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Autosomal Recessive Spastic Ataxia of 
Charlevoix-Saguenay (ARSACS): Case Report of a Novel 

Nonsense Mutation in the SACS Gene
Sir,
Autosomal recessive spastic ataxia of Charlevoix-Saguenay 
(ARSACS) is an autosomal recessive neurodegenerative 
disorder characterized by a triad of early onset cerebellar 
ataxia, spasticity, and sensorimotor polyneuropathy (distal 
muscle wasting with finger and foot deformities).[1] Dysarthria, 
nystagmus, and retinal hypermyelination may sometimes be 
observed.[1] It was first described by Bouchard et al. in1978 
as an uncommon cause of autosomal recessive cerebellar 
ataxia.[2,3] Although initially thought to be prevalent only in 
Canada, it has now been increasingly reported from rest of 
the world.[4] Exome sequencing studies identified multiple 
causative mutations in the sacsin molecular chaperone 
gene (SACS) on chromosome 13q.[5] However, new pathogenic 
mutations continue to be identified. We report a patient with 
typical clinical and imaging features of ARSACS, where 
targeted SACS gene testing lead to the discovery of a novel 
pathogenic SACS mutation.

A 28-years-old male, born of non-consanguineous marriage, 
presented with progressive gait ataxia and recurrent falls from 
3 years of age. He also developed dysarthria and lower limb 
stiffness at 10 years of age, followed by thinning of feet. Family 
history was negative. On examination, he had bilateral pes 
cavus with hammer toes. Neurological examination revealed 
lower limb spasticity, brisk reflexes, and extensor plantar 
response. Sensory and fundus examination were normal. 
He also exhibited dysmetria, dysdiachokinesia, nystagmus, 
and cerebellar gait. He had no Kayser-Fleischer ring, 
telengiectasias, or tendon xanthomas. Systemic examination 
was normal. Diagnosis of an autosomal recessive ataxia 
syndrome was made and patient evaluated along those lines.

MRI brain revealed superior cerebellar vermian atrophy and 
T2 linear “striped” hypointensities in pons [Figure 1a and b]. 

Nerve conduction studies (NCS) demonstrated prolonged 
distal latencies with decreased velocities in motor nerves of all 
limbs while sensory NCS was not recordable. ARSACS and 
Refsum’s disease are the ataxia syndromes associated with 
predominant demyelinating neuropathy. Genetic testing for 
Friedreich’s ataxia and Spinocerebellar ataxia was negative. 
2D-Echocardiography, serum albumin, lipid profile, and alpha 
fetoprotein were normal. Clinical exome (targeted SACS gene) 
sequencing revealed a heterozygous pathogenic non-sense 
mutation on exon 10 of SACS gene (C,4232T > G) resulting in 
a stop codon and premature truncation of the protein. Another 
mutation of uncertain significance was found on the same 
exon (C,8132C > T).

ARSACS is an early onset, cerebellar ataxia first described 
from Quebec, Canada in 1978. Canadian patients formed a 
majority of these cases initially, but an increasing number have 
been described from other countries as well, possibly pointing 
toward an earlier underdiagnosis.[6] Many of these cases were 
initially diagnosed as spastic diplegia type of cerebral palsy.[2] 
Approximately 30 mutations in the SACS gene have been 
reported and newer ones are being continuously discovered.[7]

It usually presents in early childhood (12 months to 
5.5 years of age)[3] and diagnosis is based on typical clinical 
manifestations (cerebellar ataxia with spasticity and peripheral 
neuropathy) and radiological findings (superior vermian 
atrophy and pontine linear T2/FLAIR hypo-intensities on T2/
FLAIR). Confirmation of diagnosis is done by demonstration of 
pathogenic mutations in the sacsin gene located on chromosome 
13q.[5]

The cardinal clinical features of ARSACS are gait instability 
with frequent falls, both of which were present in our patient. 
The disease progression is slow with patients becoming 
wheelchair bound around the third to fourth decade of life.[3] 
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The initial features are a combination of early onset cerebellar 
signs like ataxia, dysarthria, and nystagmus, with pyramidal 
signs in the lower limbs like spasticity, hyperreflexia and 
extensor plantar response. Lower limb sensorimotor peripheral 
neuropathy tends to develop later in the disease course causing 
distal atrophy, pes cavus, and hammer toes.[8] These findings 
were present in our patient.

Fundoscopy may reveal hypermyelinated nerve fibres radiating 
from the optic disc in some patients[8] and cognition tends to 
be preserved. Both fundoscopy and cognition was normal in 
our patient.

Imaging findings described on MRI brain include early 
and progressive superior cerebellar vermian atrophy with 
the inferior vermis remaining preserved throughout.[9] 
However, global cerebral atrophy may occur later in the 
disease course. Linear T2 and FLAIR hypo-intensities 
have also been described.[1] Cerebral white matter remains 
preserved throughout. All these findings were present in 
our patient.

The causal mutations in the SACS gene vary between 
individuals. The founder mutations discovered from Quebec 
were a single-base deletion at position 6594 (6594delT) 
and a nonsense mutation 5254C > T.[10] Approximately 95% 
Canadian patients harbor these mutations.[5] Several novel 
mutations have been described with some variations in the 
disease phenotype. The absence of abnormal myelinated 
retinal fibres in our patient is probably explained by the 
same.

ARSACS must be suspected in early onset cerebellar ataxia 
combined with spasticity and peripheral neuropathy. Typical 
radiological features such as superior cerebellar vermian 
atrophy and linear pontine hypo-intensities greatly enhance 
the diagnosis. Ultimately, the diagnosis is confirmed by 
genetic studies. We describe such a case from India, and also 
demonstrate the occurrence of a novel pathogenic nonsense 
mutation in the SACS gene.
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Figure 1: MRI brain T2 weighted image revealing superior cerebellar 
vermian atrophy (a) and linear “striped” hypointensities in pons (b)
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Sir,

CAPOS syndrome (OMIM #601338) is a rare neurological 
disorder of autosomal dominant inheritance. It was first 
described in 1996 by Nicolaides et al.,[1] and named after its 
dominant symptoms (cerebellar ataxia, areflexia, pes cavus, 
optic atrophy, and sensorineural hearing loss). Before this 
report, 33 cases with CAPOS syndrome have been reported 
in the English literature.

case DetaIls

The index case was a 5-year-old girl from the Indian state 
of Bihar, born to nonconsanguineous parents with a normal 
perinatal period. She was well until 40 months of age when 
she had an episode of acute onset lethargy, and confusion 
following an upper respiratory tract infection and recovered 
spontaneously over a period of 5 days. During the recovery 
phase, she had rapid involuntary movements of the eyes, 
tremulous movements and instability of the hands and fingers, 
and an unsteady gait. The unsteadiness of gait gradually 
reduced and she learned to walk without falling. Over the next 
3 months, she had two episodes of febrile illness and a transient 
increase in unsteadiness during these episodes. At the age of 
48 months, she had febrile encephalopathy with seizures and 
was bed bound for 10 days. She returned to the baseline and 
was started on oral valproic acid. At 54 months of age, she had 
slowly progressive hearing loss.

She presented to us at 60 months of age, and at presentation, she 
could walk without support, converse in two word sentences, 
dress and undress, and feed herself. There was no history of 
visual impairment and similar illness in other family members.

On examination (at 60 months), she had normal anthropometry, 
left convergent squint, horizontal nystagmus, bilateral pale 
optic discs, hypotonia, areflexia, and perioral and appendicular 
dyskinesia (intermittent spontaneous jerky movements 

of fingers, toes, limbs, and lips suggestive of chorea). 
On cerebellar examination, she had gait incoordination 
(gait ataxia), truncal hypotonia, intentional tremors, positive 
finger nose test, dysdiadokokinesia, and incoordinated slurred 
speech (scanning speech). She did not have pes cavus. In view 
of recurrent encephalopathy with cerebellar dysfunction, a 
possibility of CAPOS syndrome or a respiratory chain disorder 
were considered.

Her magnetic resonance imaging of the brain and nerve 
conduction study were unremarkable. Pure tone audiometry 
showed profound bilateral sensorineural hearing impairment 
and brainstem evoked response audiometry was suggestive of 
bilateral profound hearing impairment. Flash visual evoked 
potential study showed bilateral mildly increased P-100 
latencies. Metabolic profile (thyroid profile, lactate, ammonia, 
biotinidase levels, tandem mass spectrometry, and urinary 
organic acid profile) and cerebrospinal fluid autoimmune 
profile was normal. A targeted sequencing of ATP1A3 gene 
revealed a pathogenic heterozygous missense variant in exon 
18 (c.2491G>A, p.E831K) [Figure 1], confirming the diagnosis 
of CAPOS syndrome.

DIscussIon

ATP1A3 gene encodes α3 subunit of Na+/K+ATPase, 
which maintains electrochemical gradients across 
the plasma membranes. Mutations in the encoding 
gene of this catalytic subunit are responsible for three 
different autosomal dominant neurological disorders: 
CAPOS syndrome, alternating hemiplegia of childhood, 
and rapid-onset dystonia-parkinsonism.[2,3] Demos 
et al.[4] reported the largest series of 10 patients from 
three different families. The onset of symptoms typically 
starts from infancy or early childhood with mean age of 
onset at 2.5 year (range: 6 months to 37 years).[5] Most 
of the episodes induced by fever and characterized by 
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