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Abstract
Episodic ataxia is a heterogeneous group of disorders with an autosomal dominant pattern of inheritance mostly; however sporadic cases are also reported. It is 
characterized by attacks of incoordination, imbalance and progressive truncal ataxia that may last for minutes to few hours. 

This case report describes a 45 years old Omani female, known case of chronic migraine headaches since childhood and with positive family history of migraine 
headache, presenting with attacks of vertigo, ataxia and interictal nystagmus. These attacks increased significantly, in frequency and duration, without obvious 
precipitating factor. The patient was diagnosed clinically to have episodic ataxia and proved by a positive genetic testing showing heterogeneity for missense mutation 
in the CACNB4 gene with c.1412G>A (p.Arg471Lys) variant. Her episodes improved successfully to treatment with Acetazolamide.
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Introduction 
Episodic ataxia (EA) is a  rare autosomal dominant inherited 

neurological  disorder characterized by bouts of incoordination and 
progressive ataxia [1,2]. It’s a  heterogeneous  condition, clinically 
and  genetically [3]. Clinically, EAs are heterogeneous and the ataxic 
spells are variably associated with vertigo, tinnitus, diplopia, blurred 
vision, myokymia, tremor, obtundation, or headache and may coexist 
with epilepsy and alternating hemiplegia [4-6]. The attacks can happen 
spontaneously and can be triggered by certain factors, like alcohol or 
coffee intake, lack of sleep, exercise, fatigue, or anxiety. Permanent 
ataxia and cerebellar atrophy may develop after years of disease 
duration [2,7].

Genetically, eight  sub-types of EA are identified, till now [6] and 
the majority of cases reported are of subtypes EA-type 1 (EA1) and 
EA-type 2 (EA2) which are caused by mutations in the potassium and 
calcium channel genes KCNA1 and CACNA1A, respectively. Both 
genetically confirmed EA1 and EA2 cases have been demonstrated in 
multiple families [1,7] mostly of Caucasian ethnicity [2]. EA-type 5 
(EA5) and EA-type 6 (EA6) are known to be caused by mutations in 
CACNB4 and SLC1A3, respectively, but have been reported in only one 
or two families [8-10]. In EA4, known EA genes were excluded and 
distinct disease loci were mapped for EA3 and EA7 [11-13]. A recent 
reported study, which used whole-exome sequencing (WES), revealed 
an association of UBR4 with EA8 [14]. 

Migraine association with episodic ataxia is reported in types 
EA1 and EA2 patients and it is also well known to be associated with 
periodic vestibule-cerebellar ataxia and with episodic ataxia with 
paroxysmal choreoathetosis and spasticity [15-17]. On the other hand, 
episodic ataxia is seen in basilar type migraine; as well as in familial 
hemiplegic migraine [15].

The aim of this report is to illustrate the clinical features of  EA-
type 5 (EA5) in a chronic migraine Omani patient, with positive 
family  history of migraine and vague attacks of dizziness/vertigo, 
had no triggering factors and a proved missense mutation in the 
CACNB4 gene with c.1412G>A (p.Arg471Lys) variant, which has been 
classified earlier as a variant of uncertain significance. 

Case report
A 45 years old Omani female, known case of chronic migraine since 

childhood, presented to our hospital complaining of frequent attacks of 
vertigo, which started 12 years ago, associated with unsteadiness. At the 
beginning, she used to have the episodes every two to three months and 
they were lasting for a maximum of five days. For the last one and a half 
year, the severity and frequency of her symptoms worsened, getting 
the episodes almost daily, and became associated with slurred speech 
and ataxia. The patient had no much improvement to symptomatic 
treatment. 

The patient was evaluated interictally at the neurology outpatient 
clinic and found to have no  history of epilepsy, diplopia, tinnitus, 
tremor,  dystonia  or significant  weakness and no triggering factor 
could be identified for her attacks. Her  family history was  positive 
for migraine, affecting her grandfather (from paternal side) and all her 
siblings, as well as attacks of ill-defined vertigo/dizziness, temporarily 
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dissociated with their migrainous headache episodes, not associated 
with gait disturbance, seizures or abnormal movements, and starting 
after their third decade of life for all of her female siblings. Based on 
history, her pedigree chart suggest an autosomal dominant type of 
inheritance (Figure 1).

On clinical examination, she had normal cognitive functions, her 
pupils were reactive to light and accommodation. She has normal 
extraocular muscles’ movement but with gaze-evoked nystagmus. The 
patient’s motor examination revealed normal tone and power, in all 
four limbs, with normal reflexes. Her plantar reflexes were down going 
and she had no sensory deficit, ataxia, dysarthria, nor other cerebellar 
signs. 

Ictal clinical evaluation showed ataxia with mild dysarthria, 
prominent horizontal bilateral end-gaze nystagmus and she was unable 
to perform tandem gait during her attacks. The rest of her cerebellar 
exam was unremarkable.

Based on the history and clinical grounds, episodic ataxia was 
highly suspected. The patient’s blood tests were all normal, including 
complete blood count, renal and liver function tests, and vitamin B12 
serum level. Vasculitis and autoimmune screening, as well as her Brain 
imaging (MRI) results were all normal. Her nerve conduction and 
electromyography (NCS/EMG) examination were normal and did not 
show myokymic discharges. The patient was also seen and evaluated 
by Ear, Nose and Throat (ENT) specialist and found to have normal 
otology exam. 

She was started  empirically  on Acetazolamide and referred for 
genetic testing for confirmation of the diagnosis. Whole-exome 
sequencing test identified a heterozygous variant in the CACNB4 
as c.1412G>A (p.Arg471Lys). There was no clinical relevant variant 
detected in the CACNA1 and therefore, the patient was diagnosed with 
episodic ataxia type 5 (EA5). 

The patient responded very well to treatment with Acetazolamide 
and her condition greatly improved, in terms of the intensity of her 
symptoms and the frequency of her episodes. She was also counselled 
by the genetic centre to screen her siblings as well.

Discussion
Episodic ataxia is a group of inherited disorders, which manifest 

as recurrent episodes of incoordination and truncal ataxia, with 
overlapping clinical features of its’ subtypes [7]. Only EA1 and EA2 have 
their well-defined clinical features and characteristic interictal findings 
[6,7,18].

The most common subtype of episodic ataxia is found to be EA 2, 
which is characterized by recurrent spells of ataxia, interictal nystagmus 
and slurred speech lasting for hours. Other features, such as 
seizures,  dystonia,  tinnitus and cognitive impairment were also 
reported to occur in EA2 patients [6,19,20]. Both subtypes, EA1 and 
EA 2, attacks are usually triggered by emotional and physical stressors 
[1,2,4] and the latter is caused by mutation  involving CACNA1A on 
chromosome 19p13, which encodes Cav2.1, the  α1 subunit of the 
P/Q-type voltage-gated calcium channel [2,6]. Studies have shown 
that the same genetic mutation is responsible for other conditions, 
namely familial hemiplegic migraine type 1 (FHM1) and spinocerebellar 
ataxia type 6 (SCA6); furthermore, there is clinical overlap among these 
three conditions (EA2, FHM1 and SCA6) [3,7].

On the other hand, EA5 is a rare sub-type that occurs as a result of 
a mutation in the calcium channel b4 subunit encoding gene CACNB4, 
on chromosome 2q 22-23 [19,20]. A missense mutation p.Cys 104 
phe (C104F) variant has been identified in a French Canadian family 
with EA5 [8] and other mutations in CACNB4 have been reported in 
a family with generalized epilepsy (C104F) and in some patients with 
juvenile myoclonic epilepsy (R482X) [7,8].

EA5 is clinically characterized by recurrent attacks of ataxia 
accompanied by vertigo, dysarthria, nystagmus, and/or seizures that 
last for several hours [11,12]. These symptoms are similar to patients 
with EA2 but tend to begin at a later age, with a typical onset in the 
third or fourth decades of life [21]. 

Our case clinches the provisional diagnosis of episodic ataxia in view 
of her history of episodes of ataxia with normal clinical examination 
between episodes (apart from gaze-evoked nystagmus), positive family 
history of similar episodes, the dramatic response to treatment with a 
proved missense and after ruling out other differentials. Labyrinthine 
abnormalities were ruled out by otolaryngologist examination, both 
multiple sclerosis and Arnold Chiari malformation were excluded in 
the view of the clinical examination and MRI results. 

The patient is a known case of chronic migraine since childhood, 
while her progressive spells of imbalance with incoordination started 
at the age of 33 years. The differential possibility of migraine with 
brainstem aura (basilar migraine) was ruled out by the absence of 
other brainstem clinical features, the temporal dissociation between 
migrainous and ataxic episodes, as well as by the lack of response to 
all migraine prophylactic therapy. We also excluded episodic ataxia 
with paroxysmal choreoathetosis and spasticity, as well as familial 
hemiplegic migraine due to the absence of chorea, stiffness and 
hemiplegia during headaches’ attacks, although our patient has a 
family history of migraine.

Migraine association with episodic ataxia is reported in types EA1 
and EA2; however, mild generalized headache during the attacks was 
described in a single patient with EA5 having the well-known mutation 
(c.311G>T) [22].

EAs are inherited as autosomal dominant disorders and our patient 
has a significant family history of vertigo/dizziness attacks. Although 

Figure 1. Pedigree of our patient based on history of Headache/Migraine and Dizziness/
vertigo

https://www.nlm.nih.gov/medlineplus/dizzinessandvertigo.html
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her family members are not genetically investigated, the pedigree chart 
showed an autosomal dominant type of inheritance for these attacks. 
However, not all people with a CACNB4 mutation develop EA5 clinical 
phenotype and it is estimated that only around 70% of them can have 
EA5 clinical features [6,23]. This phenomenon is called  “reduced or 
incomplete penetrance” [23]. 

The reported mutation  linked to EA5 is a missense mutation 
c.311G>T (C104F) variant for CACNB4 on chromosome 2q22-23 
[8,19,20]. The same missense mutation (C104F) was identified in a 
German family with generalized epilepsy [7,8] and another reported 
CACNB4 mutation was found in some patients with juvenile myoclonic 
epilepsy (Arg482Ter or R482X) [24]. Our patient’s WES test identified 
the heterozygote variant in the CACNB4 as c.1412G>A (p.Arg471Lys). 
This variant causes an amino acid change from Arg. to Lys. at position 
471 and it is classified as variant of uncertain significance (class 3) 
according to the recommendations of Centogene [25] and the American 
College of Medical Genetics and Genomics (ACMG) guidelines [26]. 

Many CACNB4 mutation variants have been identified as a 
“likely benign DNA change” [27,28] but finding this mutation in a 
symptomatic patient may suggests a likelihood of being associated with 
EA5 and could explain the absence of coexisting seizures. 

Since functional assay and segregation analysis among the patient’s 
family members could not be done, due to technical reasons, social 
factors and because of the restrictions of the current health pandemic, 
we cannot confirm the potential pathogenicity of this variant.

More than 100 different mutations, until now, have been described 
in all EA genes; however, only 13% to 40% molecular diagnostic rates 
are reported [29-31]. The majority of genetically confirmed EA have 
been identified in Caucasian families [29,32-34] and only a few Asians 
have been reported [7,35,36] ; in addition, a significant proportion of 
patients with EA do not have mutations in the known EA genes, which 
supports the genetic heterogeneity of EA and suggests the presence of 
additional causative genes [7]. 

Both EA2 and EA5 subtypes respond well to  treatment with 
Acetazolamide which also reduces the frequency of attacks [11,12,19] 
and our patient responded dramatically well to Acetazolamide, 250 
mg 3 times a day. 4-Aminopyridine, a nonselective blocker of voltage-
gated potassium channels, is another effective drug in  patients with 
EA2 which can be used for improving the quality of patient’s life by 
preventing or decreasing the frequency of the attacks [37].

Conclusion
Episodic ataxia is a rare inherited neurological condition; however 

it’s a treatable entity. Here we report the first case of EA5 in an Omani 
female patient, known to be a case of chronic migraine, presenting 
with EA clinical features, no triggering factors and having missense 
mutation in the CACNB4 gene with c.1412G>A (p.Arg471Lys) variant. 
We recommend that such patients should undergo a well formed 
genetic counseling session through which a targeted genetic screening 
test can be offered to the family members. 

Moreover, further studies, including functional assay and 
segregation analysis among the family members, are needed to prove 
the potential pathogenicity of this variant and to determine its probable 
linkage to EA5. Recognition of EA may facilitate the early diagnosis and 
initiation of treatment. Our patient showed significant improvement 
with the use of Acetazolamide. 
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