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rare.

more than 30 years duration.
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Background: Friedreich ataxia is the most frequent hereditary ataxia worldwide. Subclinical visual and auditory
involvement has been recognized in these patients, with co-occurrence of severe blindness and deafness being

Case report: We describe a patient, homozygous for a 873 GAA expansion in the FXN gene, whose first symptoms
appeared by the age of 8. At 22 years-old he developed sensorineural deafness, and at 26 visual impairment.
Deafness had a progressive course over 11 years, until a stage of extreme severity which hindered communication.
Visual acuity had a catastrophic deterioration, with blindness 3 years after visual impairment was first noticed.
Audiograms documented progressive sensorineural deafness, most striking for low frequencies. Visual evoked
potentials disclosed bilaterally increased P100 latency. He passed away at the age of 41 years old, at a stage of
extreme disability, blind and deaf, in addition to the complete phenotype of a patient with Friedreich ataxia of

Discussion: Severe vision loss and extreme deafness has been described in very few patients with Friedreich ataxia.
Long duration, severe disease and large expanded alleles may account for such an extreme phenotype;
nonetheless, the role of factors as modifying genes warrants further investigation in this subset of patients.

Background

Friedreich ataxia (FRDA) is the most frequent heredi-
tary ataxia worldwide. The underlying genetic mech-
anism is, in the majority of patients, an unstable,
pathological GAA expansion in FXN gene leading to
decreased expression of frataxin, a ubiquitous mito-
chondrial protein [1]. First symptoms usually appear
around puberty, and cardinal neurological features in-
clude cerebellar ataxia, sensory loss, pyramidal signs
and absent reflexes in lower limbs [2]. Atypical
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phenotypes, with retained reflexes, late or very late
onset have been thoroughly characterized for the last
years [3]. The most frequent non-cerebellar symptoms
encompass cardiac repolarization abnormalities, car-
diomyopathy, scoliosis and urinary system disorders
[2, 4]. Optic and auditory involvement may also be
present in FRDA, with most patients having only mild
or no symptoms at all [2, 4, 5]. Here we report the
rare occurrence of blindness and deafness as part of
an extreme FRDA phenotype.

Case presentation

A) Methods

This patient was part of a prospective study on heredi-
tary cerebellar ataxias approved by the Institutional
Ethics Committee. The patient had been followed at our
hospital since 1998; and, from 2016 to 2019, he was
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evaluated through a structured protocol, comprising def-
inition of age-at-onset of the various neurological symp-
toms/ signs, the Scale for the Assessment and Rating of
Ataxia (SARA) and the Inventory of Non-Ataxia signs
(INAS). Every 6 months a questionnaire on new neuro-
logical symptoms and the INAS was applied, as well as a
complete neurological exam, comprising SARA. The
missing clinical information was obtained through a de-
tailed review of medical records and video files. Brain
MRI was performed in 1.5 T scanner. DNA was collected
from peripheral blood of patient and parents, and stored
at CGPP-IBMC, i3S.

B) Case report

This was a male patient, homozygous for a 873 GAA ex-
pansion in the FXN gene, who presented gait instability
by age 8years. Dysarthria and upper limbs dysmetria
emerged subsequently, and 4 years after disease onset he
was wheelchair-bound. Scoliosis was diagnosed at age
16, and cardiomyopathy detected 1 year later. When 22
years-old he complained of bilateral hypoacusia, progres-
sing to severe deafness over 11 years. By age 26, visual
impairment was noticed and rapidly deteriorated: visual
acuity decreased to 0.4 in just 1 year, and further de-
creased to light perception in the following 2 years. At
that time, fundoscopic exam showed marked pallor of
the optic discs, with sharp edges and normal retina.
There was no history of exposure to drugs or toxins that
could affect vision or hearing. Diabetes was diagnosed in
his early thirties. By the age of 40 he presented scandid
dysarthria, blindness, decreased amplitude of horizontal
saccades, severe deafness impairing communication, tet-
raparesis predominantly affecting the lower limbs, absent
deep tendon reflexes, absent position sense in the hallu-
ces, and truncal and finger-to-nose ataxia, scoring 38 on
SARA (video). Even though a neuropsychological assess-
ment could not be performed, there was no evidence of
cognitive deterioration. He passed away with 41 years,
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after severe pneumonia. By the time visual and hearing
impairment were identified, a thorough investigation
was conducted: haemogram, chemistry, serology and im-
munology studies were normal. Genetic variants associ-
ated with Leber hereditary optic neuropathy (LHON)
were excluded. Visual evoked potentials disclosed bilat-
erally increased latency (right eye: 144 milliseconds, left
eye: 148 milliseconds) and decreased amplitudes of
P100. Audiograms, performed over a period of 15 years,
documented progressive sensorineural deafness, most
striking for low frequencies (supplementary figure). On
brain MRI (at age 29 years old), there was cerebellar,
pons and medulla atrophy, with optic nerves exhibiting
normal thickness and signal (Fig. 1).

Discussion

The first description of optic atrophy in FRDA was made
by Sjogren, in 1940, in 12% of his patients [2]. Four de-
cades later, Harding identified optic atrophy in 30% of
cases: only 5.2% with severely and 13% with mildly re-
duced visual acuity, the remaining being asymptomatic
[2]. Deafness was present in 7.8%, ranging from severe
(0.9%) to mild (5.2%) [2].

Across the years, a few studies have demonstrated that
subclinical involvement of visual and auditory systems is
much more frequent than severe blindness and deafness
[5-7]. Reduced visual acuity has been identified in 3.1-
13% [4, 6, 8], and increased latency of visual evoked
potentials in a much higher percentage of individuals:
34-70% [5, 6, 9]. In a study conducted by Fortuna et al.,
all the 26 individuals had thinning of the retinal nerve
fibre layer on optical coherence tomography, in spite of
only five having reduced visual acuity [5]. Involvement
of posterior visual pathways was also present in these
patients, with significantly higher apparent diffusion co-
efficients on diffusion-weighted MRI of the optic radia-
tions [5]. Hearing loss of variable severity has been
reported in 10-39% [4, 6, 8], with abnormal conduction

Fig. 1 Brain MRI T1 (A) and T2 (B) sequences showing atrophy of vermis and cerebellar hemispheres
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in central pathways identified in 61-100% [6, 8, 10]. Im-
paired speech-understanding at levels of everyday back-
ground noise has been reported in up to 90% of patients,
developing as soon as early-school years [7, 10].

Notwithstanding the relative frequency of subclinical
visual and auditory impairment, co-occurrence of severe
blindness and deafness are rather uncommon, but may
be clustered with diabetes [2]. Critical vision loss resem-
bling LHON has been described in very few patients,
most being compound heterozygotes, with large ex-
panded alleles, long duration and advanced disease [5,
11, 12]. The patient here reported had a catastrophic
and rapidly progressive optic neuropathy, while hearing
loss had a protracted course over 11 years until reaching
a stage of critical deafness. Opposed to what has been
described he was not a compound heterozygote, but a
large expansion and long disease duration could partly
account for such a severe phenotype.

Underlying pathophysiological mechanisms are incom-
pletely understood. Current lines of evidence suggest an-
terior and posterior visual pathways degeneration;
whereas in auditory function, the cochlea appears to be
spared and central auditory brainstem is affected [5, 7].
A study on a mouse model, specifically addressing ret-
inal ganglion cell death, suggested that optic atrophy
was a consequence of increased sensitivity to oxidative
stress, due to impaired intra-cellular iron regulation [13].
Frataxin deficiency may impact the respiratory chain,
leading to mitochondrial iron deposition and dysfunc-
tion with consequent increased cellular susceptibility to
oxidative stress [5, 13].

With this report we wish to (1) further contribute to
the characterization of optic and auditory involvement
in FRDA, (2) stress the need to better understand the
underlying mechanisms, as well as their genetic and epi-
genetic modifying factors (including somatic heterogen-
eity); and (3) increase awareness for this rare extreme
phenotype. Improved healthcare services and longer sur-
vival of early-onset patients will probably increase the
frequency of these devastating manifestations.
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Additional file 1: Video Segment 1 The patient presents scandid

dysarthria. Throughout the video, both the doctor and his mother have
to speak very loudly for him to hear. Mild involuntary head movements,
suggestive of titubation, as well as involuntary eyebrow movements, are
present. Segment 2 \We observe mild head movements, when initiating
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horizontal saccades. Also, saccades are slow and with restricted horizontal
range. On both video segments, there are involuntary eye movements of
a roving nature, probably due to the absence of fixation, as is frequently
observed in blind patients.

Additional file 2: Supplementary figure. audiograms documenting
progressive sensorineural deafness (b: 2003, c: 2018).

Acknowledgements

The authors would like to acknowledge the patient and his family for the
cooperation with this report and for the example of resilience throughout
life. This work is in memory of him.

Authors’ contributions

JD - Conception and execution of the project. Writing of the first draft. AS —
Organization and execution of the project. Review and critique. MA —
Execution of the project. Review and critique. IC — Execution of the project.
Review and critique. JS — Conception of the project. Review and critique. JB
- Conception of the project. Review and critique. The author(s) read and
approved the final manuscript.

Funding
This work is part of a project that has been funded by an investigation grant
from Centro Hospitalar Universitario do Porto, 2017.

Declarations

Ethics approval and consent to participate
This work is part of a project that has been reviewed and approved by the
institutional review board from Centro Hospitalar Universitario do Porto.

Consent for publication

Permission for the publication of this article and associated video was
obtained from the patient and his parents, via written informed consent, in
compliance with laws regarding patient authorization relating to the use or
disclosure of protected health information.

Competing interests

Joana Damaésio has received a research grant from Centro Hospitalar
Universitario do Porto and has received a speaking fee from Zambon. Ana
Sardoeira, Maria Araujo, Isabel Carvalho, Jorge Sequeiros and José Barros
have nothing to disclosure.

Author details

'Department of Neurology, Hospital de Santo Anténio, Centro Hospitalar
Universitario do Porto, Largo do Professor Abel Salazar, 4099-001 Porto,
Portugal. “UniGENe and CGPP, IBMC - Institute for Molecular and Cell
Biology, i3S - Instituto de Investigagéo e Inovacdo em Saude, Universidade
do Porto, 4200-135 Porto, Portugal. *Department of Ophtalmology, Hospital
de Santo Anténio, Centro Hospitalar Universitario do Porto, 4099-001 Porto,
Portugal. “Department of Otorhinolaryngology, Hospital de Santo Anténio,
Centro Hospitalar Universitario do Porto, 4099-001 Porto, Portugal. °ICBAS -
Instituto de Ciéncias Biomédicas Abel Salazar, Universidade do Porto,
4050-313 Porto, Portugal.

Received: 2 June 2021 Accepted: 1 July 2021
Published online: 15 July 2021

References

1. Campuzano V, Montermini L, Lutz Y, Cova L, Hindelang C, Jiralerspong S,
et al. Frataxin is reduced in Friedreich ataxia patients and is associated with
mitochondrial membranes. Hum Mol Genet. 1997;6(11):1771-80. https://doi.
0rg/10.1093/hmg/6.11.1771.

2. Harding AE. Friedreich's ataxia: a clinical and genetic study of 90 families
with an analysis of early diagnostic criteria and intrafamilial clustering of
clinical features, Brain. 1981;104(3):589-620. https://doi.org/10.1093/brain/1
04.3.589.

3. Lecocq C, Charles P, Azulay JP, Meissner W, Rai M, N'Guyen K, et al. Delayed-
onset Friedreich's ataxia revisited. Move Disord. 2016;31(1):62-9. https://doi.
0rg/10.1002/mds.26382.


https://doi.org/10.1186/s40673-021-00140-6
https://doi.org/10.1186/s40673-021-00140-6
https://doi.org/10.1093/hmg/6.11.1771
https://doi.org/10.1093/hmg/6.11.1771
https://doi.org/10.1093/brain/104.3.589
https://doi.org/10.1093/brain/104.3.589
https://doi.org/10.1002/mds.26382
https://doi.org/10.1002/mds.26382

Damasio et al. Cerebellum & Ataxias (2021) 8:17 Page 4 of 4

4. Reetz K Dogan |, Hohenfeld C, Didszun C, Giunti P, Mariotti C, et al.
Nonataxia symptoms in Friedreich Ataxia: report from the registry of the
European Friedreich's Ataxia consortium for translational studies (EFACTS).
Neurology. 2018,91(10):e917-e30. https://doi.org/10.1212/WNL.
0000000000006121.

5. Fortuna F, Barboni P, Liguori R, Valentino ML, Savini G, Gellera C, et al. Visual
system involvement in patients with Friedreich's ataxia. Brain. 2009;132(1):
116-23. https//doi.org/10.1093/brain/awn269.

6. Durr A Cossee M, Agid Y, Campuzano V, Mignard C, Penet C, et al. Clinical
and genetic abnormalities in patients with Friedreich's ataxia. N Engl J Med.
1996;335(16):1169-75. https://doi.org/10.1056/NEJM199610173351601.

7. Rance G, Fava R, Baldock H, Chong A, Barker E, Corben L, et al. Speech
perception ability in individuals with Friedreich ataxia. Brain. 2008;131(8):
2002-12. https;//doi.org/10.1093/brain/awn104.

8. Schols L, Amoiridis G, Przuntek H, Frank G, Epplen JT, Epplen C. Friedreich's
ataxia. Revision of the phenotype according to molecular genetics. Brain.
1997;120(Pt 12):2131-40. https.//doi.org/10.1093/brain/120.12.2131.

9. Carroll WM, Kriss A, Baraitser M, Barrett G, Halliday AM. The incidence and
nature of visual pathway involvement in Friedreich's ataxia. A clinical and
visual evoked potential study of 22 patients. Brain. 1980;103(2):413-34.
https://doi.org/10.1093/brain/103.2.413.

10.  Rance G, Corben L, Delatycki M. Auditory processing deficits in children
with Friedreich ataxia. J Child Neurol. 2012;27(9):1197-203. https://doi.org/1
0.1177/0883073812448963.

11. Porter N, Downes SM, Fratter C, Anslow P, Nemeth AH. Catastrophic visual
loss in a patient with Friedreich ataxia. Arch Ophthalmol. 2007;125(2):273-4.
https://doi.org/10.1001/archopht.125.2.273.

12. Diehl B, Lee MS, Reid JR, Nielsen CD, Natowicz MR. Atypical, perhaps under-
recognized? An unusual phenotype of Friedreich ataxia. Neurogenetics.
2010;11(2):261-5. https://doi.org/10.1007/510048-009-0233-x.

13.  Alldredge CD, Schlieve CR, Miller NR, Levin LA. Pathophysiology of the optic
neuropathy associated with Friedreich ataxia. Arch Ophthalmol. 2003;
121(11):1582-5. https://doi.org/10.1001/archopht.121.11.1582.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1212/WNL.0000000000006121
https://doi.org/10.1212/WNL.0000000000006121
https://doi.org/10.1093/brain/awn269
https://doi.org/10.1056/NEJM199610173351601
https://doi.org/10.1093/brain/awn104
https://doi.org/10.1093/brain/120.12.2131
https://doi.org/10.1093/brain/103.2.413
https://doi.org/10.1177/0883073812448963
https://doi.org/10.1177/0883073812448963
https://doi.org/10.1001/archopht.125.2.273
https://doi.org/10.1007/s10048-009-0233-x
https://doi.org/10.1001/archopht.121.11.1582

	Abstract
	Background
	Case report
	Discussion

	Background
	Case presentation
	A) Methods
	B) Case report

	Discussion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

