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Objective: Sudden death in the bathtub occurs relatively frequently in Japan, particularly among elderly people.
We hypothesize that sudden death in epilepsy occurring in the bathtub (SDEPB) can be distinguished from
sudden death in nonepilepsy occurring in the bathtub (SDnonEPB), but is identical to sudden unexpected
death in epilepsy (SUDEP).
Methods: Tokyo Medical Examiner's Office conducts postmortem examinations for all sudden and unexpected
deaths in Tokyo. Clinical, social, and autopsy findings of 43 SDEPB were compared with 76 SDnonEPB,
50 SUDEP outside the bathtub, and Japanese forensic autopsy data as controls.
Results: Extension of the leg(s) outside the bathtub was seen in 33% of SDEPB, but none of SDnonEPB. Sitting
position was seen less frequently in SDEPB (37%) than in SDnonEPB (64%). Lung weight and pleural effusion
volume were significantly lower in SDEPB than in SDnonEPB. Age at death in SDEPB was significantly younger
than that in SDnonEPB. Sudden death in epilepsy occurring in the bathtub showed no differences in lung weight
and pleural effusion volume from SUDEP. Living with family was more frequent in SDEPB (73%) than in SUDEP
(48%). Few antiepileptic drugs, infrequent seizures, and low rate of mental retardation were identical between
SDEPB and SUDEP. Lung weight was significantly heavier in all three groups than in age- and sex- matched
autopsy controls.
Conclusions: Leg extension outside the bathtub, lower lung weight, and absence of pleural effusion distinguish
SDEPB from SDnonEPB in elderly people. Sudden death in epilepsy occurring in the bathtub may represent a
form of SUDEP occurring in the bathtub, rather than drowning despite submergence in the bathtub at discovery.
Conditions for bathing require careful attention from physicians and relatives, even for patients with epilepsy
with few medications and infrequent seizures, and without mental retardation.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

cause of SUDEP was not found [2]; SUDEP in epilepsy monitoring units
primarily resulted from early postictal neurovegetative breakdown in-

The incidence of sudden unexpected death in epilepsy (SUDEP) in
young adults (aged 20-45 years) is 27 times higher than that of sudden
death in control populations [1]; SUDEP is a leading cause of death in the
population with epilepsy. A systematic international survey of cardiore-
spiratory arrests in epilepsy monitoring units revealed physiological
characteristics suggestive of SUDEP in 16 cases, although the primary

Abbreviations: GTCS, generalized tonic—clonic seizure; PGES, postictal generalized
electroencephalographic suppression; SD, standard deviation; SDEPB, sudden death in
epilepsy occurring in the bathtub; SDnonEPB, sudden death in nonepilepsy occurring in
the bathtub; SUDEP, sudden unexpected death in epilepsy.
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duced by generalized tonic-clonic seizures (GTCSs) in all 16 cases. The
GTCSs lead to immediate death or a short period of partly restored
cardiorespiratory function followed by terminal apnea and then cardiac
arrest. A history of primary or secondary GTCSs is the strongest risk
factor for SUDEP, but other risk factors have also been reported [3,4].
Drowning is considered to be one of the exclusion criteria for SUDEP
[5]. Death by drowning in bathtubs, swimming pools, hot tubs, and nat-
ural waters occurs frequently in patients with epilepsy [6]. Patients with
epilepsy found dead submersed in bathtub water are considered to have
died of drowning, so never lead to a diagnosis of SUDEP. A few recent re-
ports describe sudden death in epilepsy occurring in the bathtub
(SDEPB). Sixteen (10%) of 167 definite SUDEPs occurred in a bathroom,
which included death while showering as well as soaking in a bathtub,
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in a nationwide population-based case series [7]. No autopsy findings
were found to distinguish between 47 epilepsy-related drowning
deaths, 72% of which occurred in a bathtub, and 92 SUDEP [8]. However,
the diagnosis of SDEPB is still ambiguous and whether SDEPB is
drowning or SUDEP is often difficult to determine.

The Japanese love to bathe in bathtubs filled with enough water to
cover the entire body. A survey of Japanese undergoing routine medical
checkups found that 401 (65%) of 617 individuals bathed in a bathtub
seven or more times a week [9]. The Japanese take baths more fre-
quently in the winter than in other seasons, because of the cold climate.
However, such winter bathing can increase the risks of physiological
changes associated with sudden death in the elderly population [10].
The Tokyo Medical Examiner's Office reported 550 autopsied cases
of sudden bath-related deaths [11]. The major pathological findings
were circulatory system diseases in 300 (55%) cases. These results
suggest that drowning is important in the final cause of bath-related
death, although circulatory system diseases may be the primary
underlying pathology.

To clarify whether SDEPB is drowning or an overlapping entity of
SUDEP, we compared clinical, social, and autopsy findings of SDEPB,
with those of sudden death in nonepilepsy occurring in the bathtub
(SDnonEPB) and SUDEP outside the bathtub. We hypothesize that
SDEPB could be distinguished from drowning deaths in the bathtub,
and so diagnosed as SUDEP in the bathtub.

2. Methods
2.1. Tokyo Medical Examiner's Office

Tokyo Medical Examiner's Office is a similar organization to the
coroner system of the United States. Police officers investigate all cases
of unexpected and unnatural deaths, and then they request a medical
examiner to inspect the body to determine the cause of the death except
in criminal cases. An inspection team is dispatched to the location of the
body, such as a police station, hospital, or residence of the deceased. The
inspection team conducts an external examination of the body with the
assistance of the police officers who provide investigative information. If
the cause of death cannot be determined by external examination, the
body is transported to the Medical Examiner's Office for autopsy.

The autopsy international code (ICD-10) for diseases and crimes has
been applied at the Tokyo Medical Examiner's Office since 1995. The
present study examined 364 consecutive cases with the epilepsy code
(G40.0-47.9) among 245,591 cases classified with ICD-10 between
1995 and 2015.

We analyzed the autopsy cases among the 364 cases with the
epilepsy code. The first group consisted of patients with epilepsy who
suffered sudden death in a bathtub filled with water, defined as the
SDEPB group. The second group consisted of patients with epilepsy
who suffered definite SUDEP outside the bathtub, as the SUDEP group.
We excluded cases of SUDEP during showering in the bathroom. The
third group consisted of people without epilepsy who suffered sudden
death in a bathtub filled with water and underwent autopsy by a med-
ical examiner (KH) between 2009 and 2017, as the SDnonEPB group.
We excluded cases with evidence of high ethanol level for this study.

2.2. Standard protocol approval, registration, and patient consent

The institutional review boards of Tokyo Medical Examiner's Office
approved this retrospective study. Opt-out consent of the bereaved
family was obtained in this study, because all target patients were dead.
2.3. Part 1

Age at death, sex, posture at death, living situation (>18 years old),

season at death, frequency of bathing, and bathing time at death were
compared between SDEPB and SDnonEPB. Body height, body weight,

and weights of the heart and lungs obtained from the autopsy findings
were compared between the two groups, using the standardized score
of each variable based on a score of 50 representing the mean for the
age- and sex-standardized autopsy control group (see part 2.5 for
details) [12]. We also compared the volume of pleural effusion between
the two groups.

24. Part 2

Age at death, sex, posture at death, living situation (>18 years old),
season at death, and presence of tongue bites and convulsive seizures
found by witnesses were compared between SDEPB and SUDEP. Body
height, body weight, and weights of the heart and lungs obtained
from the autopsy findings were compared between the two groups,
using the standardized score of each variable based on a score of 50
representing the mean for the age- and sex-standardized autopsy con-
trol group (see part 2.5 for details) [12]. Volume of pleural effusion
was also compared between the two groups. History of epilepsy, num-
ber of antiepileptic drugs, seizure type, seizure frequency, and presence
of mental retardation were compared between the two epilepsy groups.

2.5. Statistical analysis

The chi-square independence test, Fisher exact probability test,
Student t-test, Welch t-test, and Mann-Whitney U test were used to an-
alyze each category, as appropriate (BellCurve for Excel version 2.00;
Social Survey Research Information Co., Ltd. and R version 3.3.2).
Unknown data were excluded from the statistical analysis. Residual
analysis was performed on the factors with significant difference after
the chi-square test. The significance level was set at <0.05. To standard-
ize the autopsy findings in each group, appropriate data of the mean and
standard deviation (SD) were obtained from more than 6000 forensic
autopsy cases as a normal control, excluding cases of edema, injury,
and decomposition in Japan between 2009 and 2013 [12]. The standard-
ized score of the autopsy findings in each group was based on a score of
50 representing the mean for the age- and sex-standardized autopsy
control group. The Student t-test was applied to compare the standard-
ized score of the three groups with that of normal control data. The
standardized score of weight of both lungs was calculated from the
root mean square of the left and right lung standardized score. The post-
mortem time in the three groups was analyzed with one-way analysis
of variance. The Welch t-test was applied to compare the raw data of
pleural effusion volume.

3. Results

3.1. Part 1. Sudden death occurring in the bathtub: comparison between
epilepsy (SDEPB) and nonepilepsy (SDnonEPB)

3.1.1. Clinical characteristics (Table 1A)

Age at death was significantly younger in the SDEPB group
(mean + SD, 42 + 18 years) than in the SDnonEPB group (74 +
11 years) (p = 0.011) (Fig. 1). There was no sex difference. All patients
in both the SDEPB and SDnonEPB groups had the face submersed in the
bathtub.

Posture at death showed a significant difference between the SDEPB
and SDnonEPB groups (p < 0.01). Leg extension outside the bathtub
along with the face and upper body in the bathtub was seen in 14
(33%) of 43 cases in the SDEPB group (Fig. 2), but in none of the 76
cases in the SDnonEPB group. Sitting position was more common in
the SDnonEPB group (49, 64%) than in the SDEPB group (16, 37%).

Comparison of living situations of patients aged 18 years or over be-
tween 41 SDEPB and 76 SDnonEPB found no significant difference.
There was no difference in season at death. However, both SDEPB (17,
40%) and SDnonEPB (35, 46%) occurred most frequently in the winter
season.
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Table 1A
Comparison of clinical characteristics between sudden death in epilepsy occurring in the
bathtub (SDEPB) and sudden death in nonepilepsy occurring in the bathtub (SDnonEPB).

SDEPB SDnonEPB p-Value
(N=43) (N=176)
Age at death (years) 0.011
Mean 4 SD 42 418 74+ 11A
Sex 0.070
Male 21 (49) 50 (65)
Female 22 (51) 26 (34)
Posture at death in the bathtub <0.01
Extension of leg(s) outside 14 (33)A 0(0)
the bathtub
Sitting 16 (37) 49 (64)A
Supine 3(7) 6(8)
Lateral 2(5) 10 (13)
Prone 6 (14) 7(9)
Unknown 2(5) 4 (5)
Living situation (>18 years)?® N =41 0.297
One-person household 8 (20) 23 (30)
With family 30(73) 53 (70)
Unknown 3(7) 0(0)
Season at death 0.839
Spring 12 (28) 22 (29)
Summer 8(19) 11(14)
Autumn 6(14) 8(11)
Winter 17 (40) 35 (46)
Frequency of bathing 0.602
Everyday 35 (81) 52 (68)
Few days a week 0(0) 1(1)
Unknown 8 (19) 23 (30)
Bathing time at death 0.677
24:00-3:00 12 (28) 19 (25)
3:00-7:00 2 (5) 4(5)
7:00-12:00 2(5) 6(8)
12:00-16:00 4(9) 3(4)
16:00-19:00 4(7) 11 (14)
19:00-24:00 19 (44) 24 (32)
Unknown 0(0) 9(12)

Data are numbers of patients (%).
2 Two patients in SDEPB aged under 18 years old were excluded.

Most patients in both the SDEPB (35, 81%) and SDnonEPB (52, 68%)
groups took baths every day. The bathing time at death showed no dif-
ference between the two groups. The most common bathing time was
19:00-24:00 before sleep.

3.1.2. Autopsy findings (Table 1B)

Postmortem time showed no significant difference between the
SDEPB (mean + SD, 34.7 + 24.5 h) and SDnonEPB (29.2 4+ 25.6 h)
groups. Body height and weight and weight of heart also showed no
significant difference. Structural heart diseases including coronary scle-
rosis with more than 75% stenosis, old myocardial infarction, and hyper-
tensive cardiomyopathy were seen in 2 (5%) out of 43 SDEPB and 18
(24%) out of 76 SDnonEPB.

The standardized score of lung weight of the SDEPB group (mean +
SD, 57.7 & 11) was significantly lower than that of the SDnonEPB group
(64.7 & 15.5), based on the autopsy control data (p = 0.010). Real lung
weight showed no difference between 41 SDEPB (mean =+ SD, 1120.9 +
294.4 g) and 76 SDnonEPB patients (1199.8 + 369.1 g) over 18 years old
without standardization of age and sex.

The volume of pleural effusion in the SDEPB group (mean =+ SD,
56.4 £+ 90.3 mL) was significantly less than that in the SDnonEPB
group (121.1 4 163.4 mL) (p <0.01). No pleural effusion was con-
firmed in 10 (23.2%) of 43 SDEPB and seven (9.2%) of 76 SDnonEPB
(Fig. 1). The volume of pleural effusion showed significant correlation
with the weight of the lungs in both the SDEPB (RS = 0.648; p < 0.01)
and SDnonEPB (RS = 0.338; p < 0.01) groups. Structural lung diseases
including emphysema, pleural adhesions due to pleuritis, and

interstitial pneumonia were seen in 2 (5%) out of 43 SDEPB and 14
(18%) out of 76 SDnonEPB.

3.2. Part 2. Sudden death of patients with epilepsy: comparison between
death in the bathtub (SDEPB) and outside the bathtub (SUDEP)

3.2.1. Clinical characteristics (Table 2A)

Age at death in the SDEPB group (mean =+ SD, 42 4 18 years) was sig-
nificantly older than in the SUDEP group (35 4 18 years) (p = 0.044).
There was no sex difference.

Posture at death showed a significant difference between the SDEPB
and SUDEP groups (p < 0.01). Prone position was more common in the
SUDEP group (26, 52%) than in the SDEPB group (6, 14%). Supine
position was also more common in the SUDEP group (16, 32%) than in
the SDEPB group (3, 7%).

Comparison of living situations of patients aged 18 years or over be-
tween 41 SDEPB and 41 SUDEP showed a significant difference between
the SDEPB and SUDEP groups (p = 0.016). The rate of one-person
households in the SUDEP group (18/41, 44%) was significantly higher
than that in the SDEPB group (8/41, 20%). The rate of living with family
in the SDEPB group (30/41, 73%) was significantly higher than in the
SUDEP group (20/41, 49%).

Season at death showed no significant difference between the two
groups. However, the most common season at death was winter in
SDEPB (17, 40%) and summer in SUDEP (17, 34%).

Tongue bites were found in three (7%) of 43 SDEPB and in seven
(14%) of 50 SUDEP. The witnesses reported convulsive seizures at the
time of death in three (6%) of 50 SUDEP.

3.2.2. Autopsy findings (Table 2B)

Postmortem time showed no difference between the SDEPB
(mean 4+ SD, 34.7 + 24.5 h) and SUDEP (39.3 + 24.6 h) groups.
Body height and weight and weight of heart also showed no significant
difference. Structural heart diseases including coronary sclerosis with
more than 75% stenosis, old myocardial infarction, and hypertensive
cardiomyopathy were seen in 2 (5%) out of 43 SDEPB and 1 (3%) out
of 39 SUDEP.

The standardized score of lung weight showed no difference be-
tween the SDEPB (mean + SD, 57.7 4+ 11) and SUDEP (55.7 + 14.2)
groups for all ages, based on the autopsy control data. Real lung weight
showed no difference between 41 SDEPB (mean + SD, 1120.9 +
294.4 g) and 41 SUDEP (1184.6 + 350.9 g) over 18 years without
standardization of age and sex.

Pleural effusion volume showed no difference between SDEPB
(mean + SD, 56.4 £ 90.3 mL) and SUDEP (45.7 4 117.5 mL). No pleural
effusion was confirmed in 10 (23.2%) SDEPB and 16 (32%) SUDEP
(Fig. 1). Structural lung diseases including emphysema, pleural adhe-
sions due to pleuritis, and interstitial pneumonia were seen in 2 (5%)
out of 43 SDEPB and 1 (3%) out of 39 SUDEP.

3.2.3. Epilepsy profiles (Table 2C)

Epilepsy profiles showed no difference between the SDEPB and
SUDEP groups, except for seizure types based on history taken from
their families (p < 0.01). Five (12%) of 43 SDEPB patients had absence
or myoclonic seizures, compared to none of the SUDEP patients. Six
(14%) of 43 SDEPB and six (12%) of 50 SUDEP patients took no medica-
tion. Eighteen (42%) of SDEPB and 22 (44%) of SUDEP patients had re-
ceived antiepileptic drug monotherapy. Approximately half of both
SDEPB (22, 51%) and SUDEP (26, 52%) patients had seizures less than
once a month. Mental retardation was seen in 5 (12%) of SDEPB and
10 (20%) of SUDEP patients.

3.3. Part 3. Comparison to the Japanese autopsy controls

The SDnonEPB patients had significantly taller (p<0.01) and heavier
(p = 0.013) bodies than the Japanese autopsy controls. The SUDEP
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Fig. 1. Age at death and volume of pleural effusion in the SDEPB, SDnonEPB, and SUDEP groups. Age at death was significantly younger in the SDEPB group (mean + SD, 42 + 18 years) than
in the SDnonEPB group (74 4 11 years (p < 0.01). Age at death in the SDEPB group was significantly older than in the SUDEP group (35 + 18 years) (p = 0.044). The volume of pleural
effusion in the SDEPB group (mean = SD, 56.4 + 90.3 mL) was significantly less than that in the SDnonEPB group (121.1 & 163.4 mL) (p < 0.01). No pleural effusion was confirmed in 10
(23.2%) of 43 SDEPB and seven (9.2%) of 76 SDnonEPB. Volume of pleural effusion showed no difference between SDEPB (56.4 4 90.3 mL) and SUDEP (45.7 + 117.5 mL). No pleural
effusion was confirmed in 10 (23.2%) SDEPB and 16 (32%) SUDEP. SDEPB = sudden death in epilepsy occurring in the bathtub; SDnonEPB = sudden death in nonepilepsy occurring in

the bathtub; SUDEP = sudden unexpected death in epilepsy outside the bathtub.

patients had significantly shorter bodies than the controls (p < 0.01).
The heart was significantly heavier in the SDEPB than in the controls
(p = 0.041). All three groups had significantly heavier lungs than the
controls (p <0.01).

3.4. Part 4. Comparison between patients with and without leg extension
outside the bathtub in sudden death in epilepsy occurring in the bathtub
(SDEPB) (Table 3)

Fourteen (33%) of 43 SDEPB patients were found supine with leg
extension outside the bathtub. The body height of these 14 patients
(mean =+ SD, 168.6 + 10.8 cm) was taller than that of 28 patients
without leg extension (160.6 + 30.4 cm) (p = 0.029). Other clinical
characteristics, autopsy findings, and epilepsy profiles showed no
significant differences between the two groups of SDEPB with and
without leg extension.

4. Discussion
4.1. Summary of findings

The age at death in SDEPB was significantly younger than that in
SDnonEPB. All patients in both the SDEPB and SDnonEPB groups had
the face submersed in the bathtub. Extension of the leg(s) outside the
bathtub was seen in 33% of SDEPB, but none of SDnonEPB. Sitting posi-
tion was seen less frequently in SDEPB (37%) than in SDnonEPB (64%).
The lung weight and pleural effusion were significantly lower in
SDEPB than in SDnonEPB. Living with family was more frequent in
SDEPB (73%) than in SUDEP (48%). Compared with SUDEP, SDEPB
showed no differences in the lung weight and pleural effusion. Few an-
tiepileptic drugs, infrequent seizures, and low rate of mental retarda-
tions were identical between SDEPB and SUDEP. Lung weights were

significantly heavier in all three groups than in age- and sex-matched
autopsy controls.

4.2. Extension of the leg(s) outside the bathtub

Extension of the leg(s) outside the bathtub was a unique
posture seen in SDEPB, but never seen in SDnonEPB in this
study. The most common posture in SDnonEPB was sitting posi-
tion. Leg extension is considered to be part of the semiology
of GTCSs. Both leg extensions could be a part of symmetric tonic
extension postures. In 40 children with generalized convulsive
seizures, ictal symmetric tonic extension postures significantly
increased the odds of postictal generalized electroencephalo-
graphic suppression (PGES) [13]. Ictal decerebrate-like symmetric
tonic extension posture with shorter clonic phase and a terminal
burst-suppression pattern indicate malignant generalized convul-
sive seizures, associated with PGES. In 69 of 99 generalized convul-
sive seizures in adult patients, typical GTCSs with bilateral and
symmetric tonic arm extension at the onset were significantly associ-
ated with PGES [14]. Postictal generalized electroencephalographic
suppression was observed in all 16 patients who were with diagnosed
definite SUDEP during long-term video-electroencephalographic
monitoring [2].

Leg extension outside the bathtub associated with SDEPB is consid-
ered to be a feature of GTCSs. If patient with epilepsy is found dead
with the leg(s) extending outside the bathtub, the patient presumably
had GTCSs preceding sudden death during bathing.

The epidemiological study found that 120 of 195 households
in Japan had narrower and deeper bathtub sizes (depth 60 cm,
length 80-120 cm) than the recommended size for safety [15].
Japanese bathtubs are not designed for washing the body with
soap, nor for bubble baths as in western culture, but are narrow
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Fig. 2. lllustration of sudden unexpected death in epilepsy (SUDEP) in the bathtub. This
illustration was drawn from the sketch by a medical examiner of Tokyo Medical
Examiner's Office. The patient was found extending the right arm and both legs outside
the bathtub while the face was submerged in the filled water of the bathtub. Illustrated
by Mr. Mitsuru Satomi and Mr. Kotobuki Shiriagari.
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and deep, and filled to the top with plenty of water to soak the whole
body. The sitting position in SDnonEPB is a Japanese standard posi-
tion of bathing.

4.3. Drowning vs. SUDEP

Lung weight and volume of pleural effusion in the SDEPB group were
significantly lower than those in the SDnonEPB group, but similar to

Table 1B

Autopsy findings between sudden death in epilepsy occurring in the bathtub (SDEPB) and
sudden death in nonepilepsy occurring in the bathtub (SDnonEPB) (comparison to age
and sex standardized autopsy control group) (mean = 50).

Table 2A
Clinical characteristics between sudden death in epilepsy occurring in the bathtub
(SDEPB) and sudden unexpected death in epilepsy (SUDEP) outside the bathtub.

SDEPB SUDEP p-Value
(N =43) (N =50)
Age at death (years) 0.044
Mean + SD 42 418 A 35+ 18
Sex 0.377
Male 21 (49) 29 (57
Female 22 (51) 21 (42
Posture at death <0.01
Extension of leg(s) outside the bathtub 14 (33) A 0(0)
Sitting 16 (37) A 7 (14)
Supine 3(7) 16 (32) A
Lateral 2 (5) 1(2)
Prone 6(14) 26 (52) A
Unknown 2(5) 0(0)
Living situation (>18 years)? N =41 N =41 0.016
One-person household 8 (20) 18 (44) A
With family 30(73) A 20 (49)
Unknown 3(7) 3(7)
Season at death 0.0813
Spring 12 (28) 13 (26)
Summer 8(19) 17 (34)
Autumn 6(14) 11 (22)
Winter 17 (40) 9 (18)
Tongue bites 3(7) 7 (14) 0.227
Convulsive seizures found by witness 0(0) 3(6) 0.151

Data are numbers of patients (%).
2 Two patients in SDEPB and 9 patients in SUDEP aged under 18 years were excluded.

those in the SUDEP group. The comparisons of lung weight were per-
formed with the standardized scores using the age- and sex-matched
autopsy control data, because the ages were significantly different be-
tween three groups.

Lung weight and volume of pleural effusion are basically increased in
drowning cases, although a longer time interval in the water results in
decreased lung weight and increased volume of pleural effusion [16].
Postmortem time showed no significant difference between the
SDEPB and SDnonEPB groups. In Japan, SDnonEPB was frequently seen
in the elderly group older than 65 years [11]. Most Japanese elderly peo-
ple are shorter and smaller than young people. Even the real lung
weight was similar between SDEPB and SDnonEPB, but the standard-
ized data showed heavier lung weights in the elderly SDnonEPB group
due to drowning than in the young SDEPB. Drowning was strongly asso-
ciated with the final process of SDnonEPB, although cardiac lesions were
the most common pathological findings that may have contributed sig-
nificantly to death [11]. The present results suggest no aspiration of
water before SDEPB, regardless of the location of the body in water.
Analysis of the classification of SUDEP cases based on a review of

Table 2B

Autopsy findings between sudden death in epilepsy occurring in the bathtub (SDEPB) and
sudden unexpected death in epilepsy (SUDEP) outside the bathtub (comparison to age
and sex-standardized autopsy control group) (mean = 50).

SDEPB SDnonEPB p-Value
(N=43) (N =76) SDEPB (N = 43) SUDEP (N =50) p-Value
Body height® N =42 0.069 Body height? N =42 0.15
Mean 4 SD 50.5 £ 11.5 541+ 9.6 Mean 4 SD 505+ 11.5 46.2 + 16.1
Body weight 0.94 Body weight 0.63
Mean + SD 52.7 £ 10.5 529 £ 9.3 Mean 4 SD 52.7 £ 10.5 513 £ 163
Weight of heart 0.64 Weight of heart 0.11
Mean + SD 53.1+9.5 521+ 119 Mean + SD 53.1+9.5 492 + 137
Weight of lungs 0.01 Weight of lungs 0.47
Mean 4 SD 57.7 £ 11 64.7 £ 15.5A Mean 4 SD 57.7 £ 11 55.7 £ 14.2
Volume of pleural effusion (mL)® <0.01 Volume of pleural effusion (ml)® 0.62
Mean + SD 56.4 + 90.3 121.1 £ 16344 Mean + SD 56.4 £+ 90.3 457 + 1175

¢ Body height was not specified for one patient in SDEPB.
b Pleural effusion was exact volume.

2 Body height was not specified for one patient in SDEPB.
P Pleural effusion was exact volume.
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Table 2C
Epilepsy profiles between sudden death in epilepsy occurring in the bathtub (SDEPB) and
sudden unexpected death in epilepsy (SUDEP) outside the bathtub.

Table 3
Clinical characteristics of patients with and without leg extension in sudden death in
epilepsy occurring in the bathtub (SDEPB).

SDEPB SUDEP p-Value
(N =43) (N =50)

History of epilepsy (years), mean + SD 18+ 15 15+ 13 0.299

<10 16 (37) 20 (40)
11-20 10 (23) 14 (28)
21-30 4(9) 5(10)
31-40 6(14) 4(8)
41-50 0(0) 2 (4)
>50 2 (5) 0(0)

Unknown 5(12) 5(10)

Number of antiepileptic drugs, mean 4 SD 13+09 14+09 0.802
0 6 (14) 6 (14)

1 18 (42) 22 (44)
2 10 (23) 14 (28)
3 4(9) 3(6)
4 0(0) 1(2)
5 0(0) 0(0)
Unknown 5(12) 4(8)

Seizure type <0.01
Generalized convulsive seizure 6(14) 15 (30)
Absence/myoclonic seizure 5(12) A 0(0)

Focal seizure 10 (23) 23 (46)
Others 2(5) 0(0)
Unknown 20 (47)? 12 (24)

Seizure frequency 0318

Daily, >1/day 1(2) 2(4)
Weekly, 1-6/week 0(0) 4(8)
Monthly, 1-3/month 6 (14) 7 (14)
Yearly, <11/year 22 (51) 26 (52)

Unknown 14 (33) 11 (22)

Mental retardation 0.255
Yes 5(12) 10 (20)

No 38 (88) 39 (78)
Unknown 0(0) 1(2)

2 Sixteen (80%) of the 20 SDEPB with unknown seizure type were taking antiepileptic
drugs, which confirmed the diagnosis of epilepsy.

>1500 epilepsy deaths revealed ambiguities [17]. The significant lower
lung weight and volume of pleural effusion in SDEPB than SDnonEPB
suggest that SDEPB was not caused by drowning.

In addition, the lung weights and volume of pleural effusion in
SDEPB were identical to those in SUDEP outside the bathtub. Age- and
sex-matched standardized scores of lung weight were used in the
SDEPB and SUDEP groups, because the age at SUDEP was younger
than at SDEPB. Therefore, the autopsy findings of lower lung weight
and pleural effusion volume support the diagnosis of SUDEP in a
bathtub rather than drowning death in a bathtub.

Suffocation followed by respiratory arrest is one of the mechanisms
of SUDEP [18]. If a patient with epilepsy suffocates because of GTCSs in
the bathtub, the patient may not aspirate water even with the face
submerged in the water. Sudden death occurring in the bathtub in
epilepsy may be identical to SUDEP in the bathtub, but not to drowning
in the bathtub.

On the other hand, patients could have died of drowning in the bath-
tub in the postictal state, when water inhalation might be less likely to
occur due to impaired respiration/consciousness. This alternate expla-
nation may also be compatible with the lower lung weight and volume
of pleural effusion observed in SDEPB. Respiration/consciousness has
never been evaluated if the patient had the seizure before death.
However, seizures could have caused submersion of the face into
water followed by death of drowning during the postictal state.

The SDEPB, SDnonEPB, and SUDEP groups had significantly heavier
lungs than the controls. The higher lung weight of SUDEP can be ex-
plained by the presence of neurogenic pulmonary edema [19]. Lung
weight showed no difference between the SDEPB and SUDEP groups.
The higher lung weight of SDEPB can be caused by the same mechanism
as SUDEP, even in the water of the bathtub.

Leg No leg p-Value
extension extension
(N=14) (N=29)

Age at death (years) 0.266
Mean + SD 38+ 14 44 +19

Sex 0.232
Male 9 (64) 13 (45)

Female 5(36) 16 (55)

Living situation (>18 years)?® N =27 0.257
One-person household 4 (29) 4(15)

With family 9 (64) 21 (78)
Unknown 1(7) 2(7)

Bathing time at death 0.526
24:00-3:00 1(7) 10 (34)
3:00-7:00 1(7) 1(3)
7:00-12:00 1(7) 1(3)
12:00-16:00 2 (14) 2(7)
16:00-19:00 1(7) 2(7)
19:00-24:00 8 (57) 13 (45)

Unknown 0(0) 0(0)

Tongue bites 1(7) 2(7) 0.704

Body height (cm)® N =28 0.029
Mean 4+ SD 168.6 + 10.8 A 160.6 + 304

Body weight (kg) 0.276
Mean 4 SD 62.6 + 14.9 57.5+10.7

Weight of heart (g) 0.577
Mean =+ SD 3385+ 773 3247 + 61.7

Weight of lungs (g) 0.576
Mean 4+ SD (left) 556.7 + 1564  512.6 4 134.7

(right) 598.6 4 141.3 587.9 4 59.1

Volume of pleural effusion (mL) 0.891

Mean 4+ SD (left) 26.4 4+ 34.2 26.0 + 489
(right) 27.5 £ 33.7 31.6 £51.3

History of epilepsy (years), 154+ 12 20 £ 16 0.210
mean =+ SD
<10 8 (57) 8 (28)

11-20 2 (14) 8(28)
21-30 0(0) 4(14)
31-40 3(21) 2(7)
41-50 0(0) 1(3)
>50 0(0) 2(7)
Unknown 1(7) 4(14)

Number of antiepileptic 1.2 +£0.7 14+10 0.644
drugs, mean + SD
0 2 (14) 4(14)

1 6 (43) 12 (41)
2 5(36) 5(17)
3 0(0) 4(14)
4 0(0) 0(0)

5 0(0) 0(0)
Unknown 1(7) 4(14)

Seizure type 0.662
Generalized convulsive seizure 2 (14) 4(14)
Absence/myoclonic seizure 1(7) 4(14)

Focal seizure 4(29) 6(21)
Others 0(0) 2(7)
Unknown 7 (50) 13 (45)

Seizure frequency 0.096

Daily, >1/day 0(0) 1(3)
Weekly, 1-6/week 0(0) 0(0)
Monthly, 1-3/month 1(7) 5(17)
Yearly, <11/year 11 (79) 11 (38)

Unknown 2(14) 12 (41)

Mental retardation 0.469
Yes 1(7) 4(14)

No 13 (93) 25 (86)
Unknown 0(0) 0(0)

Data are numbers of patients (%).
2 Two patients without leg extension aged under 18 years were excluded.
b Body height was not specified for one patient without leg extension.
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4.4, Overweight hearts

Higher heart weight than the controls was found in the SDEPB
group, but not in the SUDEP and SDnonEPB groups. Overweight heart
was found in all 14 patients with epilepsy who suffered cardiovascular
death, and in 19 of 40 SUDEP patients [20]. Heart weight showed no
significant difference between SUDEP and non-SUDEP patients with ep-
ilepsy [21]. Overweight heart may be a specific finding in SDEPB, but not
in SUDEP. This finding may indicate the presence of chronic cardiovas-
cular abnormality, although specific abnormalities in the cardiac
muscles and coronary arteries were identified in 5% of SDEPB and 3%
of SUDEP cases.

Significant increase of heart weight was found in patients who
suffered sudden unexplained nocturnal death syndrome including
sodium channelopathy compared to controls [22]. Abnormal heart
rate variability was more frequently found in patients with epilepsy
than in controls [23]. Sympathovagal imbalance tended to correlate
with epilepsy and antiepileptic drugs. Epilepsy and the Brugada syn-
drome coexist in families with channelopathy including SCN5A mu-
tation [24]. Patients with Dravet syndrome, a well-known sodium
channelopathy, have the risk of seizures during bathing and SUDEP
[25]. A Japanese study of biodynamics and electrocardiographic find-
ings during bathing suggested myocardial oxygen consumption,
supraventricular extrasystole, or ventricular tachycardia are related
to sudden death in the Japanese senior population in the winter sea-
son [10]. We speculate that chronic cardiovascular abnormality asso-
ciated with sympathovagal imbalance and channelopathy may be
one of the causes of SUDEP in the bathtub.

4.5. Prevention of SUDEP in the bathtub

The rate of one-person households in the SDEPB group (20%) was
significantly lower than that in the SUDEP group (45%) in this study,
and also lower than that in the general population (35%), according
to the national census in 2015 [26]. The SUDEP cases are more likely
to live alone than non-SUDEP cases, but the living arrangements of
SDEPB cases are unknown [7].

The Japanese custom is to retain water in the bathtub for one day
to share with the family by reheating, so SDEPB patients, who tend
to live with family, seem more likely to take baths than SUDEP
patients.

Thirty-five (81%) of 43 SDEPB patients and 52 (68%) of 76
SDnonEPB bathed every day in the present study. Another Japanese
study reported that 401 (65%) of 617 patients in clinics bathed in a
bathtub seven or more times a week [9]. These patients claimed
that bathing in the bathtub kept them healthy and ensured good
sleep. The Japanese custom of bathing in hot water is common
even among patients with epilepsy. However, families did not notice
the occurrence of seizures in the bathtub, even GTCSs as indicated by
leg extension outside the bathtub.

Thirty-one (53%) of 59 patients dying with Dravet syndrome in
Japan suffered SUDEP [24]. Six (10%) died of drowning, five of whom
died in the hot bathtub (personal communication). The parents of
children with Dravet syndrome are informed about SUDEP by pediatri-
cians, especially pediatric neurologists. Neither SUDEP nor SUDEP in the
bathtub in Dravet syndrome was included in this study, because those
patients were considered as either SUDEP or drowning-related death
and not reported to the medical examiner's office. The incidence of
SUDEP in and out of bathtub in Japan could be higher than that reported
in the present study.

Japanese physicians should always instruct patients with epilepsy at
the clinic to take showers instead of baths. This instruction should be
emphasized to all patients with epilepsy and their families to prevent
SUDEP in the bathtub. Installation of a seizure detection system in the
bathroom would be effective for patient safety.

5. Conclusion

Leg extension outside the bathtub, lower lung weight, and absence
of pleural effusion distinguish SDEPB from SDnonEPB in elderly people.
Sudden death occurring in the bathtub in epilepsy can be identified as
SUDEP in the bathtub, not drowning despite submergence in the
bathtub at discovery. Conditions for bathing require careful attention
from physicians and relatives, even for patients with epilepsy with few
medications and infrequent seizures, and without mental retardation.
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