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Acetazolamide-responsive Hereditary Paroxysmal Ataxia

: Report of a Family

disorder is important.
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INTRODUCTION

Hereditaty paroxysmal ataxia was first described by
Patker in 1946 (1). It is inherited as an autosomal dom-
inant trait. This disorder is characterized by recurtent
episodes of disabling cerebellar dysfunction with gait and
limb ataxia, dysarthria, and nystagmus. The episodes oc-
casionally include nausea, vomiting, oscillopsia, and rarely
tinnitus and blutred vision. The attacks last several min-
utes to few hours or days. Onset is usually in early child-
hood, but few cases have started after age 40 (2-4). The
recurrent ataxic episodes do not lead to progressive pet-
manent neurological deficit, although exceptions have
been reported (3, 5). Precipitating factots ate often pres-
ent, which include fatigue, physical exercise, emotional
stress, coffee, and alcohol. This disorder is very rare, and
there have been only few repotts since its otiginal de-
scription by Parker (1). Only one family has been report-
ed in an abstract form in Korea (6). However, unfamil-
farity with this entity often leads to misdiagnosis as in
our case, and this disorder may be more common than
is cuttently appreciated. This becomes a very impottant
issue as there is a specific treatment.

CASE REPORT

A 55-year-old man had been suffered from recurrent
episodes of severe ataxia and dysarthria since age 15. The
episodic symptoms lasted from 1 to 3 hours and recurred

Hereditary paroxysmal ataxia is a rare dominantly inherited disorder charac-
terized by recurrent attacks of cerebellar ataxia, dysarthria, and nystagmus.
Each attack lasts from several minutes to few hours or days. Usually there
are no motor difficulties between attacks. We report a patient who had had
recurrent ataxic episodes since early childhood. Four members of the family
over two generations had similar attacks. There were no abnormalities in the
laboratory studies including plasma amino acid, lactate, pyruvate, and EEG.
Treatment with acetazolamide resulted in complete abolition of the attacks.
Because of its dramatic response to acetazolamide, the recognition of this rare

196

Ho Jin Kim, Beom S. Jeon

Department of Neurclogy, College of Medicine,
Seoul National University, Seoul, Korea

Received : October 2, 1997
Accepted : January 19, 1998

Address for correspondence

Beom S. Jeon, MD., Ph.D.

Department of Neurclogy, College of Medicine,
Seoul National University, 28 Yongon-dong,
Chongro-gu, Seoul 110-744, Korea

Tel : (02) 760-2278, Fax: (02) 3672-7553

once a month. The attacks would start with sevete in-
cootdination of the legs and difficulty in walking. Then
his speech became dysarthric, and his hand movement
clumsy. There was neither alteration of consciousness,
strength, and sensation nor convulsive movement. Some-
times he expetienced blutred vision or an unpleasant
feeling in his legs as prodromal symptoms. The attacks
wete often precipitated by emotional stress or exertion,
and were relieved by trest. As full recovery would follow
without specific treatment, he did not seek medical help
until recently. As he had had more frequent, prolonged,
and sevete attacks since age 50, he then visited a hos-
pital, and was started on phenytoin under the diagnosis
of epilepsy. The attacks became much mote frequent and
severe on phenytoin, and he was referred to us.
When examined between attacks, his general physical
and neutological examinations were normal including
cetebellar function except a subtle hotizontal nystagmus
on extreme lateral gaze. Blood cell counts, serum sodium,
potassium, chloride, total CO,, calcium, magnesium, uti-
nalysis, thyroid function test, parathyroid hormone, lactic
acid, peripheral blood smear, electrocardiogram, chest
X-tay, electroencephalography (waking, sleep & during
attack), electromyography and netve conduction studies
wete all normal. He had mild hypercholesterolemia.
Brain MRI showed a small lacune in the left basal gan-
glia, and mild diffuse cortical atrophy. There was no
atrophy of cetebellar vermis. 99 m-Tc-HMPAO brain
petfusion SPECT during a symptom-free interval showed
nonspecific telative hyperperfusion in the bifrontal area.
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Two attacks were obsetved. He complained of vague
unsteadiness, and then gradually developed full blown
cerebellar dysfunction over 10-30 mins. The attacks plat-
eaued for about 30 mins, then abated. On examination
duting the attacks, he was fully alert with intact cogni-
tive function. His speech was severely dysarthric, and
difficult to understand. Thete was marked nystagmus in
all directions of gaze, including the ptrimaty position.
Severe ataxia was present in both arms and legs, and
rapid alternating movements were impossible. Gait was
severely ataxic, and he was not able to stand without
suppott. There were no clonic or dystonic movements in
the limbs. Although muscle tone diminished, strength,
sensation, and reflexes remained unchanged. Blood tests
duting the attack, including lactate, glucose, blood gas,
and electrolytes were all normal. Acetazolamide was
started at 250 mg/day and gradually increased to 750
mg/day. He noted a decreased frequency and severity of
the attacks even on the small dose but felt that the full
dose was better. While on medication, he had vague
unsteadiness which only rarely intetfere with his physical
activity. When medication was withdrawn, the attacks
returned to the previous state.

Family histoty revealed that there wete four other
members with similar clinical features (See Fig. 1 for the
pedigree). His 29 year old son (II-3) was intetviewed and
examined. He had begun to have recurrent episodes of
unsteadiness in his eatly teens. The attacks were unpre-
dictable in occurrence with an usual frequency of once
ot twice a month. He genetally had prodromal symptoms
of vague discomfort in the motning, and then had very
severe attacks of unsteadiness. During the atracks, he
reported that he was not even able to sit unassisted. He
desctibed the severe dysarthria as that of a drunken man.
More severe spells lasted longer up to several hours. We
were not able to obsetve him duting the attacks. His
eldest daughter (II-2, age 31) reportedly had the same
spells of inability to stand and walk and dysatrthria. This
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Fig. 1. Pedigree of the family. The proband is indicated by an
amow.
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individual was not able to be contacted. The elder broth-
er (I-1) and niece (II-1) of the proband reported had ex-
actly the same clinical features, but were not able to be
contacted. The younger daughter of the proband (II-4,
age 24) had other paroxysmal disorder, migraine. She had
intermittent episodes of sevete headache and nausea.
There were no visual symptoms. She was tried on ace-
tazolamide without benefit. Propranolol improved her

headache markedly.

DISCUSSION

When a patient presents with recurtent and patroxys-
mal neurological symptoms and signs, seizute is the main
differential diagnosis. However, prolonged generalized
motot disability with preserved consciousness, and no
clonic movements make seizure unlikely. Onset age,
frequency, and no residual deficit after repeated spells ex-
clude vertebrobasilar insufficiency. Absence of headache
makes basilar migraine unlikely. Vestibular disorders are
not likely in view of dysarthria. The clinical features and
family history in out patient are most consistent with
autosomal dominant paroxysmal ataxia. The favorable
response to acetazolamide further supports the diagnosis.
Paroxysmal ataxia may be a manifestation of autosomal
recessive or X-linked inbotn etrors of metabolism such
as Hattnup disease (7), pytuvate decatboxylase deficiency
(8), pytuvate dehydrogenase deficiency (9), maple syrup
utine disease (10), and defect of ammonia metabolism
(11). There is one report of acetazolamide-response peri-
odic sensoty ataxia which was caused by pyruvate dehy-
drogenase deficiency (12). However, all these diseases can
be easily distinguished from the dominantly inherited
paroxysmal ataxia, by their inheritance pattern and obvi-
ous differences in their clinical and biochemical profiles.
Griggs et al. reported that plasma pyruvate, lactate,
glucose, electrolytes, and arterial pH, oxygen, carbon
dioxide and bicatbonate were notmal duting atracks in
familial paroxysmal ataxia responsive to acetazolamide as
in our case (13). In autosomal dominant paroxysmal atax-
ia, clinical heterogeneity has been recognized (5). Classi-
fication based on the duration of attacks, and the natute
of the ictal and interictal signs has been proposed and
is gaining suppott from genetic studies. Type I is patox-
ysmal ataxia associated with myokymia ot myotonia (14,
15). Ataxic episodes last a few seconds to minutes, and
ate ptovoked by startle and exercise. In general, treat-
ment with acetazolamide is of no therapeutic value. Anti-
convulsants may reduce the myokymia and attacks in
some patients (3, 16). Point mutations in the potassium
channel gene, KCNALI, on chromosome 12 p have been
found in this type (17). Type II is paroxysmal ataxia asso-
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ciated with nystagmus as in our case (2, 4, 10, 13, 18-
22). Attacks are more prolonged and can last houts and
even days. The most important feature is a favorable
response to acetazolamide. Linkage analysis of type II
excluded the 12 p locus, and established that type II is
not allelic to type 1(23). The gene tesponsible for type
IT has been mapped to chromosome 19 p (24, 25). Type
III is kinesigenic paroxysmal ataxia with chotecathetosis
(26, 27). In this type, the attacks consist of ataxia as well
as dystonic posturing of the limbs, and usually are not
responsive to acetazolamide. Many patients in kindreds
with familial hemiplegic migraine have had progressive
ataxia and nystagmus similar to that in paroxysmal atax-
ia, though the migraine patients have not had ataxic
attacks (28). Linkage analysis showed that paroxysmal
ataxia associated with nystagmus was linked to the same
region of chromosome 19 raising the possibility that par-
oxysmal ataxia is allelic to familial hemiplegic migraine.
There ate marked clinical differences between familial
hemiplegic migraine and paroxysmal ataxia, however,
thete is a precedent for such marked diffeting phenotypes
being allelic disorders in ion channel diseases (29). How-
ever, migraine in the daughter of the proband is not
believed to be a manifestation of paroxysmal ataxia gene.
The nature of the migraine was a common migraine, not
a hemiplegic variant, and did not improve with aceta-
zolamide. Cerebral computed tomogtaphy (CT) scans are
genetally unremarkable (3-5, 19, 20). A selective atrophy
of the cetebellar vermis, mostly of the anterosupetior part
has been demonstrated by MRI in a few patients (30).
There was no cetebellar atrophy on MRI in our patient.
The lacune in the left basal ganglia was thought to be
an asymptomatic stroke and not related to his neuto-
logical problem. Bifrontal hypetpetfusion on SPECT dut-
ing interictal petiod was seen in our patient, but the sig-
nificance is not known. We failed to obtain ictal SPECT.
The molecular basis of type II autosomal dominant pat-
oxysmal ataxia is not known. It is known that thete may
be a selective dysfunction of the cerebellar vermis in
partial defect in pyruvate dehydrogenase enzyme complex
as anterior cerebellar vermis has the lowest pyruvate
oxidation rate (31). Such a proposal of a biochemically
vulnerable region is topogtaphically consistent with the
area of major atrophy demonstrated in some patients.
There is one repott of metabolic and anatomic abnot-
malities in familial intermittent ataxia (9). Howevet, py-
ruvate and lactate levels were normal duting the attack
(12) as were in our patient, making pytuvate metabolism
unlikely candidate. Another possible candidate is chan-
nelopathy. Four types of inhetited ion-channel disorders
have been desctibed: sodium channel disorders producing
hypetkalemic petiodic paralysis, paramyotonia, myotonia
fluctuans (29); calcium channel disorder producing hypo-
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kalemic petiodic paralysis (32); chloride channel disorders
producing myotonia congenita (29); and potassium chan-
nel disorder producing paroxysmal ataxia with myokymia
(17). There ate some clinical differences between these
channelopathies, and different phenotypes ate possible in
same channel disorders. Howevet, all these channelopa-
thies have two common featutes; all produce paroxysmal
symptoms, and tespond well to acetazolamide. Therefore,
it is tempting to suspect that paroxysmal ataxia with nys-
tagmus is an ion channel disorder even though direct
evidence is lacking (33). Bain et al. (34) reported that
paroxysmal ataxia might be due to a defect in cerebellar
intracellular pH homeostasis. Using phosphorus 31 ("'P)
nuclear MR spectroscopy, they showed abnormally high
intracellular pH levels in the cerebellum of six patients
with paroxysmal ataxia when they were not treated. The
pH returned to normal by treatment with acetazolamide.
Cetebral pH was normal before and after treatment. It
is not clear how pH is altered in the cetebellum. The
mechanism of acetazolamide is not known. The correc-
tion of abnormal intracellular cetebellar pH homeostasis
by acetazolamide has been suggested (34). Another sug-
gestion is an intracellular effect on enzyme systems. Ace-
tazolamide inhibits catbonic anhydrase, which catalyzes
the interconversion of CO, and H,CO;. So it reduces
artetial pH, Pco, and also reduces the amount of brain
lactate and pyruvate, tesulting in brain acidosis. There-
fore the beneficial effect of acetazolamide may result from
an effect on brain pyruvate and lactate metabolism.
However there is no evidence of abmormal lactate and
pytuvate metabolism. Although there are many unsolved
questions, recognition of this disorder is important be-
cause of its dramatic response to acetazolamide. Identi-
fication of more families will facilitate identification of
the gene locus and gene itself, and help solve the ques-
tions pertaining to this disorder.

ADDENDUM

We suggested that paroxysmal ataxia with nystagmus
(episodic ataxia type 2, EA-2) is allelic to familial hemi-
plegic migtraine and an jon channel disorder. After sub-
mission of the paper, significant new findings concerning
our suggestion have emerged. Ophoff et al. identified that
familial hemiplegic migraine and EA-2 ate caused by point
mutations in the brain-specific P/Q type voltage-depen-
dent calcium channel alpha 1A subunit gene (35). Recent-
ly many repotts demonstrated that SCAG is allelic to EA-2
but that SCAG is caused by a CAG expansion rather than
a point mutation (36, 37, 38, 39, 40). However, the two
disorders differ clinically because of the presence of pro-
gtessive rather than episodic ataxia in SCAG.
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