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Abstract
Objective. Our aim was to identify patients with SCN1A-related epilepsy with a phe-
notype of pure focal epilepsy.
Methods. We conducted a retrospective study and a systematic review in Pubmed 
to identify patients with focal epilepsy associated with SCN1A pathogenic variants.
Results. We found three patients among 1,191 in our rare epilepsy database in 2017. 
The literature search from January 2000 to September 2019 led to identification of 
four patients with limited data. Our three patients had a common phenotype with 
focal-onset seizures as the only seizure type. All patients showed normal psycho-
motor development in the first years of life, and no intellectual disability although 
they displayed some cognitive or behavioural problems. Fever or hyperthermia 
were triggers in all three patients. In addition, all had a history of brief recurrent 
febrile seizures in their first year, followed by a phenotype of pharmacoresistant 
focal epilepsy with normal brain imaging. Two of them were initially investigated for 
epilepsy surgery. Seizure precipitation by fever has also been reported in previously 
published patients.
Significance. Focal epilepsy associated with SCN1A gene mutation should be recog-
nized in patients with suggestive features, in particular among surgical candidates.
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Voltage-gated sodium channels play 
an important role in action potentials 
in neurons allowing normal neuronal 
firing. Disruption of genes encoding 
voltage sodium channels cause a vari-
ety of epilepsy syndromes in humans. 
The SCN1A gene, encoding the alpha1 
subunit of neuronal sodium channels 
(Nav1.1), represents the most clinically 
relevant among all the epilepsy genes 
currently known [1]. SCN1A mutations 
have been linked to a large variety of 
epilepsy syndromes with overlapping 
clinical characteristics with divergent 
clinical severity, with a spectrum of  

epilepsy phenotypes that ranges from 
mild to severe [1-4].
The majority of SCN1A mutations are 
associated with Dravet syndrome (DS), 
and 70 to 80% of DS cases carry de 
novo SCN1A mutations [1,5]. However, 
a significant number of SCN1A muta-
tions has also been reported in less 
severe syndromes, including general-
ized epilepsy with febrile seizure plus 
(GEFS+). More recently, the spectrum of 
the SCN1A phenotypes has expanded 
with the description of infantile epilep-
tic encephalopathies including severe 
infantile multifocal epilepsy [6,7]. This 
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severe phenotype is characterized by early-onset mul-
tifocal seizures and later cognitive decline.
Epilepsy with only focal-onset seizures (FOS), related 
to SCN1A mutations, has also been described, mainly 
in GEFS+ families with individuals exhibiting Panayio-
topoulos syndrome. More rarely, patients with focal 
epilepsy and a SCN1A pathogenic variant have been 
reported without any family history of GEFS+ [8, 9]. 
Most SCN1A-related epilepsy phenotypes exhibit 
generalized seizures. The aim of this retrospective 
study was to describe the electroclinical phenotype 
of patients with SCN1A-related focal epilepsy.

Patients and methods

We conducted a retrospective study in the Department 
of Paediatric Neurology at Robert Debré University 
Hospital, Paris, France. We used two databases (rare 
epilepsy database of the paediatric epilepsy team and 
neurophysiology team) to identify patients with both 
SCN1A variants and epilepsy with FOS only.
The inclusion criterion was patients with a pathogenic 
variant in the SCN1A gene and FOS as the only seizure 
type. The exclusion criteria were: any possible other 
aetiology for FOS, an electroclinical diagnosis of DS, 
or any spontaneous generalized-onset seizure in the 
clinical history.
We considered the following data for each patient: 
familial and personal history; psychomotor develop-
ment at both the age at onset and during follow-up; 
epilepsy features upon neurological examination 
(age at onset, seizure type, response to antiepileptic 
drugs); ictal and interictal EEG findings during wake-
fulness and sleep; and brain magnetic resonance 
imaging (3T MRI).
In addition to our case study, we also analysed all 
published cases of focal epilepsy associated with 
SCN1A pathogenic variants based on a search on the 
Pubmed database. The search was performed with the 
key words “SCN1A’’ and “epilepsy’’ from January 2000 
to September 2019. We reviewed all published cases 
with sufficient clinical data to investigate epilepsy 
with FOS only, associated with SCN1A mutation and 
without a family history of GEFS+.

Results

Patients

We found three patients with focal epilepsy associated 
with a SCN1A pathogenic variant, who were identified 
among our cohort of 1,191 rare epilepsy patients in 

2017 (patient seen in our centre with Orpha codes). In 
2017, we had 43 patients with pathogenic SCN1A vari-
ants in our database (32 DS [two inherited mutations], 
five GEFS + [one inherited mutation] and six others 
including the three patients reported here).
The main characteristics of the patients are listed in 
table 1 (detailed histories are provided in the supple-
mentary material). The patients were two males and 
one female with a de novo SCN1A pathogenic variant. 
Two of them had a family history of febrile seizures 
(Patient 2 and 3).
All patients had initial seizures triggered by fever 
and a first brief seizure before the age of one year, 
described as a simple febrile seizure. None of them 
experienced status epilepticus. Afebrile focal seizures 
started between the three and four years. In each 
patient, the FOS were consistent over time. Evolution 
from focal to bilateral tonic-clonic involvement was 
reported in all patients. None of the patients experi-
enced generalized-onset seizures except for Patient 
1, who experienced myoclonic seizures when he was 
treated with lamotrigine. The seizure frequency was 
variable but none of the patients were free of seizures 
for more than one year. All had seizure triggers, such 
as hyperthermia due to physical exercise or a hot 
bath, or fever.
Of the antiseizure medication received by the three 
patients, seizures were aggravated by lamotrigine in 
one patient and no aggravation was seen with the use 
of carbamazepine or oxcarbazepine.
The first EEG recordings were normal in all patients. 
Later EEG recordings showed only focal interictal 
abnormalities in all patients (figure 1). For Patient 1 
and Patient 3, the first abnormalities were seen at 
the age of three years. For Patient 2, abnormalities 
were seen at five years old. Generalized epileptiform 
activity was never observed in our patients. For all 
patients, repeat brain MRI was normal. Patients 2 and 
3 underwent a presurgical evaluation. The seizure 
onset zone was identified in the right frontocentral 
region for Patient 2 and in the left frontotemporal 
area for Patient 3 (figure 2). Both patients had an FDG-
PET scan which was normal. Patient 1 was never inves-
tigated for epilepsy surgery treatment. None of the 
patients had surgery.
Psychomotor development was deemed normal in 
the first years of life. All patients displayed a cognitive 
profile consistent with ADHD, and normal or subnor-
mal intellectual abilities. Cognitive evaluation using 
the Wechsler Intelligence Scale for Children showed 
heterogenous performance, with normal Verbal Com-
prehension Index and Fluid Reasoning Index for 
Patient 1 and subnormal verbal comprehension index 
for Patient 2, with lower scores in Working Memory 
Index and Processing Speed Index for both. Patient 1 
presented with a specific language impairment with 
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n Figure 1. Interictal EEG recording of Patient 2 with right frontocentral spikes (20 sec/page) during presurgical 
evaluation.
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stammering at the age of six and dyslexia associated 
with school difficulties at the age of eight. Patient 2 
was oriented to a special needs class at the age of 
seven. No quantitative evaluation was performed for 
Patient 3 as he did not experience any learning diffi-
culty with the normal school curriculum.
SCN1A gene analysis was performed in all patients 
and their parents in view of the pharmacoresistance 
and febrile-induced seizures. The de novo pathogenic 
variants cause truncations in Patient 1 and 3 and are 
missense in Patient 2 based on 5/5 algorithms Align-
GVGD, SIFT, MutationTaster, PolyPhen-2 HumDiv and 
HumVar (table 1).

Review of the literature

A total of 938 articles were identified, of which 34 
referred to published cases of FOS only associated 
with SCN1A mutation. After exclusion of familial 
epilepsy or variants reported in the data base with-
out pathogenic significance, four patients remained 
based on our literature review; for one patient, the 
data were limited. The clinical details of three of the 
patients are listed in table 2. The epilepsy onset age 
ranged from 4.5 to 34 months. Fever was a trigger of 
the initial seizure in two of four patients and remained 
a trigger during the disease course in all patients. FOS 
was the only seizure type. Most of the time, interictal 
EEG recordings were normal. Limited data were avail-
able on antiseizure medication, and most patients 
were pharmacoresistant.

Discussion

In this study, we report three patients with focal epi-
lepsy related to SCN1A gene pathogenic variants. The 
phenotype with FOS only represented 7% of all our 
SCN1A epilepsy patients. Our three patients exhibited 
a common phenotype with FOS as the only seizure 
type, without intellectual disability. In all patients, sei-
zures were triggered by fever or hyperthermia. All had 
a history of brief recurrent febrile seizures beginning 
in their first year, followed by a phenotype of pharma-
coresistant focal seizures and normal brain imaging. 
Except for the occurrence of myoclonic seizures with 
lamotrigine in one patient, the use of sodium chan-
nel blockers did not worsen seizures, and seemed to 
improve seizures in Patient 2. The literature review 
revealed only three patients over a 20-year-period 
suggesting the rarity of FOS concomitant with SCN1A 
mutation (table 2).
Mutations in SCN1A are responsible for various phe-
notypes, from DS to other severe encephalopathies 
associated with epilepsy, such as intractable childhood 

epilepsy with generalised tonic-clonic seizures and 
severe infantile multifocal epilepsy. The SCN1A gene 
is also associated with less severe phenotypes such 
as febrile seizures and GEFS+. Our study is the first 
detailed report of SCN1A-related epilepsy with FOS 
only. Our review of the literature highlights the scar-
city of previous patients. Indeed, FOS are common in 
SCN1A-related syndromes, but often associated with 
other seizure types.
The pathogenic variant of Patient 1 was reported in a 
case of severe infantile multifocal epilepsy with devel-
opmental delay by Harkin et al. [6] and in a case of DS 
by Rodda et al. [10]. The pathogenic variant of Patient 2 
was reported in a case of early-onset encephalopathy 
starting with focal motor status epilepticus by Tang et 
al. [11]. The pathogenic variant of Patient 3 has been 
described in patients with DS by Catarino et al. [12] 
and de Lange et al. [13]. The fact that a single muta-
tion in a GEFS+ family may be associated with various 
different phenotypes is well established. This is also 
illustrated here with the reports of various electro-
clinical phenotypes for the same pathogenic variants 
found in our patients. The underlying mechanisms 
that account for the different phenotypes associated 
with a single mutation are not fully understand. Exper-
imental studies suggest that the genetic background 
could strongly influence the consequences of gene 
dysfunction [14]. In our patients, we wonder whether 
the treatment contributed to their true phenotype, 
as none of them received treatment usually used for 
patients with DS. We used sodium channel blockers 
before SCN1A pathogenic variants were identified, 
and these ASMs should not be advised in patients 
with DS.
The mechanisms leading to a phenotype with FOS 
only are unknown. Some hypotheses may be dis-
cussed. First, the SCN1A gene mutation could arise 
in a patient who already has an underlying cause of 
epilepsy with FOS. The gene mutation would act as a 
double hit, leading to some features related to SCN1A 
dysfunction, such as fever-induced seizure and phar-
macoresistance. The absence of investigation using 
gene panel analysis or exome analysis is a limitation 
in our study. Second, mosaicism affecting a small part 
of the brain with SCN1A mutation may explain the 
phenotype. Third, SCN1A mutation might be respon-
sible for subtle malformation of cortical development. 
Indeed, evidence of focal cortical dysplasia has been 
described in a few patients with SCN1A mutations and 
a DS-like phenotype [15-17]. Neuropathological stud-
ies of brains from patients carrying SCN1A mutations 
are very rare, which makes it difficult to rule out any 
subtle developmental brain abnormality. The role of 
ion channel disorders in the pathogenesis of brain 
migration abnormalities is possible as suggested by 
experimental studies [18]. Finally, we may also suggest 
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that a milder phenotype may be due to mosaicism 
involving only a small number of cells harbouring a 
pathogenic variant.
Our report illustrates that de novo SCN1A gene path-
ogenic variants may be responsible for pharmacore-
sistant epilepsy with FOS only, without intellectual 
disability, but with some cognitive or behavioural 
problems, as expected based on previous genetic 
findings. Two of our patients underwent presurgical 
evaluation. The absence of a clear hypothesis for the 
epileptic focus and the history of triggered seizures 
led to the genetic analysis. Although the outcome of 
epilepsy surgery for patients with a SCN1A mutation 
is unlikely to be beneficial [9,15], we strongly suggest 
that SCN1A is screened in patients with FOS, par-
ticularly surgical candidates, with a history of fever, 
hyperthermia or emotion induced-seizures or when 
the epilepsy onset is characterized by febrile sei-
zures staring early in life. In the presurgical work-up, 
genetic analysis could be discussed in cases of atypi-
cal features, as seen in our patients.  n

Supplementary material.
Supplementary material accompanying the manuscript are 
available at www.epilepticdisorders.com.
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