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Abstract 

Background  To investigate the peripapillary retinal nerve fibre layer (RNFL) thickness changes and analyse factors 
associated with visual recovery of G11778A Leber hereditary optic neuropathy (LHON) patients.

Methods  Patients diagnosed with G11778A LHON between July 2017 and December 2020 in Tongji hospital were 
included in this follow-up study. Patients were grouped according to disease duration. Variations in the RNFL thick-
ness in each quadrant at different disease stages were characterised using optical coherence tomography. According 
to the absence or presence of significant visual acuity improvements, LHON patients of disease duration ≥ 6 months 
were divided into two groups. A bivariate logistic regression model was constructed to analyse the potential factors 
associated with spontaneous visual recovery.

Results  This study included 56 G11778A LHON patients (112 eyes) and 25 healthy controls (50 eyes), with a mean fol-
low-up of 5.25 ± 1.42 months. All quadrants and mean RNFL thicknesses of LHON patients first increased and then 
decreased, except for the temporal RNFL. As the disease progressed, RNFL thinning slowed; however, gradual RNFL 
thinning occurred. Logistic regression revealed that baseline best corrected visual acuity was related to spontaneous 
visual recovery of LHON patients with disease duration ≥ 6 months.

Conclusion  The pattern of RNFL involvement could be helpful in the differential diagnosis of LHON and other optic 
neuropathies. LHON patients with better vision are more likely to experience some degree of spontaneous visual acu-
ity recovery after the subacute phase.
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Introduction
Leber hereditary optic neuropathy (LHON) is an inher-
ited mitochondrial disease characterised by acute or sub-
acute painless vision loss [1]. The pathogenesis of LHON 
is characterised by mitochondrial DNA (mtDNA) muta-
tions, which lead to dysfunction of the complex I subu-
nits of the mitochondrial respiratory chain, impairing 
mitochondrial respiration, and increasing the production 
of reactive oxygen species [2]. Retinal ganglion cells are 
highly vulnerable to mitochondrial dysfunction, which 
promotes apoptosis and axonal degeneration, ultimately 
leading to optic atrophy [2]. Although the m.11778G > A 
mutation is the most common cause of LHON world-
wide, it is well known to be a severe mutation, with < 25% 
patients achieving some degree of vision recovery [3, 
4]. Therapeutic strategies for LHON remain limited, 
although a subgroup of LHON patients treated with ide-
benone has shown some improvement [5]. Intravitreal 
gene therapy has also yielded promising results [6].

Visual outcomes are generally poor, with most patients 
worsening to at least 20/200 visual acuity (VA) in both 
eyes. After reaching a nadir within 6 months, visual loss 
is generally permanent [7]. Some patients with LHON 
have some degree of visual recovery [3, 4]; however, the 
factors associated with a better visual prognosis remain 
ambiguous. It has been reported that LHON patients 
with thicker RNFL in the atrophic phase (disease dura-
tion ≥ 6  months) were more likely to show some degree 
of visual recovery in the period after the nadir, suggest-
ing that RNFL thickness could be a potential clinical 
indicator to predict visual recovery in LHON patients 
[8]. In addition, the age at the onset of vision loss could 
be another important predictor of visual outcomes in 
LHON [4, 9].

Currently, most studies have evaluated LHON pro-
gression by detecting differences in RNFL thickness. We 
aimed to investigate the peripapillary RNFL thickness 
changes and analyse the factors associated with visual 
recovery of G11778A LHON patients and ultimately pro-
vide valuable clues regarding the factors influencing vis-
ual recovery outcomes.

Methods
Study participants
A total of 56 (112 eyes) G11778A LHON patients were 
enrolled in this follow-up study between July 2017 and 
December 2020. The patients were divided into three 
groups (< 6, 6–12, and > 12  months) according to the 
duration of the disease at the time of inclusion in the 
study and were followed up at intervals of 3 ± 2 months, 
with a total of two follow-up visits. Changes in the RNFL 
thickness in each quadrant at different disease stages 

were measured and compared using optical coherence 
tomography (OCT).

All the participants provided informed consent. This 
study was approved by the Ethics Committee of Tongji 
Hospital at Tongji Medical College and conducted in 
strict accordance with the regulations of the Declara-
tion of Helsinki (TJ-IRB20180316). Patients or the public 
were not involved in the design, or conduct, or reporting, 
or dissemination plans of our research.

Inclusion criteria
Patients diagnosed with LHON based on clinical 
symptoms and signs, with genetic testing indicating 
m.11778G > A/MT-ND4 mutation; age, 6–65 years; with-
out significant visual improvement within 3  months or 
since the onset of the disease; have not used any drug 
within 3  months or since the onset of the disease; and 
provided informed consent and were willing to par-
ticipate in the ophthalmic examinations and follow-up, 
were included. A change in best-corrected visual acuity 
(BCVA) ≥ 0.3 of the logarithm of the minimal angle of 
resolution (LogMAR) was defined as visual improvement.

Exclusion criteria
Patients with glaucoma and high myopia as well as those 
with retinal and optic nerve diseases other than LHON 
were excluded. Additional exclusion criteria were previ-
ous treatment with gene therapy product, smokers and 
heavy drinkers as previously described [10]. The time 
point at which uncorrectable vision loss or visual dys-
function occurred was considered the time point of onset 
for recording the disease course.

Study grouping
According to the international consensus statement, 
G11778A LHON patients were grouped as follows: sub-
acute stage, within 6  months of onset; dynamic stage, 
6–12 months from onset; and chronic stage, > 12 months 
from onset [11]. Age- and sex-matched healthy indi-
viduals were recruited in the healthy control group and 
included those with BCVA > 20/25, refractive errors < 6 
dioptres sphere and 2 dioptres cylinder, intraocular pres-
sure < 21 mmHg, and lack of systemic or central nervous 
system diseases.

An improvement in BCVA of ≥ 0.3 LogMAR dur-
ing follow-up was used as a criterion for the presence 
of visual recovery, and G11778A LHON patients with a 
disease duration of ≥ 6 months were categorised into the 
visual recovery and visual non-recovery groups.

Instrumentation and procedures
The ophthalmic examination procedure was explained 
to the patients beforehand, and they were instructed to 
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cooperate during the examination. All OCT scans were 
performed in a dark room by experienced operators. 
RNFL thickness in LHON patients was monitored using 
Spectralis® HRA + OCT (Heidelberg Engineering, Hei-
delberg, Germany). The RNFL thicknesses in the supe-
rior, inferior, temporal, and nasal quadrants and 360° 
averages were recorded. Participants with pupil diam-
eters < 2  mm required pupil dilation. Repeated meas-
urements were required to ensure good image quality. 
Spectralis® HRA + OCT software automatically analysed 
all OCT data. The VA test was based on BCVA, and the 
eye chart was a 2.5-m standard logMAR chart (Star Kang 
Medical Technology Co., Ltd., Wenzhou, China). During 
the measurements, the patients were 2.5 m away from the 
VA chart, and the data were measured and recorded by 
the same physician. All patients were examined thrice to 
confirm changes in VA, and the mean value was consid-
ered the final VA.

Statistical analysis
All data are expressed as mean ± standard deviation 
and were analysed using SPSS (SPSS V.21.0; IBM Corp., 
Armonk, NY). RNFL thicknesses in all groups were com-
pared using a one-way analysis of covariance (ANCOVA), 
with sex and age as covariates, followed by the Bonfer-
roni post-hoc test for pairwise comparisons. One-way 
ANOVA was performed for comparisons between mul-
tiple groups, and Fisher’s least significant difference test 
was performed for two-by-two comparisons between 
groups. Nonparametric tests were used to compare base-
line and subsequent follow-up observations between the 
visual recovery and non-recovery groups. Binary logistic 
regression analysis was used to analyse the correlation 
between temporal RNFL thickness, age, age of onset, 
and baseline BCVA at the time of inclusion in the study 
and VA recovery in G11778A LHON patients (disease 
duration ≥ 6  months). Receiver operating characteristic 
(ROC) curve analysis was performed to evaluate the dis-
criminatory ability of baseline BCVA. Statistical signifi-
cance was set at P < 0.05.

Results
Study population characteristics and follow‑up period
There were two follow-up visits with an interval of 
3 ± 2 months (Supplemental Table 1). The study included 
56 G11778A LHON patients (52 men and 4 women; 
n = 112 eyes). The mean follow-up time was 5.25 months. 
The follow-up time was 5.04 ± 1.51  months for patients 
in the acute phase, 4.90 ± 1.30  months for patients in 
the dynamic phase, and 5.54 ± 1.39  months for patients 
in the chronic phase. On inclusion in the study, the 
mean age of LHON patients was 20.23 ± 7.47  years 
(range: 11–40 years), and the mean disease duration was 

42.06 ± 65.34 months (range: 1–314 months). There were 
25 normal controls (23 men and 2 women; n = 50 eyes), 
with a mean age of 21.16 ± 4.40 years (range: 9–27 years). 
There was no significant difference between LHON 
patients and normal controls in terms of age (P = 0.49, 
Student’s t-test) or sex (P = 1.00, chi-square test).

Changes in RNFL thickness within each LHON subgroup
Figure 1 and Supplemental Table 2 show the changes in 
RNFL thickness in each quadrant for healthy controls 
and G11778A LHON patients with different disease 
durations during the follow-up period. Generally, except 
for the temporal RNFL, all quadrants and mean RNFL 
thicknesses of LHON patients first increased and then 
decreased. As the disease progressed, RNFL thinning 
slowed; however, there was still a tendency for gradual 
RNFL thinning (Fig. 1).

The temporal RNFL thickness of LHON patients in 
the subacute phase group was already significantly lower 
than that of normal controls at the time of enrolment 
(P < 0.01), whereas the RNFL thickness in the remaining 
quadrants and the average RNFL thickness were higher 
than those of normal controls, although no significant 
difference was observed. By the first follow-up, patients 
in the subacute phase group showed reductions in RNFL 
thickness in each quadrant and average thickness com-
pared to baseline values, with a significant decrease 
in RNFL thickness in the temporal (P < 0.01), superior 
(P = 0.03), and inferior (P < 0.01) quadrants, and average 
thickness (P < 0.01). Moreover, the RNFL thinning was 
more severe in the inferior RNFL (from 138.73  µm to 
110.77 µm) than in the superior RNFL (from 136.65 µm 
to 117.81  µm). By the second follow-up, patients in the 
subacute phase group showed further reductions in the 
RNFL thickness of each quadrant and the average thick-
ness compared to the measurements at the first follow-
up visit; the decreases in RNFL thickness in the inferior 
quadrant (P = 0.02), nasal quadrant (P = 0.02), and aver-
age thickness (P = 0.01) were significantly different (Sup-
plemental Table 2) (Fig. 1A and B).

LHON patients in the dynamic-phase group showed 
a significant decrease in RNFL thickness in each quad-
rant and average thickness compared to normal con-
trols, except for RNFL thickness in the nasal quadrant 
(P = 1.00). The RNFL thickness of each quadrant and 
average thickness were significantly lower than those of 
the normal controls during follow-up (P < 0.01) (Fig.  1C 
and D). All quadrants and the mean RNFL in the chronic-
phase group were significantly thinner than those in the 
normal control group at the time of enrolment (P < 0.01). 
As the disease progressed, there was still a trend toward 
further thinning of the RNFL (Fig. 1E and F).
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Comparison of RNFL thickness between the visual recovery 
and visual non‑recovery groups in LHON patients (disease 
duration ≥ 6 months)
Based on the observation of a BCVA improvement 
of ≥ 0.3 LogMAR during follow-up as a criterion for 
identifying visual recovery, G11778A LHON patients 
(disease duration ≥ 6  months) were categorised into 
visual recovery (BCVA improvement of ≥ 0.3 LogMAR; 
n = 16 eyes) and visual non-recovery (n = 70 eyes) 
groups. The follow-up time was 5.31 ± 1.54  months 
for patients in the visual recovery group and 
5.29 ± 1.41 months for patients in the visual non-recov-
ery group, with no significant difference found between 
the two groups (P = 0.946). In the vision recovery group, 
vision recovery was observed in the chronic phase in 
most of the LHON patients (93.75%). In particular, 
there was no significant difference in sex (P = 0.643), 
age at onset (P = 0.933), age (P = 0.322), superior 
RNFL thickness (P = 0.138), inferior RNFL thickness 
(P = 0.069), temporal RNFL thickness (P = 0.209), nasal 
RNFL thickness (P = 0.094), mean RNFL thickness 
(P = 0.087), visual field index (VFI; P = 0.789), mean 

defect (MD; P = 0.846), and BCVA (P = 0.050) between 
the two groups (Table 1).

Subsequently, the baseline values of RNFL thick-
ness, mean RNFL thickness, VFI, MD, and BCVA for 
each quadrant in the vision recovery group were com-
pared with their follow-up values when VA recovery was 
observed. Significant differences were observed in MD 
(P = 0.047) and BCVA (P < 0.001), whereas no significant 
differences were observed in superior (P = 0.108), infe-
rior (P = 0.755), temporal (P = 0.937), nasal (P = 0.950), 
and mean RNFL thickness (P = 0.206) or VFI (P = 0.059) 
(Table  2). In addition, the follow-up values of RNFL 
thickness, mean RNFL thickness, VFI, MD, and BCVA 
for each quadrant in the vision recovery group when they 
showed vision recovery were compared with the second 
follow-up values of the vision non-recovery group. Sig-
nificant differences were identified in BCVA (P = 0.027); 
whereas superior (0.474), inferior (P = 0.312), tempo-
ral (P = 0.392), nasal (P = 0.969), and mean visual field 
RNFL thicknesses (P = 0.399); VFI (P = 0.805); and MD 
(P = 0.653) did not show significant differences (Supple-
mental Table 3).

Fig. 1  The changes in RNFL thicknesses of each quadrant and the 360˚ averages for the healthy controls and G11778A LHON patients of different 
disease duration groups during follow-up period. Line diagram (A) and bar diagram (B) showed that the temporal RNFL thickness of LHON 
patients in the subacute phase group (disease duration < 6 months) was already significantly thinner than that of normal controls at the time 
of enrollment (P < 0.01), while RNFL thickness in the remaining quadrants and the average RNFL thickness were thicker than that of normal controls 
with no significant difference. By the 1st follow-up, subacute phase group showed reductions in RNFL thickness of each quadrant and the average 
thickness compared to baseline values, with significant decrease in RNFL thickness in temporal quadrant (P < 0.01), superior quadrant (P = 0.03), 
inferior quadrant (P < 0.01), and the average (P < 0.01). By the 2nd follow-up, patients in the subacute phase group showed further reductions 
in RNFL thickness of each quadrant and the average thickness compared to the measurements at the 1st follow-up visit; the decrease in RNFL 
thickness in the inferior quadrant (P = 0.02), nasal quadrant (P = 0.02) and the average (p = 0.01) reached significant differences. Line diagram (C) 
and bar diagram (D) showed that dynamic phase group (disease duration = 6–12 months) had significant decrease in RNFL thickness of each 
quadrant and the average thickness compared with normal controls, except the RNFL thickness in nasal quadrant (P = 1.00). RNFL thickness of each 
quadrant and the average thickness were ultimately significantly thinner than that of normal controls during follow-up (P < 0.01). Line diagram 
(E) and bar diagram (F) showed that all quadrants and the mean RNFL in the chronic phase group (disease duration > 12 months) were already 
significantly thinner than those in the normal control group at the time of enrollment (P < 0.01). And as the disease progressed, there was still 
a trend for further thinning of the RNFL. *P < 0.05 when compared with normal control. #P < 0.05 when compared with previous measurements
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Binary logistic regression analysis and ROC curve of factors 
associated with visual recovery in LHON patients (disease 
duration ≥ 6 months)
Binary logistic regression analysis was performed to 
evaluate the effects of age, age at onset, temporal RNFL 
thickness, and baseline BCVA on visual recovery in 
G11778A LHON patients (disease duration ≥ 6  months. 
The modified Hosmer–Lemshow goodness-of-fit chi-
square test statistic was 11.838 (P = 0.159 > 0.05), sug-
gesting that the multivariable models were of good fit. 
The analysis revealed a significant correlation between 
baseline BCVA at the time of patient enrolment 
(P = 0.040) and visual recovery in LHON patients (dis-
ease duration ≥ 6  months), whereas there was no corre-
lation between temporal RNFL thickness (P = 0.121), age 
(P = 0.232), or age at onset (P = 0.232) with visual recov-
ery in these patients (Table 3).

The ROC curves of baseline BCVA were constructed to 
evaluate the predictive value for visual recovery in LHON 
patients (disease duration ≥ 6  months). The areas under 
the ROC curve were 0.654 (95% confidence interval [CI], 

Table 1  Comparison of the baseline between the visual recovery group and visual non-recovery group in LHON patients with disease 
duration ≥ 6 months

RNFL Retinal nerve fiber layer, BCVA Best-corrected visual acuity, MD Mean deviation, VFI Visual field index

Visual recovery group (BCVA improvement 
of ≥ 0.3 LogMAR; n = 16 eyes)

Visual non-recovery group (BCVA 
improvement of < 0.3 LogMAR; n = 70 eyes)

P-value

Sex (M/F) 15/1 63/7 0.643

Age at onset (years) 17.44  ±  6.65 16.66  ±  5.47 0.933

Age (years) 23.75  ±  8.93 21.06  ±  7.19 0.322

Disease duration (months) 73.38  ±  72.93 49.70  ±  69.48 0.026

Superior RNFL thickness (μm) 59.94  ±  10.64 78.97  ±  36.69 0.138

Inferior RNFL thickness (μm) 54.06  ±  11.25 73.13  ±  32.10 0.069

Temporal RNFL thickness (μm) 29.50  ±  6.70 35.16  ±  13.33 0.209

Nasal RNFL thickness (μm) 29.81  ±  9.11 41.53  ±  22.65 0.094

Average RNFL thickness (μm) 43.38  ±  5.92 57.17  ±  22.45 0.087

VFI (%) 23.07  ±  26.38 25.29  ±  26.43 0.789

MD (dB) -25.63  ±  7.88 -24.58  ±  9.07 0.846

BCVA (LogMAR) 1.81  ±  0.42 1.56  ±  0.45 0.050

Table 2  Comparison of follow-up measurements at baseline and at the time of the observation of visual recovery in the visual 
recovery group of LHON patients (disease duration ≥ 6 months)

RNFL Retinal nerve fiber layer, BCVA Best-corrected visual acuity, MD Mean deviation, VFI Visual field index

Baseline of vision recovery group (n = 16 
eyes)

Measurements at follow-up when vision 
restoration occurred in the LHON vision 
recovery group (n = 16 eyes)

P-value

Superior RNFL thickness (μm) 59.94  ±  10.64 56.19  ±  9.84 0.108

Inferior RNFL thickness (μm) 54.06  ±  11.25 54.38  ±  8.11 0.755

Temporal RNFL thickness (μm) 29.50  ±  6.70 29.75  ±  6.97 0.937

Nasal RNFL thickness (μm) 29.81  ±  9.11 29.94  ±  7.22 0.950

Average RNFL thickness (μm) 43.38  ±  5.92 42.56  ±  5.80 0.206

VFI (%) 23.07  ±  26.38 27.63  ±  27.78 0.059

MD (dB) -25.63  ±  7.88 -23.90  ±  8.65 0.047

BCVA (LogMAR) 1.81  ±  0.42 1.45  ±  0.47 0.000

Table 3  Binary logistic regression analysis of factors 
associated with visual recovery in LHON patients (disease 
duration ≥ 6 months)

RNFL Retinal nerve fiber layer, BCVA Best-corrected visual acuity

P-value OR 95% CI for Exp (B)

Age 0.232 1.059 0.964 - 1.164

Age at onset 0.232 0.918 0.798 - 1.056

BCVA 0.040 4.544 1.074 - 19.213

Temporal RNFL thickness 0.121 0.939 0.867 - 1.017
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0.522–0.584) versus visual recovery. The cut-off point of 
the ROC curve was 1.85 (sensitivity of 62.5% and speci-
ficity of 61.4%) for live births, making the cut-off a poten-
tial overall indicator of visual recovery in LHON patients 
(disease duration ≥ 6 months) (Fig. 2).

Discussion
This research followed 56 G11778A LHON patients 
(112 eyes) and selected 25 healthy individuals (50 eyes) 
matched for age and sex as controls. By comparing the 
changes in RNFL thickness in each quadrant over time in 
patients with different disease durations, this study iden-
tified characteristic RNFL thickness changes. Consistent 
with previous cross-sectional research [12], this study 
further validated the characterisation of RNFL thickness 
alterations over the course of LHON disease progression 
in its natural history. Thinning of the RNFL started from 
the temporal side, followed by the inferior and superior 
quadrants, and finally the nasal RNFL (Supplemental 
Table  2 and Fig.  1). This is consistent with the pattern 
observed in previous studies on the natural history of 
LHON [13, 14] and provides support for the differen-
tial diagnosis of LHON and other optic neuropathies 
[15–19].

G11778A LHON patients in the subacute phase group 
had significantly thinner temporal RNFL at enrolment, 
whereas the RNFL in the rest of the quadrants and the 
mean RNFL were thicker than those of individuals 
in the control group, although the difference was not 

significant (Fig.  1). RNFL thinning started on the tem-
poral side, which is mainly formed by papillomacular-
bundle (PMB), and as the disease progressed, the most 
pronounced RNFL thinning was observed on the tempo-
ral side (Supplemental Table 2 and Fig. 1). As the PMB, 
characterized by high-energy demands and low-energy 
production, is the preferred neural axons to be damaged 
in LHON patients [20, 21]. As the disease progressed, at 
the first follow-up, RNFL thickness in all quadrants of 
the subacute-stage group further decreased relative to 
the baseline values, with significant differences in tem-
poral (P < 0.01), superior (P = 0.03), inferior (P < 0.01), and 
mean (P < 0.01) RNFL thicknesses (Fig.  1). The degree 
of thinning was more severe in the inferior RNFL (from 
138.73 µm to 110.77 µm) than that in the superior RNFL 
(from 136.65 µm to 117.81 µm) (Supplemental Table 2), 
suggesting that alterations in the inferior RNFL may 
occur earlier than those in the superior RNFL during 
LHON disease progression, which need to be further 
illustrated. At the second follow-up, all quadrant and 
mean RNFL thicknesses were further reduced in the 
subacute-phase group relative to the measurements at 
the first follow-up, with significant changes in the infe-
rior (P = 0.02), nasal (P = 0.02), and mean (P = 0.01) RNFL 
thicknesses (Fig. 1).

G11778A LHON patients in the dynamic-phase group 
were included in the study with significantly lower RNFL 
thickness in all quadrants compared to normal controls 
(P < 0.01), except on the nasal side (P = 1.00). During 
follow-up, the RNFL thickness in all quadrants was sig-
nificantly lower than that in normal controls (P < 0.01) 
(Supplemental Table  2 and Fig.  1). The chronic-phase 
group had significantly thinner quadrants and mean 
RNFL than the control group on enrolment (P < 0.01). 
RNFL thinning slowed as the disease progressed but 
continued to progress slowly (Fig.  1). Taken together, 
the changes in RNFL thickness after the onset of LHON 
showed a certain pattern, with the temporal RNFL thin-
ning first, followed by the inferior and superior RNFL, 
and eventually the nasal RNFL (Fig. 1). This confirms the 
findings of a previous cross-sectional study [12] and is 
consistent with the patterns observed in previous studies 
[13, 22].

LHON patients have a certain possibility of spontane-
ous visual recovery, and the identification of relevant fac-
tors could help evaluate the prognosis of these patients. 
Some studies have suggested that changes in RNFL thick-
ness can be examined to evaluate disease progression; 
however, there is limited information on the factors asso-
ciated with the spontaneous recovery of VA in LHON 
patients. Previous studies have reported that the visual 
acuity of LHON patients gradually stabilizes and reaches 
the nadir after 6 months of onset [8, 23]. G11778A LHON 

Fig. 2  The receiver operator characteristic curve (ROC) curves 
of baseline BCVA for the evaluation of the predictive value for visual 
recovery in LHON patients (disease duration ≥ 6 months)
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patients with a disease duration of ≥ 6 months were cat-
egorised into the visual recovery and visual non-recovery 
groups in our study. Previous findings by our research 
team revealed that the VFI, baseline BCVA, and age in 
LHON patients might be associated with VA recovery 
after rAAV2-ND4 gene therapy [10, 24]. Piero Barboni 
et  al. have found that RNFL thickness was significantly 
greater in all quadrants of the LHON population present-
ing with vision restoration than that in the LHON popu-
lation without vision restoration. The authors accordingly 
propose that patients with a thicker RNFL are more likely 
to show some degree of visual recovery after the visual 
nadir [8]. Our study compared the baseline RNFL in 
G11778A LHON patients (disease duration ≥ 6  months) 
with and without visual recovery and no significant dif-
ference was observed (Table 1). Moreover, there was no 
significant difference between the RNFL thickness at the 
time when LHON patients showed visual recovery and 
their baseline level upon inclusion in the study (Table 2). 
In addition, no differences were observed in RNFL thick-
ness at the time of visual recovery in this group compared 
with the results of the second follow-up in those who did 
not experience visual recovery (Supplemental Table  3). 
These results suggested that RNFL thickness in LHON 
patients with disease duration ≥ 6  months may not cor-
relate with visual recovery. Previous studies have dem-
onstrated that younger age at onset is associated with 
greater likelihood of VA recovery [4, 25]. However, some 
studies have shown that VA prognosis is also poor in 
patients with young age at onset [26]. In our study, we did 
not find a significant younger age at onset in the group of 
patients with visual recovery compared with those with-
out visual recovery (Table 1). In contrast, binary logistic 
regression analysis revealed a correlation between base-
line BCVA and visual recovery in LHON patients with a 
disease duration ≥ 6 months (Table 3 and Fig. 2), a finding 
that is corroborated by our previous studies on the fac-
tors associated with visual recovery after rAAV2-ND4 
gene therapy [10]. Our study revealed a significant asso-
ciation between baseline BCVA and the degree of VA 
recovery after gene therapy in LHON patients [10, 24]. 
Taken together, our findings suggest that patients with 
better vision are more likely to experience some degree 
of VA recovery after the subacute phase than those with 
poor vision. RNFL thickness was not significantly asso-
ciated with improvement in VA. In the vision recov-
ery group, vision recovery was observed in the chronic 
phase in most of the LHON patients (93.75%). Most 
cases of visual recovery (25.00%) occurred within 2 years 
after onset in this study. Interestingly, there were LHON 
patients in our study who were observed to have vision 
recovery 22.3 years later after onset. This finding empha-
sizes the importance of providing LHON patients with 

long-term follow-up care and guidance for late vision 
improvement. A proposed explanation for the visual 
recovery is remyelination of optic nerve axons [3]. Nota-
bly, the recovery mechanism is unclear in patients who 
exhibit spontaneous visual acuity recovery and need to 
be further explored.

This study has some limitations due to the retro-
spective nature of the study design and the relatively 
small sample size of G11778A LHON patients (n = 56). 
Because of the the rarity of patients with LHON, we 
included data from both eyes in the study. Also, we 
have taken into account the delays since the start of the 
LHON. The disease duration of both eyes was recorded 
separately and grouped accordingly. Our conclusion 
needs to be further confirmed by large-sample prospec-
tive studies. Ganglion cell thickness provides better 
reflection of atrophic changes in the optic nerve dur-
ing the asymptomatic and early stages of LHON. RNFL 
thickness, on the other hand, provides reliable informa-
tion on disease progression during the middle and late 
stages of the LHON disease duration (3–12  months) 
[27]. These aspects should be considered in the design 
of future studies.

Nevertheless, our study confirmed the patterns of 
RNFL involvement in LHON and revealed that base-
line BCVA was related to the visual recovery in LHON 
patients after the subacute phase. The changes in RNFL 
thickness after the onset of LHON showed a certain pat-
tern, with the temporal RNFL thinning first, followed by 
the inferior and superior RNFL, and eventually the nasal 
RNFL, which provides clues for the differential diagnosis 
of LHON and other optic neuropathies. In addition, Our 
study revealed that baseline BCVA was related to sponta-
neous visual recovery of LHON patients. Better BCVA at 
baseline predicting better outcome during nature history. 
Patients with worse BCVA are advised to seek treatment 
earlier and more actively.
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