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Objectives

• To discuss imaging biomarkers in autosomal recessive ataxias:

Challenges

Current scenario (available data)

Unmet needs and future directions
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Excluding Friedreich’s
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are rare or ultra-rare

(<1/50,000) 



AR ataxias: Genotypic heterogeneity

Synofzik M, et al. Neuron 2019



AR ataxias: 

Phenotypic 

heterogeneity

Beaudin M, et al. Cerebellum 1113 (2019) 18:1098–1125



AR ataxias: 

Radiological 

heterogeneity

Friedreich’s ataxia, AVED

Ataxia-telangiectasia

Congenital ataxias (PCH)

Mascalchi & Vella. International Ver Neurobiol 2018;143:109-162 
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Quantitative Neuroimaging in AR ataxias



Imaging biomarkers in FRDA: Dentate nuclei

Ward PGD, et al. Mov Disord 2019;34:335-343



Imaging biomarkers in FRDA: Spinal cord

Joers J, et al. Brain Comm 2022



Imaging biomarkers in FRDA: Spinal cord

Joers J, et al. Brain Comm 2022



Imaging biomarkers in Ataxia-telangiectasia
Cerebellar volumetry

Cerebellar Spectroscopy

Dineen RA, et al. NeuroImage: 

Clinical 25 (2020) 102110



Imaging biomarkers in 

RFC1-ataxia: Brain 

volumetry / diffusivity 

analyses

Matos PCAAP, et al. Mov Disord 2021;11: 2634-2641 



Imaging biomarkers in 

RFC1-ataxia: Spinal 

cord

Rezende TJ, et al. Mov Disord 2022 [ahead of print].



Imaging 

biomarkers in AR 

ataxia: 

Current scenario

Öz G, et al. Curr Opin Neurol 2020, 33:451–461



Imaging biomarkers in AR ataxias: unmet needs

• For most AR ataxias: no candidate imaging biomarker

Cross-sectional studies

• For some AR ataxias (FRDA, RFC1): good candidate 

biomarkers, but still waiting for validation

Longitudinal multicentric studies

• Harmonization of protocols and analysis pipelines (across 

centers and MRI vendors)

Öz G, et al. Curr Opin Neurol 2020, 33:451–461



Imaging biomarkers in AR ataxias: Future 

directions

Consortium (disease) Centers

TRACK-FA (FRDA) Germany, USA, Canada, Brazil, 

Australia

PROSPAX (SPG7/ARSACS) Multiple EU sites

RFC1 NHS (RFC1-ataxia) Multiple EU sites

Objectives

Identify and validate imaging markers across disease stages

Harmonize MRI / MRS protocols across multiple sites 

Ongoing collaborative studies



Imaging biomarkers in AR ataxias: Future 

directions
Novel imaging

biomarkers:

PET-MRI using the

glial activation marker

[18F]-FEMPA in FRDA 

Khan W, et al. Mov Disord 2022 [ahead of print]



Imaging biomarkers in AR ataxias: Future 

directions

Novel imaging biomarkers:

DRG volumetry in FRDA using a 

high resolution T2 scan

Spine 

Level

Control Group 

(mm3)
(n=11)

FA Group 

(mm3)
(n=13)

p-value

L1 75.65 ± 35.74 60.63 ± 22.87 0.225

L2 134.48 ± 43.19 117.59 ± 40.83 0.336

L3 201.15 ± 51.41 157.77 ± 44.83 0.037

L4 216.52 ± 41.16 174.26 ± 53.41 0.047

L5 304.69 ± 72.16 227.38 ± 53.29 0.006

Tacla R, et al. Presented at ICAR meeting 2022



Take-home messages

• Imaging studies in AR ataxias are challenging:

Rarity of specific subtypes

Genotypic, phenotypic and radiological heterogeneity

• Current scenario/unmet needs:

FRDA (longitudinal / multicenter studies)

RFC1, ATM, SPG7, COQ8A and SYNE1 (Cross-sectional/ single 

center studies)

• Future directions: Collaborative studies

Novel imaging candidates (disease-specific)
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