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Abstract 

 

Since its identification the frequency and phenotype spectrum of RFC1 disease has 

expanded, ranging from typical CANVAS, where it explains over 90% of cases, to site-

restricted variants affecting prominently or exclusively the sensory nerves, the 

cerebellum or the vestibular system. Given the carrier frequency of the AAGGG 

expansion in 1-6% of healthy chromosomes and across different ethnicities, RFC1 

disease due to biallelic AAGGG expansions likely represents the most common cause of 

recessive ataxia. Given the wide phenotype spectrum, the differential diagnosis of RFC1 

is broad. Thorough clinical examination assessing the three affected systems, as well as 

the presence of chronic cough, are key to suspect the disease and prompt genetic testing.  

 

Bullet points: 

- Biallelic AAGGG expansions in RFC1 are identified as a frequent cause of late 

onset ataxia across different ethnicities 

- RFC1 disease spectrum ranges from full CANVAS to complex neuropathy with 

cerebellar or vestibular dysfunction, to isolated sensory neuropathy with or 

without cough 

- Although slowly progressive, RFC1 disease leads to significant disability in half 

of cases 

- Enquiring about the presence of cough and routine assessment of eye movements 

(nystagmus, broken pursuits) and bedside head impulse test in all cases of sensory 

neuropathy is key to suspect RFC1 and prompt genetic testing 
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Main text 

 

First descriptions of the CANVAS clinical syndrome  

The first report of the clinical picture now referred to as CANVAS (Cerebellar 

Ataxia Neuropathy Vestibular Areflexia Syndrome)  dates back to 1991 when a 

syndrome with combined vestibular, neuropathic and cerebellar dysfunction was 

described with absent vestibular function and reduced smooth pursuit-optokinetic eye 

movements (1) –  

In 2004 Migliaccio et al reported four patients with the syndrome of cerebellar 

ataxia with bilateral vestibulopathy (2). The term CANVAS was coined in 2011 when the 

same group reported 23 additional patients with the syndrome and showed that a length-

dependent sensory deficit is an integral feature of this syndrome(3). Autonomic 

dysfunction and a dry spasmodic cough were also later identified in some patients with 

this condition(4,5).  

Notably, pathological studies in typical CANVAS cases showed loss of Purkinje 

cells, predominantly in the vermis of the cerebellum, and a marked loss of sensory 

neurons in the dorsal root and V, VII, and VIII cranial nerve ganglia(6,7). Albeit 

conducted on small number of patients these post-mortem studies were very useful as 

they localised the origin of sensory and vestibular impairment of CANVAS to the spinal 

and cranial sensory and vestibular ganglia, respectively.  

 

Identification RFC1 expansion causing CANVAS, late-onset ataxia and sensory 

neuro(no)pathy 

Through a combined recessive linkage and whole-genome sequencing approach 

we identified biallelic AAGGG expansions in the second intron of Replication factor 

complex subunit 1 (RFC1) in familial and sporadic CANVAS and late-onset ataxia cases 

(8).  

Following its identification, the novel repeat expansion associated with CANVAS has 

been confirmed by multiple groups and in different ethnicities  (9,8,10–14). The 

phenotype spectrum of RFC1 CANVAS and disease spectrum is expanding and, 

importantly, in our series up to 15% cases have isolated sensory neuropathy without 

cerebellar of vestibular involvement. 
More recently, novel pathogenic (AAAGG)10-25(AAGGG)exp(AAAGG)4-6 and 

(ACAGG)exp configurations were identified individual from Oceania and East Asia (15–

17).  

Despite the clinical similarities between CANVAS and multi system atrophy, 

RFC1 expansion were absent or very rare in MSA cases of Caucasian or Chinese Han 

origin, further supporting its specificity to CANVAS and disease spectrum (18–21).  

The mechanism underlying neurodegeneration in RFC1 CANVAS is still 

unknown. RFC1 is a gene implicated in DNA replication and repair. Notably, preliminary 

studies did not show a reduced expression nor an overt loss of function of RFC1 

protein(8,11) 

 

Genetic testing for RFC1 expansions 

The molecular diagnosis of RFC1 CANVAS relies on a bespoke testing entailing 

flanking and repeat-primed PCR. Given the large size of the AAGGG expansions, 
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ranging from several hundreds to several thousand repeated units, confirmation of the 

presence of biallelic repeat expansions and their size can be obtained only by laborious 

and time-consuming Southern Blotting.  

It is worth noting that RFC1 expansions are not detected by the currently 

available NGS gene panels. Other techniques, including long-read sequencing (22), may 

have the potential to reliably assess the presence, size and sequence of repeat expansions 

in RFC1 and may represent a valuable alternative to the current multi-step algorithm. 

 

 

Clinical features of RFC1 disease spectrum 

We recently described the clinical features in a 100 genetically confirmed cases 

with biallelic RFC1 expansions (23). Cases were enrolled from multiple centres from the 

UK, Europe, South America, Australia and New Zealand. Detailed findings at history and 

examination are summarized in Figure 1. 

Mean age of onset of neurological manifestations was 52 years, ranging from 19 

to 76 years, and mean age at the time of the study was 72 years. 

Progressive imbalance was the most common complaint and represented the first 

symptom in half of the cases. Notably, imbalance was often reported as worse in the dark 

indicating a prominent peripheral large fiber sensory component.  

Over two thirds of individuals complained of sensory symptoms, including loss of 

feeling, pins and needles and neuropathic pain. Neurological examination showed 

impaired sensation to pinprick, vibration and joint position, more typically in a length-

dependent distribution. Reflexes were reduced/absent, retained or even brisk. Power was 

always normal.  

Oscillopsia, defined as a visual disturbance in which objects appear to oscillate 

during head movements, a common sequela of a bilaterally impaired vestibulo-ocular 

reflex, was reported by one third of cases. Conversely, vertigo, defined as an abnormal 

sensation of motion in which the individual or the individual's surroundings seem to whirl 

dizzily, stemming from an acute/subacute and generally unilateral impairment of the 

vestibular system, was rare in RFC1 CANVAS and, when reported, probably unrelated. 

Bedside head impulse test revealed bilateral vestibular hypofunction in up to 90% of 

cases. Previous studies have also found that an impaired visually enhanced vestibulo-

ocular reflexes is common and indicates the co-existence of vestibular and cerebellar 

pathology(2).  

Dysarthria and dysphagia, which are likely attributable to cerebellar dysfunction, 

frequently complicated the disease course in later stages. However abnormal eye 

movements of putative cerebellar origin, including gaze-evoked, downbeat and horizontal 

nystagmus, broken pursuits and dysmetric saccades, were frequent and present earlier in 

the disease course.  

Notably, a chronic spasmodic dry cough was reported in two thirds of the cases 

and as early as in the 2nd decade of life, up to three decades before any neurological 

symptom develops.  

Autonomic dysfunction, including postural hypotension, erectile dysfunction, 

chronic constipation, urinary dysfunction and altered sweating were reported in half of 

the cases but rarely disabling.  
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 Brain MRI showed cerebellar atrophy, and particularly of the vermis, in ~60% of 

the cases; vestibular testing was abnormal in over 90% of cases tested, while nerve 

conduction studies universally showed a sensory neuropathy in all cases tested. The 

sensory action potentials were reduced or absent and motor studies were normal in 90% 

of patients with minor reduced motor action potentials and / or distal denervation in 10%. 

Blink and masseter reflexes can be impaired as a result of the widespread sensory 

neuronopathy also involving the trigeminal nerves(5). The T reflex, whose integrity 

implies a normal function of both peripheral motor fibres and muscle spindle afferent 

fibres. was assessed by a different group in a small series of CANVAS patients and was 

normal, explaining the frequent occurrence of normo- or hyperreflexia (5). Autonomic 

testing showed the presence of a parasympathetic and/or sympathetic dysfunction in half 

of our series of genetically confirmed cases and in up to 80% in a previous study(4). 

Finally, a role of nerve ultrasound was suggested by a single group, showing in 

CANVAS patients a reduced cross-sectional area of upper and lower limb nerves(24,25).  

The disease had a slowly progressive course. Half of individuals needed a stick 

after 10 years of disease duration and one fourth were wheelchair-dependent five years 

later. However, life expectancy did not seem to be affected. 

Two-thirds of genetically confirmed cases had full CANVAS after clinical 

examination and investigations. None had isolated cerebellar syndrome or bilateral 

vestibular failure, but a sensory neuropathy was the only clinically detectable 

manifestation of the disease in 15 cases. Although the natural history of the disease still 

needs to be fully investigated, our retrospective data suggest a pattern of spatial 

progression from the early involvement of sensory neurons to the vestibular system and 

later the cerebellum.  

An illustrative case of RFC1 CANVAS is represented in table 1. 

Interrogating patients for an history of unexplained cough and performing a thorough 

clinical examination including bedside head impulse testing looking for bilateral 

vestibular areflexia should be part of the routine evaluation of any patient with ataxia 

and/or sensory neuro(no)pathy. 

 

 

Table 1. Illustrative case of RFC1 CANVAS 

 

CASE STUDY: Progressive imbalance and distal pins&needls in a 50 yo man 

A man presented at the age of 50 with a 3-year history of dizziness and imbalance, 

particularly when walking on uneven surfaces and in the dark, along with loss of 

feeling and pins and needles in his feet. He did not complain of weakness, muscle 

cramps or symptoms of dysautonomia. His symptoms have been slowly progressive, 

and had worsened in the last year. His past medical history revealed a dry chronic 

spasmodic since his twenties. Family history for neurological diseases was negative 

including in his parents, now both deceased, and two younger brothers.  

Neurological examination showed a slightly broad-based ataxic gait. Tandem walking 

was impossible, and Romberg was positive. There was gaze-evoked horizontal 

nystagmus and slow pursuit eye movements were broken. Head impulse test showed an 

impaired vestibular ocular reflex bilaterally as in bilateral vestibular areflexia and 

visually enhanced VOR, pointing to a combined vestibular and cerebellar impairment, 
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was also altered. Sensory examination revealed reduced pinprick to the knees and the 

wrists, reduced vibration to the costal margin but normal position sense. Reflexes were 

all present and plantars were down going. Muscle tone, bulk and strength were normal. 

There were no extrapyramidal signs and no orthostatic hypotension on bedside 

examination.  

Nerve conduction studies showed absent sensory action potentials in the upper and 

lower limbs with normal motor studies. Brain MRI revealed mild cerebellar vermis 

atrophy (Figure 2A) , while spine MRI showed atrophy and T2 hyperintensity of the 

posterior columns. Video head-impulse test confirmed the presence of bilateral 

vestibular areflexia (Figure 2B). Relevant blood tests including B12, folate, HbA1c, 

immunofixation, paraneoplastic autoantibodies were negative.  RFC1 testing confirmed 

the presence of a biallelic AAGGG expansion. 

SUGGESTIVE SIGNS OF RFC1 CANVAS  

progressive sensory ataxic neuropathy* 

chronic cough  

altered vestibular ocular reflex and visually enhanced VOR 

gaze evoked nystagmus, broken pursuits 

dysarthria and dysphagia (more advanced stages of the disease) 

 

* consider RFC1 testing in any unexplained sensory neuropathy after negative lab 

screening for acquired causes.  

ATYPICAL SIGNS, MAKING RFC1 CANVAS LESS LIKELY 

Absence of sensory neuropathy 

Presence of motor involvement  

Neurological onset in the 1st decade of life 

Rapid progression  

Prominent dysautonomia 

 

 

Differential diagnosis 

Given the complex phenotype of RFC1 CANVAS the differential diagnosis includes 

genetic and acquired causes of neuropathy, ataxia and vestibular disease. The key 

differential diagnoses are summarized in Table 2 (26–42). 

FRDA shows remarkable similarities with CANVAS. Both diseases are caused by 

recessive repeat expansions and lead to progressive degeneration of sensory neurons, 

accompanied by cerebellar dysfunction. Vestibular areflexia can also be observed in 

FRDA. As opposed to CANVAS, onset of FRDA is typically before 25 years of age. 

Also, muscle atrophy, spasticity and skeletal deformities (pes cavus, scoliosis) are 

frequent in FRDA but absent in CANVAS. Cardiomyopathy, diabetes, vision and hearing 

involvement also often complicate the disease course of FRDA (30–32). 

Among other differential genetic causes, we have recently shown that the 

phenotype spectrum of the dominant R199C mutation in RNF170, formerly identified in 

Eastern Canadian patients with posterior column ataxia (26),  encompasses autosomal 

dominant sensory ganglionopathy and vestibular areflexia and should be considered in 

RFC1 negative CANVAS cases, particularly with dominant family history and normal 

cerebellar function (27) .  
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The main differential diagnosis in patients with late-onset cerebellar ataxia is 

Multisystem atrophy (MSA), a rapidly progressive neurodegenerative disease. The 

aggressive disease course of MSA (28), the early and severe autonomic involvement, the 

absence of sensory neuropathy and vestibular dysfunction, the association with rapid eye 

movement sleep behaviour disorder, parkinsonism, and typical MRI pattern with 

putaminal, pontine, and middle cerebellar peduncle atrophy and 'hot cross-bun' signs 

cruciform T2 hyperintensity in the pons(29), help to distinguish MSA from RFC1 disease 

(20). 

Several mitochondrial diseases due to nuclear or mitochondrial genetic defects 

can manifest with ataxia, neuropathy and, more occasionally, bilateral vestibular 

areflexia. In particular, biallelic mutation in POLG associated with sensory ataxic 

neuropathy, dysarthria, and ophthalmoparesis (SANDO) should be considered in the 

diagnostic work-up of a patient with progressive sensory ataxic neuropathy. An earlier 

onset, the frequent association of chronic progressive external ophthalmoplegia and the 

multisystem involvement are clues to suspect a mitochondrial disease(42). 

 

 

Conclusions 

Since its identification the frequency and phenotype spectrum of RFC1 disease has 

expanded, ranging from typical CANVAS, where it explains over 90% of cases, to site-

restricted variants affecting prominently or exclusively the sensory nerves, the 

cerebellum or the vestibular system. Given the carrier frequency of the AAGGG 

expansion in up to 4% of healthy chromosomes and across different ethnicities, which is 

higher than FXN GAA expansion associated with FRDA (allele frequency ~1%), RFC1 

disease due to biallelic AAGGG expansions likely represents the most common cause of 

recessive ataxia. A thorough clinical examination assessing the three affected systems, as 

well as the presence of chronic cough, are key to suspect the disease and prompt genetic 

testing.  

 

Competing interests: the authors declare no competing interests 

 

Acknowledgements: We thank Dr Silvia Colnaghi for kindly providing the video-head 

impulse test traces showed in Figure 2B. 

 

Authors contribution: AC, MMR and HH designed the study. AC, RC, EV, WYY 

drafted the manuscript. All authors revised and approved the manuscript.  

 

Funding info: A.C. thanks the Medical Research Council (MR/T001712/1), the 

Fondazione CARIPLO (2019-1836), the Italian Ministry of Health Ricerca Corrente 

2018–2019 and 2020,  the Inherited Neuropathy Consortium (INC) and the Fondazione 

Regionale per la Ricerca Biomedica for grant support. H.H. and M.M.R. thank the MRC, 

the Wellcome Trust, the MDA, MD UK, Ataxia UK, The MSA Trust, the Rosetrees Trust 

and the NIHR UCLH BRC for grant support.  

 

Ethical approval information: not required 

 



 7 

Data sharing statement: all relevant data are included in the article. 

References  

 

1.  Bronstein AM, Mossman S, Luxon LM. The neck-eye reflex in patients with 

reduced vestibular and optokinetic function. Brain J Neurol. 1991 Feb;114 ( Pt 

1A):1–11.  

2.  Migliaccio AA, Halmagyi GM, McGarvie LA, Cremer PD. Cerebellar ataxia with 

bilateral vestibulopathy: description of a syndrome and its characteristic clinical 

sign. Brain J Neurol. 2004 Feb;127(Pt 2):280–93.  

3.  Szmulewicz DJ, Waterston JA, MacDougall HG, Mossman S, Chancellor AM, 

McLean CA, et al. Cerebellar ataxia, neuropathy, vestibular areflexia syndrome 

(CANVAS): a review of the clinical features and video-oculographic diagnosis. Ann 

N Y Acad Sci. 2011 Sep;1233:139–47.  

4.  Wu TY, Taylor JM, Kilfoyle DH, Smith AD, McGuinness BJ, Simpson MP, et al. 

Autonomic dysfunction is a major feature of cerebellar ataxia, neuropathy, 

vestibular areflexia “CANVAS” syndrome. Brain J Neurol. 2014 Oct;137(Pt 

10):2649–56.  

5.  Infante J, García A, Serrano-Cárdenas KM, González-Aguado R, Gazulla J, de 

Lucas EM, et al. Cerebellar ataxia, neuropathy, vestibular areflexia syndrome 

(CANVAS) with chronic cough and preserved muscle stretch reflexes: evidence for 

selective sparing of afferent Ia fibres. J Neurol. 2018 Jun;265(6):1454–62.  

6.  Szmulewicz DJ, Merchant SN, Halmagyi GM. Cerebellar ataxia with neuropathy 

and bilateral vestibular areflexia syndrome: a histopathologic case report. Otol 

Neurotol Off Publ Am Otol Soc Am Neurotol Soc Eur Acad Otol Neurotol. 2011 

Oct;32(8):e63-65.  

7.  Szmulewicz DJ, McLean CA, Rodriguez ML, Chancellor AM, Mossman S, Lamont 

D, et al. Dorsal root ganglionopathy is responsible for the sensory impairment in 

CANVAS. Neurology. 2014 Apr 22;82(16):1410–5.  

8.  Cortese A, Simone R, Sullivan R, Vandrovcova J, Tariq H, Yau WY, et al. Biallelic 

expansion of an intronic repeat in RFC1 is a common cause of late-onset ataxia. Nat 

Genet. 2019;51(4):649–58.  

9.  Rafehi H, Szmulewicz DJ, Bennett MF, Sobreira NLM, Pope K, Smith KR, et al. 

Bioinformatics-Based Identification of Expanded Repeats: A Non-reference Intronic 

Pentamer Expansion in RFC1 Causes CANVAS. Am J Hum Genet. 2019 Jun 12;  

10.  Akçimen F, Ross JP, Bourassa CV, Liao C, Rochefort D, Gama MTD, et al. 

Investigation of the pathogenic RFC1 repeat expansion in a Canadian and a 

Brazilian ataxia cohort: identification of novel conformations. bioRxiv. 2019 Apr 

12;593871.  



 8 

11.  Gisatulin M, Dobricic V, Zühlke C, Hellenbroich Y, Tadic V, Münchau A, et al. 

Clinical spectrum of the pentanucleotide repeat expansion in the RFC1 gene in 

ataxia syndromes. Neurology. 2020 Sep 1;  

12.  Aboud Syriani D, Wong D, Andani S, De Gusmao CM, Mao Y, Sanyoura M, et al. 

Prevalence of RFC1-mediated spinocerebellar ataxia in a North American ataxia 

cohort. Neurol Genet. 2020 Jun;6(3):e440.  

13.  Van Daele SH, Vermeer S, Van Eesbeeck A, Lannoo L, Race V, van Damme P, et 

al. Diagnostic yield of testing for RFC1 repeat expansions in patients with 

unexplained adult-onset cerebellar ataxia. J Neurol Neurosurg Psychiatry. 2020 Jul 

30;  

14.  Traschütz A, Cortese A, Reich S, Dominik N, Faber J, Jacobi H, et al. Natural 

History, Phenotypic Spectrum, and Discriminative Features of Multisystemic RFC1 

Disease. Neurology. 2021 Mar 2;96(9):e1369–82.  

15.  Beecroft SJ, Cortese A, Sullivan R, Yau WY, Dyer Z, Wu TY, et al. A Māori 

specific RFC1 pathogenic repeat configuration in CANVAS, likely due to a founder 

allele. Brain J Neurol. 2020 Sep 1;143(9):2673–80.  

16.  Tsuchiya M, Nan H, Koh K, Ichinose Y, Gao L, Shimozono K, et al. RFC1 repeat 

expansion in Japanese patients with late-onset cerebellar ataxia. J Hum Genet. 2020 

Jul 21;  

17.  Scriba CK, Beecroft SJ, Clayton JS, Cortese A, Sullivan R, Yau WY, et al. A novel 

RFC1 repeat motif (ACAGG) in two Asia-Pacific CANVAS families. Brain J 

Neurol. 2020 Oct 1;143(10):2904–10.  

18.  Fan Y, Zhang S, Yang J, Mao C-Y, Yang Z-H, Hu Z-W, et al. No biallelic intronic 

AAGGG repeat expansion in RFC1 was found in patients with late-onset ataxia and 

MSA. Parkinsonism Relat Disord. 2020 Feb 26;73:1–2.  

19.  Wan L, Chen Z, Wan N, Liu M, Xue J, Chen H, et al. Biallelic Intronic AAGGG 

Expansion of RFC1 is Related to Multiple System Atrophy. Ann Neurol. 2020 Sep 

16;  

20.  Sullivan R, Yau WY, Chelban V, Rossi S, O’Connor E, Wood NW, et al. RFC1 

Intronic Repeat Expansions Absent in Pathologically Confirmed Multiple Systems 

Atrophy. Mov Disord Off J Mov Disord Soc. 2020 Jul;35(7):1277–9.  

21.  Sullivan R, Yau WY, Chelban V, Rossi S, Dominik N, O’Connor E, et al. RFC1-

related ataxia is a mimic of early multiple system atrophy. J Neurol Neurosurg 

Psychiatry. 2021 Feb 9;  

22.  Nakamura H, Doi H, Mitsuhashi S, Miyatake S, Katoh K, Frith MC, et al. Long-

read sequencing identifies the pathogenic nucleotide repeat expansion in RFC1 in a 

Japanese case of CANVAS. J Hum Genet. 2020 May;65(5):475–80.  



 9 

23.  Cortese A, Tozza S, Yau WY, Rossi S, Beecroft SJ, Jaunmuktane Z, et al. 

Cerebellar ataxia, neuropathy, vestibular areflexia syndrome due to RFC1 repeat 

expansion. Brain J Neurol. 2020 Feb 1;143(2):480–90.  

24.  Pelosi L, Leadbetter R, Mulroy E, Chancellor AM, Mossman S, Roxburgh R. 

Peripheral nerve ultrasound in cerebellar ataxia neuropathy vestibular areflexia 

syndrome (CANVAS). Muscle Nerve. 2017 Jul;56(1):160–2.  

25.  Pelosi L, Mulroy E, Leadbetter R, Kilfoyle D, Chancellor AM, Mossman S, et al. 

Peripheral nerves are pathologically small in cerebellar ataxia neuropathy vestibular 

areflexia syndrome: a controlled ultrasound study. Eur J Neurol. 2018 

Apr;25(4):659–65.  

26.  Valdmanis PN, Dupré N, Lachance M, Stochmanski SJ, Belzil VV, Dion PA, et al. 

A mutation in the RNF170 gene causes autosomal dominant sensory ataxia. Brain J 

Neurol. 2011 Feb;134(Pt 2):602–7.  

27.  Cortese A, Callegari I, Currò R, Vegezzi E, Colnaghi S, Versino M, et al. Mutation 

in RNF170 causes sensory ataxic neuropathy with vestibular areflexia: a CANVAS 

mimic. J Neurol Neurosurg Psychiatry. 2020 Sep 17;  

28.  Fanciulli A, Wenning GK. Multiple-system atrophy. N Engl J Med. 2015 Jan 

15;372(3):249–63.  

29.  Chelban V, Bocchetta M, Hassanein S, Haridy NA, Houlden H, Rohrer JD. An 

update on advances in magnetic resonance imaging of multiple system atrophy. J 

Neurol. 2019 Apr;266(4):1036–45.  

30.  Cook A, Giunti P. Friedreich’s ataxia: clinical features, pathogenesis and 

management. Br Med Bull. 2017 Dec 1;124(1):19–30.  

31.  Dürr A, Cossee M, Agid Y, Campuzano V, Mignard C, Penet C, et al. Clinical and 

genetic abnormalities in patients with Friedreich’s ataxia. N Engl J Med. 1996 Oct 

17;335(16):1169–75.  

32.  Pandolfo M. Friedreich ataxia. Arch Neurol. 2008 Oct;65(10):1296–303.  

33.  Paulson H. Machado-Joseph disease/spinocerebellar ataxia type 3. Handb Clin 

Neurol. 2012;103:437–49.  

34.  Mead S, Gandhi S, Beck J, Caine D, Gallujipali D, Carswell C, et al. A novel prion 

disease associated with diarrhea and autonomic neuropathy. N Engl J Med. 2013 

Nov 14;369(20):1904–14.  

35.  Ironside JW, Ritchie DL, Head MW. Prion diseases. Handb Clin Neurol. 

2017;145:393–403.  



 10 

36.  Sullivan R, Yau WY, O’Connor E, Houlden H. Spinocerebellar ataxia: an update. J 

Neurol. 2019 Feb;266(2):533–44.  

37.  Pérez-Garrigues H, Sivera R, Vílchez JJ, Espinós C, Palau F, Sevilla T. Vestibular 

impairment in Charcot-Marie-Tooth disease type 4C. J Neurol Neurosurg 

Psychiatry. 2014 Jul;85(7):824–7.  

38.  Poretti A, Palla A, Tarnutzer AA, Petersen JA, Weber KP, Straumann D, et al. 

Vestibular impairment in patients with Charcot-Marie-tooth disease. Neurology. 

2013 Jun 4;80(23):2099–105.  

39.  Skott H, Muntean-Firanescu C, Samuelsson K, Verrecchia L, Svenningsson P, 

Malmgren H, et al. The cerebellar phenotype of Charcot-Marie-Tooth neuropathy 

type 4C. Cerebellum Ataxias. 2019;6:9.  

40.  Eppsteiner RW, Smith RJH. Genetic disorders of the vestibular system. Curr Opin 

Otolaryngol Head Neck Surg. 2011 Oct;19(5):397–402.  

41.  Gallego-Martinez A, Espinosa-Sanchez JM, Lopez-Escamez JA. Genetic 

contribution to vestibular diseases. J Neurol. 2018 Oct;265(Suppl 1):29–34.  

42.  Rahman S, Copeland WC. POLG-related disorders and their neurological 

manifestations. Nat Rev Neurol. 2019;15(1):40–52.  

 

 

 

 

 

 

 

 

 

  



 11 

TABLES 

 

Table 2. Differential diagnoses of RFC1 CANVAS and disease spectrum 

 
 

Etiology Key features 

Sensory 
neuropathy/neuronopathy 

  

- Acquired causes Paraneoplastic History of neoplasms, subacute onset, antineuronal 
antibodies, CSF analysis 

 
Immune-mediated Autoantibody screen systemic involvement 

 
Toxic/metabolic (diabetes mellitus 
type 2, B12 deficiency, copper 
deficiency) 

Blood test 

 
Toxic Platin-derived treatment, B6 intoxication 

- Hereditary causes HSN 
 

RNF170
22-23 

Early onset, insensitivity to pain, painless 
ulcerations 
 
Dominant family history, normal cerebellar function 

Late onset-cerebellar ataxia 
  

- Acquired causes Multiple system atrophy
24-25 Early and severe dysautonomia, parkinsonism, RBD, 

brain MRI findings (hot-cross bun sign) 
 

Paraneoplastic Subacute onset, antineuronal antibodies, CSF 
analysis  

 
Toxic/metabolic B1 deficiency/alcoholic abuse 

 
Vascular Acute onset, cerebrovascular risk factors 

 
Inflammatory Subacute onset, brain MRI findings, CSF analysis 

 
Idiopathic (ILOCA) Presumed degenerative ataxia in which no other 

cause if found 
- Hereditary causes Friedreich ataxia

26-28 Onset <25 years, pyramidal signs, scoliosis, pes 
cavus, systemic involvement (cardiac, endocrine, 
ocular) 

 
SCA3 (late-onset Machado-Joseph 

disease)
29 

AD, extrapyramidal features, S-M neuropathy, PEO 

 
Gerstmann-Straussler-Scheinker 

Syndrome
30-31 

Cognitive impairment, more rapid progression 

Bilateral vestibular areflexia 
  

- Acquired causes Ototoxic drugs, Meniere’s 
syndrome, vestibular neuritis, 
tumors, infections, inflammation 

More commonly unilateral, cochlear symptoms 
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- Hereditary causes SCA (1,2,3,6)
32 AD, mild vestibular impairment, additional signs 

 
CMT

33-35 S-M neuropathy 
 

Usher syndrome type I, II
36-37 Deafness, retinitis pigmentosa 

Complex neurological 
diseases 

  

Mitochondrial diseases POLG
38 Ophtalmoplegia, multisystem involvement 

 

HSN=hereditary sensory neuropathy; RBD=REM-sleep behaviour disorders; 
SCA=spinocerebellar ataxia; AD=autosomal dominant; S-M=sensory-motor; 
PEO=progressive external ophthalmoplegia  
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FIGURE LEGENDS 

 

 

Figure 1. Clinical features of genetically confirmed RFC1 CANVAS and disease 

spectrum. A. Symptoms at onset and during disease progression B. Detailed 

neurological examination. HIT; Head impulse test 

 

Figure 2. Investigations in a typical RFC1 CANVAS case. A. Brain MRI from a 

genetically confirmed RFC1 CANVAS patient showing parenchymal volume loss 

affecting the cerebellum, both within the cerebellar hemispheres and the cerebellar 

vermis. B. Video head impulse test. Head velocity (black lines) and eye velocity traces 

for head impulses rightward (top panel) and leftward (bottom panel). The eye traces show 

the presence of compensatory saccades (catch-up saccades, arrows) at the end of the head 

movement.  

 

 

 

 


