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SUMMARY

Purpose: A questionnaire survey was conducted in Japan
to investigate the causes and prevalence of death related
to Dravet syndrome.

Methods: A questionnaire was delivered to 246 hospitals
at which physicians were treating childhood epilepsy to
gain information about the total number of patients with
Dravet syndrome and their prevalence of early death.

Key Findings: Responses to the survey were collected
from 91 hospitals, and a total of 63 of 623 patients with
Dravet syndrome died. Data from 59 of these patients
were analyzed. The patients’ ages at death ranged from
13 months to 24 years and || months, with a median age
of 6 years and 8 months. The analysis showed that the risk
of mortality remained high up to approximately 12 years
of age. The causes of mortality included sudden death in
31 patients (83%), acute encephalopathy with status
epilepticus (SE) in 21 patients (36%), drowning in 6
patients (10%), and acute hepatopathy in one patient

(1%). The incidence of sudden death reached a first peak
at -3 years of age and reached a second pealcat 18 years
and older. In contrast, the incidence of acute encephalop-
athy with SE reached a sharp peak at 6 years of age. Seven
of 10 patients who underwent an SCN{A mutation analysis
exhibited positive mutations without a specific mutation
site.

Significance: In the present study, the prevalence of
Dravet syndrome-~related mortality was 10.1%. The inci-
dence of sudden death and acute encephalopathy with SE
was the highest in infancy (1~3 years) and at early school
ages {with a peak at 6 years), respectively. After approxi-
mately 12 years of age, the risk of mortality declined
sharply. Neither the treatment nor the number of sei-
zures was associated with any cause of mortality. In addi-
tion, it is difficult to predict which factors lead to a fatal
outcome.

KEY WORDS: Dravet syndrome, Severe myoclonic epi-
lepsy in infants, Mortality, Sudden death, Acute encepha-
fopathy.

Dravet syndrome is one of the most malignant epileptic
syndromes among the various types of childhood epilepsy
(Oguni et al., 2001; Dravet et al., 2005). Recent advances in
molecular biology have demonstrated that SCN/A muta-
tions cause this rare but catastrophic epilepsy and have
increased our understanding of its pathogenesis (Claes
et al., 2001). This disorder exhibits specific clinical fea-
tures: Seizures are easily provoked by a rise in the body tem-
perature; various types of seizures are combined with one
another; and strong photosensitivities and pattern sensitivi-
ties are involved. Furthermore, sudden death from unknown
causes and mortality or serious sequelae associated with
lethal status epilepticus (SE) have been reported, accounting

Accepted February 2, 2011; Early View publication April 11,2011,
Address correspondence to Hirokazu Oguni, Department of Pediatrics,
Tokyo Women's Medical University, 8-1 Kawada-cho, Shinjuku-ku,
Tokyo 162, Japan. E-mail: hoguni @ped.twmu.ac.jp
'Dravet Syndrome Proanosxs Research Group (see Appendix).

Wiley Periodicals, Inc.
© 2011 International League Against Epilepsy

for a percentage that is constant from author to author {Og-
uni et al., 2001; Dravet et al., 2005). The number of patients
diagnosed with Dravet syndrome has increased throughout
the world (Dravet et al., 2005); the SCN/A mutation test
facilitates a definitive diagnosis in the early stage of the con-
dition, and characteristic clinical features have been widely
recognized among pediatric neurologists. In contrast, the
seizures and mental prognosis do pot seem to improve
despite various treatment trials that have been conducted. In
addition, unexpected death during the tréatment course for
this catastrophic disorder may have influenced the reliance
of patients’ families on physicians (So et al., 2009). Until
now, no systematic study has been conducted to clarify the
incidence of unexpected death or the prognostic factors
associated with this mortality. Because Dravet syndrome is
a rare type of epileptic syndrome, an analysis involving a
number of patients in a single hospital is difficult, necessi-
tating a nationwide survey. In this study, we conducted a
nationwide questionnaire survey regarding Dravet syn-
drome-related mortality in Japan and investigated the
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causes of mortality, the clinical characteristics at the time of
death, and the risk factors related to mortality. The results
may help provide information that prevents mortality for the
families of children with this disorder and for health care
professionals.

_METHODS

In July 2009, a questionnaire was delivered to the epi-
lepsy training hospitals that were authorized by the Japanese
Society of Epilepsy, to hospitals/institutions that were
authorized to train specialists from the Saciety of Pediatric
Neurology, and to university hospitals (total: 246 hospitals).
This survey allowed us to collect information about the total
number of past and present patients with Dravet syndrome,
the number of patients who died, and the number of patients
with serious sequelae. A secondary questionnaire was sent
by mail to the 26 hospitals that reported mortality cases to
obtain information on the following items for each patient:
(1) gender; (2) age at the onset of epilepsy (in months); (3)
clinical type (typical or borderline groups) (Fujiwara et al.,
2003; Oguni et al., 2005); (4) presence or absence of an
SCNIA gene test and its results; (5) age at death; (6) Causes
of mortality; (7) presence or absence of risk factors at death,
such as fever/infection, bathing, seizures, and the child’s
state (sleep or awake); (8) frequency of seizures and of SE
before death; (9) treatment regimen; (10) neurological con-
dition; (11) electroencephalographic and neuroimaging
findings; and (12) autopsy findings.

The time from the onset of epilepsy to death and the age
at death were very close because of the early onset of the
epilepsy; therefore, we compared the age at death between
the typical and borderline groups and among the causes of
death.

Prior to this study, the protocol was approved by the
Tokyo Women’s Medical University Ethics Review Board
and by the Dravet Syndrome Prognosis Survey/Study Group
Ethics Review Board.

Statistical analyses

Statistical analyses were performed using SPSS 15.0
(SPSS Japan, Tokyo, Japan) for Windows. The chi-square
test, t~test, and Mann-Whitney U-test were employed to
compare the results between two variables. A comparison
among more than three variables was performed using the
chi-square test with cross tabulation. The Bonferroni correc-
tion was added to the statistics when multiple statistical
comparisons were performed between several groups. A
p-value of <0.05 was regarded as significant.

RESULTS

Subjects
Responses were collected from 147 of the 246 hospitals
(response rate: 59.8%). In 91 of the 147 hospitals, a total of

623 patients with Dravet syndrome were treated (median:
two patients/hospital; range 1-109/hospital). In addition,
data on 63 patients who died were collected from 26 hospi-
tals (438 patients). Of these patients, the data from 59,
excluding 4 for whom the information at the time of death
was insufficient, were analyzed.

Clinical characteristics of the patients who died

In the 59 patients iricluded in the analyses, the male-to-
female ratio was 26:33. The ages of the patients at the onset
of epilepsy ranged from 2-10 months, with a mean of
5.1 months. Of the 59 patients included in the analyses, 20
patients comprised the borderline group without myoclonic
or atypical absence seizures, and 39 patients comprised the
typical group (Table 1). No significant differences were
observed between the two groups for the age at the onset of
epilepsy, the age at death, the causes of mortality, the fre-
quency of seizures before death, or the number of antiepi-
leptic drugs (p > 0.05). In the typical group, the frequency
of seizures before death was slightly higher than that in the
borderline group, and the rates of mental retardation were
slightly higher; however, there were no significant differ-
ences in the rates of severe mental retardation between the
two groups (p > 0.05). The number of antiepileptic drugs,
the frequency of seizures, and the grade of mental retarda-
tion were unclear or not described for three patients, three
patients, and one patient, respectively.

Mortality

For the 26 hospitals that reported at least one patient who
died for this nationwide survey, mortality accounted for
14.4% of their patients with Dravet syndrome (63 of 438
patients). When using the 91 hospitals (623 patients) as a
denominator population, the prevalence of death was
10.1%.

Causes of mortality and age distribution

The patients’ ages at the time of death ranged from
13 months to 24 years and 1! months, with a median
age of 6 years and 8 months. The ages were distributed
most frequently between 13 months and approximately
12 years and were rarely older in both the typical and bor-
derline groups (Fig. 1). The distribution of the time between
the two groups did not differ significandy (p=2.88 >
0.05).

The causes of mortality were Jargely classified into three
groups: sudden death (n = 31, 53%), acute encephalopathy
with SE (o = 21, 36%), and drowning (n = 6, 10%). The
remaining one patient died of fulminant hepatitis B (1%).
When reviewing the age distribution with respect to the
causes of mortality, two characteristic patterns were
observed (Fig. 2). Briefly, the prevalence of sudden death
reached a first peak at 1-3 years of age and a second small
peak at 18 years and older. In contrast, the prevalence of
acute encephalopathy with SE was prevalent between
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Figure 1.

Dot plots showing the distribution of age at death in the typical
and borderline groups {n = 59). The age at death appeared pre-
valent between 13 and 140 months of age and sparse thereafter
in both typical and borderline groups. No significant difference
was observed between these two groups (p > 0.05).
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Figure 2.

Distribution of ages at death with respect to the causes of mor-
raliy. The incidence of sudden death reached a first peak at |~
3 years old and a second small peak at 18 years and older. In
contrast, the acute encephalopathy-related mortality rate
reached a sharp peak at 6 years old. All patients were 7 years
old or older in the drowning group.

Epilepsia © ILAE

approximately 3 and 8 years of age with a sharp peak at
age 6.

Causes of mortality and clinical features
The causes of mortality were associated with fever and
the age at death (Table 2). In the sudden death group, the

Epilepsia, 52(6):1144-1149, 2011
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median age at death was 43 months, which was lower than
that (72 months) in the acute encephalopathy group. These
two groups exhibited characteristic age distributions with
different peaks (p < 0.05), that is, the sudden death group
was more likely to die at an age <47 months and after
168 months, whereas the acute encephalopathy group was
more likely to experience death between 48 and 167 months
(Table 2). In 81% of the patients who died of acute encepha-
lopathy with SE, fever was noted at the time of death. In
addition, fever was observed in 26% of the patients who
died suddenly (p < 0.05). Twenty (65%) and eight (26%) of
the 31 patients in the sudden death group were found to have
died during sleep (or in the early morning) and during the
daytime, respectively. For the remaining three patients,
information about the exact time at their deaths was not
available.

In 6 of the 31 patients in the sudden death group, rigid
limbs and trace amounts of vomit suggested that epileptic
seizures or suffocation was involved in their deaths. How-
ever, an autopsy was not performed for any of these six
patients who showed the rigid limbs and trace amounts of
vomit; therefore, the cause of death was not specified. In
14 patients (67%) in the acute encephalopathy group, sys-
temic involvements, such as multiple organ failure and dis-
seminated intravascular coagulation (DIC), became evident
during or after the successful treatment of SE. Therefore,
the clinical response and features of SE differed from those
that the children had repeatedly experienced before. This
lethal febrile SE developed suddenly at a peak age of
6 years, when the seizure or SE frequency was abated, and
led to coma and multiple organ failure despite vigorous
treatment. The interval of time from the onset of SE until
death was 24 h or less in five patients (24%), 1 week or
less in six patients (29%), more than 1 week in six patients
(29%), and not known for the remaining four patients
(18%).

An autopsy was performed for only 6 (10%) of the 59
patients: one who died suddenly, 4 who died of acute
encephalopathy with SE, and one who died of fulminant
hepatitis B. For these six patients, the causes of mortality
were identified as Reye syndrome for two patients and ful-
minant hepatitis for one patient. However, for the remaining
three patients, no cause of mortality was identified, despite
the autopsy. .

In the six patients who died from drowning, accidents
occurred while bathing at home or in the hospital. All
patients were 7 years old or older, including two patients
older than 18 years of age; as a result, these patients were
permitted to bathe alone.

SCNIA mutation analysis

An SCNIA gene test was performed for only 10 of the 59
patients. Gene mutations were detected for 7 of these 10
patients. The mutation sites were scattered in the SCNIA
gene tests that were previously reported; as a result, no
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Typical (N = 39) Borderline (N = 20) Alf cases (N = 59) p-Value*

Gender (M/F) 17/22 9t 26/33 399
Age at onset (mo.) 49+ L7 55+20 5118 2.04
Age at death (mo.) - 80.7 + 73.1 795 £ 705 804 +£716 2.88
Cause of death 21715/3 10/6/3 31726 280
Sudden/status/drowning
Seizure frequency 13/16/8 2i7H10 15/23/18 0.567
Dailylweekly/monthly
Number of AED polytherapy (<4)/2-3 15721 6112 23/33 4788
Mental retardation 18/14/6 41917 2223113 0.980
Severefmoderate/mild

M, male; F, fernale, mo., months; AEDs, antiepileptic drugs.

*The Bonferroni collection was added to p-values.

Sudden Acute
death encephalopathy
(N = 31) (N =21) p-Value*

Gender (M/F) 18/13 5116 0.42
Phenotype {typical/barderline)  21/10 1516 80
Ageatdeath (moJ} 2219 5/16 0.01*
<47 or £168/48-167
Fever at death (%) 25.8 81.0 0.00%
Seizure frequency 8/11/7 71549 3.69
Daily/weekly/monthly
Mental retardation 12/10/9 7/914 2.16
Severe/moderate/mild
AED polytherapy <4 (%) 323 38.1 4.86
Epileptic EEG abnormality (%)  56.7 42.1 4.50
Neuroimaging abnormality (%) 29.0 333 5.13

M, male; F, fernale, mo., months; AED, antiepileptic drug,

*The Bonferroni coflection was added to p values.

mutation site that was characteristic of mortality was
detected (Depienne et al., 2009; Lossin, 2009).

Discussion

In this nationwide survey, data were collected for 63
patients with Dravet syndrome who died, and data from 59
of these patients were used for the analyses. The result
showed that the risk of mortality remained high up to the
age of approximately 12 years of age, regardless of the clin-
ical type, and sharply declined thereafter. The causes of
mortality were classified into three types: sudden death,
acute encephalopathy with SE, and accidents (mostly
drowning). In particular, sudden death and acute encepha-
lopathy with SE accounted for 53% and 31% of the causes
of death, respectively.

The incidence of sudden death reached a first peak at 1-
3 years of age and reached a second small peak at 18 years
and older. Sudden unexpected death in epilepsy (SUDEP)

has been reported to account for approximately 2-18% of
all epilepsy-related deaths. Therefore, the incidence of
SUDEP in this disorder is high (Gaitatzis & Sander, 2004;
Tomson et al., 2008). During infancy, patients with Dravet
syndrome experience recurrent febrile/afebrile SE despite
vigorous antiepileptic drug (AED) treatments (Claes et al.,
2001; Dravet et al., 2003). In the present study, neither the
number of AEDs nor the frequency of the seizures was
abnormally high immediately before death; however, no
control group was established. The epileptic seizures associ-
ated with Dravet syndrome are presumably generated by
epileptogenic pyramidal neurons because of an SCNJ/A
mutation—mediated dysfunction of inhibitory interneurons
(Yu et al., 2006; Ogiwara et al., 2007). The involvement of
this channelopathy in epilepsy suggests that cardiac arrhyth-
mia is a complication that is involved in the episodes of sud-
den death. Both arrhythmia and respiratory hypoventilation
have been considered to be causes of SUDEP (Gaitatzis &
Sander, 2004; Tomson et al., 2008). Most patients with
Dravet syndrome who died suddenly were found in bed
early in the morning or after sleeping in the afternoon. This
result is consistent with common-type SUDEP. Neither
electrocardiographic abnormalities nor heart/respiratory
dysfunction has been reported in any children with this
disorder. Unfortunately, no study has demonstrated any
other arthythmia-associated gene mutations in patients with
Dravet syndrome. More work is needed to clarify whether
the SCNJA mutation site is associated with sudden death in
Dravet syndrome.

The mortality rate resulting from acute encephalopathy
with SE reached a sharp peak at 6 years old (prevalent
between 4 and 8 years of age). In these cases, coma or multi-
ple organ failure led to a fatal outcome despite seizure con-
trol. Recently, catastrophic SE that led to severe neurologic
sequelae has been reported in infants with Dravet syndrome
(Chipaux et al., 2010; Takayanagi et al., 2010). The cata-
strophic SE did not seem to be related to a delay in seizure
treatment or to insufficient treatment. This SE was always
associated with fever and was resistant to conventional SE
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treatment, requiring high doses of barbiturates or short-act-
ing barbiturates to control the SE, which may have contrib-
uted to cerebral damage resulting from a reduction of
cerebral blood flow (Chipaux et al., 2010). Although barbi-
turates are often chosen to treat refractory SE in the inten-
sive care unit (ICU) setting, it may be beneficial to consider
an alternative treatment such as propofol or a combination
of hypothermia therapies in these cases (Munakata et al.,
2000). The frequency of SE or of prolonged seizures
decreases markedly in children with Dravet syndrome who
are older than 4 years of age. Therefore, mortality related to
acute encephalopathy with SE at this age was an unexpected
event for the families of these patients and for the health
care professionals (Oguni et al,, 2001; Dravet et al., 2005).
In Japan, fulminant acute encephalopathy associated with
SE in children has recently been identified as a complication
of an influenza infection. The individual genetic factors that
contribute to the susceptibility to acute encephalopathy may
suggest an important role in its pathogenesis (Mizuguchi
et al., 2007). For patients with Dravet syndrome, SCNJA
mutations are related to seizures that are markedly sensitive
to elevated temperature. In an SCNJA-knockout mouse
model, a rise in body temperature markedly decreased the
threshold of the seizures; therefore, the complication of
acute encephalopathy with SE may be associated with
SCNIA mutations (Oakley et al., 2009). A previous study
indicated that Dravet syndrome was present in most patients
who had been diagnosed with vaccine encephalopathy
{Berkovic et al., 2006). This disorder frequently causes
acute encephalopathy; however, the peak incidence of fatal
acute encephalopathy with SE at approximately 6 years of
age should be clarified.

All of the patients who had accidental deaths drowned
while bathing. Drowning-related mortality is aveidable in
patients with Dravet syndrome and in patients with other
types of epilepsy (Gaitatzis & Sander, 2004). Because sei-
zures that are hypersensitive to elevated body temperature
continue through adulthood in most patients with this disor-
der, the Japanese-style bathing that raises body temperature
is a potential risk factor (Oguni et al., 2001). Therefore, it is
necessary to train caregivers to be vigilant when the patients
take a bath.

The prevalence of mortality in patients with Dravet syn-
drome has been shown to range from 5-20%, which is mark-
edly higher than in patients with other types of epilepsy
(Oguni et al.,, 2001; Dravet et al.,, 2005). In the present
study, the statistical analyses involving the 91 hospitals
showed a mortality rate of 10.1%. The data from the 26 hos-
pitals that reported mortality cases indicated that the mortal-
ity rate was 14.4%. However, a limitation of this study was
that the survey period differed among the hospitals, leading
to difficulty in accurately evaluating the population (as a
denominator). In addition, the lack of detailed information
on the population did not permit us to create a survival
curve. Other limitations of this study included a 60%

Epilepsia, 52(6):1144-1149,2011
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response rate to the questionnaire, refrospective case ascer-
tainment, a very low autopsy rate, and a low incidence of
SCNIA mutation analyses, all of which lowered the validity
of this study. However, even if these limitations are consid-
ered, the prevalence of early death would be estimated to be
10-15%, which is still markedly higher than the rate in
patients with other types of epilepsies.

The mortality rate in childhood epilepsy has been esti-
mated to be 3-7 times higher than that in the general popula-
tion (Berg et al., 2004; Autry et al., 2010). The risk factors
for mortality were considered to be symptomatic etiology,
epileptic encephalopathy, especially West and Lennox-Gas-
taut syndromes, and severe comorbid neurologic disorders.
The death rate for the epileptic syndromes was highest for
symptomatic generalized epilepsy, which was 15-16% and
was almost equivalent to that of Dravet syndrome. How-
ever, the causes of death for generalized epilepsy were
markedly different from those for Dravet syndrome and
were mostly related to the complications of severe neuro-
logic deficits (infections and accidents, among others), not
to the occurrences of seizures or sudden death.

In conclusion, this study identifies the high-risk age peri-
ods with respect to the specific causes of mortality; however,
no other prognostic factors, including SCNJ/A mutations,
could be discerned. Since the 1980s, there has been a strong
medical/social interest in SUDEP in patients with patients
(Nilsson et al., 1999; Gaitatzis & Sander, 2004; Tomson
et al., 2008). According to a report that was published by a
collaborative special committee of the American Society of
Epilepsy and the Foundation of Epilepsy, future endeavors
should emphasize the importance of talking with patients’
families about SUDEP, facilitating physicians’ and commu-
nity members’ understanding of SUDEP, and planning
nationwide/international prospective studies (So et al.,
2009). 1t is necessary to provide the information obtained in
this nationwide survey regarding the causes of mortality and
the high-risk age periods to the hospitals that are involved in
the treatment of this disorder and to the patients’ families,
despite objections that have been raised concerning the diffi-
culty of SUDEP prediction and families” anxiety levels. A
worldwide multiinstitutional study needs to be performed to
identify the risk factors at a molecular level and to prevent
catastrophic events associated with this syndrome.
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APPENDIX

The Dravet Syndrome Prognosis Research Group
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uted to this study: Hideo Aiba (Shizuoka Children’s Hospi-
tal), Akashi Ishikawa (Nirenokai Children’s Clinic), Yuji
Inaba (Shinshu University Hospital), George Imataka
(Dokkyo Medical University), Shoichi Endo (Kagawa
Children’s Hospital), Tori Ohmori (Okayama University),
Kyou Kajitani (Kawasaki Hospital), Osamu Kanazawa
(Saitama Medical University Hospital), Hisashi Kawawaki
(Osaka City Medical Center), Toru Konishi (N agaoka Reha-
bilitation Center for Disabled Children), Nobuzo Shimizu
(Gunma Institute for Children with Physical Disabilities),
Takashi Soga (Epilepsy Center Bethel), Tomoyuki Takano
{Shiga University of Medical Science Hospital), Jun
Toyama (Nishi-Niigata Chuo National Hospital), Shinichiro
Hamano (Saitama Children’s Medical Center), Tatsuya
Fukasawa (Nagoya University Hospital), Katsuyuki
Fukushima (Fukushima Neuro Clinic), Mitsunari Fukuda
(Ehime University Hospital), Naomi Fukuyo (Tohoku
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(Hokkaido Medical Center for Child Health and Rehabilita-
tion), Susumu Miyake (Kagawa Prefectural Central Hospi-
tal), Nobuko Moriyama (Ibaraki Children’s Hospital), and
Keiichi Yamamoto (Isehara Kyodo Hospital).
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Abstract

Benign focal epilepsies represent almost one-fourth of all childhood epilepsies and are a frequent occurrence in clinical practice.
They include benign infantile seizures (BIS), Panayiotopoulos syndrome (PS), and benign childhood epilepsy with centrotemporal
spikes (BCECTS) in this order of the onset age. Because the prognosis is always excellent in patients with benign focal epilepsies, we
must consider the risks and benefits of chronic antiepileptic drug (AED) administration. AED treatment is usually not recom-
mended for the patients with a first attack, but should be considered for those with a second or third attack. A choice of AED
has been based on the expert opinion. Carbamazepine (CBZ) is recommended for both acute and chronic treatment of seizure clus-
ters in patients with BIS. Valproic acid (VPA), CBZ or clobazam (CLB) appears to be a first option of AED for patients with PS. A
common first choice for BCECTS is CBZ in the USA and Japan, and VPA in the EU. The treatment period should be as short as
possible without waiting for EEG normalization, possibly within 2 years after the initiation of AED. We must remember that some
patients with BCECTS may have an “atypical evolution”. In conclusion, when and how to treat this benign condition should be
determined in an individual manner based on the length and frequency of seizures, circadian rhythm of the attacks, interictal
EEG findings, cognitive and behavioral functions in daily life and the attitude of the parents toward seizure recurrences and
AED side effects.
© 2010 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Antiepileptic drug treatment; Benign focal epilepsies; Benign infantile seizures; Panayiotopoulos syndrome; Benign childhood epilepsy
with centrotemporal spike

1. Imtroduction ment might outweigh the risks seizure recurrences because

the patients may experience only a few such recurrences.

Benign focal epilepsies represent almost one-fourth of
all childhood epilepsies and are most frequently encoun-
tered not only in the clinical setting of pediatric neurol-
ogy, but also in pediatric emergency medicine [1].
Compared to children with intractable epilepsy, those
with benign focal epilepsies are believed to enter remission
without antiepileptic drug (AED) treatment until adoles-
cence [1-4]. The risks associated with chronic AED treat-
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Thus, the issue of when and how to treat the patients
has been a matter of debate for many years [2,3,5]. Con-
sensus has been generally established in the context of
the treatment of the child with a first unprovoked seizure
in that patients without specific risk factors are recom-
mended to postpone AED treatment at least until a sec-
ond seizure [6]. In addition, there have been few
evidence-based studies for the treatment of benign focal
epilepsies, which makes it difficult to develop a formu-
lated treatment policy [3,7]. In this article, I focus on the
treatment of following three representative benign focal
epilepsies, benign infantile seizures (BIS), Panayiotopou-
los syndrome (PS) and benign childhood epilepsy with
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centrotemporal spikes (BCECTS), because the prognosis
of Gastaut type late-onset childhood occipital epilepsy
has been shown to be unpredictable and the term “benign”
is not included in this descriptive terminology [1].

2. Treatment for BIS

The concept of benign infantile convulsions (BIC) was
first described by Fukuyama in 1963 [8]. He identified a
group of previously normal infants who experienced
one or a few clusters of generalized tonic-clinic seizures
(GTCS), and later, the infants did not develop epilepsy.
However, there was no progress for the concept of BIC
until 1981 when Morooka reported 22 infants between
6 months and 2 years and 6 months of age who experi-
enced a cluster of GTCS during periods of gastroenteritis
with mild diarrhea [9] This new syndrome received
attention because of the close relationship between the
seizures and rota gastroenteritis as well as the high inci-
dence of this syndrome. In contrast, Watanabe et al.
studied BIC with focal onset or secondarily generalized
seizures from 1987 to early 1990’s and proposed the con-
cept of benign partial epilepsy in infancy, which was
finally recognized as BIS in the 2001 International
League Against Epilepsy (ILAE) classification [10]. At
the same time, the syndrome of benign familial infantile
convulsions (BFIS) proposed by Vigevano et al. was also
recognized [11]. In the 2006 ILAE classification pro-
posal, these two syndromes were combined and unified
into one entity called BIS. Most recently, a new form
of benign focal epilepsy termed benign familial neona-
tal-infantile seizures (BFINIS) has been established clini-
cally and genetically, with an onset age between 2 days
and 3.5 months of age, which nosologically link BIS to
benign familial neonatal convulsions [12].

Thus, BIC as originally proposed by Fukuyama,
came to include BIS and BIC with mild diarrhea, the lat-
ter of which has been recently re-designated as BIC with
mild gastroenteritis (BICMG) and categorized as
“chanced epilepsy”. BICMG has not been recognized
world-wide despite the fact that these seizures are the
most common form of BIC in Japan. Sakauchi previ-
ously studied 56 infants with BIC, who showed two dis-
tinct peaks of onset age {13]. The earlier onset group was
2-11 months old, and they tended to have recurrent sei-
zures or clusters of seizures that indicated BIS. In con-
trast, the later onset group was 1-2 years of age, and
they experienced only one episode or one cluster of sei-
zures, which indicated BICGM. Thus, the onset age and
the association of mild diarrhea appear to be important
for distinguish both conditions. The historical changes
in the concept and terminology of BIS are shown in
Fig. 1, )

The treatments for BIS and BICMG can be catego-
rized as acute or chronic (Table 1). Because the patients
experience a cluster of seizures for several days, acute
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Fig. 1. Changes in the concept and terminology of benign infantile
seizures (BISY** by courtesy of Dr. Sakauchi. Abbreviations: BIC,
benign infantile convulsions; ICD, infantile convulsions with diarrhea,
ICD-RY, ICD with rotavirus infection; FCD-RV, febrile convulsions
with diarrhea due to RV; BFIC, benign familial infantile convulsions;
ADBIE, autosomal dominant benign infantile epilepsy; BPEL benign
partial epilepsy in infancy; BIECPS, benign infantile epilepsy with
CPS; BPESGI, benign partial epilepsy with SG in infancy; BFNIS,
Benign familial neonatal-infantile seizures; BICMG, Benign infantile
convulsions with mild gastroenteritis.

" treatment is urgent. There have been no control studies

regarding the acute treatment for either syndrome.
Intravenous or rectal diazepam therapy has been shown
to be ineffective for seizure clusters [14-16]. There have
been no systematic studies regarding rectal phenobarbi-
tal suppositories or intravenous phenytoin therapy.
Intravenous lidocaine infusion therapy has been shown
to suppress seizures effectively in a few open studies
[14,15]. Most recently, single, low-dose oral CBZ has
been shown control a cluster of seizures in patients with
both BIS and BICGM. As such, CBZ appears to be the
safest and easiest treatment option [16]. Although the
evidence is limited, a single oral dosage of CBZ and
an intravenous lidocaine infusion are currently recom-
mended for the acute treatment of these seizures.

As for chronic prophylactic treatment, it is not gener-
ally recommended for patients with BICMG because the
seizures seldom recur. In contrast, seizures in infants
with BIS generally continue for months or years. The
best AED and the best treatment duration have not been
determined, although there was one open study recom-
mending the use of low-dose CBZ in patients up to
2-3 years of age [16]. There were no available data for
other agents such as PB or VPA, which have also been
frequently used for infants with recurrent seizures. Thus,
CBZ appears to be a first choice not only for the acute
treatment of BICGM, but also chronic treatment of
BIS.

3. Treatment for PS

PS is a benign age-related focal seizure disorder that
occurs in early and mid-childhood. The onset age of epi-
lepsy ranges from 1 to 14 years of age, with three-quar-
ter of the cases occurring between 3 and 6 years. Clinical
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Table |
Antiepileptic drug {(AED) treatment for benign focal epilepsies.

L. Treatment of benign infantile seizures (with or without mild
gastroenteritis)

(1) Acute AED treatment for a cluster of seizures: Administration of
low-dose CBZ (5 mg/kg) once orally or through a nasogastric
tube if infant is asleep.

Intravenous infusion of lidocaine is an effective alternative if CBZ
cannot be used or is not effective.

Intravenous phenobarbital, phenytoin, and midazolam may be
effective treatment

Diazepam (i.v. or rectal usage} is not effective for a cluster of
seizures.

(2) Chronic AED treatment

Benign infantile seizures with mild gastritis: Not required
Benign infantile seizures: Low-dose CBZ (5 mg/ke) is
recommended for use up to 2-3 years of age

2. Treatment of Panayiotopoulos syndrome

(1) First seizure

Prescribe a rectal diazepam suppository or solution for the next
seizure and then postpone AED administration until at least a
second seizure has occurred

(2) Second or third seizure

Start an AED if caregivers agree.

VPA, CBZ or CLB is recommended.

Those with frequent seizure recurrences* may require AED
adjustment (e.g. high-dose VPA, CLB), *5-10% of patients,
especially those with mild neurobehavioral disorders

(3) Period of treatment

Two to three years after the last seizure then discontinue AED
without waiting for the disappearance of epileptic EEG spikes
3. Treatment of benign childhood epilepsy with centrotemporal spikes

(1) Postpone AED administration until a second seizure occurs.

(2) For short intervals between the first 3 seizures, a younger age of
onset (less than 4 years), recurrent GTCS, or the presence of
diurnal seizures are considered to be risk factors for seizure
recurreaces, thereby recommending the early initiation of AED

(3) Selecting AEDs

CBZ or VPA is recornmended. Sulthiame, GBP and CLB are
second options.

(4) Period of treatment

One to two years after the last seizure, AED should be
discontinued without waiting for the disappearance of rolandic
spikes
4, Treatment of atypical evolution of benign focal epilepsies (Atypical
benign partial epilepsy of childhood)

(1) Discontinue CBZ if it appears to provoke atypical evolution

(2) Try ESM for spike-and-wave related absence seizures or epileptic
negative myoclonus

seizures are characterized by sudden-onset autonomic
symptoms including emesis, vomiting, and paleness of
the face and the deviation of both eyes. These symptoms
evolve to generalized tonic-clonic {generalized, unilate-
ral), or prolonged atonic seizures, which are designated
as ictal syncope. The seizures occur during sleep in two-
third of all cases. Seizure duration is usually longer than
10 min, and 44% of patients develop status epilepticus
lasting longer than 30 min. Interictal EEG shows high
amplitude sharp or sharp-slow complexes recorded ini-
tially with posterior predominance, and shifting in local-
ization or becoming multifocal along with an age
progresses [1]. Some cases later show centro-temporal

EEG foci, which are reminiscent of the foci shown in
BCECTS. Other cases exhibited synchronous and asyn-
chronous epileptic EEG foci between the frontopolar
and parieto-occipital regions, which we have designated
as the “Fp-O pattern” [17]. The prognosis of PS is excel-
lent. Remission often occurs within one to two years
after onset, and always occurs before 12 years of age.
Roughly 5-10% of the patients may experience recur-
rences of either brief or prolonged autonomic attacks
more than 6-10 times that are refractory to conventional
AED therapy.

Fig. 2 illustrates the ages of 106 children with PS at
the time of their first and last seizures [18]. The age range
for the first seizure was from 1 to 10 years of age with a
peak at 3-5 years of age. The ages at last seizures ranged
from 3 to 10 years. A total of 77% of cases entered
remission within 3 years from onset. Fifteen percent of
the patients had only had a single seizure. However,
17 of the 106 cases (17%) had more than 10 seizure
recurrences despite AED treatment. In our previous
study, most of the latter cases had mild neurobehavioral
abnormalities, which may have contributed to the
refractoriness of seizures because the abnormalities were
found before the onset of epilepsy [19]. However, all of
the cases ultimately entered remission until 12 years of
age,

Treatment of PS has not yet been well studied
because of the condition’s excellent prognosis. AED
treatment is usually not recommended. However, a rec-
tal diazepam suppository or solution should be better to
be prepared for a next prolonged seizure. There have
been no control studies nor open trials specifically for
AED treatment of PS. There were two control studies
for the newly diagnosed form of childhood epilepsy
enrolled mostly patients with idiopathic focal epilepsy,
thereby demonstrating the equal effectiveness between
CBZ and VPA in one study, and also among phenobar-
bital (PB), phenytoin (PHT), CBZ and VPA in the other
study (20,21} Independent expert-consensus studies
were conducted in the USA, EU and Japan in which
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Fig. 2. The ages at the first and last seizures for 106 children with
Panayiotopoulos syndrome followed-up at Tokyo Women’s Medical
University. The peak incidences of epilepsy onset and remission were
3-4 years and 5-7 years of age, respectively in the study cohort [18].
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the treatment choice for children with cryptogenic com-
plex partial epilepsy was oxcarbazepine (OXC) and
CBZ, CBZ and OXC, and CBZ and zonisamide
(ZNS), respectively [22-24). In this regard, the choice
of AED has to be determined based on the side-effect
profiles of these agents. Thus, CBZ or VPA is usually
recommended when AED is introduced in PS patients
[25]. In rare instances, CBZ may paradoxically induce
seizures and cause. EEG exacerbation [26]. Most
recently, Hirano et al. investigated the effectiveness of
AEDs on seizures in 26 PS patients with more than six
seizure recurrences. The effectiveness of both VPA, espe-
cially high-dose, and CLB appeared to be better than
that of CBZ [27].

In conclusion, the prognosis of PS is excellent except
for 5-10% of patients who have many seizure recur-
rences. AED treatment is usually not recommended
for the patients with a first seizure. After a second or
third seizure, it would be better conmsider treating
patients with VPA, CLB or CBZ, depending on the
length of seizures, the association of mild neurobehav-
ioral disorders and whether parents are more concerned
about seizure recurrences or chronic AED side effects.

4. Treatment for BCECTS

BCECTS is a prototype of idiopathic focal epilepsies
and has been extensively studied with clinical, electro-
physiological and genetical methods, although the mole-
cular approach has not yet been successful. BCECTS,
which comprises 15-20% of all childhood epilepsy cases,
is the most common epileptic syndrome in children [1].
The onset age of epilepsy ranges from 3 to 13 years of
age with peak incidence occurring between 9 and
10 years of age. Typical seizures are characterized by
short-lasting focal motor or sensory seizures that occur
exclusively during sleep. An EEG typically shows bipha-
sic sharp wave discharges arising from centro-temporal
regions during sleep (rolandic spikes). The prognosis is
excellent. The seizures enter remission always before
10-12 years of age, and the rolandic spikes disappear
before 15-16 years of age.

Bouma et al. conducted a meta-analysis of 20 publi-
cations for a total of 794 patients with BCECTS [5]
The study demonstrated that seizures occurred only
once in 15.6% of the patients, two to five times in
62.1%, 6 to 15 times in 17.3% and more than 15 times
in 5.3%. Thus, 77% of the patients had less than five sei-
zure recurrences, similar to the figures for PS. Secondary
GTCS occurred in 43.5% of the patients. A follow-up
was successfully conducted without AED in 18.4% of
the patients. AED treatment was successfully discontin-
ued in 87.8% of the patients and seizure recurrences
after AED discontinuation were found in 14.2% of the
patients. Finally, seizure remission was confirmed in
97.7% of all patients. In conclusion, the authors stated

that early prediction of seizure outcome in a new patient
with BCECTS cannot be determined with certainty
based on these meta-analyses. In other words, it is diffi-
cult to predict which patients have possible few seizure
recurrences without requiring chronic AED treatment
at the time of their first seizures.

Conversely, there have been several risk factors that
suggest a longer duration of the active seizure period
and frequent seizure recurrences. If short intervals exist
between the first three seizures, a younger age of onset
(less than 4 years), or a presence of recurrent GTCS
and diurnal seizures, these characteristics indicate the
need for early AED treatment [2,4,5].

Although the ultimate prognosis of BCECTS is excel-
lent, recent neuropsychological studies using more
sophisticated tests showed that rolandic spikes could
interfere with specific cognitive and behavioral functions
in children with BCECTS. Between 28% and 53% of
children with BCECTS displayed neuropsychological
abnormalities during the active phase of the epilepsy,
including cognitive dysfunction such as difficulties with
auditory-verbal, and visuospacial memory and executive
function tasks as well as language impairment, attention
disorders, learning disabilities, and behavioral distur-
bances [28]. However, we do not know whether the neu-
ropsychological abnormalities are a consequence of
persistent rolandic spikes or already existed before the
onset of epilepsy. Whether chronic AED treatment
could prevent these neuropsychological dysfunctions is
also unknown.

The choice of AED for those with BCECTS is mostly
based on expert opinions without any control studies. It
is now generally accepted that AED administration
should be postponed until at least a second seizure
occurs. CBZ is recommended as a first-line AED in both
USA and Japan, whereas VPA is the first-line AED in
EU according to expert-consensus studies [22-24]. Sul-
thiame and gabapentin are AEDs effective for those with
BCECTS as demonstrated by a randomized control
study [3,7]. Sulthiame is not only effective for BCECTS
seizures but also for rolandic spikes, although the effect
may not be lasting long. Thus, CBZ or VPA is the best
choice for clinical practice. Sulthiame and GBP are good
second options (Table 1). Some authors recommend clo-
bazam (CLB) or clonazepam (CZP) taken once before
going to sleep, which can suppress not only seizures
but also rolandic spikes [29]. However, the development
of tolerance and sedative side effects remains a problem
for these benzodiazepines. Although newly introduced
AEDs including lamotrigine (LTG), OXC, topiramate
(TPM) and levetiracetam (LEV) are also potentially
effective and have fewer side effect, a large scale study
is needed to determine whether they have superior effects
compared to AEDs that have previously been described.
For the time being, these medications should be consid-
ered as a second or third choice depending on the
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side-effect profiles. AED treatment should be kept as
short as possible. Usually the treatment lasts for 1-
2 years after the last seizure, and then the treatment is
discontinued without waiting for a disappearance of
rolandic spikes.

5. Treatment for atypical forms of benign focal epilepsies

Benign focal epilepsies, especially, PS and BCECTS,
occasionally show atypical features including severe
aggravation of epileptic manifestations as well as tran-
sient or persistent impairments of cognitive, behavioral
and language functions. Fejerman designated these
forms of epilepsy as “atypical evolution” of benign focal
epilepsies [25]. Although Landau-Kleffner syndrome and
continuous spike-and-wave during slow sleep (CSWS)
syndrome have nosologically been placed within a
conceptual framework of begin focal epilepsies, the ireat-
ment of all of these ILAE-recognized epileptic syndromes
is beyond the focus of this paper. However, the following
two forms of “atypical evolution” are important.

5.1. Atypical benign partial epilepsy of childhood

During the clinical course of BCECTS, some patients
develop frequent atonic drop attacks {mostly epileptic
negative myoclonus) and display nearly continuous dif-
fuse spike-and-wave during sleep which mimics CSWS,
at times following the CBZ administration. The spike-
and-wave related atonic or absence attacks may resolve
spontaneously after stopping CBZ treatment but often
continue over years if proper treatment is not intro-
duced. We have recommended the early introduction of
ethosuximide (ESM), and adrenocorticotropin (ACTH)
or steroid therapy if ESM is insufficient [30].

5.2. Status of BCECTS

During the clinical course of BCECTS, some patients
also develop frequent focal status epilepticus involving
the oro-motor area, which leads to transient drooling,
dysphasia, dysarthria or even aphasia. Some other
children may develop the same symptoms along with
worsening of EEGs associated with a few oro-motor
seizures. Shafrir and Preasky recognized the latter
condition as a new entity that was distinct from Lan-
dau-Kleffner syndrome and designated it as acquired
epileptiform opercular syndrome [31] In this condition,
direct clinical or indirect electrical interference in the
bilateral paraopercular regions has been suggested to
inhibit the neuronal activity of the cortex integrating
oro-motor functions. AED treatment has been shown
to be difficult during the active phase of the epilepsy.
Most recently, von Stulpnagel et al. reported a promising
LEYV effect for these atypical rolandic epilepsies {32].

6. Worsening of idiopathic focal epilepsies from CBZ
{reatment

There have been many case reports regarding the
worsening of seizures and epileptic EEG abnormalities
in children with idiopathic focal epilepsies shortly after
the introduction of CBZ, as we previously described
[33]. Because CBZ is always the first choice for the
treatment of idiopathic and symptomatic focal epilep-
sies regardless of age, the paradoxical reactions of
CBZ should always be considered. CBZ can potentially
increase not only generalized spike-and-wave activity
leading to aggravation of absence seizures but also
accelerate the secondary bilateral synchrony producing
CSWS in children with idiopathic focal epilepsies.
Thus, CBZ is not recommended for patients with
BCECTS that shows frequent spike-and-wave dis-
charges while the patient is asleep or while the patient
is awake.

7. Discussion

Because the prognosis has been shown to be excel-
lent in patients with benign focal epilepsies, we must
consider a balance between the risks and benefits of
chronic AED treatment [1]. Treatment with AEDs
has risks of acute and chronic side effects and is an
economic burden. However, parents may be overly
concerned about the recurrence of seizures if their
child is not treated. In addition, recent studies have
clarified a risk of potential cognitive and behavioral
impairments caused by epileptic EEG spikes in chil-
dren with benign focal epilepsies, which could be
treated with AEDs [28]. However, it is not known
whether AED treatment can effectively suppress epi-
leptic EEG abnormalities without side-effects or even
of the resulting decreases in the epileptic EEG abnor-
malities can reasonably improve cognitive and behav-
toral functions.

The attitudes of parents and physicians about
whether we should treat or not treat a patient change
depending on the circumstances of the individual patient
because the epileptic conditions in children with benign
focal epilepsies are not always homogeneous. Some
cases have few seizure recurrences and rare epileptic
EEG abnormalities, and other cases have several or
more seizure recurrences and abundant epileptiform
EEG abnormalities. Thus, rigid treatment recommenda-
tions are not always helpful for patients with benign
focal epilepsies. Ultimately, the best goal for children
with benign focal epilepsies is to make them a free from
restrictions as possible so that they can lead a normal
school life irrespective of AED treatment. Thus, when
and how to treat this benign condition should be deter-
mined in an individual manner based on the length and
frequency of seizures, circadian rhythms of the attacks,
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the attitudes of the patients’ parents toward seizure
recurrences and AED side effects, interictal EEG infor-
mation, and finally cognitive as well as behavioral func-
tions in daily life.
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A Ketogenic Diet for Intractable Childhood Epilepsy;
As an Early Option as well as a Last Resort

7B #® /B B B

Susumu [to*, Hirokazu Oguni*

Abstract

Since the 1920s, a ketogenic diet, of low-carbohydrate, adequate-protein and high-fat content, has been
used for the treatment of intractable childhood epilepsy. A decade ago this diet was tried as a last resort
in the treatment of intractable epilepsy. However, recent advances in ketogenic diet have enabled it to
become more commonly used worldwide even early in the course of epilepsy. Two less-restrictive
ketogenic diets, namely, the modified Atkins diet and low-glycemic-index treatment, have been developed.
These diets allow the patients and their families to choose a more liberal menu. Furthermore, a random-
ized controlled trial found that the ketogenic diet has a significant benefit, which strengthens the supportive
evidence. Recently, an international consensus statement guiding optimal clinical management has been
published, allowing clinicians to provide standardized treatment. There has also been increased interest
in investigating the mechanisms of action of ketogenic diet using various experimental models. The
authors review the history, efficacy, side effects, and possible mechanisms underlying the ketogenic diet, as
well as the experience with the ketogenic diet at Tokyo Women’s Medical University.
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I[. TAhHAICHT DREEEDER

1. ThYBEEDEREIEE

TAPACKT 2BEREOEL ZLTH I £ T8
5. HRF Y ¥ 7 OERITH % Hippocrates RETRIC X
D TADPAFESIIR S NiEFPERLTED, £,
FRIEER D TADARIEOBBEICIT D L HAVLE
ThdI BRI N T, 0 HETEZAY,
VUFEE 75 Y AOARETH 5 Guelpa & Marie &
0HBDTAPABECHL 4 HEDEEDSFEEOIH
KETHE I LBHELR, TO%, 1921 F127 A
U A DASWEETH % Geyelin 25, EEED Conklin
BEEL TR TAPABENT 28285, 20
HE R SEEIC LD 26 £5 20 LOEF THIEIHE
L7zl E3MELED, 35, BERYH IO
Woodyatt 23EE S U BEBRZERAECHS L OBk
HOREQERICLD 7 v iEBERSWE I L 28HE
L, FEEFEAC Mayo 7 U = v 7 @ Wilder b {EfH7K1L
MBIUESEEOEREICL 27 P VIENTANAEE
IR EROSRPHEST LI LRRIELY, 20K
B T b oA (ketogenic diet) ; @& EAN
foo TOEDPS, 7 b ryEEERO1IHSY OHERR
10~15 g DHKIE, KBS 1g OBHE, @05
BThy, BEOHER L IBIZEETH - 1220, Hi, 3T
ADABEFBAA VI LET = /W E S — D 2FEE
DHTHY, 7 b rBEERRFREEE L UTELRL
FRENB I x>, LPL, 1938 FEXY 7=
ey Y OBEHENRE SN I L EREBRERY
WREOHELEHTAPARECAEA E32D, 35K
1967 B FEM TAPALESZ VT oS MY Y
LDSFEFEEN, TOBLELRHTAPAESRL £
], FHaNLIICRYD, 7 b rREERBIAER
ARzl Twolc, FOHE, 1971 F12iX Chicago X
20 Huttenlocher 2P EEIBIFE (medium-chain trig-
lycerides : MCT) A4 NEFER LY » VAREOE
EEEETIRIRELE SRS, 287 P EE
HEE—HORRTOAHAERARLBRZEREELE>T

o,

8. ThVEREEDESR

TN RBREOERIZVE D OMNREERETAPAR
EWEEE R0, 1993 EDZ &, 2EDER Charlie
DT ADARIEREL DI T A» AZEBRELIBEE
LEDb S FIEECERICEBL Twizds, Johns Hop-

kins RERKLZEDES 7+ VABRLZERALLEZA
BIEE W # & & #udz (Charlie @ £538 @ 541 13 http://
www.charliefoundation.org/ % B & 1L7z\>) . Charlie
DHERE Charlie BE R L TF b v BEEDOEKD
ROFED, BEERTOZE, MEOE/E (“First Do
No Harm”, #8382 )) RBULEBREHETV,
¥, TOBEVPHEL TV CEAshizIticky,
T ERREHEVE{ANES LS wkorz, &,
1998 W RMBEF L SR IV o — R 2E%T 5 7
N — 28R T H (glucose transporter type 1:
GLUTD OEEW &£ 5 GLUTL KIBENEE 2N, ¥+
VEEEBMREBIANF R LTOY b B EERT
BiebOE—DREETHD I L6 bEFEOERS
EDB L ol TDRk, 7 b rEEROTELHE
KoTHES #, 2003 1213 Johns Hopkins X% D
Kossoff 5287 b & » ARZE: (modified Atkins diet)
1, 2005 2 iE Harvard KE @ Pfeifer & Thiele 28
&) 23y 788 EE (low-glycemic-index treat-
ment) 2FELLY, Tho0BER, BETRT &
BHREHF 6 VEMETERESRLIEED S, KAt
DT YTERBHTHEE 2 PLCHEENCERaNT
% ‘f i{ by % 9,26—30)0

. 7 NVEFEROESF

TN UEREOEE,LB LT 1 HESBEBL LY &
LTW3R 225 5T, FUTWNAEROBRFIC DV
TEWERREEI AL TR Y, UL, 3z 2E
BB L UEBRSHREshTBY, 7 i, B
RAACH), RIS Yt X 2 EARIREBEOHEE
EahTw3,

1. ThUAECEBRTONAER

TR p-E FuFVEEEE (beta-hydroxybutyra-
te), 7 & MEEEE (acetoacetate), 7 b3 (acetone)
DBHTHY, FIERREr B THECEIE»S g8
B DERENBI0F - FoF vERBREERTA
BAFEEOIIFE L H2BEOHEBSHEEELTHE I L
D OEEREPERE TS 1 0EELranTEh, Md
7 PEEERBRE S FIRRICHEESREE N Tw 539, L
2L, TADABTETNVTE, 7 MEFERERE & 5{E
O OEBRFERNLTWEHO0Y, g~ FoF
VESERAE L BHEPER SN TR W, £, i
vitro TFNVTIEL, WEE BT v F OBEBBC B TE
By F S ABEN (excitatory postsynaptic poten-
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tia) EELE T, EFEORTONAMERIIREES hiz
ol ULrlL, BFkRkD), B kDv v A8 LU
7 v+ OEEREROWEER O BREXEEVES
L, ATP (adenosine triphosphate) &ML V 7 A F %
INVEEZEOFETBLUR/ v 777 b7 A8
TEEBROBE 2RO arolcZ eB38Eah, BF v
FNERUIHT O AMERSIEBEN T WS, 72,
BREEOT 2 2 DonTH TALABIEF VIZE
THITWHAEERNEE I T 53,

2. EBRKEMCEBTITLNAIER

7T rEBRRCBCTRERMUIFERENE 2 &b
&, BRI X 2F R AER DEES LT3,
SRz, FMERC L DERaNRES ) L v 7 ERA
BHRCBOTE, TADAREOIFIxMIF g-c Fo X
VEERREE & I AEE e TR R L AR L s bR
T3S, Fificiz Y, 2-deoxyglucose (2-DG) &>
HTNIT-RAY B4 Y AT —¥ (phosphoglucose iso-
merase) DEEFW & DB 2IIH T 2 v o — R ELY
B, W DOhDTADLABET VB TRELI
T 5 EMNRFESNEFEINTH B399, F 7, §iR0
ATPREMAV Y AF v 20, SV —REETK
BLTHIEA ATP B LI VHEAL TESEEE A T
EBMEINTBD, TohARMEL LEE® 3 LT
BT3B,

3. FEIFIRERAEE(C KDMITLNAIERE

T BRI LD ST ENERREO—ETHB ¥
Y ~F ¥ B (docosahexanoic acid) T 7 F K>
& (arachidonic acid) & ¥28FCLE LY, BIEHE
ERFEEOME L EITL TR ED|ELH 29, Fo
VAFYTUBPIA IV Nry B (eicosape-
ntaenoic acid) B= 7 ADEBEEZBL TR ARER
FHRAEBIEPHEINTEY, PV TLAF ¥RV
RANY T LF v FNVDEER L AEEMEEI LT
B9,

M. 7 s YEEEOEIFEER

1. U NUBEROER

Baffic72 Y, Charlie & L VEHEh IV E 265
DPBTADPABFEB L URET»SEBRENEa Y
VY RITN—=TLY, 7 rRERCHET 2RSS
WRFENIE, FRIC L 3 &, BB L UEIIC b
573, 2EBERVL IBEDOMTALAESES TH->
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TZNREERETAPAERE, BUEREEBETADPAD
BECBLTR, 7 EEBEREOEARPFEEBNCERT
REELTBO, "BEOBRE, »5 TBEH» 5 DER
Byt o0h3, £/, B GLUTI KIEBEL 3
FarFUTROIBENVEVEBRAKREBERESE
{pyruvate dehydrogenase complex : PDHC) KiBfFED
BECBOWTE, 7 bV BEBHAORELINVF—
B DERRBEBREL LT3, —F, EEED
TS & 72 BN T AP ABE KT 22 RS
Brahtvs,

2. TNVEBEEOER

RHEEFRIII PIVPITRCHRE SR ZBES
B 727V CoARERL, FUANLR B
(tricarboxylic acid : TCA) ERRIT X D =3 ¥ —EEL
ENB—FT, BTy U EDERI NI Lo
T, BYFBREREESIUVABLAEERSETCRERTH
D, 7 MEREEOEAFEINGRNT B LESH S,
%7z, PDHC KEBEMSAD I P FU PR THERL
ENT 0N, BRRERTERLTHHEDS H B,

V. SNVEERDERE (Table 1)

1. RESNVEEE

HEE T - EEE (cassical ketogenic diet) 3H
EHbZbL{FEREATEr oAEETHY, IBE
WS ARAMPDLEREEZSbEIEEDOHEY 43
12wl 3R 1L LR e L, BRELH 5%, K
B% 30~00RIHIRT 3, FHFEEEMECEIRYT 5720,
BRTROR TAPAERSOABREERCEERS S
BENTWAFHFRTEEFEIN TR WAED: PiogEHE
T3, $72, EF I VBIPINYTADBRET 3728,
BEEFZIVESIUVAILY I LESLFT 5, 48 B
BIEOMHEEEEOD b Iy P rEZBEEBL, 1~2HM
HeeE2ERNTEL LT IHES—BNTH 5,
1998 £ Vining & & 5 S Mg REIFT HEAF R B
WTR, 4817 M EBEEOHGI VARSI U 1E
BORIE, FEEENBOBO514T64 (12%) B
LU 5 4(10%), 0% L, EDORIEFA BB DB D15
% (29%) BLUEH114 (22%), 50%LIEOFIERY
BEBOBOE 284 (55%) BLUE 204 (39%) Th-
727, 2003 ££0 Cochrane V & = — Tk, EfEE(LIES
BRPEROEOREETELLET YA » EERTY
HERT WIS, 2008 £ Neal 51 & 2 EEA(LHE:
BRI L D 2 OFRIELSTER & N KBIE T, 2~
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Table 1

T b BEAOLER

T REBEOEE

HEI P EE MCT 7 rE2EE
&

7 b E Y ARER

BV €3y rER
Bk

e

WmEE Wilder Huttenlocher & Kossoff & Pfeifer & Thiele
(B&E) (1921 )20 (1971 #£)y= (2003 £2) (2005 4£) 19
BY . A+ ERE 451 1.2:1 1.5:1 0.7:1
B 80% MCT : 45%+LCT : 10% 60% 40%
wAACE ¢ o#1 5% 30% 10% 15%
E0E 15% 15% 30% 45%
FRAIEATR 12 4 Frean 1248m 6 4 52 1248 (x2)®
50% LA EFEPERA (% 3) 18~50% 22% 65% WMEEED 66%
0% LLESEAER A (% 4) 10~27% 10% 35% HEEEAED 44%
EEHUEEES 5 ~10% 4% 19% N. S.
BT 30~55% 35% 80% N. S.
R - RO ik *MCT 4 VEEH - BEFREEEGH - gE FEisishR %
- BIR S EEE - BAAE- B EEBR RS - AMEEIR, BEE oH
- EEISHEOSHERL o EHOH - BARREEE - RAUE
- EEREEsSEEE L R - BEFESRET HIBR D &
% - EHAFHi O SRR

* 1 EELZLLERY% * 2 BRI
(#35) MCT : *PgfiEfiE: LCT : Re4iEMhEE N. S Efxl

I6ERECO S BAO/NREBRETA»ABRENERES
RIRD T eh, 7 v REEEO 34D 5, E6I
37&DARIRWL IR 14 b rEEE, 36 828 MCT
FhraFRiciEnaToni, BRI AR N>
BRERE 54 £ X ORIEREE 40 AosfEfT e ., RIEEE
RBOBD 62.0%B LU 136.9% (p<0.0001) L EFEWK
BAL, S0%L EOFREFRSIBOBO 284 (38%) B
FU4£(5%) (p<0.0001), 5% 90%LLEDORIEES
BBOBDS54E (1% BLU04 (p=0.058) THo
1zo —H, SHRBEZOUKEOES, 4&EEWER
WOy b UEBERRETE R b ol ELOIFFEIR
BWTH, 7 b REEOBERIIFERT 10%H1E,

1 B T0%ERERES N T BT,

TR ERBEEOEWEB L LTREBEENSC, Ed
ik, B, EREEE, SEME SREME,
R, RREEER CRBF SN TW» B, il
D, 7 RBAROEAIMEPEEL TLREKRI VA
BOFHRREST, D, BKPELEOBERE IEE
R U e BEINLT, 2V RATINV—TT
REREB—E LU b7z, SIROEHHTOREERZE
BB REMERCBE L 2B siR e L, BER
BEESERT IBACRBRETEL LT3,

2. MCTH hVEEER
MCT GESEFB L HEL Ty b &2 L Y ERL
2T, TOBEET &, Huttenlocher & 3 7L

® 3 00U RS RUREHEREDT + 4 BEHEEED

N VERBEROEBZEOHERBIMCMCT 7 b v EE
EEEELRLD, MCT 7 + VEETEREED 60% %
MCT A4 VX DERL, BECNT 5 RAMDEED
BrEbhbElEEBEQOLER 121732 LICLD,
RAAYIB L UVBERBEORIREENILTn3, 200
4R 17 N REEEDHERRCBNW TS TADASR
PEOMEOFHRBIBEETH o, BWEBE L LTEE
BEOEENSLERRESh TWz, UL, 2009 F
® Neal 5OFEi 45 1 OFEE S + v AFEE & OEME
ECHBERICB VTR, 3886 A EREET
Hole LHBEINTLHM, )

3. PhFURABEE
HREREBEOD 1 D2THBET7 bF 2 ARFEE (Atkins
diet) iwET &5, 2003 2£1C Kossoff 5 i RAELSD
EEEHR L7 P EVARTERER LW, T ¥
YABEERTCRERESE 1R 10~20g HIRBUIEER
BIRERT20AT, E0E, BHE, AOERIEY
F, HERELAREL LT W5, 2003 FI0 7 ~52KE T
6 LOHBETADPABBECLBNT, 2L THEENE,
EHIZ 14T HBUALORFEFD BHE Lz, 25,
2006 FEIWTIE 3 ~18 R E TD 20 BO/NREBETADA
BECEOVWTHTLINS, 2OER, Bt 12D
WETE2164 B0%) O3 6, 44 (25%) THRIFH
&, B 7 4 (44%) T 0% LU E DRIEEL, BT 13 4 (81%)
TH50%L EORIEFEL EHRE L, TREEY UV EREL
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Table? EELFERAEBENRELIET24 F »EEEORE

HEE (BEF)

HE (1977 &) 556

BLS (1984 )57

AES (2009 )5

PUES | 1968~1973 4 1982~1984 48

BER 514 21%&

BEER 2 ~11 8% 6 BE~118&

(PO 4 5R) (FHsE1IAA)

FEk 4 117 bUREE MCT 7 b r&EsE

FRAREARE 1248 24 5B 1258 24 HH

S50%LL ERAER A 244 UT%) 114 (22%) 74 (33%) 64 (29%)

(* 1)

0B EFEIERY 174 (33%) 84 (16%) N. S, N. S.

(% 2)

USRS N.S. N. S. 3 4 (14%) 24 (10%)

F o e 26 % (51%) 134 (25%) 174 (81%) 84 (38%)

ThA»AFEEER SREEERREE SREEERRE

LLLAWTADA 4/6 & (67%) 1/3 & (33%)

ERERENK LS 34r7u-—Fk TF 7 u=—FE

50% LA SRR 15/23 4 (65%) 3/34 (100%)
HEER 8K 4/6 % (67%) FREFRE 4/8 4 (50%)
RITFE 5/104 (50%) BRAIE{ME 1/2 4 (50%)
EEMERE 0/34% (0%) FEEBREHEE 2/54 (40%)
IR SFAE 2/3% (67%) HEMERORE 4/6 4 (67%)

TREEBACRE 3/54 (60%)

1984~-2007 £
54 4

6 4 B~15#%

(FhgfE 4 52)
MCT ¥ b & (424)
41y b rEEE (124)
124 B
154 (36%) 44 (33%)

N. S. N. S.
6% (14%) 14 (8%)
2545 (46%)
EEEERTALA
2/17 4 (12%)
EEEESETAPA
2/8 4% (25%)
SR+ EAERETARLA
3/3% (100%)
West — Lennox-Gastaut fif 1& 5

BITH 4/54 (80%)
Lennox-Gastaut fE{EEE

1/54 (20%)
Dravet fE{BEE  6/134% (46%)

P4 —RIATADA

1/3 4 (33%)

* 1 190%LLERFEIRUSEEHAESD + 2 I BEERE2ED

(B&5E) MCT : P8fslist N. S ®m#sL

BAEOHREBBFUYEOREOTRER K DEERL T
550, %7z, 2008 £FiCid 18~53 D 30 ZOFABEIC
BOWTHRAME 5g  LTEBL, i1 2 BES
FU3HABC 14 (47%), 6 FABIZ104 (33%)
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