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Figure Fundoscopy, MRI, OCT, and Goldmann Visual Field Test Results

(A) Fundoscopic photographs: Bilateral temporal optic disc pallor, vessel attenuation, and macular pigmentary
and atrophic changes were noted on fundoscopic examination. (B) Brain MRI (T1-weighted): Mild global cerebral
and cerebellar atrophy were noted on imaging. (C) A normal optical coherence tomography (OCT) scan demon-
strates outer retinal structures including the outer nuclear layer (ONL), external limiting membrane (ELM), ellip-
soid zone (EZ), retinal pigment epithelium (RPE), and Bruch membrane. (D) OCT of this patient demonstrated
diffuse retinal thinning and outer retinal atrophy in both eyes. (E) Goldmann visual field testing: Field constriction
and a centrocecal scotoma were noted in the left eye (E.a) and right eye (E.b).

Section 1

A 28-year-old woman with a history of migraine with visual aura and normal growth and
development presented with gradually progressive vision loss since the age of 13 years (legally
blind since the age of 20 years) and with later development of gait imbalance and falls beginning
at the age of 25. Ancestry was Dominican on both sides, and the family history was significant
for a father with an onset of tremor, dysarthria, and balance difficulties at the age of 47 and a
paternal half-sister with an onset of tremor at the age of 6, both without visual loss. Her 3
brothers and 2 children were healthy.

Ophthalmologic examination at the age of 28 and later at the age of 29 revealed visual acuity of
light perception in both eyes. Pupils were equal, round, and sluggishly reactive to light with no
afferent pupillary defect. On oculomotor examination, eyes were quiet at rest, there were trace
abduction deficits in both eyes, and subtle saccadic pursuits, without nystagmus. However, the
predominant feature was of unequivocally slow horizontal greater than vertical saccades,
without saccadic hypermetria or hypometria. Intraocular pressures/anterior segment

Correspondence
Dr. Dohlman

jenny_dohlman2@
meei.harvard.edu

MORE ONLINE
Q© Video

Department of Ophthalmology (J.C.D., B.K.C.), Massachusetts Eye and Ear Infirmary, Harvard Medical School, Boston, MA; and Department of Neurology (B.K.C., C.D.S.), Mas-

sachusetts General Hospital, Boston, MA.

Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

B.K. Chwalisz and the last author C.D. Stephen contributed equally to this work and should be cosenior authors.

Copyright © 2021 American Academy of Neurology

Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://dx.doi.org/10.1212/WNL.0000000000012446
mailto:jenny_dohlman2@meei.harvard.edu
mailto:jenny_dohlman2@meei.harvard.edu
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000012446

examination were unremarkable. Fundoscopic examination
revealed bilateral temporal optic disc pallor, vessel attenua-
tion, macular pigmentary changes, and atrophy (figure).

Further examination at the age of 29 (Video 1) revealed
features of the cerebellar motor syndrome, with slow, mildly
dysarthric speech, lower greater than upper extremity ap-
pendicular dysmetria, a positive Romberg sign, and a spastic
and ataxic gait. Other pertinent features included lower

greater than upper extremity spasticity, pathologically brisk
tendon reflexes, and bilateral ankle clonus, with preserved
strength and sensation.

Questions for Consideration:

1. Where do the patient’s neurologic examination findings
localize?

2. What diagnostic testing should be done to further
characterize the patient’s vision loss?

GO TO SECTION 2
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Section 2

The patient’s dysarthria, ataxia, hyperreflexia, and spasticity
suggest cerebellar and upper motor neuron dysfunction. Brain
magnetic resonance imaging revealed mild global cerebral and
cerebellar atrophy (figure). The correlation between the pa-
tient’s cerebellar signs and vision loss were at this point un-
clear. To further investigate an etiology for the vision loss,
several diagnostic tests were performed.

In a normal patient, optical coherence tomography (OCT)
demonstrates intact and distinct retinal layers as depicted in
figure, whereas the OCT of this patient demonstrated diftuse
retinal thinning and outer retinal atrophy in both eyes

(figure). Goldmann visual field testing revealed field con-
striction and a centrocecal scotoma in each eye (figure). Full
field electroretinography (ERG) demonstrated reduced and
delayed full field cone signals and a lesser decrease in rod
signals in both eyes. This was compatible with a cone-rod
dystrophy: an inherited, progressive deterioration of cone and
rod cells that characteristically causes vision loss and dem-
onstrates depression of cone and rod photoreceptor function
on ERG.!

Questions for Consideration:
1.  What is the differential diagnosis for retinal disease in the
setting of cerebellar ataxia?

GO TO SECTION 3
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Section 3

There is a wide differential diagnosis for ophthalmologic fea-
tures in ataxia, whereas the differential diagnosis for retinal
disease in movement disorders is narrower and includes mi-
tochondrial disease, nutritional deficiencies, inborn errors of
metabolism, and inherited retinal dystrophies in genetic ataxia:

Mitochondrial Diseases

Kearns-Sayre syndrome is a mitochondrial myopathy charac-
terized by chronic progressive external ophthalmoplegia, cardiac
conduction defects, and a pigmentary retinopathy. Cerebellar
ataxia may be a feature.” The retinopathy tends to have a diffuse,
stippled “salt and pepper” appearance, but in contrast to our
patient, vision is generally good at the time of diagnosis, with
normal or only mildly abnormal ERG.” Neuropathy, ataxia, and
retinitis pigmentosa can present with ataxia, pigmentary reti-
nopathy, muscle weakness, developmental delay, sensory poly-
neuropathy, epilepsy, and dementia* The characteristic
retinopathy has a bone spicule appearance as in retinitis pig-
mentosa, but bull’s eye maculopathy and salt and pepper reti-
nopathy have also been reported.” Mitochondrial disorders
typically follow maternal inheritance or occur spontaneously.

Inborn Errors of Metabolism

Aceruloplasminemia, a rare autosomal recessive disorder in
which ceruloplasmin is not synthesized properly and leads to
copper deficiency, has clinical manifestations including ataxia,
cognitive dysfunction, and retinal degeneration (although with
preserved visual acuity) 57 Pantothenate kinase-associated
neurodegeneration is an autosomal recessive disorder charac-
terized by brain iron accumulation (with an “eye of the tiger”
sign on imaging), leading to movement disorders and a pig-
mentary retinopathy.” Refsum disease is a disorder of peroxi-
somal function that results in retinitis pigmentosa, cerebellar
ataxia, and polyneuropathy. Of note, unlike other peroxisomal
disorders, this is a treatable disorder that is responsive to re-
striction of phytanic acid intake.®

Nutritional Deficiencies

These are potentially treatable causes of ataxia with visual loss. In
ataxia with vitamin E deficiency, there is childhood onset of ataxia
and progressive weakness (sometimes mimicking Friedreich
ataxia) but is associated with visual loss and pigmentary reti-
nopathy, and a characteristic head titubation.” Other nutritional
causes of vision loss and ataxia such as vitamin B12 deficiency
exist, but loss of vision is secondary to optic neuropathy rather
than the retinal pathology seen in this patient’s condition."

Inherited Retinal Dystrophy in Genetic Ataxia

Spinocerebellar ataxia (SCA) and other genetic ataxias may
also present with retinal disease.'’ Retinal degeneration is
seen in SCA7 and in rare cases of SCA1, 2, and 3,'*'* whereas
optic atrophy can be seen in SCAL, 7, 9, and 28.°"7 Other,
less common neurogenetic ataxias manifesting with retinal
degeneration include infantile cerebellar-retinal degeneration
but, in contrast to our patient, tends to be present from birth.”
Optic atrophy is also a core feature of the cerebellar ataxia,
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areflexia, pes cavus, optic atrophy, and sensorineural hearing
loss syndrome, which is caused by ATP1A3 mutations and
can overlap with other ATP1A3-related disorders."®

Our patient demonstrated decreased cone and rod photore-
ceptor function on ERG, consistent with a cone-rod dystrophy.
The only cone-rod dystrophy on our differential associated with
cerebellar signs, autosomal dominant inheritance, and an adult-
onset was SCA7." Based on these findings, a comprehensive
ataxia repeat expansion panel was performed, which detected an
allele with 49 cystosine, adenine, guanine (CAG) repeats in the
ATXN7 gene (normal 7-27, mutable allele 28-33, and patho-
genic >34)"” and 10 repeats in the normal allele. This was
diagnostic for SCA7 in the full penetrance range. She was also
incidentally found to have an intermediate allele in the ATXN2
gene, with 32 repeats (normal <31, intermediate 32-34, re-
duced penetrance 33-34, and fully penetrant >35).%°

Discussion

The SCAs are a group of autosomal dominant neurogenetic
movement disorders primarily involving the cerebellum and
its associated pathways, resulting in slowly progressive difhi-
culty with gait, balance, speech and swallowing, limb in-
coordination, and abnormal eye movements.'> There are
currently 48 identified SCAs,”" with an overall prevalence of
1-5 per 100,000 people.'” Common causes include triplet
repeat ataxias, most commonly involving CAG repeat ex-
pansions, which translate into toxic polyglutamine proteins,
leading to neuronal dysfunction.”> Important aspects to
consider when attempting to refine a diagnosis of possible
SCA (in addition to an ideally autosomal dominant-appearing
family history) include the following:"®

1. Age at onset (early onset vs late onset [SCA6 most
common])

2. Rate of disease progression (SCA1 fastest, followed by
SCA2 and SCA3; SCAG6 slowest)

3. Ancestry (origins from the Portuguese Azore Islands may
suggest SCA3/Machado-Joseph disease, whereas Cuban
ancestry may suggest SCA2, etc.)

4. Specific clinical features, including the presence of a pure
cerebellar ataxia vs additional nonataxia clinical features—
including oculomotor manifestations,” other movement
disorders (chorea [SCA17], parkinsonism, dystonia [early-
onset SCA3], myoclonus etc.), cognitive impairment/frank
dementia (SCA48 archetypal example),*" spasticity, prom-
inent peripheral neuropathy, significant visual (SCA7), or
sensorineural hearing loss (SCA36),”* which may be
pathognomonic

S. Imaging features, including the degree of cerebellar
atrophy (for example, prominent pontocerebellar atro-
phy in SCA2)*

Ophthalmologic manifestations vary based on the SCA sub-
type and can include slow saccades, ophthalmoparesis, eyelid
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retraction, nystagmus, retinal degeneration, ptosis, and optic
atrophy, among others."”**> Ophthalmologic findings in SCA
type 7 may include loss of central vision, tritan color defects,
macular changes on fundus examination, paracentral scoto-
mas on visual field testing, and abnormalities of cone function,
followed by rod function on ERG.>® Our patient’s findings
were consistent with this; however, vision was too poor to
adequately test color vision. Although patients with SCA7
may have a number of oculomotor features, slowing of pur-
suits and saccades may be the only initial feature and may
eclipse other cerebellar oculomotor abnormalities as the
slowing progresses, in some cases, leading to complete oph-
thalmoplegia.>* Thus, the combination of pathologically slow
saccades and the early visual loss clinch the diagnosis and
differentiates this from SCA2, where there is a similar age at
onset and early slowing of saccadic eye movements, but visual
loss does not generally occur, although rare exceptions exist.'*
There are also rare cases of cone-rod dystrophy reported in
SCA1,"* although saccadic slowing generally occurs in ad-
vanced disease.”® This highlights the importance of the oph-
thalmologist in the diagnosis of SCA7 because
ophthalmologic features may predate the development of
clinical ataxia.

SCA7 is diagnosed by the identification of a pathogenic CAG
trinucleotide repeat expansion in the ATXN7 gene. Genetic
testing for SCA7 and other trinucleotide repeat disorders
requires dedicated testing for repeat expansions (typically as
part of an SCA panel) because these disorders may be missed
in standard genetic testing and whole exome/genome test-
ing.”® SCA7 has a phenotypic spectrum ranging from a severe
infantile/early childhood-onset form (failure to thrive, loss of
motor milestones, and early death) to an adult-onset form
marked by progressive ataxia, early progressive oculomotor
slowing, and vision loss secondary to cone-rod dystrophy,
with spasticity and pyramidal signs, as seen in our patient.”® In
addition to ataxia, other movement disorders associated with
SCA7 include dystonia and parkinsonism.*® Genetic antici-
pation can be striking in SCA7 to the point that a child may be
diagnosed with what is thought to be an unrelated neurode-
generative disease before a parent or grandparent with SCA7
becoming symptomatic.'” Infantile cases tend to occur in
paternal disease transmission, with extreme anticipation and
large increases in repeat expansion when compared with
maternal transmission.”” Such paternally inherited anticipa-
tion was present in this case because our patient became
symptomatic substantially earlier than her father did: her
symptoms began at the age of 13 years, whereas his began at
the age of 47 years and were much milder.

The significance of the additional intermediate allele in the
ATXN?2 gene in our patient’s case is uncertain, but we pos-
tulate that this may reflect her ethnic background because the
Dominican Republic (which has no data regarding SCA2 al-
lelic frequency) is a neighboring island to Cuba, where high
normal and intermediate alleles are common in the general
population.*® Such intermediate alleles have been shown to
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cause late-onset SCA2, and although it is not possible to rule
out some influence of this allele (through genetic interaction),
her phenotype was fully consistent with classical SCA7.>%*®

The management of SCA7 and other cerebellar disorders is
multidisciplinary and treatment currently symptomatic.”> Our
patient received baclofen (for spasticity), riluzole, and anti-
oxidants.”® There has been recent interest in the development
of an antisense oligonucleotide as a potential treatment based
on the results of a study demonstrating reduced ATXN7 ex-
pression and improved visual function in a mouse model.*
This technology has already been used to effectively treat
ophthalmic conditions (e.g,, cytomegalovirus retinitis) and
neurologic conditions (including spinal muscular atrophy),
and thus holds great promise for the treatment of the SCAs.°
Prognosis in the common triplet repeat SCAs is highly vari-
able, with young-onset cases tending to have longer repeat
expansions and more rapid progression, and shorter and even
intermediate expansions sometimes resulting in a late-onset,
slowly progressive course.'” In SCA7, there is relentless
progression of visual loss and ataxia, leading to blindness,
dysarthria, and dysphagia, with a shortened lifespan.*
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