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Abstract

The author reports the first Thai patient with a rare inherited ataxic disorder characterized by
intermittent episodes of ataxia, headache and vertigo. The patient was well between attacks despite
persistent nystagmus on examination. Magnetic resonance imaging of the brain revealed cerebellar
atrophy. All symptoms were ameliorated by acetazolamide therapy. This clinical syndrome was pre-
viously described as acetazolamide-responsive episodic ataxia which was subsequently shown to be
associated with mutations in a o, ,-subunit of P/Q type voltage-gated calcium channel gene, known as
‘episodic ataxia type 2'. Clinical and molecular aspects of episodic ataxia type 2 were also reviewed.
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Episodic ataxia (EA) is a rare hereditary
neurodegenerative disorder characterized by early-
onset acetazolamide-responsive intermittent ataxia(l).
Most families are inherited by autosomal dominant
fashion but there are some clinical heterogeneous
between families(2). During the last ten years, several
groups of research neuroscientists identified mole-
cular defects of neuronal voltage-gated ion channel
genes in association with EA(3). To date two types

of EA have been described which can be clinically
differentiated. Patients with episodic ataxia type 1
(EA1) had typically brief episodes of ataxia and con-
tinuous myokymia (rippling of muscles) which may
be clinically evident or only detectable by EMG.
Linkage analysis revealed localization of an EAl
gene near the voltage-gated potassium channel gene,
KCNA1 (Kv1.1), on chromosome 12p13(4). Browne
et al subsequently described heterozygous missense
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point mutations in KCNAI gene in the EA1 patients
(5). In episodic ataxia type 2 (EA2) affected indivi-
duals had longer attacks of ataxia than EA1, lasting
hours and often accompanied by nausea, vomiting and
headache. Interictal nystagmus was almost invariably
observed but there was no association with myoky-
mia. EA2 subjects frequently develop progressive
cerebellar ataxia and cerebellar atrophy(z). Mutations
in the oy A-subunit of the P/Q-type voltage-gated
calcium channel gene (CACNAIA) on chromosome
19p13 underlie EA2(6).

EA affected individuals almost always res-
pond to acetazolamide treatment. Moreover, diag-
nosis could be made by clinical grounds alone. It is
thus necessary that neurologists and internists should
recognize this syndrome. The author reports here-
with the first Thai patient with typical EA2 and the
pertinent literature is reviewed.

CASE REPORT

A 34-year-old woman had suffered from
recurrent episodes of severe headache, vomiting and
ataxia for 5 years. Each episode lasted up to a few
hours. Headache was dull-aching occipital pain often
accompanied by vomiting. During the attack her gait
was unsteady but she was completely well between
the attacks. After the first attack she went to see a
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neurologist at a private hospital who observed persis-
tent nystagmus on examination. Magnetic resonance
imaging (MRI) of the brain showed a mild degree of
cerebellar atrophy (Fig. 1). During the first year of
the illness she had infrequent attacks about once a
month. Attacks had been more severe and frequent,
increasing to 3-4 times a week during the past year.
For the last two years she also experienced oscillopsia
and vertigo during the attacks and subsequently also
had oscillopsia interictally. There was no family his-
tory of headache or other neurological disorders.
Examination when she was 34 years old revealed
several eye movement abnormalities including slow
saccades in vertical gaze, hypometric saccades, impair-
ment of pursuits and gaze-evoked nystagmus in both
horizontal and vertical gaze, impairment of opto-
kinetic nystagmus and a suppression of vestibulo-
ocular reflex. Finger-to-nose and heel-to-knee tests
were slightly impaired. Her gait showed only unstea-
diness while she turned and tandem walk revealed
some unsteadiness.

Episodic ataxia type 2 was diagnosed on the
basis of over-an-hour of recurrent episodic attacks of
ataxia, vertigo and headache accompanied by persis-
tent eye movement abnormalities. She was treated
with 250 mg of acetazolamide a day. Her attacks were
less frequent immediately after commencing the medi-

Fig. 1.

MRI of the brain at the onset of the disease demonstrates mild cerebellar atrophy.
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cation. Three months later she was free from attack
of headache or unsteady gait, but occasional oscil-
lopsia and persistent nystagmus were seen.

DISCUSSION

Long-lasting ataxic attacks and interictal eye
movement abnormalities were consistent with episo-
dic ataxia type 2 (Table 1). Intermittent attacks of
headache, vertigo and ataxia respond well to acetazo-
lamide as seen in the patient reported and medication
has no beneficial effect on interictal nystagmus as
previously described(7). EA2 is invariably inherited
in an autosomal dominant fashion. Although this
patient had no family history of any neurological
disease, there are two possibilities to explain this
phenomenon. Firstly, clinical analysis of carriers of
mutations in EA2 families showed the highly variable
penetrance, which asymptomatic carriers were iden-
tified in association with some mutations(8). Thus
one of her parents may be an asymptomatic carrier
or, secondly, the patient may have had de novo muta-
tion occurring spontaneously in her parents' sperm
or ovum before fertilization. A case of de novo muta-
tion of CACNAIA gene associated with EA2 was
previously reported(%). Since the CACNAIA gene is
enormously large, spanning in 47 exons and consis-
ting of 300 kilobases, difficulty arises in attempting
to identify a pathogenic single-base change in the
whole gene by current technology. Until now only a
few centers in the world perform analysis of this gene.
Though genetic analysis was not done in this patient,
the diagnosis was secured on clinical grounds(1).

Cells require regulatory systems to maintain
a stable environment and mechanisms for controlling
cell-specific processes. Ion channels are essential for
such crucial functions as nerve and muscle excit-
ability, epithelial transport, regulation of cell volume
and acid-base equilibrium. They contain a family of

Table 1. Features of episodic ataxia.
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transmembrane glycoproteins that are made up of
two or more subunits. Each has a pore-forming sub-
unit which has a central aqueous pore through which
ions permeate. Most ion channels are extremely selec-
tive and show specificity for a particular inorganic
ion. The channels can transform between an open
or closed state, a process known as gating, which
involves a conformational change in the 'pore-form-
ing' region(10). Each channel is therefore classified
either in terms of its ion specificity or by its mode
of gating. Channels may be gated by a change in
membrane potential (voltage-gated), action of an
extracellular ligand (ligand-gated) or in response
to a mechanical stimulus. Many channels are also
influenced by intracellular second messenger sys-
tems(10). To date over one hundred mutations in
various ion channel genes were associated with muscle
and central nervous system disorders, known as
inherited channelopathies'(10). The disorders cha-
racterized thus far have variable natural courses. Some
exhibit a paroxysmal course e.g. EA1(1 1), while others
have a primarily progressive course such as in SCA6
(12). A few disorders exhibit a combination of paro-
xysmal features and progressive interictal tissue dys-
function e.g. EA2 and periodic paralysis(13),

EA2 often manifests in late childhood or
adolescence. Patients experience intermittent attacks
of cerebellar disturbance with vertigo and headache
and exhibit nystagmus, ataxia and dysarthria. About
50 per cent of patients develop headache and nausea
during an attack leading to the diagnosis of basilar
migraine. The attacks may be prolonged lasting for
several hours and sometimes days. Common pre-
cipitants are stress, exercise or fatigue. Interictally,
nystagmus may be present, and a progressive cere-
bellar disturbance may ensue(2). Neuroimaging often
demonstrates cerebellar atrophy since the early stage
of the illness (Fig. 1). Fortunately, most patients res-
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pond to acetazolamide therapy, although the precise
mechanism is still unclear(7.14).

By linkage analysis two research groups
simultaneously identified locus of EA2 on chromo-
some 19p13 in which the gene for familial hemiplegic
migraine (FHM) was previously mapped to the same
locus(15,16). Ophoff et al characterized a brain-spe-
cific P/Q-type calcium channel 0. o-subunit gene,
CACNAIA, covering 300,000 base pairs with 47 exons
in this region. The voltage-gated calcium channel
comprises a single transcript four domains (domains
I-1V) in tandem, each with six transmembrane helical
segments. The investigators analysed CACNAIA gene
and identified different types of mutations in EA2
and FHM, missense mutations in patients with FHM
and splice-site and frame-shift mutations in patients
with EA2(6). Subsequently small polymorphic CAG
repeat expansions in the 3’-terminus in the same gene
have been described in some inherited progressive
cerebellar ataxia, namely SCA6(17). The three allelic
calcium channel disorders, SCA6, EA2 and FHM are
now well-known to be associated with particular types
of mutations but correlations between types of muta-
tions and clinical syndromes are still imperfect. The
EAZ2 phenotype has also been reported with an under-
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lying trinucleotide repeat expansion characteristic of
SCA6(17,18). Similarly, a missense mutation in one
family manifested as EA2 in two affected members
but as a severe progressive cerebellar ataxia in six
others(19). Recently, Hanna et al described a novel
nonsense CACNA 1A mutation in a patient with absence
epilepsy and ataxia which was the first description of
epileptic syndrome in association with the calcium
channel mutation in humans. Functional expression
also provided direct evidence that this mutation
impaired calcium channel function as a dominant
negative effect(20). This data further expands the
heterogeneous clinical phenotypes of this calcium
channel.

SUMMARY

The first Thai patient with EA2 was reported.
Apart from Korea there has been no previous report
of EA2 in Asia(18), Characteristic clinical features
are easily recognized. The patient has responded well
to acetazolamide medication. Genetic counseling is
possible from diagnosis on clinical grounds, although
prenatal diagnosis could not be offered due to a lack
of molecular diagnosis.

(Received for publication on September 28, 2002)
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