
Frontiers in Neurology 01 frontiersin.org

Recognizing Leber’s Hereditary 
Optic Neuropathy to avoid 
delayed diagnosis and 
misdiagnosis
Chiara La Morgia 1,2*, Maria Lucia Cascavilla 3, 
Anna Maria De Negri 4, Marcello Romano 5, Fabrizio Canalini 6, 
Silvia Rossi 6, Diego Centonze 7,8 and Massimo Filippi 9,10,11,12,13

1 IRCCS Istituto delle Scienze Neurologiche di Bologna, Bologna, Italy, 2 Dipartimento di Scienze 
Biomediche e Neuromotorie, Università di Bologna, Bologna, Italy, 3 Department of Ophthalmology, 
University Vita-Salute, IRCCS Ospedale San Raffaele, Milan, Italy, 4 Azienda Ospedaliera San Camillo-
Forlanini, Rome, Italy, 5 Azienda Ospedaliera Ospedali Riuniti Villa Sofia Cervello, Palermo, Italy, 6 Chiesi 
Italia S.p.A, Parma, Italy, 7 Department of Systems Medicine, Tor Vergata University, Rome, Italy, 8 Unit 
of Neurology, IRCCS Neuromed, Pozzilli, Italy, 9 Neurology Unit, IRCCS San Raffaele Scientific 
Institute, Milan, Italy, 10 Neurorehabilitation Unit, IRCCS San Raffaele Scientific Institute, Milan, Italy, 
11 Neurophysiology Service, IRCCS San Raffaele Scientific Institute, Milan, Italy, 12 Neuroimaging 
Research Unit, Division of Neuroscience, IRCCS San Raffaele Scientific Institute, Milan, Italy, 
13 Vita-Salute San Raffaele University, Milan, Italy

Leber’s Hereditary Optic Neuropathy (LHON) is a maternally inherited optic 
nerve disease primarily caused by mutations in mitochondrial DNA (mtDNA). 
The peak of onset is typically between 15 and 30  years, but variability 
exists. Misdiagnosis, often as inflammatory optic neuritis, delays treatment, 
compounded by challenges in timely genetic diagnosis. Given the availability 
of a specific treatment for LHON, its early diagnosis is imperative to ensure 
therapeutic appropriateness. This work gives an updated guidance about 
LHON differential diagnosis to clinicians dealing also with multiple sclerosi and 
neuromyelitis optica spectrtum disorders-related optic neuritis. LHON diagnosis 
relies on clinical signs and paraclinical evaluations. Differential diagnosis in the 
acute phase primarily involves distinguishing inflammatory optic neuropathies, 
considering clinical clues such as ocular pain, fundus appearance and visual 
recovery. Imaging analysis obtained with Optical Coherence Tomography (OCT) 
assists clinicians in early recognition of LHON and help avoiding misdiagnosis. 
Genetic testing for the three most common LHON mutations is recommended 
initially, followed by comprehensive mtDNA sequencing if suspicion persists 
despite negative results. We present and discuss crucial strategies for accurate 
diagnosis and management of LHON cases.
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1 Introduction

Leber’s Hereditary Optic Neuropathy (LHON) is a maternally inherited blinding disorder 
caused by mutations in mitochondrial DNA (mtDNA) (1). The most common mtDNA 
mutations associated with LHON are the 11,778/ND4 (about 75% of cases), 3,460/ND1 (about 
15% of cases) and 14,484/ND6 (about 15% of cases) mutations, accounting for 90–95% of 
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LHON cases (2). The rate of visual recovery is different for different 
primary mutation being higher for the 14,484/ND6 mutations (up to 
70%) and much lower for the 11,778/ND4 and 3,460/ND1 mutations 
(about 15%) (2). Other rarer mtDNA mutations have also been linked 
to LHON (3). Moreover, recently, recessive forms of LHON mostly 
associated with DNAJC30 gene mutations have been identified, 
particularly in individuals of East European ancestry (4, 5). Metabolic 
insult caused by mitochondrial impairment due to complex 
I dysfunction underlies the onset of the disease (2).

LHON prevalence is estimated approximately in 1/30.000 
individuals, although it varies across countries (6). The prevalence is 
higher among males with a M:F ratio varying depending on the three 
most common mtDNA mutations. For the 14,484/ND6 mutation, the 
male-to-female ratio is higher reaching 8:1. Furthermore, LHON is 
characterized by incomplete penetrance. The probability that a carrier 
of the LHON mutation is affected by the disease has been previously 
estimated to be around 10% for females and 40–50% for males (2) 
even if recent studies challenged these numbers to much lower risk 
estimates (17.5% for males and 5.4% for females) (7–9).

Onset typically occurs in the second decade of life, but cases in 
childhood and late-onset have also been reported (6). The primary 
differential diagnosis for LHON is inflammatory optic neuritis and 
often the patients are misdiagnosed and treated with steroids delaying 
the diagnosis (10). Another important cause contributing to diagnosis 
delay is the difficulty in accessing a timely genetic diagnosis. A 
consensus conference defined the clinical diagnostic criteria and 
disease staging for LHON; thus, four clinical stages can be distinguished: 
(I) Asymptomatic; (II) Subacute (within 6 months from onset); (III) 
Dynamic (6–12 months from onset); (IV) Chronic (>12 months) (11).

Since 2015 idebenone has been the only approved treatment for 
LHON in Europe (12). Other therapeutic options such as gene therapy 
are currently being investigated and evaluated (13). A prompt 
diagnosis is crucial for initiating therapy (11). In this perspective, 
we will highlight the key clinical diagnostic/instrumental findings that 
will assist clinicians dealing with different forms of neuro-ophthalmic 
disorders, in early disease recognition of LHON and help 
avoiding misdiagnosis.

2 Key signs and findings/red flags 
useful for the correct early diagnosis 
of LHON

A combination of clinical signs and paraclinical examinations is 
necessary to reach a diagnosis of LHON. To establish the severity and 
the stage of the disease, the following evaluations are recommended: 
(1) Measurement of best-corrected visual acuity and color vision, (2) 
Assessment of visual fields (VF) with static or kinetic perimetry, (3) 
Measurement of retinal nerve fiber layer (RNFL) and ganglion cell 
layer (GCL) thickness with Optical Coherence Tomography (OCT) 
imaging.

2.1 Clinical signs

Typically, LHON manifests as acute or subacute central visual 
loss without pain during eye movements. Visual acuity rapidly 
deteriorates to a level worse than 20/200 reaching a nadir within 
approximately 6 months. Approximately 20–25% of cases experience 

simultaneous bilateral vision loss (14). In case of unilateral 
involvement, the second eye becomes affected with a median delay 
of 6–8 weeks. In rare cases visual loss in the second eye may occur 
more than a year later. Dyschromatopsia is common and typically 
corresponds to the degree of visual acuity loss (2, 6). Pupillary light 
reflexes usually remain intact due to relative sparing of melanopsin-
containing retinal ganglion cells (mRGCs) that are believed to 
be more resistant to metabolic damage caused by mitochondrial 
dysfunction when compared with canonical RGCs (15, 16). 
However, in the subacute phase in cases with bilateral but very 
asymmetric involvement and in unilateral cases a relative afferent 
pupillary defect may occur.

In the asymptomatic stage, visual acuity is normal and only subtle 
color vision deficits may be observed. Fundus abnormalities such as 
peripapillary telangiectatic vessels and variable degrees of retinal 
nerve fiber layer (RNFL) increased thickness, that can vary over time, 
have been documented (17).

During or prior to the acute stage of vision loss, characteristic 
findings of LHON can be observed on fundus examination, including 
optic disc hyperemia, peripapillary telangiectatic blood vessels, 
vascular tortuosity, and RNFL swelling around the optic disc 
(Figure 1A). In the chronic stage, visual acuity typically remains stable, 
although a small percentage of patients may experience spontaneous 
visual recovery, whereas others may continue to present visual 
deterioration over time. The likelihood of visual recovery is highest 
with the m.14484T>C mutation (2).

2.2 Clinical test findings in LHON

2.2.1 Visual fields
The VF testing is essential for diagnosis and monitoring visual 

function in various optic neuropathies, including LHON. In LHON 
with bilateral onset VF typically show in the subacute phase dense 
central or centrocecal scotomas that are unrelated to the vertical 
midline and preservation of the peripheral VF (Figure 1B). During 
the early stages, the centrocecal scotoma may present as a mild 
central depression (53.1% of cases) and paracentral scotoma (24.5%). 
The VF defect in LHON primarily affects the central 20° of vision 
and rarely encompasses less than the central 10°. A central scotoma 
(5°–20° surrounding the fixation point) generally indicates selective 
damage to the papillomacular bundle. Over subsequent weeks, as the 
disease progresses, scotoma often enlarges and becomes denser, and 
the VF defects worsen around the scotoma, extending from both 
sides or enlarging surrounding the blind spot. In the late phase, 
visual field defects mainly include central isopter constriction 
(36.7%), diffuse defects (42.9%), hemianopia or quadrantanopia 
(10.2%) (18).

Unlike glaucoma, where early-stage VF defects such as nasal step 
and arcuate scotoma are often visible, these types of defects are very 
rare in LHON.

After the first year following disease onset, VF can improve with 
the appearance of small islands of vision. These fenestrations can 
be beneficial for vision, especially when the density of the central 
scotoma simultaneously decreases.

VF defects may be rarely the only abnormality in LHON patients 
in the subacute phase, even in the absence of fundoscopic changes.

Static automated perimetry (SAP) or Goldmann manual kinetic 
perimetry have been used to assess VFs in LHON. Due to the typically 

https://doi.org/10.3389/fneur.2024.1466275
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


La Morgia et al. 10.3389/fneur.2024.1466275

Frontiers in Neurology 03 frontiersin.org

poor visual acuity and potentially severe VF loss in LHON patients, 
Goldmann kinetic perimetry has been considered more suitable than 
SAP for VF testing. Goldmann manual perimetry is easier for the 
patient and the duration of the examination can be adjusted based on 
the patient’s alertness. However, manual kinetic testing shows 
disadvantages including the reliance on the examiner and lack of 
electronic storage of the results. An alternative to Goldmann manual 
kinetic perimetry is the more standardized semiautomated kinetic 
perimetry (SKP). SKP provides digitized results, uses a constant 
stimulus movement, and allows for measurement of the scotoma area 
in square degrees (deg2).

Currently, the most common VF test for LHON patients is the 
Humphrey VF analyzer (HVF) with a 24–2 or 30–2 Swedish 
interactive thresholding algorithm (SITA) strategy, using a 
Goldmann stimulus size III test point (Stim III). The mean 
deviation (MD) is a common metric to quantify the VF defect in 
LHON. The mean deviation represents the average age-corrected 
visual loss per test location weighted for the variations within and 
between subjects based on eccentricity. On the other hand, the 
MD indicates the average total deviation loss across the VF and 

may be problematic in case of central visual loss as the variability 
among test locations increases with visual impairment. In LHON, 
the MD often falls at the bottom end of the scale, <−30 dB. This 
compromises the dynamic range of the test as the patient may no 
longer perceive the small size III stimulus, resulting in a floor 
effect. Moreover, dense scotomas lead to increased fixation losses 
and false-negative errors, making the test “unreliable.” 
Consequently, the MD metric becomes insensitive to change, 
making it difficult to track progression or improvement in the VF 
deficit. In such unreliable conditions, the device fails to detect 
minor changes and the range between the smallest and largest 
values collapses, flattening the dynamic range. As a consequence, 
the interpretation of VF changes in patients with LHON and 
dense central scotomas, as well as the evaluation in clinical studies 
of LHON becomes challenging (19). Other strategies have been 
described for testing patients with low vision, such as increasing 
the size of the stimulus. A recent study proposes that using the 
Goldmann stimulus size V (Stim V) could expand the dynamic 
range and reduce the floor effect seen with Stim III HVF tests for 
LHON in the plateau stage of the disease (20).

FIGURE 1

(A) Fundus oculi of a LHON patient in the very early stage of the disease. (B) Typical LHON case patient’s VF showing bilateral central scotoma. (C) OCT 
findings of a LHON patient in the early stage of the disease showing bilateral increased RNFL thickness in both eyes with initial temporal RNFL thinning 
in the RE. (D) Ganglion cell layer findings in the early stage of disease in LHON patient showing GCL defect more pronounced in the RE.
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2.2.2 Optical Coherence Tomography
Optical Coherence Tomography (OCT) has been used to 

investigate the RNFL, optic nerve head and Ganglion Cell Layer (GCL) 
in unaffected carriers of LHON mutations, as well as in LHON patients 
in the early and atrophic stage of the diseases. Longitudinal studies on 
LHON patients have identified distinct RNFL changes through 
OCT. Fundus examination at the time of onset typically reveals 
pseudoedema of the retinal fibers around the optic disc, hyperemia, 
peripapillary telangiectasias and mild tortuosity. Asymptomatic 
carriers may exhibit significant thickening of the temporal RNFL 
compared to age-matched controls, with a slight trend towards inferior 
RNFL thickening in male carriers (21). This confirms the preferential 
involvement of the papillomacular bundle (PMB) even in subclinical 
LHON, which is attributed to the unfavorable energetic conditions of 
the small axons originating from macular parvocellular RGCs. These 
small fibers have a high firing rate and are highly dependent on energy 
resources (22). Moreover, LHON carriers show higher variability in 
peripapillary RNFL thickness compared to controls, as measured at 
different time points. RNFL variability could be explained either by a 
compensatory mechanism involving increased mitochondrial 
biogenesis or by an axonal stasis preceding RGC loss. Upon the onset 
of symptoms, the thickening of the temporal and inferior RNFL is 
followed by thickening of the superior and nasal sectors, while the 
temporal sector starts thinning at an early stage (23) (Figure 1C). These 
changes correspond to the appearance of disc edema, hyperemia and 
microvascular alterations observed during fundus examination (24). 
The RNFL thickening seems primarily related to axonal swelling, 
which has been proposed to be a sign of impaired axonal transport, 
with redistribution of mitochondria within the dysfunctional RGCs. 
This particularly affects the prelaminar, unmyelinated portion of the 
axons at the optic nerve head (2). The subacute phase of LHON has 
been proven to be  more variable and progressive than previously 
understood, characterized by a series of events lasting at least 3 months 
(23). Around 3 months after onset, temporal thinning becomes 
noticeable, followed by evident thinning of the superior and inferior 
regions by 9 months due to early atrophy. After 6 months from onset, 
diffuse optic atrophy becomes evident. At this stage patients present a 
significant reduction in visual acuity, which usually reaches its lowest 
point within 6 months from onset. In the atrophic stage of the disease, 
patients with visual recovery maintain a thicker RNFL than the those 
without visual recovery in all quadrants except for the 
temporal quadrant.

OCT also allows to investigate the size of the optic nerve head 
(ONH). LHON carriers show a larger ONH compared to both 
symptomatic patients and healthy controls. This larger ONH size has 
been suggested to likely be associated with less crowding of RGC 
axons, representing a favorable prognostic factor that may protect 
LHON carriers from developing the acute phase of the disease (25). 
In the chronic stage a diffuse optic nerve pallor becomes evident, 
corresponding to diffuse optic atrophy, as assessed by OCT. A larger 
ONH may also influence visual recovery since affected LHON with 
visual recovery also had a significantly larger ONH. Moreover, LHON 
patients carrying the 14,484/ND6 mutation had larger optic discs 
compared to those with other mutations and, in fact, this is the 
mutation associated with a more favorable prognosis (25).

OCT analysis allows also the segmentation of the retinal layers and 
in particular of the GCL. In LHON patients the macular RGC layer 
shows diffuse thinning and the involvement of RGCs has been 
demonstrated in the very acute stage of the disease. In fact, ganglion cell 

analysis can detect early damage to the macular RGCs, which precedes 
axonal loss and thinning of the RNFL and even the appearance of visual 
symptoms (26) (Figure 1D). Topographical analysis of the macular 
region demonstrated an early and extended involvement of the inner 
ring, compared to the outer ring and progresses in a centrifugal and 
spiral pattern resembling the anatomic distribution of the papillomacular 
bundle fibres (26). Additionally, in terms of total macular thickness, the 
nasal quadrant of the outer ring tends to become thinner earlier (within 
3–6 months) than the superior and inferior quadrants (within 
6–9 months). These findings overall confirm the capability of OCT in 
evaluating macular structure and the early involvement of the nasal 
sectors of the macular region corresponding to the PMB in LHON.

2.2.3 Optical Coherence Tomography 
angiography

OCT angiography (OCT-A) is a non-invasive imaging technique that 
provides high-resolution images of retinal and peripapillary capillaries by 
visualizing vascular flow via motion contrast (27). This innovative 
technique offers several advantages over fluorescein angiography, which 
has been the gold standard to evaluate retinal circulation in LHON 
patients (28–30). In addition to superior resolution, OCT-A allows for the 
visualization of vascular structures in an arbitrarily selected depth of 
retinal layers without the need to administer a contrast agent (31, 32). 
OCT-A enables the evaluation of optic nerve head vessel density (VD) 
and radial peripapillary capillaries (RPC). By using the split-spectrum 
amplitude-decorrelation angiography algorithm, vascular perfusion can 
be  quantified. Studies have identified significant peripapillary 
microvascular changes throughout the different stages of LHON 
progression (33–35). The microvascular changes in the temporal sector, 
implicating the PMB, occur prior to thinning of the RNFL and mirror the 
changes in the GC-IPL (33). This supports an active role of the retinal 
microvasculature in the process of disease during LHON conversion, 
leading to an irreversible wave of axonal injury (RNFL thickening) and 
subsequent irreversible loss of RGC (GC-IPL thinning). No statistically 
significant differences of VD were found between LHON-unaffected 
individuals and controls in any sector. However, in the early stage of 
LHON, the VD were significantly reduced in the temporal sector and in 
the temporal and inferotemporal sectors compared to both LHON-
unaffected individuals and controls, respectively. In LHON-late subacute 
stage VD were significantly reduced in whole, temporal, superotemporal 
and inferotemporal sectors compared with LHON-unaffected and 
controls. In LHON-chronic stage, the VD was reduced in all sectors when 
compared to all the other stages, including the control group. At late 
chronic stage a generalized thinning affects retinal microvasculature, 
RNFL and GC-IPL (33).

2.2.4 Brain and orbit magnetic resonance 
imaging findings

In acute classical LHON, brain MRI is usually normal and there 
is no evidence of demyelinating lesions in the white matter of the 
brain, which distinguishes from optic neuritis associated with 
demyelinating diseases (36). However, in some cases, LHON patients 
in the acute phase can show hyperintensity in the optic nerve/optic 
chiasm and rarely, enhancement of the optic nerve/optic chiasm has 
been observed (37, 38). Cases of LHON resembling neuromyelitis 
optica have been also reported (39–41). Moreover, the co-occurrence 
of LHON and MS, the so-called Harding’s disease, has also been 
reported (42) and in LHON patients without MS white matter changes 
can be  frequently observed (43). Furthermore, the use of MRI is 
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helpful also for differentiating LHON from compressive and/or 
infiltrative processes of the optic nerves.

3 The importance of family history 
and environmental factors

Since LHON is a maternally inherited disorder it is crucial to 
investigate for the possible presence of other optic neuropathy cases 
along the maternal side. In fact, LHON mutations affect the mtDNA, 
which is inherited exclusively through the maternal line. An 
appropriate genetic counselling is needed not only for accurate 
diagnosis but also for providing guidance to the individuals connected 
through the maternal lineage, including the risk of transmission of 
mtDNA mutation to siblings. In fact, the large majority of LHON 
mutations are homoplasmic, meaning that all the individuals along 
the maternal lineage are at risk of carrying and transmitting the 
LHON mutation to siblings. Moreover, since a preventive therapy for 
LHON carriers is not yet available, it is highly recommended to 
provide comprehensive instructions regarding potential triggers of the 
disease, such as smoking and alcohol consumption and also about the 
potential toxicity of some drugs (44).

4 Differential diagnosis of LHON

In the acute phase, the main differential diagnosis for LHON is 
represented by inflammatory optic neuropathies, which include 
retrobulbar optic neuritis and anterior papillitis (45). The main clinical 
clues for differential diagnosis with inflammatory optic neuritis are the 
presence of ocular pain at eye movements which occurs in 90% of cases, 

the occurrence of visual recovery, spontaneously or after steroid therapy 
within 1 month from onset, the peculiar and specific funduscopic and 
OCT features of LHON and the evidence of optic nerve hyperintensity 
with gadolinium enhancement at brain and orbit MRI. Fluorescein 
angiography in the large majority of cases shows the absence of leakage 
at the optic nerve head in LHON, aiding in the differentiation of LHON 
from inflammatory papillitis and other optic neuropathies (46). In 
general, in the case of unilateral and especially rapidly sequentially 
bilateral optic neuropathy in a young male without pain or spontaneous 
visual recovery the suspicion of LHON should be  always raised,  
also in the absence of a clear family history. In this context another 
important differential for LHON is represented by Neuromyelitis Optica 
Spectrum Disorder-optic neuritis and MOG antibody-associated 
disease (MOGAD)-optic neuritis in which the more frequent bilateral 
involvement, and the usual more severe visual outcome and severity of 
optic atrophy make the differential diagnosis more difficult than for the 
classical Multiple Sclerosis-related optic neuritis (45).

Other relevant differential diagnosis for LHON are represented by 
toxic-nutritional optic neuropathies which are typically characterized 
by subacute and painless central visual loss with central scotoma and 
temporal pallor. The clinical course (i.e., recovery after stopping toxins 
and/or supplementing vitamins) is of help in differential diagnosis (47).

5 Genetic testing

In case of clinical suspicion of LHON, it is mandatory to undergo 
genetic testing for the three most common LHON mutations (11,778/
ND4, 3,460/ND1 and 14,484/ND6) which account for 90–95% of 
LHON. In cases where the initial testing is negative but the clinical 
suspicion remains high, a comprehensive sequencing of the entire 

FIGURE 2

Flow-chart guiding the diagnostic process for LHON.
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mtDNA should be performed. If mtDNA is completely negative, and 
there is evidence of possible recessive inheritance, exome sequencing 
should also be performed including recessive LHON in-silico gene 
panel screening (including genes associated to recessive LHON and in 
particular DNAJC30 gene).

6 Final considerations

LHON is a maternally-inherited optic nerve disease in most 
instances, which is characterized by painless acute loss of visual 
acuity due to mitochondrial dysfunction affecting RGCs leading in 
the majority of cases to permanent visual loss. The typical natural 
history of the disease and the use of clinical tests including visual 
fields and particularly OCT helps in reaching the diagnosis in the 
very early stage of the disease avoiding misdiagnosis and 
inappropriate diagnostic exams and therapies. The early diagnosis 
is instrumental for starting the appropriate therapy (see diagnostic 
flow-chart in Figure 2) and to avoid misdiagnosis and inappropriate 
treatments. The only approved therapy for LHON at the moment is 
idebenone. The results of the open-label natural history-controlled 
trial on LHON have been recently published confirming idebenone 
long-term efficacy in both subacute and chronic LHON patients 
(48). Moreover, gene therapy trials on LHON patients carrying the 
11,778/ND4 mutation have been conducted demonstrating a 
clinically relevant and sustained improvement in visual acuity 
compared to natural history data (49).

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

CM: Writing – review & editing, Writing – original draft, 
Methodology, Data curation, Conceptualization. MC: Writing – 
review & editing, Writing – original draft, Methodology, Data 
curation, Conceptualization. AN: Writing – review & editing, Writing –  
original draft, Methodology, Data curation, Conceptualization. MR: 
Writing – review & editing, Writing – original draft, Methodology, 
Data curation, Conceptualization. FC: Writing – review & editing, 
Writing – original draft, Methodology, Data curation, 
Conceptualization. SR: Writing – review & editing, Writing – 
original draft, Methodology, Data curation, Conceptualization. DC: 

Writing – review & editing, Writing – original draft, Methodology, 
Data curation, Conceptualization. MF: Writing – review & editing, 
Writing – original draft, Methodology, Data curation, 
Conceptualization.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

CM is a member of the European Reference Network for 
Neuromuscular Diseases. Editorial support was provided by Health, 
Publishing and Services and was funded by Chiesi.

Conflict of interest

CM declares to have been a consultant for Chiesi Farmaceutici, 
Gensight Biologics, Regulatory PharmaNet and Thenewway srl; CM 
received speaker honoraria and/or financial support for meetings 
from Santhera Pharmaceuticals, Chiesi Farmaceutici, Gensight 
Biologics, Regulatory PharmaNet, Thenewway srl, First Class srl 
and Biologix. CM is PI/SI for clinical trials sponsored GenSight 
Biologics, Santhera Pharmaceuticals, Stoke therapeutics, Reneo and 
OMEICOS therapeutics. FC was employed by Chiesi Italia 
S.p.A. ADN received speaker honoraria and/or financial support for 
meetings from Chiesi Farmaceutici and Gensight Biologics. MLC 
eceived speaker honoraria and/or financial support for meetings 
from Chiesi Farmaceutici.

The remaining authors declare that the research was conducted in 
the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Wallace DC, Singh G, Lott MT, Hodge JA, Schurr TG, Lezza AM, et al. 

Mitochondrial DNA mutation associated with Leber's hereditary optic neuropathy. 
Science. (1988) 242:1427–30. doi: 10.1126/science.3201231

 2. Carelli V, Ross-Cisneros FN, Sadun AA. Mitochondrial dysfunction as a cause of 
optic neuropathies. Prog Retin Eye Res. (2004) 23:53–89. doi: 10.1016/j.preteyeres. 
2003.10.003

 3. Achilli A, Iommarini L, Olivieri A, Pala M, Hooshiar Kashani B, Reynier P, et al. Rare 
primary mitochondrial DNA mutations and probable synergistic variants in Leber's 
hereditary optic neuropathy. PLoS One. (2012) 7:e42242. doi: 10.1371/journal.pone.0042242

 4. Stenton SL, Sheremet NL, Catarino CB, Andreeva NA, Assouline Z, Barboni P, et al. 
Impaired complex I repair causes recessive Leber's hereditary optic neuropathy. J Clin 
Invest. (2021) 131:e138267. doi: 10.1172/JCI138267

https://doi.org/10.3389/fneur.2024.1466275
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1126/science.3201231
https://doi.org/10.1016/j.preteyeres.2003.10.003
https://doi.org/10.1016/j.preteyeres.2003.10.003
https://doi.org/10.1371/journal.pone.0042242
https://doi.org/10.1172/JCI138267


La Morgia et al. 10.3389/fneur.2024.1466275

Frontiers in Neurology 07 frontiersin.org

 5. Gerber S, Orssaud C, Kaplan J, Johansson C, Rozet JM. Mcat mutations cause 
nuclear Lhon-like optic neuropathy. Genes (Basel). (2021) 12:521. doi: 10.3390/
genes12040521

 6. Yu-Wai-Man P, Griffiths PG, Chinnery PF. Mitochondrial optic neuropathies – 
disease mechanisms and therapeutic strategies. Prog Retin Eye Res. (2011) 30:81–114. 
doi: 10.1016/j.preteyeres.2010.11.002

 7. Lopez Sanchez MIG, Kearns LS, Staffieri SE, Clarke L, McGuinness MB, Meteoukki 
W, et al. Establishing risk of vision loss in Leber hereditary optic neuropathy. Am J Hum 
Genet. (2021) 108:2159–70. doi: 10.1016/j.ajhg.2021.09.015

 8. Watson EC, Davis RL, Ravishankar S, Copty J, Kummerfeld S, Sue CM. Low disease 
risk and penetrance in Leber hereditary optic neuropathy. Am J Hum Genet. (2023) 
110:166–9. doi: 10.1016/j.ajhg.2022.11.013

 9. Mackey DA, Ong JS, MacGregor S, Whiteman DC, Craig JE, Lopez Sanchez MIG, 
et al. Is the disease risk and penetrance in Leber hereditary optic neuropathy actually 
low? Am J Hum Genet. (2023) 110:170–6. doi: 10.1016/j.ajhg.2022.11.014

 10. Weerasinghe D, Lueck C. Mimics and chameleons of optic neuritis. Pract Neurol. 
(2016) 16:96–110. doi: 10.1136/practneurol-2015-001254

 11. Carelli V, Carbonelli M, de Coo IF, Kawasaki A, Klopstock T, Lagreze WA, et al. 
International consensus statement on the clinical and therapeutic management of leber 
hereditary optic neuropathy. J Neuroophthalmol. (2017) 37:371–81. doi: 10.1097/
WNO.0000000000000570

 12. EMA. Idebenone summary of product characteristics. (2022). Available at: https://
www.ema.europa.eu/en/medicines/human/EPAR/raxone (Accessed June 27, 2023).

 13. Amore G, Romagnoli M, Carbonelli M, Barboni P, Carelli V, La Morgia C. 
Therapeutic options in hereditary optic neuropathies. Drugs. (2021) 81:57–86. doi: 
10.1007/s40265-020-01428-3

 14. Nikoskelainen EK, Huoponen K, Juvonen V, Lamminen T, Nummelin K, 
Savontaus ML. Ophthalmologic findings in Leber hereditary optic neuropathy, with 
special reference to Mtdna mutations. Ophthalmology. (1996) 103:504–14. doi: 10.1016/
s0161-6420(96)30665-9

 15. La Morgia C, Ross-Cisneros FN, Sadun AA, Hannibal J, Munarini A, Mantovani 
V, et al. Melanopsin retinal ganglion cells are resistant to neurodegeneration in 
mitochondrial optic neuropathies. Brain. (2010) 133:2426–38. doi: 10.1093/brain/
awq155

 16. Moura AL, Nagy BV, La Morgia C, Barboni P, Oliveira AG, Salomao SR, et al. The 
pupil light reflex in Leber's hereditary optic neuropathy: evidence for preservation of 
melanopsin-expressing retinal ganglion cells. Invest Ophthalmol Vis Sci. (2013) 
54:4471–7. doi: 10.1167/iovs.12-11137

 17. Nikoskelainen E, Hoyt WF, Nummelin K. Ophthalmoscopic findings in Leber's 
hereditary optic neuropathy. I. Fundus findings in asymptomatic family members. Arch 
Ophthalmol. (1982) 100:1597–602. doi: 10.1001/archopht.1982.01030040575003

 18. Ran R, Yang S, He H, Ma S, Chen Z, Li B. A retrospective analysis of characteristics 
of visual field damage in patients with Leber's hereditary optic neuropathy. Springerplus. 
(2016) 5:843. doi: 10.1186/s40064-016-2540-7

 19. Altpeter EK, Blanke BR, Leo-Kottler B, Nguyen XN, Trauzettel-Klosinski S. 
Evaluation of fixation pattern and Reading ability in patients with Leber hereditary optic 
neuropathy. J Neuroophthalmol. (2013) 33:344–8. doi: 10.1097/WNO.0b013e31829d1f5b

 20. Mejia-Vergara AJ, Sadun AA, Chen AF, Smith MF, Wall M, Karanjia R. Benefit of 
stimulus size V Perimetry for patients with a dense central scotoma from Leber's hereditary 
optic neuropathy. Transl Vis Sci Technol. (2021) 10:31. doi: 10.1167/tvst.10.12.31

 21. Savini G, Barboni P, Valentino ML, Montagna P, Cortelli P, De Negri AM, et al. 
Retinal nerve fiber layer evaluation by optical coherence tomography in unaffected 
carriers with Leber's hereditary optic neuropathy mutations. Ophthalmology. (2005) 
112:127–31. doi: 10.1016/j.ophtha.2004.09.033

 22. Pan BX, Ross-Cisneros FN, Carelli V, Rue KS, Salomao SR, Moraes-Filho MN, 
et al. Mathematically modeling the involvement of axons in Leber's hereditary optic 
neuropathy. Invest Ophthalmol Vis Sci. (2012) 53:7608–17. doi: 10.1167/iovs.12-10452

 23. Barboni P, Carbonelli M, Savini G, Ramos Cdo V, Carta A, Berezovsky A, et al. 
Natural history of Leber's hereditary optic neuropathy: longitudinal analysis of the 
retinal nerve fiber layer by optical coherence tomography. Ophthalmology. (2010) 
117:623–7. doi: 10.1016/j.ophtha.2009.07.026

 24. Nikoskelainen E, Hoyt WF, Nummelin K. Ophthalmoscopic findings in Leber's 
hereditary optic neuropathy. II. The fundus findings in the affected family members. 
Arch Ophthalmol. (1983) 101:1059–68. doi: 10.1001/archopht.1983.01040020061011

 25. Ramos Cdo V, Bellusci C, Savini G, Carbonelli M, Berezovsky A, Tamaki C, et al. 
Association of optic disc size with development and prognosis of Leber's hereditary optic 
neuropathy. Invest Ophthalmol Vis Sci. (2009) 50:1666–74. doi: 10.1167/iovs.08-2695

 26. Balducci N, Savini G, Cascavilla ML, La Morgia C, Triolo G, Giglio R, et al. Macular 
nerve fibre and ganglion cell layer changes in acute Leber's hereditary optic neuropathy. Br 
J Ophthalmol. (2016) 100:1232–7. doi: 10.1136/bjophthalmol-2015-307326

 27. de Carlo TE, Romano A, Waheed NK, Duker JS. A review of optical coherence 
tomography angiography (octa). Int J Retina Vitreous. (2015) 1:5. doi: 10.1186/
s40942-015-0005-8

 28. Smith JL, Hoyt WF, Susac JO. Ocular fundus in acute Leber optic neuropathy. Arch 
Ophthalmol. (1973) 90:349–54. doi: 10.1001/archopht.1973.01000050351002

 29. Nikoskelainen E, Sogg RL, Rosenthal AR, Friberg TR, Dorfman LJ. The early phase 
in Leber hereditary optic atrophy. Arch Ophthalmol. (1977) 95:969–78. doi: 10.1001/
archopht.1977.04450060055002

 30. Chalmers RM, Schapira AH. Clinical, biochemical and molecular genetic features 
of Leber's hereditary optic neuropathy. Biochim Biophys Acta. (1999) 1410:147–58. doi: 
10.1016/s0005-2728(98)00163-7

 31. Spaide RF, Fujimoto JG, Waheed NK, Sadda SR, Staurenghi G. Optical coherence 
tomography angiography. Prog Retin Eye Res. (2018) 64:1–55. doi: 10.1016/j.
preteyeres.2017.11.003

 32. Kiyota N, Kunikata H, Takahashi S, Shiga Y, Omodaka K, Nakazawa T. Factors 
associated with deep circulation in the peripapillary chorioretinal atrophy zone in 
normal-tension glaucoma with myopic disc. Acta Ophthalmol. (2018) 96:e290–7. doi: 
10.1111/aos.13621

 33. Balducci N, Cascavilla ML, Ciardella A, La Morgia C, Triolo G, Parisi V, et al. 
Peripapillary vessel density changes in Leber's hereditary optic neuropathy: a new 
biomarker. Clin Experiment Ophthalmol. (2018) 46:1055–62. doi: 10.1111/ceo.13326

 34. Balducci N, Ciardella A, Gattegna R, Zhou Q, Cascavilla ML, La Morgia C, et al. 
Optical coherence tomography angiography of the peripapillary retina and optic nerve 
head in dominant optic atrophy. Mitochondrion. (2017) 36:60–5. doi: 10.1016/j.
mito.2017.03.002

 35. Chen JJ, AbouChehade JE, Iezzi R Jr, Leavitt JA, Kardon RH. Optical coherence 
angiographic demonstration of retinal changes from chronic optic neuropathies. 
Neuroophthalmology. (2017) 41:76–83. doi: 10.1080/01658107.2016.1275703

 36. Newman NJ, Lott MT, Wallace DC. The clinical characteristics of pedigrees of 
Leber's hereditary optic neuropathy with the 11778 mutation. Am J Ophthalmol. (1991) 
111:750–62. doi: 10.1016/s0002-9394(14)76784-4

 37. Blanc C, Heran F, Habas C, Bejot Y, Sahel J, Vignal-Clermont C. MRI of the optic 
nerves and chiasm in patients with Leber hereditary optic neuropathy. J 
Neuroophthalmol. (2018) 38:434–7. doi: 10.1097/WNO.0000000000000621

 38. Phillips PH, Vaphiades M, Glasier CM, Gray LG, Lee AG. Chiasmal enlargement 
and Optic nerve enhancement on magnetic resonance imaging in Leber hereditary optic 
neuropathy. Arch Ophthalmol. (2003) 121:577–9. doi: 10.1001/archopht.121.4.577

 39. Kassa R, Raslau F, Smith C, Sudhakar P. Teaching neuroimages: leber hereditary 
optic neuropathy masquerading as neuromyelitis optica. Neurology. (2018) 90:e94–5. 
doi: 10.1212/WNL.0000000000004760

 40. Sunshine A, Mandle QJ, Cabal Herrera AM, Zapanta B, Varma H, Magana S. Pearls 
& oy-Sters: Leber hereditary optic neuropathy-plus masquerading as neuromyelitis 
optica spectrum disorder in a 2-year-old child. Neurology. (2023) 101:e2585–8. doi: 
10.1212/WNL.0000000000207979

 41. McClelland CM, Van Stavern GP, Tselis AC. Leber hereditary optic neuropathy 
mimicking neuromyelitis optica. J Neuroophthalmol. (2011) 31:265–8. doi: 10.1097/
WNO.0b013e318225247b

 42. Harding AE, Sweeney MG, Miller DH, Mumford CJ, Kellar-Wood H, Menard D, 
et al. Occurrence of a multiple sclerosis-like illness in women who have a Leber's 
hereditary optic neuropathy mitochondrial DNA mutation. Brain. (1992) 115:979–89. 
doi: 10.1093/brain/115.4.979

 43. Matthews L, Enzinger C, Fazekas F, Rovira A, Ciccarelli O, Dotti MT, et al. MRI in 
Leber's hereditary optic neuropathy: the relationship to multiple sclerosis. J Neurol 
Neurosurg Psychiatry. (2015) 86:537–42. doi: 10.1136/jnnp-2014-308186

 44. Giordano L, Deceglie S, d'Adamo P, Valentino ML, La Morgia C, Fracasso F, et al. 
Cigarette toxicity triggers Leber's hereditary optic neuropathy by affecting MtDNA copy 
number, oxidative phosphorylation and ROS detoxification pathways. Cell Death Dis. 
(2015) 6:e2021. doi: 10.1038/cddis.2015.364

 45. Petzold A, Fraser CL, Abegg M, Alroughani R, Alshowaeir D, Alvarenga R, et al. 
Diagnosis and classification of optic neuritis. Lancet Neurol. (2022) 21:1120–34. doi: 
10.1016/S1474-4422(22)00200-9

 46. Littlewood R, Mollan SP, Pepper IM, Hickman SJ. The utility of fundus fluorescein 
angiography in neuro-ophthalmology. Neuroophthalmology. (2019) 43:217–34. doi: 
10.1080/01658107.2019.1604764

 47. Lambiri DW, Levin LA. Maculopapillary bundle degeneration in optic 
neuropathies. Curr Neurol Neurosci Rep. (2024) 24:203–18. doi: 10.1007/
s11910-024-01343-0

 48. Yu-Wai-Man P, Carelli V, Newman NJ, Silva MJ, Linden A, Van Stavern G, et al. 
Therapeutic benefit of idebenone in patients with Leber hereditary optic neuropathy: 
the LEROS nonrandomized controlled trial. Cell Rep Med. (2024) 5:101437. doi: 
10.1016/j.xcrm.2024.101437

 49. Carelli V, Newman NJ, Yu-Wai-Man P, Biousse V, Moster ML, Subramanian PS, 
et al. Indirect comparison of lenadogene nolparvovec gene therapy versus natural history 
in patients with Leber hereditary optic neuropathy carrying the m.11778G>a 
MT-ND4 mutation. Ophthalmol Ther. (2023) 12:401–29. doi: 10.1007/s40123- 
022-00611-x

https://doi.org/10.3389/fneur.2024.1466275
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3390/genes12040521
https://doi.org/10.3390/genes12040521
https://doi.org/10.1016/j.preteyeres.2010.11.002
https://doi.org/10.1016/j.ajhg.2021.09.015
https://doi.org/10.1016/j.ajhg.2022.11.013
https://doi.org/10.1016/j.ajhg.2022.11.014
https://doi.org/10.1136/practneurol-2015-001254
https://doi.org/10.1097/WNO.0000000000000570
https://doi.org/10.1097/WNO.0000000000000570
https://www.ema.europa.eu/en/medicines/human/EPAR/raxone
https://www.ema.europa.eu/en/medicines/human/EPAR/raxone
https://doi.org/10.1007/s40265-020-01428-3
https://doi.org/10.1016/s0161-6420(96)30665-9
https://doi.org/10.1016/s0161-6420(96)30665-9
https://doi.org/10.1093/brain/awq155
https://doi.org/10.1093/brain/awq155
https://doi.org/10.1167/iovs.12-11137
https://doi.org/10.1001/archopht.1982.01030040575003
https://doi.org/10.1186/s40064-016-2540-7
https://doi.org/10.1097/WNO.0b013e31829d1f5b
https://doi.org/10.1167/tvst.10.12.31
https://doi.org/10.1016/j.ophtha.2004.09.033
https://doi.org/10.1167/iovs.12-10452
https://doi.org/10.1016/j.ophtha.2009.07.026
https://doi.org/10.1001/archopht.1983.01040020061011
https://doi.org/10.1167/iovs.08-2695
https://doi.org/10.1136/bjophthalmol-2015-307326
https://doi.org/10.1186/s40942-015-0005-8
https://doi.org/10.1186/s40942-015-0005-8
https://doi.org/10.1001/archopht.1973.01000050351002
https://doi.org/10.1001/archopht.1977.04450060055002
https://doi.org/10.1001/archopht.1977.04450060055002
https://doi.org/10.1016/s0005-2728(98)00163-7
https://doi.org/10.1016/j.preteyeres.2017.11.003
https://doi.org/10.1016/j.preteyeres.2017.11.003
https://doi.org/10.1111/aos.13621
https://doi.org/10.1111/ceo.13326
https://doi.org/10.1016/j.mito.2017.03.002
https://doi.org/10.1016/j.mito.2017.03.002
https://doi.org/10.1080/01658107.2016.1275703
https://doi.org/10.1016/s0002-9394(14)76784-4
https://doi.org/10.1097/WNO.0000000000000621
https://doi.org/10.1001/archopht.121.4.577
https://doi.org/10.1212/WNL.0000000000004760
https://doi.org/10.1212/WNL.0000000000207979
https://doi.org/10.1097/WNO.0b013e318225247b
https://doi.org/10.1097/WNO.0b013e318225247b
https://doi.org/10.1093/brain/115.4.979
https://doi.org/10.1136/jnnp-2014-308186
https://doi.org/10.1038/cddis.2015.364
https://doi.org/10.1016/S1474-4422(22)00200-9
https://doi.org/10.1080/01658107.2019.1604764
https://doi.org/10.1007/s11910-024-01343-0
https://doi.org/10.1007/s11910-024-01343-0
https://doi.org/10.1016/j.xcrm.2024.101437
https://doi.org/10.1007/s40123-022-00611-x
https://doi.org/10.1007/s40123-022-00611-x

	Recognizing Leber’s Hereditary Optic Neuropathy to avoid delayed diagnosis and misdiagnosis
	1 Introduction
	2 Key signs and findings/red flags useful for the correct early diagnosis of LHON
	2.1 Clinical signs
	2.2 Clinical test findings in LHON
	2.2.1 Visual fields
	2.2.2 Optical Coherence Tomography
	2.2.3 Optical Coherence Tomography angiography
	2.2.4 Brain and orbit magnetic resonance imaging findings

	3 The importance of family history and environmental factors
	4 Differential diagnosis of LHON
	5 Genetic testing
	6 Final considerations

	References

