
The voltage-gated sodium channel, type II, alpha 
(SCN2A) gene (OMIM 182390) encodes the 
alpha subunit of Nav1.2 [1]. It is expressed plen-
tifully in neurons during early infancy and plays a 
role in neuronal excitability [2]. SCN2A variants 
are one of the causes of neurodevelopmental dis-
orders, accounting for 1% of all epileptic enceph-
alopathies [3]. 

There are several epilepsy phenotypes associ-
ated with SCN2A variants: benign familial neo-
natal-infantile seizures, neonatal seizures and late 
onset episodic ataxia, developmental epileptic 
encephalopathy, and autism spectrum disorders. 
In addition, there are many seizure types associ-
ated with SCN2A variants, including focal clonic 
seizures, focal tonic seizures, generalized tonic 
clonic seizures, hemi-clonic seizures, spasms, 
myoclonic seizures, and atonic seizures [4]. The 
phenotypic variability associated with SCN2A 
variants has been reported in the review of litera-
tures [3,4]. The location of the variants and 
functional effects on protein can contribute to 
the clinical phenotypes; however, the correlation 
between genotype and phenotype has not been 
revealed clearly [4]. 

With the remarkable advancements in molec-
ular genetic technologies in recent decades, vari-
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ous genetic testing methods have been devel-
oped to elucidate the genetic cause of epilepsy. 
High-throughput nucleotide sequencing is one 
of the most useful diagnostic tools because of its 
cost-effectiveness and high diagnostic yield in 
patients with early onset epilepsy. This tool has 
saved time and expense in the diagnosis of genet-
ic causes in genetic epilepsy patients with highly 
heterogeneous phenotypes [5]. 

We report a case of SCN2A pathogenic variant 
in a developmental epileptic encephalopathy pa-
tient who was successfully treated with an ade-
quate anti-seizure medication through the epi-
lepsy gene panel testing based on high-through-
put nucleotide sequencing method. This study 
was approved by the Institutional Review Board 
of Samsung Seoul Hospital (IRB No. 2014-07-
001-004 and 2019-01-030). Written informed 
consent by the patients was waived due to a ret-
rospective nature of our study.

A male neonate born at 38+1 weeks of gesta-
tion was referred to another neonatal intensive 
care unit with seizures that had begun on the day 
of birth. He was the second baby of the family 
and was born by vaginal delivery. After birth, he 
was treated with oxygen with meconium aspira-
tion for several hours. He had no family history 
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of neuromuscular, metabolic, or genetic disorders. His weight, 
height, and head circumference were 2,900 g (25–75th percentile), 
49 cm (50–75th percentile), and 35 cm (75–90th percentile), re-
spectively. He showed generalized tonic seizures 15 hours after 
birth and was evaluated for electrolytes, brain ultrasonography, ce-
rebrospinal fluid analysis, and metabolic abnormalities, all of which 
were normal. He was then treated with three doses of intravenous 
phenobarbital (each 10 mg/kg). Brain magnetic resonance imag-
ing was normal, and repeated blood tests including electrolytes, 
ammonia, and metabolic analysis were normal. 

He was transferred to this institution on the 4th day after birth. 
On admission, he showed a mildly hypotonic posture although 
sucking power was good. There were no anomalies or remarkable 
findings without caput succedaneum in the vertex area. Neurologi-
cal examination was normal, and primitive reflexes such as the 
Moro reflex, sucking reflex, and rooting reflex were present. The 
initial electroencephalography on arrival revealed multifocal spike 
or polyspike discharges from the left or right temporal, central, or 
occipital areas and showed intermittent background suppression 
lasting about 2 to 5 seconds (Fig. 1A and B). There were frequent 
electro-clinical or electroencephalographic seizures arising from 

the left temporal areas lasting about 20 to 40 seconds (Fig. 1C). 
After administration of pyridoxine and levetiracetam (20 mg/kg, 
three times), the clinical seizures disappeared. However, electroen-
cephalographic seizures appeared intermittently and were man-
aged with further doses of levetiracetam. On the 7th day in the 
hospital, the epilepsy gene panel testing based on high-throughput 
nucleotide sequencing method was performed because there was 
no remarkable cause found with brain magnetic resonance imaging 
and metabolic disease screening test. For the intractable seizures, 
the patient was treated with adding topiramate and a ketogenic 
diet. After administration of oxcarbazepine on the 30th day in the 
hospital, the seizures had been controlled clinically and electroen-
cephalographically. However, the electroencephalography showed 
frequent spike discharges from the left or right temporal or central 
areas. He was discharged on the 40th day from the hospital after 
being seizure free for 9 days with multiple anti-seizure medications 
(phenobarbital, phenytoin, levetiracetam, topiramate, oxcarbaze-
pine, and pyridoxine). After a week, the gene panel testing revealed 
a pathogenic variant of the SCN2A gene (NM_021007.2: 
c.4609A > T; p.(Ile537Phe), heterozygous variant), which was 
found to be de novo after analysis of the parents’ DNA. After dis-
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Fig. 1. Electroencephalography of the patient during follow-up. (A, B) The electroencephalography shows generalized spike and wave 
mixtures, background suppression, spike discharges from the left or right central, or temporal areas. (C) Rhythmic sharp wave discharges 
from the left central area are seen for about 10 seconds, which is an electroencephalographic seizure. (D) The electroencephalography at 
2 years of age is normal.
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charge, the patient showed focal motor seizures lasting about 10 to 
70 seconds with a frequency of 2 to 14 times daily. The doses of 
phenytoin and oxcarbazepine were increased based on the results 
of the gene panel testing. On the 61st day after birth (19 days after 
discharge), he became completely seizure free after the phenytoin 
(25 mg three times a day, 14 mg/kg/day, serum through lev-
el = 12.37 µg/mL) and oxcarbazepine (120 mg twice a day, 46.2 
mg/kg/day, serum through level of 10-hydroxy-carbazepine = 8.6 
mg/L, therapeutic range: 3 to 35 mg/L) dosages were adjusted. 
Occasionally, he showed break-through seizures, which became 
under control with adjusting the dose of phenytoin. At the age of 
27 months, he showed clustering seizures during a febrile illness 
associated with respiratory syncytial virus infection. At that time, 
he couldn’t take the anti-seizure medication with gastroenteritis as-
sociated with viral illness. His seizures were controlled with intra-
venous administration of phenytoin and his electroencephalogra-
phy was normal (Fig. 1D). Because the effects of phenytoin and 
oxcarbazepine were insufficient to control his seizures, we added 
carbamazepine (150 mg twice a day, 21.7 mg/kg/day, serum 
through level = 2.9 µg/mL), another sodium channel blocker, after 
his vomiting and fever subsided. The clinical course was summa-
rized in Fig. 2. 

In the last clinical follow-up, he was a 3-year-old and has been 
seizure free with three anti-seizure medications (carbamazepine, 
oxcarbazepine, and phenytoin). He showed global developmental 

delay, could stand with assistance, walk with full assist, express sev-
eral vowel sounds, and understand several orders such as ‘point to 
your nose’.  

In a large cohort study of 201 patients with SCN2A-related disor-
ders, developmental epileptic encephalopathy with early onset be-
fore the age of 3 months accounted for 36% (n=37). Most of them 
(n =31) showed their first seizure within a week like our case and 
their clinical manifestations had a wide range of epilepsy syn-
dromes. The response to sodium channel blockers was very differ-
ent for each patient. Among sodium channel blockers, phenytoin 
was the most effective anti-seizure medication. There were eight pa-
tients being seizure free with phenytoin and our patient also showed 
good response to intravenous administration of phenytoin [3]. 

We report a case of SCN2A pathogenic variant treated with an 
adequate anti-seizure medication based on the findings of high- 
throughput nucleotide sequencing-based gene panel testing. 
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Fig. 2. Summary of clinical and electroencephalographic seizure on administered anti-seizure medications. After finding de novo 
pathogenic variant of voltage-gated sodium channel, type II, alpha (SCN2A) gene in gene panel testing, sodium channel blockers such as 
phenytoin, oxcarbazepine, and carbamazepine were administered. Adjusting the dosage of these medications, the patient became seizure 
free electroencephalographically although there were rare break-through seizures occasionally. EEG, electroencephalography.
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