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ABSTRACT – SCN8A encephalopathy is a newly defined epileptic
encephalopathy caused by de novo mutations of the SCN8A gene. We
report herein a four-year-old boy presenting with severe non-epileptic
abnormal movements, of possibly antenatal onset, progressively associ-
ated with pharmacoresistant epilepsy and regression, associated with a
de novo heterozygous missense mutation of SCN8A. This case shows that
paroxysmal non-epileptic episodes of severe tremor and hyperekplexia-like
startles and a striking vegetative component can be the first early symptoms
of severe SCN8A developmental and epileptic encephalopathy. Clinicians
should be aware of these symptoms in order to avoid misdiagnosis and
ensure early appropriate therapeutic management. [Published with video
sequences on www.epilepticdisorders.com].
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he term “developmental and epileptic encephalopa-
hy” (DEE) refers to a newly defined group of
onditions characterised by the co-occurrence of
pilepsy and developmental delay, beginning in the
eonatal period or in infancy, typically with devel-
pmental plateauing or regression associated with

requent epileptiform activity and pharmacoresistance
Scheffer et al., 2017). Various phenotypes with abnor-

al non-epileptic movements may occur. Over recent
ears, next-generation sequencing (NGS) technology
as proved to be a powerful tool to identify novel
isease-causing genes for epileptic encephalopathies

Epi4K Consortium et al., 2013).
CN8A encephalopathy is a type of DEE caused by
e novo mutations in the gene that encodes the
euronal sodium channel voltage-gated �8-subunit
av1.6 (OMIM #614558) (Veeramah et al., 2012). Mis-

ense mutations, which have been shown to lead
o increased channel activity, are found in 1% of
atients with previously unexplained infantile-onset
EE, with more than 100 patients reported (Meisler
t al., 2016). Mean age at seizure onset is 4-5
onths. Most patients present with multiple seizure

ypes, usually not triggered by fever, and can expe-
ience various abnormal motor features such as
taxia, dystonia, hyperreflexia, and choreoathetosis. In
any cases, development is normal prior to seizure

nset, but then slows or regresses. Seizures are
ostly pharmacoresistant, but a positive response

o sodium channel blockers has been reported.
udden unexpected death in epilepsy (SUDEP) is
eported in about 10% of the cases. EEG features
nclude diffuse background slowing, with focal or

ultifocal epileptiform abnormalities. MRI brain stud-
es are normal with a few reports of progressive
erebral atrophy (Ohba et al., 2014; Blanchard et
l., 2015; Dyment et al., 2015; Larsen et al., 2015;
ercimek-Mahmutoglu et al., 2015; Boerma et al.,

016; Butler et al., 2017). Paroxysmal movement disor-
er, reported in some cases, remains to be clarified

Larsen et al., 2015).
e report herein a four-year-old boy presenting with

evere non-epileptic movements, possibly of antenatal
nset, progressively associated with pharmacoresis-

ant epilepsy and regression, associated with a de novo
eterozygous missense variant of SCN8A.
90

ase study

linical features

he patient was a four-year-old boy born to healthy
nrelated parents. He was born at full term (weight:
,640 g [+1 SD], length: 50 cm [-1 SD], head circumfer-

n
m
h
f
s
a
t

nce: 38.5 cm [+3 SD]), without any distress. Since the
rst hour of life, he presented with moderate stridor
nd frequent daily tremor episodes, lasting up to 30
econds, occurring spontaneously or elicited by move-
ent, crying, or acoustic or tactile stimulation. These

pisodes could also start during quiet sleep and pro-
oked awakening. There was a variable involvement of
he head, limbs, diaphragm, and vocal cords. Intensity
as variable, always with a crescendo/decrescendo,

nd without obvious loss of consciousness. Initially,
remor episodes could be stopped by holding the
atient. Retrospectively, the mother reported abnor-
al tremulous foetal movements from the fourth
onth of pregnancy.
radually, tremor episodes became almost continu-
us at awakening, involving the whole body, and the

requency and amplitude increased with motor activ-
ties. At three months of age, the tremor episodes
ould no longer be stopped by holding the patient, and
ere progressively associated with axial hypertonia

nd desaturation provoked by a laryngospasm without
ainting that lasted one to five minutes. A first gen-
ralised myoclonic seizure was observed. The patient
ad good eye contact, normal axial tone with only mild
eripheral hypertonia between episodes. Pathological
tartle reflex to nose percussion was observed. Neither
igevano’s manoeuvre (forced flexion of the head and

egs towards the trunk) nor clonazepam (maximum:
.1 mg/kg/day) were effective, making a diagnosis of
yperekplexia unlikely (Vigevano et al., 1989; Dreissen
nd Tijssen, 2012). Only carbamazepine (maximum:
0 mg/kg/day) reduced laryngospasm manifestations.
evere neonatal episodic laryngospasm was ruled out
ased on normal EMG and SCN4A sequencing.
t six months of age, the patient experienced multiple
aily epileptic seizures occurring within the continuity
f a tremor episode, manifesting as severe tonic whole-
ody stiffening with apnoea and asystole, requiring
ask ventilation. The tonic phase was followed by a

ilateral clonic seizure, lasting one to three minutes.
eizures were often serial, not triggered by fever, and
ere pharmacoresistant, with the exception of carba-
azepine (maximum: 40 mg/kg/day) and phenytoin

maximum: 15 mg/kg/day) which reduced the tonic
pnoeic component, allowing discontinuation of mask
entilation. Psychomotor development was impaired
fter six months of age, with axial hypotonia, hyper-
xcitability, and lack of prehension. Regression was
oticed after a convulsive status epilepticus at 18
Epileptic Disord, Vol. 20, No. 4, August 2018

onths of age with loss of ocular contact, massive
ypotonia, loss of babbling and swallowing, and poor

eeding. Head circumference became progressively
mall (-0.5 SD). The patient had severe constipation
nd gastroparesis with daily vomiting, even after gas-
rostomy. Metabolic screening was normal.
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igure 1. EEG during a tremulous episode at age 12 days showin
eft deltoids).

ideo-EEG investigations

eonatal EEGs were normal. Recordings of tremulous
pisodes showed myoclonic bursts on EMG without
ny abnormal paroxysmal activity on EEG (figure 1 and
ideo sequences 1, 2). Sleep spindles were present at
he age of six weeks. At three months of age, multifocal
pike and waves appeared during sleep. At six months
f age, multiple seizures were recorded with apnoea
nd asystole (video sequence 3). After 18 months of
ge, diffuse background slowing, multifocal parox-
smal abnormalities, and subclinical bifrontal alpha
ischarges during sleep were observed.

euroimaging

rain MRI was normal at two days of life, but revealed
verall cerebral atrophy at 18 months of age with global
pileptic Disord, Vol. 20, No. 4, August 2018

arefaction of white matter and expansion of lateral
entricles and cortical sulci.

enetic analysis

ultiple parallel sequencing was performed using
lood-extracted DNA from the patient with a gene

t

D

W
b

G bursts without corresponding paroxysmal activity (right and

anel including 90 genes involved in monogenic
pileptic syndromes (gene list available upon request).
fter sonication (Covaris, Woburn, MA, USA), library
reparation was performed using SeqCapEZ fol-

owing the manufacturer’s recommendations (Roche
imblegen, Madison, WI, USA). Paired-end 2 × 75-
p sequencing was performed on a NextSeq500

Illumina, San Diego, CA, USA). Depth of cov-
rage was over 50x for 99.9% of the targeted
egions. Rare variants were considered with a fre-
uency <1% in public databases (ExAC, EVS, and
000G). A de novo heterozygous missense variant of
CN8A (Chr12:52183191C>A [hg19]) was identified;
.4408C>A; p.Gln1470Lys (NM_014191.1). To date, this
ariant has not been reported and is absent from
ontrol databases; it was interpreted as a pathogenic
ariant. The variant was confirmed in the patient by
anger sequencing and was absent in blood DNA from
291

he parents.

iscussion

e report herein the case of a four-year-old
oy presenting with severe non-epileptic tremulous
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ovements, of possibly antenatal onset, with a marked
eflex component and hyperekplexia-like startles, pro-
ressively associated with pharmacoresistant epilepsy
nd regression, associated with a de novo heterozy-
ous missense variant of SCN8A.
e considered these abnormal movements as multifo-

al non-epileptic myoclonus, reflecting sensorimotor
yperexcitability. Cortical hyperexcitability was docu-
ented on EEG a few months later. Epilepsy became

bvious at six months of age with multiple daily
ife-threatening seizures and apnoea and asystole,
equiring mask ventilation, imposing a high risk of
UDEP. Diffuse cortical, subcortical, and peripheral
yperexcitability could be related to the expression
f the neuronal sodium channel Nav1.6 encoded by
CN8A. Nav1.6 is predominantly expressed in neurons
nd is widespread throughout the central and periph-
ral nervous system. Furthermore, SCN8A transcripts
re readily detected in the prenatal brain (Meisler et
l., 2016), which could account for the antenatal onset.
ingh et al. (2015) described a patient with de novo
CN8A DEE (c.3979A>G; p.Ile1327Val) with a strik-

ngly similar phenotype involving “drumming” in
tero movements, exaggerated startle, and jitteriness,
hich appeared before electroclinical evidence of
pilepsy. The same SCN8A mutation was reported
y Vaher et al., associated with neonatal tremor and
yoclonias, exaggerated by tactile stimuli, and phar-
acoresistant seizures with apnoea and bradycardia

Vaher et al., 2014). Interestingly, in their series of
7 SCN8A DEE patients, Larsen et al. reported one
atient with generalised tonic-clonic seizures pre-
eded by apnoea and deep cyanosis, another patient
ith a reflex component to seizures, and three others
ith movement disorders, however, coexistence with
on-epileptic multifocal myoclonus was not specified

Larsen et al., 2015).
on-epileptic paroxysmal episodes, including startle-

ike myoclonus or generalized tremor, may be an early
eature of some DEE patients with different genetic
etiologies, such as mutation in STXBP1 (Mignot et al.,
011) or KCNQ2 (Mulkey et al., 2017), or non-genetic
etiologies, such as severe hypoxic-ischaemic injury
Walsh et al., 2015). These other severe differential
iagnoses should be discussed. Moreover, the fact

hat these manifestations can be triggered by sound
r touch is a very important clue for differential diag-
osis with epileptic seizures other than the EEG ictal
ndings.
recise determination of tremulous movements can
92

e challenging in neurophysiological phenotyping.
o define a phenomenon as a tremor, a common
ethod in EEG-EMG polygraphy is to record EMG activ-

ty from agonists and antagonists (for myoclonus, the
ontraction is simultaneous in both muscles, whereas
or tremor it alternates between the two). Further-
ore, a clinical phenomenon resembling a tremor
as in fact reported to be a cortical phenomenon
ased on appropriate methods, such as measuring
EG-EMG coherence (Brown et al., 1999; Panzica et
l., 2003; Canafoglia et al., 2006; Rubboli et al., 2011).
nfortunately, in our case, neither recording of ago-
ists/antagonists, nor back-averaging or other specific
ethods could be performed.

he association between severe perinatal non-
pileptic multifocal reflex myoclonus and seizures
ith a striking vegetative component may represent a

ecognisable phenotype within a subgroup of SCN8A
EE patients. Clinicians should be aware of these fea-

ures in order to establish rapid diagnosis. This is
ssential because of the risk of life-threatening compli-
ations and the positive effect reported with sodium
hannel blockers in some patients (Larsen et al., 2015;
oerma et al., 2016).

n conclusion, this report highlights that paroxys-
al non-epileptic episodes of severe tremor and

yperekplexia-like startles and a striking vegetative
omponent can be the first symptoms of severe SCN8A
EE. These symptoms should be recognised in patients

n order to avoid misdiagnosis and ensure early appro-
riate therapeutic management. �

cknowledgements and disclosures.
he authors wish to thank the patient and his family for their
ind cooperation, and the NGS platform of the Hospices Civils
e Lyon.
one of the authors have any conflict of interest to declare.

Legend for video sequences

Video sequence 1.

Tremulous episode.

Video sequence 2.

Multifocal myoclonia without corresponding EEG.

Video sequence 3.

Seizure with apnoea and asystole.

Key words for video research on
www.epilepticdisorders.com

Phenomenology: tremulous episode (video 1),
Epileptic Disord, Vol. 20, No. 4, August 2018

multifocal myoclonia without EEG correspondence
(video 2), seizure with apnoea and asystole
(video 3)
Localization: not applicable
Syndrome: SCN8A EE
Aetiology: non epileptic paroxysmal disorders

http://www.epilepticdisorders.com/
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encephalopathy?
A. Abnormal tremulous-like foetal movements
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C. Macrocephaly
D. Seizures with apnoea and asystole
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(2) Which of the following manifestations are not seen in early-onset SCN8A developmental and epileptic
encephalopathy?
A. Neonatal tremor episodes
B. Hyperekplexia-like presentation
C. Typical facial dysmorphisms
D. SUDEP

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
94 Epileptic Disord, Vol. 20, No. 4, August 2018
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