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Ketogenic Diet in Infants with Early-Onset Epileptic
Encephalopathy and SCN2A Mutation

Xiaoyu Tian, Yange Zhang, Jinhong Zhang, Yan Lu, Xinyi Men, and Xiuxia Wang
Department of Pediatrics, The Second Hospital of Hebei Medical University, Shijiazhuang, China.

Research has shown mutations in the voltage-gated sodium channel gene SCN2A to be associated with developmental delays
and infantile seizures in patients with early-onset epileptic encephalopathies (EOEEs). Here, we report the case of an infant with
a de novo SCN2A mutation with EOEE who had medically refractory seizures that improved with a ketogenic diet (KD) imple-
mented at an age less than 2 months. On the day of his birth, the infant presented with a pattern of convulsions with dozens of
episodes per day. An initial video electroencephalogram revealed poor reactivity of background activity, with multiple partial epi-
sodes starting from the right temporal region, and abnormal electrical activity in the right hemisphere. The seizures previously
were not controlled with successive therapy with phenobarbital, topiramate, and levetiracetam. Genetic testing revealed the pres-
ence of a mutation in the SCN2A gene (c.4425C>G, p.Asn1475Lys). The infant’s seizures decreased significantly with a combina-
tion of KD and medication. The present case exemplifies the potential for personalized genomics in identifying the etiology of an
illness. Furthermore, the KD appears to feasible in infants younger than 2 months and might elicit good responses to EOEE asso-

ciated with SCN2A mutation.
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INTRODUCTION

Early-onset epileptic encephalopathies (EOEEs) present with
developmental impairment and disastrous seizures starting in
early infancy, for which a range of genetic mutations have been
implicated. Mutations in the SCN2A gene, which encodes the
02 subunit of the neuronal sodium channel, have been identi-
fied in association with a number of encephalopathy pheno-
types, ranging from benign familial neonatal-infantile seizure
to more severe forms of epileptic encephalopathy.' In the pres-
ent study, we describe the case of an infant with a de novo SC-
N2A mutation with EOEE.
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CASE REPORT

A 27-day-old male infant with unrelated healthy parents was
referred to our clinic with generalized tonic convulsions that
started on his first day of life. He had been hospitalized at the
neonatal intensive care unit of a local hospital due to meconi-
um inhalation and suffocation. The neonate was the parents’
first child, and there were no known prenatal or perinatal
complications. There was no family history of epilepsy, men-
tal retardation, and dyskinesia, and his mother had no history
of exposure to poison or trauma during pregnancy. On the day
of birth, the neonate’s convulsions were characterized as or-
thocolosis and strabismus in both eyes lasting for one to sever-
al minutes at a time and occurring with a frequency of more
than 10 times per day. Magnetic resonance imaging and mag-
netic resonance angiography revealed no significant structural
abnormalities. Routine blood work and blood biochemistry,
as well as genetic metabolic disease testing, yielded normal
results. An initial video electroencephalogram revealed poor
background reactivity during episodes; a large number of irreg-
ular spikes during the episode, which were clustered and re-
corded in the right temporal region; and abnormal activity of the
right hemisphere (Fig. 1). The seizures still occurred frequently
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Fig. 1. EEG at disease onset. (A) Initial EEG revealed poorly reactive of background activity during episodes, a number of irregular spikes in the epi-
sode period were recorded in the part of the right temporal region. (B and C) Irregular spikes were recorded in the part of the right temporal, central,
and frontal regions. (D) Irregular spikes were clustered and recorded in the whole right hemisphere. (E) Irregular spikes were disappeared along with

seizure arrest. EEG, electroencephalogram.

despite administration of 5 mg/(kg/day)" of phenobarbital so-
dium, 40 mg/(kg/day)” of levetiracetam, 5 mg/(kg/day)" of
topiramate, and 2 g/kg of y-globulin.

Gene testing revealed the presence of a ¢.4425C>G (p.Asn-
1475Lys) mutation in the SCN2A gene with a mutation ratio of
13/58 (Fig. 2). The parents did not carry this mutation, sug-
gesting that it was a newly developed mutation and possibly a
chimera. This clinical feature associated with genetic results
suggested that it was EOEE.

After undergoing routine laboratory evaluations, the infant
was started on a ketogenic diet (KD) at a ratio of 0.5:1. KD for-
mulas (Qitong) were provided by Shenzhen Zeneca Biotech-
nology Co., Ltd (Shenzhen, Guangdong, China). His seizures
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decreased slightly on his first 3 days on the KD. Except for day
5 of the diet, when he experienced 50 seizures, the patient had
fewer than 10 seizures daily, and this was a lower frequency
than that before initiation of the diet (Fig. 3). The KD ratio was
gradually increased until a ratio of 2:1 was reached, and the
patient continued to receive a KD at this stable ratio with good
efficacy. He was discharged from the hospital after 2 weeks
due to gradual decreases in seizures. The dietitian followed up
the patient every week by telephone. After being on the KD for
1 month, he was re-examined and found to have mild seizures
fewer than 5 times/day. The infant was then completely sei-
zure-free 3 months later, and the anti-epileptic drugs were
gradually reduced from the fifth month of age. At the time of
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writing this paper, the infant is still on a KD. Ethical approval
for publication was obtained from the Second Hospital of He-
bei Medical University and the parents of the patients.

1
TGTCATCATAGATAACTTCAACCAACAGAAA

1
TGTCATCATAGATAAGTTCAACCAACAGAAA
\

Fig. 2. Sanger sequencing confirming the SCN2A gene with de novo
mutation. (A) Infant. (B) Father. (C) Mother.

Ketogenic Diet for Infants with SCNZA Mutation

DISCUSSION

Voltage-gated sodium channels, which consist of one major
a-subunit and one or more B-subunits, have been shown to
be associated with the conduction of action potentials in the
brain.? In our case, the infant had a mutation in the SCN2A gene
at ¢.4425C>G, p.Asnl475Lys. By searching the website http://
smart.embl-heidelberg.de/, we determined that the mutation
in the protein encoded by this gene is near a predicted domain
called the transmembrane region, which played an important
role in the function of the protein. De novo mutations are com-
mon in patients with focal seizures of epileptic encephalopa-
thy, which, similar to our case, could not be controlled using
anti-epileptic drugs. While sodium channel blockers were re-
ported to alleviate or reduce seizures caused by mutations in
the SCN2A gene, this treatment has been found to be ineffec-
tive in some patients and to even aggravate seizures in others.
It seems that valproic acid, levetiracetam, and topiramate were
partially effective. In our case report, the infant was initially
treated with phenobarbital sodium. A few days later, levetirace-
tam was added, but the seizures still could not be controlled. In
contrast, in the first few days after addition of topiramate, the
seizures improved, although it could not maintain the efficacy.
The sodium channel blocker oxcarbazepine was not consid-
ered due to its side effects and because of the young age.

KDs have been used since the 1920s when it was observed
that starvation can decrease the incidence of seizures. These
days, it is mainly used to treat infants with intractable seizures.?
A 2016 study reported that a KD can be used to treat infants
with refractory epilepsy.* Since then, KD has been used to treat
epilepsy caused by genetic defects in the SCN1A4, SCN2A, SC-

140
120 |
> 00|
S 8t
@
e gl
3
3 4l
20
0
11213 4ls]6] 789 lo[11]12]13]1a]15]16]17] 18]19]20]21] 22| 23] 28| 25| 28] 27| 28] 29]30| 31| 32| 33| 34| 34 35[37 38 39| 40| 41|42 43] 44 45| Day
PB|PB |PB| PB PB| PB| PB|PB|PB PB| PR PB PR |PB | PB| PB | PB| PB|PB|PB  PB| PB | PB|PB|PB| PB| PB| PB| PB|PB| PB|PB|PB
UE| LE| LE| LE|LE|LE | LE | LE| LE| LE| LE| LE| LE| LE| LE |LE| LE| LE| LE| LE| LE| LE| LE| LE| LE| LE| LE| LE| LE| LE| LE | LE| LE| LE| LE| LE| LE| LE | LE| LE | LE
VIVIVIVIVIVIVIVIVIVIVIVIVIVIVVIVIVVIVV VIV VIV YV V]V VYV V] v Vv v v v
GG|GG|GG
1p| 7P| TP [TP| TR| TP| TP | TP| TP| TP| TP | TP| TP | TP| TP| TP | TP | TP | TP| TP| TP| TR| TP | TP | TP|TR|TP| TR|TP
M| M| M| M| M| M| M| M| M| M| M| MMM M]M]M]M]M]|M]M]M]M]M] MMM MM
1
KD|KD|KD| KD |KD|KD|KD|KD|KD| KD KD|KDIKD|KD|KD| KD KD|KD| KD|KD

Fig. 3. Daily seizure frequency in the infant and treatments used. The treatment date was calculated from the first day of hospital admission. Initially,
the patient was treated with PB; LEV was added on day 5; and TPM was added on day 17. The anti-epileptic drugs were continued in combination
with KD from day 26. On days 16-18, GG was added to control infection. On day 29, the TPM dose was increased due to frequent seizures. PB, phenobar-
bital sodium; LEV, levetiracetam; TPM, topiramate; KD, ketogenic diet,; GG, y-globulin.
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N9A, and GABRG2 genes,"*’ being less effective in patients
with CDKL5 mutations.® As suggested by Dressler, et al.,” chil-
dren below 2 years of age may be ideal targets for the initiation
of a KD. In our case report, the infant was below 2 months of
age when a KD was initiated with a lower ratio, and the diet was
shown to be safe and effective, consistent with previous re-
ports.”® Few previous studies have reported the case of such a
young patient receiving KD therapy, which we suspect could
be an adjunctive treatment for infants with SCN2A mutations.

In conclusion, the present study identified a SCN2A muta-
tion in an infant with EOEE. The results demonstrated the
beneficial effects of a KD on seizures in patients with SCN2A
mutations. Importantly, a KD was effective at a young age of less
than 2 months. Further larger scale studies thereof are worth
exploring.
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