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ABSTRACT - Although the classic phenotype of episodic ataxia type 1 (EAT)
caused by variants in KCNAT includes episodic ataxiaand myokymia, further
genotype-phenotype correlations are difficult to establish due to highly
heterogeneous clinical presentations associated with KCNAT 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 KCNAT gene. Interestingly, he showed a remarkable long-term
electroclinical response to IM ACTH therapy. This report extends the range
of phenotypes associated with KCNAT 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: KCN7A, developmental and epileptic encephalopathy, ESES,
epilepsy, ACTH therapy
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Genetically determined defects in voltage-gated
potassium channel function are responsible for a
broad spectrum of epileptic conditions and parox-
ysmal neurological disorders (Browne et al., 1994;
Guerrini et al.,, 2006). Pathogenic variants in KCNAT,
encoding the voltage-gated potassium channel, Kv1.1,
have been associated with episodic ataxia type 1
(EAT) characterized by episodic ataxia and myokymia
(Browne et al., 1994; Eunson et al., 2000; Glaudemans
et al., 2009; Tomlinson et al., 2010; D’Adamo et al,,
2014; Brownstein et al.,, 2016). Furthermore, KCNA1T
variants have been associated with various forms of
epilepsy, usually with a favourable seizure outcome
(Zuberi et al., 1999; Eunson et al., 2000). Recently it has
been shown that KCNAT pathogenic variants located
in crucial regions for channel gating (p.Pro405Ser and
p.Pro405Leu) can cause an infantile developmental
and epileptic encephalopathy (DEE) (Rogers et al.,
2018), as reported also for de novo variants affecting
the paralogous Pro-Val-Pro (PVP) motif of KCNA2
(Pena et al., 2015; Syrbe et al., 2015; Masnada et al.,
2017). Interestingly, encephalopathy related to sta-
tus epilepticus during slow sleep (ESES) associated
with  KCNAT pathogenic variants has never been
observed, at variance with encephalopathies related
to p.Pro405Leu KCNA2 variants (Masnada et al., 2017).
ESES is characterized by a peculiar EEG pattern of
extreme activation of epileptic activity during non-
rapid eye movement (NREM) sleep (over 85% of NREM
sleep, based on the original description by Patry et al.
[1971]) and is associated with the appearance or wors-
ening of cognitive impairment and/or behavioural
disturbances (Filippini et al., 2015; Tassinari et al.,
2019). Consensus on the therapy for ESES is lacking;
in refractory cases, besides antiepileptic drugs, corti-
costeroids are an additional treatment option (Jensen
et al, 2019). Here, we describe a child with ataxia,
epilepsy and learning disabilities who developed ESES
and cerebellar signs, in whom genetic testing revealed
a variant in the Kv-specific PVP motif of KCNAT. Inter-
estingly, the patient showed a remarkable long-term
electroclinical response, with ESES remission and
improvement of cerebellar disorder and cognitive
performances, to intramuscular (IM) ACTH therapy.

Case study

The patient was a nine-year, nine-month-old female
who was born full-term via spontaneous vaginal
delivery after an uncomplicated pregnancy. At two
weeks of life, she presented with a sudden onset of
multiple seizures per day characterized by general-
ized myoclonia, lasting less than one minute. EEG
showed abundant and asynchronous epileptiform dis-
charges on both hemispheres. Brain MRI was normal.

ESES and response to ACTH

No dysmorphic features were present. Neurodevel-
opmental delay was noticed in the months following
seizure onset. Seizures were never controlled by
antiepileptic treatment, despite attempts with several
antiepileptic drugs (AEDs), such as phenobarbital,
carbamazepine, levetiracetam, phenytoin, lamot-
rigine, valproate and clobazam. At three years of
age, focal seizures without awareness, triggered by
fever and lasting longer than five minutes, appeared.
The EEG continued to show very frequent bilateral
asynchronous epileptiform discharges. At this age,
she presented with intellectual disability (ID) with
poor language skills, distal tremor of the upper limbs,
and ataxia; autonomous walking was acquired at
30 months of age. Genetic testing including array
CGH and Sanger sequencing of SLC2A1, PCDH19,
and SCNTA was negative. At six years of age, next-
generation sequencing (NGS) was performed using
a panel targeting 95 genes associated with epilepsy.
This study revealed a de novo heterozygous variant
in KCNAT (NM_000217.2) c.1214C>T; p.Pro405Leu. The
variant was confirmed by Sanger sequencing. Aceta-
zolamide as add-on to valproic acid and lamotrigine
was started with a transient (six-month) improvement
of the seizure frequency and cerebellar signs. At seven
years of age, the appearance of strikingly exaggerated
spikes and waves during slow sleep (figure 1) associ-
ated with worsening of cognitive performances and
cerebellar signs led to the diagnosis of ESES.

Negative myoclonus was infrequent and was not
recorded during EEG polygraphy. Given its sporadic
manifestation, it seemed unlikely that the ataxia
depended on the negative myoclonus. IM synthetic
ACTH at 0.025 mL/kg per day, utilizing a scalar dose
protocol over 45 days, was administered. After
the ACTH therapy, cognition and cerebellar signs
improved, seizures disappeared, and the sleep EEG
showed a striking reduction in epileptic activities
which returned to baseline. EMG was normal. After
one year of seizure freedom, brief seizures (less than
one minute) relapsed with a frequency of 2-3 per year.
At the last follow-up visit, two years after the ACTH
therapy, the patient had a low seizure frequency
with improvements on the EEG, however, cognitive
performance and cerebellar signs following the ACTH
treatment still persisted.

Discussion

Pathogenic variants in KCNAT are associated with a
spectrum of phenotypes ranging from EA1 with or
without myokymia, and various forms of epilepsy
including DEE, to neuromyotonia and cerebellar
dysfunction with or without cognitive/motor devel-
opment delay (Browne et al, 1994; Eunson et al,
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Figure 1. NREM Sleep EEG recording. (A) Pre-ACTH therapy: continuous spikes and waves during slow sleep. (B) Two years after ACTH
therapy: independent epileptiform discharges over right parieto-occipital and left centro-temporal regions.

2000; Glaudemans et al., 2009; Tomlinson et al., 2010;
D’Adamo et al., 2014; Brownstein et al., 2016). Several
different disease-related KCNAT variants have been
identified, and in most cases they demonstrated a
dominant negative effect associated with remarkable
phenotypic variability (Brownstein et al., 2016; Tristan-
Clavijo et al., 2016), which may be due to genetic
buffering and/or epigenetic or environmental factors.
Our study describes a de novo heterozygous variant
in KCNAT(NM_000217.2); c.1214C>T, p.Pro405Leu. This
variant occurs in the highly conserved pore region of

the voltage-gated potassium channel Kv1.1. The vari-
ant is located in the S6 transmembrane domain and
is predicted to be deleterious based on combined
annotation dependent depletion (CADD) score and
genomic evolutionary rate profiling (GERP). Recently
it has been shown that gene variants located in an
essential region for channel gating (p.Pro405Ser and
p.Pro405Leu) can cause infantile DEE (Sheffer et al.,
1998; Eunson et al., 2000; Parrini et al., 2016; Rogers
et al., 2018), similar to what has been observed for
de novo variants in the closely related potassium
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channel KCNA2 (Kv1.2) (Pena et al., 2015; Syrbe et al.,
2015; Masnada et al., 2017). In the present patient, the
p.Pro405Leu KCNAT variant in the Kv-specific Pro-Val-
Pro motif was associated with early-onset epilepsy;
developmental, cognitive and motor delay; cerebel-
lar signs; and, later on, during the disease course,
worsening of the cerebellar disorder and cognitive
performance and appearance of ESES, this latter find-
ing has not previously been reported. Rogers et
al. (2018) described a patient with the same vari-
ant and with an overlapping clinical picture during
the first years of life (epilepsy onset during neonatal
age, developmentally delayed with cerebellar signs,
and good response to acetazolamide). After aceta-
zolamide, a transient clinical improvement, lasting
about six months, was reported, as shown in our case.
The main difference is the appearance of ESES dur-
ing follow-up in our patient, a feature previously not
described.

The identified KCNAT variant has not been functionally
characterized, however, recurrent de novo variants in
the paralogous PVP motif of KCNA2 have previously
been shown to abolish channel function (Masnada et
al., 2017). We therefore speculate that loss-of-function
of Kv1.1 could be related to the disease severity
observed in our patient.

ACTH therapy is one of the first-line treatments for
ESES (Jansen et al., 2019), but no data exist on the effect
of ACTH in patients with KCNAT variants. In our patient,
the IM synthetic ACTH therapy was administered to
treat ESES, which resulted in, besides ESES remission,
improvement in cognition and seizures as well as a
remarkable and unexpected long-term positive effect
on cerebellar signs. In our patient, the improvement
in cerebellar signs might have been dependent on
remission of ESES, as motor disorders, including neg-
ative myoclonus, ataxia, and hemineglect, have been
reported as clinical manifestations of ESES (Tassinari et
al., 2019). However, since the cerebellar signs remark-
ably improved, appearing less severe than before the
appearance of ESES, we cannot exclude that ACTH
treatment ameliorated the cerebellar functions inde-
pendently of the improvement in ESES.

To our knowledge, this is the first report of a patient
harbouring a de novo variant in the Kv-specific Pro-Val-
Pro motif of KCNAT who developed ESES coupled with
worsening of a cerebellar disorder, in whom IM ACTH
therapy resulted in a long-term positive response.
Although more cases are needed, we can speculate
that de novo variants in the PVP motif of KCNAT,
analogous to KCNA2, may be associated with severe
early-onset DEE. Our case report expands the pheno-
typic spectrum of KCNAT variants and adds KCNAT to
the list of genes that may be associated with an ESES
phenotype (Lescaetal., 2019). In addition, this case sug-
gests that early and aggressive treatment with ACTH

ESES and response to ACTH

should be considered in patients with a de novo vari-
ant in the PVP motif of KCNAT, not only to treat ESES
butalsototreatthe cerebellardisorder. The hypothesis
that KCNAT variants located within the Kv-specific PVP
motif may confer electroclinical sensibility to ACTH
therapy requires further investigation.

Conclusions

In conclusion, we describe a patient with DEE, harbour-
ing a de novo variant in the Kv-specific PVP motif of
the KCNAT gene, who developed cerebellar signs and
an encephalopathy related to status epilepticus during
sleep. This finding adds to the spectrum of phenotypes
associated with KCNAT variants. Moreover, this patient
demonstrated a remarkable long-term electroclinical
response to IM ACTH therapy. OJ
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pathogenic variants?

TEST YOURSELF

(1) What are the possible factors determining the remarkable phenotypic variability associated with KCNAT

(2) What was the main factor associated with improvement in cerebellar signs in our patient?

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”.
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