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Abstract: Leber hereditary ptic neuropathy (LHON) is a disease of young adults
with bilateral, painless, subacute visual loss. The peak age of onset of LHON is in
the second and third decades of life. Men are 4 times more likely to be affected than
women. In about 25-50% of cases, both eyes are affected simultaneously. In unilateral
cases, the other eye is usually affected 2 to 3 months later. Visual acuity deteriorates
to counting fingers or worse with a dense central or centrocecal scotoma. In the
subacute phase, the optic disc may appear hyperemic with swelling of the peripapillary
retinal nerve fibre layer, peripapillary telangiectasias, and increased vascular tortuosity.
Ocular coherence tomography of the macula shows marked thinning of the ganglion
cell complex even at this stage. The diagnosis of LHON is made in a subject with a
consistent clinical history and/or one of three common pathogenic mitochondrial DNA
(mtDNA) variants identified by molecular genetic testing. Idebenone was approved by
the European Medicines Agency under exceptional circumstances for the treatment
of LHON. Current evidence suggests some benefit to vision in a subset of affected
individuals treated with idebenone, particularly when treated within the first year of
onset of vision loss. In this article, we discuss actiology, clinical features, diagnosis,
differential dignosis, prognosis and treatment.

Keywords: Leber hereditary optic neuropathy, actiology, clinical features, diagnosis,
treatment.

Summary:  Santrauka. Paveldima Léberio optiné neuropatija (PLON) jauny
suaugusiyjy liga, pasireiSkianti abipusiu, beskausmiu, poamiu regos praradimu. PLON
dazniausiai prasideda antrame ir tre¢iame gyvenimo deSimtmetyje. Vyrai §ia liga serga
4 kartus dazniau nei moterys. Apie 25-50% atvejy, abi akys pazeidziamos tuo paciu
metu. Vienpusio regos nervo paieidimo atvejais, kitoje akyje pana§ﬁs simptomai
pasireiskia po 2-3 ménesiy. Regos a$trumas mazéja iki pirSty skai¢iavimo ar dar
blogiau, taip pat nustatoma centriné ar centrocekaliné skotoma. Pouméje fazéje
stebimas hiperemiSkas regos nervo diskas kartu su peripapiliniu tinklainés nerviniy
skaiduly pluosto (TNSP) paburkimu, peripapilinémis telangiektazijomis, ir padidéjusiu
kraujagysliy vingiuotumu. Optinéje koherentinéje tomografijoje (OKT) stebimas
zymus gangliniy Iasteliy suplonéjimas geltonojoje déméje. PLON diagnozé nustatoma
remiantis nuoseklia klinikine istorija ir/ar molekuliniais genetiniais tyrimais, nusta¢ius
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vieng i§ trijy patogenetiniy mitochondrinés DNR (mtDNR) mutacijy. Idebenonas
buvo patvirtintas Europos vaisty agentiiros, PLON gydymui. Jrodyta, kad regé¢jimas
pageréjo daliai pacienty, kai gydymas idebenonu buvo pradétas per pirmuosus metus
nuo regos astrumo blogéjimo. Siame straipsnyje aptariame PLON etiologija, klinikinius
pozymius, diagnoze ir gydyma.

Keywords: Paveldima Léberio optiné neuropatija, etiologija, klinikiniai poZymiai,
diagnoz¢, gydymas.

Introduction

Leber hereditary optic neuropathy (LHON) is the most common
primary mitochondrial DNA disease, with the majority of patients having
one of three primary mtDNA point mutations, namely m.3460G > A
(MTND1), m.11778G > A (MTND4), and m.14484T > C (MTNDG6)
[1]. In addition to the three primary mutations, approximately 30
different point mutations have been associated with LHON, which are
divided into two groups: the “top-14”, which include the three primary
mutations, and a group of cases that occur only in a family or in single
cases [2]. LHON is characterized by bilateral, subacute loss of vision
due to preferential loss of retinal ganglion cells (RGCs) in the inner
retina, resulting in optic nerve degeneration. The dead RGCs are then
unable to send visual signals to the brain, resulting in output that is not
processed properly, leading to blindness and extreme visual impairment.
RGC:s loss occurs in about 50% of males and about 10-15% of females.
Recovery of lost vision is possible depending on the mutation [3]. LHON
is not age-dependent as it affects people in all age groups, but it is
reported that males between the ages of 20 and 30 are most commonly
affected [4]. The mutation in the mitochondrial genome (mtDNA)
occurs in the subunit encoding complex-I (CI) of the electron transport
chain, NADH:ubiquinone oxidoreductase, and the mutation usually
involves the replacement of a single amino acid. This in turn leads to a
lack of energy in neurons, causing neuronal death [5]. Apart from CI
dysfunction, impairment of the glutamate transport system and increased
oxidative stress also lead to RGCs dysfunction and death [6]. Currently
available treatments reduce optic nerve stress to some extent, but do
not completely eliminate the condition [7]. Therefore, in this article, we
discuss aetiology, clinical features, diagnosis, and treatment.

Actiology

LHON is a maternally inherited mitochondrial disorder that results
in central scotoma due to thinning of the retinal nerve fiber layer
and death of RGCs [8- 10]. Because this inherited disease usually
involves a mutation in the mtDNA that is passed through maternal
inheritance, there is a history of vision loss in maternal relatives in more
than half of families. Surprisingly, there is no family history in up to
40% of cases, but this is mainly because tracing is difhicult, as de novo
mutations are particularly rare [11-13]. The severity of LHON depends
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on whether the factors are homoplasmic or heteroplasmic [14]. While
milder LHON mutations are homoplasmic, more severe CI mutations
are both homoplasmic, leading to optic atrophy, and heteroplasmic,
leading to basal ganglia degeneration, dystonia, as well as Leigh syndrome
[8].

Many pathogenetic mechanisms of LHON are known, including CI
dysfunction with decreased adenosine triphosphate (ATP) synthesis.
Oxidative phosphorylation (OXPHOS) is responsible for the majority of
ATP synthesis, and a chain of five respiratory complexes located at the
inner mitochondrial membrane plays a central role in this process. All
three missense mutations (ND1, ND4, NDG6) of LHON are subunits of
complex I. Therefore, damage to the respiratory chain can lead to alack of
ATP synthesis, resulting in RGCs degeneration or death [8, 10,15]. Due
to apoptotic RGCs, visual signals do not reach the brain, thus the output
is not processed properly, resulting in blindness and severe visual damage.
Although the visual loss is painless, inflammation of the optic nerves may
cause discomfort in rare cases [3, 16]. In some studies, the respiratory
chain was impaired in patients with the m. 11778G > A mutation, but not
in those with the m. 3460G > A mutation. The outcome of respiratory
impairment in LHON is controversial and further studies are needed
[10].

Apart from the impairment of CI, caused by energetic failure, an
impaired respiratory chain can lead to increased production of ROS, so
that increased levels of oxidative stress also accounts for the degeneration
of the RGCs [6, 17]. Mitochondria are responsible for the majority
of ROS production, while ROS can damage any cell [17]. Although
the primary LHON mutation is a prerequisite, secondary factors are
responsible for the risk of vision loss [6]. Cigarette smoking is associated
with either the onset or progression of LHON, and heavy smokers
are more susceptible to the disease. Heavy drinkers tend to develop an
increased risk of vision loss, although the progression of the disease is not
as severe as with smoking [18]. Interestingly, some studies report that
vitamin B12 deficiency contributes to the development of LHON due to
a lack of relevant metabolic cofactors [19].

Clinical features

Based on the clinical features of LHON, it is generally divided into
an acute and a chronic phase, while some studies also describe a
presymptomatic phase [20-23]. The latter stage shows ophthalmoscopic
changes, such as edema of the retinal nerve fiber layer, tortuosity
of the small vessels, and peripapillary microangiopathy [24]. More
comprehensive testing may reveal more subtle manifestations of optic
nerve dysfunction. According to the literature, asymptomatic carriers of
LHON mutation 1178 may have dyschromatopsia with predominantly
red/green color discrimination and decreased spatial contrast sensitivity
[25]. Not all individuals who are carriers of the mutation, suffer from
visual impairment. However, the majority of carriers present with
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LHON symptoms between the ages of 15 and 35 years, and the
disease predominantly affects males, with an estimated male-to-female
ratio of 5:1 [26]. The onset of the disease is characterised by acute,
painless loss of central vision, with both eyes affected simultaneously in
approximately 25% of cases [26]. Although this disease usually occurs
bilaterally, it occurs asynchronously. Initially, only one eye is affected,
while the other eye becomes damaged within a year. Considering that
vision loss is painless, discomfort may rarely occur due to inflammation
of the optic nerves [3, 4]. A sudden onset of blurred and cloudy
vision are the most common initial symptoms of the acute phase of
LHON ([22,27,28]. Presymptomatic ophthalmoscopic manifestations
may persist throughout life in many patients, but once central vision
disappears, some new ophthalmoscopic features may appear, such as
edema of superior and inferior fibre arcades and axonal loss within the
papillomacular bundle (PMB) [24,29]. These fundus changes are visible
either before or later after vision loss [30]. Vision deterioration becomes
more severe after four to six weeks, with visual acuity typically being 6/60.
Loss of colour discrimination and either central or centrocaecal scotoma
is also observed [31,32]. Although this phase usually lasts several weeks,
approximately 20% to 30% of patients do not show any ophthalmoscopic
abnormalities during the acute phase [33]. Later, the edema of the nerve
fibres decreases, and the chronic phase is usually reached more than a year
after the onset of the disease [34]. Due to the early failure of the PMB,
most of the remaining nerve fibers degenerate, resulting in complete optic
atrophy, which is more pronounced on the temporal side [23,27,35].
Although affected individuals with the 14484 mutation or aged < 20
years may recover spontaneously, recovery of vision is usually minimal
and the prognosis of visual recovery is poor [10,27,33,36]. In the chronic
phase, vision loss is usually not progressive, and the majority of patients
are considered legally blind [37, 38]. Vision loss stabilizes and reaches its
nadir within 6-12 months after the onset of the disease [33,36]. When a
patient is diagnosed in the late stages and has no maternal history, a brief
differential diagnosis is required. It takes at least one month to obtain
the results of molecular testing. For this reason, comprehensive testing,
including neuroimaging of the retina, optic nerves, chiasm, and optic
tracts, should not be delayed in order to make the correct diagnosis and
treatment. However, neither gender nor mutation status is responsible
for the timing or severity of vision loss [23]. According to the consensus,

LHON has the following stages (Table 1):

Table 1
Leber hereditary optic neuropathy stages
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Figure 1
(ab) Bilateral optic nerve atrophy
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Figure 2.
OCT shows thinning of retinal nerve fiber layer.

Diagnosis

LHON is a poorly diagnosed disease. Correct identification of LHON
is critical because of its similarity to several diseases such as isolated
optic neuritis or neuromyelitis optica. Attention in the clinical setting is
important to correctly identify the disease and exclude other pathologies
(41, 42]. Molecular genetic testing for pathogenic variants of mtDNA,
a multi-gene panel, or complete sequencing of mtDNA are performed
to identify LHON. Although the identification of specific mutations
in mtDNA plays a central role, other data, such as medical history,
fundus, OCT, and magnetic resonance imaging (MRI), are also relevant
to the diagnosis of the disease [13]. Some studies recommend that an

13
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electrocardiogram be obtained in all patients with LHON because of
possible cardiac abnormalities [43-45].

Differential diagnosis

There is a wide spectrum of acute and chronic optic neuropathies
with varying actiology and variable visual prognosis. The results of
ophthalmologic examination, neurologic examination, and imaging
studies can aid in diagnosis and treatment. The two main diseases that
should be differentiated are: optic neuritis and dominant optic atrophy.

Optic neuritis (ON). The main symptoms of ON are very similar to
LHON. Symptoms at a young age, mostly in females (ratio of females
to males 3:1, in the case of LHON mostly in males), low visual acuity,
central scotoma, colour vision loss, pain with eye movements, visual
evoked potentials (VEPs) may show a delayed response and reduced
P100 amplitude. Rapid recovery and a good therapeutic response to
metilprednisolone within a few weeks confirm the diagnosis of optic
neuritis. Because of the strong association between optic neuritis and
multiple sclerosis, an MRI of the brain should be ordered [46, 47].

Dominant optic atrophy (DOA). DOA has an insidious onset with
mild visual loss beginning in the first two decades of life. Unlike LHON,
patients are asymptomatic in the early stages. Patients are often identified
only by testing based on a family history or a diagnosis of bilateral
optic atrophy. Patients often present with visual acuity of 0.6 or better.
Although visual prognosis varies widely at DOA, visual performance is
better compared with LHON, with an average visual acuity of 0.3 to 0.1
[23]. Approximately 50-60% of people with DOA have a mutation in
OPA -1(3q28-q29) [48, 49].

Ischemic optic neuropathy (ION) and increased intracranial
pressure (IIcP). ION shows optic nerve edema in the acute stage and
diffuse optic atrophy in the chronic stage. In patients older than 55 years,
arterial ischemic optic neuropathy should be ruled out by determining
C-reactive protein and erythrocyte sedimentation rate and consulting a
reumatologist who will decide whether to biopsy the temporal artery.
If bilateral optic nerve edema is present, the possibility of elevated
intracerebral pressure (ICP) should be considered. Symptoms of elevated
ICP may include headache, dizziness, nausea, and vomiting. An imaging
study should be performed in consultation with a neurologist [46].

Normal tension glaucoma (NTG) may have similar clinical features,
such as visual acuity loss, paracentral defects, and thinning of the
neuroretinal rim on OCT. However, NTG manifests in the older
population with an average age of approximately 64 years and older [50].
Arcuate visual field defects, excavation of the inferior rim, and thinning
of the inferior optic nerve also distinguish NTG from other mitondrial
neuropathies, however genetic testing confirms the LHON diagnosis
[51].

Nutritional and drug-induced optic neuropathies. Nutrition-
induced neuropathies may be caused by deficiencies of vitamins B, B2,
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B6, B9, B12 [52-54]. Of course, they may also be caused by anorexia
nervosa, alcoholism, gastrointestinal problems, or gastrointestinal surgery
and must be confirmed by blood tests and by others specialists
consultations [55]. Drug-induced optic neuropathies can be caused
by ethambutol, linezolid, chloramphenicol, erythromycin and others
[23,56-58]. Medical and social history may also be helpful in the
differential diagnosis. However, MRI of the brain and orbit must
be performed in all cases of optic neuropathy. Compressive and
demyelinating lesions may cause edematous or atrophic optic nerves.
Symptoms of a compressive lesion may include headache and changes
in mood, personality, or memory. An MRI of the brain and orbits will

confirm the diagnosis [46].
Treatment

Idebenone (Raxone(*)) is currently the only disease-specific drug
approved by the European Medicines Agency in 2015 for the treatment
of visual impairment in adolescents and adults with LHON [59,60]. It
is a short-chain benzoquinone that is rapidly absorbed and well tolerated
[61,62]. Idebenone 300 mg 3 times daily rarely causes adverse symptoms,
but the most common side effects include nasopharyngitis, headache,
cough, and dizziness [63]. Due to partial structural similarity, idebenone
is referred to as a synthetic analogue of coenzyme Q10, but it has different
properties and mechanisms of action. Since idebenone has a shorter
and less lipophilic tail than coenzyme Q10, its bioactivation occurs
mainly in the cytoplasm and does not rely on mitochondrial function.
Moreover, idebenone induces respiratory pathways that are independent
of mitochondrial CI [61,62,64,65]. Due to its advantageous structure,
idebenone can cross membranes and act as a mitochondrial electron
transfer agent [61,62,65]. Importantly, idebenone bypasses the disrupted
CI and transfers electrons directly to the mitochondrial complex III,
resulting in improved energy supply and restoration of inactive but viable
retinal ganglion cells, preventing further vision loss and initiating vision
restoration [60, 65,66]. Many studies have provided convincing evidence
that treatment with oral idebenone 900 mg/d for 6 months not only has a
beneficial effect on vision, but also improves Tritan colour vision [67,68].

Several studies have been conducted on the treatment of LHON
to find the best treatment option for LHON. These include various
neuroprotective agents, stem cell therapy, infrared radiation therapy,
and even gene therapy [69-71]. The most promising of these methods
are gene therapy and stem cell therapy, but more research is needed to
evaluate their efficacy. Gene therapy is suitable for LHON because of the
casily accessible RGC:s layer in the retina. However, inducing genes into
the mitochondrial genome is not easy to perform because mitochondria
have a double membrane. However, the desired gene can be transferred
to the nuclear genome instead. These studies show that the treatment of
LHON is promising. Nevertheless, further studies are needed to evaluate
adverse effects and determine the longevity of beneficial effects. The
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use of stem cells to treat LHON is under investigation, but appears
promising as well. Mesenchymal stem cells protect RGCs by secreting
both neurotrophic factors and anti-inflammatory cytokines. These stem
cells were injected into a rat model of glaucoma and a beneficial effect on
RGCs axon survival was observed [72].

Bromidine, an a2-agonist used to treat patients with glaucoma, was
found to have a stabilizing effect on RGCs. Because the antiapoptotic
properties of bromidine act through CI, it would be a perfect treatment
for LHON because the major mitochondrial mutations are also found
in this complex. However, bromidine is not suitable for prophylaxis of
visual disturbances in the second eye, when acute visual disturbance due
to LHON is observed in one eye, studies show [73,74].

Some environmental factors such as smoking and alcohol consumption
accelerate the risk of vision loss. Therefore, patients should be advised
to avoid smoking and minimize alcohol consumption [18, 37]. Because
vision loss does not usually progress over time, appropriate occupational
therapy and low vision aids can improve the quality of life of LHON
patients. [37].

Visual prognosis

Visual prognosis is mutation dependent. The highest chances of visual
improvement are observed in patients with mutation 14484T > C,
while the lowest chances are observed with mutation 11778G > A [10].
Nevertheless, an early age of onset, a subacute course with slow visual
deterioration, and a larger optic disc are associated with a better visual
prognosis. [75, 76]. However, most patients with LHON experience
permanent loss of vision, which negatively affects their quality of life [37].

Conclusion

LHON is a rare disease characterized by degeneration of RGCs.

LHON is leading to bilateral visual loss with poor prognosis.

The disease is caused by mitochondrial mutations.

Idebenone, gene and stem cells therapy have provided encouraging
results.

At the moment, Idebenone is only an approved treatment for LHON.
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