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Abstract

Background: To investigate the association between disease duration and the severity

of bilateral vestibulopathy in individuals with complete or incomplete CANVAS (Cere-

bellar Ataxia with Neuropathy and Vestibular Areflexia Syndrome) and biallelic RFC1

repeat expansions.

Methods:Retrospective analysis of clinical data and the vestibulo-ocular reflex quanti-

fied by the video head impulse test in 20 patients with confirmed biallelic RFC1 repeat

expansions.

Results: Vestibulo-ocular reflex gain at first admittance 6.9 ± 5.0 years after disease

onset was 0.16 [0.15–0.31] (median [interquartile range]). Cross-sectional analysis

revealed that gain reduction was associated with disease duration. Follow-up mea-

surements were available for ten individuals: eight of them exhibited a progressive

decrease of the vestibulo-ocular reflex gain over time. At the first visit, six of all

patients (30%) did not show clinical signs of cerebellar ataxia.

Conclusions:Our data suggest a pathological horizontal head impulse test, which can

easily be obtained in many outpatient clinics, as a sign of bilateral vestibulopathy in

genetically confirmed CANVAS that can precede clinically accessible cerebellar ataxia

at least in a subset of patients. The presumably continuous decline over time possibly

reflects the neurodegenerative character of the disease. Thus, genetic testing forRFC1

mutations in (isolated) bilateral vestibulopathy might allow disease detection before

the onset of cerebellar signs. Further studies including a wider spectrum of vestibular

function tests are warranted in a prospective design.
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1 INTRODUCTION

The genetic cause of CANVAS, a previously clinically defined syndrome

of cerebellar ataxia, neuropathy, and bilateral vestibulopathy,was deci-

phered in 2019 as a biallelic intronic repeat expansion in the RFC1

gene (Cortese et al., 2019). The mutation is detectable in > 90% of

patients with the complete symptom triad (Cortese et al., 2019; Gisat-

ulin et al., 2020). Since then, a few attempts have been performed to

describe the natural history ofRFC1-positiveCANVAS. Their focuswas

on cerebellar features (Cortese et al., 2020; Traschütz et al., 2021)

and neuropathy (Curro et al., 2021), but not on bilateral vestibulopa-

thy. Hypothesizing that the vestibular organ progressively degener-

ates over the disease course (Ishai et al., 2021), we investigated the

association between bilateral vestibulopathy and disease duration in

patients with RFC1-positive CANVAS by analyzing the gain reduction

of the vestibulo-ocular reflex quantified by the videohead impulse test,

a widely accessible method that can easily be obtained in many outpa-

tient clinics.

2 METHODS

The group of CANVAS patients comprised 20 carriers of biallelic

repeat expansions in the RFC1 gene recruited at the outpatient clinics

for ataxia and vertigo at the Department of Neurology, University

Hospital Schleswig-Holstein, Campus Lübeck, Lübeck, Germany. The

retrospective study analyzing anonymized data was approved by the

ethics committee of the University of Lübeck. Genetic confirmation

of biallelic RFC1 repeat expansion was performed at the Institute of

Neurogenetics, University of Lübeck, Lübeck, Germany, as described

(Gisatulin et al., 2020) by a screening step performing duplex PCR

analyses followed by fragment length analysis, repeat-primed PCR,

Sanger sequencing, and Southern blotting to determine repeat type

and length.

Disease onset was defined by patients reporting to have recog-

nized complaints associated with vestibular or cerebellar dysfunction,

or neuropathy such as stand, gait or speech disturbance, limb ataxia, or

oculomotor abnormalities for the first time.

Quantitative analysis of the gain of the vestibulo-ocular reflex by

video-oculography of the horizontal head impulse test was performed

as previously described (Helmchen et al., 2017). Only the horizontal

vestibulo-ocular reflexwas analyzed. In brief, eye and headmovements

were recorded by a digital video camera (Eye-SeeCam HIT System,

Autronics, Hamburg, Germany) at a sampling rate of 220 Hz. At least

ten passive and rapid (peak velocity 250◦/sec) head movements of

small amplitude (10–15◦) were performed per side. Head impulses

were unpredictable for direction and amplitude. The gain of the hor-

izontal vestibulo-ocular reflex was analyzed at a narrow time interval

of 60± 10ms after headmovement onset.

A mean gain <0.7 was considered pathologic (Machner et al., 2021;

Yip et al., 2016). If more than one video head impulse test result was

available, only the first testing was used for a cross-sectional analy-

sis to focus on the earliest disease stage possible. In seven patients

with follow-up measurements, longitudinal results were analyzed on

a descriptive level. The mean vestibulo-ocular reflex gain used in the

present study was assessed by calculating the mean of the gain of the

right and the left vestibular organ. Simple linear regression was cal-

culated to assess the association between the mean vestibulo-ocular

reflex gain and disease duration. Analysis were performed and the

figure was created with GraphPad Prism 8. Data are available from the

corresponding author upon reasonable request.

3 RESULTS

We investigated 20 RFC1-positive patients (6 female [30.0 %], age at

onset 61.0± 7.8 years [mean± standard deviation], age at examination

67.8± 7.6 years, disease duration 6.9± 5.0 years), of which 14 had the

complete clinical presentation with the triad of bilateral vestibulopa-

thy, cerebellar ataxia, and neuropathy at the time of diagnosis (“Com-

plete CANVAS,” 70.0 %) (Table 1).

The remaining six patients (30 %, one female [16.7 %], age at onset

56.2± 9.0 years, age at examination 62.2± 8.6 years, disease duration

6.0±4.0 years) did not showcerebellar signs upon clinical investigation

and three of them neither cerebellar ataxia nor neuropathy at the first

visit. Of those, four of five patients with clinical follow-up visits (after

3.0± 2.0 years) developed cerebellar signs over the disease course.

The mean vestibulo-ocular reflex gain of both vestibular organs at

first presentation was 0.16 [0.15–0.31] (median [interquartile range]).

Cross-sectional investigation of the mean vestibulo-ocular reflex gain

anddiseaseduration suggests anassociationbetweenbothparameters

(simple linear regression, r2 = .24, p= .027, Figure 1A). Repeated video

head impulse test measurements, available for 10 subjects, depicted

a vestibulo-ocular reflex gain reduction in 8 of 10 subjects over time

(Figure 1B).

4 DISCUSSION

IN an attempt to characterize the natural course of bilateral vestibu-

lopathy in CANVAS, we related its most representative and easily

accessible sign, that is, the abnormal video head impulse test, of

biallelic RFC1 expansion carriers (all of them with BV) to disease

duration and other CANVAS symptoms. In contrast to the recent

studies on the clinical phenotype of RFC1 mutation carriers with

various but inconsistent methods of vestibular testing (Cortese et al.,

2020; Dominik et al., 2021; Traschütz et al., 2021), we focused on the

horizontal high-frequency vestibulo-ocular reflex quantified by video

head impulse testing as it is applicable in many outpatient clinics.

Three of the 20 patients displayed isolated bilateral vestibulopathy

and one-third of the examined patients did not suffer from cerebellar

ataxia at the first visit albeit an average disease duration of 7 years,

representing a similar distribution compared to CANVAS cohorts

published to date (Cortese et al., 2020; Dominik et al., 2021; Traschütz

et al., 2021). Of note, due to the lack of nerve conduction studies at

the time point of the first examination, the presence of neuropathy
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F IGURE 1 Course of bilateral vestibulopathy in RFC1 repeat expansion carriers. (a) Relationship between vestibulo-ocular reflex gain and
disease duration cross-sectionally assessed in 20 biallelic RFC1 repeat expansion carriers. The line represents linear regression. Circles represent
two overlapping data points. (b) Longitudinal measurements of video-ocular reflex gain and disease duration in ten patients with biallelic repeat
expansions in the RFC1 gene

had to be defined in most cases by clinical signs only. However, as

most patients without cerebellar signs at first presentation developed

cerebellar ataxia over time, our data suggest that bilateral vestibu-

lopathy might precede the other characteristic clinical disease signs of

CANVAS, at least in a subset of patients.

We demonstrate a profoundly reduced vestibulo-ocular reflex gain

in RFC1 expansion carriers already at the first visit, which is in clear

contrast to healthy individuals, in whom the vestibulo-ocular reflex

gain remains largely stable even in the very old population (McGarvie

et al., 2015). Moreover, our investigations revealed a decline of

vestibular function associated with increasing disease duration. These

findings were in line with longitudinal data from a subset of patients

and together might indicate that progressive neurodegeneration

in CANVAS affects not only the cerebellum but also the vestibular

organ/nerve. The longitudinal data, albeit only available for a subset of

patients, suggest that also the easily accessible horizontal video head

impulse can be used to monitor disease progression on an individual

level. Moreover, future studies investigating the video head impulse

test longitudinallywith a larger sample sizemight contribute tomodels

predicting disease progression. Limitations of our study consist of

relatively small sample size, particularly regarding the longitudinal

data, the retrospective design, and the analysis of the horizontal

vestibulo-ocular reflex only, which, however, is easily accessible in

many outpatient clinics and probably the most disabling feature of

bilateral vestibulopathy in daily life. Moreover, disease onset was set

as the timepoint symptomswere recognized by the patient for the first

time, which might be unprecise, especially if the first examination took

placemany years after the subjective onset of complaints.

Together, our data encourage (i) screening for RFC1 mutations not

only in late-ataxia cohorts but also in patients with isolated bilateral

vestibulopathy as this approach possibly allows earlier detection of

the disease, (ii) investigating distinct vestibular functions separately

(semicircular canals, otoliths) as well as the vertical vestibular-ocular

reflex in a prospective study design as this might detect even earlier

vestibular manifestations, and (iii) longitudinal analyses includ-

ing comprehensive nerve conduction studies to decipher whether

somatosensory neuropathy and bilateral vestibulopathy develop at the

same time possibly reflecting that bilateral vestibulopathy is another

manifestation of ganglionopathy in CANVAS (Palla et al., 2009).
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