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ABSTRACT

Treatable ataxias are a group of ataxic disorders with specific treatments. These disorders include genetic and metabolic disor-
ders, immune-mediated ataxic disorders, and ataxic disorders associated with infectious and parainfectious etiology, vascular
causes, toxins and chemicals, and endocrinopathies. This review provides a comprehensive overview of different treatable atax-
ias. The major metabolic and genetic treatable ataxic disorders include ataxia with vitamin E deficiency, abetalipoproteinemia,
cerebrotendinous xanthomatosis, Niemann-Pick disease type C, autosomal recessive cerebellar ataxia due to coenzyme Q10 defi-
ciency, glucose transporter type 1 deficiency, and episodic ataxia type 2. The treatment of these disorders includes the replacement
of deficient cofactors and vitamins, dietary modifications, and other specific treatments. Treatable ataxias with immune-mediated
etiologies include gluten ataxia, anti-glutamic acid decarboxylase antibody-associated ataxia, steroid-responsive encephalopathy
associated with autoimmune thyroiditis, Miller-Fisher syndrome, multiple sclerosis, and paraneoplastic cerebellar degeneration.
Although dietary modification with a gluten-free diet is adequate in gluten ataxia, other autoimmune ataxias are managed by
short-course steroids, plasma exchange, or immunomodulation. For autoimmune ataxias secondary to malignancy, treatment of
tumor can reduce ataxic symptoms. Chronic alcohol consumption, antiepileptics, anticancer drugs, exposure to insecticides,
heavy metals, and recreational drugs are potentially avoidable and treatable causes of ataxia. Infective and parainfectious causes of
cerebellar ataxias include acute cerebellitis, postinfectious ataxia, Whipples disease, meningoencephalitis, and progressive multi-
focal leukoencephalopathy. These disorders are treated with steroids and antibiotics. Recognizing treatable disorders is of para-
mount importance when dealing with ataxias given that early treatment can prevent permanent neurological sequelae.
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INTRODUCTION

Neurological disorders may manifest with ataxia as a stand-
alone symptom or in conjunction with other neurological fea-
tures. The term “ataxic disorder” is generally reserved for condi-
tions with ataxia as a major clinical symptom. These disorders
can be acute, subacute, or chronic in their onset. In general, acute
and subacute presentations are related to vascular, infectious, or
autoimmune disorders, whereas chronic ataxias are genetic and
neurodegenerative in origin.' Irrespective of the underlying cause,
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ataxia has a catastrophic consequence on the quality of life, and
its emergence is often regarded as a herald of “permanent” dys-
function. However, this notion is not true in all conditions. In
most acute or subacute ataxia disorders, early treatment of the
underlying cause can stabilize or improve ataxia.

The clinical use of next-generation sequencing (NGS) has in-
creased our understanding of the genetic basis of cerebellar atax-
ias. Novel variants and atypical phenotypes of known diseases
are being identified more frequently, and mutations in hitherto
unknown ataxia-causing genes are also being reported. Despite
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these advances, innovation on the treatment front is moving at
a snail’s pace. In most cases, the treatment, if any, is aimed at
relieving ataxic symptoms, with no significant effect on disease
progression whatsoever. However, few genetic ataxias have
specific treatments available.

The diagnosis of ataxic disorders is not always straightforward
due to overwhelming clinical heterogeneity. This is particularly
true for autoimmune and genetic ataxias. In acute, subacute, or
chronic ataxic disorders, early identification of treatable causes
of ataxia can prevent permanent damage. This review discusses
how to identify and manage ataxic disorders with specific treat-
ment under four broad classes: 1) genetic and metabolic ataxia,
2) ataxic disorders associated with autoimmunity, 3) infectious
and parainfectious ataxias, and 4) other miscellaneous ataxic
disorders.

Genetic and metabolic treatable ataxias

There are few treatable causes of genetic and metabolic atax-
ias. In general, these disorders tend to manifest earlier and repre-
sent chronic progressive disorders. These disorders tend to have
a multitude of neurological and non-neurological features, but
ataxic manifestations are usually at the forefront.

Ataxia with vitamin E deficiency

Ataxia with vitamin E deficiency (AVED) is a neurogenetic
disorder due to biallelic variations in the TTPA (alpha tocoph-
erol transfer protein) gene (8q13).>* AVED is inherited by an au-
tosomal recessive mode with almost complete penetrance.* The
normal protein product of the gene is necessary for the retention
of vitamin E and very low-density lipoproteins.” The deficiency
of vitamin E increases the vulnerability of cerebellar Purkinje
cells to death, which leads to clinical manifestations of AVED.®
The prevalence is estimated to range from 0.6 to 9 per 1,000,000
population.’

Clinical features: the clinical symptoms usually begin between
the ages of 5 and 20 years.* The neurological features include a
Friedreich’s ataxia-like phenotype, which is most commonly re-
ported in the literature and manifests with cerebellar ataxia, dys-
arthria, features of incoordination, loss of proprioception and vi-
bration sense, a decrease in vision and retinitis pigmentosa, loss
of deep tendon reflexes, and extensor plantar response.*® In sev-
eral cases, dystonia has been reported, and approximately one-
third of patients have a characteristic tremor in head/titubation.*’
Systemic clinical features include cardiomyopathy and skeletal
deformities in a few patients.*'® The affected members from the
same family have a uniform age at onset and disease course. Pro-
bands with the p.His101GIn variant present with late-onset ataxia
(age > 30 years) with a mild course but with a higher risk for
pigmentary retinopathy and visual loss. On the other hand, the
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.744del A variant exhibits a severe clinical course with early on-
set of disease and an increased risk of cardiomyopathy.''?

Diagnostic evaluation: diagnosis is confirmed by identifying
the biallelic or pathogenic compound heterozygous variation of
TTPA on molecular testing."” The biochemical evaluation shows
a very low concentration of plasma a-tocopherol (vitamin E)
with normal lipid and lipoprotein profiles.”” Neuroimaging in
the initial stages may show very mild or no discernable cerebel-
lar atrophy."* Nerve conduction studies commonly reveal pure
sensory neuronopathy or ganglionopathy."

Treatment: life-long, daily vitamin E supplementation at high
doses (800 mg/day) can reduce disease progression. If started
early, many symptoms may reverse or improve. Untreated pa-
tients become wheelchair-bound within 8-20 years of the on-
set of clinical symptoms.*'¢

Practical point: AVED should be suspected when Friedreich's-
like phenotype is clinically observed with low plasma vitamin E
levels and normal lipoproteins without any malabsorption. Vi-
tamin E levels should be monitored every six months to ensure
that the level is maintained in a normal range.

Abetalipoproteinemia

Abetalipoproteinemia is a rare metabolic disease caused by
biallelic variations in the MTTP gene (microsomal triglyceride
transfer protein) on chromosome 4q22-24." Abetalipoprotein-
emia has an autosomal recessive mode of inheritance. Greater
than 75 mutations in the MTTP gene are known to cause apo-
lipoproteinemia.”” The penetrance is variable and incomplete.
The normal product of the MTTP gene is essential for the forma-
tion of very-low-density lipoprotein and chylomicron.” MTTP
gene abnormalities lead to the absence of apolipoprotein B-con-
taining lipoproteins and causes malabsorption of fats and fat-
soluble vitamins."® Abetalipoproteinemia has an estimated prev-
alence of less than 1 in a population of 1,000,000."” APOB gene
mutations can cause hypobetalipoproteinemia with clinical fea-
tures indistinguishable from abetalipoproteinemia.*

Clinical features: the onset of neurological symptoms usually
occurs before the age of 20 years. The neurological symptoms are
due to malabsorption of vitamin E and therefore resemble AVED.
The first sign is usually a reduced deep tendon reflex, which is
noted as early as the first few years, followed by reduced proprio-
ception and vibratory sense (positive Romberg’s sign).'**' Other
signs include cerebellar ataxia, incoordination, muscle weakness,
and musculoskeletal deformities. Deficiency in vitamins A and
E causes retinitis pigmentosa, a decrease in vision acuity, night
blindness and color blindness, annular scotoma sparing the mac-
ula, and constricted visual fields."” If left untreated, complete
visual loss may occur. Ptosis, nystagmus, anisocoria, and strabis-
mus represent rare manifestations.”*** Systemic clinical features
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include gastrointestinal symptoms and failure to thrive with on-
set in infancy. Cardiomyopathy if present is usually lethal >’
Anemia and jaundice are reported in a minority of patients."”*

Diagnostic evaluation: the definitive test for diagnosis is ge-
netic confirmation of variation in the MTTP gene.”" Biochemical
tests show an abnormal lipid profile with minimal low-density
lipoprotein C levels and a variable decrease in apolipoprotein B,
triglycerides, total cholesterol, and high density lipoprotein (per-
formed after at least 12 hours of fasting)."” Hematological abnor-
malities include acanthocytosis, low erythrocyte sedimentation
rate, anemia, hemolysis, indirect hyperbilirubinemia, and pro-
longed international normalized ratio (INR). An ultrasound
scan may reveal a fatty liver, and MRI brain commonly reveals
degeneration affecting the spinocerebellar region."”"®

Treatment: restriction of fat intake to less than 15 to 20 g per
day is useful to prevent steatorrhea and subsequent oxalate uro-
lithiasis. Adequate calorie intake is also an important step to avoid
growth retardation. Administration of medium-chain triglycer-
ides is useful to correct malnutrition in infants but can cause he-
patic fibrosis in the context of long-term treatment. The daily re-
quirement of essential fatty acids should be provided in the form
of polyunsaturated fatty acid-rich oils, such as soybean or olive
011.17,18,22

A high-dose vitamin E supplement of 100—-300 mg/kg/day can
delay disease progression. Monitoring serum vitamin E levels is
not clinically significant as it does not reflect tissue vitamin E lev-
els. High-dose vitamin A (100 to 400 IU/kg/day) can prevent
ophthalmic sequelae but can cause toxicity in some cases. Vita-
min D deficiency should be corrected using supplementation at
800 to 1,200 IU/day. If prothrombin time/INR is prolonged, vi-
tamin K should be administered at a dose of 5-35 mg/week.'***
If anemia is present, iron, folate, and vitamin B12 supplements
should be administered. The prognosis is variable and depends
on the timing of management. Few symptoms may partly re-
verse. If untreated, the prognosis is poor.'”'*?**

Practical point: abetalipoproteinemia should be suspected in
patients with Friedreich’s ataxia- or AVED-like phenotype with
abnormal lipid profiles and acanthocytes in blood.

Cerebrotendinous xanthomatosis

Cerebrotendinous xanthomatosis (CTX) is caused by homo-
zygous or compound heterozygous mutations in the CYP27A1
gene, leading to the absence of the mitochondrial sterol 27-hy-
droxylase enzyme. CTX has an autosomal recessive inheritance
pattern.'®”' CTX mutations affect the conversion of cholesterol
to chenodeoxycholic acid and cholic acid during bile synthesis
and lead to low levels of bile acid and excess cholestanol, which
accumulates in tissues. The prevalence varies in different popula-
tions, and a higher prevalence is noted in the Asian population.”*
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Clinical features: the initial symptoms of CTX begin in infan-
cy as nonspecific systemic clinical manifestations, such as cho-
lestatic jaundice, diarrhea, and failure to thrive. Approximately
92% of patients develop childhood-onset cataracts before the
onset of neurological symptoms and tendon xanthomas.”® Due
to the deposition of cholestanol, 71% of patients develop xantho-
mas in the Achilles tendon, fingers, triceps, or tibial tuberosity
during the first three decades.” Pes cavus deformity, pulmonary
insufficiency, osteoporosis, endocrinopathies, renal and hepat-
ic calculi, chronic diarrhea, cardiac involvement, and prema-
ture atherosclerosis are also observed in CTX. Neuropsychiatric
symptoms appear in patients in their late teens or early third de-
cade. These symptoms include cognitive and intellectual impair-
ment ranging from mild impairment to dementia; psychiatric
symptoms, such as depression, hallucinatory behavior, suicidal
tendency, and agitation; pyramidal involvement; cerebellar dys-
function (80%); extrapyramidal symptoms (parkinsonism, my-
oclonus, tremor, dystonia: 20%); seizures (50%); myopathy; and
peripheral neuropathy.”® Although neurological symptoms ap-
pear in patients in their late teens and early 20s, the diagnosis
is usually confirmed in the 3rd decade of life when the patient
is disabled.”**

Diagnostic evaluation: the definitive diagnosis of CTX is
achieved by genetic confirmation of the mutation. The biochem-
ical assay showed elevated levels of serum and urine cholestanol
and bile alcohols. The MRI classically shows bilateral cerebellar
dentate microcalcifications and T2-weighted hyperintensity in
supratentorial and deep gray matter (Figure 1B).” Electromyog-
raphy (EMG) reveals axonal neuropathy. Multimodal evoked
potentials show delayed central conduction times, and electoen-
cephalography (EEG) shows diffuse slowing with paroxysmal
discharges.”

Treatment: Oral chenodeoxycholic acid is a bile acid replace-
ment that induces feedback inhibition of bile acid production.
Chenodeoxycholic acid normalizes the cholestanol levels and
improves symptoms except for established neurological involve-
ment and juvenile cataract. In a study of 56 patients by Stelten
et al.,”® cerebellar and pyramidal signs improved when cheno-
deoxycholic acid was initiated before the age of 24 years, and
new neurological symptoms did not develop when patients were
adherent to treatment. If treated later, 61% of patients continued
to worsen and develop treatment-resistant parkinsonism. The
dose is 250 mg three times daily and 15 mg/kg/day in divided
doses in children.” Cholic acid and HMG-CoA reductase in-
hibitors (statins) are also useful in combination. Xanthomas are
often surgically excised for cosmetic reasons.

Practice point: Clinicians should suspect and screen for CTX
when early cataract and nonspecific gastrointestinal symptoms
are observed in a child or young adult with or without neurolog-
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Figure 1. Representative MRI images of treatable disorders that manifest with ataxia. A: Axial FLAIR image showing hyperintense signals
in the thalamus and basal ganglia in a patient with Wilson disease. B: Axial FLAIR images showing hyperintense signals in the dentate and
surrounding cerebellar white matter in a patient with cerebrotendinous xanthomatosis. C: Axial T2-weighted image showing mild cerebellar
atrophy in a patient with Niemann-Pick C disease. D: Coronal T2-weighted image showing cerebellar atrophy in a patient with Sjogren’s
syndrome. E: Axial FLAIR images show multifocal, asymmetric hyperintense signals in a patient with progressive multifocal leukoencepha-
lopathy. F: Axial FLAIR image shows multifocal, asymmetric hyperintense signals in a patient with multiple sclerosis. G: Axial T2-weighted
image showing cerebellar atrophy in a patient with alcohol-induced cerebellar ataxia. H: Axial FLAIR image showing hyperintense signals in
the bilateral dorsomedial thalami in a patient with Wernicke encephalopathy. I: Axial T2 FLAIR image showing hyperintense signals in the
bilateral cerebellum in a patient with acute cerebellitis. J: Axial T2 FLAIR image showing asymmetric and multifocal hyperintensity in a pa-

tient with acute disseminated encephalomyelitis (ADEM). FLAIR, fluid-attenuated inversion recovery.

ical symptoms.

Niemann-Pick disease type C

Niemann-Pick disease type C (NPC) is caused by biallelic or
compound heterozygous mutations in the NPC-1 (95%) and
NPC-2 (5%) genes and has an autosomal recessive inheritance
pattern. NPC is a neurovisceral disease characterized by seques-
tration of non-esterified cholesterol in lysosomes. The prevalence
of the disease is estimated to be 1 in 150,000 population.

Clinical features: clinical features may appear anytime from
the neonatal period to late adulthood. The most prevalent forms
of the disease include juvenile and adult-onset variants. The vis-
ceral signs as well as psychiatric and neurological symptoms and
signs in NPC may follow a different course independent of each
other, leading to significant heterogeneity in symptoms.**** How-
ever, in most cases, systemic symptoms appear before the neu-
rological symptoms. The most common systemic clinical features
include an enlarged spleen and pulmonary involvement with re-
spiratory failure secondary to alveolar proteinosis and aspiration
pneumonia. Neurological symptoms include cerebellar ataxia,
vertical supranuclear palsy, cerebellar dysarthria, cognitive im-
pairment, and abnormal movements, such as dystonia, myoclo-
nus, parkinsonism, and chorea. Vertical supranuclear palsy is of-
ten not easily discernible until late in the disease."**' Nonspecific

psychiatric symptoms and seizures are noted in a minority of
patients. A characteristic finding in several patients is laughter-
induced cataplexy.”

Diagnostic evaluation: according to the revised diagnostic al-
gorithm for NPC, if the suspicion index for NPC is high, a bio-
marker profile consisting of oxysterols (oxidation products of
cholesterol), such as olestane-3f,5a,6p-triol (C-triol) and 7-ket-
ocholesterol; lysosphingolipids, such as lysosphingomyelin-509
(Lyso-SM-509); or bile acids, specifically 3(,5a,6(-trihydroxy-
cholanoyl-glycine, may be used.'*** However, these tests are not
available widely. Diagnosis can also be confirmed by the charac-
terization of NPC genes and can be used either for confirmation
after the biomarker profile or as the first-line if the clinical sus-
picion is very high. The filipin staining test on skin fibroblasts is
no longer favored as the initial screening test. This test is currently
used to assess whether novel variants of NPC mutations have
functional significance.'®**** Brain MRI may show nonspecific
changes, such as cerebral (predominantly frontal) and cerebel-
lar atrophy, T2 signal hyperintensities in white matter, particu-
larly of parietooccipital periventricular regions, deep gray matter
atrophy of the thalamus, hippocampus, putamen, caudate, cer-
ebellum, and insular region (Figure 1C).*> MR spectroscopy may
detect changes earlier, but only limited data are available.”

Treatment: no treatment has conclusively been demonstrated
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to benefit patients with NPC. However, some may benefit from
the use of miglustat. Studies have shown that miglustat may de-
lay the progression of neurological manifestations when started
as soon as neurological symptoms appear. The miglustat dose is
600 mg daily in three divided doses for adults and adolescents.”
For children, the dose must be calculated based on body surface
area. The adverse effects are mostly limited to gastrointestinal
symptoms, weight loss, and tremors. The use of cholesterol-low-
ering agents does not change the clinical course. Cyclodextrin
and arimoclomol show clinical benefit in preliminary studies
but have yet to be confirmed in clinical trials.*

Practical point: clinicians should suspect and screen for NPC
in young people with progressive cerebellar ataxia and vertical
supranuclear gaze palsy. A high index of suspicion is required
for the early diagnosis of NPC.

Refsum’s disease

Refsumss disease is caused by mutations of the peroxisomal
phytanoyl-CoA hydroxylase (PHYH) gene and is rarely due to
PEX7 gene mutations. Refsum’s disease is also called hereditary
motor and sensory neuropathy IV. Phytanoyl-CoA hydroxylase
is involved in the alpha oxidation of phytanic acid, whereas the
PEX7 gene product is a signal receptor for the transport of per-
oxisomal proteins from the cytoplasm into peroxisomes. Phy-
tanic acid is a branched-chain fatty acid produced from chloro-
phyll in the diet. The mutation causes the phytanic acid level to
increase and be stored in body fat. It produces toxicity to neuro-
nal tissues by unknown mechanisms. It is inherited as an auto-
somal recessive disorder and has an estimated prevalence of 1
in 1,000,000 people.””*

Clinical features: onset typically occurs in adolescents and
young adults. The first reported symptom is deteriorating vision,
which presents as night blindness due to retinitis pigmentosa
and anosmia. Other systemic clinical features include ichthyotic
skin lesions, sensorineural hearing loss, skeletal abnormalities,
arrhythmia, and renal failure. Approximately one decade after
the onset of clinical symptoms, neurological involvement be-
gins in the form of polyneuropathy and cerebellar ataxia.’**° The
ataxic symptoms are most commonly due to peripheral poly-
neuropathy until late in the disease when cerebellar ataxia also
appears. No appreciable cognitive impairment is noted. Periodic
worsening and clinical presentation similar to Guillain—Barre
syndrome (GBS) is observed when phytanic acid is mobilized
rapidly into peripheral blood during stress, rapid weight loss or
illness.'®#

Diagnostic evaluation: in patients with a high index of suspi-
cion, clinical diagnosis can be complemented by measuring the
plasma phytanic acid levels, which are typically > 200 pmol/L
(normal < 15 umol/L). Mutation analysis of the gene by Sanger
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sequencing or NGS techniques is diagnostic. There is albumino-
cytological dissociation is noted, and the cerebrospinal fluid (CSF)
protein concentration is usually between 100 and 600 mg/dL.
In people with polyneuropathy, nerve conduction studies show
slowed conduction velocity. Biopsy of the peripheral nerve shows
hypertrophy with onion bulb formation.'®*?%*

Treatment: dietary restriction, such as reducing the daily in-
take of phytanic acid (meat, dairy products, animal fats) to less
than 10 mg per day, halts disease progression. Green vegetables
have fewer free phytols and may be included in the diet. For acute
symptoms, plasma exchange of chronic lipid apheresis is used in
conjunction with diet changes. Plasmapheresis removes phytan-
ic acid from the blood and not from adipose or other tissues.***
Strict controls lead to improvement in peripheral neuropathy
and ataxia first followed by ichthyosis. Retinitis pigmentosa, hear-
ing, and olfactory disturbances usually do not improve.*®*

Practical point: a tetrad of cerebellar ataxia, polyneuropathy,
retinitis pigmentosa, and albuminocytological dissociation should

prompt evaluation for Refsum’s disease.

Glucose transporter type 1 deficiency

Glucose transporter type 1 (GLUT1) deficiency syndrome is
an autosomal dominant disorder caused by mutations in the
GLUT!1 transporter (SLC2A1). The condition causes a distur-
bance in glucose transport across the blood—brain barrier, result-
ing in an “energy crisis” in the brain.”

Clinical features: GLUT1 deficiency presents with heteroge-
neous clinical manifestations, and atypical presentations are very
common. The most frequent clinical features include intellectual
disability, dysarthria, ataxia, limb and face dystonia, treatment-
resistant infantile-onset seizures (multiple types), and a decrease
in head circumference. An age-specific pattern is recognized in
GLUTI1. In infancy, seizures and paroxysmal eye-head move-
ments are observed. The impairment in growth and develop-
ment becomes noticeable as the child ages. This feature is usually
followed by ataxia (70%), spasticity and dystonia. During the ad-
olescent period, these movement disorders may predominate
the clinical picture. Chorea and tremor are also observed.*® Move-
ment disorders may be paroxysmal in a few individuals and are
precipitated by fatigue, physical activity, anxiety, fasting, anxiety,
and poor compliance with the diet. Other paroxysmal symptoms
include behavioral disturbances, cyclical vomiting, migraines,
and sleep episodes.*>**

Diagnostic evaluation: the diagnosis is established by a lum-
bar puncture with low CSF glucose and low to normal CSF lac-
tate levels with normal glucose and lactate levels in blood and a
CSF/blood glucose ratio of 0.4. Lumbar puncture should be per-
formed after a minimum of 4 to 6 hours of fasting, and blood
glucose should be measured immediately before lumbar punc-



ture.'®! An erythrocyte glucose uptake assay showing impaired
3-O-methyl-D-glucose uptake is also a sensitive test for GLUT1
deficiency. MRI scans are useful to exclude the causes of other
epileptic encephalopathies and movement disorders.”’ An fluo-
rodeoxyglucose (FDG)-positron emission tomography (PET)
scan shows hypometabolism from the thalamus, cerebellum,
and cerebral cortex with an increase in glucose accumulation in

the caudate nucleus.”***

Identification of the underlying ge-
netic variation is also useful in the diagnosis. However, accord-
ing to the latest recommendations of the International Glut1DS
study group, although the identification of pathogenic variants
of SLC2A1 is confirmatory, its absence does not exclude GLUT1
deficiency given that variations, such as deletions, duplications,
noncoding RNA and downstream defects in Glutl transcrip-
tion, translation, processing, activation and trafficking, can also
cause GLUT1 deficiency.”

Treatment: a ketogenic diet improves clinical symptoms by
40%-70% and halts disease progression. Development delay and
movement disorders respond only partially to the ketogenic diet.
The use of antiepileptics remains controversial, but levetirace-
tam, valproic acid, and lamotrigine have been used in different
centers. For paroxysmal events unresponsive to seizure medica-
tion, alpha-lipoic acid triheptanoin and acetazolamide have been
tested with variable responses.*>* Patients on a ketogenic diet
should be monitored regularly for long-term side effects, such as
kidney stones, growth retardation, and cardiovascular disease.”*’

Practical point: GLUT1 deficiency should be assessed in indi-
viduals with unexplained movement disorders, early-onset drug-
resistant epilepsy of multiple types of seizures, and paroxysmal
motor and nonmotor events at any age.

Episodic ataxia type 2

Episodic ataxia 2 (EA2) is an autosomal dominant disorder
caused by CACNAIA gene mutations. Sporadic cases with de
novo mutations are also known. This gene encodes the alpha
subunit of the P/Q-type calcium channel.”

Clinical features: the clinical features of EA2 begin in early
childhood (< 20 years) but may also manifest late (> 50 years).
EA2 is characterized by recurrent episodes of ataxia lasting hours
to days and may have a frequency of a few times per year to more
than four episodes per week. In addition to ataxia, attacks may
be characterized by symptoms, such as downbeat nystagmus,
nausea, dysarthria, vertigo, and truncal ataxia.'™*' Approximately
50% of patients may complain of vestibular migraine. Rarely, pa-
tients may also present with myasthenic symptoms. Episodes
are usually precipitated by alcohol intake and stress due to physi-
cal or emotional causes. During the interictal period, the patient
may be asymptomatic or may have interictal nystagmus, impaired
suppression of the vestibulo-ocular reflex, gaze-holding deficits,
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saccadic pursuits, and bilateral internuclear ophthalmoplegia. A
few patients may also have subtle ataxic and postural symptoms,
and dystonia is also rarely observed.”*

Diagnostic evaluation: in suspected clinical cases, confirma-
tion should be performed by identifying the underlying genetic
mutation. In long-standing cases of EA2, brain MRI may show
midline anterior cerebellar vermis atrophy.”

Treatment: A majority of EA2 patients show a good response
to acetazolamide at a dose of 250 to 1,000 mg/day. The use of the
potassium channel blocker 4-aminopyridine at a dose of 5 mg
thrice daily reduces the frequency of attacks.'**'

Practice points: EA2 should be suspected in patients with par-
oxysmal ataxia with or without brainstem symptoms.

Other disorders in this class include ataxias due to coenzyme
Q10 deficiency, guanidoacetate methyltransferase deficiency,
biotinidase deficiency, cerebral folate deficiency, pyruvate de-
hydrogenase complex deficiency, Wilson disease, aceruloplas-
minemia, riboflavin transporter deficiency neuronopathy, and
thiamine transporter deficiency. The salient clinical features, di-
agnosis, and treatment are provided in Table 1.

Treatable ataxias associated with autoimmunity

Ataxic disorders associated with autoimmunity encompass a
large, heterogeneous group of acute to subacute ataxias that oc-
cur due to neuronal dysfunction or cell death caused by immune-
mediated mechanisms. Many of these disorders have known
triggers (e.g., GBS), have well-characterized anti-neuronal anti-
bodies, or are characterized as primary autoimmune cerebellar
ataxia.

Guillain-Barre syndrome

Variants of GBS, such as the Miller Fisher (MF) variant and
Bickerstaff encephalitis (BE), can present with noncerebellar
ataxia. GBS is triggered by an antecedent infection that evokes
an immune response to myelin or axons of the peripheral nerve
due to molecular mimicry by cross-reacting epitopes. The most
common cause of antecedent infection is Campylobacter infec-
tion. GBS has an annual incidence of 1-2 per 100,000 persons.
It affects men more often than women.”>

Clinical features: the clinical presentation is usually acute to
subacute after an infection of the respiratory or gastrointestinal
system. The MF variant presents with ataxia, ophthalmoplegia
with retained pupillary reflexes, areflexia, and weakness. In many
patients, the clinical picture may be incomplete, and patients may
present with ophthalmoplegia without ataxia or acute ataxia
without ophthalmoplegia. The BE variant usually presents with
encephalopathy, hyperreflexia, ophthalmoplegia, and ataxia.”*

Diagnostic evaluation: the diagnosis is based on clinical ex-
amination with supportive evidence from investigations. There

www.e-jmd.org 211



‘uonjejueldsuel;
oneday ‘you-1addod Jo uoouysal
Aiejaip ‘ouiz ‘sunuaiy ‘aulwe|oiuad-q

"(Rep/Bw 00¥—0z2) uiAeoqu [eJo
‘(Rep/Bw 0001-00¢€) SUILEIY} [810
‘ploe oujwe uleyo-payouelq

JO uooISal pue Jaip olusboiey
‘Auea papess JI swoydwAs

[eolul[o sanoidwl OS[e J8Ip S84-Y|IW
‘4SO 8yi ul JH1IN-G
8y} 8zijewlou pue swojdwAs [eojuljo
sanoldwi Jeah e jses) je Joj Jybiam

Apoq 6/6w | jo asop e e pioe Jjuljo4

‘Juswieal) a)idsap aA|0Sal Jou
op Ajlensn sjoajep [ensiA pue Aioypny
‘Rejop |ejuswdojaaap pue ‘Yses ups
‘eroadole ‘eixeje ‘swojdwAs snosueno
‘sainzias ul Juswanoidwi pidey
Kep/Bw 0z—G jo asop e je ujoig

'sabueyd Y\ pue ‘swojdwAs
|epiwelAdesxs ‘sainziss ‘Sawooino
[eINOIABYSQ PUE [EN}OS|[S)Ul UO JO8)d
|eloyauaq e sey juswieal} Aueg
‘WO Jo
s|ans| 8y} aseaudsp o} (Aep/By/Bw Gz
uey} ssa) JaIp pajoLsal-aululbay
‘(Aljessyua o Ajleso Aep/by/6w 008
0] 00%) @ulypulo-1 ‘(Ajjessus Jo
Alelo ‘Aep/Bx/6w 008 03 00F) dulEsID
“Jjouaq [ediulo Aue Jo yoe| 0} asuodsal
poob wouy buibuel sasuodsal
a|qeleA sey 0 D0D Jo Juswaoe|day
'S9SOP PapIAIP 93y}
ul Aep/6y/6w og 1e swsa|ddns 0LHOD
juawijeal)

J Mov Disord 2022;15(3):206-226

'S9SBO 9AISN[ouodU| Ul Buiousnbas ausg
‘(Y1 @inbBi4) wajsulelq pue ‘lweley; ‘usweind
Buinjoaul AysusjuuadAy gz [eleie|iq pamoys uield YN
‘uonjeulwexa dwej-}is uo Bul Jaysie|4-1asAey
Jaddoo oijeday jo [aA8)
ybiH "s|eas| Jeddoo pue ulwse|dojniad [ewlou mo| 0} Mo

‘sauab paje|as xa|dwod aseusboipAysp ayeanihd jo Bupuanbag

‘oljes 8jeAntAd o} eyejoe)
|ewuou ym 4S9 pue ewse|d ui sujuele ‘eyeAntAd ‘eyejoe| ybiH
‘wa)sulelq pue eljbueb jeseq ul AysusyuiedAy z1
‘sisauabsAp wnso|es sndioo ‘AjlebawojnoLijuan
oupwwAse ‘“Aydose [eigaiad smoys utelq [YIN
"JSE|qoiql pain}ind pue ‘ajosnwi [eje|exs ‘sajhooydwA|
‘ul Ayanoe awAzus xajdwod aseusaboipAyap ajeaniAd mo
"‘auab L4704 1o Buousnbag
“Japew
a)lym |eau0oqns pue Jendujuaaad ul AyisusyuedAy g1
Jo/pue Aydodie |eijodwajojuol) Moys Jo [ewlou ag Aew [HN
'S||90 po0|q pal pue WnIas
Ul S|9AS] 910} [BULIOU UIM 4SO Ul 4H1IAIS JO S|9A8] JamoT]
auab @/ g jo Bupuanbag
"IYIN UO JUSWSAJOAUI P09 [eulds sey Aoualonep asepluliolq
josuo-aje ‘WAB |edweooddiyesed pue [dweosoddiy
|elaie|iq ul senisuauuadAy Yy 14 pue z1 ‘suoisnye |einpgns
‘eljbueb |eseq jo suonesyoles ‘Aydoule [eiqalad smoys YN
‘sisA|eue pioe ojuebio suun ul ayeuoidoldAxoipAy-g
'S|9A9| 9}E)OE| pUE BlUOWWE WNJas YBiH
‘Aesseolpes Aq anssiy Joyjo pue sa}fooxns|
‘sise|qolqy ‘ewsed ‘wnias ul AJIAjoe aseplunjolq Mo

‘sayIds [edoyinw pue saiAloe punoiboeq apnydwe-ybiy
yum oyioads-uou ale sabueyd Aydeibojeydasuao)os|g

48D Jo/pue ‘ewseld ‘auln ayj ul
auljeald Jo S|9AS| MO| pue ‘sje}aoeoulpiuenb Jo s|aAs| JaybiH

‘snpijjed snqo|b ay; Ajleioadsa ‘eljbueb jeseq

ay} ul AysusyuuadAy gz pue AysusjuiodAy |1 smoys [HIN

‘Bujuaaios Joy pasn s| Adoosoloads aoueuosal dipubew
uojoud Aq ureiq ayj ul [eubis auizeald ay} Jo Juswalnses|y
onsoubelp si susb | 9 8y jo Buousnbag

‘Aydesbojewo.yo pinbi eouewlopad-ybiy
Aqg 8josnul [E}9[9YS Ul 0L DOD JO JusWBINSEa|\

uoljenjeAa aisoubelq

‘uowiwiooun Ajjensn s| aWoJpUAs Jejjagalao

aind v Juasaid aq Aew Buu Jayosia|4

JasAey] “eixeje ‘uoiounysAp aAubo
‘aseas|p JaA|| Joway) ‘wsiuosupyied ‘ejuocjsig
"90UEB)LIBYUI DAISS908. [eWOSoINY

"BISBUDSAp [euOlaX® [ewsAxoled ‘eluoisAp
‘Ayredoinau |elsayduad ‘eluojodAy ‘sainzies
‘Aejap |ejyuswdojonap ‘Ajeydaooioiw
‘eIxele SNONURUOD 1O JusjiwIalu|
"soueIeyul (@7d
pue Ld4dd ‘1v1d ‘GHAd ‘XHAd) @Nssedal
[ewosoNy ‘(L YHAd) dAISSe081 paull X

'ainz|as ‘eluc)sAp

‘easoyd ‘Ayonseds ‘Ajjigeir ‘yymolb peay

10 UoNeIs|929p ‘uoleplelal JojowoyoAsd
‘Aejop |ejuswdolanap ‘eluojodAy ‘eixely
*9OUEB)LIBYUI DAISS9D8I [BeWOSOINY

‘suonoayul [ebuny pue |elin

0} Ayjigndeosns ‘siianounfuoo ‘Aydoie ondo

‘sso| Buneay ‘Aejap |eyuswdojansp

‘swia|qoud Buipasy ‘erpadoje ‘ysed
UBjS SNOJeWazos ‘sainzias ‘eluojodAy ‘eixely
"9OUEB)LIBYUI DAISSDD8I [eWOSOINY

‘papodal ale suonejussald

ayI-Ayyedojeydasus |eripuoyo0}iw

pue awolpuAs ybia "usas si eluojodAy

pue ‘wsl|leqiway ‘ealoyd ‘ejucisAp ‘eixeje

‘sadA} ainzias a|dpnw ‘subis |epiwelid

"oJif Jo 1eak Isuiy U Ul Uohe|INL-J|eS

pue ‘sainjesy ansine ‘AyanoeladAy

‘uoissalbbe se yons seouequnisip

|ednoineyaq pue ‘Juswliedwi yosads
‘Apgesip [enjoa)ayul ‘Aejep |ejuswdolanaq
90UB)IAYUI DAISS08) [eWosoINy

"19)e| dojansp Sal)i[EULIOUdE JUSWSAOW 9A8

pue subis |epiwelhd ‘asessIp olwa)sAsyinw

a|iueyul a1anss ‘AyjedoAwoleydasus
‘Ayredosydau ‘AyredoAw ‘eixeie Jejjogala)
"90UB)LIOYUI DAISS908 [eWOSoINY

ainjeay [eaiul|d

SEIXE}e 8|(e}eal) JO S8sNed O1j0ge}aW pue djeuas) *| a|qeL

g/d1Y 8ue
621-1219SESSIP UOS|IN

g7d pue Lddd ‘Lv1d ‘gHad
‘XHAd ‘LYHAd (s) 8us
az1-vz1AOUBIDYBP Xo|dwoo
aseuaboipAyap ayeAniAd

slojdaoal aje|oy Jsuiebe
SaIpogiue-0INe ‘L Y70 :Pud)
co1-0e/AOUBIOLBP 810} [BIqRI8D

aig :eusn
su-nAOUBIOLOP BSEpIUROIg

1LNVS 8us9
au-puhouaIolep 1NVYO

0LONY Jo
‘€X0QVY ‘X1dV i(s)aus
eu-AousIoyep 0LD0D
auab pue uonipuon

3

JaquinN

212



Table 1. Genetic and metabolic causes of treatable ataxias (continued)

Treatment
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Clinical feature

Condition and gene

Iron chelating agents and fresh-frozen

Low serum ceruloplasmin and serum copper. Higher

Cognitive dysfunction, ataxia, dystonia,

Aceruloplasminemia'®®13!

Gene: CP

7

human plasma

serum ferritin, iron and hepatic iron.

chorea, dysarthria, developmental delay,

MRI shows decreased T2 signal intensity in the basal

parkinsonism, retinal degeneration, diabetes

ganglia.

mellitus, anaemia.

Riboflavin (220—400 mg/day)

Abnormal acylcarnitine profile (elevated short, medium or

Riboflavin transporter deficiency  Ataxia, tongue fasciculations, nystagmus,

8

muscle weakness, failure to thrive, long-chain species).

neuronopathy32133
Gene(s): SLC52A2, SLC52A3

MRI may be normal or show cerebellar atrophy.

developmental delay, respiratory

Increased T2 intensity in the brainstem and cerebellum.

insufficiency, nystagmus, sensorineural

deafness, optic atrophy.

Biotin (5—-20 mg/day), thiamine
(300-1,000 mg/day)

CSF and blood lactate may be high.

Recurrent ataxia, dystonia, dysarthria,

Thiamine transporter

9

MRI brain shows atrophy of caudate and putamen and

nystagmus, external ophthalmoplegia,

deficiency'3413%

swelling of the pons.

seizures, spasticity, eye movement

Gene(s): SLC19A2, SLC19A3

abnormalities, encephalopathy, dysphagia,

facial palsy, developmental delay.

CoQ10, coenzyme Q10; GAMT, guanidoacetate methyltransferase; FLAIR, fluid-attenuated inversion recovery; CSF, cerebrospinal fluid; 5-MTHF, 5-methyltetrahydrofolate.
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is no one specific test that can conclusively diagnose GBS. CSF
analysis shows albuminocytological dissociation. Electrodiag-
nostic tests show features of demyelination, and brainstem au-
ditory evoked potentials show peripheral and central conduction
defects. MRI may show spinal root and cauda equina thicken-
ing and enhancement but is used only to exclude alternate pa-
thologies. The presence of serum IgG antibodies to GQ1b is
useful for the diagnosis of MF and BE.'$*"3>%%¢

Treatment: plasma exchange and intravenous immunoglob-
ulins have some value in the treatment of MF and BE, although
no randomized control trial studies have been performed. MF
and BE without complications, such as respiratory disease and
dysphagia, do not usually require immunotherapy. Recently, clin-
ical trials have established the safety and efficacy of eculizum-
ab, and eculizumab can be used along with IVIg. Greater than
87% of patients have a favorable prognosis and recover.>*¢*

Practical point: GBS should be suspected in cases presenting
with acute or subacute onset of ataxia, weakness, or ophthalmo-
paresis.

Multiple sclerosis

Multiple sclerosis (MS) is an immune-mediated, autoinflam-
matory disorder caused by autoreactive lymphocytes and mi-
croglial activation, leading to demyelination and degeneration.
MS more commonly affects women than men. Greater than 200
genetic loci are associated with a higher risk for MS.® The most
frequent gene polymorphism associated with MS is major histo-
compatibility complex class 1 and II (HLA-DRBI).** The prev-
alence and incidence vary depending on the geographical re-
gion, latitude, race, sunlight exposure, and vitamin D levels.'®*"%

Clinical features: MS is a clinically heterogeneous disease and
has variable clinical symptoms. Ataxic manifestations are ob-
served in 50% of children < 5 years and less than 20% of adoles-
cents.”" %" Cerebellitis may manifest as a clinically isolated syn-
drome or may be part of the progressive or relapsing forms of
MS. Acute symptoms are initially noted and may last for a few
months-18,21,66,67

Diagnostic evaluation: the diagnosis is mostly clinical and based
on supportive investigations.®® A brain MRI with contrast shows
T2-weighted hyperintense lesions with/without enhancement
in the brainstem, periventricular white matter, cerebellum, and
spinal cord (Figure 1F).” CSF shows oligoclonal bands with a
modest increase in protein and white blood cell levels in sever-
al patients.*®

Treatment: patients with ataxic manifestations may benefit from
a short course of intravenous glucocorticoids in the acute phase.
Other disease-modifying agents, such as beta interferons, glat-
iramer acetate, or intravenous immunoglobulin, may delay pro-
gression.”
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Practical point: subacute onset of ataxia with clinical features
of MS should prompt the consideration of MS as a differential
diagnosis.

Gluten ataxia

Gluten ataxia is an idiopathic ataxic disorder associated with
gluten sensitivity and is related to celiac disease. Antibodies are
formed against gliadin in gluten, which cross-reacts with the cer-
ebellum. Gluten ataxia is more prevalent in people with north-
ern European ancestry.”

Clinical features: gluten ataxia presents with slowly progres-
sive gait and limb ataxia, dysarthria, and ocular signs, such as
gaze-evoked nystagmus and saccade and pursuit eye movement
abnormalities. Clinical onset is typically noted in the fifth or sixth
decade. The majority of people (approximately 90%) with glu-
ten ataxia do not have gastrointestinal symptoms, although they
may have histopathological features of gluten enteropathy. Few
patients may also report symptoms suggestive of peripheral neu-
ropathy, seizures, headache, anxiety, and depression. People with
celiac disease may also have chronic malabsorption-related atax-
ic features due to hypovitaminosis.'**"”"7>

Diagnostic evaluation: an MRI or CT of the brain shows cer-
ebellar atrophy in greater than 60% of patients. Elevated serum
levels of antigliadin, tissue transglutaminase type 2, or tissue trans-
glutaminase type 6 may be observed in many patients but are con-
troversial. In patients with additional features of enteropathy, im-
munoglobulins against transglutaminase type 2 may be detected
in small bowel biopsy specimens.'®*"”>”* None of these diag-
nostic evaluations are highly sensitive or specific, and the diag-
nosis is confirmed on the basis of stabilization or improvement
of symptoms through a gluten-free diet.”>”

Treatment: a strict gluten-free diet can improve neurological
symptoms. However, if significant cerebellar atrophy has been
established, partial to no recovery is expected. If present, treat-
ment of hypovitaminosis is recommended.'®*"7>7*

Practical point: gluten ataxia should be suspected in late-on-
set sporadic ataxia with or without enteropathy.

Hashimoto encephalopathy/steroid-responsive
encephalopathy associated with autoimmune thyroiditis

Hashimoto encephalopathy/steroid-responsive encephalop-
athy associated with autoimmune thyroiditis (SREAT) is a ste-
roid-responsive disorder that may present with an uncommon
ataxic syndrome. The exact cause is not known, but evidence
points toward autoimmune vasculitis or immune complex de-
position with resultant disruption of the cerebral microvascu-
lature.”>”

Clinical features: the clinical presentation is usually hetero-
geneous with subacute onset of cognitive dysfunction with al-
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tered consciousness, psychiatric symptoms, myoclonus, tremor,
seizures, and ataxia. The clinical picture may be confused with
Creutzfeldt Jakob disease (CJD). A slowly progressive, sporadic,
predominantly cerebellar phenotype mimicking spinocerebel-
lar ataxia has also been reported.'®**!

Diagnostic evaluation: elevated serum levels of thyroid peroxi-
dase (TPO) and thyroglobulin antibodies are noted. However,
the patient may be euthyroid on thyroid function tests. Antibod-
ies against the neuronal alpha-enolase-NH2 terminal are a highly
specific marker of ataxic variants of SREAT but have not yet been
verified in large series.”” An MRI brain may or may not reveal cer-
ebellar atrophy. When present, atrophy is only minimal.'®*"7>7¢

Treatment: intravenous, high-dose methylprednisolone fol-
lowed by a tapering dose of oral prednisone is the most common
treatment protocol. Steroid sparing immunomodulators are also
found to be useful in some patients.”"”

Practical point: in patients presenting with symptoms of CJD,
SREAT should be assessed.

Glutamic acid decarboxylase antibody-associated ataxia

Glutamic acid decarboxylase (GAD) antibody-associated atax-
ia is a rare, sporadic ataxic disorder characterized by high titers
of anti-GAD antibodies (anti-GAD 65). GAD antibody-asso-
ciated ataxia mainly affects women more than men and is asso-
ciated with other autoimmune disorders, such as type 1 diabetes
mellitus, autoimmune thyroiditis, and pernicious anemia. GAD
antibody-associated ataxia is typically diagnosed after the age
of 20 years.'*”®

Clinical features: The onset of symptoms is usually subacute
or chronic. Gait ataxia is the most common feature. Large stud-
ies on people with high anti-GAD levels showed ataxia to be the
most common neurological feature. Other cerebellar symp-
toms, such as limb incoordination, dysarthric speech, and ocu-
lar nystagmus, are also observed. In most cases, patients may
have had episodes of double vision, speech dysarthria, or verti-
go before cerebellar ataxia. Elevated titers of anti-GAD are also
noted in stiff-person syndrome and refractory epilepsy with my-
oclonus.””*

Diagnostic evaluation: the diagnosis is obtained by detecting
high titers of anti-GAD antibodies in the serum or CSE Despite
the lack of a clear consensus, abnormal values are usually defined
in studies as values greater than 2,000 U/mL (by radioimmuno-
assay), greater than 1,000 IU/mL or 20 nmol/L (by enzyme-linked
immunosorbent assay [ELISA]) or by strong positivity at low di-
lutions (by immunohistochemistry). The presence of anti-GAD
antibodies in CSF has more diagnostic significance for gluten
ataxia than when noted in serum. ELISA and radioimmunoas-
say are also associated with more false-positive results; therefore,
caution should be exercised when titers are low in a patient with



classical symptoms. In general, a titer of < 5 U/ml is considered
normal. Imaging studies are usually normal or may show cerebel-
lar atrophy. CSF analysis shows oligoclonal bands in two-thirds
of patients.” '

Treatment: previous studies suggest a good clinical response
to plasmapheresis, glucocorticoids, intravenous immunoglobu-
lin, mycophenolate, and azathioprine. A gluten-free diet is also
recommended by a few experts. In general, people with subacute
presentation respond better to immunotherapy and have a good
long-term response and functional status.'s”**!

Practical point: anti-GAD antibodies should be assessed in in-
dividuals with ataxia with autoimmune disorders and stiff-per-
son spectrum disorders.

Paraneoplastic cerebellar degeneration

Paraneoplastic cerebellar degeneration (PCD) is caused by an-
ti-neuronal antibodies against tumor antigens that cross-react
with intracellular neuronal proteins. The common malignancies
associated with PCD include cancers of the female reproductive
system and small cell carcinoma of the lung. Although all para-
neoplastic antibodies are associated with cerebellar ataxia, only
anti-metabotropic glutamate receptor 1 (mGluR1), anti- Yo, and
anti-Tr (anti-Delta/Notch-like epidermal growth factor-related re-
ceptor) are consistently associated with cerebellar dysfunction.***

Clinical features: approximately 60% to 70% of patients with
PCD do not have a cancer diagnosis at the onset of their neuro-
logic symptoms. PCD is characterized by progressive ataxia (gait,
truncal and appendicular ataxia), oscillopsia, diplopia, opsoclo-
nus, nystagmus, dizziness, vertigo, nausea, vomiting, and dysar-
thria. Symptoms usually begin acutely or subacutely and con-
tinue to worsen for weeks to months. The symptoms are often
severely disabling, and patients have almost no functional inde-
pendence.*®

Diagnostic evaluation: paraneoplastic antibodies should be as-
sessed in blood and CSF. However, not all antibodies are avail-
able for commercial testing. Furthermore, a negative result does
not exclude a paraneoplastic disorder. Evaluation should be per-
formed to identify occult malignancy. Occasionally, despite rig-
orous evaluation, the primary malignancy is not found. An MRI
brain is rarely useful for a positive diagnosis of PCD but helps
exclude metastatic and cerebrovascular disease. In later disease,
diffuse cerebellar atrophy is present. In some cases, contrast en-
hancement may be observed in the cerebellar folia during the
acute phases. PET scans may reveal hypermetabolism in the cer-
ebellum. CSF analysis may show mild pleocytosis and elevation
of protein. Some patients may exhibit higher levels of 14-3-3 pro-
tein on immunoblotting as well as a double band as opposed to
a single band in CJD.'®*!

Treatment: the treatment is individualized and includes treat-

Identification and Treatment of Treatable Ataxias
Stezin A, et al.

ment of malignancy and immunomodulation using cyclophos-
phamide (preferred drug due to underlying cytotoxic T-cell mech-
anism of injury), corticosteroids, plasma exchange, tacrolimus,
rituximab, or mycophenolate.*® Improvement is variable and
usually incomplete.

Practical point: PCD should be suspected in patients with un-
derlying malignancies and cerebellar syndrome.

Other disorders in this class, such as sarcoidosis, systemic lu-
pus erythematosus, Behcet’s syndrome, Sjogren syndrome, au-
toimmune encephalitis, and paraneoplastic ataxias, are given in
Table 2.

Infectious and parainfectious ataxias

Many infections can directly or indirectly affect the cerebellum.
These infections can present acutely in the setting of an illness
(e.g., meningoencephalitis and acute cerebellitis) or may have a
subacute presentation (postinfectious ataxia) after a few days or
weeks. Furthermore, some infections can cause slow evolution,
such as Whipple’s disease (WD).

Whipple’s disease

WD is caused by Tropheryma whipplei, a non-acid fast, peri-
odic acid-Schift (PAS)-positive, rod-shaped, and Gram-positive
bacillus. T. whipplei is a ubiquitous organism that rarely causes
diseases in humans. Most previous reports of WD are from men
of European ancestry and in people with occupational exposure
to soil or animals. An unconfirmed increased association of WD
with HLA-B27, HLA DRB1*13, and HLA DQB1*06 has been
reported.

Clinical features: classic WD is a slowly evolving disease that
presents with systemic features, such as migratory arthralgia fol-
lowed by intermittent diarrhea, colicky abdominal pain, and wast-
ing syndrome. Neurological involvement is observed in only 10%
to 40% of classic WD cases and includes cognitive dysfunction,
memory impairment, confusion, vertical supranuclear gaze pal-
sy, oculomasticatory myorhythmia, and oculofacial-skeletal my-
orhythmia. Other neurological findings reported include seizure,
myoclonus, peripheral neuropathy, hemiparesis, and upper mo-
tor neuron disorders.”**

Diagnostic evaluation: endoscopic biopsy of the small intes-
tine for T. whipplei testing is preferred. If the result was indeter-
minate, additional testing on specimens from other sites, such
as synovial fluid, lymph nodes, and CSE was also performed. En-
doscopy should be performed even when gastrointestinal symp-
toms are absent.”” The testing protocol should include histolo-
gy with PAS-positive macrophages, immunohistochemistry, and
polymerase chain reaction (PCR).” MRI or CT scans of the brain
show nonspecific focal lesions that gradually resolve with treat-

96

ment.” CSF analysis shows lymphocytic or monocytic pleocy-
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tosis and elevated protein levels. Occasionally, PAS-positive mac-
rophages are also observed. In addition, protein levels may be
elevated, and oligo-clonal bands may be present.**>*%

Treatment: for WD with central nervous system involve-
ment, ceftriaxone (2 g IV once daily) or penicillin G (4 MU IV
every 4 hours) for two weeks followed by oral trimethoprim-
sulfamethoxazole (one double-strength tablet (160/800 mg
twice a day) for one year is the preferred regimen. An alterna-
tive regimen of doxycycline, hydroxychloroquine, and sulfon-
amide is also used.”*"**

Practical point: WD should be suspected in patients with neu-
rological involvement with four other cardinal manifestations
(arthralgias, diarrhea, abdominal pain, and weight loss).

Progressive multifocal leukoencephalopathy

Progressive multifocal leukoencephalopathy (PML) results
from JC virus reactivation in immunocompromised people. PML
is usually seen in patients with HIV-AIDS and MS on treatment
with natalizumab. As the name suggests, it is progressive and
multifocal and involves the white matter of the brain.'”

Clinical features: it has a subacute clinical presentation with
cerebellar ataxia, altered mental status, hemiparesis or monopa-
resis, hemianopia, and diplopia. The JC virus can also cause JC
virus granule cell neuronopathy that can lead to cerebellar atro-
phy and ataxic symptoms.'*"'” Diagnostic evaluation: MRI brain
shows multifocal lesions limited to white matter (Figure 1E). The
lesions are not confined to vascular territories and do not show
mass effects or contrast enhancement. Often, a pontine cruciate
hyperintensity (termed the hot-cross bun sign) is appreciable in
axial T2 and FLAIR sequences. The diagnosis of PML is con-
firmed by the detection of JC virus DNA by PCR assay on CSE.
Other CSF findings are nonspecific in PML.'*'®*

Treatment: management is aimed at reversing the immuno-
compromised state. In PML with HIV infection, initiation and
optimization of highly active antiretroviral therapy may stabilize
or improve symptoms and prolong survival. If PML is associated
with non-HIV related immunocompromise (e.g., natalizumab,
calcineurin inhibitors, glucocorticoids, transplant recipients), it
may be beneficial to stop the responsible agent. PML may be as-
sociated with immune reconstitution inflammatory syndrome,
which causes marked neurologic deterioration and swelling of the
brain and requires treatment with high-dose glucocorticoids.”'**

Practical point: PML should be suspected in immunocom-
promised hosts with ataxic symptoms.

Infectious and parainfectious ataxia due to meningoenceph-
alitis, acute disseminated encephalomyelitis, acute cerebellitis,
and acute postinfectious ataxia are provided in Table 3.
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Miscellaneous ataxias

There are many other causes of ataxia that do not have an un-
derlying genetic, infectious/parainfectious or immune-mediated
etiology, including vascular causes of ataxia, toxins and chemi-
cals, and endocrinopathies. Ataxia secondary to cerebellar isch-
emia, hemorrhage, and hematoma as well as nutritional causes,
such as vitamin E, pernicious anemia, vitamin B12, copper, and
tryptophan deficiencies, are not included. Mimics of cerebellar
ataxia, such as large fiber sensory neuropathy, migraine headache
with ataxic symptoms, normal pressure hydrocephalus, and func-
tional ataxia, are also not included in this review.

Superficial siderosis

Superficial siderosis (SS) is a condition that results from hemo-
siderin deposition in the subpial layers of the cerebellum, brain-
stem, cranial nerves, and spinal cord due to chronic or intermit-
tent extravasation of blood into the subarachnoid space.'® The
cerebellar ataxia type of presentation is observed in infratento-
rial SS and most likely due to exudation of blood from engorged,
friable, or damaged intradural or epidural vessels.'>'* SS is more
commonly observed in men in the fourth to sixth decades of
life."” Onset in young people may occur after intradural surgery.””

Clinical features: patients with SS have various combinations
of gait and appendicular ataxia, myelopathy, or sensorineural
hearing impairment. As the disease progresses, patients may
also develop cerebellar dysarthria. Nystagmus is typically absent.
Rare presentations include dementia, seizures, isolated lower
motor neuron involvement, anosmia or hyposmia, and palatal
tremor.'**!

Diagnostic evaluation: contrast-enhanced MRI of the brain
and spinal cord is the investigation of choice in the initial work-
up in patients with SS. The source of bleeding is identified in only
approximately 50% of cases despite detailed imaging of the neur-
axis.'®'” The characteristic MRI findings are T2-weighted hy-
perintensities in the affected regions. Other changes include at-
rophy of cerebellum or cerebellar peduncles, hypertrophy and
hyperintense inferior olivary nucleus, and T2 echo due to hemo-
siderin deposition.'®®'”” Lumbar puncture is rarely performed
to assess for active subarachnoid bleeding.

Treatment: identifying the source of the bleeding and its re-
pair will prevent further disease progression. Iron chelators, such
as deferiprone at a dose of 30 mg/kg/d, have shown clinical im-
provement in a few studies.'” However, this response was not
consistently reported.'® Chelators should not be used routinely
in SS due to the risk of neutropenic sepsis and agranulocytosis.'”
Cochlear implants are useful to improve hearing only when SS
is less severe and stable.'"”

Practice point: screens for typical MRI findings should be per-
formed in all patients with cerebellar syndrome and sensorineu-
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ral hearing loss.

Ataxic manifestations due to acquired hepatocerebral degen-
eration, hypothyroidism, hypoparathyroidism, Wernicke en-
cephalopathy, hydrocephalus, traumatic vertebral dissection,
drugs, and toxins are included in Table 4.

EVALUATION OF TREATABLE ATAXIAS

The heterogeneous presentations, poor knowledge of geno-
type-phenotype correlations, and rarity of these disorders make
the diagnosis of specific ataxia a very challenging task. Although
the diagnostic approach should be tailored to fit the clinical pre-
sentations of each patient, if everything fails, a shotgun approach
of investigations can ensure that treatable ataxia is not missed.
In resource-limited countries, a priority-based approach may
help reduce the health care burden. A flowchart for narrowing
down the clinical diagnosis is provided in Figure 2. This flow-
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chart presents a simplified version of a tier-based approach to
investigations followed by the authors of this review for diagno-
sis or to exclude treatable ataxic disorders. These investigations
are classified into different tiers based on the authors’ experience
with the relative prevalence of different ataxic disorders and the
cost and availability of investigations. We strongly suggest per-
sonalizing these tests in your practice.

Tier 1: MRI of the brain with contrast, complete blood count,
renal function tests with electrolytes, liver function tests, fasting
lipid profile, antinuclear antibody, vitamin E levels, copper and
ceruloplasmin levels, HbA1c, thyroid stimulating hormone, anti-
TPO antibodies, antithyroglobulin, vitamin B12/methylmalonic
acid/homocysteine levels, and HIV tests.

Optional tests: nerve conduction tests/EMG (neuropathy),
MRI spine (spasticity), EEG (seizures), and autonomic function
testing.

Tier 2: cerebellar autoantibodies, antibodies associated with
rheumatological disorders, alpha-fetoprotein, anti-GAD, ammo-

Ataxia

Previous episodes Acute

Single episodel

History of fever,
respiratory infection,
gastrointestinal infection,
recent immunization, ear
infections, seizures, head
injury, reduced sensorium

YES NO

ADEM, intoxication, Cranial nerve

Subacute or chronic

Cognitive decline Myopathy
Mental retardation Vertigo
Movement disorders Nystagmus
| Vertical ophthalmoparesis Altered consciousness
Oculometor impairment Diplopia
Pyramidal signs Hypotonia
Peripheral neuropathy Anosmia

Neurological signs

General examination

symptoms and signs

stroke, encephalitis,
concussion,
labyrinthitis

abnormality, truncal

ataxia, hemiparesis,
ahsent tendon

reflexes, papilledema

NO l YES
v

Evaluate other neurological and non-neurological

Lipoma Joint deformities
»| Ichthyosis 5kin rash
Hanthoma Weight loss

Telangiectasia
Angiokeratomas

Organ involvement

Cataract Malabsorption
- - Retinopathy Visual acuity, colour vision
Post-infectious Tumour, stroke, Deafnass Jaundice
cerebellitis, Glut-1 ADEM, GBS, Cardiomyopathy Aneria
dEfICEIEn.C.Z\-'. encephalitis, Arrhythmia Endacrinopathies
Intoxication hydrocephalus Psychiatric symptoms Osteoporosis
Gl dysmotility, diarrhea Respiratory failure
= - — Splenomegaly Recurrent pneumonia
Basilar migraine Scoliosis and skeletal deformities Arthralgia
Episodic ataxia Mephropathy Caleuli
Glut-1 deficiency ¥ ¥
Metabolic cause Confirm with
Intoxication appropriate
Psychogenic I investigations -

Or follow tier based
appreach

Figure 2. A diagnostic flowchart to identify treatable disorders that present with ataxic manifestations. ADEM, acute disseminated encepha-

lomyelitis; GBS, Guillain—Barre syndrome.
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nia, creatine kinase, ketones, lactate, pyruvate, blood or urine
heavy metal screen, antigliadin antibody, serum and urine pro-
tein electrophoresis, urine for abnormal metabolites and organ-
ic acids. CSF tests are also performed in tier 2.

Optional tests: CT chest/abdomen/pelvis and PET scan (if
positive cerebellar autoantibodies), anti-endomysial antibody
and anti- tissue transglutaminase antibody (if positive celiac an-
tibodies).

Tier 3: these tests are performed based on the presence of spe-
cific clinical signs, including lysosomal enzymes, plasma amino
acids, skin biopsy, muscle biopsy, phytanic acid, and very long-
chain fatty acids.

Optional tests: genetic tests (tier 1 if family history is present
or if other biochemical tests for metabolic genetic diseases are
unavailable), Sanger sequencing for specific genes, or NGS for
full or targeted exome should be performed. NGS-based tech-
niques are not useful to identify repeat expansion disorders. Ge-
netic counseling session(s) are also recommended.

CONCLUSIONS

Identifying treatable ataxias is often likened to attempting to
find a needle in a haystack. However, every attempt should be
made not to miss treatable ataxias. This is especially pertinent
because the timing of treatment can make a significant differ-
ence in the course of the disease and symptom reversal. Appro-
priate investigation can thus help find the ‘needle’ lost in the
haystack and help institute specific treatments, which can help
thread the needle (literally).
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