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Nystagmus may be the first neurological sign
in early stages of spinocerebellar ataxia type 3

Nistagmo pode ser o primeiro sinal neurolégico nos estagios precoces da ataxia
espinocerebelar tipo 3
Maria Thereza Drumond GAMA', Flavio Moura REZENDE FILHO', Thiago Junqueira Ribeiro REZENDE?,

Pedro BRAGA-NETO?, Marcondes Cavalcante FRANCA JUNIOR?, José Luiz PEDROSO’,
Orlando Graziani Povoas BARSOTTIN/

ABSTRACT

Background: Spinocerebellar ataxia type 3 (SCA3) is the most common autosomal dominant spinocerebellar ataxia worldwide. Almost all
patientswith SCA3 exhibitnystagmusand/or saccadesimpairment.Objective: Toinvestigate the presence of nystagmusasan early neurological
manifestation, before ataxia, in some patients with SCA3 in the first six months of the disease. Methods: We evaluated a series of 155 patients
with clinically and molecularly proven SCA3 between 2013 and 2020. Data regarding sex, age, age at onset, disease duration, CAG repeat
expansion length, first symptom, presence of ataxia, scores on SARA and ICARS scales, and presence and characteristics of nystagmus were
collected. Results: We identified seven patients with symptomatic SCA3 who presented with isolated nystagmus. In these seven individuals
the age at onset ranged from 24 to 57 years, and disease duration from four to six months. Conclusions: Our study showed that nystagmus
may be the first neurological sign in SCA3. This clinical observation reinforces the idea that the neurodegenerative process in SCA3 patients
may start in vestibular system connections or in flocculonodular lobe. This study adds relevant information about pre-symptomatic features
in SCA3 that may work as basis for a better understanding of brain degeneration and for future therapeutic clinical trials.
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RESUMO

Antecedentes: A ataxia espinocerebelar tipo 3 (SCA3) é a ataxia espinocerebelar de heranca autossémica dominante mais comum em
todo o mundo. Quase todos os pacientes com SCA3 tém nistagmo e/ou comprometimento das sacades. Objetivo: Investigar a presenca
de nistagmo como manifestacao neurolégica precoce, antes do surgimento da ataxia, em alguns pacientes com SCA3 nos primeiros seis
meses de doenca. Métodos: Foram avaliados 155 pacientes com diagnéstico clinico e molecular de SCA3, entre 2013 e 2020, em relacao
a sexo, idade, idade de inicio, duracao da doenca, expansao da repeticao CAG, primeiro sintoma, presenca de ataxia, pontuagoes nas
escalas SARA e ICARS, e presenca e caracterizagao de nistagmo. Resultados: Identificamos sete pacientes com SCA3 que apresentavam
nistagmo isolado. A idade de inicio da doenca nesses pacientes variou de 24 a 57 anos e a duracéao da doenca variou de quatro a seis meses.
Conclusdes: O nosso estudo mostrou que o nistagmo pode ser o primeiro sinal neurolégico na SCA3. Essa observacéao clinica reforca a ideia
de que o processo neurodegenerativo nos pacientes com SCA3 pode se iniciar nas conexdes do sistema vestibular ou no lobo floculonodular.
Este estudo adiciona informacodes relevantes sobre caracteristicas pré-sintomaticas na SCA3 e que podem servir de base para melhor
entendimento da degeneracao cerebral e para futuras terapias.
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INTRODUCTION spinocerebellar ataxia worldwide. The typical phenotype is
characterized by progressive cerebellar ataxia associated

Spinocerebellar ataxia type 3 (SCA3) is an abnormal  with nystagmus, other oculomotor abnormalities, pyramidal
CAG repeat expansion of the ATXN3 gene, located on chro-  signs, and variable degrees of movement disorders, includ-
mosome 14q"? and the most common autosomal dominant  ing parkinsonism and dystonia®. Symptoms usually start in
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the fourth or fifth decade of life, although early r and late
onset may occur depending on the CAG repetition length.
Larger CAG repetition lengths are associated with genetic
anticipation and earlier disease onset*.

Several authors have postulated that SCA3 should be
divided into specific phenotypes depending on age of onset.
Patients with early onset, in the second or third decade of life,
present with marked extrapyramidal features (parkinsonism
and dystonia) and a more severe disease, while patients with
adult onset usually present with cerebellar ataxia associated
with pyramidal signs. On the other hand, patients with very
late onset present with slow progression and a less severe
phenotype®. However, the criticism raised on the classifica-
tion into phenotypes is that clinical features may vary in dif-
ferent stages with disease progression. Therefore, patients
with early onset may present with pure cerebellar ataxia in
the first years, and a severe parkinsonism and dystonia may
occur in advanced stages®.

Besides ataxia, nystagmus is one the most common neu-
rological feature observed in patients with SCAs. Almost all
patients with SCA3 present with nystagmus or/and sac-
cades impairment®. Nystagmus in SCA3 is usually sponta-
neous and symmetrical, and may be vertical or horizontal.
Nystagmus is anatomically related to the vestibular system
(peripheral or central)®”. Pathological and functional stud-
ies in SCA3 have demonstrated involvement of the vestib-
ular system and its connections. Moreover, the flocculo-
nodular lobe has important connections with vestibular
nuclei®®. Thus, flocculonodular lobe involvement in SCA3
may partially explain nystagmus as a very common neuro-
logical sign in SCA3.

In this article we aimed to demonstrate if nystagmus
could be an early neurological manifestation, before ataxia,
in patients with SCA3 in the first 6 months of the disease.
Also, we discuss the natural history of brain degeneration in
SCA3, and postulate that flocculonodular lobe and vestibular
system (and its connections) are the first structures involved
in brain degeneration of these patients.

METHODS

From a series of 155 patients with clinically and molec-
ularly proven SCA3, we evaluated seven patients in the
first six months of disease duration, between 2013 and
2020. Many patients with SCA3 from this series were firstly
evaluated in different stages of the disease, and already
presented with ataxia in the first appointment. Sex, age,
age at onset, disease duration, CAG repeat expansion
length, first symptom, presence of ataxia, scores on SARA
and ICARS scales, and presence and characterization of
nystagmus in all 7 patients were recorded. Subjects with
SCA3 and pure nystagmus also underwent brain magnetic
resonance imaging.
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RESULTS

In these seven individuals with symptomatic SCA3 and
pure nystagmus, the age at onset ranged from 24 to 57 years,
and disease duration from four to six months. Their SARA
score was zero and ICARS score was 1. CAG repetition num-
ber varied from 61 to 80 and cerebellar atrophy in MRI was
seen in two out of seven individuals. In all cases, the nystag-
mus was gaze-evoked, horizontal and vertical, mild and tran-
sitory, not accompanied by saccadic pursuit, dysmetric sac-
cades, or ophthalmoparesis. Their first symptom was either
loss of balance or dizziness. The clinical and molecular pro-
files of SCA3 patients with isolated nystagmus are showed in
Table 1. From the seven patients described, two progressed
to type 1 SCA3 phenotype (marked extrapyramidal features),
three to type 2 (pure ataxia and pyramidal signs), and one
developed type 3 (slow progressive ataxia and neuropathy).

DISCUSSION

In this article, we demonstrated that nystagmus may
be the first neurological sign in some patients with SCA3.
Neurological evaluation in the first months of symptoms
disclosed no cerebellar sign in the seven patients with
SCA3. The main questions discussed in this article are:
Can patients with SCA3 in the first months of symptoms
be misdiagnosed?; and should a genetic test for SCA3 be
requested for a patient with positive family history and pure
nystagmus as the first sign? Finally, the pathophysiological
mechanisms related with pure nystagmus as the first sign
indicate that flocculonodular lobe, its connections, or the
vestibular system are the first structures to be damaged
concerning the natural history of brain degeneration in
patients with SCA3.

Similarly to the article by Raposo et al.,, our study sug-
gests that in early stages, the neurodegenerative process in
SCA3 predominantly affects the vestibular system and its
cerebellar connections, before damage to the cerebellar neu-
rons involved in gait and coordination becomes clinically
relevant’. Also, in line with our findings, Raposo et al. dem-
onstrated nystagmus occurs in a considerable proportion of
pre-symptomatic carriers of mutated ATXN3 alleles, which
were tested for being relatives of SCA3 patients’. Our study
took place in a healthcare setting, thus showing that isolated
nystagmus occurs in symptomatic SCA3 individuals in clini-
cal practice.

Our cases had positive family history and they reported
vague complains of either vertigo or dizziness by the time of
their first evaluation. The decision to test for SCA3 was based
on the presence of gaze-evoked nystagmus, which usually
occurs in cerebellar conditions. Nystagmus can be subtle and
may be overlooked, and it is possible that SCA3 cases with
isolated nystagmus are misdiagnosed. Although it is neither



Table 1. Summary of clinical features of patients with spinocerebellar ataxia type 3 and isolated nystagmus as initial presentation.

number S oo monthg | SARAcars  SACERETON findings

1 Female 24 3 0 1 80 Normal

2 Female 56 6 0 1 - Not performed

3 Male 57 6 0 1 61 Normal

4 Male 37 8 0 1 71 Cerebellar atrophy
5 Male 39 4 0 1 67 Cerebellar atrophy
6 Male 48 3 0 1 = Normal

7 Male 39 4 0 1 - Normal

ICARS: international cooperative ataxia rating scale; MRI: magnetic resonance imaging; SARA: scale for assessment and rating of ataxia; SCA3: spinocerebellar

ataxia type 3.

ethically advisable nor cost-effective to test asymptomatic
individuals at risk for SCA3, patients should undergo molec-
ular investigation if they become symptomatic and exhibit
objective neurological signs with no other apparent cause.
Early diagnosis is important for implementing timely genetic
counseling and physical rehabilitation, and for enrollment in
therapeutic clinical trials.

Pre-motor symptoms have been discussed in several
neurodegenerative diseases, such as Parkinson’s disease,
in which hyposmia and REM sleep disorder manifest sev-
eral years before tremor and bradykinesia’. In SCA3, oculo-
motor dysfunction seems to precede the motor abnormali-
ties in trunk and limbs and gait difficulty. Notably, all cases
of SCA3 with isolated nystagmus in this study ultimately
developed ataxia and other neurological signs. They pro-
gressed to ataxia with different phenotypes in the course
of the disease. The progression from isolated nystagmus to
classical SCA3 phenotypes is in line with Braak theory for
Parkinson's disease, which supports that progressive spread
of Lewy pathology to different structures of the nervous sys-
tem leads to the summation of specific clinical features™**’.
It is important to bear in mind that patients with pre-motor
symptoms may constitute a relevant group for clinical tri-
als and for a better understanding of natural history of
brain degeneration’.

MRI-based studies have been very helpful in depict-
ing the natural history of several diseases, including SCA3.
Recently, Rezende et al. evaluated a large number of patients
of SCA3 in different stages, including pre-symptomatic indi-
viduals, through a multimodal MRI in order to determine the
extension and progression of central nervous system involve-
ment. The authors demonstrated that damage initially affected
the spinal cord, cerebellar peduncles, and substantia nigra,
while in advanced stages it spread to cerebellar vermis and
hemispheres, and other cerebral areas. Although that study
presents a stage scheme to map the natural history of brain
degeneration in SCA3, it was a retrospective and observational
study and did not follow neuroanatomic changes overtime®.
Longitudinal analyses are still scarce in SCA3 and, indeed,
prospective approaches are still scarce in SCA3''>". Besides

anatomical damage, Joers at al. showed that important metab-
olites, such as NAA/mI, NAA/Cr, and NAA/Cho, are reduced
in the pons and cerebellum of pre-symptomatic individuals
with SCA3". Indeed, all these MRI findings are in line with the
manifestation of nystagmus in early stages of the disease and
further analysis need to be done to confirm this hypothesis. Of
note, three of the seven patients of our series with pure nystag-
mus and SCA3 had a normal conventional brain MRI, which
suggests that this is not a reliable biomarker for neurological
involvement in the beginning of the symptoms.

Nystagmus in cerebellar disorders results from dysfunc-
tion in cerebellar projections to the neural integrator, which
is responsible for maintaining the position of gaze or gaze-
holding after saccades occur. Saccades are produced by the
saccades generators, the rostral interstitial nucleus of medial
longitudinal fasciculus (midbrain), which generates vertical
saccades, and the pontine paramedian reticular formation
and sixth nerve nucleus (pons), which generate horizontal
saccades. Repetitive saccades are required to compensate for
the deficit in gaze holding, and correspond to the fast phase
of the nystagmus. Therefore, in SCA3 and other cerebellar
conditions, failure to the neural integrator leads to gaze-
evoked nystagmus'*'S.

There are limitations in our study. Firstly, the vast major-
ity of patients with SCA3 in our Ataxia Unit were firstly eval-
uated after the second year of the disease onset, and many
assessments were not performed in the first months of symp-
toms. Also, brain imaging was restricted to standard brain
MR, and a specific imaging protocol was not performed.

In conclusion, nystagmus can be the only neurologi-
cal sign in symptomatic patients with SCA3 in early stages,
which represent a small proportion of individuals seen in a
neurogenetic outpatient clinic. Our findings reinforce the
idea that the neurodegenerative process in SCA3 patients
predominantly affects vestibular system connections or floc-
culonodular lobe early in disease course. Finally, our study
indicates clinicians should look carefully for oculomotor
abnormalities in individuals at risk for SCA3, which may
ensure timely diagnosis, genetic counseling, and therapeutic
interventions.
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