, or auditory stimuli did not produce
changes in behavior or the EEG pattern. Likewise, pouring cool
water over different parts of the child's body had no effect. How-
ever, 70 seconds after pouring water at 36.5�C over her face, an
episode characterized by perioral cyanosis, head drop, and staring
gaze took place. The episode lasted seven seconds andwas followed
by abrupt crying and spontaneous recovery. Ictal EEG recordings
showed bilateral centrotemporal high-amplitude (150 mV) 4-Hz
waves that normalized abruptly after seven seconds (see Fig 2).
Neuroimaging was normal. Thereafter, bathing with warm wet
clothes over the head and body was enough to avoid seizures.

Review of the literature: Only 16 cases presented bath-induced
seizures with water at temperature below 38�C that were recor-
ded by v-EEG. The clinical presentation and characteristics of the 16
cases described in the literature are detailed in Table.5-15
Discussion

Bathing seizures have not been fully characterized in the liter-
ature because ictal recordings are not systematically performed to
support the diagnosis. This may occur because v-EEG recordings
during a bath are difficult to obtain. Technical conditions are
challenging because of the presence of water, especially in younger
children. To better characterize these reflex seizures and to avoid
attributing the episodes to nonepileptic paroxysmal events, we
have described two new cases and identified 16 additional cases in
th-old boy. Left: Basal EEG activity 6 to 7 Hz, 50 mV. Right: Two minutes after starting
ips, limpness, and staring gaze. EEG, electroencephalography. The color version of this
d at https://doi.org/10.1016/j.pediatrneurol.2019.04.017.
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FIGURE 2. Video capture from Patient 2. Electroencephalographic and clinical description of the event. Time line in minutes and seconds. During the previous 10 minutes, water had
slowly been poured consecutively over legs, abdomen, thorax, and shoulder, waiting for clinical changes at least for 90 seconds in the poured area. 0:00: Normal EEG with open
eyes. Seventy seconds earlier we poured water over her face. 0:09: Bilateral centrotemporal high-amplitude (140 mV) 4-Hz waves appeared abruptly with head drop, staring gaze,
and slight perioral cyanosis, for the next seven seconds. 0:16: Normalization of the EEG with abrupt crying and instantaneous clinical recovery. 0:22: A repetition of the video
sequence is provided with increased video size to better characterize the clinical event. 0:26: Normal EEG. 0:32: EEG and clinical changes. 0:39: EEG and clinical recovery. EEG,
electroencephalography. The color version of this figure is available in the online edition. The video associated with this Figure can be viewed at https://doi.org/10.1016/j.
pediatrneurol.2019.04.017.
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the literature with bathing-induced seizures (less than 38�C)
demonstrated by ictal v-EEG (Table).5-15

The combined evidence reveals a male predominance (72%). The
mean age of symptom onset was 15 months (range zero to 36
months). Patients had no family history of epilepsy. Pouring water
over the head and the face as well as immersion were the most
frequently identified triggers. Shoulders, chest, or genitalia were
also described as trigger areas. We recommend pouring water
gently over the child, beginning at the lower extremities leading
progressively to the face during the v-EEG, for a better identifica-
tion of the somatosensory trigger area. Seizure latency, when
documented, ranges from a few seconds to a minute. Seizure
duration was short-lived averaging one to three minutes (range;
seven seconds to 10 minutes).

In all 18 patients, the clinical and electric v-EEG description
suggests that seizures were of focal onset, with impaired awareness
and autonomic symptoms. At the beginning of the seizure, affected
infants generally became quiet. Their silence was accompanied by
cyanosis or blue lips, staring eyes, limpness, and loss of alertness.
Stiffness, clonic movements of the lips or one part of the body, and
oral automatisms were also observed in some children. Autonomic
symptoms including pallor, vomiting, tachycardia, and apnea have
also been reported. In one case, laughter was the initial manifes-
tation of seizure activity. In our second case, head drop was
observed at the beginning of the seizure, which we believe was
probably related to partial loss of muscle tone. Postictal drowsiness
or crying, with coughing and facial flushing, have been also
informed.

Interictal EEG was usually normal, with occasional focal slow
waves during sleep recordings. In most of the reviewed cases, ictal
v-EEG recordings showed delta-theta high-amplitude focal waves
involving temporal and adjacent regions, and also starting from
parieto-occipital regions, followed by a rapid spread to the ipsi-
lateral hemisphere or generalization.

Only three infants exhibited sporadic nonprovoked seizures
(17%), and in another three, bathing-induced seizures were re-
ported occasionally. The prognosis is thought to be relatively
benign. Trigger avoidance usually controls seizures, but carba-
mazepine, valproate, and levetiracetam have been useful. Neuro-
development is invariably normal.

Our review suggests that bathing seizures are a type of reflex
seizures with an early onset and a self-limited course in most cases.
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TABLE.
Patients Reported With Bathing-Induced Seizures With Water at Normal Body Temperature and Ictal Video-EEG Recordings Available

Reference Age at
Onset
(Months)/
Gender

Water Ta Trigger Semiology Latency
After
Start
Bathing

Duration
of
Seizure

Recovery Interictal
EEG

Ictal EEG Treatment
Effective

Outcome

Stensman
et al.5

7/M 37�C-
37.5�C

Ta37�C was
decisive.
Neither sitting
in hot water
nor heating
fan

Blue, stiff, eyes
staring, automatisms,
right arm, stiffness,
coughing 1 min later
and then red face

30 s 1-2 min Tired, fall
asleep

Normal or
slow
activity
right
postcentral

Initially, focal delta
high amplitude left
frontotemporal,
followed by
generalized slow
waves (1-3 Hz)

CBZ Occasional
seizures

Shaw et al.6 5/M Warm
37�C

Following
immersion

Staring, cyanosis,
pallor, and hypotonia

30 s 10 min Sleep Normal High-amplitude delta
activity over the left
hemisphere

VPA Free

Ioos et al.7

case1
6/M Warm

34�C-37�C
Following
immersion

Unresponsive and
hypertonic, eyes
gazed upward, clonic
movements of the
lips

30 s 1-2 min Cry and
after that
sleep

Normal Theta-delta slow
waves over right
parieto-occipital and
temporal regions with
spreading
to the left side

Water
< 34�C

One
additional
seizure at
14 mo

Ioos et al.
case 2

7/F ND ND Floppy with her eyes
gazing upward and
cyanotic lips

ND ND ND Normal Rhythmic delta slow
waves over the left
hemisphere, which
then spread to the
right side

CBZ and
bath stop

Nonprovoked
seizures

Ioos et al.
case 3

6.5/M 36�C
shower

ND Complex partial
seizures

ND ND ND Normal Right temporal
rhythmic slow waves,
then generalized

Shower at
36�C and
VPA

21 mo no
seizures

Ioos et al.
case 4

24/M <38�C ND Complex partial
seizures

ND ND ND Normal Right temporal
rhythmic slow waves,
then generalized

Water
< 38�C and
CBZ

CBZ needed

Ioos et al.
case 5

7.5/M <35�C ND Complex partial
seizures

ND ND ND Normal Bilateral temporal
slow waves, then
generalized

<35�C Free

Argumosa
et al.8

Newborn/
F

Hot or
warm

Pouring water
over head

Cyanosis lips, clonic
movements of the
lips, loss of
awareness, and
hypotonia

ND 1-2 min Abnormal
steps and
somnolence

Normal Bilateral
frontotemporal spikes

VPA Free

De Keyzer
et al.9

10/M Warm
(37�C)

After
immersion

Glazed eyes staring,
cyanosis, pallor,
unresponsiveness,
hypotonia

1 min 1 min Drowsiness Normal Left temporal
rhythmic slow wave
activity of
high amplitude
rapidly spreading to
the left frontal and
right frontotemporal
regions

ND ND

Auvin
et al.10

24/F From 33�C Only over
head and face

Fear, left hypotonia,
loss of consciousness

ND 16 sec ND Normal Right frontoparietal
high-voltage slow
waves

OXC Seizures > 6 y
old

Ceulemans
et al.11

13/M Warm
36.6�C

While taking
bath

Stopped playing,
staring, pallor,
perioral cyanosis,
hypotonic

20 s 1 min
and
30 sec

Fell asleep Normal Occipital slow waves
with high voltage
delta waves, and
generalization

Lukewarm
(32�C) and
VPA

Free

Franzoni
et al.12

4/F Lukewarm Pouring water
over genitalia

Loss of
consciousness,
asymmetric right
tonic phases, eyes to
right, wandering
gaze

5-30 s 2-4 min Cry,
prolonged
drowsing

ND Generalized high-
amplitude
waves > left central

Wet
clothes
bath

Free at age 7 y

Jansen
et al.13

24/M 37�C Shower over
the head

Quiet, pale,
nauseated, vomiting,
oral automatisms,
limpness, absent

Seconds 3 min Sleep Normal Irregular delta left
anterior temporal,
then high amplitude
spreading all temporal
unilateral

CBZ: side
effects
LEV

Free with LEV

Kravljanac
et al.14

case 1

36/M Lukewarm Over body,
not head

Motor arrest,
hypotonia, staring,
head drop, oral
automatisms,
perioral cyanosis

ND 2 min Sleep
30 min

Only sleep
frontal left

Generalized delta
waves start left
frontocentral, slow
and high-amplitude
waves

PB One
unprovoked
seizure at age
3.8 y

Kravljanac
et al.
case 2

9/M Lukewarm Put face in
water

Staring, confusion,
right head deviation,
immobility, oral-
hand automatisms

ND >68 s somnolence Sleep
frontal
right

Slow back, then 2-3 Hz
start right temporal,
generalized in 42 s,
68 s diazepam.

Bathing
changes

Normal at age
3.5 y

(continued on next page)
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TABLE. (continued )

Reference Age at
Onset
(Months)/
Gender

Water Ta Trigger Semiology Latency
After
Start
Bathing

Duration
of
Seizure

Recovery Interictal
EEG

Ictal EEG Treatment
Effective

Outcome

Stutchfield
et al.15

19/M Lukewarm Over chest Blue lips, hypotonia,
tachycardia, brief
apnea, stared straight
ahead, mouthing
movements

Seconds
after
pouring
water
over
chest

2-3 min Sleepy 1 h Normal Left temporal delta
activity, spread right
side

CBZ Occasional
unprovoked
seizures
Free with CBZ

Patient 1 30/M 36.5�C-
37�C

Over legs,
ascendant to
shoulders

Pallor, cyanosis,
limpness, staring
gaze

95 s
after
pouring
water
over
legs

29 s Abrupt
recovery,
crying

Normal Bitemporal 3- to 4-Hz
waves, secondary
generalization with
slow 2-Hz waves

VPA Relapse reflex
seizures after
VPA
withdrawal

Patient 2 13/F 36.5�C Over face Perioral cyanosis,
head drop, staring
gaze

70 s 7 s Abrupt
recovery,
crying

Normal Bilateral
centrotemporal high-
amplitude 4-Hz waves

Bathing
changes

Free at age 3 y

Abbreviations:
CBZ ¼ Carbamazepine
F ¼ Female
M ¼ Male
ND ¼ Not detailed
PB ¼ Phenobarbital
VPA ¼ Valproic acid
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They present with a focal onset and predominantly nonmotor fea-
tures including impaired awareness and autonomic symptoms,
triggered by warm water at or near body temperature. These char-
acteristics are slightly different from the originally reported HWE in
patients from southern India or Turkey.2,3 Recently, Meghana et al.
reported 70 patients from a specific region in Indiawith a mean age
at onset of 18 years who presented with hot water epilepsy.2 Sei-
zures were triggered by hot water at 40�C to 55�C. Only 14% of the
children had documented seizures when exposed to warm water
under 40�C. Moreover, 36% of these children have spontaneous
seizures, chief among them generalized tonic-clonic seizures.

Interestingly, a male predominance has been reported in both
water-induced seizures, but with a diverse family history. In bath-
ing seizures affecting infants, a male to female ratio of 2.5:1, with no
preexisting family history appears to be the norm. In larger HWE
series from India, the ratio is similar, but a family history of epilepsy
(7% to 18%) is common.2 Nguyen et al. described in 2015 seven of 10
patients belonging to a single family with reflex bathing-induced
seizures, all of them males with a childhood onset (age four to
13 years), suggesting an X-linked pattern of inheritance. Amutation
in the synapsin 1 gene on chromosome Xp11-q21 was demon-
strated, but spontaneous seizures and language and social in-
teractions deficits were also present in these individuals.16

Regarding the pathophysiology of water-induced reflex seizures,
there is some evidence of temporoinsular and parietal network
hyperexcitability.16-18 A recent study using EEG-functional MRI in
an adult with idiopathic HWE showed ictal abnormalities in left
frontoparietal regions and also right superior temporal and para-
hippocampal gyrus.17 In adults with secondary focal epilepsy, hot-
water- and water-contact-induced seizures are related to structure
abnormalities involving temporal and parietal lobes.18 These au-
thors suggest that there are regions of cortical hyperexcitability
that overlap with areas physiologically activated during specific
sensory stimulations. In addition, the SYN1 knockout mouse model
showed that SYN1 mutations affect trafficking and produce an
imbalance in release of synaptic vesicles, leading to a higher
network excitability and firing activity.16

The accumulated evidence from different studies of water-
induced seizures suggest that the experience of bathing may acti-
vate a genetically based hyperexcitability temporoinsular network
that, when sufficiently activated, results in a focal seizure. This
concept relies upon a series of clinically heterogeneous entities
associated with water reflex seizures: idiopathic HWE, SYN1-
related X-linked focal epilepsy, and secondary focal epilepsy in
adults.2,3,10,16-19 We suggest that the 18 cases summarized in Table
may represent a specific type of reflex seizures as part of a male
predominance spectrum of water-induced seizures, with an earlier
age of onset and more benign prognosis. This profile may also
suggest an age-related aberrant, genetically determined thermo-
regulatory system, as it is hypothesized in patients with HWE with
an older age of onset, and also in patients with febrile seizures.20

In conclusion, our experience shows us that when an infant has
repeated paroxysmal events during bathing, performing an ictal
v-EEG recording during a normal bath should be considered. This
recording will facilitate the identification of triggers and the
characterization of the semiology of the episode. A correct diag-
nosis and the identification of triggers will help the family avoid
seizures.
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