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Abstract 
Leber hereditary optic neuropathy (LHON) is a mitochondrial disease leading to optic atrophy due to degeneration of the retinal ganglion cell. 
A curative treatment is not available at the moment, but a new antioxidant drug, Idebenone, is expected to reduce the progression of the disorder. 
Two male patients, genetically confirmed with LHON, were clinically, morphologically, and electrophysiologically evaluated, before and three, 
six, nine and 12 months after starting the treatment. The patient with 3460G>A mutation in mitochondrially-encoded nicotinamide adenine 
dinucleotide, reduced form (NADH):ubiquinone oxidoreductase core subunit (mtND)1 gene showed an improvement in visual acuity, visual field, 
and visual evoked potentials with no effect on morphological examinations, while the patient with 11778G>A mutation in mtND4 gene showed 
no functional, nor morphological recovery after one year of treatment. This study demonstrates that Idebenone, depending on the genetic 
profile of the disease, may be effective in functional improvement in patients with LHON. 
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 Introduction 
Leber hereditary optic neuropathy (LHON) was first 

described by the German ophthalmologist Theodor Leber, 
in 1871, after observing acute and irreversible visual acuity 
(VA) loss in both eyes, in young men from four families 
[1]. In 1972, Erikson demonstrated that LHON is a 
mitochondrial disorder characterized by mutations in the 
mitochondrial genome [mitochondrial deoxyribonucleic acid 
(mtDNA)], with a maternal mode of inheritance [2]. Further 
studies proved that the affected genes are nicotinamide 
adenine dinucleotide, reduced form (NADH):ubiquinone 
oxidoreductase core subunit (ND)4, ND1 and ND6, genes 
that are coding for a polypeptide of the electron transport 
chain, complex I, which leads to energy reduction in the 
retinal ganglion cells (RGCs), causing apoptosis of these 
cells [3]. Another mechanism that causes RGC death is the 
dysfunction of glutamate transportation system, leading 
to elevated levels of oxidative stress [4]. The responsible 
mutations for almost 95% of LHON cases are G3460A 
(ND1) [5], G11778A (ND4) [6] and T14484C (ND6) [7]. 
These mutations lead to degeneration of the RGCs, causing 
optic atrophy in the advanced stage of the disease. 

Clinically, the disease evolves in four stages: asymp-
tomatic, presymptomatic, acute and chronic [8]. Patients 
present with acute or subacute decreased VA, which is 
painless, bilateral, and usually asymmetrical. In the acute 
stage, ophthalmoscopy reveals disk hyperemia, swelling 
of the nerve fiber layer, vascular tortuosity of the central 

retinal vessels, retinal telangiectasia [8], which in six to 
eight weeks turns into optic disc pallor, more obvious 
temporally secondary to initial axonal degeneration in 
papillomacular bundle [9]. Visual field testing shows a 
central scotoma, which enlarges in size and density as VA 
decreases [10]. 

Until 2015, no specific treatments were available for 
LHON. Idebenone is a benzoquinone which can prevent the 
apoptosis of RGC [11] by its antioxidant effects and its 
capability to bypass complex I of the mitochondrial respi-
ratory chain and to transfer electrons straight to complex 
III [12]. Through this process, Idebenone can generate 
adenosine triphosphate (ATP) for RGCs that are still viable, 
but dysfunctional. The hydrophilicity/lipophilicity structure 
of short chain benzoquinone is the key to ATP generation 
under condition of complex I dysfunction [11, 13]. The effect 
of Idebenone treatment in LHON patients is the recovery of 
dormant, but non-apoptotic RGC by serving as an electron 
carrier in the mitochondrial respiratory chain [14]. 

Aim 

The aim of our study was to evaluate the effects of 
Idebenone in two patients genetically confirmed with LHON. 

 Patients, Materials and Methods 
Two male patients aged 15 and 11 years old, genetically 

confirmed with LHON mutations, underwent complete 
ophthalmological examination before and three, six and 
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nine months after we initiated treatment with Idebenone 
900 mg/day. The ophthalmological examination included 
VA, retinal photography, visual field tests, optical coherence 
tomography (OCT), flash and pattern-reversal visual evoked 
potentials (VEPs). 

VA was measured according to Early Treatment Diabetic 
Retinopathy Study (ETDRS) charts. For visual field testing, 
we used the 2010 Carl Zeiss Meditec and Optopol Techno-
logy Sp. Z. o.o systems and we evaluated the 30-2 central 
threshold test. Retinal photography and OCT were obtained 
by using the TopCon system. Regarding the OCT scans, 
we analyzed the retinal nerve fiber layer (RNFL) in nasal 
(N), temporal (T), superior (S) and inferior (I) quadrants, 
and macular ganglion cell layers (GCLs) thickness. VEPs 
were recorded with Metrovision MonPack One system, 
and we analyzed the presence, amplitude, and latency of 
P100 wave in pattern-reversal VEP and of P2 wave in flash 
VEP. 

The inclusion criteria were (i) the presence of a LHON 
mutation, (ii) the presence of a clinical sign or symptom of 
the disease: painless decreased VA, decreased VA below 
1 logarithm of the minimum angle of resolution (logMAR) 
in the first 12 months from clinical onset, central/cecocentral 
scotoma, dyschromatopsia, optic nerve pseudo-edema, 
(iii) clinical onset less than 60 months, (iv) no response 
to oral glucocorticoids for 15–30 days, (v) signed informed 
consent. 

The exclusion criteria were (i) clinical onset over 60 
months, (ii) patients with other neuropathies or degenerative 
diseases, (iii) no signed informed consent. 

Our study respected the tents of the Declaration of 
Helsinki and written informed consent was signed by the 
subjects and their parents. 

 Case presentations 
Case No. 1 

A 15-year-old male patient presented in the Department 
of Ophthalmology, Emergency County Hospital, Craiova, 
Romania for severe drop of VA in both eyes, worse in the 
right eye (RE), started two months earlier. On our clinical 
examination, the best corrected visual acuity (BCVA) was 
0.08 in his RE and 0.2 in his left eye (LE), with normal 
intraocular pressure (IOP). Biomicroscopically, he presented 
a normal aspect of the anterior segment but on ophthalmo-
scopic examination, we observed hyperemic optic discs 
with telangiectatic and tortuous peripapillary vessels and 
edematous appearance of the RNFL (Figure 1A). The visual 
field test showed a central scotoma in both eyes, denser in 
the RE (Figure 2), and the OCT detected RNFL swelling in 
both eyes (Figure 3A). Brain magnetic resonance imaging 
(MRI) was normal. In his family, the maternal uncles were 
known with optic atrophy since childhood. We considered 
optic neuritis as a possible diagnosis, so we started the 
general corticotherapy to which he was unresponsive. Due 
to his clinical aspect and family history, we asked for LHON 
genetic testing, and we detected the 3460G>A mutation. 
His mother was also G3460A positive and asymptomatic. 
At that moment, there was no accessible treatment for 
LHON in our country. Fifteen months later, the VA decreased 

to counting fingers at 1 m RE and counting fingers at 2 m 
LE and ophthalmoscopic examination revealed bilateral 
optic atrophy (Figure 1B). The OCT revealed important 
loss of RNFL (Figure 3B), and ganglion cells (Figure 4A) 
and visual field test showed central scotoma in both eyes 
(Figure 5A). The VEPs detected no specific complex in 
pattern-reversal responses and a delayed and decreased 
P2 wave in flash recordings (Figure 6A). Treatment with 
Idebenone 900 mg daily was initiated and we evaluated 
the patient at three, six, nine and 12 months. At 12-month 
examination, the VA was 0.8 RE and 0.4 LE. The visual 
field test detected important fenestration of the central 
scotoma in both eyes (Figure 5B). The flash VEPs revealed 
a P2 wave with a slight increase in amplitude in both 
eyes, and absent response in pattern-reversal stimulation 
(Figure 6B). The OCT scans showed no improvement 
(Figures 3C and 4B). With these results, the patient was 
eligible for continuing the treatment for up to 24 months, 
being evaluated every three months. The VA improved 
up to 1 in his RE and 0.6 in his LE. The central scotoma 
continued to decrease in density (Figure 5C). Regarding the 
VEPs, the P2 wave showed an increase in amplitude and 
decrease in latency (Figure 6C), but the OCT scans remained 
unchanged (Figures 3D and 4C). 

 
Figure 1 – Case No. 1. Fundus aspect at presentation 
(A) showing hyperemic optic disc, tortuous peripapillary 
vessels and edematous appearance of the retinal nerve 
fiber layer; before treatment initiation (B) showing optic 
atrophy. LE: Left eye; RE: Right eye. 

 
Figure 2 – Case No. 1. Visual field aspect at presentation 
showing central scotoma, denser in the RE. LE: Left 
eye; RE: Right eye. 
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Figure 3 – Case No. 1. OCT aspect, 
RNFL thickness: at presentation (A) 
showing increased thickness of the 
RNFL; before treatment initiation  
(B) showing decreased thickness of  

the RNFL; after 12 months of 
treatment (C) showing decreased 

thickness of RNFL; after 24 months  
of treatment (D) showing decreased 

RNFL thickness, but relatively stable 
compared to previous examinations.  
I: inferior; LE: Left eye; N: Nasal; 

OCT: Optical coherence tomography; 
RE: Right eye; RNFL: Retinal  
nerve fiber layer; S: Superior;  

T: Temporal. 

 

 
Figure 4 – Case No. 1. OCT aspect, GCL thickness: before 
treatment initiation (A) showing severely decreased 
thickness of GCL that remains relatively stable after 
12 months of treatment (B) and after 24 months of 
treatment (C). GCL: Ganglion cell layer; LE: Left eye; 
N: Nasal; OCT: Optical coherence tomography; RE: 
Right eye; T: Temporal. 

Case No. 2 

A 11-year-old male patient presented in our Emergency 
Department for bilateral marked decrease of VA. On clinical 
examination, the BCVA was counting fingers at 2 m in his 
RE and counting fingers at 3 m in his left eye, normal IOP 
and normal aspect of the anterior segment. The fundoscopic 
aspect revealed pale and plane papillae, with net contour 
and physiological excavation of both eyes (Figure 7). The 
visual field detected central scotoma (Figure 8A) and the 
VEPs showed a delayed and decreased P2 wave in flash 
stimulation and no response to pattern-reversal stimulation 
(Figure 9A). The OCT presented bilateral atrophy of RNFL 
(Figure 10A) and reduced thickness of GCL (Figure 11A). 
Brain MRI scans were normal. The corticoid therapy was 

 
Figure 5 – Case No. 1. Visual field aspect before 
treatment initiation (A) showing very dense central 
scotoma; after 12 months of treatment (B) showing 
fenestration of the central scotoma that continues to 
decrease in density after 24 months of treatment (C). 
LE: Left eye; RE: Right eye. 

initiated for 14 days, with no effect, and we decided on 
genetic testing for LHON. The G11778A mutation was 
identified, and we started the treatment with Idebenone 
900 mg/day, with evaluation at every three months. After 
three months of treatment, there was no change in VA, 
visual field, OCT and VEPs. At the 12-month evaluation, 
the VA was counting fingers at 2 m in both eyes and the 
visual field showed an increased density of the scotoma in 
both eyes (Figure 8B). The OCT (Figures 10B and 11B) 
and VEPs (Figure 9B) had the same aspect compared to 
the moment of presentation. 
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Figure 6 – Case No. 1. Flash and pattern-reversal 120’ VEPs before treatment initiation (A) showing a delayed and 
decreased P2 wave in flash recording and no specific complex in pattern-reversal 120’; after 12 months of treatment 
(B) showing an increased P2 wave and absent response in pattern-reversal stimulation; after 24 months of treatment 
(C) showing an increase in amplitude and decrease in latency of P2 wave, with no response in pattern-reversal 120’. 
LE: Left eye; RE: Right eye; VEP: Visual evoked potential. 

 
 Discussions 

We present two cases of LHON in two young male 
patients, with different clinical patterns and genetic profile. 
Both patients were treated with Idebenone 900 mg daily, 
when the treatment became available, and we analyzed the 

clinical, morphological, and functional response every three 
months. 

LHON is a mitochondrial disease which affects the retinal 
GCL through impaired glutamate transport and reduction 
of ATP production leading to increased production of 
reactive oxygen species [8]. Idebenone is the first approved 
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treatment for LHON, due to its action of generating cellular 
energy through its electron carrier and antioxidant effects 
[13]. Its efficacy was demonstrated by Rescue of Hereditary 
Optic Disease Outpatient Study (RHODOS) [15] and it is 
considered that visual improvement is strongly correlated 
with treatment initiation in the acute or subacute stages 
of the disease [16]. Klopstock et al. showed in their study 
that patients with G3460A and G11778A mutations are more 
responsive to Idebenone treatment compared to patients 
with T14484C mutation, which may improve spontaneously 
[15]. 

 
Figure 7 – Case No. 2. Fundus aspect before treatment 
initiation showing pale, plane papillae. LE: Left eye; 
RE: Right eye. 

 
Figure 8 – Case No. 2. Visual field aspect before 
treatment initiation (A) showing central scotoma that 
increased in density after 12 months of treatment (B). 
LE: Left eye; RE: Right eye. 

 

 
Figure 9 – Case No. 2. Flash and pattern-reversal 120’ VEPs before treatment initiation (A) showing delayed and decreased 
P2 wave in flash stimulation and no response to pattern-reversal stimulation with no improvement after 12 months of 
treatment (B). LE: Left eye; RE: Right eye; VEP: Visual evoked potential. 
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Figure 10 – Case No. 2. OCT aspect, 
RNFL thickness before treatment 

initiation (A) showing very reduced 
thickness of RNFL in four quadrans 
with no improvement after 12 months 

of treatment (B). I: inferior; LE:  
Left eye; N: Nasal; OCT: Optical 

coherence tomography; RE: Right  
eye; RNFL: Retinal nerve fiber  

layer; S: Superior; T: Temporal. 
 

 
Figure 11 – Case No. 2. OCT aspect, GCL thickness 
before treatment initiation (A) showing very reduced 
thickness of GCL with no improvement after 12 months 
of treatment (B). GCL: Ganglion cell layer; LE: Left 
eye; N: Nasal; OCT: Optical coherence tomography; 
RE: Right eye; T: Temporal. 

In our first case, the patient was positive for G3460A 
mutation, but at the moment of diagnosis there was no 
available treatment in our country, so we started the therapy 
15 months later, when Idebenone was approved for LHON. 
We observed an improvement in VA after three months of 
treatment with slight fenestration of the central scotoma. 
After 12 months, apart from VA and visual field improvement, 
we obtained an increased P2 wave in flash VEPs, with a 
stable aspect of fundoscopy and OCT. We continued the 
treatment for 12 months, with good results in VA, visual 
field and VEPs, but unchanged ophthalmoscopy and OCT 
aspect. This case of LHON treated with Idebenone shows 
an improvement in all functional exams: VA, visual field 
and VEPs, with no effect on morphological investigations 
(fundoscopy and OCT). Our findings are consistent with 
the Idebenone mechanism of action, showing that it can 
restore dormant, but viable ganglion cells [13, 17]. Even 
if the treatment was started 15 months after the clinical 
onset, we obtained very good results during the treatment, 
but also at the final examinations. This data is different 
from other studies results, which consider that best results 
are obtained if the treatment is initiated in the acute or 
subacute stage of the disease [13, 16]. Regarding the mutation 
for which the patient was positive, our findings are also 
similar to a study which consider that G3460A has a bad 
prognosis without treatment, but a good response to Idebenone 
[17, 18]. Both the patient and his asymptomatic mother are 
evaluated at every three months. 

The second patient was diagnosed in the chronic stage 
of the disease, even if he affirmed that the VA started to 
decrease approximately two months before presentation. 
There was no improvement in functional or in morpho-

logical examinations during or at the end of treatment with 
Idebenone, even if the treatment was started shortly after 
presentation. Although the patient was positive for G11778A 
mutation, which is considered to have a good prognosis 
under treatment [16, 19, 20], we obtained no recovery in 
VA, visual field, VEP, fundoscopy, nor OCT after 12 months 
of therapy, so we stopped Idebenone treatment. The 19-
year-old brother was also positive for G11778A mutation, 
so we examine him every three months for an early diagnosis 
and proper initiation of treatment. 

 Conclusions 
Our cases show that Idebenone may be a valuable therapy 

in maintaining and improving the visual function, in LHON 
patients. Regarding the retinal morphological aspect, the 
thickness of both the GCL and the RNFL remains relatively 
stable. The genetic profile and the early initiation of the 
therapy may influence Idebenone efficiency. 
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