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ABSTRACT

INTRODUCTION: Leber hereditary optic neuropathy (LHON) is the most common in-
herited mitochondrial disorder. It typically affects young males, but its onset in childhood is rare.
Treatment is limited and include the use of idebenone. Furthermore, to improve visual perfor-
mance and academic and social adaptation, low vision aids are crucial. We report our experience
with pediatric LHON and the low vision aids we recommend for these patients.

METHOD S: Retrospective study of a Portuguese pediatric LHON cohort with confirmed path-
ogenic mitochondrial mutation, followed in our Pediatric Ophthalmology and Low Vision Center.

RESULTS: We enrolled 3 patients, all male, of 8, 14 and 15 years old. Vision loss and diag-
nosis occurred at 5, 10 and 14 years old, respectively. The variants 1m.13094T>C (patient 1, Leber
plus) and m.3460G>A (patients 2 and 3, Leber) were present. Best-corrected visual acuity (BCVA)
was: 20/20 in the right eye (OD), 20/30 in the left eye (OS), with subjective cecocentral and periph-
eral visual field loss (patient 1), 20/100 OD, 20/200 OS, with cecocentral and diffuse defects on
perimetry (patient 2) and 20/400 in both eyes (OU) with severe visual field constriction and central
islands of vision sparing (patient 3).

Neuroimaging, multimodal ophthalmic imaging and blood analysis were performed before
definitive diagnosis. Since diagnosis, all the children started idebenone and were evaluated by
the low vision multidisciplinary team (ophthalmologists, pediatricians, physiatrists, geneticists,
psychologists, orthoptic technicians, social workers and special education teachers) along with the
low vision team to promote concomitant visual rehabilitation.

Patient 1 only requires individual school support. Patient 2 uses a monocular, focusable, hand-
held Keplerian telescope for far with improvement of the BCVA to 20/20 OS and video magnifier
systems with good adaptation and reading speed improvement. Patient 3 also benefits from video
magnifiers and a hand-held magnifier for near, with improved visual tasks.

CONCLUSION: Along with medical treatment and follow-up, the approach to pediatric
LHON must include low vision rehabilitation. As shown here, the availability of a wide range of
aids for near and far vision greatly improves visual performance and allows for greater participa-
tion in school and social activities, facilitating the healthy development of these children.
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RESUMO

INTRODUGCAO: A neuropatia 6ptica hereditaria de Leber (LHON) é a doenga mitocondrial
hereditaria mais comum. Embora afete tipicamente jovens do sexo masculino, o seu aparecimento
na infancia é raro. O tratamento é limitado, e inclui o uso de idebenona. Além disso, para melhorar
o desempenho visual e a adaptagao escolar e social, os auxiliares de baixa visao sao essenciais. O
presente artigo relata a nossa experiéncia com LHON pediatrica e apresenta as ajudas visuais que
promovemos para estes doentes.

METODOS: Estudo retrospetivo de uma coorte pediatrica portuguesa com LHON confirmada
por mutacao patogénica, seguida no nosso Centro de Oftalmologia Pediatrica e Baixa Visao.

RESULTADOS: Foram incluidos 3 pacientes do sexo masculino, com idades de 8, 14 e 15
anos. A perda de visao e o diagnostico ocorreram aos 5, 10 e 14 anos, respetivamente. As variantes
m.13094T>C (doente 1, Leber Plus) e m.3460G>A (doentes 2 e 3, Leber) foram identificadas. A
melhor acuidade visual corrigida (BCVA) foi: 20/20 no olho direito (OD), 20/30 no olho esquerdo
(OE), com perda subjetiva de campo visual cecocentral e periférica (doente 1), 20/100 OD, 20/200
OE, com defeitos cecocentrais e difusos na perimetria (doente 2) e 20/400 em ambos os olhos
(ODE) com constrigao severa do campo visual e ilhas centrais de visao poupada (doente 3).

Neuroimagem, imagiologia oftalmologica multimodal e andlises sanguineas foram realizadas
antes do diagndstico definitivo. Desde o diagnostico todas as criancas iniciaram idebenona e foram
avaliadas por uma equipa multidisciplinar de baixa visao para promover a reabilitacao visual.

O doente 1 necessita apenas de apoio escolar individualizado. O doente 2 usa um telescopio
monocular focavel de Kepler para longe, melhorando a BCVA para 20/20 OE, e sistemas de
videomagnificadores com boa adaptagao e melhoria da velocidade de leitura. O doente 3 também
beneficia de videomagnificadores e de uma lupa manual para perto, com melhoria nas tarefas visuais.

CONCLUSAO: Além do tratamento médico e follow-up regular, a abordagem a LHON
pediatrica deve incluir reabilitacdo de baixa visao. A disponibilidade de uma ampla gama de
ajudas para perto e para longe melhorou significativamente o desempenho visual, permitindo
uma maior participagdo nas atividades escolares e sociais, promovendo o desenvolvimento
saudavel destas criancas.

PALAVRAS-CHAVE: Acuidade Visual; Atrofia Optica Hereditaria de Leber/tratamento;

Crianga; Dispositivos Opticos.

INTRODUCTION

Leber hereditary optic neuropathy (LHON) is the most
common mitochondrial disorder causing bilateral optic
neuropathy, typically affecting young males between 15
and 35 years. It results from point mutations in mitochon-
drial DNA, most commonly m.11778G>A, m.3460G>A, and
m.14484T>C, which impair complex I of the respiratory
chain and lead to selective degeneration of retinal ganglion
cells.'* Patients usually present with acute, painless central
vision loss that may rapidly progress to legal blindness,
though spontaneous partial recovery can occur, especially
within the first year.”” The disease follows maternal inherit-
ance and is influenced by genetic and environmental modi-
fiers such as smoking and alcohol.” Despite advances in re-
search, including idebenone and gene therapy, no curative
treatment is currently available."”
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Given the limited treatment options and the typically
irreversible nature of vision loss, low vision rehabilitation
plays a central role in managing LHON. In particular, low
vision aids (LVAs) are crucial in helping patients remain
functionally independent and socially integrated. They aim
to maximize residual vision by enhancing reading ability,
distance viewing, or performing daily activities.®

Despite the importance of such interventions, data re-
garding their use in pediatric LHON remains scarce. One of
the most comprehensive reports to date, by Gopalakrishnan
et al recently reported the largest cohort study to date as-
sessing low vision rehabilitation in LHON, analyzing data
from 74 patients. Their findings confirmed that LVAs sig-
nificantly improve visual function, especially for near
tasks. Notably, they observed that patients under 18 years
of age showed greater improvements in reading acuity and
reading speed, and had distinct preferences in device type,
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favoring simpler optical aids. Their study also highlighted
the need for pediatric-centered rehabilitation strategies and
tools to address the unique developmental and educational
needs of this population.’

The value of LVAs in both adult and pediatric low vi-
sion populations has been emphasized in several system-
atic reviews.'"!! Barker et al'” conducted a Cochrane review
which, although it found no high-quality randomized con-
trolled trials in children, underscored the need for robust
evidence using objective outcomes like reading speed and
quality of life measures. More recently, Perrault et al'* com-
pared low vision aid use in children and adults, revealing
that optical devices (e.g., magnifiers and high-add specta-
cles) were more frequently prescribed to children, who also
showed better improvements in visual acuity and greater
independence after rehabilitation. These findings support
the notion that early access to individually tailored visual
aids can have a substantial impact on functional vision and
daily life, especially in pediatric patients.*”'*

This study aims to report the visual rehabilitation ex-
perience with LVAs in pediatric patients with LHON at a
tertiary care center, emphasizing functional outcomes and
device selection in this specific population, given the sig-
nificant impact of early-onset vision loss on independence
and quality of life.

METHODS

This retrospective case series included all pediatric pa-
tients with LHON who were followed at the Pediatric Oph-
thalmology and Low Vision Center (LVC) in collaboration
with the Metabolic Diseases and Genetics Department of
Unidade Local de Satide de Coimbra between January 2020
and September 2024.

Inclusion criteria were: (1) age under 18 years at the
time of diagnosis; (2) confirmed mitochondrial mutations
associated with LHON; and (3) regular follow-up by both
the ophthalmology and low vision teams.

Before their referral to the LVC, each patient under-
went a thorough neuro-ophthalmic evaluation by trained
neuro-ophthalmologists to rule out other causes of optic
neuropathy, leading to their LHON diagnosis. Multimodal
ophthalmic imaging and neuroimaging were performed
and genetic testing confirmed the diagnosis.

Following diagnosis, all patients began treatment with ide-
benone and were enrolled in a low vision rehabilitation pro-
gram tailored to their specific needs. The rehabilitation was
managed by a multidisciplinary team consisting of ophthalmol-
ogists, geneticists, physiotherapists, psychologists, orthoptists,
and special education teachers. Visual rehabilitation involved
personalized programs, such as training in keyboard use and
reading skills. Visual aids were prescribed and customized to
each patient based on their individual visual requirements.

Upon referral to the LVC, a detailed low vision assess-
ment was performed for each patient. Distant visual acuity
was measured using the Snellen chart and LH symbols, and
near visual acuity was assessed with the MNREAD acuity
chart. Visual acuity, contrast sensitivity and reading speed
were recorded at the time of diagnosis and during follow-
up after the use of LVAs.

Data collected included the patients’ presenting com-
plaints, specific visual needs, presenting visual acuity, final
visual acuity, and the details of the prescribed low vision
devices. All assessments and fittings of the LVAs were con-
ducted by a specialized team comprising a low vision oph-
thalmologist and an orthoptic technician at the LVC.

Ethical approval was obtained from the Ethics Com-
mittee of Unidade Local de Satide de Coimbra. As this was
a retrospective study with anonymized data, the need for
informed consent was waived in accordance with institu-
tional policies and the Declaration of Helsinki.

RESULTS

Three pediatric patients were included in this study
(Table 1 summarizes main information).

Table 1. Summary of the features of the patients and main results.

Patient 1 2 3
Sex Male Male Male
Age (at diagnosis) in years 8 (5) 14 (10) 15 (14)

Variant (gene)

m.13094T>C (MT-ND5)

m.3460G>A (MT-ND1)

m.3460G>A (MT-ND1)

. . OD: 20/100 OD: 20/250 OD:20/400
BCVA for far at diagnosis 08S: 20/500 08: 20/800 08: 20/160
q OD: 20/20 OD: 20/100 OD: 20/640
Final BCVA for far 0S: 20/32 0S: 20/20 OS: 20/400
BCVA for near in M (reading speed in WPM) at diagnosis | 2.5 (10) 5 (10) 8 (unmeasurable)
Final BCVA for near in M (reading speed in WPM) 0.6 (40) 3.2 (80) 6.3 (50)
Low vision aids used Handheld EVES izrtfelz‘liz: i;i?:;deEVES Desktop video magnifier
Typoscope P P Portable handheld EVES

Desktop video magnifier

BCVA, best corrected visual acuity; M, M-value; WPM, words-per-minute; EVES, electronic vision enhancement systems.
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PATIENT 1

An 8-year-old male diagnosed with LHON at 5 years
old. Genetic testing revealed the presence of the variant
m.13094T>C in heteroplasmy (56%) in the MT-ND5 gene,
classified as pathogenic and associated with Leber plus syn-
drome. The patient had a history of Duane type 1 syndrome
and developmental delay, but no relevant family history.

Fundoscopy revealed optic disc pallor in both eyes
(OU), more prominently in the left eye (OS). The assess-
ment of visual fields using computerized static perimetry
was not performed in this patient due to the young age at
diagnosis and the difficulty in obtaining adequate coopera-
tion for the examination.

At the time of diagnosis, best corrected visual acuity
(BCVA) was 20/100 in the right eye (OD) and 20/500 OS,
with contrast sensitivity measured at 20/100 (2.5%). The
patient was initially prescribed a typoscope (Fig. 1), pro-
vided with individualized school support, and introduced
early to a handheld electronic vision enhancement system
(EVES). Following three years of idebenone therapy com-
bined with low vision rehabilitation, the patient exhibited
significant visual improvement, with BCVA reaching 20/20
OD and 20/32 OS. Binocular distance acuity improved to
20/20, and near vision progressed from 2.5M to 0.6M with-
out the need for low vision aids. Reading speed also in-
creased from 10 to 40 words per minute. Given the extent of
spontaneous visual recovery, the use of EVES was discon-
tinued, and the patient now relies solely on individualized
educational support.

Figure 1. Patient 1: (A) Fundus photography at diagnosis showing conges-
tive optic disc with telangiectasias OD and optic disc pallor OS. (B) Fundus
photography at the last evaluation showing optic disc pallor OU. (C) Optical
coherence tomography (OCT) demonstrating decreased retinal nerve fiber
layer (RNFL) thickness. (D) Training in reading with the use of a desktop
EVES magnifier during a low vision consultation (at one of the initial evalu-
ations). (E) Training in reading with the use of a typoscope during a low
vision consultation (at one of the final evaluations).

PATIENT 2

A 14-year-old male diagnosed with LHON at 10
years old. Genetic testing confirmed the presence of the
m.3460G>A mutation, in homoplasmy, in the MT-ND1
gene, classified as pathogenic. The patient had an ocular
history of myopia and astigmatism, but no other relevant
personal or family history.

Ophthalmologic evaluation revealed optic disc pallor at
fundoscopy. Perimetry showed a centrocecal scotoma along
with diffuse visual field defects (Fig. 2).

At initial evaluation, BCVA was 20/250 OD and 20/800
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OS for distance, with near vision measured at 5M. Con-
trast sensitivity was 20/200 (5%). Following diagnosis, the
patient was prescribed a portable handheld EVES for near
tasks (Fig. 2), which led to a marked improvement in visual
performance — near vision improved from 5M to 3.2M, and
reading speed increased from 10 to 80 words per minute.
Consequently, the patient transitioned to using primarily
distance vision aids. For far vision, a 6x16 Keplerian mo-
nocular telescope and a portable handheld EVES adjusted
for distance were provided. With the telescope, distance
BCVA improved to 20/100 OD (20/200 unaided) and to
20/20 OS (20/100 unaided). These functional gains were at-
tributed to the effective use of low vision aids rather than to
spontaneous visual recovery.

Figure 2. Patient 2: (A) Fundus photography at diagnosis showing temporal
optic disc pallor OU. (B) Perimetry showing centrocecal scotoma along with
diffuse visual field defects. (C) OCT demonstrating decreased RNFL thick-
ness. (D) Training in reading with the use of a desktop EVES magnifier with
inverted contrast during a low vision consultation.

PATIENT 3

A 15-year-old male diagnosed with LHON at age 14
years old. Genetic testing revealed the 1.3460G>A mutation
in the MT-ND1 gene, classified as pathogenic. The patient
had a history of accommodative endotropia and a family
history of LHON, with a maternal uncle also affected by
the condition. No other significant personal medical his-
tory was reported.

During the ophthalmic evaluation, fundoscopy re-
vealed optic disc pallor with residual edema, and perimetry
showed severe visual field constriction with central islands
of spared vision (Fig. 3). The patient’s initial BCVA was
20/400 OD and 20/160 OS. Contrast sensitivity was 20/400
(2.5%). Although distance vision further deteriorated to
20/640 OD and 20/400 OS, with binocular vision measured
at 20/250, near vision improved from 8M to 6.3M.

The patient is currently using a desktop EVES magni-
fier for near vision tasks (Fig. 3), as well as a portable hand-
held EVES magnifier for both near and far tasks. The use of
these aids resulted in a significant improvement in reading
speed, increasing from unmeasurable to 50 WPM.

DISCUSSION

Early-onset vision loss has significant functional and
psychological implications.? In LHON the bilateral progres-
sive loss of central vision patients leads to reading disabil-
ity at an early stage, severely affecting quality of life and in-
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optic disc pallor with residual edema OU. (B) Perimetry severe visual field
constriction with central islands of spared vision. (C) OCT demonstrating
decreased RNFL thickness. (D) Training in writing with the use of a desktop
EVES magnifier during a low vision consultation.

dependent living.” A study by Kirkman ef al evaluated 196
LHON patients using the well-validated Visual Function
Index (VE-14) questionnaire and found that LHON has a
profoundly negative impact on quality of life, yielding the
lowest VE-14 scores when compared to other ophthalmic
disorders. Reading small print and reading a book were
identified as the most challenging tasks for these patients
in the VF-14 questionnaire.”

While promising research into potential treatments is
ongoing, the primary approach for managing LHON re-
mains supportive rather than curative. This approach pri-
marily focuses on visual rehabilitation and the use of op-
tical aids, which are particularly beneficial for individuals
experiencing central vision loss due to LHON.*

There is limited literature on how LVAs improve visual
acuity in LHON patients,”'>'® particularly in the pediatric
population, where diagnosis is less frequent.>*® Despite
this, finding appropriate low vision aids for these patients
is crucial due to the limited treatment options for this de-
bilitating condition.

In our cohort, two of the three pediatric patients showed
improvement in distance visual acuity, as measured with
LVAs, after starting low vision rehabilitation. All three pa-
tients demonstrated significant improvements in near vi-
sion and reading speed, highlighting the effectiveness of
tailored low vision devices in enhancing functional vision.
Notably, reading speed served as an objective outcome
measure - widely recognized as a direct functional corre-
late of near visual acuity and reading ability. As supported
by Barker et al,"’ it offers a reliable and quantifiable alterna-
tive to subjective quality-of-life questionnaires, especially
in pediatric populations, given that reading performance
has been found to be one of the best predictors of patient-
reported visual ability and vision related quality of life. The
most commonly used low vision devices were the desktop
EVES magnifier for near vision and the portable handheld
EVES for both near and far vision. Only one child required
an optical aid, specifically a 6x16 Keplerian telescope.

Our findings are consistent with the study by Go-
palakrishnan ef al’ in 2023, which retrospectively reviewed
74 LHON cases divided into three age groups (<18, 18-40,
>40 years old). They found no statistically significant differ-
ences in distance visual acuity but did report significant im-
provements in near vision with LVAs across all age groups.
The study also highlighted that different low vision aids can

be recommended depending on the stage of LHON. In the
early stages, when peripheral vision remains intact, mo-
nocular and binocular telescopes are useful for distance vi-
sion. As central vision loss progresses, stand magnifiers and
electronic magnifiers become more relevant. In advanced
stages of the disease, non-optical aids and electronic head-
mounted devices may offer significant benefits. Addition-
ally, Gopalakrishnan et al’ noted that for patients under 18
years old, stand magnifiers and electronic magnifiers are the
most commonly prescribed aids, while older patients tend
to require a broader range of aids, including non-optical op-
tions and telescopes, to address their diverse visual needs.

Rudanko et al”® reported in 1995 that, out of 20 LHON
patients, 19 benefited from LVAs, despite many of them
adopting eccentric fixation due to central scotomas. Given
the large central scotomas that can extend 15°-40° from the
central fixation point, many LHON patients need to rely
on eccentric viewing, consciously fixating to the side of the
object of interest.”'*!”

In our study, all patients showed improvements in near
visual acuity after initiating visual rehabilitation with the
use of LVAs. However, visual recovery also occurred in
the absence of LVAs, potentially attributable to spontane-
ous recovery or the use of idebenone. Patient 3 experienced
further visual decline, but given the short follow-up period
(less than one year post-diagnosis), further observation is
necessary before drawing definitive conclusions.

Although most individuals with LHON experience per-
manent vision loss, spontaneous recovery — particularly
within the first year — is well documented and influenced
by genotype.””'” Recovery is more frequent in cases with the
m.14484T>C mutation, less so with m.11778G>A, and inter-
mediate with m.3460G>A (present in our second and third
patients).*>'® The rare m.13094T>C mutation, seen in patient
1, has limited literature, but some reports suggest a potential
for early recovery, possibly influenced by age and hormonal
factors."” Favorable prognostic indicators include younger age
at onset, subacute progression, and specific OCT features.””*

Idebenone has been explored as a treatment option,
with mixed results. Some retrospective studies suggest that
early and prolonged use may improve visual outcomes,
particularly when started within the first year.”? However,
randomized trials have not demonstrated statistically sig-
nificant efficacy.** Despite being safe and well-tolerated,
further research is required to clarify its role, especially in
asymptomatic carriers or chronic cases.

The efficacy of low vision aids has also been demonstrat-
ed in hereditary retinal dystrophies such as retinitis pigmen-
tosa (RP). In a Brazilian study of 30 RP patients, Castro et
al found that 90% benefited from optical or electronic aids,
including telescopes, hand-held magnifiers, prism specta-
cles, and closed circuit televisions (CCTV) systems. These
interventions significantly improved both distance and near
visual acuity, enabling tasks such as reading, blackboard
copying in school-aged children, and enhanced mobility
for adults. Patients also reported high satisfaction with the
visual rehabilitation program and regained functional in-
dependence in daily activities.”” Another study involving
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RP patients showed that 59.4% achieved functional reading
with near LVAs, particularly spectacles and stand magni-
fiers. Interestingly, while better visual acuity favored suc-
cess, contrast sensitivity at low spatial frequencies was more
strongly correlated with reading speed, emphasizing its role
in evaluating LVA outcomes.” These studies illustrate that,
as in pediatric LHON, individualized LVA strategies can re-
store functional vision and independence, particularly when
accompanied by structured training and early intervention.

Despite the positive outcomes observed in this study,
the small sample size is a significant limitation. A larger,
longitudinal study is necessary to assess long-term com-
pliance with LVAs and to evaluate the evolving needs of
patients as their visual function changes. Additionally, as-
sessing both quantitative and qualitative improvements in
quality of life with LVAs, beyond visual acuity, would pro-
vide a more comprehensive understanding of the impact of
these aids on daily activities.

While ongoing research into therapeutic interventions
for LHON continues, the role of low vision aids and visual
rehabilitation should not be underestimated. More studies
focused on the importance of LVAs and visual rehabilita-
tion are needed to further support their use, particularly in
pediatric populations.

CONCLUSION

The results of this study highlight the importance of ear-
ly low vision rehabilitation in pediatric patients with LHON.
Despite the lack of curative treatments for LHON, timely in-
tervention with appropriate LVAs can substantially improve
visual performance by enhancing remaining vision, facilitat-
ing both distance and near vision improvements. As demon-
strated by the cases, a multidisciplinary approach tailored to
each patient’s specific visual needs and social context allows
for significant improvements in quality of life.

Early use of LVAs, such as telescopes, video magnifiers,
and specialized reading tools, not only enhanced the chil-
dren’s functional vision but also enabled greater participa-
tion in academic and social settings. These children need to
be able to see, and by providing early visual support, we
can normalize their performance. This helps them continue
their studies and personal life while also boosting their self-
esteem and mental health.

This study underscores that along with medical treat-
ment and a close follow-up, the approach to pediatric LHON
must include low vision rehabilitation at an early stage.

The wide range of visual aids available can be adapted
to each child’s needs, allowing for effective management of
vision loss and promoting healthy development and inde-
pendence. Future studies with larger cohorts are needed to
further explore the long-term outcomes of pediatric LHON
patients undergoing low vision rehabilitation.
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