
Clinical Parkinsonism & Related Disorders 3 (2020) 100053

Contents lists available at ScienceDirect

Clinical Parkinsonism & Related Disorders

j ourna l homepage: www.e lsev ie r .com/ locate /prdoa
Treatable cerebellar ataxias☆
Divya K.P., Asha Kishore⁎
Department of Neurology, Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum, Kerala 695011, India
☆ Financial disclosures: None.
⁎ Corresponding author.

E-mail address: asha@sctimst.ac.in. (A. Kishore).

http://dx.doi.org/10.1016/j.prdoa.2020.100053
2590-1125/© 2020 Published by Elsevier Ltd. This is
A B S T R A C T
A R T I C L E I N F O
Article history:
Received 13 January 2020
Received in revised form 28 March 2020
Accepted 31 March 2020
Available online 4 April 2020
Cerebellar ataxic syndrome is a heterogenous class of disorderswhich can result from amiscellany of causes- genetic or
acquired. There are a few metabolic, immune mediated, inflammatory and hereditary causes of ataxia which can be
diagnosed from the gamut of possibilities, offering great relief to the ailing patient, their family and the treating phy-
sician. A pragmatic algorithm for diagnosing treatable causes of ataxia includes a thorough clinical history, meticulous
examination for associated signs and an investigative mind to clinch the diagnosis. With novel diagnostic techniques
and targeted therapies, early diagnosis and treatment can lead to favourable outcomes. In this review, diseases present-
ing predominantly as cerebellar ataxia and are treatable by targeted therapies are discussed.

© 2020 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The advances in gene discovery have improved our understanding of
the pathophysiology of cerebellar ataxia. However treatment remains sup-
portive and symptomatic. Still, a limited group of heterogeneous progres-
sive ataxic conditions may improve with disease-specific treatments, if
instituted early. A comprehensive assessment is critical in elucidating im-
portant clinical keys, including nature of onset and progression (Fig.1),
family history, specific diagnostic signs (Table 1), and brain magnetic reso-
nance imaging (MRI). Recognizing the causes of cerebellar ataxiawhich are
amenable to treatment is critical, not only to implement targeted treatment
(Table 2) , but also to institute it as early as possible to halt neurological de-
terioration. Here we focus on disorders in which ataxia is a prominent clin-
ical sign amenable to disease-specific treatment.

2. Treatable genetic causes of ataxia

2.1. Ataxia with vitamin E deficiency

Ataxiawith vitamin E deficiency (AVED) is an autosomal recessive (AR)
disease due to mutations in the alpha tocopherol transfer protein (TTPA
gene) on chromosome 8q13. It presents as a slowly progressive
spinocerebellar ataxia syndrome resembling Friedreich’s ataxia (FA).
Some of the shared features of AVED and FA include ataxia, loss of deep
Fig. 1. Temporal profile for different
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tendon reflexes, vibratory and sensory disturbances, muscle weakness, dys-
arthria, and uppermotor neuron signs [1]. Cardiomyopathy is less common
in AVED,whereas head titubation and dystonia aremore specific for AVED.
Patients with AVED have a more protracted course, with mild neuropathy.
Age at onset of AVED is usually before age 20. Daily high doses of vitamin E
(800mg/d) in divided doses (good practice point) [2] typically lead to neu-
rological improvement, although recovery may be moderate and incom-
plete. The results of vitamin E supplementation is most beneficial if
started with disease duration of less than 15 years [3].

2.2. Abetalipoproteinemia

Abetalipoproteinemia is caused by mutations in the gene for the large
subunit of microsomal triglyceride transfer protein (MTTP), located on
chromosome 4q22-24. When MTTP is mutated, plasma apolipoprotein B
containing lipoproteins are absent, which leads to the compromise of fat-
soluble vitamins especially vitamin E. Symptoms begin before age 20.
These patients have hyporeflexia, reduced proprioception and vibratory
sense, muscle weakness, and spino-cerebellar ataxia. Specific laboratory in-
vestigations include blood smear showing acanthocytosis, and a lipid pro-
file revealing nearly absent low-density lipoprotein C (<0.1 mmol/L),
triglycerides (<0.2 mmol/L), and apolipoprotein B (<0.1 g/L). Diagnosis
is confirmed by molecular testing, by sequencing the MTTP. Treatment in-
volves dietary modification and vitamin replacement, which will prevent
ial diagnosis of treatable ataxias

Image of Fig. 1


Table 1
Clues to the diagnosis of treatable ataxias

Disease Neurological features Systemic features

Cerebrotendinous Xanthamatosis Peripheral neuropathy ,seizures ,cognitive disturbances,
spastic paraparesis

Tendon xanthomas , congenital/juvenile cataracts,
premature atherosclerosis, osteoarthritis,
skeletal fractures, pes cavus, pulmonary insufficiency,
endocrinopathies, renal and hepatic calculi,
and chronic diarrhea

Neimann Pick Disease -C Vertical gaze palsy , chorea, dystonia, cataplexy,psychosis Splenomegaly
Anti GAD antibody associated disease Early cognitive impairment , diplopia, dysarthria, vertigo
GLUT 1 deficiency Chorea , dystonia (especially facial and limb)
Ataxic variant of SREAT Early cognitive impairment ,psychiatric symptoms, tremor, myoclonus
Ataxia with Vitamin E deficiency Visual loss, retinitis pigmentosa, sensory neuronopathy ,dystonia
Wilson’s disease Tremor , dysarthria, psychosis KF ring
Co Q 10 deficiency Seizures
Whipples disease Oculomotor apraxia
Refsum’s disease Sensory neuronopathy, retinitis pigmentosa,

sensorineural hearing loss,anosmia, raised CSF protein without pleocytosis
Ichthyosis, cardiomyopathy, arrhythmias,
skeletal abnormalities, renal failure

Superficial siderosis Myelopathy , sensorineural hearing loss,dementia, palatal tremor
Gluten ataxia Gastrointenstinal symptoms
Friedreich’s ataxia Myelopathy, Sensory neuronopathy dysarthria Cardiomyopathy
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neurological complications if begun early. Dietary modification consists of
a low-fat diet and replacement of vitamin E and A, which are thought to
slow retinal degeneration and neurological complications. Large doses, of
vitamin E (100-300 mg/kg/d) ,are needed to prevent neurological deterio-
ration along with vitamin A supplementation (100-400 IU/ kg/d) that can
normalize serum levels (good practice point) [2,4].

2.3. Cerebrotendinous xanthomatosis

Cerebrotendinous xanthomatosis (CTX) is a autosomal recessive lipid
storage disorder caused by a mutation of the mitochondrial enzyme 27-
sterol hydroxylase (CYP27 gene) on chromosome 2, which is a part of the
hepatic bile-acid synthesis pathway. Reduction in synthesis of these acids
leads to an increase in serum cholestanol and urinary bile alcohols and de-
position of these metabolites as xanthomatous lesions in various tissues,
particularly the brain, tendons, and ocular lenses. Neurological symptoms
generally start by 20 years of age and include cerebellar ataxia, spastic
paraparesis, seizures , sensorimotor peripheral neuropathy, extrapyramidal
signs, psychiatric issues, cognitive impairment [5].

Associated non-neurological features include congenital/juvenile cata-
racts, tendon xanthomas (particularly over Achilles tendon), premature
atherosclerosis, osteoarthritis, skeletal fractures, pes cavus, pulmonary in-
sufficiency, endocrinopathies, chronic diarrhea, renal and hepatic calculi.
Diagnosis can be confirmed by testing serum cholestanol levels and urinary
Table 2
Diagnostic and treatment modalities for the medically amenable ataxias

Disease Diagnostic tests

Ataxia with Vitamin E Deficiency Vitamin E levels
Abetalipoproteinemia Peripheral blood acanthocytes, vitamin

LDL-C,TGL,apolipo B, MTTP gene seque
Cerebro tendinous xanthomatosis Serum cholestanol and urinary bile alco
Niemann-Pick disease type C Serum oxysterol, NPC gene testing
Gluten Ataxia IgA deposits against TG 2 in small bowe
Anti GAD antibody associated Ataxia Anti GAD antibody
Ataxic variant of SREAT Serum thyroperoxidase, thyroglobulin a
Opsoclonus myoclonus ataxia syndrome Malignancy screen
Acute post-infectious cerebellar ataxia Viral PCR
Coenzyme Q10 (CoQ10) deficiencies CoQ10 measurement in skeletal muscle
Friedreich’s ataxia Frataxin gene testing
Paraneoplastic cerebellar degeneration Paraneoplastic antibody panel
Refsum’s disease Serum phytanic acid levels
Glucose transporter type 1 (GLUT1) deficiency Erythrocyte glucose uptake assay, low C
Episodic ataxia 2 EA2 gene mutation
Superficial siderosis MRI Brain
Drug induced ataxia Serum drug levels

Glossary : LDL-C-low-density lipoprotein C , TGL-triglycerides, apolipo B- apolipoprotein
boxylase, SREAT- Steroid–responsive encephalopathy associated with autoimmune thyr
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bile alcohol levels. Global atrophy and parenchymal lesions onMRI, axonal
neuropathy on nerve conduction studies, delayed central conduction times
on evoked visual, brainstem auditory, and somatosensory evoked potentials
and diffuse slowing with paroxysmal discharges on electroencephalogra-
phy are typically seen. It is easily treatable with oral chenodeoxycholic
acid supplementation in a dose of 250 mg three times per day (level C evi-
dence) [2]. Initiating treatment at the earliest is imperative to prevent neu-
rological deterioration [6,7].

2.4. Niemann–Pick disease (type C)

Niemann-Pick disease type C (NPC) is a lipid storage disorder marked
by abnormalities of intracellular transport of endocytosed cholesterol
resulting in sequestration of unesterified cholesterol in lysosomes and late
endosomes. It has an autosomal-recessive inheritance. A vast majority of
the patients (about 95%) have mutations in the NPC1 gene (mapped at
18q11) which encodes a largemembrane glycoproteinwith late endosomal
localization. The rest of the patients have mutations in the NPC2 gene
(mapped at 14q24.3). Cumulation of glucosylceramide, lactosylceramide,
GM2 and GM3 gangliosides in the brain may be responsible for at least
some of the neurological manifestations of NPC [8]. Age of onset range
from the neonatal period to late adulthood. Involvement of other body sys-
tems – spleen, liver and occasionally lungs, apart from neurological or psy-
chiatric symptomsmanifest at varied times and follow unrelated courses. In
Treatment

Vitamin E (800 mg/d) in divided doses
E levels,
ncing

Low fat diet with vitamin E (100-300 mg/kg/d) and
Vitamin A replacement (100-400 IU/ kg/d)

hol levels Oral chenodeoxycholic acid 250 mg thrice a day
Miglustat 200mg tid, Cyclodextrin*

l biopsy Gluten-free diet
Immunosuppressive treatments

ntibodies Immunotherapy
Immunotherapy , removal of primary tumor
Immunotherapy
CoQ10 30 mg /kg/d orally tid
Idebenone
Immunotherapy , removal of primary tumour
Dietary restriction of phytanic acid, Acute worsening– Plasma exchange

SF glucose Ketogenic diet
Acetazolamide , 4- aminopyridine
Deferiprone 30 mg/kg/d
Withold the offending drug

B, IgA – immunoglobulin A , TG2 – transglutaminase 2 , GAD-Glutamic Acid Decar-
oiditis,MRI -Magnetic resonance imaging *- trial ongoing
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juvenile and adult presentations, the commonest presenting feature is cere-
bellar ataxia (76%). Other findings include vertical supranuclear
ophthalmoplegia (75%), dysarthria (63%), cognitive impairment (61%),
movement disorders (58%), splenomegaly (54%), psychiatric disorders
(45%), and dysphagia (37%) [9].

With the availability of genetic testing , detection of mutations in NPC 1
and NPC2 genes is used in diagnosis. In a minority of patients (about 10%),
heterozygous mutation in the gene or newmutations representing variants
of uncertain significancemay be found. Heterozygous mutations also result
in cellular trafficking of cholesterol, and detection of oxidative cholesterol
metabolites like serum oxysterol which can be used as initial means of diag-
nosis followed by genetic testing. This gives a positive predictive value of
over ninety seven percent [10]. However, higher levels of serum oxysterol
may also be seen in deficiency of acid sphingomyelinase and lysosomal acid
lipase and occasionally CTX.

Miglustat (level B evidence) [2], at doses of 200 mg three times daily,
stabilized disease progression in 72% of patients treated for 1 year or
more as demonstrated by a composite assessment of horizontal saccadic
eye movement velocity, ambulation, swallowing and cognition [11]. Bene-
fits are generally modest, suggesting that miglustat may slow, but not pre-
vent, the progression of neurological abnormalities. Cyclodextrin, a
cholesterol-sequestering agent, has also shown possible therapeutic value
in NPC in preliminary studies, and clinical trials are underway.

2.5. Autosomal recessive cerebellar ataxia due to coenzyme Q10 deficiency

CoenzymeQ10 (CoQ10) deficiencies are characterized by a primary de-
ficiency of CoQ10 due to mutations in genes encoding CoQ10 biosynthesis
enzymes which are autosomal recessive. Secondary CoQ10 deficiency are
related tomutations that indirectly affect CoQ10 biosynthesis [12]. The ini-
tial identified causative mutations in the ataxic form of CoQ10 deficiency
were detected in APTX gene, which encodes aprataxin - the causative
gene for ataxia with oculomotor apraxia 1.

CoQ10 deficiency is associated with overlapping neurological features
broadly divided into five major clinical phenotypes, including encephalo-
myopathy, severe infantile multisystemic disease, nephropathy, isolated
myopathy, and cerebellar ataxia [12]. A slowly progressive cerebellar syn-
drome is the most common phenotype related to CoQ deficiency. Patients
manifest with gait ataxia, and over time, develop prominent dysarthria,
limb ataxia, brisk lower extremitymuscle stretch reflexes, andminor abnor-
malities in saccade and smooth pursuit eye movements.

Direct measurement of CoQ10 in skeletal muscle by high-performance
liquid chromatography is the most reliable test for the diagnosis. The re-
sponse to replacement therapy in the ataxic form of CoQ10 deficiency is
variable, ranging from good clinical outcome to negligible benefit after
CoQ10 supplementation in several small reports. The authors used CoQ10
30 mg/kg/d orally three times per day in primary CoQ10 deficiency
(good practice point) [2,13].

2.6. Friedreich's ataxia

FA is an autosomal recessive degenerative disorder caused by an unsta-
ble GAA triplet repeat expansion on the gene encoding frataxin amitochon-
drial protein involved in iron–sulfur cluster biosynthesis.Reduced frataxin
synthesis leads to disrupted iron–sulfur biosynthesis, mitochondrial iron
overload and an increased sensitivity to oxidative stress [14]. Onset of
symptoms is typically before 25 years, with early limb and truncal ataxia
and absent muscle stretch reflexes. Loss of joint position and vibration
sense, upper motor neuron dysfunction, and dysarthria eventually occur
in all patients. Cardiomyopathy is seen in two thirds of patients.

Therapeutic strategies tried are 1) increase frataxin levels on the tran-
scriptional level by histone deacetylase (HDAC) inhibitors or the protein
level by recombinant human erythropoietin; 2) use antioxidants such as
co-enzyme Q10, its homoloidebenone, and vitamin E; 3) lower mitochon-
drial iron stores with deferiprone; and 4) improve energy metabolism by
L-carnitine supplementation. However, controlled studies failed to show
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modification of disease progression with these approaches. Favorable ef-
fects of idebenone on cardiac hypertrophy associated with FRDA has been
documented [15]. Treatment should be individualized and FA patients
with severe hypertrophic cardiomyopathy might benefit from this treat-
ment [16]. However, there is no sufficient evidence to recommend
idebenone for the treatment of FA (level A evidence).

2.7. Refsum's disease

Refsum's disease is a rare autosomal recessive disorder of fatty acid me-
tabolism, caused in most cases by mutations of the peroxisomal enzyme
phytanoyl-CoA hydroxylase gene on chromosome 10 [17]. The peroxi-
somal protein catalyses the first step in the α-oxidation of phytanic acid.
A diagnostic tetrad of retinitis pigmentosa, cerebellar ataxia,
polyneuropathy and high cerebrospinal fluid (CSF) protein content without
pleocytosis has been found in almost all patients. It is characterized by sen-
sorineural deafness, anosmia, skeletal abnormalities, ichthyosis, renal fail-
ure, cardiomyopathy or arrhythmias as associated features [18].

Onset is typically by 20-30 years of age, with night blindness as the ear-
liest manifestation. Symptoms relate to failing vision, weak extremities, or
unsteady gait. Because of impaired branched chain fatty acid α-oxidation,
phytanic acid, found primarily in dairy products, meat, and fish, accumu-
lates to high levels in body fat. Analysis of phytanic acid concentration in
plasma/serum is used to confirm the diagnosis. Dietary restriction halts dis-
ease progression in most cases (good practice point) [2]. The goal of treat-
ment is reduction of phytanic acid intake to less than 10mg/day (normal
daily intake-50-100 mg) [19]. Stressful conditions, such as rapid weight
loss and illness, can result in mobilization of phytanic acid from fat stores,
causing sudden worsening of symptoms or even an acute Guillain-Barre
syndrome-like presentation [20]. Plasma exchange or chronic lipid aphere-
sis can be tried in patients with acute symptoms or progression despite die-
tary changes.

2.8. Glucose transporter type 1 deficiency

Glucose transporter type 1 (GLUT1) deficiency syndrome is an autoso-
mal dominant neurometabolic disorder caused by disturbed glucose trans-
port over the BBB . The disease is caused by mutations in the gene
encoding the GLUT1 transporter (SLC2A1; 138140) on chromosome
1p35-p31.3.

GLUT1 deficiency has diverse phenotypical manifestations ranging from
intellectual disability and epilepsy to motor impairment [21]. It can present
as complexmovement disorders or as a dominating ataxia syndrome [22]. Pa-
tients with the ataxic phenotype typically present with limb ataxia, dysar-
thria, subtle cognitive difficulties, and other movements disorders,
primarily limb and facial dystonia. Ataxic gait may occur in 70% of patients
(35% have purely ataxic gait and 35% have ataxic spastic gait). Movement
disorders are paroxysmal in some patients because of exacerbated states of
deficiency induced by physical activity, fatigue, fasting, anxiety, excitement,
low ketones, and poor dietary compliance to treatment [23].

The hallmark of this disorder is low CSF glucose concentration in the
setting of normoglycemia with a CSF/blood glucose ratio of 0.4. Diagnosis
encompasses analysis of an erythrocyte glucose uptake assay which is a sen-
sitive test for GLUT-1 deficiency [24]. Ketogenic diet can be effective in
treating the manifestations of the disease and halting progression by 40%
to 70% in most patients [25].

2.9. Episodic ataxia type 2

The episodic ataxias are diverse neurological conditions characterized
by paroxysmal episodes of incoordination and imbalance, often with asso-
ciated progressive ataxia .There are at least six well-defined subtypes (EA
1-6). Episodic ataxia (EA2) type 2 is an autosomal dominant disorder
caused by mutations of the CACNA1A gene encoding the alpha-subunit of
P/Q-type calcium channel on chromosome 19 [26]. Most of these are
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nonsense loss of function mutations resulting in an abnormally truncated
protein. Sporadic cases have also been reported.

EA2 is characterized by episodes of ataxia, commonly triggered by emo-
tional or physical stress, with interictal nystagmus lasting for hours to days,
ranging in frequency from a few times a year to three to four episodes per
week. Symptoms vary from a pure ataxia to symptoms suggesting involve-
ment of the brainstem and rarely the cerebral cortex. Symptoms during an
attack include nausea, vertigo, dysarthria, and truncal ataxia. Nearly 50%
of patients may also acknowledge a headache reminiscent of basilar mi-
graine. Spontaneous vertical nystagmus, particularly downbeat nystagmus,
is seen in approximately one third of cases [27]. Midline anterior cerebellar
vermis atrophy has been described in patients with long-standing EA2.

EA2, familial hemiplegic migraine 1 and spinocerebellar ataxia 6 are al-
lelic disorders caused by mutations in CACNA1A, with clinical overlap
among them. Approximately two thirds of EA2 patients respond to treat-
ment with acetazolamide in doses between 250-1,000 mg/day. A random-
ized, double-blind, crossover trial of the potassium channel blocker 4-
aminopyridine, 5 mg three times daily versus placebo showed significant
reduction in frequency of attacks and improved the quality of life.

3. Acquired, immune-mediated cerebellar ataxias

3.1. Gluten ataxia

Gluten ataxia (GA) is an insidious onset sporadic ataxiawith positive se-
rological markers for gluten sensitivity [28]. Patients present in adulthood
with insidious-onset, progressive, pure cerebellar ataxia syndrome. Ocular
findings of cerebellar dysfunction including gaze evoked nystagmus are
seen in majority of patients. More than 90% of patients with gluten ataxia
may not have gastrointestinal symptoms. One third of patients have histo-
pathologic findings consistent with enteropathy. There is evidence of cere-
bellar atrophy in MRI in most cases.

The identification of immunoglobulin A deposits against
transglutaminase (TG) 2 in small bowel biopsy specimens helps in the iden-
tification of gluten related disease especially in patients with extraintestinal
manifestations, including patients with GA as they may not have obvious
enteropathy. Analogous to TG2, transglutaminase primarily expressed in
neural tissue (TG6) appears to be a marker of GA in up to 32% in idiopathic
sporadic ataxia and 73% in patients with GA [29]. However, these antibod-
ies have not been reproduced in other research laboratories. Other markers
include antigliadin, endomysial antibodies and antibodies directed to sur-
face cell transglutaminase.

Strict adherence to gluten-free diet is the cornerstone of therapy. Signif-
icant improvement in ataxia scores and subjective global clinical impres-
sion scale have been found when patients are on a gluten-free diet [30].

3.2. Anti GAD (glutamic acid decarboxylase) antibody associated ataxia

Glutamic acid decarboxylase (GAD) is a major enzyme of the CNS that
catalyzes the conversion of glutamate to γ-aminobutyric acid, the major
CNS inhibitory neurotransmitter. High levels of anti GAD antibody has
been found in patients with cerebellar ataxia, supporting an autoimmune
pathogenesis of the cerebellar syndrome [31]. In two large series of
patients with elevated GAD antibodies titers and multifocal neurological
deficits, cerebellar ataxia accounted for 28% and 63% of neurological pre-
sentations [32,33].

Patientswith GAD-associated ataxia develop symptoms insidiously over
weeks to years. Gait ataxia appears to be the most common feature, though
limb ataxia, dysarthria, and nystagmus also may be present. Patients may
develop episodes of diplopia, dysarthria, or vertigo of unclear etiology
months before the development of full-blown cerebellar ataxia. Those
with subacute onset and progression are more likely to benefit from immu-
notherapy and achieve long-term response [34]. Immunosuppressive treat-
ments primarily plasma exchange with methyl prednisolone pulse therapy
(20-25 mg /kg /week) as single bolus dose have been used in several case
series with marked benefit.
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3.3. Ataxic variant of steroid-responsive encephalopathy associated with
autoimmune thyroiditis

Steroid-responsive encephalopathy associated with autoimmune thy-
roiditis (SREAT), often referred to as Hashimoto’s encephalopathy, is an au-
toimmune syndrome characterized by subacute onset of confusion with
altered level of consciousness, seizures, and myoclonus .Elevated serum
levels of thyroperoxidase (TPO) and thyroglobulin antibodies with variable
thyroid profiles (often euthyroid) have been described. A slowly progres-
sive, sporadic, adult-onset cerebellar ataxia mimicking spino-cerebellar de-
generation responsive to steroids has been reported [ 35,36].

Serum autoantibodies against the amino (NH2) terminal region of neu-
ronal alpha-enolase have been reported as a specific diagnostic marker of
the ataxic variant of SREAT [37]. 50% of patients can harbor other neuro-
logical symptoms namely, altered level of consciousness, mild cognitive im-
pairment, psychiatric symptoms, tremors, and myoclonus. MRI
demonstrate no or only mild cerebellar atrophy. High-dose intravenous
methylprednisolone followed by oral prednisone taper and steroid sparing
immunomodulators is the most commonly used strategy.

3.4. Opsoclonus myoclonus ataxia syndrome

Opsoclonus myoclonus ataxia (OMA) syndrome can manifest from in-
fancy.It is marked by chaotic conjugate high-amplitude eye movements
(opsoclonus) , myoclonus,axial/appendicular ataxia and irritability. It com-
monly occurs as a paraneoplastic autoimmune phenomenon and an under-
lying neuroblastoma or ganglioneuroblastoma is often found. Identification
of the syndrome is simplified when the triad of symptoms present in conti-
guity.When ataxia presents in isolation without eye findings , the diagnosis
becomes challenging. Children should be evaluated with meta-iodo benzyl
guanidine scintigraphy (MIBG scan) which has fairly high sensitivity. If
negative, a high-resolution computerized tomography (CT) or MRI of the
chest and abdomen should be done [38].

3.5. Acute post-infectious cerebellar ataxia

Acute post-infectious cerebellar ataxia (APCA) is commonly seen after
immunizations or a febrile illness, most often after varicella infection.
Other viral etiologies plausible include coxsackie B, Epstein-Barr virus ,
mumps, echoviruses and influenza A/B. The pathology usually is a cross re-
action of antibodies to epitopes in the cerebellum causing acute demyelin-
ation [39]. The onset of symptoms can be up to 3 weeks after the systemic
illness has resolved. Symptoms develop acutely over few hours with rela-
tively prompt resolution over the next few days. The sensorium usually re-
mains normal and the presence of extreme irritability should raise the
suspicion of an acute infective cerebellitis.

Examination shows gait ataxia with significant truncal ataxia. Recovery
occurs in less than 2 weeks after disease onset. It is often a self-limited con-
dition and a short course of intravenous methyl prednisolone pulse therapy
(20-25 mg /kg) for five days can produce marked benefit in children. Lum-
bar puncture with analysis of cerebrospinal fluid usually shows mild
pleocytosis.MRI brain is often normal.

3.6. Paraneoplastic cerebellar degeneration

Paraneoplastic cerebellar degeneration (PCD) represents a clinical syn-
drome characterized by progressive ataxia and cerebellar findings (nystag-
mus, vertigo, opsoclonus, dysarthria) caused by antineuronal antibodies in
response to an immunologic trigger to tumor antigens that are similar to in-
tracellular neuronal proteins. The most common associated malignancies
are cancer from the ovaries, breast, uterus, or small cell carcinoma of the
lung. Several small series reveal improvement with immunosuppressive
therapy, however, treatment response is variable, with a considerable num-
ber of patients not responding to treatment. Management should be indi-
vidualized and must include cancer treatment when identified, followed
by immunotherapy. Treatments used include immunoglobulin G,
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corticosteroids, cyclophosphamide, rituximab, mycophenolate, and plasma
exchange, in conjunction with sequential or associated chemotherapy and
resection of identified tumors

3.7. Multiple sclerosis (MS)

Ataxia is a relatively common presentation of children with MS. About
5% to 15% of adolescents and a half of children aged less than 5 years
with MS have ataxia [40]. In comparison to adults, children with MS
have greater number of disease relapses and have more severe disability
in their disease course. A short course of intravenous methyl prednisolone
pulse therapy have been used with marked benefit in children followed
by disease modifying therapy as indicated .

3.8. Miller Fisher syndrome

Miller Fisher syndrome (MFS) oftenmanifests after a preceding viral in-
fection or gastroenteritis in at least half of the cases. Weakness and ataxia
reach a nadir within a few hours or days. Less often , patients may progress
to quadriparesis and have respiratory muscle involvement. Diagnosis is
mostly clinical when patients presents with a triad of ataxia, areflexia and
ophthalmoplegia . Eye muscles may so severly be affected to manifest as
frozen eyes; however pupillary reflexes will be retained.Nerve conduction
studies must be performed to confirm the diagnosis. CSF analysis shows
albumin-cytological dissociation and treatment is by plasma exchange.

4. Infectious and toxin mediated causes of treatable ataxias

4.1. Drugs and toxins

The Purkinje cells of the cerebellum are exquisitely sensitive to toxic in-
jury. They are the largest cells in the CNS visible with the naked eyes and
are metabolically very demanding. Therefore, mild changes in metabolic
milieu will affect Purkinje cells initially. Classic toxinmediated acute ataxia
is ethyl alcohol consumption. Binge drinking can cause an acute ataxia
which resolves with time. However, chronic alcohol use leads to vermian
atrophy and an ataxic gait. Antiepileptic drug overdose, especially phenyt-
oin, carbamazepine, oxcarbazepine , lamotrigine can cause acute or sub-
acute ataxia which improves with drug dose modification . Use of
thiamine high dose (300 mg / day) for three days is advised in all cases of
acute ataxia as thiamine deficiency may often coexist. Always rule out sub-
clinical hypothyroidism if a patient manifests with gait ataxia with drug
levels in the normal range.

Accidental ingestion of drugs may account for a third of cases of acute
ataxia in toddlers. Anticonvulsants, dextromethorphan, insecticides such
as paraquat and phosphine, lead, eucalyptus oil and shellfish poisoning
may present with disabling cerebellar features [41]. Clinical features in-
clude depressed mentation or agitation, seizures, and cerebellar signs. A
urine and serum drug screen apart from reviewing the medication prescrip-
tion of all household members may be suggestive.

Teenagers and young adults presenting with acute ataxia should be que-
ried for drugs – therapeutic or recreational. Antineoplastics such as fluoro-
uracil (5-FU) , cytarabine (ara- C), andmethotrexate have potential to cause
acute cerebellar dysfunction. Cocaine, heroin, toluene and phencyclidine
are drugs of abuse known to produce ataxia [42]. Scorpion sting envenom-
ation and cocaine use may also lead to cerebellar infarctions [43].

4.2. Acute cerebellitis

Acute cerebellitis may result from a direct infection of the cerebellum or
following a systemic illness. Mycoplasma, rotavirus and human herpesvirus
are the usual pathogens implicated in direct infection [44]. Presentation is
with features of raised intracranial pressure, altered sensorium , irritability
and cerebellar dysfunction. A lumbar puncture at the time of active infec-
tion may be dangerous in view of an impending risk of coning. MRI Brain
shows features of cerebellar oedema. Death may occur due to brain
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edema and tonsillar herniation [45]. Early therapy with parenteral acyclo-
vir at 10 mg / kg / dose three times a day for 21 days is advised.

4.3. HIV-related progressive multifocal leukoencephalopathy and ataxia

A subacute onset ataxia of months duration was described in patients
with retroviral illness which on evaluation was found to have progressive
multifocal leukoencephalopathy (PML). Hot cross bun sign, a cruciate
hyperintensity in the pons, best seen on axial T2-weighted and FLAIR se-
quences of MRI has been described.This sign is classically described in de-
generative diseases like multiple system atrophy (MSA) , Spinocerebellar
Ataxia 2 and 3 , variant Creutzfeldt-Jacob disease and rarely with infectious
diseases of the CNS. Treatment is by anti retroviral therapy [46].

5. Other treatable causes of ataxia

5.1. Superficial siderosis

Superficial siderosis (SS) manifests with the classic triad of cerebellar
ataxia, sensorineural deafness, and myelopathy. Dementia and palatal
tremor, in addition to other brainstem findings, have been reported [47].
SS results from recurrent hemorrhages into the subarachnoid space, with
hemosiderin deposition in the subpial layers of the cranial nerves, cerebel-
lum, brainstem, and spinal cord leading to neurological dysfunction. Hem-
orrhages are often due to dural vascular abnormalities, trauma,
parenchymal vascular lesions, tumors, or neurosurgical procedures. How-
ever, the source of bleeding has only been found in approximately 50% of
known cases.

The MRI findings in superficial siderosis include suseptibilty weighted
images (SWI) showing dense hypointensities surrounding brain paren-
chyma consistent with hemosiderin deposition in the sulcal spaces and
meningeal layers. Cerebellar hemispheric or cerebellar peduncles atrophy,
inferior olivary hypertrophy, T2 olivary hyperintensity are typically
encountered.

Several reports have evaluated the use of the iron chelator deferiprone
in SS, as the drug crosses the blood–brain barrier, potentially removing he-
mosiderin from the CNS space [48]. Prominent subjective improvement in
ataxia and other neurological symptoms have been documented using 30
mg/kg/d deferiprone [49].

5.2. Hydrocephalus

Children and young adults may present with ataxia arising from hydro-
cephalus owing to mass lesions or hemorrhage from vascular lesions and is
usually accompanied by other symptoms such as headache and vomiting.
Clinical signs can include papilledema and paresis of lateral gaze. Emergent
third ventriculostomy or external ventricular drainage combined with the
definitive procedure depending on the lesion with anti-cerebral edema
measures helps to alleviate the ataxia.

5.3. Acute traumatic cerebellar ataxia

Isolated involvement of cerebellum, sparing the more commonly af-
fected supratentorial structures and cervical cord , in trauma is rare [50].
Unsteady gait is a usual symptom post-concussion [51] and limb dysmetria
is conspicuously absent. Less often , trauma can also produce dissection of
the vertebral arteries [52] especially at the level where it pierces the
dura, at the origin of intracranial V4 segment. Acute ataxia, headache,
neck pain and vomiting are the most common symptoms. Diffusion-
weighted MRI, including T1-weighted images with fat suppression and
MR angiography are noninvasive imaging tools that are useful. Digital
substraction angiography confirms the diagnosis. Treatment is with anti-
platelet drugs. Trauma may also cause acute worsening of ataxia in certain
conditions like vanishing white matter disease [53] and episodic
ataxia type 2.
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5.4. Functional or psychogenic acute ataxia

Acute gait disturbance mimicking ataxia may also be a feature of psycho-
genic or functional movement disorder especially in teenaged girls [54]. Psy-
chogenic limb tremor mimicking appendicular ataxia is a common
accompaniment [55]whichmay further complicate the diagnosis. It typically
has a rapid onset and severity varies. Functional limb tremor or functional ap-
pendicular ataxiamaybe present irrespective of rest, posture or during action,
in contrast to organic disease. Noteworthy features of functional gait distur-
bance include patients maladaptation to the gait problem in the expected
way like a lack of wide-based gait, absence of falls and injuries [56].

6. Conclusion

The primary concern in a patient with ataxia is to exclude treatable
causes, including CNS infections, mass lesions, demyelination and immune
mediated diseases. Ataxia can be diagnostically approached by considering
the temporal course, most acute and subacute ataxias have a reversible eti-
ology .The presence or absence of associated neurologic abnormalities
gives clinical insight to the etiology. Ancillary testing should be individual-
ized, but strong consideration should be given to assessing for potentially
treatable causes. Recognizing treatable causes of ataxia is essential to im-
plement targeted treatments, and also to institute definitive long termman-
agement as early as possible to check neurological deterioration.
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