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Abstract

Cerebellar ataxia with neuropathy and vestibular areflexia syndrome (CANVAS) 
is a form of ataxia characterized by the combination of bilateral vestibular, 
cerebellar and somatosensory impairment. In this commentary we summarized our 
report of five CANVAS cases presenting with spasmodic cough, which antedated 
the appearance of imbalance in several decades. Furthermore, in the hallmark 
of a severe sensory ataxia, tendon jerks and T-reflex recordings were almost 
completely preserved; sparing of muscle spindle afferents (fibres Ia) is probably the 
pathophysiological basis of normoreflexia.

Introduction
Cerebellar ataxia with neuropathy and vestibular areflexia syndrome 

(CANVAS) is an uncommon, late-onset form of ataxia characterized by 
the combination of bilateral vestibular, cerebellar and somatosensory 
impairment1, 2. 

The somatic sensory deficit contributes to a significant level of 
disability in CANVAS3, 4. Neurophysiological studies have revealed 
an almost constant absence of sensory nerve action potentials 
(SNAP) in upper- and-lower limb nerves, and somatosensory evoked 
potentials (SEP)4-6. The pathological background is a severe dorsal root 
ganglionopathy with secondary degeneration of central and peripheral 
sensory axons7. Despite these electrophysiological and pathological 
features should be closely associated with generalized areflexia, 
intact muscle stretch reflexes have been reported in a significant 
proportion of CANVAS patients2, 3. The pathophysiology of such clinical-
electrophysiological discordance remains unexplained.

Chronic cough has been described in association with several genetic 
disorders involving the autonomic nervous system, such as Holmes-
Adie syndrome, Charcot-Marie-Tooth disease type 2J, dominant ataxia, 
and hereditary sensory and autonomic neuropathy (HSAN) 8-11. Chronic 
cough and autonomic dysfunction may be an integral part of the clinical 
picture in CANVAS2, 12.

Herewith, we have summarized our description of five CANVAS 
patients presenting with chronic, idiopathic cough; all of them showed 
severe somatosensory deficit with preserved tendon reflexes and 
T-reflex recordings13. 
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Patients and Methods
The study is based upon five CANVAS patients, four of 

them belonging to two non-consanguineous families (for 
pedigrees, see figure 1 in reference 1), attended by us 
between 2006 and 2017. The severity of ataxia was graded 
according to IAPS14 (Table 1).

All five patients were thoroughly investigated 
with screens for acquired causes of spinocerebellar 
degeneration including toxic, metabolic and systemic 
disorders (thyroid hormone levels, vitamin B12 deficiency, 
serology for celiac disease and Sjögren’ syndrome, and 
tumour markers). Molecular screening for Friedreich’s 
ataxia (FA) and spinocerebellar ataxia (SCA) (SCA1, SCA2, 
SCA3, SCA6, SCA7, SCA8, SCA12, SCA17 and DRPLA) was 
performed.

Non-contrasted magnetic resonance imaging (MRI) 
study of the brain was performed in all five patients.

Electrophysiology in four cases comprised nerve 
conduction studies (median, ulnar, peroneal, tibial and 
sural nerves), T-reflex recordings [biceps brachii T-reflex, 
patellar T-reflex, soleus T-reflex (Achilles T-reflex) and 
masseter reflex], needle electromyography, SEP, and 
sympathetic skin response (SSR). The diagnosis of bilateral 
vestibulopathy was based on diagnostic criteria of the 
Classification Committee of the Bárány Society15.

Results
Clinical features of all five patients appear summarized 

in Table 1. Cases 1 and 2 were first cousins, and cases 3 and 
4 were sisters; case 5 was sporadic. There were 4 females 
and 1 male. Ages of patients ranged from 60 and 68 years 
(median 66) with gait instability initiated between 41 and 
49 years (median 46).

All five patients fulfilled  the diagnosis of bilateral 
vestibulopathy15, namely: i/ the patient history of 
unsteadiness when walking or standing, which worsen 
in darkness, uneven ground or during head motion; ii/ 
no symptoms while sitting or lying down;  iii/ bilaterally 
pathological horizontal angular vestibulo-ocular reflex 
(VOR) gain < 0.6 (at video head impulse test [vHIT]) and/
or reduced caloric response (sum of bithermal maximal 
peak slow phase velocity on each side < 6º/sec), and/
or reduced VOR gain 0.1 upon sinusoidal stimulation on 
a rotatory chair (0.1 Hz, Vmax = 50º/sec) and phase lead 
> 68 degrees (time constant < 5 sec); and iv/ not better 
accounted for by another disease. We will herewith focus 

 

Figure 1. Normal recordings of biceps brachii T-reflex (A, case 3; 
B, case 5) and Achilles T-reflex (C, case 3) (for patient numbering, 
see Table 1)

  Case No.        
Parameter 1 2 3 4 5
Sex M F F F F
Age 68 68 (at death) 60 61 66
Age of onset 33 30 ̴̴  20 46 ̴  20

Initial symptoms
Chronic cough. 

As of age 48, 
gait instability

Chronic cough. 
As of age 45, 

gait instability

Chronic cough. 
As of age 49, 

gait instability

Chronic cough. 
and gait 

instability

Chronic cough. 
As of age 41, 

gait instability
Lower-limb hypopallesthesia 3+ 3+ 3+ 3+ 3+
Postural rombergism 2+ NE 3+ 3+ 3+
Gait instability 3+ NE 3+ 3+ 1+
Finger-to-nose ataxia 1+ 2+ ̶ 1+ ̶
Heel-knee ataxia 2+ 2+ 1+ 1+ 1+
Dysarthria 2+ 3+ ̶ ̶ ̶
Gaze-evoked nystagmus Present Present Present Present ̶
Upper-limb tendon jerks Brisk Present Present Present Present
Knee jerks Brisk Present Brisk Present Present
Ankle jerks ̶ Hypoactive ̶ Hypoactive ̶
Bilateral vestibulopathy Present Present Present Present Present
IAPS stage 3 4 2 2 2

( ̶ ) = absent;  (+) = mild;  (2+) = moderate;  (3+)= severe
IAPS = Inherited Ataxia Progression Scale; stage 1, asymptomatic; stage 2, symptoms present but mild; stage 3, fully developed symptoms, 
patient needs constant care; and stage 4, wheelchair bound
NE = no evaluable (patient wheelchair bound)

Table 1. Summary of clinical data at last examination.
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on two particular semeiological aspects: spasmodic cough 
and tendon reflexes. 

Non-specific, diurnal, chronic and dry cough was the 
initial manifestation antedating gait instability from 15 to 
29 years, excepting in case 4 who noticed the simultaneous 
occurrence of cough and gait disturbances (Table 1). 
Coughing usually came in bursts sometimes triggered 
by various factors: cold air, bending down or rising after 
sleep, eating bananas, dry foods or spicy foods, inhalation 
of strong odours or dusts, strong speaking aloud, long 
telephonic conversations, and shouting. Neither stimulation 
the external auditory meatus with a cotton nor otoscopic 
procedures triggered cough reflex (Arnold’s ear-cough 
reflex) in any of the patients. The frequency of the cough 
bursts was variable over time, ranging from occasional 
throughout the year to almost daily presentation, duration 
varying between few seconds and several hours. None of 
the patients received cough-induced drugs (eg, enalapril). 
Associated symptoms included scratchy and dry throat and 
voice changes, but none of the patients had dysphagia or 
syncope. Only patient 5 referred to symptoms of gastro-
oesophageal reflux disease, which responded to lifestyle 
modification and anti-acid drugs with no changes to the 
frequency of cough bursts. Patients were evaluated by their 
general physicians and lung specialists without observing 
respiratory diseases or allergies; none of them did smoke. 
Several antitussives medications were administered 

in patient 1, just codeine phosphate being partially 
efficacious. Only in this patient, the coughing episodes 
tended to attenuate after the onset of ataxia. There were 
no other possible manifestations of dysautonomia, 
including persistent diarrhoea or constipation, sphincter 
disturbances, erectile dysfunction, dry eyes/mouth, 
sweating changes, or orthostatic intolerance.

All five patients showed postural imbalance and 
unsteadiness of gait, both of which worsened in darkness 
and on uneven ground, occasionally being accompanied by 
oscillopsia (Table 1). None of them noticed hearing loss. All 
five patients showed marked vibratory hypopallesthesia up 
to iliac crests, and to a lesser degree in hands and forearms. 
There was positive Romberg sign and gait imbalance (see 
Supplementary material, video-recordings in reference 
13) and stocking and glove tactile and pain hypoesthesia. 
Upper-limb and knee jerks were either preserved or brisk, 
whereas ankle jerks were hypoactive or absent (Table 1); 
jaw jerk was systematically absent; and plantar responses, 
where obtainable, were flexor. 

Serial evaluation of patient 3 was done over 6 years 
(see reference 13 for further details). At initial examination 
she showed pure postural rombergism, a working 
diagnosis of AR-HSAN being given, which was replaced 
by spinocerebellar syndrome with the appearance of 
appendicular ataxia and nystagmus, and subsequent 
evaluation of her affected sister.

Figure 2. Cranial sagittal T1 weighted MRI images of case 1 (A, B) and case 3 (C, D). (A) Midsagittal view showing marked vermian atrophy 
mainly involving declive (VI), and folium vermis and tuber vermis (VII); note enlargement of the primary fissure (PF) and prepyramidal 
fissure (PPF). (B) Parasagittal view illustrating enlargement of the horizontal fissure (HF). (C, D) Similar but milder findings in case 3 
exhibiting minimal cerebellar signs (table 1).
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Routine laboratory data, including those to exclude 
toxic, metabolic and systemic disorders, were normal 
or negative. No dynamic mutations associated with FA 
or SCA were found (see above for the list of SCA tests 
performed).

Motor nerve conduction parameters, including F wave 
latencies, of median, ulnar, peroneal and tibial nerves were 
normal in every case. SNAP of median and ulnar nerves were 
absent. SEPs from tibial nerve were absent in all 4 examined 
cases, and absent or severely attenuated from median nerve. 
The biceps and patellar T-reflex was systematically normal, 
whereas Achilles T-reflex was preserved two cases (figure 1). 
SSR, done in four cases, was normal. 

Brain MRI findings are illustrated in figure 2 (see also 
table 1).

Conclusions
We conclude that spasmodic cough may be an integral 

part of the clinical picture in CANVAS, antedating the 
appearance of imbalance in several decades. CANVAS 
is a unique normoreflexic neurodegenerative disorder 
associated with selective sparing of Ia fibres that subserve 
muscle spindle afferents, in a setting of severe somatic 
sensory neuronopathy with widespread central-peripheral 
axonopathy. The presumptive horizontal transmission in 
4 of our 5 patients suggesting that CANVAS might be an 
autosomal recessive entity has been reinforced with recent 
genetic discoveries, showing biallelic intronic AAGGG repeat 
expansion in RFC1 gene 16, 17. RFC1 encodes the large subunit 
of replication factor C, a 5-subunit DNA accessory protein 
required for the coordinated synthesis of both DNA strands 
during replication or after DNA damage (cf. OMIM 102579). 
So far, approximately 40 neurological genetic disorders 
have been associated with nucleotide expansions. Two of 
them are known to be inherited in a recessive mode, namely 
Friedreich ataxia and myoclonic epilepsy type 1; both are 
associated with loss of function of the repeat hosting gene. 
A remarkable aspect of CANVAS is that its homozygous 
dynamic mutation does not seem to imply loss of function 
for RFC116.
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