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Abstract

Here we describe the case of a patient with episodic dizziness and gait imbalance for 7 years and a negative family history. On
clinical examination, interictally, the patient presented with gaze-evoked nystagmus and rebound nystagmus and slight dysar-
thria. MRI of the brain was normal and peripheral-vestibular function was bilaterally intact. Based on genetic testing (episodic
ataxia panel), a heterozygote splice site variant in intron 1 of the FGF14 gene was identified. This report adds important new
evidence to previous observations that pathogenic variants in the FGFI4 gene may result in variable phenotypes, either in
progressive spinocerebellar ataxia (type 27) or in episodic ataxia as in our case. Our patient responded well to acetazolamide
(reduction in the frequency of attacks by about two thirds), supporting the hypothesis of a sodium channelopathy.
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Introduction

Whereas hereditary neurodegenerative cerebellar disease is
typically associated with persistent and usually slowly pro-
gressive cerebellar loss-of-function, a subgroup of patients
present with episodic cerebellar complaints, being interictally
(almost) symptom-free, referred to as episodic ataxia (EA).
Episodic ataxias have been linked to channelopathies and
are considered rare with an incidence of less than 1/100,000
[1-3]. While traditionally a clear distinction can be made be-
tween EA and progressive heredoataxia (as e.g.,
spinocerebellar ataxias (SCAs)), the case presented here em-
phasizes the overlap between these two entities. Specifically,
we present a patient with episodic vertigo and dizziness ac-
companied by persistent mild cerebellar symptoms that was
suspected for EA type 2, but eventually received a diagnosis
of SCA 27, which is usually associated with progressive cer-
ebellar loss-of-function [4, 5]. Thus, this case resembles the
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distinct clinical phenotypes associated with mutations in the
CACNAA gene, being either episodic (as in EA 2) or slowly
progressive as in SCA 6.

Case Description

Written informed consent was obtained from the patient de-
scribed in this case report. This right-handed patient aged be-
tween 20 and 30 years (exact age and gender not reported
upon request of the patient) had initially presented to our clinic
4 years ago with recurring episodes of intense vertigo and
dizziness for 3 years. These episodes were triggered by high
emotional stress levels, physical activity, certain body posi-
tions (e.g., bending forward), and caffeine intake, lasting be-
tween few minutes to several hours, usually accompanied by
nausea and sometimes resulting in vomiting. The patient de-
nied experiencing dysphagia, diplopia, or clumsiness during
these attacks. In-between the attacks, an imbalance of stance
and gait being worse on downgaze and lateral gaze and slight-
ly slurred speech was noted by the patient. The patient history
was negative for seizure-like episodes or dystonic movements
during the vertigo attacks. There was no worsening of symp-
toms during episodes of fever. The family history was nega-
tive for heredoataxias as well as other neurodegenerative dis-
orders. The patient reported delayed motor development, be-
ing able to walk freely only around age 24-36 months. The
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patient had attended regular school and was never suspected
to have abnormal intellectual development; thus, we did not
order formal neurocognitive testing. Four years ago (before
treatment initiation), attacks of episodic vertigo reportedly oc-
curred up to four times per month.

Clinical examination revealed an inability to hold eccentric
gaze stable, consistent with horizontal gaze-evoked nystag-
mus (GEN), followed by rebound nystagmus (RN) when
shifting gaze back to primary position after about 10 s of
eccentric gaze at approximately 30°. Both GEN and RN had
a larger amplitude when looking to the left than when looking
to the right. Horizontal and vertical smooth pursuit eye move-
ments were mildly saccadic, while saccades seemed metric,
although their evaluation was limited by the GEN. While tan-
dem gait with eyes closed was slightly ataxic, the patient
showed no signs of ataxia of limb movements as assessed
by finger-to-nose testing, finger-to-finger testing, and heel-
shin-knee testing. The horizontal head impulse test and hear-
ing were normal and detailed cranial nerve examination dem-
onstrated no abnormalities except for the ocular motor find-
ings described above and slight dysarthria. A low amplitude,
low intensity regular and symmetric positional tremor of the
hands was noted. Tendon reflexes were symmetric and within
normal range; no increased muscle tone was found.

A contrast-enhanced MRI of the brain demonstrated no
signs of cerebellar atrophy and quantitative vestibular testing
(including ocular/cervical vestibular-evoked myogenic-

potentials (VEMPs), cold-/warm-water caloric irrigation and
video head impulse testing of all six semicircular canals) were
normal except for bilaterally absent oVEMP responses (most
likely related to technical limitations) as shown in Fig. 1.
Based on the clinical presentation with attacks triggered by
emotional and physical stress and lasting up to hours, the
presence of an interictal nystagmus, and the absence of
myokymia, a diagnosis of suspected EA type 2 (EA2) was
made, although genetic testing for pathogenic variants in the
CACNAIA gene was negative. Nonetheless, a treatment trial
with acetazolamide (500 mg per day) was started [1], resulting
in a marked reduction in the frequency (from approximately
four to once per month) and intensity of the vertiginous at-
tacks. Later on, acetazolamide had to be reduced and eventu-
ally stopped due to emerging headaches. Medication was
switched to chlorzoxazone (1000 mg per day), a small-
conductance calcium-activated potassium channel activator,
based on reportedly beneficial effects on gait and ocular motor
control in a small group of patients with downbeat nystagmus
and cerebellar loss-of-function [6], with vertigo attacks con-
tinuing to occur at the lower frequency of about once per
month. However, chlorzoxazone had to be stopped again
due to lack of insurance coverage and episodic vertigo became
more frequent and intense again. When chlorzoxazone was
prescribed anew about 1 year later, the patient did not notice
any improvement any more. Therefore, chlorzoxazone was
stopped again after 6 months of intake. In the following, an

Fig. 1 Otolith functional
mapping including air-conducted
(AC) cVEMPs (a bilaterally m[
normal with an asymmetry ratio
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episodic ataxia panel was obtained that eventually revealed
the diagnosis.

Genetic Testing

A panel of genes known to be associated with episodic ataxias
(CACNAIA, CACNAIC, CACNB4, FGF14, KCNAI, SLCIA3,
SLC2A1I) were obtained at the division of human genetics of the
University Hospital Berne, Switzerland. Thereby, a heterozygote
variant in the FGF14 gene located at the highly conserved posi-
tion + 1 of the donor splice site in intron 1 was identified
(NM_175929.2 (FGF14):c.208 + 1G> A), as illustrated in the
sequencing report (Fig. 2). According to ACMG criteria, the
variant is considered to be pathogenic [7]. The variant to our
knowledge has never been described before in the literature
and was not found in population and variant databases
(dbSNP150, 1000 Genomes (Phase 3), NHLBI Exome
Sequencing Project (ESP, ESP6500SI-V2), Genome
Aggregation Database (gnomAD, v.2.0.2), ClinVar, HGMD pro-
fessional 2018.1). The variant is predicted to interfere with splic-
ing: several in silico analyses all predict a complete inactivation
of the donor splice site (SSF 85.71>-, MaxEnt 8.69>-, NNSplice
1.00>-, GeneSplicer 2.28>-).

Discussion

Here we report a novel splice site variant in intron 1 of the
FGF'14 gene in a patient presenting with episodic ataxia with
mild persistent cerebellar deficits, likely related to
haploinsufficiency of the FGF14 gene rather than protein ag-
gregation [4]. This case further adds support to the previously
described varying phenotypes caused by pathogenic variants
in the FGF14 gene [8]. While originally associated with slow-
ly progressive cerebellar ataxia, mental retardation, and tremor
and referred to as SCA 27 [4, 9], our case presents a clearly
distinct phenotype resembling that of episodic ataxia, while
genetic testing for KCNAI and CACNAIA was negative.
Previously, five families with mutations in the FGF14 gene
and an episodic phenotype were reported. In a French
Canadian family, a frameshift mutation in exon 2 resulting
in a premature stop codon was described, presenting with
attacks of unsteady gait, dysarthria, and diplopia lasting about
20 min and mild interictal signs (nystagmus) [10]. In a Dutch
family with mild gait and ocular motor impairment and severe
deterioration during episodes with high fever, a deletion of the
last four exons of the /TGBLI (Integrin beta-like protein 1
precursor) gene and of the first four exons of the FGF14 gene
was reported [11]. Similarly, in two twin sisters with ataxia,
tremor, dysarthria and learning disorders, and episodic
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Fig. 2 Sequencing report of the FGF14 gene in our patient
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exacerbations triggered by high fever, a large (424 kb) dele-
tion on chromosome 13g33.1 including the FGF14 gene was
found [12]. A possibly pathogenic missense variant (¢c.31 A >

G) in exon 1 of the FGF14 gene was recently reported in a
Korean patient presenting with episodic dizziness and head-
aches for hours [13]. In another family, a young boy presented
with paroxysmal nonkinesigenic dyskinesia that was linked to
reciprocal chromosomal translocation between chromosomes
13 and 20, disrupting the FGF14 gene [14]. In other cases
with SCA27 (not presenting with episodic deterioration), a
single base pair deletion in exon 4 resulting in a frameshift
was found in one out of 208 patients with a familial history of
ataxia but exclusion of repeat expansion at the SCA loci [15]
and in a daughter and her mother, a disruption of the FGF14
gene due to translocation between chromosome 5 and 13 was
discovered [5].

After the first descriptions of cerebellar ataxia being linked
to the FGF'14 gene, patients with suspected SCA were genet-
ically screened for FGF[4 variants. In a large series of 412
index cases with dominantly inherited cerebellar ataxias and
no evidence for CAG/polyglutamine expansions in
spinocerebellar ataxia genes, a single case with a pathogenic
variant in the FGF14 gene was found [16], suggesting that
pathogenic FGF4 variants are an infrequent cause of hered-
itary ataxia.

Based on the role of the FGFI4 gene in modulating
voltage-gated sodium channels by the intracellular FGF ho-
mologous factor encoded [17, 18], drugs affecting the sodium
channels seem most promising. Our patient showed a clear
reduction in frequency and intensity of the attacks, indicating
that acetazolamide should be considered as a treatment option
in this new type of episodic ataxia. Treatment response to
acetazolamide was also recently reported in a Korean patient
with EA and a possibly pathogenic missense variant in the
FGF14 gene [13]. In contrast, the treatment response to
chlorzoxazone in our patient was questionable and could not
be reproduced later on.

Noteworthy, while we saw the patient several times in-
between attacks, we never had the opportunity to perform a
clinical examination during an attack; thus, we could not ob-
jectively confirm reported ictal symptoms. Whereas on clini-
cal examination, vestibular function was normal, peak head-
velocity values on video head impulse testing were borderline
or below the target range in up to 25% of trials, and oVEMP
responses were bilaterally absent. While also those head im-
pulses with head-velocity values within the target range
showed no abnormalities and lack of oVEMP responses is
most likely related to technical limitations, we cannot fully
exclude minor vestibular impairment in our patient.

Furthermore, no genetic testing in healthy relatives of the
patient could be performed and no functional studies were
obtained due to limited financial resources; thus, we could
not further validate the described mutation.
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In conclusion, the case described here adds further support to
the notion that pathogenic variants in the FGF'/4 gene may result
in variable phenotypes, namely in progressive spinocerebellar
ataxia (type 27), paroxysmal nonkinesigenic dyskenesia, or in
episodic ataxia responsive to acetazolamide [3, 8].
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