Ophthalmic features
of Friedreich ataxia

Abstract

Purpose To describe ocular abnormalities

in patients with Friedreich ataxia (FRDA).
Methods Patients diagnosed with FRDA by
genetic analysis were invited to participate

in a prospective cohort. The patients included
underwent an extensive ophthalmologic
examination, including low-contrast Sloan
letter charts test and retinal nerve fiber

layer (RNFL) thickness analysis by optical
coherence tomography (OCT).

Results Twenty-three patients agreed to
participate. In all, 19 patients (83%) had a
visual acuity of at least 0.8 in both eyes. Fundus
examination showed diffuse optic nerve pallor in
four patients. However, OCT showed a decreased
mean peripapillary RNFL thickness in all but
three adult cases and one teenager. The RNFL
thickness was found to have a positive correlation
with visual acuity (P=0.001) and contrast
sensitivity (P=0.001) and a negative correlation
with time elapsed from diagnosis (P = 0.001).
Conclusions OCT and low contrast test
sensitivity show that the visual pathway is
affected in FRDA. However, in most patients
there is no significant visual impairment. In a
small proportion of patients visual acuity
declines with disease progression. This study
provides a better understanding of the
ophthalmic features of FRDA.
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Introduction

Friedreich ataxia (FRDA) is the most frequent
form of hereditary ataxia among Caucasians,
affecting about 1 in 30000 individuals in
Western Europe. It is a neurodegenerative
disease, which affects the central and peripheral
nervous systems and has an autosomal
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recessive pattern of inheritance.! The disease
is characterized by progressive limb and gait
ataxia, leg weakness, dysarthria, hypertrophic
cardiomiopathy, hypoacusia, and an increased
incidence of diabetes mellitus.' Symptoms
usually begin before the second decade of life.

Almost all individuals with FRDA are
reported to be homozygous for a GAA triplet
repeat expansion in intron 1 of the frataxin gene
and only 2-5% of them are heterozygous. This
expansion results in an abnormal influx of iron
into the mitochondria, which increases the
susceptibility of the nervous system, including
the visual pathway, to oxidative stress."**

FDRA is usually an insidious disease, with a
slow decline in muscular function so that most
patients lose their ability to walk, stand, or sit
without support within 10-15 years of onset."
The rate of progression is neither constant nor
linear, and varies among individuals and at
the different stages of the disease.'”

Ocular motor abnormalities are the best-
characterized signs of damage to the visual
system in patients with FRDA. They reflect the
disruption of the brainstem—cerebellar circuit and
include fixation instability, saccadic dysmetria,
disrupted pursuit, and vestibular abnormalities.
The most common manifestation is fixation
instability with frequent square-wave jerks.'
To date, visual ophthalmic manifestations have
been described in up to 30% of patients,
including optic neuropathy and, less commonly,
a retinitis pigmentosa-like syndrome.

Several tools are employed to evaluate
progression in FDRA and most of them are
based on neurological scales. However, none
has been proven to be superior for patient
evaluation in clinical trials.

This study aimed to characterize the ocular
abnormalities in FDRA and to correlate our
findings with neurological disability and
disease duration.

Materials and methods

Patients diagnosed with FDRA (genetically
confirmed) were identified from our hospital’s
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records and invited to participate in this observational
case series. They were recruited from La Paz University
Hospital (Madrid, Spain), a national reference center
for ataxias. Informed consent was obtained from every
patient and the study was approved by the local ethics
committee.

A detailed medical history was obtained. Disability
was quantified according to two scales, the FRDA Rating
Scale (FARS) and the International Cooperative Ataxia
Rating Scale (ICARS). The former comprises three
subscales, a general score for ataxia, a score for activities
of daily living, and a neurological examination.

The scores can be added to make a total score ranging
from 0 to 159; a higher score indicates a greater level

of disability. The ICARS test is a 100-point scale
divided into the following sections: postural and stance
disturbances (maximum score: 34); limb movement
disturbances (52); speech (8); and oculomotor
dysfunction (6). Each side of the body is assessed
separately and the sum of scores for both sides is added
to obtain the final score. A higher score also indicates
more disability.

Patients were classified according to the number
of GAA-triplet repetitions into three groups: <500
repetitions, between 500 and 700, and > 700 (as provided
by the genetic laboratory). For this classification,
the allele with the lowest number of repetitions
(less-affected allele) was selected.

Patients underwent an extensive ophthalmic
examination, including monocular and binocular visual
acuity and binocular low contrast sensitivity. We
employed the high-contrast ETDRS chart at 3.2m and
two low-contrast (2.5 and 1.25%) Sloan charts (LCSLC,
Precision Vision, LaSalle, IL, USA) at 2 m. Contrast acuity
was expressed as a score out of 70, calculated depending
on the number of letters correctly identified in each chart.
Monocular high-contrast visual acuity was noted in
decimal and logarithm of the minimum angle of
resolution (IogMAR) scales, both provided by the ETDRS
chart. LogMAR scale data were used for statistical
analysis.

We also performed anterior and posterior pole
biomicroscopy, internal and external ocular motor
examinations, funduscopy, and optical coherence
tomography (OCT). OCT scanning was performed with
the Stratus OCT (Carl Zeiss Meditec, Dublin, CA, USA)
after pharmacological mydriasis using internal fixation
whenever possible. Fast retinal nerve fiber layer (RNFL)
and fast macular thickness acquisition protocols were
used. Peripapillary RNFL thickness values were obtained
with the built-in software RNFL Thickness Average
analysis protocol. A color-coded graph displays the
RNFL measurements and compares them with age-
matched data. For the purposes of statistical analysis,
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RNFL thickness values that were colored yellow or red
by the normative database were considered reduced.
Central macular thickness, an area 1 mm in diameter and
centered on the fovea, was obtained using the retinal
thickness/volume analysis protocol.

Results

Twenty-three patients with genetically confirmed FDRA
were recruited. All of them had >300 GAA-triplet
repetitions. In all, 14 patients were women (61%) and
9 patients were men (39%), and their ages ranged
between 9 and 34 years at the time of the ophthalmic
evaluation. Table 1 summarizes demographic and
disease-related data. Only one patient reported
symptomatic visual impairment; he presented with
unilateral amblyopia due to childhood esotropia.

Visual acuity ranged between 0.1 and 1 in the right
eye (OD) and between 0.4 and 1 in the left eye (OS).
Table 2 provides more details of visual acuity and
low-contrast test data.

External ocular movements were normal in 15 patients
(65.2%), 1 patient had childhood esotropia (4.3%), and
spontaneous horizontal nystagmus was recorded in
7 patients (30.4%). During anterior biomicroscopy,
traumatic corneal leucomas were detected in two
patients; intraocular pressure was <18 mm Hg in
all cases.

Fundus examination revealed no pigmentary or
vascular abnormalities; however, two cases had diffuse
optic disc pallor in both eyes (OU). Another patient
had localized temporal optic disc pallor in OU.

Table 1 Demographic and disease-related data of 23 FRDA
patients

Variable Mean (standard ~ Range

deviation)

Age at onset (years) 17.0 (7.18) 7-29
Age at the time of exploration (years) 25.22 (6.69) 9-34
Disease duration (months) 21.1 (39.89) 7-204
FARS score (out of 159) 36.4 (15.66) 10-71.5
ICARS score (out of 100) 34.5 (15.23) 13.5-60.25

Table 2 Visual acuity and low-contrast tests in FRDA patients

Variables Right eye  Left eye

0.83 (0.30) 0.92 (0.17)
Binocular
62.13 (8.04)
32.87 (14.58)
24.91 (13.87)

Visual acuity

Low-contrast sensitivity: out of 70 letters
High-contrast test 100%

Low-contrast test 2.5%

Low-contrast test 1.25%

Values are reported as mean (standard deviation).



Macular morphology and thickness were normal in all
patients (Table 3). Peripapillary RNFL thickness
acquisition was possible in 16 OD and 17 OS of the adult
patients. Mean RNFL thickness was within normal
values in 4 right eyes (25%) and was considered reduced
in the remaining 12 right eyes (4 (25%) under percentile
5% and in 8 eyes (50%) under percentile 1%). In all, 5 left
eyes (21.7%) had an average RNFL thickness within
normal parameters, 6 left eyes (26.1%) under percentile
5%, and 6 left eyes (26.1%) under percentile 1%.
Therefore, only 9 eyes were considered normal and 24
showed some degree of atrophy by OCT criteria. Only
three adults showed a mean RNFL thickness within
normal parameters in both eyes.

Mean RNFL thickness values obtained in the four
patients who were underage ranged between 80.11 and
108.44 yum. In a study performed to obtain normal values
for OCT in a pediatric population, the median RNFL
thickness was 108 um and the percentile 5% cutoff was
92 ym.® In all, 5 out of 8 eyes of our patients were below
this percentile.

Mean RNFL thickness was significantly correlated
with all binocular test scores, with time elapsed from
diagnosis and with ICARS score (Table 4). Low contrast
sensitivity was also significantly correlated with ICARS
score (R: 0.579; P=0.004 for the 2.5% chart and R: 0.74
P =0.001 for the 1.25% chart). No significant correlations
were found for the FARS scale. As the number of
GAA-triplet repetitions increased, mean RNFL thickness
tended to decrease; however, differences between
groups were not statistically significant (Table 5).

Table 3 Main macular and RNFL thickness results

Right eye (um) Left eye (um)

Mean RNFL thickness
Superior RNFL thickness
Nasal RNFL thickness
Inferior RNFL thickness
Temporal RNFL thickness
Foveal thickness

Macular volume

80.70 (SD 13.09)
92.95 (SD 16.82)
64.15 (SD 18.31)
103.75 (SD 21.25)
61.75 (SD 12.28)
209.0 (SD 20.63)
6.74 (SD 0.27)

81.93 (SD 12.97)
100.90 (SD 19.30)
64.33 (SD 18.39)
99.71 (SD 17.03)
62.71 (SD 12.73)
215.81 (SD 26.38)
6.76 (SD 0.38)

Values are reported as mean (standard deviation).

Table 4 Mean RNFL thickness linear regression analysis in the
23 FRDA patients

Mean RNFL thickness Right eye Left eye

R 0.725, P=0.007
R 0.724, P=0.002
R 0.780, P=0.001
R 0.638, P=0.002

R 0.666, P=0.007
R 0.741, P=0.002
R 0.822, P<0.001
R 0.695, P<0.001

Binocular high contrast
Binocular 2.5% contrast
Binocular 1.25% contrast
ICARS score

FARS score R 0.531, P=0.016 P=0.056
Time elapsed from R —0.688, P=0.003 R —0.748, P=0.001
diagnosis
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Discussion

Friedreich ataxia usually presents before the age of 25
and does not have gender predilection. We have studied
a relatively young population of FRDA patients with a
slight female dominance. Previous reports have focused
on ocular movement disorders;*!! instead, we focused
on other ocular abnormalities. We found that even
though only one patient complained of visual loss,
contrast sensitivity (the ability to distinguish adjacent
areas of differing luminance) was abnormal in most
cases. OCT is a quick test, easily performed, useful in
neurologically disabled subjects like FRDA patients, for
whom functional tests such as visual fields can be
discouraging. OCT provides information that years ago
could only be subjectively obtained by funduscopy and is
sensitive to decreased RNFL thickness when visual
impairment is not clinically apparent."**? Indeed, in our
study, 24 out of 33 adult eyes (73%) had a decreased
RNFL thickness compatible with different degrees of
optic atrophy, whereas only 3 eyes seemed to be pale on
fundoscopy (Figure 1). Three out of four underage cases
also showed decreased mean RNFL thickness. These
results suggest that FDRA is associated with a frequent,
subclinical optic neuropathy.

Mitochondrial diseases have a wide spectrum of
clinical manifestations. Leber’s hereditary optic
neuropathy (LHON) and dominant optic atrophy (DOA)
produce an optic neuropathy that is characterized by
papillomacular bundle damage, with initial centrocecal
scotomas and visual acuity loss.*'® It has been suggested
that in FDRA, reduced frataxin expression leads to
decreased intracytoplasmatic iron levels, shifting the
redox state out of its optimum levels. This predisposes
the retinal ganglion cells to oxidative damage. As the
mechanisms for managing this damage are gradually
overcome, retinal ganglion cell death takes place. Thus,
optic neuropathy would develop with age.” Our results
support this hypothesis, as we found a negative
correlation between disease duration and RNFL
thickness. Fortuna et al' found a correlation between age
at onset and RNFL thickness (P =0.007), but not between
disease duration and RNFL thickness (P =0.068). The
difference between these results and ours might be

Table 5 Mean retinal nerve fiber layer (RNFL) thickness
according to the GAA-triplet repetition classification

GAA-triplet repetitions Mean RNFL thickness

Right eye Left eye
<500 87.32 (SD 9.97) 86.38 (SD 6.82)
500-700 81.43 (SD 10.01) 83.78 (SD 12.12)
>700 77.96 (SD 15.16) 79.67 (SD 15.02)

Differences between groups were not statistically significant.
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Figure 1 Two patients diagnosed with FRDA in different stages of the disease. Even in the most severe case, the thickness of the

temporal quadrant is not decreased.

explained by the different study populations: Fortuna

et al included FRDA patients with a mean age of 32 years
(range 24-40), while the age of our patients ranged
between 9 and 34. We believe this wider age range
increased the possibilities of detecting a relationship
between disease duration and RNFL thickness. Previous
studies have established that visual impairment in FRDA
is related to the number of GAA repeats; however, we
cannot confirm these results. The exact number of
repetitions in each case was not available to assess this
correlation, and although RNFL thickness tended to
decrease as the number of GAA repeats increased,
differences were not statistically significant.

A remarkable feature of optic neuropathy in FRDA, as
opposed to LHON and DOA, is that it is not clinically
apparent despite its frequency. Visual acuity is not
usually affected, as occurred in our population, probably
because the papillomacular bundle is often preserved."**
In the present study, macular thickness and the RNFL of
the temporal quadrant on OCT, which represent the
papillomacular bundle, were normal (Figure 1). The
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reason why the papillomacular bundle is preserved

in this disease although it is the one initially damaged
in other mitochondrial diseases is unclear. Further
investigations on the exact pathophysiological
mechanism of each mitochondrial disease might
explain the differences in the pattern, timing, and

rate of progression of optic neuropathy.

In order to detect mild optic nerve disease,
electrophysiological tests, contrast sensitivity, perimetry,
and OCT examination are needed."*'* Contrast
sensitivity has been described to be a more sensitive
marker of optic nerve damage than visual acuity,* as
well as a better marker for disease progression.'>'*1¢
In our study, only 18% of patients had optic nerve
abnormalities on funduscopy; however, almost all
patients had low contrast sensitivity. We also found that
contrast sensitivity is correlated with RNFL thickness,
making it a potentially useful test for monitoring
response to treatment in clinical trials. Therefore, contrast
sensitivity should be the functional test to assess
progression in FRDA patients.



The FARS is the most widely employed scale to
evaluate neurological disability in this disease. The
ICARS was developed to evaluate the effect of medical
treatment in ataxia. Both have been validated and show
good inter-rater reliability.>'*"'® Mean RNFL thickness
was significantly correlated with the ICARS score
(Table 4); however, no significant correlation was found
for the FARS scale. This may be due to the different items
scored in each scale. The ICARS scale evaluates two
items related to visual function: postural and stance
disturbances, and oculomotor dysfunction, whereas none
of the items scored by the FARS scale are related to visual
function.” Fortuna et al' found positive correlations
between scores obtained in the ICARS test and disease
duration, and mean RNFL thickness. However, they did
not find a significant correlation with contrast sensitivity
as we did.

The search for a valid tool to evaluate disease
progression for FRDA is still ongoing.’***! Mild optic
neuropathy seems to be frequent in patients with FDRA
and to be correlated with disease duration. Both contrast
sensitivity and OCT are quick, easily performed, non-
invasive techniques that are able to detect and quantify
early optic nerve damage. They should be routinely
performed to evaluate progression and response to
treatment in FRDA patients. Longitudinal clinical trials
are needed in order to demonstrate if optic neuropathy
progression is really correlated with the number of GAA
repeats and with systemic disease progression in FRDA.

Summary

What was known before

® FDRA is a is a neurodegenerative disease produced by
mutations in the frataxin gene, which results in an
abnormal influx of iron into the mitochondria, increasing
the susceptibility of the nervous system, including the
visual pathway, to oxidative stress.

® Ocular motor abnormalities in FRDA reflect the
disruption of the brainstem—cerebellar circuit and include
fixation instability, saccadic dysmetria, disrupted pursuit,
and vestibular abnormalities.

® Up until optical coherence tomography time, visual
ophthalmic manifestations have been described in up to
30% of patients, including optic neuropathy and, less
commonly, a retinitis pigmentosa-like syndrome.

What this study adds

® OCT showed a decreased mean peripapillary RNFL
thickness in all but four cases. In contrast to optic
neuropathies in other mitochondrial diseases, in FDRA
there is a preservation of the papillomacular bundle,
leading to better visual acuity.

® The RNFL thickness was found to have a positive
correlation with visual acuity and contrast sensitivity, and
a negative correlation with time elapsed from diagnosis.

e Contrast sensitivity is a more useful tool than visual
acuity or perimetry to detect subclinical optic neuropathy.
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