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CASE REPORT

Expanding the Clinical Spectrum
of RFC1 Gene Mutations
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ABSTRACT

Biallelic intronic repeat expansion in the replication factor complex unit 1 (RFCI) gene has recently been described as a cause of
late onset ataxia with degeneration of the cerebellum, sensory pathways and the vestibular apparatus. This condition is termed
cerebellar ataxia, neuropathy, and vestibular areflexia syndrome (CANVAS). Since the identification of this novel gene mutation,
the phenotypic spectrum of RFCI mutations continues to expand and includes not only CANVAS but also slowly progressive
cerebellar ataxia, ataxia with chronic cough (ACC), isolated sensory neuropathy and multisystemic diseases. We present a pa-
tient with a genetically confirmed intronic repeat expansion in the RFCI gene with a symptom complex not described previously.
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The term ‘cerebellar ataxia, neuropathy, and vestibular are-
flexia syndrome (CANVAS)’ was coined in 2011 for the com-
bination of late onset cerebellar ataxia, sensory neuropathy and
vestibular syndrome."? The majority of these patients have a
characteristic impairment of visually enhanced vestibulo-ocu-
lar reflex (VVOR) and peripheral sensory neuropathy.* Sensory
abnormalities on electrophysiological testing have been identi-
fied in 100% of patients with genetically confirmed CANVAS.
Our patient presented with a history of unsteadiness and incoor-
dination with no sensory findings and a normal sensory nerve
conduction study. The VVOR was preserved as well. However,
prior history was suggestive of vestibulopathy and characteristic
imaging findings revealed evidence of underlying RFCI gene
mutations.

CASE REPORT

A sixty-six-year-old female with normal perinatal and devel-
opmental history presented with progressive gait unsteadiness
for the last 6 years. There was a significant past history of episod-
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ic imbalance and dizziness for many years, and the patient was
diagnosed with benign paroxysmal positional vertigo, which im-
proved on vestibular physiotherapy. No significant family history
was noted (Figure 1). Her symptoms progressed with upper limb
incoordination and slurring of speech for the last two years. Ex-
amination revealed a Montreal Cognitive Assessment (MoCA)
score of 25/30. The eye movements were minimally affected with
gaze-evoked nystagmus and mild saccadic overshoot. The head
impulse test (HIT) was negative, and the VVOR was well pre-
served (Supplementary Video 1 in the online-only Data Supple-
ment). Axial and appendicular cerebellar signs were present. The
sensory and motor examination was normal, and reflexes were
preserved (Supplementary Video 2 in the online-only Data Sup-
plement). Bedside testing for autonomic functions was normal.
Her routine blood tests and nerve conduction studies (includ-
ing sensory nerve action potentials) were normal. Magnetic res-
onance imaging (MRI) of the brain showed cerebellar atrophy
largely restricted to Crus 1 and 2 of the cerebellum (Figure 2).
The brain stem was normal, and the ‘hot cross bun’ and the ‘pu-
taminal rim sign’ of multiple system atrophy (MSA) were absent.
The spinocerebellar ataxia (SCA) gene panel, including SCA6
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Figure 1. Pedigree of the affected family. There was no similar ill-
ness in the family.

(CACNA1A), the spastic paraplegia gene panel (SPG panel in-
cluding SPG?), Friedreich's ataxia gene (frataxin) testing, the au-
toimmune and paraneoplastic panel, and vitamin E and tissue
transglutaminase (TTG) (IgA anti TTG) testing were all nega-
tive. Despite normal nerve conduction studies and VVOR being
preserved, imaging characteristics suggesting CANVAS prompt-
ed us to order a repeat expansion test for the RFCI gene. A bial-
lelic intronic AAGGG pathogenic repeat expansion (460 repeats)
was identified. Repeat sizing was performed by standard flank-
ing PCR (F-PCR) and repeat primed PCR (RP-PCR) followed
by capillary electrophoresis. The expansion differed in both size
and nucleotide sequence from the reference AAAAG allele.

DISCUSSION

CANVAS syndrome is a recent addition to the group of degen-
erative ataxias. In 2004, Migliaccio et al.® described four patients
with slowly progressive cerebellar ataxia with bilateral vestibu-
lopathy. Three of these patients had evidence of sensory neurop-
athy on electrophysiological testing. The genetic evaluation was
negative for SCA 1, 2, 3, 6, and 7 and Friedreich’s ataxia, and the
clinical and radiological presentation did not suggest MSA. Thus,
the condition was termed cerebellar ataxia with bilateral ves-
tibulopathy (CABV).® Szmulewicz et al.’ observed that all eigh-
teen subjects with CABV had neuropathy in which the sensory
nerve action potentials was not recordable. Length-dependent
peripheral neuropathy dominated the clinical picture, and few
patients had global sensory deficits. The complete clinical pre-
sentation of cerebellar ataxia, vestibulopathy and sensory neu-
ropathy was termed CANVAS.? Cortese et al.' identified a bial-
lelic AAGGG repeat expansion in the RFCI gene in 90% of DNA
samples with the CANVAS phenotype and 14% of DNA sam-
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ples in other adult-onset ataxias. Their patient cohort had symp-
toms of cerebellar dysfunction, sensory neuropathy, oscillopsia
due to impaired vestibulo-ocular reflex and mild autonomic dys-
function (postural hypotension, constipation, urogenital dystunc-
tion and anhidrosis). A long-standing history of chronic cough
preceding symptom onset by 2-3 decades was seen in 64/105
patients who tested positive for RFCI mutations.' In twenty-three
CANVAS patients, 93% had at least two autonomic symptoms,
with electrophysiological evidence of sympathetic or parasym-
pathetic dysfunction seen in 83% of patients.” Thus, CANVAS
is an important differential in suspected MSA, although vestib-
ulopathy and prominent sensory neuropathy favor a diagnosis
of CANVAS. Similarly, sensory neuropathy/neuronopathy is
an essential feature of the CANVAS complex. An abnormal sen-
sory nerve conduction study was reported in all patients by Cor-
tese et al.' Postmortem studies in CANVAS cases have shown
dorsal root ganglionopathy and secondary degeneration of cen-
tral and peripheral sensory axons.® However, a substantial pro-
portion of CANVAS patients have preserved stretch reflexes.
Infante et al.’ postulated that the relative sparing of the type 1a
fibers subserving the muscle spindle afferents is responsible for
the normal reflexes despite widespread neuropathy. Likewise,
spasmodic cough is thought to be secondary to impaired C-fi-
ber-mediated sensory innervation of the upper airways and
esophagus, causing denervation hypersensitivity of the second-
ary neurons in the nucleus solitarius.”

Impairment of the VVOR is suggestive of vestibulopathy with
cerebellar dysfunction. In isolated vestibulopathy, the smooth
pursuits (SP) and optokinetic reflexes (OKR) are preserved and
compensate for the abnormal vestibulo-ocular reflex (VOR).
However, in cerebellar dysfunction, the VOR compensates for the
abnormal SP and OKR to maintain the VVOR.® Impaired VVOR
is clinically demonstrated by turning the head slowly while the
gaze is maintained at an earth-fixed target. The compensatory
eye movements in CANVAS are saccadic rather than smooth,
thereby localizing the abnormality to both the cerebellar and ves-
tibular systems.' Traschiitz et al.* reported that visual compen-
sation, sensory symptoms, and cough are strong determinants of
RFCI-positive patients.

Another radiological clue to diagnosing CANVAS, as seen in
our patient, is the characteristic brain imaging findings. In fifty-
six RFCI-positive patients, vermian atrophy was the most consis-
tent finding, as it is seen in approximately 80% of patients, which
is more frequent than cerebellar atrophy. Anterior and dorsal ver-
mian involvement occur in lobules VI, VIIA and VIIB, and the
hemispheric atrophy in the posterosuperior and horizontal fis-
sures occur in Crus 1 of the cerebellum.* Brain stem atrophy; pri-
marily affecting the pons and mid brain, was seen in 13% of cases
and was associated with a longer disease duration and worsen-
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Figure 2. Brain magnetic resonance imaging of the patient with a RFC1 gene mutation. T2WI (A and B) shows relatively preserved cerebel-
lar hemispheres with prominent vermian atrophy. Sagittal (C) and parasagittal (D) FLAIR sequences show classical atrophy restricted to
lobules VI, VIIA and VIIB of the cerebellum. T2WI, T2 weighted image; FLAIR, fluid-attenuated inversion recovery.

ing eye movement abnormalities.” Nonspecific supratentorial ab-
normalities or cerebral atrophy were seen in 19% of RFCI-posi-
tive patients.” Our patient did not have any pontine atrophy or
any cerebral atrophy disproportionate to her age.

This patient with RFCI biallelic expansion had pure cerebel-
lar ataxia and a prior history of vestibular dysfunction with a
normal sensory examination, both clinically and on electrophys-
iology. She also had a preserved VVOR with no suggestion of
autonomic dysfunction or chronic cough. There was no clinical
evidence suggesting CANVAS; however, the characteristic MRI
finding was a strong indication for RFCI genetic testing. Thus, in
the absence of sensory involvement and preserved VVOR, which

are prerequisites to CANVAS, the vermian atrophy (Crus 1) ob-
served by MRI in patients with degenerative ataxias calls for RFCI
gene testing. This novel presentation further expands the phe-
notypic spectrum related to the RFCI gene. Testing for RFCI re-
peat expansion is important in patients with typical and atypical
CANVAS phenotypes, including those with idiopathic sensory
neuropathy, ataxia with chronic cough or idiopathic slowly pro-
gressive degenerative ataxias.

Ethics Statement
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Supplementary Video Legends

Video 1. Eye movement abnormalities showing mild gaze-evoked nystag-
mus and saccadic overshoot with normal visually enhanced vestibulo-ocular
reflex (VVOR) and head impulse test.

Video 2. Cerebellar signs with scanning speech, finger nose incoordina-
tion, past pointing and gait ataxia.

Supplementary Materials

The online-only Data Supplement is available with this article at https://
doi.org/10.14802/jmd.21117.
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