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Abstract

SCN2A mutations have been described in a very broad spectrum of clinical phenotypes including benign (familial) neonatal/
infantile seizures and early infantile epileptic encephalopathies (EIEE) as Ohtahara syndrome (OS), Dravet syndrome (DS), epilepsy
of infancy with migrating focal seizures and West syndrome (WS). Treatment modalities for epilepsy caused by SCN2A mutations
mainly consist of sodium channel blockers but ketogenic diet (KD) is also considered as an option of treatment for intractible sei-
zures caused by SCN2A mutations. Because of the wide nature of the heterogeneity of mutations related to SCN2A gene, the clinical
phenotypes vary in severity and treatment response to KD has been reported to be controversial.

We present a patient diagnosed with OS associated with a novel SCN2A mutation (c.408G > A, p.Met136lle; OMIM�: 182390)
who had a complete resolution of seizures and EEG abnormalities with KD commenced at 39 days of age.

As far as we are aware our case is the youngest patient with SCN2A mutation treated with KD with complete resolution of epi-
lepsy at an early age and has been seizure free of antiepileptic medications for a long duration.
� 2018 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

SCN2A mutations have been described in a very
broad spectrum of clinical phenotypes including benign
(familial) neonatal/infantile seizures and early infantile
epileptic encephalopathies (EIEE) as Ohtahara syn-
drome (OS), Dravet syndrome (DS), epilepsy of infancy
with migrating focal seizures and West syndrome (WS)
[1]. SCN2A mutations mainly affect the early
https://doi.org/10.1016/j.braindev.2018.10.015

0387-7604/� 2018 The Japanese Society of Child Neurology. Published by E

⇑ Corresponding author at: Division of Child Neurology, Depart-
ment of Pediatrics, Marmara University, Faculty of Medicine, Fevzi
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developmental period and are generally accompanied
by seizures although patients with SCN2A mutations
have been reported to only have autism with no seizures
[2,3]. The reason for the broad spectrum of clinical phe-
notypes is still unknown.

Treatment modalities for epilepsy caused by SCN2A
mutations mainly consist of sodium channel blockers
including phenytoin, carbamazepine, oxcarbazepine,
lacosamide, lamotrigine and zonisamide especially at
the first months of age [4]. Ketogenic diet (KD) has been
used as a treatment modality for DS caused by genetic
defects in the SCN1A, SCN2A, SCN9A and GABRG2
genes and has been reported to be effective to decrease
seizures and have positive effect on hyperactivity, inat-
tention, impulsivity and aggression [5].
lsevier B.V. All rights reserved.
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Herein, we present a patient diagnosed with OS asso-
ciated with a novel SCN2A mutation who had a com-
plete resolution of seizures and EEG abnormalities
with KD commenced at 39 days of age.

2. Case presentation

A 30 day old female patient was referred to our clinic
with numerous daily focal and generalized tonic convul-
sions which started on the 3rd postnatal day. Her con-
vulsions were refractory to antiepileptic medications
used at optimal dosages, which were pyridoxine, pheno-
barbital, vigabatrine and clobazame respectively. The
number and severity of her seizures increased with age.
EEG at the age of 5 days, demonstrated burst suppres-
sion pattern. She had severe axial hypotonia and lack
of eye contact. Her cranial MRI was normal. Metabolic
work up was inconclusive except low CSF/plasma glu-
cose ratio (0.36).

KD with a 3:1 ratio of fats vs protein and carbohy-
drate was started at 39 days of age with a preliminary
diagnosis of glucose transporter deficiency-1 deficiency.
She tested negative for SLC2A1 mutations. Whole
exome sequencing demonstrated de novo heterozygous
mutation (c.408G > A, p.Met136lle) of SCN2A gene
(OMIM�: 182390).

On 7th day of her diet her convulsions decreased in
number and severity. All seizures ceased after 1 month
of KD and EEG showed only focal spikes at the 3rd
month. Antiepileptic medications were decreased
3 months after the diet was started. The seizures
recurred at 6 months of age after routine vaccination
which stopped spontaneously in a few weeks. At 11th
month of the KD, video-EEG monitorization was com-
pletely normal (Fig. 1). All antiepileptic drugs were
stopped at 1st year of KD. At 2.5 years of age she was
still seizure-free with normal EEG, but developmental
milestones were severely retarded, she had minimal eye
contact with mild head control.

3. Discussion

Ketogenic diet has been used since 1920s to decrease
seizure frequency from the observation that starvation
improved epilepsy. Nowadays it is mainly used as a
treatment of choice for intractable epilepsy unresponsive
to antiepileptics. Further studies are continuing to eval-
uate the effects of KD on other neurological and psycho-
logical diseases [5].

Patients with EIEE – a group of epilepsies which have
intractable multiple seizures resistant to antiepileptic
medications, are good candidates for treatment with
KD. While there is a great amount of evidence for the
use of KD in EIEE such as DS, myoclonic atonic epi-
lepsy, WS and in refractory/super refractory status
epilepticus [5,6]. There are controversial results about
its effects on seizure frequency because of the limitations
of the studies and lack of open labeled prospective
studies.

Considering side effects, cost effectiveness and diffi-
culty in sustaining the diet, researches have been concen-
trated on studying the efficacy of KD on specific gene
mutations responsible for epileptic encephalopathy syn-
dromes. Ko et al. [7] found that KD was effective in
patients with SCN1A, KCNQ2, STXBP1, and SCN2A
mutations, but less effective in patients with CDKL5
mutations.

SCN2A mutations have recently been described as
being responsible for a broad spectrum of clinical phe-
notypes [1,2]. Because of the wide nature of the hetero-
geneity of mutations related to SCN2A gene, the clinical
phenotypes vary in severity and treatment response.
Wolff et al. [4] published the nature of heterogeneity in
SCN2A related mutations of 71 previously unreported
patients and reviewed 130 previously reported patients.
They reported the retrospective treatment results of 66
well documented patients where KD was tried and
found ineffective in 13 patients [4]. A case with de novo
mutation of SCN2A with WS was unresponsive to KD
[8]. These studies have not reported the age of patients
when KD was started.

Su et al. [9] introduced KD at 8 months of age in a
patient with WS. The seizures stopped in the following
10 months and prominent EEG resolution was achieved.
The modified Atkins diet was successful in a 4 year old
patient with WS associated with SCN2A mutation
[10]. In our case, comparably, the early resolution of
encephalopathic features in favor of both seizures and
EEG findings suggests that KD is a favorable therapeu-
tic option for EIEE related with SCN2A mutations,
especially if started at an early age.

Sodium channel blockers have been proven to have
positive effects on seizures in SCN2A mutations and
patients who respond to ketogenic diet might also bene-
fit from the positive effects of these antiepileptics in addi-
tion to ketogenic diet. In our patient, we had not used
sodium channel blockers because KD was started with
a preliminary diagnosis of GLUT-1 deficiency and when
the genetic test resulted, the patient’s seizures had
already stopped.

As far as we are aware our case is the youngest
patient with SCN2A mutation treated with KD with
complete resolution of epilepsy at an early age and has
been seizure free of antiepileptic medications for a long
duration.

4. Ethics

We had the informed consent from the parents of the
patient for publication.



A) Electroencephalogram of the pa�ent when 5 days old showing burst suppression B) Electroencephalogram of the pa�ent at 1st month of ketogenic diet showing 
mul�focal spikes. 

C) Electroenecephalogram of the pa�ent at 11th month of the diet with normal 
background including sleep spindles. 

Fig. 1. Electroencephalogram of the patient at three different stages of the treatment. A) Electroencephalogram of the patient when 5 days old
showing burst suppression. B) Electroencephalogram of the patient at 1st month of ketogenic diet showing multifocal spikes. C)
Electroenecephalogram of the patient at 11th month of the diet with normal background including sleep spindles.
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