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ABSTRACT

Early Onset Ataxia (EOA) comprises a large group of rare heterogeneous disorders. The recognition 

of ataxia and determination of the underlying etiology can be difficult given the broad differential 

diagnosis and the heterogeneous phenotype-genotype relationship. This makes the diagnostic 

work-up time-consuming, costly and not always rewarding. In this overview we present a 

clinical diagnostic algorithm for patients presenting with EOA features in collaboration with the 

Childhood Ataxia and Cerebellar Group of the European Pediatric Neurology Society. In seven 

consecutive steps, the algorithm leads the clinician through the diagnostic process, including: 

EOA identification, application of the Inventory of Non-Ataxic Signs (INAS), consideration of the 

family history, neuro-imaging, laboratory investigations, consideration of genetic testing by array 

CGH and the application of Next Generation Sequencing (NGS). Hopefully, consistent application 

of this algorithm may help to improve the diagnostic yield in pediatric EOA, and additionally 

contribute to uniform data entry in EOA databases. 
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INTRODUCTION

Early Onset Ataxia (EOA) comprises a large group of rare disorders, manifesting symptomatic ataxia 

before the age of 25 years. The estimated prevalence of EOA is 14.6 per 100.000 individuals.1-4 EOA 

can present with a wide variety of phenotypes and genotypes, mostly of autosomal recessive 

nature. The heterogeneous phenotypic disease presentation in children is essentially different 

from patients with Adult Onset Ataxia (AOA) and can be explained by the variability in disease 

onset and the presence of associated disorders (varying from stable congenital malformations 

to progressive autosomal recessive genetic defects) and heterogeneous co-morbid features.5,6 

Furthermore, pediatric phenotypes may change over time. For example, North Sea Progressive 

Myoclonus Epilepsy syndrome (caused by GOSR2 mutation), presents with ataxia in young 

children, but with prominent myoclonus at older ages.7 In pediatric EOA, the heterogeneous 

phenotypic presentations and the large variety in genotypes makes the diagnostic work-up a 

challenging, time-consuming and expensive task. 

Over the recent years, innovative Next Generation Sequencing (NGS) techniques8-10 have 

enormously increased the diagnostic yield.9,11,12 Therefore, the Childhood Ataxia and Cerebellar 

Group of the European Pediatric Neurology Society (CACG-EPNS) collaborated to propose a 

specific diagnostic algorithm for uniform work-up of EOA patients. 

In seven consecutive steps, the proposed algorithm will lead the clinician through the diagnostic 

process in heterogeneous EOA patients with the goal to improve the diagnostic yield, time to 

diagnosis and health related costs. 

CLINICAL APPROACH TO ATAXIA

An overview of the diagnostic EOA algorithm is provided in figure 1. As EOA concerns a group 

of disorders mostly of insidious onset, distinction with acquired ataxia is frequently possible by 

the history of the patient. Acquired ataxias (like vascular, neoplastic, infectious and inflammatory) 

are frequently (sub)acute. Although beyond the scope of this diagnostic algorithm, the current 

diagnostic steps can be used in case of a suspected acquired ataxia. 

Step I: The phenotypic identification of cerebellar ataxia
Cerebellar ataxia is characterized by impaired smooth goal directed movements, resulting 

in impaired fine-tuning of speed, force and direction of intended movements.6,13-15 Ataxic 

features are attributed to different dysfunctioning of cerebellar domains that involve: 1. vermis 

and anterior lobe, causing ataxic posture and gait, characterized by staggering, swaying and 

titubation; 2. the cerebellar hemispheres with ataxic kinetic limb movements, with an intention 

and action tremor, dysdiadochokinesis, hypermetria, dysarthria and dysrhythmia of speech; and 

3. vermis and flocculus, resulting in nystagmus with over- and undershooting of eye movements. 
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In children with EOA, the inter-observer agreement of these features is often limited.6 This is 

attributed to the phenotypic and genotypic heterogeneity and to the lacking of a gold standard 

for ataxia assessment at a young age. For instance, ataxia in the newborn is characterized by 

severe hypotonia, hypo-activity and developmental delay.16 This EOA phenotype is often not (or 

very slowly) progressive and the occurrence of ataxic features appear much later in live.16 Due 

to the manifest signs of hypotonia and hypo-activity, congenital ataxia can be mistaken for a 

neuromuscular disorder. On the other hand, impaired coordination is not exclusively confined to 

cerebellar pathology, alone. For example, sensory ataxia may result from damage of the peripheral 

nerves, spinal ganglia or dorsal columns resulting in emerging ataxia upon eye closure. Similarly, 

peripheral vestibular dysfunction may result in balance disturbances. Finally, action myoclonus 

may mimic an ataxic intention tremor. Some developmental conditions are also associated with 

coordination impairment. This includes immaturity of the central nervous system leading to 

physiologic age-related suboptimal coordination, Developmental Coordination Disorder (DCD) 

and isolated hypotonic conditions.17-21 Intoxications can lead to uncoordinated clumsiness, which 

may even have a permanent impact (such as for instance environmental lead pollution, anti-

epileptic drugs or alcohol).22,23 

Figure 1: Pediatric EOA diagnostic algorithm

Legend: This figure displays a pediatric diagnostic algorithm for the diagnostic process of Early Onset Ataxia. The consecutive 
steps of the algorithm will lead the clinician through the diagnostic process. # See Table I for the Inventory of non-ataxic 
symptoms (INAS); ^ See Table II and III genes for paroxysmal ataxic disorders and (tri)nucleotide repeat disorders, respectively. 
+ See Table IV and V for the differential diagnosis on cerebellar hypoplasia and cerebellar atrophy on MRI, respectively. $ See 
Table VI for additional laboratory investigations; *@ See Table VII for the whole EOA NGS gene filter, including subpanels for 
specific hindbrain abnormalities; INAS = Inventory of Non-Ataxic symptoms; MRI = Magnetic Resonance Imaging; NGS = Next 
Generation Sequencing; EOA = Early Onset Ataxia.
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Ataxia severity can be assessed by clinical rating scales.24 In children, the most frequently 

applied rating scales are the International Cooperative Ataxia Rating Scale (ICARS),25 the Scale 

for Assessment and Rating of Ataxia (SARA)26 and the Brief Ataxia Rating Scale (BARS).27 These 

instruments yield high inter-observer agreement (Interclass Correlation Coefficient between 0.91 

– 0.99).28 The choice of any specific scale depends on the specific clinical objective and/or patient 

characteristics.28 Due to its brevity, high reliability and popularity in adult ataxia patients, the 

SARA is often preferred for pediatric application. Recently, the SARA-scores has been validated 

for age, providing a basis for accurate interpretation of pediatric longitudinal scores.21

Step 2: Inventory of non-ataxic signs 
As the phenotype of pediatric EOA is often complex,5,6 with dysfunction of other neuronal 

and non-neuronal systems, the resulting neurological and non-neurological signs can provide 

valuable diagnostic clues. Such features can be systematically assessed by an instrument like the 

Inventory of Non- Ataxic Signs (INAS), see Table I.29,30 

Table I: Inventory of non-ataxia signs (INAS)

Non-ataxia signs Diseases in which this symptom is present

Hyperreflexia SCA and SCAR

Areflexia Friedreich ataxia; AVED; Abetalipoproteinemia; AOA 1-4

Extensor plantar Friedreich ataxia; AVED; Abetalipoproteinemia; AOA type 1-4

Spasticity SCA and SCAR

Paresis -

Muscle atrophy Marinesco-Sjogren disease

Fasciculations SCAR type 8

Myoclonus SCA type 13; AOA type 1

Rigidity Different types of NBIA; Wilsons disease; SCA type 2

Chorea/Dyskinesia Different types of NBIA; Wilsons disease; AT; SCA type 17

Dystonia Different types of NBIA; Wilson disease; AOA type 1 and 2; AT; SCA type 2

Resting tremor AT; NBIA; Wilson disease

Sensory symptoms A lot of ataxic disorders are associated with a (poly)neuropathy

Downward gaze palsy# Niemann Pick type C

Oculomotor apraxia# AOA type 1-4; AT

Xanthomas# CTX

Cataract# CTX; mitochondrial diseases

Legends: Adaption of the Inventory of non-ataxia signs for pediatric EOA, which clinicians should look for during neurological 
examination.# These 4 items are not part of the INAS, but are important neurological signs to look for in patients suspected 
of EOA. AVED = Ataxia with Vitamin E Deficiency; AOA = Ataxia with Oculomotor Apraxia; SCAR = Spinocerebellar Ataxia 
Autosomal Recessive; SCA = Spinocerebellar Ataxia; NBIA = Neurodegeneration with Brain Iron Accumulation; AT = Ataxia 
Telangiectasia; CTX = Cerebrotendinous xanthomatosis.
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Step 3: Disease course and family history
In distinct episodic phenotypes (Table II), recognition of a paroxysmal character may prompt 

selection of a specific “NGS panel for paroxysmal ataxic disorders”.

A positive family history with a known gene defect, compatible with the clinical features of 

the child will require direct sequencing of the associated gene. Pediatric onset, dominantly 

inherited spinocerebellar ataxias warrant a search for two trinucleotide repeat expansions, SCA 

2 and SCA 7. These disorders demonstrate frequent anticipation, with earlier onset and more 

severe phenotypes in successive generations and sometimes apparent de novo occurrence. 

Trinucleotide repeat expansions cannot be detected by current Next Generation Sequencing 

(NGS) techniques. See also Table III. 

Table II: Genes causing paroxysmal/episodic ataxic disorders in children

Gene (OMIM) Disease name Inheritance Additional features

KCNA1 (176260) Episodic Ataxia type 1; (EA1) AD Interictally  myokymia

CACNA1A (601011) Episodic Ataxia type 2; (EA2) AD Interictally nystagmus and gait ataxia

1q42 (606554) Episodic Ataxia type 3; (EA3) AD

CACNB4 (601949) Episodic Ataxia type 5; (EA5) AD Interictally down beat and gaze-
evoked nystagmus

SLC1A3 (600111) Episodic Ataxia type 6; (EA6) AD Interictally horizontal gaze-evoked 
nystagmus

PRRT2 (614386) Paroxysmal Kinesogenic 
Dyskinesia (PKD) AD Dystonia and/or chorea during an 

attack

SLC2A1 (138140) Glucose Transporter 
deficiency (GLUT-1) AR/AD In infantile onset also epilepsy/epileptic 

encephalopathy

ATP1A3 (182350)
Cerebellar ataxia, Areflexia, 

Pes Cavus, Optic Atropy and 
sensineuronal deafness

AD

Areflexia, pes cavus, optic atrophy and 
sensineuronal deafness. Can start as 

episodic provoked by fever. Later on it 
will be progressive

Legend: In this table genes, corresponding diseases, mode of inheritance and possible additional features are given. OMIM = 
Online Mendelian Inheritance in Man; AD= Autosomal dominant; AR = Autosomal recessive. Episodic ataxia type 3 does not 
have a specific gene, however it has a known locus on chromosome 1q42.

Friedreich ataxia

In children, Friedreich ataxia is the most common ataxic disorder. It is caused by an autosomal 

recessively inherited GAA (tri)nucleotide repeat expansion in the frataxin gene.31-33 The clinical 

presentation is a slowly progressive ataxia of stance, gait and limbs, as well as dysarthria. 

Oculomotor testing reveals square wave jerks (SWJ) during rest and smooth pursuit as a sign of 

fixation instability.31 Other neurological features involve loss of deep tendon reflexes, pyramidal 

tract signs and a sensory neuronopathy. In children, Friedreich ataxia is associated with cardiac 

involvement, myopathy, diabetes and scoliosis.31,32,34 For guidelines and clinical management of 

Friedreich ataxia, see Corben et al.35 To date, there are no proven medical treatments.32,33,36
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Table III: Genetic ataxias caused by a (tri)nucleotide repeat disorder.

Gene (OMIM) Repeat Disease name Inheritance Additional features

FXN ( 606829) GAA Friedreich ataxia AR Peripheral neuro(no)pathy, 
cardiomyopathy

ATXN2 (601517) CAG Spinocerebellar ataxia type 2 AD Parkinsonism, myoclonus

CACNA1A (601011) CAG Spinocerebellar ataxia type 6 AD Hemiplegic migraine

ATXN7 (607640) CAG(?) Spinocerebellar ataxia type 7 AD Retinal changes

ATXN8 (613289) CTG Spinocerebellar ataxia type 8 AD Pyramidal signs

ATXN10 (611150) ATTCT Spinocerebellar ataxia type 10 AD Epilepsy, pyramidal signs 
and cognitive problems

PPP2R2B (604325) CAG Spinocerebellar ataxia type 12 AD Epilepsy, dementia and 
parkinsonism

TBP (600075) CAG/CAA Spinocerebellar ataxia type 17 AD Psychiatry and chorea 
(Huntington like)

HTT (613004) CAG Huntington AD Psychiatry, chorea, 
parkinsonism

Legend: This table consist of disorders with corresponding genes. These disorders are caused by a (tri)nucleotide repeat 
disorder. Inheritance and additional features are given in this table. OMIM = Online Mendelian Inheritance in Man; AR = 
Autosomal recessive; AD = Autosomal dominant.

Step 4: Brain MRI
In the absence of an indicative family history and/or clear indication for specific genetic testing, 

step 4 is a brain MRI.37-40 The recommended MRI protocol comprises T
1
- and

 
T

2
-weighted images, 

Fluid-Attenuated Inversion Recovery (FLAIR), Diffusion Weighted Images (DWI) and Susceptibility 

Weighted Images (SWI), with (secondary) administration of gadolinium and reconstruction in 

multiple planes (coronal, sagittal and axial).37-40 On midsagittal T
1
- and T

2
-weighted images, the 

sizes of the posterior fossa, vermis, fourth ventricle, supra-vermian cistern and brainstem volumes 

can be easily evaluated.39,40 In the presence of cerebellar hypoplasia and cerebellar atrophy, 

secondary enlargement of the fourth ventricle and the supra-vermian cistern may evolve.39,40 

In coronal planes, volumes of cerebellar vermis and hemispheres can be compared.40 The size, 

morphology and  signal intensity of the cerebellar vermis, cortex, cerebellar white matter and 

dentate nucleus can be determined on axial T
1
- and T

2
-weighted images. Abnormalities of the 

cerebellar white matter and cortex are also assessable on “FLAIR” images.40 

MRI patterns of hindbrain abnormalities may be subdivided in three specific patterns. These 

include: Joubert syndrome, Dandy Walker malformation and pontocerebellar hypoplasia.41 In 

Joubert syndrome, the molar tooth sign is considered pathognomonic. This sign is identifiable 

on axial planes, caused by a deep inter-peduncular fossa and an elongated, horizontally placed 

superior cerebellar peduncle (figure 2a).41 In Dandy Walker malformation there is hypoplasia 

and anti-clockwise upward rotation of the cerebellar vermis with cystic dilatation of the fourth 

ventricle, and upward displacement of the tentorium (figure 2b).41,42 Pontocerebellar hypoplasia 

diagnostic algorithm in early onset ataxia
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is characterized by cerebellar hypoplasia (mainly of the cerebellar hemispheres with relative 

preservation of the vermis) and hypoplasia of pontine structures. In the coronal plane these 

features are characterized by a “dragonfly sign” ( figure 2c).41 All three patterns of hindbrain 

malformations may vary in severity and may also include other infra- and supratentorial 

abnormalities.41,42 If specific features corresponding with one of the three patterns of hindbrain 

malformations are present, it is advisory to perform direct genetic testing using a specific NGS 

hindbrain malformation subpanel, see Table VII. In the absence of specific clues, determination of 

cerebellar hypoplasia or atrophy may help to differentiate between diagnostic groups. Atrophy 

can be diagnosed when the cerebellar volume decreases between two successive MRI. The 

degree of atrophy depends on the disease stage; due to “floor effects”, in later stages progression 

of volume loss may no longer be detectable during follow-up.40 This implies that atrophy cannot 

be diagnosed based on a single MRI study. The differential diagnosis of cerebellar hypoplasia 

and atrophy is extensive, involving many genetic and metabolic diseases. See Table IV and V.39,40 

An unique MRI finding is the T
2
-hypointense pontine stripes in Autosomal-Recessive Spastic 

Ataxia Charlevoix-Saguenay (ARSACS). It has been suggested to provide an unique diagnostic 

imaging biomarker that prompts direct genetic testing for mutations in the SACS gene (figure 

2d).43 

A final distinctly recognizable MRI pattern is rhomboencephalosynapsis (RES). RES is characterized 

by the absence of the vermis and fusion of the cerebellar hemispheres. This is best evaluated 

on T
2
-weighted coronal images in the most posterior section. RES is an important key feature 

in Gómez-López-Hernández syndrome (with other features as parietal alopecia, trigeminal 

anesthesia and craniofacial dysmorphic signs). Some patients with RES may also reveal features 

of VACTERL association (figure 2e).

The use of a brain MRI is also crucial for the detection of secondary acquired ataxias. Especially 

vascular and neoplastic disorders will be detected together with a large group of infectious and 

inflammatory causes for ataxia. 
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Table IV: Differential diagnosis of cerebellar hypoplasia on MRI37 

Neuroimaging pattern Disease group Disease/anomalies

Unilateral cerebellar 
hypoplasia

Acquired Second and/or third trimester hemorrhage

Genetic PHACE(S) syndrome; Familial porencephaly 
(COL4A1-mutation)

Cerebellar hypoplasia with 
mainly vermis involvement

Posterior fossa 
malformations

Dandy Walker malformation; Joubert syndrome; 
Rhomboencephalosynapsis
Congenital ocular apraxia type Cogan

Genetic syndromes
Acrocallosal syndrome; Gillespie syndrome; 
Beckwith-Wiedemann syndrome; autism associated 
chromosome 22q13 terminal deletion.

Global cerebellar 
hypoplasia

Prenatal infections Congenital CMV infection

Prenatal teratogens Antiepileptic drugs (valproate; phenytoin); retinoic 
acid; alcohol; cocaine

Chromosomal 
abnormalities

Trisomy (13, 18 and 21); partial trisomy 12q; 
monosomy 21q; trisomy 15 mosaicism; monosomy 
1p36; ring chromosome 6; de novo X;8 
translocation; 13q12.3-q14.11 deletion

Metabolic disorders

Adenylosuccinase deficiency; Smith-Lemli-Opitz  
syndrome; Molybdenum cofactor deficiency 
and isolated sulfite oxidase deficiency; copper 
metabolism disease (SLC33A1-mutation); 
Zellweger syndrome; nonketotic hyperglycinemia; 
mitochondrial disorders (Leigh disease, pyruvate 
dehydrogenase deficiency) Mucopolysaccharidoses 
(type I and II);

Genetic syndromes

Ritscher-Schinzel (3C) syndrome; Hoyeraal-
Hreidarsson syndrome; CHARGE syndrome; 
Endosteal sclerosis; oculocerebrocutaneous 
(Delleman) syndrome; IER3IP1-mutation; 
neurofibromatosis type 1; pseudo-TORCH 
syndrome; velocardiofacial syndrome; 
oculodentodigital syndrome; Cohen syndrome; 
Cri du Chat syndrome; Pallister-Killian syndrome; 
Galloway-Mowat syndrome; Sengers syndrome; 
OPHN1-related X-linked intellectual disability

Non-progressive cerebellar 
ataxias

CA8; WDR81; ATP8A2; CWF19L1; ITPR1; PMPCA; ATP2B3 
(X-linked) and CACNA1A

Pontocerebellar 
hypoplasia

Pontocerebellar hypoplasia 
as defined by Barth PCH type 1-10

Cortical malformations

Lissencephaly (RELN, VLDRL, tubulin gens >> LIS1, 
DCX, ARX); polymicrogyria (tubulin genes, GPR56); 
periventricular nodular heterotopia (FLNA); primary 
microcephaly

Metabolic diseases Congenital disorders of glycosylation (mostly type 
1a but also type 1q)

Genetic disorders CASK mutation; Cerebellar agenesis (PTF1A)

Α-dystroglycanopathies Walker-Warburg syndrome; muscle-eye-brain 
disease; Fukuyama disease

Posterior fossa 
malformations Pontine tegmental cap dysplasia

Disruptive lesions Cerebellar agenesis; cerebellar injury secondary to 
prematurity

Legend: Differential diagnosis based on neuroimaging patterns of cerebellar hypoplasia seen on MRI. Copied and adapted 
with permission of Whiley and Sons publisher.37
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Table V: Differential diagnosis of cerebellar atrophy on MRI38

Neuroimaging pattern Diseases

Pure cerebellar atrophy

Ataxia Telangiectasia; Ataxia Telangiectasia like 
disorder; Late-onset GM2 gangliosidosis; Ataxia 
with oculomotor apraxia type 1-4; PEHO syndrome; 
CACNA1A-mutation (episodic ataxia type 2; SCA6; 
familial hemiplegic migraine type1); mevalonate 
kinase deficiency; SCAR7 (TPP1 gene); SCAR10 
(ANO10 gene); SCAR13 (GRM1 gene); SCAR14 (SPTBN2 
gene); SCA29 (ITPR1 gene); predominant dystonia 
with cerebellar atrophy; GRID2 mutation; Coenzyme 
Q10 deficiency; mitochondrial disorders

Cerebellar atrophy and 
hypomyelination

Pelizaeus-Merzbacher disease; Pelizaeus-Merzbacher 
like disease; Salla disease; 4H; H-ABC; galactosemia; 
trichothiodystrophy

Cerebellar atrophy and 
progressive white matter 
abnormalities 

Frontal 
predominance Infantile neuroaxonal dystrophy (PLA2G6 mutation)

Periventricular 
predominance

Neuronal ceroid lipofuscinoses (particularly 
late-infantile type); Niemann-Pick type C; 
Adenylosuccinase deficiency

Occipital 
predominance Early-onset peroxisomal disorders

Subcortical L-2-hydroxyglutaric aciduria; Kearns-Sayre syndrome

Diffuse cerebral Vanishing white matter disease; mitochondrial 
disorders

Cerebellar Peroxisomal disorders; Cerebrotendinous 
xanthomatosis (CTX)

Brainstem Wilson disease; Peroxisomal disorders; Leigh 
syndrome; dentate-rubral-pallido-luysian atrophy

Multifocal Mitochondrial disorders; Galactosemia; Infantile 
neuroaxonal dystrophy; L-2-hydroxyglutaric aciduria.

Cerebellar atrophy and signal 
change of the dentate nucleus

L-2-hydroxyglutaric aciduria; CTX; Wilson disease; 
Succinic semialdehyde dehydrogenase deficiency

Cerebellar atrophy and 
cerebellar cortex T2-
hyperintensity

Infantile neuroaxonal dystrophy; Marinesco-Sjörgen 
syndrome; congenital disorders of glycosylation 1a; 
Christianson syndrome; coenzyme Q10 deficiency; 
late infantile neuronal ceroid lipofuscinosis; 
pontocerebellar hypoplasia type 7; some forms 
of non-progressive cerebellar ataxia; some 
mitochondrial disorders

Cerebellar atrophy and basal 
ganglia involvement

Calcifications
Kearns-Sayre syndrome; mitochondrial disorders; 
Cockayne syndrome; Aicardi-Goutières syndrome; 
MELAS

Atrophy H-ABC; Wilson diseases (late); Huntington chorea 
(inconsistent)

Signal changes Mitochondrial disorders; Wilson disease; 
3-methylgutaconic aciduria

Legend: Differential diagnosis based neuroimaging patterns with cerebellar atrophy. The diagnosis atrophy is sometimes 
only possible with two successive MRI scans. The table is subdivided according to additional findings on the MRI. Copied and 
adapted with permission of Whiley & Sons publisher. 38
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Step 5: Laboratory investigations
For laboratory testing of blood, urine and/or cerebrospinal fluid, see Table VI. These laboratory 

testing may also reveal acquired ataxias like inflammatory and infectious diseases. The following 

section addresses metabolic EOA disorders which can be picked up by laboratory investigations. 

Auto-immune diseases, infectious and deficiencies 

It should be mentioned that most auto-immune and infectious disease reveal a (sub)acute 

disease onset which is usually contrasted by the more insidious onset in EOA. Most auto-

immune diseases reveal MRI abnormalities not compatible with a genetic/metabolic EOA 

diagnosis. However, some auto-immune diseases may lack MRI abnormalities and can therefore 

be mistakenly held for genetic or metabolic disorders. 

Figure 2: Examples of specific hindbrain malformations on MRI

Legends: a) This T
2 

weighted axial plane
 
showing the typical “Molar tooth sign” of a patient with Joubert syndrome. The 

figure illustrates the deep inter-peduncular fossa of the mesencephalon. Together with the elongated and horizontally 
placed superior cerebellar peduncles gives the appearance of a “molar tooth”. b) T

2
 mid-sagital plane showing enlargement 

of the posterior fossa with an upward displacement of a hypoplastic cerebellar vermis. There is also a cystic dilatation of the 
fourth ventricle with upward displacement of the tentorium cerebri.c) T

2
 coronal plane showing distinct hypoplasia of both 

cerebellar hemispheres (as indicated by the arrows) with relative preservation of the cerebellar vermis, often referred to as a 
“dragonfly” appearance in patients with pontocerebellar hypoplasia. Hypoplasia of the pontine structures, can be evaluated 
on a midsagittal T

2
-weighted image (not shown). d) T

2
 axial plane of the pons in a patient with ARSACS (SACS gene) showing 

distinct medial hypointense pontine stripes. Laterally there is a hyperintense signal of the pons, as indicated by both arrows. 
e) T

2 
coronal plane of the posterior part of the cerebellum. There is a clear fusion of both cerebellar hemispheres with the 

absence of the vermis, indicative of a rhomboencephalosynapsis.

diagnostic algorithm in early onset ataxia
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Vitamin deficiencies (B
1
 and B

12
) can result in slowly progressive ataxia (very rare in children) and 

therefore we advise to test for them when performing laboratory investigations, see Table VI.

Table VI: Additional laboratory investigations

Blood investigations Disease groups and specific diseases

Leukocytes, thrombocytes,  haemoglobin, 
ammiona, urea, creatine, bloodsmear for 
acanthocytes, biotinidase, thyroid function 
(TSH, FT4) transferrin electrophoresis, 
actylcarnitine, lactate, CK, 

Metabolic diseases, POLG1

Vitamin B1, B12* and Vitamin E AVED, abetalipoproteinemia (Wernicke encephalopathy)

Copper and ceruloplasmin Wilson’s disease

Very long chain fatty acids, phytanic and 
pipecolic acid, bile acids Peroxisomal diseases

Lysosomal enzymes* (ASA, ßgal, Hex A and B) Lysosomal storage diseases

Anti NMDA* Auto-immune/paraneoplastic

Albumin 
Cholestanol

AOA1 and AOA4, CTX
CTX

Cholesterol, triglycerides Abetalipoproteinemia,  AOA1

Alpha-fetoprotein AT and AOA2

Urine investigations Disease group and specific diseases

Amino acids and organic acids
Bile acid alcohol

IEM
CTX

Cerebrospinal fluid investigations Disease group and specific diseases

Glucose*, cell count*, amino acids, lactate/
pyruvate IEM, GLUT1 and POLG1

Anti-NMDA antibodies* Auto-inflammatory/Paraneoplastic

Legend: Laboratory investigations to perform in early onset ataxia. Abbrevations: TSH = Thyroid stimulating hormone; FT4 
= Thyroxine; CK = Creatine kinase; ASA = Arylsulfatase A; bgal = Beta-galactosidase; HEX-A = Hexosaminidase A; HEX-B = 
Hexosaminidase B; NMDA = N=Methyl-D-Aspartate; GAD = Glutamic Acid Decarboxylase; POLG1 = Polymerase gamma 
1 gene mutation; AVED = Ataxia with Vitamin E deficiency;  CTX = Cerebrotendinous xanthomatosis; AOA1 = Ataxia with 
oculomotor apraxia type 1; AT = Ataxia telangiectasia; AOA2 = Ataxia with oculomotor apraxia type 2; AOA4 = Ataxia with 
oculomotor apraxia type 4; IEM =Inborn Errors of Metabolism; GLUT1 =  Glucose transporter 1 deficiency.* These investigations 
are optional but should be normal for inclusion in de European Early Onset Ataxia Database.

Ataxia with Vitamin E deficiency

Ataxia due to vitamin E deficiency (AVED) is a rare inherited autosomal recessive disorder caused 

by a mutation in the alpha-tocopherol transfer protein (TTPA gene).44-51 The disease onset is 

in early childhood, ranging from 4-18 years of age.44,45,48,49 The clinical presentation of AVED 

resembles the phenotype of Friedreich ataxia with progressive gait and limb ataxia, dysarthria, 

posterior column dysfunction and areflexia with extensor response,44-51 sometimes associated 

with dystonia and myoclonus. In contrast to Friedreich ataxia, cardiac involvement is rare.48 AVED 
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patients may reveal a heterogeneous phenotype and disease severity, even within families.49 

Biochemical investigations reveal low serum levels of vitamin E, with normal cholesterol, 

triglycerides and beta-lipoproteins.44-51 Treatment consists of supplementary vitamin E in high 

doses, which can stabilize and/or ameliorate the neurological deficits. The prognosis of AVED 

depends on the timing of therapeutic intervention.46-49 

Abetalipoproteinemia

Abetalipoproteinemia is a metabolic disorder caused by an autosomal recessively inherited 

mutation in the microsomal triglyceride transfer protein (MTTP gene).52-54 Abetalipoproteinemia 

is characterized by severe lipid malabsorption from birth onwards. Diarrhea will develop after 

the first ingestion of milk. 52-54 Due to chronic fat malabsorption, the child fails to thrive and 

a deficiency of fat-soluble vitamins A, D, E and K occurs. The neurological manifestations of 

abetalipoproteinemia resemble AVED, since both diseases share vitamin E deficiency as a 

pathogenic factor.55 However, in contrast to AVED, abetalipoproteinemia is also associated with 

low serum levels of cholesterol, triglycerids, apo-B proteins, other fat-soluble vitamins (A, D, E 

and K) and acanthocytes in microscopic bloodsmears.52,54 Abetalipoproteinemia is treated by a 

low fat diet and supplementation with fat-soluble vitamins.52 Vitamin E supplementation may 

stabilize and/or even improve neurological symptoms.46-49 

Cerebrotendinous xanthomatosis (CTX)

Cerebrotendinous xanthomatosis (CTX) is an rare recessive metabolic disorder caused by 

a mutation in the CYP27A1 gene.56-60 CTX is characterized by multi-organ involvement with a 

delayed symptom onset (mean age of presentation is 19 years).58,60 In children, early disease 

manifestations include cataract and intractable diarrhea, followed by tendon xanthoma’s, 

neurological symptoms and psychomotor retardation.58 The neurological presentation of CTX 

can be subdivided in a classic phenotype with cerebellar signs, parkinsonism and epilepsy and 

a spinal phenotype with a chronic myelopathy.57-59 Other co-occuring neurological features are 

pyramidal tract signs, dystonia, palate myoclonus and psychiatric symptoms.57-59 Biochemically, 

CTX is characterized by a five- to tenfold increase in cholestanol, normal to low levels of cholesterol 

and increased urine excretion of urine bile acid alcohol.61 Neuroimaging plays a significant role 

in the diagnosis of CTX, demonstrating cerebellar atrophy with white matter changes and 

increased signal of the dentate nuclei on T
2
-images.62,63 CTX is treated by the administration of 

chenodeoxycholic acid which can improve the neurologic symptoms and prognosis.64,65 

Ataxia with oculomotor apraxia type 1 (AOA1)

Ataxia with oculomotor apraxia type 1 (AOA1) is an autosomal recessive disorder caused by a 

mutation in the APTX gene, encoding for the aprataxin protein. Mean age of disease onset is 

around 4 years.66,67 The presenting sign is a slowly progressive ataxic gait. Patients frequently 

show deficits in initiating horizontal saccades, which defines “oculomotor apraxia”, sometimes 

compensated by ipsilateral head turning to facilitate saccade initiation. The oculomotor apraxia 
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is present in almost all patients with AOA1. AOA1 clinically resembles Friedreich ataxia, but AOA1 

does not include a cardiomyopathy. Additional movement disorders like dystonia, chorea and 

myoclonus are much more frequent in AOA1 than in Friedreich ataxia, and the neuropathy 

also shows a motor component while it is purely sensory in Friedreich ataxia.66,67 Supporting 

biochemical changes includes low albumin, and increased blood cholesterol levels. There is no 

curative treatment for AOA1.67 

Ataxia with oculomotor apraxia type 2 (AOA2)

After Friedreich ataxia, AOA2 is the second most common recessively inherited ataxic disorder in 

young adults.67,68 The AOA2 phenotype resembles AOA1, with respect to a progressive cerebellar 

ataxia and the co-occurrence of dystonia.67-71 However, the disease onset is later (between 11 and 

20 years), the concurrent neuropathy is less severe, and the oculomotor apraxia is only present 

in 50% of the patients.67 Biochemically, AOA2 is characterized by an increased alpha-fetoprotein 

(AFP).66-71 AOA2 is caused by bi-allecic mutations in the gene SETX encoding senataxin. As for 

AOA1, there is no curative treatment for AOA2. 

Ataxia telangiectasia (AT)

Ataxia telangiectasia (AT) is a rare, recessive, neurodegenerative, DNA repair disorder caused 

by bi-allecic mutations in the ATM gene.72 Clinically, classic AT is characterized by a cerebellar 

gait disorder in toddlers, with slow progression over years.72 Around the age of 5-8 years, 

oculo-cutaneous telangiectasia may develop.72 Associated neurological features include both 

hypokinetic and hyperkinetic (chorea and dystonia) movement disorders, which may (rarely) 

prevail over the ataxia.73 Peripheral neuropathy commonly develops later during the disease 

course.74 Non-neurological signs of AT include immune deficiencies (causing frequent infections), 

malignancies (especially lymphoid) and radiation sensitivity.72 Biochemically, AT is characterized 

by an elevated AFP in serum (in 95% of the patients), which increases during lifetime, and is 

even a reliable biomarker in atypical late onset cases.75 Treatment of the neurological signs is 

symptomatic. However, the systemic manifestations such as immune deficiency may be treated 

with immunoglobulines and steroids. In patients with AT, X-ray examinations should be avoided, 

due to the propensity of severe radiation induced tissue damage. 72 

Step 6: Array investigation
In patients with combined features, mental impairment, dysmorphisms and/or other congenital 

abnormalities, array CGH may help to detect Copy Number Variants (CNV). For chromosomal and/

or syndromal diseases presenting with ataxia and/or radiological characteristics for cerebellar 

hypoplasia/atrophy, see Table IV and V.39,40

 

Step 7: Next Generation Sequencing (NGS)
Next-generation sequencing (NGS), is the catch-all term used to describe a number of different 

modern sequencing technologies including: tests of specific gene panels (Targeted Resequencing 
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Panels (TRS)), the coding regions (Whole Exome Sequencing (WES)) with or without a filter for 

the specific genes and/or  the entire genome (Whole Genome Sequencing (WGS)).8,9  In recent 

years many laboratories adapted WES as a general diagnostic NGS strategy for the majority of 

diagnostic applications. It is important to realize that there are some disadvantages/limitations to 

these novel techniques. Firstly, one should first be sure which genes are in the panel or filter and 

if those genes are indeed of interest for the diagnostic test. Secondly, repeat disorders, mutations 

in noncoding parts of the genome (like deep intronic regions or promotor regions) and large 

rearrangements (deletions and duplications) are not detected by NGS at this moment.8,76 Finally, 

mutations in mitochondrial DNA (mtDNA) will be missed by NGS techniques, and will require 

separate analysis of mtDNA.

In the diagnostic algorithm, when neuroimaging and laboratory investigations are negative 

the next step is to perform NGS diagnostics to evaluate possible mutations in known ataxia 

associated genes, see Table VII. When a targeted approach aimed at known/common EOA 

associated genes is negative a whole exome sequencing, preferably with a trio analysis of 

the index patients and both parents should be applied to detect de novo mutations as well 

as atypical presentations of a known Mendelian disease not frequently associated with EOA.77 

Therefore, phenotypic assessment stays crucial to determine whether the results of genomic 

analyses explain the clinical phenotype of the patient. 

Consider targeted mtDNA analysis, when NGS techniques remain negative or in case of clinical 

high suspicion of a mitochondrial disorder. 
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Table VII: Ataxia gene filter for Whole Exome Sequencing

Gene (OMIM) Disease name Inher-
itance Additional features

Autosomal dominant ataxic disorders

SPTBN2 (604985) Spinocerebellar ataxia 
type 5 AD Facial myokymia, pyramidal signs and bulbar 

dysfunction

KCNC3 (176264) Spinocerebellar ataxia 
type 13 AD Pyramidal signs, developmental delay

PRKCG (176980) Spinocerebellar ataxia 
type 14 AD In rare cases dystonic and myoclonic features

ITPR1 (147265) Spinocerebellar ataxia type 
15/16/29 AD Hyperreflexia

IFRD1 (606502) Spinocerebellar ataxia 
type 18 AD Neuropathy

KCND3 (605411) Spinocerebellar ataxia type 
19/22 AD Myoclonus, cognitive disorders

TMEM240 (616101) Spinocerebellar ataxia 
type 21 AD Parkinsonism with rigidity, cognitive disorders

FGF14 (601515) Spinocerebellar ataxia 
type 27 AD Polyneuropathy, mild mental retardation, 

tremor

AFG3L2 (604581) Spinocerebellar ataxia 
type 28 AD Spasticity, dystonia, parkinsonism

TGM6 (613900) Spinocerebellar ataxia 
type 35 AD Pyramidal signs

VAMP1 (185880) Spastic ataxia type 1 AD Spastic paraplegia, dystonia
POLG (174763) POLG related ataxia AD

OPA1 (605290) Dominant optic atrophy 
plus syndrome (DOA+) AD Rapidly progessive visual disturbances

SLC2A1 (138140) Glucose transporter 
deficiency (GLUT-1) AD In infantile onset also epilepsy/epileptic 

encephalopathy

TUBB4a (602662)

Hypomyelinating 
leukoencephalopathy with 
Atrophy of Basal Ganglia 
and Cerebellum (H-ABC)

AD Mental retardation, rigidity, dystonia, tremor

CAMTA-1 (611501) CAMTA-1 syndrome AD Mental retardation; delayed speech 
development

GFAP (137780) Alexander disease AD Normal intellect, spasticity, bulbar signs

SCN8A (600702) Cognitive impairment with 
or without cerebellar ataxia AD Cognitive disorders

PIGN (606097)
Multiple congenital 
anomalies-hypotonia-
seizures syndrome

AD Developmental delay, hypotonia, seizures, 
tremor, hypertelorism

EBF3 (617330)
Hypotonia, ataxia and 
delayed development 
syndrome

AD Developmenal delay, hypotonia, apraxia

CTNNB1 (116806) Mental retardation 
autosomal dominant 19 AD Severe intellectual disability, microcephaly, 

hypotonia, spastic diplegia
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Gene (OMIM) Disease name Inher-
itance Additional features

Autosomal recessive ataxic disorders

ATM (607585) Ataxia Telangiectasia AR Telangiectasia, different movement disorders, 
increased risk for malignancies

MRE11A (600814) Ataxia Telangiectasia like 
disorder (ATLD) AR Dystonia, chorea

PCNA (176740) Ataxia Telangiectasia like 
disorder 2 (ATLD2) AR Developmental delay

APTX (606350) Ataxia with oculomotor 
apraxia type 1 AR Ocular apraxia, mental regression, axonal 

polyneuropathy

SETX (608465) Ataxia with oculomotor 
apraxia type 2 AR Ocular apraxia (less than type 1), dystonia, 

pyramidal signs, polyneuropathy

PIK3R5 (611317) Ataxia with oculomotor 
apraxia type 3 AR Muscle weakness, polyneuropathy

PNKP (605610) Ataxia with oculomotor 
apraxia type 4 AR Muscle weakness, dystonia, cognitive disorders, 

polyneuropathy

SACS (604490) Spastic ataxia of Charlevoix-
Saguenay (ARSACS) AR Spasticity, Polyneuropathy

TDP1 (607198) Spinocerebellar ataxia with 
axonal neuropathy (SCAN1) AR Axonal neuropathy

TTPA (600415) Ataxia with isolated vitamin 
E deficiency AR Dystonia

SPG7 (602783) Spastic paraplegia type 7 AR Spastic paraplegia

SPG11 (610844) Spastic paraplegia type 11 AR Extrapyramidal signs, progressive weakness, 
mental retardation, seizures

KIF1A (601255) Spastic paraplegia type 30 AR Mental retardation, spastic paraplegia, axonal 
polyneuropathy

KIF1C (603060) Spastic ataxia type 2 AR Tremor, Spasticity, Fasciculations

CAPN1 (114220) Spastic paraplegia type 76 AR Spastic paraplegia, axonal polyneuropathy, 
nystagmus

PMPCA (213200) Spinocerebellar ataxia 
autosomal recessive type 2 AR Hyperreflexia, hypotonia, pes cavus

ANO10 (613726) Spinocerebellar ataxia type 
10 (ARCA3) AR Fasciculations

WDR73 (616144)

Cerebellar ataxia with 
mental retardation, 
optic atrophy and skin 
abnormalities (CAMOS)

AR Developmental delay, seizures, microcephaly

ZNF592 (613624)

Cerebellar ataxia with 
mental retardation, 
optic atrophy and skin 
abnormalities (CAMOS)

AR Developmental delay, seizures, microcephaly

TPP1 (607998)

Spinocerebellar ataxia 
autosomal recessive type 
7/ Late infantile neuronal 
lipofuscinosis 2

AR Posterior column dysfunction

SYNE1 (608441) Spinocerebellar ataxia 
autosomal recessive type 8 AR Hypertonia, mental retardation, dystonia

ADCK3 (606980)
Spinocerebellar ataxia 
autosomal recessive type 9/ 
coenzyme Q10 deficiency

AR Myoclonus, tremor, pyramidal signs, seizures, 
mental retardation
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Gene (OMIM) Disease name Inher-
itance Additional features

WWOX (605131) Spinocerebellar ataxia 
autosomal recessive type 12 AR Developmental delay, seizures

GRM1 (604473) Spinocerebellar ataxia 
autosomal recessive type 13 AR Developmental delay, speech disorders, 

seizures

SPTBN2 (604985) Spinocerebellar ataxia 
autosomal recessive type 14 AR Developmental delay, cognitive disorders, 

spasticity

KIAA0226 (613516)
Spinocerebellar ataxia 
autosomal recessive type 
15/ Salih ataxia

AR Developmental delay, mental retardation, 
seizures

STUB1 (607207) Spinocerebellar ataxia 
autosomal recessive type 16 AR Cognitive disorders, tremor, spasticity, 

hypogonadotropic hypogonadism

CWF19L1 (616127) Spinocerebellar ataxia 
autosomal recessive type 17 AR Hyperreflexia, hypotonia, delayed language

GRID2 (602368) Spinocerebellar ataxia 
autosomal recessive type 18 AR Developmental delay, speech disturbances

SLC9A1 (616291) Spinocerebellar ataxia 
autosomal recessive type 19 AR Sensorineural deafness, areflexia

SNX14 ( 616105) Spinocerebellar ataxia 
autosomal recessive type 20 AR Mental retardation, hypotonia, hearing loss

SCYL1 (616719) Spinocerebellar ataxia 
autosomal recessive type 21 AR Peripheral neuropathy, episodic liver failure, 

subclinical optic atrophy

VWA3B (616948) Spinocerebellar ataxia 
autosomal recessive type 22 AR Intellectual disability, pyramidal signs, thin 

corpus callosum

TDP2 (616949) Spinocerebellar ataxia 
autosomal reccesive type 23 AR Seizures (refractory), nonspecific dysmorphic 

features

UBA5 (617133) Spinocerebellar ataxia 
autosomal recessive type 24 AR Cataract, normal cognition, demyelinating 

sensorimotor neuropathy

MTPAP (613669) Autosomal recessive spastic 
ataxia type 4 AR Spastic paraplegia

CLCN2 (600570) Leukoencephalopathy with 
ataxia AR Leucoencephalopathy on MRI

FLVCR1 (609144) Ataxia, posterior column 
with retinitis pigmentosa AR Posterior column dysfunction, retinitis 

pigmentosa

PNPLA6 (603197) Boucher-Neuhauser 
syndrome AR Hypogonadotropic hypogonadism

RNF216 (609948)
Cerebellar ataxia with 
hypogonadotropic 
hypogonadism

AR Hypogonadotropic hypogonadism, chorea

GOSR2 (604027) North sea myoclonus 
syndrome AR Ataxia in early childhood, later on myoclonus

ACO2 (100850) Infantile cerebellar and 
retinal degeneration AR Hypotonia, seizures, nystagmus

ATCAY (601238) Cerebellar ataxia Cayman 
type AR Hypotonia, marked mental retardation, 

nystagmus
SIL1 (608005) Marinesco-Sjögren disease AR Myopathy, spasticity, mental retardation
ABHD12 (613599) PHARC/Refsum like disease AR Spasticity, demyelinating polyneuropathy

POLG (174763)

Sensory Ataxic Neuropathy, 
Dysarthria and 
Opthalmoparesis (SANDO 
syndrome)

AR Sensory polyneuropathy, progressive external 
opthalmoparesis, seizures
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Gene (OMIM) Disease name Inher-
itance Additional features

C10ORF2 (606075) Infantile onset 
spinocerebellar ataxia AR Seizures, Hypotonia, Speech delay, eye 

movement disorders

POLR3A (614258)

4H syndrome 
(hypomyelinisation, 
hypodontia, 
hypogonadotropic 
hypogonadism)

AR Hypomyelinisation, atrophy of the basal 
ganglia on MRI, disturbed dental development

POLR3B (614366)

4H syndrome 
(hypomyelinisation, 
hypodontia, 
hypogonadotropic 
hypogonadism)

AR Hypomyelinisation, atrophy of the basal 
ganglia on MRI, disturbed dental development

EIF2B2-B5 
(606454)

Vanishing white Matter 
disease AR Spasticity, cognitive disorders

HSD17B4 (601860) Perrault syndrome AR Deafness, axonal polyneuropathy
SLC17A5 (604322) Salla disease AR Hypotonia, nystagmus, regression

ERCC8 (609412) Cockayne syndrome type A AR
Hearing loss, optic atrophy, nystagmus, cardiac 
arrhythmias, mental retardation, basal ganglia 
calcifications, seizures

ERCC6 (609413) Cockayne syndrome type B AR

Hearing loss, optic atrophy, nystagmus, cardiac 
arrhythmias, mental retardation, basal ganglia 
calcifications, seizures (more severe than type 
A)

PLA2G6 (603604) Infantile neuroaxonal 
dystrophy 1/NBIA 2 AR

Hypotonia, generalized weakness, spastic 
tetraplegia, seizures, signal hyperintensity of 
the cerebellar cortex seen on T2-weighted MRI

C19orf12 (614297)
Neurodegeneration with 
brain iron accumulation 
type 4

AR Extrapyramidal signs, axonal polyneuropathy

QARS (603727) Progressive cerebello-
cerebral atrophy AR Hypotonia, developmental delay, seizures

FA2H (611026) FA2H-associated 
neurodegenaration AR Extrapyramidal signs, hypertonia, optic 

atrophy, seizures, dementia

CSTB (601145) Myoclonic epilepsy 
Unverich Lundborg AR Mild retardation, progressive myoclonus 

epilepsy

DNAJC3 (601184)
Diabetes mellitus 
and multisystem 
neurodegeneration

AR Diabetes mellitus, polyneuropathy, hearing 
loss, small posture

ROBO3 (608630) Horizontal gaze palsy with 
progressive scoliosis AR Progressive scoliosis, horizontal gaze palsy

VLDLR (192977)

Cerebellar hypoplasia and 
mental retardation with 
or without quadrupedal 
locomotion

AR Quadrupedal locomotion, mental retardation, 
cortical gyral simplification, pachygyria

ARHGEF2 (607560)

WDR81 (614218)
Cerebellar ataxia, 
mental retardation and 
dysequilibrium syndrome 2

AR Severe mental retardation, quadrupedal gait, 
tremor, scoliosis

CA8 (114815)
Cerebellar ataxia with 
mental retardation with or 
without quadropedal gait

AR Quadropedal gait, mild mental retardation

PAX6 (607108) Gillepsie like syndrome AR Eye abnormalities like aniridia, mental 
retardation
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Gene (OMIM) Disease name Inher-
itance Additional features

ATP8A2 (605870)
Cerebellar ataxia, 
mental retardation and 
dysequilibrium syndrome 4

AR Severe truncal ataxia with sometimes 
quadrupedal locomotion

GPSM2 (609245) Chudley-McCullough 
syndrome AR

Hearing loss, hydrocephalus, hypoplasia of the 
corpus callosum, cerebellar hypoplasia, focal 
cerebellar dysplasia

PTF1A (607194) Pancreatic and cerebellar 
agenesis AR Pancreatic hypoplasia/agenesis, cerebellar 

hypoplasia/agenesis, seizures

MED17 (603810)
Postnatal progressive 
microcephaly with seizures 
and brain atrophy

AR
Severe developmental delay, seizures 
(hypsarrhythmia), severe cerebellar atrophy 
on MRI

LAMA1 (150320) Poretti-Boltshauser 
syndrome AR Delayed speech development, ocular apraxia. 

Cerebellar cortical and subcortical cysts on MRI

ERCC2 (126340) Trichothiodystrophy 1 AR Mental retardation, brittle hairs, deafness, 
photosensitivity

ERCC3 (133510) Trichothiodystrophy 2 AR Mental retardation, brittle hairs, deafness, 
photosensitivity

GTF2H5 (608780) Trichothiodystrophy 3 AR Mental retardation, brittle hairs, deafness, 
photosensitivity

WFS1 (606201) Wolfram syndrome AR Diabetes mellitus, diabetes insipidus, optic 
atrophy, nystagmus, seizures

SLC52A2 (607882) Brown-Vialetto-van Laere 
syndrome type 2 AR Neuropathy, optic atrophy, hearing loss, 

tonguefasciculations, respiratory failure

MED20 (612915) MED20 related basal ganglia 
and brain atrophy unknown

KCNJ10 (612780) SeSAME syndrome AR Seizures, Sensorineural deafness, mental 
retardation and electrolyte imbalance

THG1L Cerebellar ataxia with 
developmental delay AR Developmental delay, pyramidal signs, vermis 

hypoplasia

LYST (606897) Chediak Higashi syndrome AR
Decreased pigmention of hair and eyes, 
progressive mental decline, peripheral 
neuropathy

X-linked recessive ataxic disorders

PLP1 (300401) Pelizaeus-Merzbacher 
disease XLR

Microcephaly, nystagmus, developmental 
disorders, seizures, chorea, dystonia, diffuse 
white matter hyperintensities on T

2
-weighed 

MRI

ATP2B3 (300014) Spinocerebellar ataxia 
X-linked recessive type 1 XLR Strabismus, nystagmus, delayed motor 

development, non-progressive disorder

OPHN1 (300127)
Mental retardation with 
cerebellar hypoplasia and 
distinctive facial appearance

XLR Macrocephaly, long face, prominent forehead, 
hypotelorism, mental retardation.

ABCB7 (300135) Sideroblastic anemia with 
ataxia XLR Pyramidal signs, hypochromic microcytic 

anemia,

DKC1 (300126) Dyskeratosis congenita XLR Pancytopenia, reticulated skin pigmentation, 
sparse eyelashes

SLC9A6 (300231) Christianson syndrome XLR
Mental retardation, opthalmoplegia, lack of 
speech, seizures, happy demeanor (phenotypic 
similarities to Angelman syndrome)

PIGA (311770)
Multiple congenital 
anomalies-hypotonia-
seizures syndrome type 2

XLR
Epileptic encephalopathy, psychomotor arrest 
and regression, cerebellar hypoplasia and 
dysplastic pons
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Gene (OMIM) Disease name Inher-
itance Additional features

Metabolic disorders wit ataxic features

CYP27A1 (606530) Cerebrotendinous 
xanthomatosis AR Mental retardation, spasticity, psychiatric 

symptoms, xanthomas

NPC1 (607623) Niemann-Pick type C AR Psychiatric symptoms, dystonia, vertical gaze 
palsy

ATP7B (606882) Wilson disease AR Psychiatric symptoms, dystonia, liver failure, 
Kayser-Fleish rings

PHYH (602026) Refsum disease AR Sensomotor polyneuropathy

PMM2 (601785) Congenital disorder of 
glycosylation type Ia AR Hypotonia, psychomotor retardation, seizures

HEXB (606873) Sandhoff disease AR Muscle wasting, startle reaction, fasciculations
MTTP (157147) Abetalipoproteinemia AR Retinopathy, fat malabsorption

CLN5 (608102) Neuronal ceroid 
lipofuscinosis type 5 AR Progressive vision loss, retinal degeneration, 

seizures, myoclonus

PPT1 (600722) Neuronal ceroid 
lipofuscinosis type 1 AR Progressive vision loss, retinal degeneration, 

seizures, psychomotor regression

TPP1 (607998) Neuronal ceroid 
lipofuscinosis type 2 AR

Progressive vision loss, retinal degeneration, 
psychomotore regression after the age of 2 
years, seizures

CLN3 (607042) Neuronal ceroid 
lipofuscinosis type 3 AR Progressive vison loss, retinitis pigmentosa, 

juvenile onset

ARSA (607574) Metachromatic 
leukodystrophy AR Gallbladder dysfunction, muscle weakness, 

chorea, dystonia, spastic tetraplegia, seizures

PSAP (176801) Metachromatic 
leukodystrophy AR Gallbladder dysfunction, muscle weakness, 

chorea, dystonia, spastic tetraplegia, seizures

ABCD1 (300371) Adrenoleukodystrophy XLR Addison disease, adrenomyeloneuropathy, 
seizures, cognitive decline

AARS2 (612035)
Progressive 
leukoencephalopathy with 
ovarium failure

AR Nystagmus, developmental delay, tremor, 
dystonia, apraxia, premature ovarian failure

GALT (606999) Galactosemia AR Cataract, hepatomegaly, mental retardation

HEXA (606869) Tay-Sachs disease AR Increased startle respons, psychomotor 
degeneration, dementia

MCOLN1 (605248) Mucolipidosis type IV AR
Mental retardation, hypotonia, corneal 
clouding, spastic quadriplegia, cerebellar 
atrophy on MRI

PEX10 (602859) Peroxisome biogenesis 
disorder type 6B AR Hypotonia, distal sensory impairment. Axonal 

motor neuropathy

L2HGDH (609584) L-2-Hydroxyglutaric aciduria AR Psychomotor regression, dystonia, spastic 
tetraparesis, seizures, cerebellar atrophy on MRI

SCOX (609751) Peroxisomal acyl-CoA 
oxidase deficiency AR Neonatal hypotonia, pyramidal signs later on in 

life, seizures, dystonia,

ALDH5A1 (610045) Succinic semialdehyde 
dehydrogenase AR Mental retardation, seizures, autism, 

hallucinations

MVK ( 251170) Mevalonic aciduria AR Hypotonia, mental retardation, seizures, retinal 
dystrophy

DHA1 (300502) Pyruvate dehydrogenase 
complex E1 deficiency XLD Seizures, hypotonia, mental retardation, 

dystonia, chorea

ATP7A (300011) Menkes disease XLR Hypopigmentation, Steely kinky sparse hair, 
hypertonia, seizures
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Gene (OMIM) Disease name Inher-
itance Additional features

CYB5R3 (613213) Methemoglobinemia type II AR Developmental delay, opisthotonus, 
hypertonia, spasticity, cyanosis

AUH (600529) 3-methylglutaconic aciduria 
type 1 AR Spastic tetraplegia, dystonia, cognitive 

impairment, cerebral and basal ganglia atrophy
Genes associated with a Molar tooth sign on MRI

INPP5E (613037) Joubert syndrome type 1 AR Neonatal breathing problems, liver en kidney 
problems

TMEM216 (613277) Joubert syndrome type 2 AR
Nystagmus, jerky eye movements, ocular 
apraxia, coloboma, neonatal breathing 
problems

AHI1 (608894) Joubert syndrome type 3 AR Ocular apraxia, nystagmus, retinal dystrophy, 
end stage renal failure

NPHP1 (607100) Joubert syndrome type 4 AR Ocular apraxia, nystagmus, renal failure, 
nepronophthisis, gross motor delay

CEP290 (610142) Joubert syndrome type 5 AR
Congenital amaurosis, nystagmus, retinal 
coloboma, ocular apraxia, neonatal breathing 
problems, renal failure, mental retardation

TMEM67 (609884) Joubert syndrome type 6 AR
Ocular apraxia, retinal degeneration, breathing 
dysregulation, hepatic fibrose, renal failure, 
mental retardation

RPGRIP1L (610937) Joubert syndrome type 7 AR
Ocular apraxia, nystagmus, neonatal breathing 
problems, scoliosis, polydactyly, mental 
retardation

ARL13B (608922) Joubert syndrome type 8 AR Pigmentary retinopathy, optic disc pallor, 
breathing anomalies, occipital encephalocele

CC2D2A (612013) Joubert syndrome type 9 AR Mental retardation, seizures, retinitis 
pigmentosa, cataract

OFD1 (300170) Joubert syndrome type 10 XLR Cystic renal disease, hirsutism, mental 
retardation,

TTC21B (612014) Joubert syndrome type 11 AR

KIF7 (611254) Joubert syndrome type 12 AR Mental retardation, seizures, hypotonia, absent 
or hypoplastic corpus callosum

TCTN1 (609863) Joubert syndrome type 13 AR Frontotemporal pachygyria

TMEM237 (614423) Joubert syndrome type 14 AR Postaxiale polydactyly, hypotonia, 
encephalocele

CEP41 (610523) Joubert syndrome type 15 AR
Ocular apraxia, breathing abnormalities, 
hypotonia, developmental delay, mental 
retardation

TMEM138 (614459) Joubert syndrome type 16 AR Ocular apraxia, retinal dystrophy, coloboma

C5orf42 (614571) Joubert syndrome type 17 AR Ocular apraxia, episodic hyperventilation, 
polydactyly, syndactyly

TCTN3 (613847) Joubert syndrome type 18 AR Breathing abnormalities, polydactyly, 
horseshoe kidney

ZNF423 (604557) Joubert syndrome type 19 AD Polycystic kidney disease, retinal degeneration, 
leber congenital amaurosis

TMEM231 (614949) Joubert syndrome type 20 AR
Ocular apraxia, retinopathy, breathing 
abnormalities, lack of speech, aggressive 
behavior

CSPP1 (611654) Joubert syndrome type 21 AR Hearing loss, abnormal breathing, liver fibrosis, 
hypotonia.

PDE6D (602676) Joubert syndrome type 22 AR Microphthalmia, retinal dysplasia, coloboma, 
developmental delay
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Gene (OMIM) Disease name Inher-
itance Additional features

KIAA0586 (610178) Joubert syndrome type 23 AR Abnormal eye movements, developmental 
delay, brainstem heterotopia

TCTN2 (613846) Joubert syndrome type 24 AR Nystagmus, hypertropia, hypotonia, absent 
speech, spasticity, polymicrogyria, pachygyria

Genes associated with Dandy Walker Malformation on MRI

ZIC1 (600470) Craniosynostosis type 6 AD Craniosynostosis, hypotonia, developmental 
delay, little to no language

KIAA0196 (610657) Ritscher-Schinzel syndrome AR Hypotonia, posterior fossa cyste, cerebellar 
vermis hypoplasia

ZIC4 (608948) Dandy Walker syndrome AR Bulging occiput, cranial nerve palsies, 
nystagmus

FOXC1 (601090) Axenfeld-Rieger syndrome 
type 3 AD Hypertelorism, hearing loss, saddle nose, 

hypodontia

LAMC1 (150290) Dandy Walker malformation 
with occipital cephalocele AD Macrocephaly, occipital cephalocele

NID1 (131390) Dandy Walker malformation 
with occipital cephalocele AD Macrocephaly, occipital cephalocele

AP1S2 (300629) Pettigrew syndrome XLR Contractures, developmental delay, seizures, 
chorea, spasticity

FGF17 (603725)
Genes associated with pontocerebellar hypoplasia on MRI

VRK1 (602168) Pontocerebellar hypoplasia 
type 1A AR Respiratory insufficiency, hypotonia, 

fasciculations (clinically resembles SMA1)

EXOSC3 (606489) Pontocerebellar hypoplasia 
type 1B AR Nystagmus, ocular apraxia, spasticity, global 

developmental delay

TSEN54 (608755) Pontocerebellar hypoplasia 
type 2A/4/5 AR

Poor sucking, extrapyramidal signs, spasticity, 
opisthotonus, dragonfly like pattern seen on 
coronal MRI

TSEN2 (608573) Pontocerebellar hypoplasia 
type 2B AR Central visual impairment, hypotonia, chorea, 

seizures, opisthotonus.

TSEN34 ( 608754) Pontocerebellar hypoplasia 
type 2C unknown Microcephaly, extrapyramidal signs, seizures

SEPSECS (613009) Pontocerebellar hypoplasia 
type 2D AR Progressive microcephaly, contractures, mental 

retardation, spastic tetraplegia, seizures

VPS53 (615850) Pontocerebellar hypoplasia 
type 2E AR Progressive microcephaly, contractures, 

hypotonia, developmental delay, seizures

RARS2 (611524) Pontocerebellar hypoplasia 
type 6 AR Progressive microcephaly, poor sucking, 

hypotonia, developmental delay, seizures

TOE1 (613931) Pontocerebellar hypoplasia 
type 7 AR Severe developmental delay, ocular apraxia 

and seizures

CHMP1A (164010) Pontocerebellar hypoplasia 
type 8 AR Mental retardation, poor speech, spasticity, 

chorea

AMPD2 (102771) Pontocerebellar hypoplasia 
type 9 AR Developmental delay, spasticity, axial 

hypotonia, seizures

CLP1 (608757) Pontocerebellar hypoplasia 
type 10 AR Developmental delay, seizure

CASK (300172)
Mental retardation 
and microcephaly wit 
pontocerebellar hypoplasia

XLD Hypotonia, muscle weakness, mental 
retardation, spasticity

Legends: Total overview of all genes which are associated with ataxia. In this table also the genes associated with a molar 
tooth sign, Dandy Walker Malformation and Pontocerebellar hypoplasia on MRI are given. OMIM = Online Mendelian 
Inheritance in Man; AD = autosomal dominant; AR = autosomal recessive; XLR = X-linked recessive; XLD = X-linked dominant.
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Systematic collection of data to improve future phenotype/genotype 
correlations and the detection of new genes (European EOA database)
As implicated by the enormous variety in underlying genetic and/or metabolic disorders, the 

EOA disease spectrum is enormously broad. Although application of NGS techniques may result 

in a high diagnostic yield,78  60-70% of EOA patients will still remain undiagnosed. This is due to 

still unrecognized monogenetic disorders, complex genetic disorders or disorders caused by 

epigenetic factors. In this perspective, the CACG-EPNS has collaborated with the adult Ataxia 

Study Group (ASG) to assemble all EOA patients in one international database from childhood to 

adulthood. We hope that in the future by using one uniform diagnostic algorithm will result in: 1. 

novel insights in the longitudinal disease course of rare underlying disorders; 2. identification of 

new genes, unraveling complex genetic disorders and the identification of possible epigenetic 

factors; 3. the development of new treatment strategies in larger homogeneous patient groups; 

and 4. characterization of transparent markers for monitoring.6 

CONCLUSION

Innovative NGS techniques have recently become available, warranting a diagnostic algorithm 

for EOA children. In the near future, the application of these techniques is likely to expand, 

offering possibilities to discover novel genetic entities and phenotypes. Hopefully, the 

presented pediatric EOA algorithm will help clinicians in the diagnostic process, together with 

a multidisciplinary approach (genetics) and adequate phenotypic assessment, resulting in a 

higher diagnostic yield in EOA patients.
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