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ABSTRACT – Although the classic phenotype of episodic ataxia type 1 (EA1)
caused by variants in KCNA1 includes episodic ataxia and myokymia, further
genotype-phenotype correlations are difficult to establish due to highly
heterogeneous clinical presentations associated with KCNA1 pathogenic
variants. De novo variants in the paralogous Pro-Val-Pro motif (PVP) of
KCNA2, an essential region for channel gating, have been reported to be
associated with severe epilepsy phenotypes, including developmental and
epileptic encephalopathies (DEE). Here, we describe the first patient with a
DEE who developed an encephalopathy related to status epilepticus during
sleep (ESES) and cerebellar signs, harbouring a variant in the Kv-specific PVP
motif of the KCNA1 gene. Interestingly, he showed a remarkable long-term
electroclinical response to IM ACTH therapy. This report extends the range
of phenotypes associated with KCNA1 variants to include that of ESES, and
suggests that ACTH therapy is likely to have a positive effect in patients with
these variants.

Key words: KCN1A, developmental and epileptic encephalopathy, ESES,
epilepsy, ACTH therapy

John Libbey Eurotext, 2020

mailto:russo.neuroped@gmail.com


r

Journal Identification = EPD Article Identification = 1222 Date: December 24, 2020 Time: 11:53 am

E

G
p
b
y
G
e
h
(
(
e
2
v
e
(
b
i
p
a
2
t
(
2
t
w
o
t
E
e
r
s
[
e
d
2
i
c
e
e
a
a
e
e
i
p

C

T
w
d
w
m
i
s
c

N
o
s
a
a
c
r
a
f
T
a
s
p
a
3
C
a
g
a
T
i
v
z
w
o
y
s
a
c
N
r
m
d
A
p
t
i
s
w
o
o
A
t
w
p
t

D
Au
th

o

enetically determined defects in voltage-gated
otassium channel function are responsible for a
road spectrum of epileptic conditions and parox-
smal neurological disorders (Browne et al., 1994;
uerrini et al., 2006). Pathogenic variants in KCNA1,
ncoding the voltage-gated potassium channel, Kv1.1,
ave been associated with episodic ataxia type 1

EA1) characterized by episodic ataxia and myokymia
Browne et al., 1994; Eunson et al., 2000; Glaudemans
t al., 2009; Tomlinson et al., 2010; D’Adamo et al.,
014; Brownstein et al., 2016). Furthermore, KCNA1
ariants have been associated with various forms of
pilepsy, usually with a favourable seizure outcome
Zuberi et al., 1999; Eunson et al., 2000). Recently it has
een shown that KCNA1 pathogenic variants located

n crucial regions for channel gating (p.Pro405Ser and
.Pro405Leu) can cause an infantile developmental
nd epileptic encephalopathy (DEE) (Rogers et al.,
018), as reported also for de novo variants affecting
he paralogous Pro-Val-Pro (PVP) motif of KCNA2
Pena et al., 2015; Syrbe et al., 2015; Masnada et al.,
017). Interestingly, encephalopathy related to sta-
us epilepticus during slow sleep (ESES) associated
ith KCNA1 pathogenic variants has never been
bserved, at variance with encephalopathies related

o p.Pro405Leu KCNA2 variants (Masnada et al., 2017).
SES is characterized by a peculiar EEG pattern of
xtreme activation of epileptic activity during non-
apid eye movement (NREM) sleep (over 85% of NREM
leep, based on the original description by Patry et al.
1971]) and is associated with the appearance or wors-
ning of cognitive impairment and/or behavioural
isturbances (Filippini et al., 2015; Tassinari et al.,
019). Consensus on the therapy for ESES is lacking;
n refractory cases, besides antiepileptic drugs, corti-
osteroids are an additional treatment option (Jensen
t al., 2019). Here, we describe a child with ataxia,
pilepsy and learning disabilities who developed ESES
nd cerebellar signs, in whom genetic testing revealed
variant in the Kv-specific PVP motif of KCNA1. Inter-
stingly, the patient showed a remarkable long-term
lectroclinical response, with ESES remission and

mprovement of cerebellar disorder and cognitive
erformances, to intramuscular (IM) ACTH therapy.

ase study

he patient was a nine-year, nine-month-old female
pileptic Disord, Vol. 22, No. 6, December 2020

ho was born full-term via spontaneous vaginal
elivery after an uncomplicated pregnancy. At two
eeks of life, she presented with a sudden onset of
ultiple seizures per day characterized by general-

zed myoclonia, lasting less than one minute. EEG
howed abundant and asynchronous epileptiform dis-
harges on both hemispheres. Brain MRI was normal.
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ESES and response to ACTH

o dysmorphic features were present. Neurodevel-
pmental delay was noticed in the months following
eizure onset. Seizures were never controlled by
ntiepileptic treatment, despite attempts with several
ntiepileptic drugs (AEDs), such as phenobarbital,
arbamazepine, levetiracetam, phenytoin, lamot-
igine, valproate and clobazam. At three years of
ge, focal seizures without awareness, triggered by
ever and lasting longer than five minutes, appeared.
he EEG continued to show very frequent bilateral
synchronous epileptiform discharges. At this age,
he presented with intellectual disability (ID) with
oor language skills, distal tremor of the upper limbs,
nd ataxia; autonomous walking was acquired at
0 months of age. Genetic testing including array
GH and Sanger sequencing of SLC2A1, PCDH19,
nd SCN1A was negative. At six years of age, next-
eneration sequencing (NGS) was performed using
panel targeting 95 genes associated with epilepsy.

his study revealed a de novo heterozygous variant
n KCNA1 (NM_000217.2) c.1214C>T; p.Pro405Leu. The
ariant was confirmed by Sanger sequencing. Aceta-
olamide as add-on to valproic acid and lamotrigine
as started with a transient (six-month) improvement
f the seizure frequency and cerebellar signs. At seven
ears of age, the appearance of strikingly exaggerated
pikes and waves during slow sleep (figure 1) associ-
ted with worsening of cognitive performances and
erebellar signs led to the diagnosis of ESES.
egative myoclonus was infrequent and was not

ecorded during EEG polygraphy. Given its sporadic
anifestation, it seemed unlikely that the ataxia

epended on the negative myoclonus. IM synthetic
CTH at 0.025 mL/kg per day, utilizing a scalar dose
rotocol over 45 days, was administered. After

he ACTH therapy, cognition and cerebellar signs
mproved, seizures disappeared, and the sleep EEG
howed a striking reduction in epileptic activities
hich returned to baseline. EMG was normal. After
ne year of seizure freedom, brief seizures (less than
ne minute) relapsed with a frequency of 2-3 per year.
t the last follow-up visit, two years after the ACTH

herapy, the patient had a low seizure frequency
ith improvements on the EEG, however, cognitive
erformance and cerebellar signs following the ACTH

reatment still persisted.

iscussion
803

athogenic variants in KCNA1 are associated with a
pectrum of phenotypes ranging from EA1 with or
ithout myokymia, and various forms of epilepsy

ncluding DEE, to neuromyotonia and cerebellar
ysfunction with or without cognitive/motor devel-
pment delay (Browne et al., 1994; Eunson et al.,

otext, 2020
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igure 1. NREM Sleep EEG recording. (A) Pre-ACTH therapy: cont
herapy: independent epileptiform discharges over right parieto

000; Glaudemans et al., 2009; Tomlinson et al., 2010;
’Adamo et al., 2014; Brownstein et al., 2016). Several
ifferent disease-related KCNA1 variants have been

dentified, and in most cases they demonstrated a
04

ominant negative effect associated with remarkable
henotypic variability (Brownstein et al., 2016; Tristan-
lavijo et al., 2016), which may be due to genetic
uffering and/or epigenetic or environmental factors.
ur study describes a de novo heterozygous variant

n KCNA1 (NM_000217.2); c.1214C>T, p.Pro405Leu. This
ariant occurs in the highly conserved pore region of

g
i
e
p
1
e
d
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us spikes and waves during slow sleep. (B) Two years after ACTH
pital and left centro-temporal regions.

he voltage-gated potassium channel Kv1.1. The vari-
nt is located in the S6 transmembrane domain and
s predicted to be deleterious based on combined
nnotation dependent depletion (CADD) score and
Epileptic Disord, Vol. 22, No. 6, December 2020

enomic evolutionary rate profiling (GERP). Recently
t has been shown that gene variants located in an
ssential region for channel gating (p.Pro405Ser and
.Pro405Leu) can cause infantile DEE (Sheffer et al.,
998; Eunson et al., 2000; Parrini et al., 2016; Rogers
t al., 2018), similar to what has been observed for
e novo variants in the closely related potassium

otext, 2020
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hannel KCNA2 (Kv1.2) (Pena et al., 2015; Syrbe et al.,
015; Masnada et al., 2017). In the present patient, the
.Pro405Leu KCNA1 variant in the Kv-specific Pro-Val-
ro motif was associated with early-onset epilepsy;
evelopmental, cognitive and motor delay; cerebel-

ar signs; and, later on, during the disease course,
orsening of the cerebellar disorder and cognitive
erformance and appearance of ESES, this latter find-

ng has not previously been reported. Rogers et
l. (2018) described a patient with the same vari-
nt and with an overlapping clinical picture during
he first years of life (epilepsy onset during neonatal
ge, developmentally delayed with cerebellar signs,
nd good response to acetazolamide). After aceta-
olamide, a transient clinical improvement, lasting
bout six months, was reported, as shown in our case.
he main difference is the appearance of ESES dur-

ng follow-up in our patient, a feature previously not
escribed.
he identified KCNA1 variant has not been functionally
haracterized, however, recurrent de novo variants in
he paralogous PVP motif of KCNA2 have previously
een shown to abolish channel function (Masnada et
l., 2017). We therefore speculate that loss-of-function
f Kv1.1 could be related to the disease severity
bserved in our patient.
CTH therapy is one of the first-line treatments for
SES (Jansen et al., 2019), but no data exist on the effect
f ACTH in patients with KCNA1 variants. In our patient,

he IM synthetic ACTH therapy was administered to
reat ESES, which resulted in, besides ESES remission,
mprovement in cognition and seizures as well as a
emarkable and unexpected long-term positive effect
n cerebellar signs. In our patient, the improvement

n cerebellar signs might have been dependent on
emission of ESES, as motor disorders, including neg-
tive myoclonus, ataxia, and hemineglect, have been
eported as clinical manifestations of ESES (Tassinari et
l., 2019). However, since the cerebellar signs remark-
bly improved, appearing less severe than before the
ppearance of ESES, we cannot exclude that ACTH
reatment ameliorated the cerebellar functions inde-
endently of the improvement in ESES.
o our knowledge, this is the first report of a patient
arbouring a de novo variant in the Kv-specific Pro-Val-
ro motif of KCNA1 who developed ESES coupled with
orsening of a cerebellar disorder, in whom IM ACTH

herapy resulted in a long-term positive response.
lthough more cases are needed, we can speculate

hat de novo variants in the PVP motif of KCNA1,
pileptic Disord, Vol. 22, No. 6, December 2020

nalogous to KCNA2, may be associated with severe
arly-onset DEE. Our case report expands the pheno-
ypic spectrum of KCNA1 variants and adds KCNA1 to
he list of genes that may be associated with an ESES
henotype (Lesca et al., 2019). In addition, this case sug-
ests that early and aggressive treatment with ACTH
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ESES and response to ACTH

hould be considered in patients with a de novo vari-
nt in the PVP motif of KCNA1, not only to treat ESES
ut also to treat the cerebellar disorder. The hypothesis

hat KCNA1 variants located within the Kv-specific PVP
otif may confer electroclinical sensibility to ACTH

herapy requires further investigation.

onclusions

n conclusion, we describe a patient with DEE, harbour-
ng a de novo variant in the Kv-specific PVP motif of
he KCNA1 gene, who developed cerebellar signs and
n encephalopathy related to status epilepticus during
leep. This finding adds to the spectrum of phenotypes
ssociated with KCNA1 variants. Moreover, this patient
emonstrated a remarkable long-term electroclinical
esponse to IM ACTH therapy. �

isclosures.
one of the authors have any conflict of interest to declare.
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