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STXBPI mutations cause not only Ohtahara syndrome
but also West syndrome—Result of Japanese cohort study
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SUMMARY

we performed STXBP| mutation analyses in 86 patients
with various types of epilepsies, including 10 patients with
0OS, 43 with West syndrome, 2 with Lennox-Gastaut
syndrome, |12 with symptomatic generalized epilepsy, 14
with symptomatic partial epilepsy, and 5 with other unde-
termined types of epilepsy. In all patients, the etiology
was unknown, but ARX and CDKLS mutations were nega-
tive in all cases. All coding exons of STXBP| were analyzed
by direct-sequencing. Two de novo nucleotide alterations

of STXBPI were identified in two patients with Ohtahara
and West syndrome, respectively. No de novo or deleteri-
ous mutations in STXBPI/ were found in the remaining
84 patients with various types of symptomatic epilepsies.
This is the first case report showing that STXBPI muta-
tions caused West syndrome from the onset of epilepsy.
STXBPI analysis should be considered as an etiology of
symptomatic West syndrome without explainable cause.
KEY WORDS: STXBPI, Ohtahara syndrome, West
syndrome, Catastrophic epilepsy, Delayed myelination.

Ohtahara syndrome (OS), otherwise known as early
infantile epileptic encephalopathy with suppression-burst
(EIEE), and Wesl syndrome are representative infantile-
onset catastrophic epilepsies, causing marked deterioration
of psychomotor development. Although exlensive pre-,
peri-, and postnatal damage causes symptomatic West syn-
drome, the precise etiology in many patients remains largely
undetermined despite advances in neuroimaging modalities
and searches for metabolic disorders (Dulac & Tuxhorn,
2005). Recently, molecular biologic approaches to identify
genes responsible for development of the brain have pro-
gressed, and mutations closely related to specific structural
abnormalities of the brain have been identified. Among
these, CDKL5 and ARX mutations have been identified as
linked to the underlying cause of West syndrome, and the
latter has also been linked to OS, mainly found in boys with
abnormal genitalia, although the incidences of these
syndromes are rare (Bahi-Buisson et al., 2008; Kato et al.,
2003, 2007; Archer et al., 2006). The former produce
mainly Rett syndrome-like phenotype and early onset
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seizure disorders including West syndrome, affecting only
girls. Most recently, Saitsu et al. (2008) demonstrated,
using an array-based comparative genomic hybridization
technique, that de novo STXBP/ mutations harboring chro-
mosome 9¢34.11 were responsible for OS in five children.
Then, Hamdan et al., (2009) reported that two children with
severe psychomotor retardation and nonsyndromic complex
partial epilepsy also had STXBPI mutations, indicating that
the gene can also cause another type of epilepsy. At this
time, we herein reported two patients with symptomatic
West syndrome and OS, respectively, carrying STXBP!
mutations. This is the first case report that STXBPI muta-
tions caused West syndrome from the onset of epilepsy, not
through transition from OS.

MATERIALS AND METHODS

After obtaining informed consent from each patient or
their legal guardian based on a permission approved by
the institution’s ethical committee, peripheral blood sam-
ples were obtained from 86 patients with epilepsy (49:37:
male to female), which included 10 patients with OS, 43
patients with West syndrome, 2 patients with Lennox-
Gastaut syndrome, 12 patients with symptomatic general-
ized epilepsy, 14 patients with symptomatic partial epi-
lepsy, and 5 patients with other undetermined types of
epilepsy. All patients were “etiologically unknown™ and
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shown to have negative ARX and CDKL5 mutations (data
not shown).

In cases of the STXBPI mutations, parents’ samples were
obtained to analyze whether those mutations were de novo.
Genomic DNAs were extracted from peripheral blood sam-
ples using the QIAquick DNA extraction kit (Qiagen, Valen-
cia, CA, U.S.A.). All of the 20 coding exons were amplified
with polymerase chain reaction (PCR) using originally
designed primers located in both neighboring intronic
sequences according to the standard method (Table S1). All
amplicons were subjected to direct sequencing using the Big-
Dye Terminator Cycle Sequencing kit (Applied Biosystems,
Foster City, CA, U.S.A.). Sequencing reactions were ana-
lyzed with a3130xI Genetic Analyzer (Applied Biosystems).

ResuLTs

STXBPI mutations

Two nucleotide alterations were identified in two
patients. Patient 1 showed 4-bp (ACTC) deletion in exon 4,
which caused a frame-shift (Fig. 1A). Patient 2 showed a
missense mutation, ¢.1654T>C (C552R), in exon 18
(Fig. 1B). These mutations were negative in both parents of
both patients, indicating de novo occurrence.

No control samples derived from 100 individuals
showed ¢.1654T>C

Descriptions of patients
Patient 1 is a l-year 11-month-old boy, the only child
of his parents, conceived through the use of in vitro

A H Pexon4 R‘mm _S intron 4
CATCCGAGAAG|gtaa
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R
\ v \
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\ \ {
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Figure I.

Mutation analyses of STXBPI. Direct-sequencing analysis of
PCR-amplified STXBP! fragments demonstrated a 4-bp dele-
tion in exon 4 in patient | (A) and a missense mutation in exon
18in patient 2 (B).

Epilepsia © ILAE

fertilization embryo transfer. There is no family history of
seizure disorders. Delivery was at 25 weeks of gestation,
with weight of 870 g. He had received artificial ventilation
for 9 days. Thereafter, he had been well without any com-
plications until 4 months of (corrected) age, when he was
found to be retarded. He underwent brain magnetic reso-
nance imaging (MRI), electroencephalography (EEG), and
chromosomal study without significant abnormalities at
5 months of age (Fig. S1A). He developed epileptic spasms
(ES) in clusters at 6 months of age, and was diagnosed as
having symptomatic West syndrome based also on hypsar-
rhythmic EEG pattern (Fig. S1B). He underwent adrenocor-
ticotropic hormone (ACTH) therapy with only a transient
effect. He was referred to our hospital at 9 months of age.
He demonstrated 1015 clusters of ES and 10-30 ES in each
cluster. Interictal and ictal EEGs demonstrated hypsarrhyth-
mia, and diffuse electrical decremented EEG patterns,
respectively. On neurologic examination, he had no head
control, visual attention, or social interaction. He showed
markedly decreased muscle tone without exaggerated ten-
don reflex. He had no gross anomalies or coarse facial
appearance. Abnormal slow eye movement mainly in a
downward direction and poorly differentiated visual
evoked potential pattern suggested cortical blindness. Brain
MRI demonstrated hypoplastic thin corpus callosum,
delayed myelination of the cerebral white matter, and mod-
erate atrophy of the bilateral frontal lobes, but no findings
of periventricular leukomalacia (Fig. 2A). '23_iomazenil-
single photon emission computed tomography (IMZ-SPECT)
study showed reduced asymmetrical IMZ receptor distribu-
tion in the middle frontal lobe. Trials of thyroxin-releasing
hormone (TRH) injection, topiramate, and lamotrigine

Figure 2.

Brain MRI of the two patients. (A) Brain MRI T,-weighted axial
images of Patient | obtained at 8 months of age. Hypoplastic
thin corpus callosum, delayed myelination of the cerebral white
matter, and moderate atrophy of bilateral frontal lobes were
apparent. (B) Brain MRI T,-weighted axial images of Patient 2 at
I months of age. Hypoplastic thin corpus callosum, delayed
myelination of the cerebral white matter, and atrophy of the
bilateral frontal lobes were more pronounced than those of
Patient |.
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failed to improve either ES or EEG. Because his parents
strongly hoped to alleviate his catastrophic state, he under-
went corpus callosotomy at 1 year and 1 month of age. Post-
operatively, he has remained free from seizures and
epileptic EEG abnormality to date. Although he remains
unable to sit or see, the social response has improved to the
level of exhibiting elementary emotional feelings.

Patient 2 was a 2-year and O-month-old girl. The infant
was born uneventfully at 37 weeks of gestation, and
weighed 2,865 g. At 1 month of age, she started to have
tonic spasms, and was admitted to a local hospital. At
2 months of age, tonic spasms lasting 5 s occurred every
15-20 s. The interictal EEG showed a suppression-burst
EEG pattern, and a diagnosis of OS was made (Fig. S2). At
8 months of age, brain MRI showed frontal-dominant mod-
erate diffuse brain atrophy (Fig. 2B). She showed severe
hypotonia with poor head control, visual attention, and ocu-
lar pursuit.

DiISCuUSSION

We identified new STXBP/ mutations in the two patients
with symptomatic West syndrome and OS, respectively,
among a cohort of 86 patients with various types of symp-
tomatic epilepsies. These mutations were found in 2 of 86
patients overall (2.3%), 1 of 10 patients with OS (10%) and
1 of 43 patients with West syndrome (2.3%), although the
precise figure of the prevalence awaits further prospective
study. STXBPI mutations have previously been shown to
cause OS and also nonsyndromic complex partial epilepsy
(Saitsu et al., 2008; Hamdan et al., 2009). This is the first
case report showing that STXBP! mutations caused West
syndrome from the onset of epilepsy. Therefore, our find-
ings indicate that STXBP/ disruption has the potential to
cause a wider spectrum of epileptic disorders in association
with severe mental retardation.

Despite the presumed polyetiology of symptomatic West
syndrome and OS, these two syndromes are generally
considered to result from a primary structural abnormality
of the brain or a malformation of cortical development.
The transition from OS to West syndrome that is character-
ized by ES in clusters, arrest of psychomotor development,
and hypsarrhythmia on EEG, occurs in 75% of patients
with OS and a common pathologic mechanism between
them has been suggested (Ohtahara & Yamatogi, 2003). In
this sense, it is reasonable to expect that STXBP] muta-
tions would cause not only OS but also symptomatic West
syndrome.

Our Patient 2 developed OS at 2 months of age, which
later evolved to nonspecific generalized epilepsy. In the ori-
ginal description, four of the five patients with STXBP/
mutations evolved from OS to symptomatic West syndrome
over time (Saitsu et al., 2008). Comparisons of the neuroi-
maging findings among the five patients with OS that they
reported with those of our two patients demonstrated that

three of the former group and our two patients displayed
moderate [rontal dominant cerebral atrophy, thin corpus
callosum, and delayed myelination of the white matter.
In the remaining two patients in the Saitsu series, MRI find-
ings during infancy were not described. Myelination is one
of the most important factors influencing brain maturation
and epileptogenesis (van der Knaap et al., 1991). Although
the delayed myelination itself in those with West syndrome
does not appear to be specific for the underlying etiology
(Takano et al., 2007; Tohyama et al., 2008), it may offer a
clue to approach the diagnosis of STXBPI mutations among
infants with epileptic spasms and nonexplainable severe
psychomotor retardation.

Most recently, a-11 spectrin mutation has also been found
to cause West syndrome with severe cerebral hypomyelina-
tion (Saitsu et al., 2010).

Further study to search for the characteristic MRI features
in infants with STXBP/ mutation is needed when cerebral
MRI data in those with etiologically determined West syn-
drome are accumulated.

Hamdan et al. (2009) found two patients with truncating
STXBPI mutations exhibiting severe mental retardation,
muscle hypotonia, complex partial epilepsy, and either nor-
mal brain computed tomography (CT) or MRI findings,
despite that they were ambulatory. These two patients
appeared milder in phenotypic expressions than the Saitsu
series and our two cases, including five with missense muta-
tions, most of whom showed profound mental retardation,
infantile epileptic encephalopathy, and lack of ambulatory
function. Therefore, phenotype and genotype correlation
may not be clear based on the mutation type, although it is
too premature to refer to this correlation in this small num-
ber of patients with STXBP [ mutations.

In conclusion, STXBPI mutations cause not only OS, but
also symptomatic West syndrome from the onset of epi-
lepsy. A further larger study is needed 1o estimate the inci-
dence of STXBP! mutation causing directly symptomatic
West syndrome.
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Additional supporting information may be found in the
online version of this article:

Figure S1. Interictal sleep EEGs before (A) and after (B)
the occurrence of epileptic spasms.

Figure S2. An interictal sleep EEG at 2 months of age.

Table S1. Primers used for PCR and direct sequencing.
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content or functionality of any supporting information
supplied by the authors. Any queries (other than missing
material) should be directed to the corresponding author for
the article.

- 122 —



o

Official Journal of
the Japanese Society
of Child Neurology

ELSEVIER

Brain & Development xxx (2010) xxx-xxx

www.elsevier.com/locate/braindev

Review article

Treatment of benign focal epilepsies in children: When and
how should be treated?

Hirokazu Oguni*

Department of Pediatrics, Tokyo Women's Medical University, Tokyo, Japan

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 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. Introduction 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-

* Address: Department of Pediatrics, Tokyo Women’s Medical
University, 8-1 Kawada-cho, Shinjuku-ku, Tokyo 162, Japan. Tel.
+81 3 3353 8111: fax: +81 3 5269 7338.
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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 scizures (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 (BFNIS) 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 sci-
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 (BIS)** by courtesy of Dr. Sakauchi. Abbreviations: BIC,
benign infantile convulsions; ICD, infantile convulsions with diarrhea,
ICD-RV, 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 cffectively 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. 1ne
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 [ to 14 years of age, with three-quar-
ter of the cases occurring between 3 and 6 years. Clinical
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Table 1
Antiepileptic drug {AED) treatment for benign focal epilepsies.

1. 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
eflective 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/kg) 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
recurrences, thereby recommending the early initiation of AED

(3) Selecting AEDs

CBZ or VPA is recommended. 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 seizurcs, 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

B Ageat first selzure
a | Ageatlast seizure
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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
34 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 appearcd 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 consider treating
patients with VPA, CLB or CBZ, depending on the
length of seizures, the association of mild neurobehav-
loral 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 scizures enter remission always before
10-12 years of age, and the rolandic spikes disappear
before 15-16 years of age.

Bouma ct al. conducted a meta-analysis of 20 publi-
cations for a total of 794 patients with BCECTS [S].
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 gencrally 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-
2years 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 cpilepsies

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 treat-
ment of all of these ILAE-rccognized 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 Prensky 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
LEV eflect for these atypical rolandic epilepsies [32].

6. Worsening of idiopathic focal epilepsies from CBZ
treatment

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-
ioral 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 scizure 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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ELSEVIER

Atypical Benign Partial Epilepsy: Recognition
Can Prevent Pseudocatastrophe

Akiko Fujii, MD, Hirokazu Oguni, MD, Yoshiko Hirano, MD, and Makiko Osawa, MD

To characterize and distinguish atypical benign partial
epilepsy of childhood among various epileptic syn-
dromes, we conducted a clinical and electroencephalo-
gram study. Seventeen children with atypical benign
partial epilepsy of childhood were followed at our hos-
pital. They all underwent a video/polygraphic study of
characteristic daily seizures, facilitating a diagnosis of
atypical benign partial epilepsy of childhood. Their
clinical and electroencephalogram features were retro-
spectively analyzed. A video/polygraphic study indi-
cated negative motor seizures including -epileptic
negative myoclonus, atonic absence seizures, or atonic
seizures corresponding to spike-and-wave complexes
arising from centro-parieto-temporal regions. Early
in the clinical course, these seizures appeared every
4 + 2 months, and lasted 1-3 months. Interictal sleep
electroencephalograms, initially localizing in the
centro-parieto-temporal regions, became widespread
and displayed continuous, diffuse, spike-and-wave
complexes, although the spike-wave index did not
exceed 85%. Negative motor seizures responded to
ethosuximide, corticotropin, and high-dose steroid,
whereas other anticpileptic drugs were much less ef-
fective. All patients ultimately entered remission be-
fore age 12 years. Patients with atypical benign
partial epilepsy of childhood exhibited a characteristic
clinical course, and responded favorably to anti-
absence treatment. Atypical benign partial epilepsy
of childhood should be recognized as a discrete epilep-
tic syndrome. Its early diagnosis leads to the preven-
tion of pseudocatastrophe. © 2010 by Elsevier Inc.
All rights reserved.

Fujii A, Oguni H, Hirano Y, Osawa M. Atypical benign
partial epilepsy: Recognition can prevent pseudocatastro-
phe. Pediatr Neurol 2010:43:411-419.

Introduction

Atypical benign partial epilepsy of childhood is a special
type of epileptic syndrome first described by Aicardi and
Chevrie in 1982, characterized by an age of onset between
2.5-6 years, multiple seizure types (including focal motor
seizures, atypical absence, or myotonic seizures), focal ep-
ileptic electroencephalogram abnormalities during wake-
fulness, generalized continuous slow spike-and-wave
electroencephalogram complexes during sleep, the persis-
tence of normal neurologic and mental functions through-
out the course, and an ultimately favorable prognosis in
terms of seizure [1-3]. Aicardi and Chevrie stressed the
close similarity of clinical and electroencephalogram
manifestations to those of Lennox-Gastaut syndrome and
myoclonic-astatic epilepsy, and referred to the differential
diagnosis of these two syndromes [4]. Since then, a number
of studies have mostly given special attention either to the
peculiar seizure type {termed “epileptic negative myoclo-
nus™), or to the nosologic relationship with benign epilepsy
of childhood with centrotemporal electroencephalogram
foci [5-8]. Atypical benign partial epilepsy of childhood
has not been accepted by the International League
Against Epilepsy as an independent and distinct epileptic
syndrome, in part because it is recognized as an atypical
evolution of benign epilepsy of childhood with
centrotemporal electroencephalogram foci or special
types of epilepsy with continuous spike-and-wave com-
plexes during slow sleep [4]. We have long studied patients
with atypical benign partial epilepsy of childhood, giving
special attention to the neurophysiologic mechanism of ep-
ileptic negative myoclonus and its treatment response (o
various antiepileptic drugs, because epileptic negative
myoclonus appears to be resistant to those treatments ef-
fective in focal epilepsy [9-12]. Recent advances in
epilepsy surgery prompted us to consider its indication
when seizures are resistant to all appropriate antiepileptic
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drugs for at least 2 years. Patients with atypical benign
partial epilepsy of childhood may have manifested a
“pseudocatastrophic™ clinical course when the treatment
strategy proved inappropriate [2,3,13]. Here, we stress that
atypical benign partial epilepsy of childhood is a discrete
epileptic syndrome with a characteristic age-specific clinical
course and electroencephalogram picture, and that it favor-
ably responds to anti-absence antiepileptic drugs.

Patients and Methods

Subjects included 17 patients who underwent detailed examinations.
and were followed at Tokyo Women’s Medical University since 1980,
They fulfilled several clinical characteristics: (1) no aross developmental
delay before the onset of epilepsy. (2) age of onset for epilepsy between
ages 2.5-6 years, (3) a combination of focal seizures and duily atypical ab-
sence or myotonic seizures confirmed by an ictal polygraphic study. and
() interictal electroencephalograms displaying both focal and generalized
epileptic discharges.

We retrospectively reviewed the patients’ medical records, neuroimag-
ing data, electroencephalograms. and other laboratory data. The 17 pa-
tients all underwent long-term ictal video-polygraphic or polygraphic
studies. Surface electromyogram activity data were collected from the
trapezius, sternocleidal mastoideus, and deltoid muscles. and also from
the quadriceps femoris, biceps femoris, and tibialis anterior of the lower
limbs if they were involved. Electroencephalograms were recorded with
a time constant of 0.1 second and a high-frequency cutoff of 70 Hz. On
electromyograms. the filier was set with a time constant of 1.5 and
ahigh-frequency cutolf of 3000 Hz. In addition, routine waking and asleep
electroencephalogram studies were performed every 6 months during the
follow-up period.

To confirm that ewrly effective treatment is important in mental progno-
ses, we selected [0 of the 17 patients. These 10 patients underwent the
same intelligence quotient test battery before and after the remission of
their seizures, and we compared active seizure periods between those
withand without decreasing points of intelligence quotients. For statistical
analysis, the unpaired Students 7 test was used for comparisons between
the two groups. P < 0.05 indicated a significant difference.

Results

Prenatal and perinatal histories were unremarkable in all
17 patients. Developmental milestones had all been passed
before the onset of epilepsy. However. in the detailed clin-
ical histories, clumsiness, hyperactivity, and slow acquisi-
tion of language were implied in four patients (22%).
Regarding a family history ol seizure disorders, seven pa-
tients. two patients. and two patients demonstrated a history
of epilepsy. epilepsy as well as febrile seizures, and febrile
seizures, respectively. Thus, 53% of the patients demon-
strated a family history of epilepsy within third-degree rel-
atives (Table 1).

Clinical Seizure Manifestations

INITIAL SEIZURE TYPES A total of 16 patients experienced
the onset of epilepsy with nocturnal focal motor seizures at
an age range of 2.5-8 years (mean age, 5 years and 2
months) (Table 1). The remaining patient began with diur-
nal atonic seizures. Seizures manifested with twitching of
the unilateral face and arm in 12 patients, tonic posturing
of the leg in two patients, versive seizures in two patients.
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unilateral clonic seizures in one patient, and secondarily
generalized tonic-clonic seizures in 10 patients.

NEGATIVE MOTOR SEIZURES Alypical absence or myotonic
seizures developed approximately at the same time. or up
{0 3 years and 6 months after the onset of the focal seizures
(mean time, 16 + 11 months). Detailed seizure analyses via
video polygraphic or polygraphic studies demonstrated
that 15 patients manifested epileptic negative myoclonus,
atonic absence seizures, and atonic seizures. Four patients
experienced frequent atonic seizures leading to injuries.
The remaining two patients manifested atypical absence
seizures only. No patients exhibited myoclonic or
myoclonic-atonic seizures. Thus, we designated these at-
tacks as negative motor seizures in this study. In the ictal
polygraphic recordings of epileptic negative myoclonus,
sudden interruptions of ongoing electromyogram activity,
ranging from 100-300 ms, were confirmed in all patients.
Epileptic negative myoclonus involved the right arm in
seven patients, left arm in two patients, both arms asym-
metrically in four patients. the right leg in one patient,
and both legs asymmetrically in three patients. The neuro-
physiologic characteristics of negative motor seizures in
some patients were previously described in detail [10].
The frequencies of these attacks increased up to hundreds
per day in all patients. Three patients exhibited mild dysar-
thria and mild weakness of the ipsilateral face and arm dur-
ing periods when negative motor seizures were frequent.

PERIODIC APPEARANCE OF FOCAL SEIZURES AND NEGATIVE
MoToR se1zures The focal and negative motor seizures ap-
peared and subsided in a periodic fashion during an early pe-
riod of the clinical course (Fig 1). In 14 children, the periodic
appearance of these attacks was evident every 4 -+ 2 months,
and subsided within a few months, regardless of various an-
tiepileptic drug trials. In the remaining three patients, precise
information on seizure recurrence was not available because
of late introduction of the patients to our hospital. During
each episode, focal seizures were followed by bouts of neg-
ative motor seizures within | or 2 weeks. Thus, seizures in all
patients did not initially exhibit a progressive worsening, but
a more protracted waxing and waning pattern.

Interictal Electroencephalogram Characteristics

The waking electroencephalograms in all patients indi-
cated a mild, diffuse slowing of background activity and,
at times, a clear accentuation over both centro-parieto-
temporal areas. Epileptiform discharges were all recorded
during the initial electroencephalogram examination at our
hospital, displaying the right, left, and bilateral centro-
paricto-temporal regions in eight, six, and three patients,
respectively.  The evolutional electroencephalogram
changes observed after the onset of epilepsy in six patients
demonstrated  that centro-parieto-temporal  spike dis-
charges gradually became widespread, involving both
hemispheres in a bilaterally synchronous fashion during
sleep, from ages 5-8 years. When negative motor scizures
developed, sleep electroencephalograms always indicated
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a diffuse. semicontinuous pattern that became localized to
the centro-paricto-temporal regions again after they sub-
sided. In eight patients undergoing an all-night sleep elec-
troencephalogram study, the spike-und-wave index during
slow-wave sleep reached 65% on average (S.D., 10%), and
none of them exceeded 85%.

Neuroimaging Study

Cranial computed tomography scans produced normal
results in 13 patients. Cranial magnetic resonance imaging
was performed in 10 children, one of whom exhibited
a small, increased signal intensity lesion in the left coronal
radiate. Another patient manilested a suspected malrota-
tion of the right hippocampus. The remaining eight patients
manifested normal findings ol cranial magnetic resonance
imaging. One patient underwent cerebral arteriography be-
cause of a suspicion of cerebrovascular accident without
abnormality. Interictal "™ Tc-ethyl cysteinate dimer-single
photon emission computed tomography (SPECT) and B3
iomazenil SPECT were performed in five patients and one
patient, respectively. In two of these five patients, the
SPECT lesion corresponded to that of the predominant ep-
ileptic electroencephalogram focus.

Magnetoencephalography was performed in one patient
Lo identify the precise analomic region responsible for the
sharp-and-slow waves in the centroparietal regions. The
equivalent current dipole for the magnetic flield first
appeared at the primary sensorimotor cortex of the hand
area, and then moved to the area where the central sulcus
and sylvian fissure crossed. The area corresponded to the
primary sensory cortex (S1) and the secondary sensory
cortex (S2) of the facial and oral areas.

Prognosis

MENTAL PROGNosIs Intelligence quotients during pa-
tients” first (n = 17) and last (n = 12) examinations at our
hospital ranged from 61-115 with a mean ol 72, and
from 50-100 with a mean of 70. respectively (Table 1).
The Wechsler Intelligence Scale for Children and a modi-
fied Binet test battery were performed in 7 and 3 patients,
respectively, before and alter the remission of seizures
(Table 1). The mean active negative motor seizure period
lasted 15.5 months (S.D., 6.4 months) in four patients
with decreasing intelligence quotients (range, 4 (o 28
points), and 5.5 months (S.D., 3.5 months) in the remaining
six patients with increasing intelligence quotients (range,
0-12 points). The mean active negative motor seizure pe-
riod was significantly longer in the former than in the latter
group, indicating that early control of negative motor sei-
zures was important for mental prognoses (£ <0.05). In ad-
dition, performance intelligence quotient changes
appeared more predominant than verbal intelligence quo-
tient changes in live of seven patients undergoing the
Wechsler Intelligence Scale for Children test battery
(with an increase in performance intelligence quotient in

three patients, and a decrease in performance intelligence
quotient in two patients).

SEIZURE PROGNOSIS Ages of occurrence for the last focal
and negative motor seizures ranged from 6 years to 11
years and 11 months with a mean of 96 & 22 months,
and from 5-12 years with a mean of 93 = 20 months, re-
spectively. In eight patients, negative motor seizures were
controlled earlier than focal seizures, whereas both seizure
types were suppressed at the same time in the remaining
nine patients. In one patient receiving ethosuximide early
in the clinical course, negative motor seizures were imme-
diately controlled at age 6 years and 2 months, whereas in-
frequent focal motor seizures continued until age 11 years
and 11 months. The active seizure period, as estimated
from the onset of epilepsy to final seizures, ranged from
7-83 months with a mean of 35 £ 22 months in focal sei-
zures, and from | to 64 months with a mean of 23 4= 21
months in negative motor seizures. Twelve patients had
successlully discontinued antiepileptic drugs during their
final follow-up period. Thus, all patients demonstrated a re-
mission ol seizures before age 12 years.

Treatment

Because negalive motor seizures were resistant to vari-
ous antiepileptic drugs, ketogenic diet therapy, corticotro-
pin, and oral high-dose steroids were used in three patients,
two patients, and one patient, respectively. Corticotropin
and oral high-dose steroid treatment produced excellent
seizure control in all three patients, whereas ketogenic
diet therapy led to excellent seizure control in one patient,
a favorable transient effect in one patient, and insufficient
control in the remaining patient.

During their clinical course, carbamazepine was admin-
istered to nine patients, none of whom exhibited improve-
ment. Furthermore, negative motor seizures appeared in
three of nine patients shortly after the introduction of car-
bamazepine. Finally, ethosuximide proved most effective,
leading to an excellent negative motor seizure response
in all 13 successive patients, with serum levels between
28-143 pg/mL (mean, 88 pg/mL.) (Table 1).

Case Reports
Patient 14

The patient was a 20-year-old woman. Her birth was un-
eventful, and she achieved normal developmental mile-
stones. She developed seizures, characterized by initial
tonic posturing followed by unilateral clonic convulsions,
at age 6 vears and 4 months. An interictal electroencepha-
logram revealed spike-and-wave complexes in both cen-
trotemporal regions. She received various antiepileptic
drugs, including valproic acid, without success. Negative
motor seizures developed at age 7 years, and they in-
creased in frequency up to 100 times a day. A detailed de-
scription of negative motor seizures in this patient was
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Table 1. Demographic data of the 17 patients

Age of Age of
Patient Onset Onset
No. Sex  for FS for NMS
| o2y, 10mo 6 yr, 2 mo
2 M 3yrOmo 4 yr,0mo
3 M 3yr.6mo 7 yr.0mo
4 Foo3yr, 10mo 4 yr 5mo
5 3y 10Omo Syr. 4 mo
6 Fodyrn,Smo  4yr.6mo
7 F SyrOmo Svyr, il mo
3 FooSyr.Imo o6yr.8mo
9 M Syr.7mo  6yr. 7 mo
10 M 5yvr.9mo  6yr, 3mo
i o6y, 0mo 7y, 9mo
12 M 6yr.2mo  6yr.2mo
13 Fo6yr.2mo  7yr6mo
14 Fooo6yndmo 7y 0Omo
15 Fooy.6mo 7y 6mo
16 M 6yr,8mo  7yr.9mo
17 Fo8yr.2mo 8yr.4mo
Abbreviations:
AA = Atonic absence seizures

ACTH = Adrenocorticotropic hormone
AEDs = Antiepileptic drugs

Cp

CTP
czZp
EEG

= Centro parietal

= Centrotemporoparietal
= Clonazepam

= Electroencephalogram

ENM = Epileptic negative myoclonus

Epi
ESM
ext

F

FC
FH
FIQ
'S

GTCS = Generalized tonic-clonic seizures

GTS
1Q

= Epilepsy

= Ethosuximide

= Extremity

= Femule

= Febrile convulsion
= Family history

= Full intelligence quotient

= Focal seizures

= Generalized tonic seizures

= Intelligence quotient

Follow-Up
Period Previous
(mo) History

98 Transient
hemiparesis
9 FC

243 IC

58
181

263

102 FC

Li=Left
M = Male

FH of
Epilepsy

Epi, FC

FC

Epi

Epi

Epi +
MR, FFC

mo = Months
MR = Mental retardation

mT = Midte

mporal

Type of FS

Nocturnal Sylvian

seizures, GTCS
Sylvian seizures
Nocturnal Sylvian

seizures, SGTCS
Sylvian seizares, GTS
Nocturnal hemiconvulsions
Sylvian seizures
Nocturnal Sylvian seizures

and adversive seizures, GTS
Nocturnal Sylvian seizures
Nocturnal Sylvian seizures
Nocturnal adversive seizure, GTS -
Sylvian seizures and adversive

seizures, GTCS
Nocturnal Sylvian seizures
Nocturnal Sylvian seizures, GTCS
Nocturnal Sylvian seizures, SGTCS
Nocturnal Sylvian seizures, GTCS

Nocturnal Sylvian seizures, SGTCS

Nocturnal Sylvian seizures, GTS

mT-C = Midtemporal-central
mT-CP = Midtemporal-centroparietal
mT-P = Midtemporal-parietal
NMS = Negative motor seizures
PIQ = Performance intelligence quotient
PTO = Parietal-temporal-occipital
pT-P = Posterior temporal-parietal

Rt = Right

SGTCS = Secondary generalized tonic-clonic seizures

SI-IV = Sleep

stages 1-1V

Type of NMS

LENM of Lt upper ext, AA
ENM ol lower ext, AA
ENM of Rt and Lt

upper ext, AA
ENM of Rt upper and lower ext
ENM of Rt upper ext, AA
ENM of Rt upper and

lower ext. AA
ENM of Rt upper ext, AA
ENM of Rt and Lt upper and

lower ext, AA
AA
ENM of Rt upper ext, AA
ENM of Rt upper ext, AA
ENM of Lt upper ext, AA
ENM of Rt and

L.t upper ext AA
ENM of Lt upper ext, AA
ENM of Rt upper ext

AA

ENM of Lt and Rt upper
and lower ext

Sylvian seizures = FS involving the ipsilateral face, tongue. and upper extremity
VIQ = Verbal intelligence quotient

yr= Years

reported elsewhere [11]. She underwent ketogenic diet
treatment, which partly controlled her seizures, but the
negative motor seizures again increased in frequency at
age 7 years and 9 months. Finally. she was successfully
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treated with high-dose hydrocortisone. She has been
seizure-free since age 8 years and 10 months and free of
epileptic electroencephalogram abnormalities since age
15 years. Her modified Binet intelligence quotient at age



Active NMS
Period
{(mo)

12

39

9

18

20

20

~J

Age at

last NMS

7 yr,

2 mo
7 yr.

A mo
7 yr.

9 mo
3 yr,

8 mo
O yr,

10 mo
6 yr.

2 mo
6 yr,

2 mo
8 yr.

4 mo
6 yr.

11 mo
6 yr,

6 mo
7 yr,

10 mo
6 yr,

7 mo
7 yr,

10 mo
8 yr,

10 mo
8 yr,

1 mo
9 yr,

2 mo
8 yr,

11 mo

Age at
last FS

7 yr,

6 mo
8 yr,

2 mo
7 yr,

1T mo
6 vr,

8 mo
6 yr,

10 mo
Oy,

2 mo
Iy,

1 mo
8 yr,

4 mo
I yr,

Il mo
6 yr,

6 mo
7 yr,

10 mo
6 yr,

9 mo
7 yr,

10 mo
8 yr,

10 mo
9 yr,

5 mo
9 yr,

2 mo
9 yr,

4 mo

Most effective

AEDs for
NMS

ESM

ESM

ACTH

ACTH

Ketogenic
diet

ESM

ESM

czp

ESM

ESM

ESM

ESM

ESM

High-dose
steroid

ESM

Ketogenic

diet
ESM

Predominant
Epileptic
EEG Foci

Rt mT-CP

Bilateral CTP
(Lt >Ry

Lt>Rt mT

L4 CP

Lt pT-P

Lt CTP

Bilateral CTP
(Lt > RO

Rtor Lt mT-C

Rt > Lt mT-CP

Lt PTO

Lt>Rt mT-C

RLCP

Bilateral CP
(Rt> Ly

Rt > Lt mT-P

Rt > Lt mT-CP

Rt > Lt mT-C

Rt CP

Spike-Wave

Index (%)

SI: 55, SII: 40,

SHI: 30, SIV: 40

SI-SIV: 60

SI-SIV: 80

SI-SIV: 65

SI-STV: 80

SI: 38, SIE: 32,

SI: 65, S1V:

SI: 40, ST 45,

SIH: 45, SIV: 72

SI-SIV: 70

SI: 75, SII: 65,

SHI: 65, SIV:

First 1Q

FIQ, 89 (VIQ.
98; P1Q. 82)
FIQ. 76 (VIQ.
79, P1Q, 79)
63 (modified
Binet test)
F101 (VIQ,
99; PIQ, 103)
115 (modified
Binet test)
FIQ, 95 (VIQ,
94; PIQ, 97)
FIQ. 100 (VIQ.
105; P1QQ, 104)
97 (modified
Binet test)
90 (moditied
Binet test)
FIQ. 65 (VIQ,
91: PIQ, 43)
80 (modified
Binel test)
FIQ, 93 (VIQ,
90; PIQ, 97)
FIQ, 78 (VIQ,
72: PIQ, 89)
101 (modified
Binet test)
FIQ. 61 (VIQ.
66; PIQ, 63)
91 (moditied
Binet test)
FIQ, 105 (VIQ,
100; PIQ, 111)

First 1Q
Test Age

’{ yr, 4 mo
8 yr. I mo
7yr, 8 m(‘)
6 yr, 8 Mo
Syr, 8 mo
6 yr,.(} mo
6 yr, 2 mo
7 yr. 4 mo
6 yr, 0 mo
6 yr, 6 mo
8 yr. 0 mo
6 yr. 9 mo
7 yr, 11 mo
Tyr, I mo
7 yr. 10 mo
8 yr. 3 mo

8 yr, 9 mo

Last 1Q

FIQ, 101 (VIQ,
101: PIQ. 101)

FIQ, 50 (VIQ,
68: PIQ, 45)
FIQ, 78 (VIQ.
81: P1Q. 79)
111

FIQ. 100 (VIQ,
100; PIQ. 100)

95

FIQ. 78 (VIQ.
83: P1Q, 77)
FIQ, 66 (VIQ,
69: PIQ, 69)

FIQ, 86 (VIQ,
79: PIQ, 97)
73

FIQ, 65 (VIQ,
62; PIQ, 75)

FIQ, 95 (VIQ,
101; PIQ, §8)

Last IQ
Test
Age

14 yr,
7 mo

8 yr,

1 mo
14 yr,

8 mo
6 yr,

10 mo

10 yr,
8 mo

13 yr.
9 mo

14 yr,
3 mo

14 yr,
2 mo

9 yr,

5 mo
10 yr,

0 mo
14 yr,

5 mo

12 yr.
3 mo

10 years of age dropped {rom 101 to 73 during the first ex-

amination. The Wechsler Adult Intelligence Scale-Revised

test at age 20 years of age demonstrated a full-scale intel-

ligence quotient of 67.

Her
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The patient was a girl aged [3 years and 6 months.
birth was uneventful, and she achieved normal
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Ageat diffusepropagationof  Ages at disappearance of diffuse
SWC: 91+ 11 months

centro-parieto-temporal SWC:
81:k 11 months (m=14)

Ageat disappearance of focal
SWC: 12442 months (n1=9)

(n=14)

EEG

Age Gy

8y 10y

442 month intervals

Episodic aggravation of NMS at

Ageat onset of focal
selzures : 6217 months

Age at onset of NMS:

Seizure 79415 monthy

Figure 1.

Age at disapp earance of focal
and NMS: 96+ 16 months

Episodic pattern of seizure aggravation. Fourteen patients exhibited the episodic appearance of both focal and NMS at 4 == 2 month intervals.

The follow-up period ranged from 12-263 months (mean, 98 & 8 months). EEG: electroencephalogram; NMS: negative motor seizures; SWC: spike-and-

wave complexces.

developmental milestones. At age 5 years, she devel-
oped a focal motor seizure involving her right eyelids,
face. and arm, lasting for 5 minutes during sleep. An
interictal electroencephalogram revealed active sharp-
and-slow wave complexes in both centroparietal regions
synchronously. with a left-sided predominance. The di-
agnosis of epilepsy was rendered at a local hospital,
and carbamazepine was initiated. However, the seizures
persisted despite the administration of carbamazepine
and then valproic acid. She was referred to our hospital

T
BBNE s AN i
F7-BNE =i ,
CZ-BNE o=t i/ N\
C3-BNE w-r“‘“‘j“v’p\"’:ﬁs’/\“x/j\ w”‘“’”"""
TIBNE  wermepetroet N P
P3-BNE sV A0 W, f»«x,!/vw
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C4-BNE
T4-BNE
Rt trapezius
SCM
Deltoid

Biceps

e

Triceps

¥
Flex ey ooyt b ol e s oy Ml.,.w. iign

Figure 2. etal polygraph of epileptic negative myoclonus in Patient 7 at
age 6 years and 2 months. When asked to stretch both avms in front of her-
self and count numbers, her left arin dropped, and she discontinued count-
ing. On the surfuce electromyogram, an interruption of the ongoing
clectromyogram involving the biceps deltoid and triceps muscles of her
right arm, lasting 100-400 my. corresponded 1o the epileptic negative my-
oclonns. BNE: balanced noncephalic clectrode; Flex: flexor forearm mus-
cles; L teft; Ri: right: SCM: sternocleidomastoidens.

Thumb
Lt. Deltoid

‘
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at age 5 years and 11 months, when she manifested fre-
quent epileptic negative myoclonus of the right arm, at
times leading to atypical absence seizures (Fig 2). We
added ethosuximide to the valproic acid, which fully
controlled the epileptic negative myoclonus and led to
a marked improvement of the interictal electroencepha-
logram abnormalities (Fig 3A,B). Since then, she has
experienced brief nocturnal focal motor seizures ap-
proximately every 3-4 months, despite the combination
of zonisamide and phenytoin until age 11 years and 11
months, but she never experienced negative motor sei-
zures after the introduction of ethosuximide. No deteri-
oration of intelligence quotient, as measured by the
Wechsler Intelligence Scale for Children-Third Edition
lest, had occurred when intelligence quotients were
compared between age 6 years and 2 months and age
10 years and 8 months. The antiepileptic drug was suc-
cessfully discontinued at age 3 years.

Discussion

This study revealed that in 12 of our patients, initial focal
seizures with atypical benign partial epilepsy of childhood
occurred mostly during sleep, and resembled seizures of
benign epilepsy of childhood with centrotemporal electro-
encephalogram foci, involving the orofacial areas and uni-
lateral limbs. However. the remaining five patients
manifested either focal tonic seizures involving only one
limb, or versive seizures occurring frequently during the
daytime, which was unusual in those with benign epilepsy
of childhood with centrotemporal electroencephalogram
foci. Both focal and negative motor seizures, including
epileptic negative myoclonus, atypical absence seizures,
and atonic seizures, were resistant o antiepileptic drugs,
and appeared every 4 4= 2 months. Negative motor seizures
usually developed several months after the onset of focal
seizures.

By means ol ictal video/polygraphic investigations, we
demonstrated that epileptic negative myoclonus, atypical
absence seizures, and atonic seizures are primary seizure
types in atypical benign partial epilepsy of childhood.
The interruptions of ongoing electromyogram activity
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Figure 3. Imterictal sleep clectroencephalograms before and after the introduction of ethosuximide in Patient 7. (A) Before the administrarion of ethosux-
imide, almost continuous, diffuse sharp-and-slow wave complexes were recorded, with maximum accentnation over both centroparietal regions. and with
a left-sided predominance. (B) After the introduction of ethosuximide, the sleep electroencephalogram findings dramatically improved, leaving infrequent
bilaterat centroparictal sharp-and-slow wave compiexes with a left-sided predominance.

without any myoclonic component in these attacks led us to
designate them as negative motor seizures in this study
[9,10,12]. The neurophysiologic mechanism underlying

epileptic negative myoclonus has been the subject of

speculation  [9,10.14-16]. A magnetoencephalographic
study strongly suggested that the sensorimotor cortex is
a primary focus of the attack. Epileptic negative
myoclonus was observed not only in atypical benign
partial epilepsy of childhood, but in other symptomatic
focal epilepsies with a heterogeneous etiology. and it
appears to be pharmaco-resistant despite differences in eli-
ology [17]. Epileptic negative myoclonus sometimes

evolved into atonic absence seizures when the sharp-slow
discharges became generalized, and were sustained in
a rhythmic, successive fashion [10.12]. When these
negative motor seizures occurred very frequently,
patients appeared dazed and constantly dropped their
heads or arms, as previously described in peculiar
nonconvulsive status epilepticus by Ohtsuka et al. [18].
In addition, three patients in that study experienced sus-
tained neurologic deficits, including mild dysarthria and
ipsilateral facial and arm paresis, when the negative motor
seizures were [requent. These neurologic delicits disap-
peared after successful treatment. These transient

FFujii et al: Atypical Benign Partial Epilepsy 417
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neurologic deficits indicate that negative motor seizures in-
volve the primary sensorimotor cortex, and occur so fre-
quently as to impair mental function and quality of life
[10]. Our results suggest that intelligence quotients, and es-
pecially performance intelligence quotients, decrease per-
manently if the period of active negative motor seizures
is prolonged, whereas intelligence quotients are main-
tained if the period of active negative motor seizures is
shorter. As described in our Case Reports, intelligence quo-
tients did not deteriorate even if infrequent focal motor sei-
zures persisted.

In a number of reports. carbamazepine potentially in-
duced peculiar myoclonic or atonic seizures during the
clinical course of benign epilepsy of childhood with cen-
trotemporal  electroencephalogram  foci  [3-8]. Most
recently, the induced seizures were recognized as
epileptic negative myoclonus according to a polygraphic
study, and  were reported to disappear when
carbamazepine was discontinued. Because the clinical
and electroencephalogram features of these patients were
identical to those with atypical benign partial epilepsy of
childhood, some authors suggest that atypical benign
partial epilepsy of childhood is an atypical evolution of
benign epilepsy of childhood with centrotemporal
electroencephalogram foci modified by carbamazepine
[6]. In our series, three patients developed epileptic nega-
tive myoclonus shortly after starting carbamazepine. How-
ever, the withdrawal of carbamazepine alone did not lead to
a decrease in attacks, and the remaining 14 patients devel-
oped epileptic negative myoclonus without any relation-
ship to the administration of carbamazepine. As we
previously reported. the pharmacologic responses to carba-
mazepine and ethosuximide in epileptic negative myoclo-
nus are quite similar to those in absence seizures [9].
Thus, carbamazepine can aggravate epileptic negative my-
oclonus, but it is not a causal agent in transforming benign
epilepsy of childhood with centrotemporal electroenceph-
alogram foci to atypical benign partial epilepsy of child-
hood. The episodic aggravation of negative motor
seizures in a periodic fashion made it difficult to judge
the exact pharmacologic tesponse. Corticotropin and
high-dose oral steroids appeared more effective than etho-
suximide in frequent negative-motor seizures. and keto-
genic diet therapy also appeared effective despite our
limited number of patients. The introduction of ethosuxi-
mide in our 11 patients with atypical benign partial epi-
lepsy ol childhood completely controlled the negative
motor seizures, and markedly improved the electroenceph-
alogram findings. However, ethosuximide could not allevi-
ate the focal motor seizures appearing in an episodic
[ashion in the one patient who was treated with ethosuxi-
mide immediately after negative motor seizures developed.
It is reasonable to suggest that ethosuximide is only effec-
tive for absence seizures.

We stress that the early diagnosis of atypical benign par-
tial epilepsy ol childhood is important because the wrong
treatment  strategy (aiming strictly to control focal

418 PEDIATRIC NEUROLOGY Vol 43 No. 6

seizures) can aggravate the seizures, and lead to pseudo-
intractable or even “pseudocatastrophic™ epilepsy. with
[requent drop attacks for years [3.13]. Moreover,
unnecessary surgical interventions may be considered if
“pseudocatastrophic”™ seizures persist for more than 2
years without responding to more than two or three
antiepileptic drugs [19].

The nosologic situation of atypical benign partial epi-
lepsy of childhood among various disciete epileptic syn-
dromes has been discussed for a long time, but it is not
officially recognized by the International League Against
Epilepsy. Here, we demonstrated that atypical benign par-
tial epilepsy of childhood does not fulfill the electroen-
cephalogram criterion of continuous spike-and-wave
complexes during slow sleep, and is not caused by inade-
quate treatment with carbamazepine in those with benign
epilepsy of childhood with centrotemporal electroenceph-
alogram foci. Thus, atypical benign partial epilepsy of
childhood should not necessarily be considered an atypical
form of continuous spike-and-wave complexes during slow
sleep or an atypical evolution of benign epilepsy of child-
hood with centrotemporal electroencephalogram foci.

A limitation of this study may involve the five patients
with subnormal intelligence quotients and two patients
with a minor magnetic resonance imaging abnormality
during their first examination, casting into question the ho-
mogeneity of etiologies. Doose et al. proposed the concept
of hereditary impairment of brain maturation, which would
underlie childhood epilepsies with multifocal sharp waves,
including benign epilepsy with occipital paroxysms, be-
nign epilepsy ol childhood with centrotemporal electroen-
cephalogram foci, continuous spike-and-wave complexes
during slow sleep, Landau-Kleffner syndrome, and atypi-
cal benign partial epilepsy of childhood [20]. According
to this concept, genetically determined focal cortical hy-
perexcitability, in combination with other acquired or he-
reditary factors, can produce a variety of these
subsyndromes. In our previous study, patients with early-
onset benign epilepsy of childhood with centrotemporal
electroencephalogram foci. and with an onset of epilepsy
at less than age S years, experienced more frequent and re-
sistant seizures despite their ultimate remission before ad-
olescence [21]. Those patients manifested more frequent,
mild neurobehavioral disorders than those with Panayioto-
poulos syndrome and a comparable age at onset of epi-
lepsy, suggesting that preexisting factors contribute to the
genesis of earlier onset seizures in benign epilepsy of child-
hood with centrotemporal electroencephalogram foci [22].
This hypothesis may also apply to those with atypical be-
nign partial epilepsy of childhood, because over 50% ol pa-
tients had a family history ol epilepsy, and at least 30%
manilested borderline developmental problems before the
onset of epilepsy. In general, patients with atypical benign
partial epilepsy of childhood first develop seizures before
age 5 years, and tend to continue focal motor seizures de-
spite the immediaie control of negative motor seizures by
the introduction of ethosuximide.

~ 136 =



