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Abstract

Childhood presentations of ataxia, an impairment of balance and coordination caused by damage
to or dysfunction of the cerebellum, can often be challenging to diagnose. Presentations tend to be
clinically heterogeneous but key considerations may vary based on the child's age at onset, the
course of illness, and subtle differences in phenotype. Systematic investigation is recommended
for efficient diagnosis. In this review, we outline common etiologies and describe a
comprehensive approach to the evaluation of both acquired and genetic cerebellar ataxia in

children.
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Introduction

Balance and coordination problems in children can point to a variety of underlying causes
and may involve elements of the central or peripheral nervous system. When unrelated to
muscle weakness, this symptom is referred to as ataxia and generally involves disorders
affecting the vestibular system, the cerebellum, and/or the peripheral sensory nerves. In this
review, we will focus primarily on disorders affecting the cerebellum that result in
impairment due to disturbance of the regulatory system that modulates motor commands
based on the integration of multimodal sensory input from the environment. This lack of
corrective feedback significantly impacts rhythmic and coordinated motor activity,! leading
to characteristic clinical findings such as an unsteady or wobbling gait, dysmetria,
dysarthria, dysphagia, and various abnormalities of eye movement. In slowly progressive
cases, children may initially complain of muscle weakness or feelings of dizziness, and a
detailed clinical evaluation of coordination should always be performed as part of a
comprehensive neurological examination to ensure that cerebellar function is normal.

The causes of cerebellar ataxia are myriad,2’ and can be divided into 3 categories: acquired,
hereditary, and idiopathic. For the purposes of this discussion, we will focus on the acquired
and hereditary causes. Specific historical or clinical features can direct physicians in their
evaluation® and a thorough history of illness and clinical examination is extremely
important. Subsequent workup should be tailored toward the most likely etiologies, with the
caveat that acquired causes must always be preeminent in the clinician's mind, as early
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detection and treatment will maximize good outcomes. If cerebellar damage is allowed to
proceed unchecked, the outcome may be devastating for the child, with significant residual
neurological deficits over his or her lifetime. In this article, we discuss the various causes of
cerebellar ataxia and suggest ways to efficiently maximize their evaluation and diagnosis.

Acquired Causes of Cerebellar Ataxia in Children

A wide variety of disorders can lead to clinical ataxia, and virtually the entire categorical
spectrum of medical disease must be considered to some degree.2"” Tempo of illness (Figure
1) can be useful in developing a differential diagnosis highlighting different etiologies
showing congenital, acute/subacute, and chronic courses, as discussed below. Prompt
identification of acquired etiologies in progressive ataxic disorders (Figure 2) is paramount,
as corrective treatments may halt the degenerative process and preserve cerebellar
functioning.2

Congenital Causes

When evaluating a patient for the first time, determining whether a coordination problem is
congenital can often be difficult. Although congenital ataxias are static and nonprogressive,
children with early-onset progressive ataxia and cerebellar atrophy may be difficult to
distinguish, especially when one considers that congenital patients may show cerebellar
hypoplasia on magnetic resonance imaging (MRI).8 Obtaining imaging early in cases of
ataxia observed before the age of 5 years provides a baseline that can be helpful in
evaluating older children for progression of any observed cerebellar atrophy. Historical
information is also extremely valuable, as congenital patients frequently come to attention
around the time of ambulation, but symptoms may have been present earlier. Conversely,
subtle congenital cases can often be overlooked, particularly in new parents who may
interpret mild gait or hand ataxia as normal in a toddler. Descriptions of play activity,
feeding behavior, etc. may help identify clues to the initial appearance of ataxia findings. As
video technology has become a more widely available feature on basic cameras and cellular
phones, many families can provide brief videos of children at different time points for
objective clinical assessment in the normal home environment.

Additional acquired causes of congenital ataxia can include secondary damage from
neonatal hypoxic-ischemic encephalopathy or intrauterine strokes.8 Posterior fossa
malformations, such as Dandy-Walker syndrome, or cerebellar dysgenesis can also be
responsible,®10 but can often be identified by MRI. Cerebral palsy is also a consideration,
but such a diagnosis must be well-documented, as it can often be a common mislabel
applied to patients with other early-onset forms of ataxia, such as genetic disease.1! This
illustrates an important point when initially assessing older children or adults with ataxia
who carry congenital diagnoses such as cerebral palsy — does the diagnosis remain well-
supported over time? In some unfortunate cases, patients with early-onset progressive
disease, originally labeled as congenital, may not be re-evaluated until much later in life as
their diagnosis is passed from physician to physician over time (Figure 3).

Acute Causes

In children with an abrupt onset of cerebellar ataxia, various causes must be considered.12
Trauma, intoxication, infection, and stroke are 4 areas of particular concern owing to their
serious nature and potential complications. Evaluation by neuroimaging can be helpful in
determining a diagnosis and, in general, MRI is the modality of choice, given the increased
detail of the posterior fossa it provides.12

Ataxia can be a common finding after concussion but warrants detailed evaluation when
occurring immediately after trauma.13 Neck trauma should also be noted,2 as posterior
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circulation strokes in children are typically due to vertebral artery dissection.14 Intoxication
is common as well, particularly in adolescents who ingest substances for recreational
purposes (eg, prescription or illicit drugs, alcohol, organic solvents, etc.).12 In younger
children, accidental ingestion (eg, anticonvulsants, benzodiazepines, etc.) must also be
considered.12 Mental status changes are often associated,’2 and diagnostic evaluation should
include urine and blood toxicology screening as well as tests for common medications that
cause ataxia.

Postinfectious etiologies can lead to cerebellar dysfunction, presumably through an
autoimmune-mediated inflammatory cerebellitis.121° Viral causes (eg, enterovirus, Epstein-
Barr, hepatitis A, herpes simplex, influenza, measles, mumps, parvovirus B19, varicella) are
most common, but bacterial cases do occur as well (eg, legionella or mycoplasma).1215 In
general, this symptom is self-limiting and resolves,12 but patients should be monitored for
sequelae requiring symptomatic treatment, and some patients do retain permanent deficits.

Subacute and Chronic Causes

Important categories of disease represented in patients presenting with subacute or chronic
disease include nutritional and endocrine disorders, inflammatory or autoimmune disease,
infections, and neoplastic/paraneoplastic disease. Nutritional causes can include various
deficiencies (eg, vitamin B12, vitamin E, folate, copper, etc.)235 and these should be
screened for thoroughly, particularly in patients with restricted diets or malnutrition.
Diabetes is a common cause of ataxia in adults, often due to a sensory neuropathy,235 and
consideration in children is important as well, both because of the effects on the peripheral
nervous system and the observation that some genetic ataxias (most notably Friedreich
ataxial®) can be associated with the disease.

Autoimmune disease is likely underdiagnosed in adults with clinical ataxia but there is
limited literature on association with ataxia in children. This should be screened for using a
test for antinuclear antibodies, at a minimum, particularly if there are overt systemic findings
consistent with autoimmune disease. The observation that mild elevations can be normal in
some children is an important caveat.1” The observance of other autoantibodies associated
with cerebellar ataxia (eg, anti-thyroid, anti-gliadin, anti-glutamic acid decarboxylase,
others), although not well-documented in children with ataxia, 18 should warrant further
investigation if observed.2> While the precise role of these antibodies in ataxia is unclear,
their detection may be relevant to the diagnostic workup should all other testing prove to be
unremarkable. Evaluation and treatment of diseases typically associated with these
antibodies is generally the initial course of management, but in cases with isolated
antibodies and progressive ataxia, an empiric course of steroids or other treatments could be
considered if not otherwise contraindicated (Figure 3).1°

Neoplastic and paraneoplastic conditions can occur in cases with slowly developing
cerebellar ataxia with or without additional neurological features. Posterior fossa tumors are
common tumors in children, often featuring ataxia, and early recognition and diagnosis is
important for treatment.29 In patients under 3 years, the opsoclonus-myoclonus-ataxia
syndrome is important to recognize, as it is often associated with neuroblastoma.2% Other
cancers can also be associated with childhood ataxia,2 but leukemia is notable, as children
with ataxia telangiectasia are at a significantly increased risk for developing this disease.?!

Genetic Causes of Cerebellar Ataxia in Children

Genetic Ataxias

In adults, genetic ataxias are often best thought of as diagnoses of exclusion because, with
the exception of ongoing clinical trials, there are no established therapies to treat the
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disorders.2:3:5.7.22.23 |n contrast, a few rare childhood-onset genetic ataxias have established
treatments that can, in some cases, arrest or slow the disease course if identified and treated
early.223 It is therefore important for the physician to recognize these cases so therapy can
begin. Unfortunately, for the majority of genetic ataxias, including the most common,
established treatments are still lacking, so screening must follow or be coupled with an
evaluation for acquired causes to ensure that treatable etiologies have been excluded.?
Symptomatic therapies are otherwise the mainstay of treatment but physical therapy, in
particular, can be quite effective in restoration and maintenance of function, even in
progressive disease.22425

Prior to testing, all patients suspected of having genetic disease require genetic counseling
and consideration for referral to a genetics or neurogenetics specialist if there is diagnostic
confusion. The use of genetic panels to evaluate large numbers of genes is, in general, not
recommended because of high cost and poor diagnostic efficiency.222 This disparity will
likely further widen as more genes are added to such panels.2

Autosomal Recessive Ataxias

Diseases showing an autosomal recessive pattern of inheritance are the most common class
of genetic ataxia seen in children, with typical onset before the age of 20 years.223 Milder
variants of these disorders can present in adulthood, so they remain a consideration in older
individuals as well.223 Incidence is approximately 4 cases per 100000 persons
worldwide.223 Although family history is often absent, the presence of multiple affected
siblings and/or consanguinity can suggest this form of inheritance.2’

Clinically, autosomal recessive genetic ataxias typically develop as slowly progressive and
symmetrical gait and limb ataxia, often associated with sensory or sensorimotor
polyneuropathy.223 Involvement of other organ systems outside the central nervous system
can often be seen as well, and can be useful diagnostically.223 Classification of the
autosomal recessive genetic ataxias is particularly challenging. Many schemes classify these
conditions based upon the involved gene or the molecular mechanism of pathogenesis,®’
which, although helpful in grouping disorders for research purposes, is less helpful
clinically. We previously have developed a clinically-based classification scheme,23 but
since its development have observed that, as new disorders are rapidly being discovered,
certain categories have become overbalanced and less useful to the clinician. The same has
been observed for clinical schemes involving the autosomal dominant ataxias.?2:28 We
currently use a scheme defining age of onset as an initial classifier coupled with key
phenotypic features (Table 1) and have found this to be useful. As mentioned above,
however, onset can vary among these conditions (eg, virtually all childhood-onset genetic
ataxias have been found as rare adult-onset forms), but disorders with a typical adult age of
onset are considered elsewhere.2 Evaluation by a geneticist or neurogeneticist with
experience in cerebellar ataxia should be considered in cases where diagnosis proves
elusive.

Class I: Friedreich Ataxia

Friedreich ataxia is the most common autosomal recessive cerebellar ataxia and the most
common hereditary ataxia overall, comprising nearly 50% of all recessive ataxias.216:23
Because it is much more common than all other autosomal recessive forms and can exhibit
multiple variant presentations,216:23 we recommend screening all patients suspected of
having autosomal recessive cerebellar ataxia for this disorder prior to any other genetic
testing (Figure 2). Typical cases are characterized by gait and limb ataxia, neuropathy
affecting the posterior columns, areflexia, pyramidal weakness of the lower extremities, and
upgoing toes.216:23 Associated conditions include pes cavus, scoliosis (70%), diabetes
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(10%), and cardiomyopathy.2:16:23 MRI often shows a normal cerebellum early in the course
but a thin cervical spinal cord.223 Cerebellar atrophy can be seen late.2? The disease is
caused by GAA repeat expansion in the frataxin gene, leading to reduced gene expression
and impaired mitochondrial iron metabolism (Table 1).2:16.23.30 The disease can be quite
disabling, with many patients wheelchair-bound by 15 years post-diagnosis.1®

Class II: Early-Onset Ataxia

This class of recessive disorders is characterized by onset before the age of 5 years. In
patients seen early in the course of the disease, it may be difficult to determine whether the
disease is congenital unless progression has been clearly observed (eg, normal walking was
attained and then subsequently became ataxic). Patients with disorders in this group are the
most likely to carry a mislabeled diagnosis (eg, cerebral palsy, cerebellar hypoplasia, etc.)
when seen later in life (Figure 3).

The most common member of the class is ataxia telangiectasia, caused by mutations of the
ATM gene, which encodes a serine/threonine kinase involved in DNA damage repair (Table
1).2:21.23 This is likely the second most common autosomal recessive ataxia in most
populations.?1:29 |n addition to gait and limb ataxia, key clinical features include oculomotor
apraxia and oculocutaneous telangiectasias.?21:23 Diagnosis can be aided by increased
radiosensitivity, usually performed with cell lines derived from blood or skin, and elevation
of a-fetoprotein in the blood.221.23 MRI often shows atrophy of the cerebellum and
brainstem and children are at increased risk for the development of leukemia or
lymphoma.2:21.23

Other members of this class are rare but should be tested for, if possible, in patients with
clinically appropriate phenotypes (Table 1). In particular, the recently identified peroxin-
associated ataxias (and Refsum disease) show abnormalities in levels of very long chain
fatty acids,223:31-33 making this a useful biomarker in lieu of genetic testing. This may also
be important for management, as dietary modification may be a potential treatment.32

Class Ill: Adolescent-Onset Ataxia

The disorders in this group typically have an average age of onset in early- to mid-
adolescence, and most symptoms appear before age 20.223 The diseases in this class vary in
prevalence worldwide, but one of the more common is autosomal recessive ataxia with
oculomotor apraxia type 2 or AOA2, caused by mutation in the senataxin gene, SETX
(Table 1).223 Clinically, this disease can present similarly to both Friedreich ataxia, with
gait ataxia associated with sensorimotor neuropathy, and ataxia telangiectasia, with
oculomotor apraxia (in about 50%) and elevated alpha-fetoprotein.223 MRI shows cerebellar
vermian atrophy.2-23 Disease is caused by a variety of mutations in the SET.X gene,34:35 and
the gene itself is quite polymorphic, which can challenge the interpretation of genetic
testing.36

Several other members of this category can be identified through biomarker evaluations
from blood (Table 2), including late-onset Tay-Sachs (hexosaminidase A enzyme activity),
cerebrotendinous xanthomatosis (cholestanol levels), abetalipoproteinemia (acanthocytes
and deficiency in fat-soluble vitamins, including vitamin E), ataxia with vitamin E
deficiency, and Refsum disease. Because replacement or dietary therapies can be clinically
valuable in many of these cases,23 biomarker testing is essential in this age group prior to
genetic testing.
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Autosomal Dominant Ataxias

Although equally as common as the autosomal recessive diseases, genetic ataxias inherited
in an autosomal dominant fashion (the spinocerebellar ataxias) are most often seen in adults
ages 20 years to 50 years.23:22 Because many of these are caused by triplet repeat
expansions, extremely large expansions resulting from anticipation can result in onset at a
much earlier age.2:2227 This is most common in children for dentatorubral pallidoluysian
atrophy, spinocerebellar ataxia type 2, and spinocerebellar ataxia type 7.22 In addition, a few
of the rarer spinocerebellar ataxias have a typical childhood onset, including spinocerebellar
ataxia type 18, spinocerebellar ataxia type 21, spinocerebellar ataxia type 28, and
spinocerebellar ataxia type 29.2 Of these, only spinocerebellar ataxia type 28, caused by
mutation of the AFG3L2gene, is available for commercial testing.2 Typically a family
history consistent with a dominant ataxic disorder is present but, in some cases, the affected
parent may have only mild symptoms. Consideration may also be appropriate if the child is
adopted or a parent has died early. Broad genetic screening for autosomal dominant
cerebellar ataxias is not routinely recommended in children or those without a definite
family history of disease.3:22:36

Other Genetic Considerations

Several leukodystrophies (eg, Krabbe, metachromatic, etc.) can present with cerebellar
ataxia and should be considered if phenotypically appropriate.>’ Joubert syndrome, X-
linked adrenoleukodystrophy, Wilson disease, Niemann-Pick type C, and childhood ataxia
with central nervous system hypomyelination/vanishing white matter disease are other
considerations in this age group as well.>” Often other associated features can direct the
clinician toward one of these conditions; for example, some of these disorders have
characteristic clinical features (eg, Kayser-Fleischer rings in Wilson disease), heuroimaging
hallmarks (eg, the molar tooth sign in Joubert syndrome), or less specific findings, such as
the white matter hyperintensities seen in leukodystrophies, that are uncommon in other
genetic ataxias.

Discussion

Evaluating the child with ataxia requires a systematic and comprehensive approach so that
treatment, if available, can be instituted as expediently as possible. This requires a detailed
clinical history, with particular attention to age of onset and family history, and a complete
neurological evaluation with a physical examination to assess for other observable systemic
features if present. Differential diagnosis often involves the careful consideration of
acquired and hereditary conditions and the workup requires careful planning to maximize
patient and clinical resources. The systematic approach outlined here can help facilitate this
evaluation, particularly for acquired causes of childhood cerebellar ataxia; however,
tailoring to the situation is necessary given the uniqueness of each individual patient.

In chronic progressive childhood cerebellar disease, genetic mutations must often be
considered. The autosomal recessive genetic ataxias are rapidly expanding in number,
particularly in recent years with the implementation of new technologies to enhance genetic
sequencing (Table 1).37 Molecularly, as a group, these ataxias result from loss of function in
cellular or metabolic pathways crucial to the functioning of cerebellar neurons.”23 Important
questions for future research include why, despite such a diversity of molecular functions
and expression in many cell types besides neurons,’-23 the clinical phenotypes exhibited in
these disorders are so homogenous and specific to the cerebellum. With most familial ataxia
cases worldwide lacking genetic diagnosis,? it is likely we will see continued expansion in
the numbers of genes implicated in these disorders in the years to come.
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Evaluation of the child with cerebellar ataxia. All patients require a through clinical
examination to establish the phenotype of their disease. This includes a complete history of
illness with onset of symptoms and detailed course, family history, and neurological
examination. MRI of the brain can provide additional detail as well as identify certain
vascular, developmental, traumatic, and neoplastic etiologies, among others. A detailed
evaluation of acquired causes, particularly those amenable to treatment, follows. Such
evaluation should be targeted to etiologies suggested from the clinical examination. If a
genetic etiology is suspected, all patients should be tested for repeat expansion in the
frataxin (FXN) gene. FXN sequencing for point mutations should only be performed in
patients with an identified expansion on one allele (*). If normal, biomarker screening
should be performed and, if negative, followed by genetic testing directed toward the
identified phenotype. If unsuccessful, re-evaluation can include additional genetic or
acquired testing (black arrows), particularly if new symptoms arise, prompting a re-
definition of the patient's phenotype (dashed arrow).
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Figure 3.

Neuroimaging in acquired and genetic cerebellar ataxia and diagnostic mislabeling. Sagittal
T1-weighted MRI of the cervical spine and posterior fossa is shown for 3 adolescent
patients. (A) Unaffected individual showing normal cerebellar vermis and cervical spinal
cord. (B) A patient with genetically-proven autosomal recessive spastic ataxia of
Charlevoix-Saguenay (ARSACS), demonstrating atrophy of the midline cerebellar vermis
and thinning of the cervical spinal cord (arrows). This patient presented having carried a
diagnosis of cerebral palsy throughout her entire childhood. (C) A patient with autoimmune-
mediated ataxia showing midline cerebellar vermian atrophy (arrow). This patient presented
with a clinical diagnosis of Friedreich ataxia despite acute and severe symptom onset and
had a subsequently negative gene test . Acquired workup showed mild elevations of several
autoantibodies but was otherwise unremarkable, so the patient was given an empiric course
of steroids, resulting in stabilization of symptoms over the following year.

J Child Neurol. Author manuscript; available in PMC 2013 September 01.



Page 12

Fogel

subis uoinau Jojow eixa|yai-1adAy |auueyd 3pLIoJyd pareAllde ., D 0T ulwejooue 0102 0TONY T'zeds  0THVOS 0T 2dA) ‘anIssadal [ewIOSOIN. RIXE]R Ie||agaiadoulds
Asda|ida enuawap wis1jogelsw \YNQ [elpuoyd0yw ewweb asesswAjod YNNG 002 970d Gebgt 970d siapJosip ewweh asesswAjod wNQ
AyredoinauAjod Jedal YNQ T-asesaisalpoysoyd NQ-1As0iAy 2002 Tdal TTZebyt INVOS Ayredolnau [euoxe Yum eixele Jejjagalasoulds
AyredoinauAjod eixeide Jojowojnoo Buissasoud wNY uonduosuesy ‘dredal NG uIxeyeuas 002 X13S £T'veEbG FAvLo)\"4 Z 9dA) ‘eixeide 1010WOIN20 YIM BIXEIY
Auredoinau/jod eixeide Jojowondo Jredal wNQ uixeye.de 1002 X1dV ceTde VOV T 2dA) ‘eixeide 1010WOINI0 YIM BIXEIY

yodwi jewosixolad /-uixoJad €002 /X3d e'ezhg
Ayredounal Areyuswbid elwsoue wisijogeIaw pioe Aney ase|AxoipAy woD-|AouelAyd /66T HAHd £1d0T ay 9SeasIp WiNsyoy
AuyredoinauAjod Ayredounas Areyuawbid wis1jogeisw 3 uiwelA u1sjoid Jajsuely josaydoaos-eydpe S66T Vvdll €ZTbg danv A2UB121J3p J UIWEBUA UM BIXE)Y
Ayredounas Areyuawbid uondiosgejew pidij wisijogeiaw uiagroldodi) urgyo4d Jajsuely api1adk|biiy [ewosoloIw €66T dLl1IN by 1av elwauizoidodijelaqy
SELWIOYJUBX LIOPUS) S}oeJered wISI|ogelsW pIoe ajiq ase]Ax0IpAy-,g |0181s 166T  TV.ZdAAD gebz X190 SISOJRLLOYIUEX SNOUIPURI0IGRISD
swoydwAs oure1ydAsd subis jepiwresAdenxa wisijogeiaw apisol|bueh \/ 9SepIuIwesoxay 986T VX3H ezbgt S101 syoes-Ae] 19suo-aye]
1BSUO-JUSISI|0PY - |11SSe|D

Bunoren

Aipigesip [enyasyaiul Asdsjida anAoopua Jo/pue uonouny swosoheydoine uixeyepunl 0T0Z 9220VVIM 62be X1ay BIXeJe uixejepuny

eIxa|4al-19dAy sioeseres wisijogelaw [ewosixosad 9T uixoJad 0T0Z 9TX3ad  Z'TTd1T

AuredoinauAjod wsijogeiaw [ewosixolad 0T uIxolad 0102 0TX3d ze9¢edt
Je[13ga1a0 aind wisijogelsw [ewosixolad 2 urxolad 1102 X3ad T'Tehg X3ad seIxele Pajeloosse-uIxolad

BuifeuBis wniojes Jejnjadesiul A\ aselpAyue o1uoged 6002 8vo 1°21bg
1eb jepadnipenb Alljigesip [enids|iaiul Buieubis seynjjaoenul J01daoas uizyoldodi) Alisusp moj Al 8002 d1a1A vzde s3aa awoJpuAs wnugijinbasAq
Je[]3ga1a2 aind A|IgesIp [en)as)|alul WISI|OgEIBW [eLIPUOYI0NW ‘SISBYIUAS OTO0D g-aseuy Bulureluod-urewop lee 8002 eMOav  ETIWhT  2vouv 2 8dA) "eIxere Je[|9ga1ad SAISS3a. [BLOSOINY
AyredoAw syoeiered 101302 Aujenb 1o/pue Buipjoy uisioid urgjoid pajerdosse-dig 5002 TS 1ebg SSIN awoupuAs uaibgls-oosauLie|n
AyredoinauAjod subis fepiwesAdenxs wisijogelsw \YNQ [elipuoydoiw U ‘apuimy 5002 Z2H00TD y2ZboT VOISOl eIXRIR Jej|agalaooulds 1asuo-a|luesu|
Je[]8ga.1ad aind swoidwAs arrerydAsd Buijeubis arewein|fb uIxejAed €002 AVOLlVY eTd6T \'/0) eixeye uewAe)
subis |epiwelAd eixajsal-1adAy 103u02 Anjenb Jo/pue Buipjoy utsjoid uIsoes 0002 SOVS ZIbET  SOVSHY AeuanBes-x10A8]eYD JO BIXE]R SAISSAJA) [BLWOSOINY
eIxeide 10jowojnNd0 Jedal wNQ TT-UOIRUIGWO93) J101BW 666T VITIHN TZb1T alLv JapJosip ax1|-eiseloalbue|a) vIXely
seiseoalfuela) eixelde 10jowolNI0 Jredas NG pajeInwi eiselosibuelal-eIxere G66T WLV  €2ebtT 1v eIselalbue|a) eixery
wsuo-A|reg (|| ssejo
AyredoinauAjod AyredoAwoipied WIS1|ogeIaW [eLIpUOyY0W urxeyely 966T NX4 1T'T2h6 vayd BIXEJR Ydlaipall
eixely yopJpalid 1| ssejg
S3INLVYIS TVIINITO AT NOILONNS NI310dd d3IdILN3AI dVvIA 3INIO  SNO07 ISv3sid

seIxely Jej|agala) aAlISSaday [ewosoINy
T algel

$watermark-text

$watermark-text

$watermark-text

J Child Neurol. Author manuscript; available in PMC 2013 September 01.



Page 13

Fogel

"9SeasIpP aU1 YIIM Pale1oosse sainjea) [edlul[o [[e Jussaidal 0] Jueaw Jou ase
pue sisoubelp [enuaiayip ul pre 0} paisebbins aie palsi| saun1eay [ealuld As 8y L 'Sased awos ul sAndwnsald ale pue ainjesall] a|ge|ieAe U0 paseq aJe suoiauny uisjosd palsiT ‘aseqelep pajNignd 8yl 0 yateas e ul aush pue aseasip Bumjuij uoiedlignd [eiiiul 0] SI8)aJ PaliIuap! Jea A

uolyepJelal J010woydAsd Busolyye.y sueiquisw $T ulwbeiordeuds 1102 YTLAS ZZebt  TTHVOS TT 2dA) ‘aAIssadal [ewIOSOIN. BIXElR Ie||agaiadoulds
enuawap Asdajida wstjogelaw ewosixosad asewadel YoD-1AoejAyisw-eydre 1102 HOVINY e1ds  HOVIAVY Aouaidlep HOVINY
Je|19ga480 aind aIMoaNIya.e Je[|agala T-u19104d adojanua Jeajonu andeuAs 1002 TINAS Gzho TVOHVY TadAl ‘eIXe)R JR[|8ala0 SAISSS0al [eL0SoINY

FSUO-}NPY (A 1SSe|D

Auyredojeydaouaoxna)
subis |epiwelAd eixajsal-1adAy SISAYIUAS UIg104d [eLIpUOYd0)IW  Z 3SBIBLIUAS WNHI-JAUoIyIaW [elipuoyd0w 2102 ZSHVIN T'eebg IVSHY YlIM eixere onseds aAISsadal [BLosoINy

S3JNLV34 TVIOINITO ATXA NOILONNS NI310dd d3IdILN3Idl dVv3A aNID  SNO07 Isv3sid

$watermark-text $watermark-text $watermark-text

J Child Neurol. Author manuscript; available in PMC 2013 September 01.



1X31-)ewiarems 1Xa1-)ew1a1ems

1Xa1-)1ewa1ems

Fogel

Table 2

Biomarkers Associated With Autosomal Recessive Cerebellar Ataxias

Biomarker Abnormality Disease
Acanthocytes Present ABL
Albumin Reduced AOA1
SCAN1
a-fetoprotein Elevated AOA2
AT
Cholestanol Elevated CTX
Cholesterol Elevated AOA1
AOA2
SCAN1
Hexosaminidase A Reduced LOTS
Immunoglobulins Reduced AT
ATLD
Lactate Elevated ARCA2
Radiosensitivity Present AT
ATLD
Very long chain fatty acids  Elevated PEX
RD
Vitamin E Reduced ABL
AVED

Abbreviations: ABL, abetalipoproteinemia; AOAL, ataxia with oculomotor apraxia, type 1; AOA2, ataxia with oculomotor apraxia, type 2;
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ARCAZ2, autosomal recessive cerebellar ataxia, type 2; AT, ataxia telangiectasia; ATLD, ataxia telangiectasia-like disorder; AVED, ataxia with
vitamin E deficiency; CTX, cerebrotendinous xanthomatosis; LOTS, late-onset Tay-Sachs; PEX, peroxin-associated ataxias; RD, Refsum disease;
SCANL1, spinocerebellar ataxia with axonal neuropathy.
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