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Optical coherence
tomography
findings in
spinocerebellar
ataxia-3

Abstract

Purpose To report optical coherence
tomography (OCT) findings in order to detect
subclinical alterations of the afferent visual
pathways in spinocerebellar ataxia 3 (SCA-3).
Patients and methods Nine genetically
confirmed patients (18 eyes) were evaluated
with a complete ophthalmologic examination
including visual acuity, colour vision, visual
field test, and retinal nerve fibre layer (RNFL)
and macular thickness with OCT Cirrus HD.
A neurological examination was performed
and the Scale for the Assessment and Rating
of Ataxia (SARA score) was determined in all
patients.

Results The mean RNFL thickness was
77.39 microns, standard deviation (SD) was
+5.93. In 15 eyes (83.33%), the mean RNFL
thickness was lower than the population
average considering age and sex. In 10 cases,
there was a reduction of the RNFL thickness
in the superior sector, eight in the inferior
and four in the nasal. Temporal sector RNFL
thickness was preserved in all eyes. RNFL
thickness was inversely correlated to SARA
score (r= —0.64, P=0.012). The mean
macular thickness was 252.61 microns,

SD +22.80, being inferior respecting average
population in only two eyes (11.11%). In four
patients, (eight eyes) OCT studies were
performed during a mean follow-up of 14.25
months, and in five eyes (62.50%) there was a
mild trend to a RNFL thickness decrease in
this period.

Conclusion A mild and progressive decrease
in RNFL thickness can be observed in SCA-3
patients. A negative correlation exists
between an anatomic marker (RNFL
thickness) and a clinical severity scale (SARA
score); thus, RNFL thickness could be
considered as a promising biomarker of the
disease.
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Introduction

The autosomal dominant spinocerebellar
ataxias (SCA) are a heterogeneous group of
dominantly inherited neurological disorders
characterised by progressive ataxia that results
from the degeneration of the cerebellum and its
afferent and efferent connections.! In most
forms, there is a clinical and neuropathological
evidence of additional involvement of the
brainstem, basal ganglia, spinal cord, and the
peripheral nervous system. Disturbances of
coordinated eye movements are invariable and
often disabling part of the clinical syndrome.
The neural mechanisms that govern the control
of the eye movements reside in the brainstem,
cerebellum, and the frontal, parietal, and
occipital lobes of the cerebral cortex. Most of the
structures concerned with eye movements are
involved in the degenerative process
underlying SCA. In addition, in SCA-7 a
cone-rod degeneration is associated, preceding,
accompanying, or following the onset of ataxic
symptoms.? On the other hand in some
recessive ataxias such as Friedreichs ataxia (FA)
an afferent visual pathways involvement has
been ascertained. In addition, Fortuna et al®
detected subclinically optic neuropathy with
optical coherence tomography (OCT),
demonstrating a variably reduction of the
retinal nerve fibre layer (RNFL) in all their
patients affected of FA. Moreover, in some
neurodegenerative diseases such as Parkinson’s
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and Alzheimer’s disease a thinning of the RNFL has been
found.*?

SCA-3, also known as Machado—-Joseph disease (M]JD),
is the most common form of SCA in Spain, although SCA
is a very infrequent disease (the estimated prevalence is
about 1-4/100.000). MJD usually begins as a progressive
ataxia accompanied by lid retraction and infrequent
blinking, ophthalmoparesis, and impaired speech and
swallowing. Neuropathological findings include
widespread degeneration of cerebellar afferent and
efferent pathways, pontine and dentate nuclei, and the
cell bodies of substantia nigra, subthalamic nucleus,
globus pallidus, cranial motor nerve nuclei, and anterior
horns.

Regarding the visual system affection in one form of
SCA and the subclinical optic neuropathy detected in
some other forms of ataxia and other neurodegenerative
diseases, we studied the clinical and OCT findings in a
group of patients with MJD to detect afferent visual
pathways involvement.

Materials and methods

We recruited nine Spanish patients with clinically and
genetically confirmed SCA-3/MJD diagnosis (more than
52 CAG repeats) in the Hospital Clinic de Barcelona
between January 2010 and January 2011. The protocol for
this study was approved by the local hospital ethics
committee, and informed consent was obtained from all
patients. The study and data accumulation were
performed in conformity with Spanish and European
laws and in adherence to the tenets of the Declaration of
Helsinki.

Neurological history, age at onset, and evolution of the
disease were recorded in all patients. To assess the
disease severity the Scale for the Assessment and Rating
of Ataxia (SARA) was used. The SARA ranges from 0 (no
ataxia) to 40 (most severe ataxia), being a result of the
evaluation of eight quantitative features for gait, stance,
sitting, speech disturbance, and limb kinetic functions.
Each patient had a complete ophthalmologic
examination, including best-corrected visual acuity
(BCVA) with Snellen chart, colour vision (Ishihara’s test),
ocular motility, slit lamp biomicroscopy, intraocular
pressure measurement, indirect ophthalmoscopy, and
visual field test (Humphrey Systems GPA II, Carl-Zeiss
Meditec, Dublin, CA, USA). Spectral-domain OCT
(Cirrus HD software version 3.0.0.64, Carl-Zeiss Meditec)
was performed in all patients to measure the RNFL
thickness and the macular thickness. The OCT
acquisition protocols adopted were Optic Disc Cube
200 x 200 and Macular Cube 521 x 128, which were
subsequently analysed with the RNFL Thickness and
Macular Thickness protocols. For each eye, we studied
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the mean RNFL thickness, temporal, superior, nasal and
inferior quadrant thickness, and macular average
thickness. Patients who returned in the follow-up were
re-evaluated, OCT was repeated and a progression rate
was calculated. Patients were excluded if they had
another cause of visual loss, another cause of decrease in
the RNFL thickness (glaucoma and other optic
neuropathy), or maculopathies. Also patients with large
refractive defects (hyperopia>5 diopters and myopia>5
diopters) were excluded because of the variability of
RNFL thickness measurements in this population. RNFL
thickness and macular thickness were correlated with the
SARA score and years of evolution of the disease. The
General Lineal Model (GLM) approach was used in order
to evaluate the relation between RNFL and SARA

score or the duration of the disease with univariate and
multivariate models. Owing to the sample size, a
bootstrap estimation from 1000 samples was used as final
estimation of these slopes with their 95% confidence
intervals (95% CI). SPSS ver18 for Windows (SPSS Inc.,
Chicago, IL, USA) was used for statistical calculations.

Results

Nine patients were included in the study, five females
(55.56%) and four males (44.44%). Two families were
recruited: patients 1, 2, and 3 were brothers, and patients
4 and 5 were sisters. The mean age was 46.33-year-old
(standard deviation (SD) = 10), ranging from 35 to 63
years. The mean age at the onset of the disease was
36.33-year-old (SD +9.26), ranging from 23 to 50 years.
Mean disease duration was 10 years (SD * 5,31), ranging
from 1 to 17 years (see Table 1).

All patients presented gait ataxia at the moment of
ophthalmic examination as well as dysarthria and
dysmetria. Patients 1, 2, 4, and 8 had autonomous gait,
patients 5 and 6 had difficulties with gait, and finally
patients 3, 7, and 9 needed wheelchairs. Patients 4, 5, and
6 also presented spasticity. SARA score was determined
in all of them (see Table 1). The mean SARA score was
14.67, with a SD of *+5.78, ranging from 5 to 22.

At the last follow-up visit mean BCVA was 20/25,
ranging from 20/30 to 20/20. Colour vision was
preserved in all patients, but one who was previously
reported of congenital dyscromatopsia. Visual field test
exams were normal in all patients, with an average mean
defect of 1.74 and mean SD of 1.86. All patients presented
some degree of ocular motility alterations described in
this condition such as gaze-evoked nystagmus or
hypometric saccades. Fundus examination was normal in
all patients.

The mean RNFL thickness was 77.39 microns, SD was
*5.93. The mean RNFL thickness in the superior
quadrant was 95.22 microns (SD £ 12.90), in the inferior
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Table 1 Epidemiology and neurological findings in our patients. Average values and SDs are reported

Patients  Gender Age (years) — Age at onset (years)  Disease duration (years) — Ataxia ~ Wheelchair bound ~ SARA Score

1 Female 49 40 9 Yes No 9

2 Male 35 34 1 Yes No 5

3 Female 47 30 17 Yes Yes 17

4 Female 37 30 7 Yes No 9.5

5 Female 40 30 10 Yes No 18.5

6 Male 36 23 16 Yes No 18.5

7 Female 63 49 14 Yes Yes 22

8 Female 56 41 15 Yes No 13

9 Male 54 50 4 Yes Yes 19.5
Male 33.3% 46.3£10 36.3£9.26 10+5.32 100% 33.3% 14.67 £5.78

Female 66.6%

Table 2 OCT findings in our nine patients, including RNFL and macular thickness total values, average values, and SD

Patient Eye  Mean RNFL Superior RNFL Inferior RNFL Temporal RNFL Nasal RNFL Mean macular
thickness thickness thickness thickness thickness thickness
1 OD 89 107 111 59 81 259
1 0os 87 114 101 51 83 258
2 OD 80 89 93 56 51 266
2 os 76 98 81 58 45 266
3 OD 79 93 97 51 74 260
3 0os 79 100 92 49 77 262
4 OD 79 100 96 60 61 280
4 0os 80 108 101 57 54 277
5 OD 79 90 100 66 60 250
5 os 73 87 88 58 59 258
6 OD 76 81 99 65 59 249
6 0os 72 99 93 52 45 247
7 OD 74 91 91 53 61 212
7 0os 73 90 91 56 55 206
8 OD 75 100 85 48 65 223
8 0os 86 120 103 55 62 221
9 OD 66 65 92 55 52 276
9 oS 70 82 87 58 46 277
Results 77.39+5.93 95.22£12.91 94.50+7.28 55.94+£4.91 60.56 £ 11.72 252.61+22.80

Abbreviations: OCT, optical coherence tomography; RNFL, retinal nerve fibre layer.

94.50 (SD £ 7.28), temporal 55.94 (SD +4.91), and nasal
60.56 (SD £ 11.72) (see Table 2). In 15 eyes, (83.33%) the
mean RNFL thickness was lower than the population
average considering age and sex. In 10 cases, there was a
reduction of the RNFL thickness in the superior sector,
8 in the inferior and 4 in the nasal. Temporal sector RNFL
thickness was preserved in all eyes.

The mean macular thickness was 252.61 microns,

SD *22.80, being inferior respecting average population
in only 2 of the 18 eyes of the study (11.11%). All patients
had integrity of photoreceptor inner/outer junction.

In four patients, (eight eyes) OCT studies were
performed during a mean follow-up of 14.25 months
(ranging from 9 to 24 months), and in five eyes (62.50%)
there was a mild trend to a RNFL thickness decrease in
this period. A progression rate was calculated, resulting
in a loss of 8, 6, 2, and 2, and 1 average RNFL thickness
per year (mean—3.60 per year, SD + 3.03).

Eye

The univariate approach showed an inversely
proportional correlation between the SARA score and the
RNFL thickness, but not between disease duration and
RNFL thickness (see Figure 1 and Table 3). On the other
hand, macular thickness showed an inverse correlation
with duration of the disease; however, results regarding
the SARA score were not conclusive (see Table 3).

Discussion

RNFL alterations have been observed in the preclinical
stage of dominant optic atrophy (DOA)® and Leber’s
hereditary optic neuropathy (LHON ).7 Moreover, in
some neurodegenerative diseases such as Parkinson’s
disease and Alzheimer’s disease, the RNFL thinning has
been demonstrated with OCT, even in patients without
visual loss.*> Considering neurodegenerative ataxias,
such as Friedreich’s ataxia, alterations in the afferent
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Figure 1 Linear negative correlation between SARA score and
RNFL thickness is found in the univariate approach.

Table 3 Statistical analysis with the univariate approach
between RNFL thickness and duration of the disease (no
significant correlation), and SARA score (significant negative
correlation)

RNFL Parameter Slope and 95% CI ~ P-value

Duration of
disease (years)
SARA score

Univariate
approach

0.15 (—0.35; 0.68) 0.537

—0.64 (—1.16; —0.29) 0.012

Abbreviations: RNFL, retinal nerve fibre layer; SARA, Scale for the
Assessment and Rating of Ataxia.

visual pathway, expressed by a reduction of the RNFL
thickness in the OCT can be ascertained.? However, in the
M]JD, and other SCA, despite some results that have been
recently published, there are no conclusive studies
regarding RNFL and macular thickness variations
(except SCA-7 with its cone and rod macular dystrophy
associated). For example, Stricker et al® found a decreased
average RNFL thickness in a group of SCA-1 patients
compared with age and sex matched healthy control
group, mainly affecting the temporal sector. In addition,
seven of the nine patients evaluated presented at least
one sector below the normal range. However, in their
study of OCT findings in SCA-1, 2, 3, and Cerebellar
Multisystem Atrophy (CMA), Pula et al’ described a
RNFL thinning in SCA-2 and SCA-3 but not in SCA-1.
Therefore, results in SCA-1 are controversial. Regarding
OCT findings in SCA-3, Pula et al’ studied five patients
(10 eyes) and found an overall RNFL thickness decrease
compared with a control group, but the authors failed in
analysing which sectors of the RNFL were affected.
Moreover, although compared with the average RNFL
with a control group, it was not specified which cases
were below the normality in the individual analysis
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performed by the OCT device. In our study, we found a
mean average RNFL thickness of 77.39 microns, with a
mild decrease in 15 of 18 eyes considering the analysis of
the OCT, that represented the 83.33% of the studied eyes.
Thus, SCA-3 patients can present a subclinical RNFL loss
not attributable to any ophthalmic disease, and then
probably secondary to their neurodegenerative illness.
There was not a specific pattern in these cases with RNFL
loss, being affected the superior, inferior, and nasal
sectors in 10, 8, and 4 eyes, respectively. Temporal sector
was preserved in all of the studied eyes; therefore,
papillomacular bundle probably is not primarily
involved in SCA-3 and consequently visual acuity is
preserved in these patients (mean BCVA 20/25 and
colour vision conserved in all patients, except the one
affected of congenital dyscromatopsia). For instance,
RNFL thinning observed in our study showed
predominance for the superior and inferior sectors,
which could mimic glaucomatous optic disc neuropathy,
thus an exhaustive ophthalmologic examination,
including intraocular pressure measurement and visual
field testing, should be performed in these patients. In
that sense, our results differ substantially of the ones
published by Stricker et al,? who reported a temporal
fibre affection in SCA-1, resembling pathology found in
toxic or mitochondrial optic nerve diseases. Thus, the
physiopathology of the neuro-opthalmologic
degeneration in SCA-3 seems to be more similar to the
observed in Alzheimer’s and Parkinson’s disease rather
than in the SCA-1 and toxic or mitochondrial optic nerve
diseases. Interestingly, although being classified in the
same group of dominant inherited ataxias, our results
and the previous reported show that SCA are a
heterogeneous group of ataxias, each one with its own
physiopathology. However, it should be noted that
different OCT devices had been used in the studies
mentioned, and therefore results cannot be directly
compared.

A macular thickness decrease has been observed in
dominant optic atrophy (DOA), due to the degeneration
of retinal ganglion cells (RGC) of the papillomacular
bundle, which is thought to subsequently produce the
RNFL loss.!9 On the other hand, the cause of RNFL loss
in Alzheimer’s and Parkinson’s disease is multifactorial,
including degeneration of RGC and through retrograde
degeneration due to the loss of cortical neurons.>112
Pula et al’ found a statistical significant decrease of mean
macular thickness in five patients affected of SCA-3
compared with a control group. The thinning was
significant in nasal and inferior sectors of the macula,
probably secondary to a RGC loss of the papillomacular
bundle in these sectors. However, in our study the mean
macular thickness was 252.61 microns, and only in 2 of
the 18 eyes (11.11%) a macular thickness reduction was
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observed. Therefore, considering our results, the cause of
the RNFL loss observed in our patients seems to
probably be multifactorial, and could be explained as a
result of a retrograde degeneration, similarly as in
Alzheimer’s disease, instead of being secondary to a
RGC loss. On the other hand, in some SCAs a cone-rod
dystrophy has been described as a part of the disease, but
neither the fundus examination nor the SD-OCT
demonstrated any evidence of a photoreceptor
dysfunction. The macular SD-OCT showed an integrity
of the photoreceptor inner/outer junction in all cases.
Moreover, the preservation of visual function (visual
acuity, colour vision, and visual field test) should be
noted favourably to our hypothesis. However, it should
be noted that electrophysiological studies and the use of
low contrast visual acuity charts would be more sensitive
in order to detect subclinical visual dysfunction, and
therefore should be used in future studies.

The median SARA score was 17 and ranged from 5 to
22 in our patients. Considering the range of this scale
(from 0 to 40) none of our patients had a very severe
ataxia, for instance this could explain that the RNFL
thickness decrease detected in our study was mild. A
statistically significant negative correlation was found
between SARA score and RNFL thickness with the
univariate model. Stricker et al® did not found significant
level for the correlation. Probably due to small samples of
both studies, a statistically significant correlation is
difficult to be reached, but in our study was found, and it
is consistent with the fact that the most clinically affected
patients should have a less RNFL thickness. Therefore,
our study shows that a clinical scale and an anatomic
measurement are correlated, thus RNFL thickness
could be considered as a promising biomarker and a
complementary tool in a severity grading scale of the SCA-3.

The mean evolution of the SCA was 10 years, ranging
from 1 to 17 years. Interestingly, a statistically significant
negative correlation with duration of the disease and
RNFL thickness was not found with the univariate
approach. A possible explanation of this result could be
the lack of statistical power due to the small and
heterogeneous (SD of 5.32 regarding years of evolution)
sample of our study. However, SCA-3 mutation is an
expanded CAG repeat that encodes polyQ in the disease
gene product ataxin-3, which means that the phenotype
in MJD varies widely depending on repeat length.!3
Thus, a RNFL loss could be more probably detected in
the most severe forms with more CAG repeats and not in
all patients despite the years of the disease evolution.
Furthermore, these patients should have also the most
intense RNFL loss. For instance, we should also consider
other variables besides time of evolution of the disease
such as number of CAG repeats. In addition, probably
the severity of the disease could be more related with the
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severity of the mutation rather than the time of evolution.
In our study, despite the fact that all patients were
genetically confirmed for SCA-3, unfortunately the exact
number of CAG copies was available in only three
patients. Patient 2 had 70 copies, patient 4 had 71 copies,
and patient 9 had 71 copies. Further studies including
this issue need to be performed in order to confirm our
hypothesis.

As an alternative method, we considered the age at the
diagnosis of the disease; then, we should expect that
youngest patients, in the moment of the diagnosis, have a
greater number of CAG repeats and a more severe form of
the disease, so they could have more neuronal loss than
older ones with a similar time of evolution. Therefore, we
analysed whether there was a correlation between age at
the neurological diagnosis and age at the moment of the
ophthalmologic examination, and RFNL and macular
thickness. Again, the small size and heterogeneity of our
studied population (youngest patient was 23 and oldest 50
years, with a SD of 9.26 years) did not permit to find any
statistically significant differences.

An OCT study during a mean follow-up of 14.25
months (ranging from 9 to 24 months) was performed in
four patients (eight eyes) to assess the evolution of the
RNFL. Five of the eight eyes (62.50%) showed a mild
trend of RNFL reduction (-3.60 per year, SD *3.03)
during this period, the other three remained stable and in
one case gained 2 microns. Considering that it is unlikely
to gain RNFL thickness this case should be considered as
a result of the variability between the exams. Also the
three cases with a RNFL loss of -2, —2, and -1 mean
RNFL thickness could be considered as well. However,
the two cases with a RNFL loss of -8 and -6 microns per
year should be noted as a possible progression. In a
study that evaluated the reproducibility of the Cirrus HD
Spectral-Domain OCT in multiple sclerosis patients,

Syc et al'* found excellent results even in inter-rater
exams. Moreover, in the detection and assessment of
RNFL progression in glaucoma, spectral-domain OCT
has been superiorly proven to time-domain OCT." In
that sense, although OCT Cirrus HD is an excellent tool
to detect progression, because of the small sample of the
study and the absence of a control group of normal
subjects, it is not possible to assure that this loss detected
in our study represents a progression of the disease and
it is not attributable to other causes such as variability
between the exams.

Conclusions

SCA-3 is an uncommon neurodegenerative disease of the
cerebellum and its connections, with a variable
phenotype due to the characteristics of the gene mutation
(a CAG expansion). A mild decrease of the RNFL



thickness in most eyes (83.33%) was found in our study.
RNFL thickness was negatively correlated with the
SARA score but not with the duration of the disease in
the univariate models. Therefore, RNFL thickness could
be used as a biomarker and clinically severity grading
system of the disease. On the other hand, none of the
univariate approaches showed correlation between
macular thickness and SARA score or years of evolution
of the ataxia. However, considering the low prevalence of
the disease and its heterogeneity, multicentric studies
should be performed in order to confirm our initial
results.

Summary

What was known before
® Retinal nerve fibre layer could be affected in some
neurodegenerative ataxias (including some types of
spinocerebellar ataxia such as SCA-1).

What this study adds
® Decrease in the retinal nerve fibre layer in Spanish
patients affected of SCA-3.

® Negative correlation between retinal nerve fibre layer
thickness and SARA score.

® Preservation of temporal sector and macular thickness.
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