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Abstract

Background
Leber's hereditary optic neuropathy (LHON) is a maternally inherited mitochondrial genetic disease,
caused mainly by G11778A mutations. Analysis of retinal sublayer structure by spectral domain optical
coherence tomography(SD-OCT) is of great signi�cance for elucidating the pathogenesis of LHON.

Purpose
To analyze the thicknesses of the outer plexiform layer (OPL), outer nuclear layer (ONL), photoreceptor
inner and outer segment (IS/OS), and macula thickness (MT) in symptomatic and asymptomatic carriers
of G11778A mutants with LHON using SD-OCT.

Methods
In this cross-sectional study, a total of 70 symptomatic carriers with the G11778A mutation were enrolled
in Renmin Hospital of Wuhan University. Family members of symptomatic carriers were recruited as
asymptomatic carriers for a �nal total of 36 participants. We also recruited 29 age- and sex-matched
normal subjects.

Results
MT of symptomatic carriers was thinner than for asymptomatic carriers, while asymptomatic carriers
were thinner than normal subjects. In carriers of the G11778A mutation, OPL thickness was increased,
and ONL thickness was decreased compared to normal cases. Correlation analysis showed that MT was
signi�cantly correlated with peripapillary retinal nerve �ber layer (pRNFL) and disease duration, while ONL
thickness in parafoveal nasal areas thinned as the disease progressed. The three groups showed no
signi�cant differences in IS/OS thicknesses.

Conclusions
The thicknesses of OPL, ONL and MT differed between normal subjects and symptomatic and
asymptomatic carriers of G11778A mutations with LHON. MT and ONL thinning, in addition to OPL
thickening, were observed in symptomatic and asymptomatic carriers, a �nding which should be further
validated and explored in basic science research. Additional longitudinal studies are needed to determine
the usefulness of these �ndings to the diagnosis and monitoring of LHON.

Background
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Leber's hereditary optic neuropathy (LHON) is a maternally inherited mitochondrial genetic disease. It
causes bilateral acute (or subacute), painless loss of central vision in otherwise healthy young adults,
especially men. More than 95% of LHON cases are caused by three point mutations in mitochondrial DNA
(mt DNA), G3460A, G11778A and T14484C, of which the most common is G11778A. (1, 2) The G11778A
mutation exhibits incomplete penetrance, so triggering of the pathological process may require additional
genetic or environmental factors. To date, there are no methods to predict whether and when
asymptomatic carriers will develop into symptomatic carriers (3). In this study, clinical and genetic criteria
were used to divide subjects with the G11778A mutation into two groups: symptomatic carriers and
asymptomatic carriers. All of the symptomatic carriers with LHON exhibited severe visual impairment.
Asymptomatic carriers were de�ned as members of families with LHON who carried the G11778A
mitochondrial mutation but had normal visual function, including visual acuity, color vision, and visual
�elds. As shown in numerous studies, visual loss in symptomatic carriers is mainly associated with
apoptotic degeneration of retinal ganglion cells (RGCs) and their axons,(4) which has been supported by
electrophysiological and histological studies.(5–7) However, the characteristic �eld defect of LHON is a
central or paracentral scotoma,(8) and approximately 50% of RGCs are present in the macula. Therefore,
evaluating structural changes in the macula is important for understanding the natural history and
pathogenesis of LHON.

Optical coherence tomography (OCT) is a sensitive, reproducible and speci�c technique that can quantify
retinal structures at micrometer scale, making it highly advantageous for monitoring retinal structural
changes in LHON.(9) Zhang et al (10) were the �rst to use cirrus HD-OCT to quantify macular thicknesses
(MT) in 52 symptomatic carriers. They classi�ed symptomatic carriers based on disease duration and
compared the degree of thinning between MT and peripapillary retinal nerve �ber layer (pRNFL). Byron et
al (11) studied 20 symptomatic carriers, 31 asymptomatic carriers and 14 normal subjects, all of whom
were subjected to macular cube scans with Cirrus OCT. They manually segmented the retina into six
layers: retinal nerve �ber layer (RNFL), ganglion cell layer and inner plexiform layer (GCL + IPL), inner
nuclear layer and outer plexiform layer (INL + OPL), photoreceptor outer segment (OS) and choroid.
Thicknesses of macular sublayers were compared across the three groups, and their results showed no
signi�cant differences between asymptomatic carriers and normal subjects. Their �ndings showed that
OS thickness was thicker in symptomatic carriers than in asymptomatic carriers and normal subjects.
Inconsistent with their results, however, Wang et al (12) compared macular sublayer thicknesses of
symptomatic carriers, asymptomatic carriers and normal subjects using RTVue100 OCT. OCT images
were automatically segmented, and it was found that MT, GCL + IPL, and INL + OPL were all thickened in
asymptomatic carriers, although the outer retina layer (ORL) was thinned. In addition, their results showed
that the ORL of symptomatic carriers was thickened, consistent with the trend reported by Byron et al.
However, the retinal layers they studied were inconsistent, so it remained unclear exactly which layers
were thickened or thinned. Therefore, further strati�cation analysis of the macular retina in symptomatic
carriers and asymptomatic carriers is critical. Until now, there have been no studies analyzing changes in
macular OPL, ONL, and IS/OS thicknesses in symptomatic carriers and asymptomatic carriers. Moreover,
compared with other OCT approaches, Spectralis OCT is more sensitive in detecting microstructural
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changes and allows more accurate retinal strati�cation.(13, 14) Therefore, we performed improved retinal
imaging using Spectralis OCT and compared the thicknesses of OPL, ONL, IS/OS and MT between
symptomatic carriers and asymptomatic carriers of the G11778A mutation with LHON.

Methods

Participants
This study was performed at the Eye Center at Renmin Hospital of Wuhan University. A total of 70
symptomatic carriers were recruited from those diagnosed with m.G11778A mutation by genetic testing
between February 2021 and October 2021 at Renmin Hospital of Wuhan University, China. Recruitment
criteria: 1) age from 12 to 55 years; 2) painless visual loss in one or both eyes with central scotoma or
paracentral scotoma; 3) genetically proven pure m.G11778A mutation with LHON; 4) intraocular pressure
(IOP) < 21 mmHg; 5) no clinical evidence of any maculopathy during enrollment and follow-up; 6) clear
OCT images. Exclusion criteria: 1) presence of glaucoma, ischemic optic neuropathy and other neuro
ophthalmological diseases; 2) other ocular diseases affecting the cornea, lens, or retina; 3) severe
physical illness; 4) poor subject �xation, leading to a low quality of the obtained images and a lack of
cooperation with the researcher.

A total of 36 family members of these LHON symptomatic carriers were recruited as the asymptomatic
carriers group. Recruitment criteria: 1) mothers of symptomatic carriers with genetically proven pure m.G
11778a LHON mutation, mothers' siblings or symptomatic carriers' siblings; 2) best corrected visual
acuity (BCVA) of 1.0 (0.0 LogMAR) in both eyes; 3) refractive error < ± 5D; 4) IOP 21 mmHg; 5) no clinical
evidence of any maculopathy during enrollment and follow-up; 6) clear OCT images; 7) no history of eye
surgery, injury or any ocular diseases; 8) no severe physical illness.

In addition, we recruited 29 age- and sex-matched normal subjects from the Eye Center at Renmin
Hospital of Wuhan University. Recruitment criteria: 1) healthy men or women, aged from 12 to 55 years;
2) BCVA of 1.0 (0.0 LogMAR) in both eyes; 3) no ophthalmological discomfort, refractive error < ± 5D; 4)
IOP 21 mmHg;5) no clinical evidence of any maculopathy during enrollment and follow-up; 6) clear OCT
images; 7) no history of eye surgery, injury or any ocular diseases; 8) no severe physical illness.

General Information
Patient age, gender, LHON duration, treatment experience and family history were collected, Both eyes of
all symptomatic carriers underwent complete ophthalmic examinations, including slit-lamp examination,
BCVA, ophthalmoscopy, IOP, 30 − 2 Humphrey visual �eld, fundus photography, pattern and �ash visual
evoked potential (pVEP, fVEP), electroretinogram (ERG), and macular and optic disc spectral domain OCT
(SD-OCT).

OCT Imaging
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The macula and optic disc were imaged by Spectralis HRA-OCT (Heidelberg Engineering, Heidelberg,
Germany). All examinations were performed by a trained examiner. The diameter of the optic disc
scanning ring was 3.4 mm, the real-time automatic tracking function was used, and images with a signal
intensity > 15 were retained. The mean pRNFL thicknesses were measured using the built-in software of
Spectralis HRA-OCT. Peripapillary retinal nerve �ber layer thicknesses in the superior, nasal, temporal,
inferior and average quadrants (SpRNFL, NpRNFL, TpRNFL, IpRNFL, GpRNFL) were analyzed in this
study. The macula was imaged by a horizontal B-scan through the fovea, with the real-time automatic
tracking function employed. Images were superimposed 100 times, and images with a signal intensity > 
15 were retained.

Thicknesses Measurements
Image J software (version 1.53 k, National Institutes of Health, USA) was used to measure the
thicknesses of each sublayer of the macula. The process was presented in Fig. 1. First, images were
imported into Image J software and calibrated. Second, parafovea nasal and parafovea temporal areas
were de�ned as 150um away from the fovea in the OCT images obtained by a horizontal B-scan through
the fovea. Third, the macula was strati�ed into 5 layers according to previous studies on retinal
sublayers:(11, 12, 15, 16) 1) RNFL, 2) OPL, 3) ONL (the distance between the internal limiting membrane
(ILM) and the external limiting membrane (ELM)), 4) IS/OS, 5) MT (thickness between the inner limiting
membrane and the retinal pigment epithelium: ILM-RPE). The thicknesses of OPL, ONL, IS/OS and MT
were measured at the fovea, parafovea nasal and parafovea temporal. Finally, measurement values were
exported to Excel. Analysis of OCT images was performed by an independent researcher, and poor-quality
images were excluded.

Statistical Analysis
SPSS statistical software (version 25.0, SPSS Inc, Chicago, Illinois, USA) was used for statistical analysis.
Categorical variables were expressed as frequencies and percentages. All measurements are expressed
as mean ± standard deviation (M ± SD). One-way analysis of variance (ANOVA) was performed to
compare variations in the quantitative data among symptomatic carriers, asymptomatic carriers and
normal subjects. Pearson correlation analysis was used to determine correlations between macular
sublayer thicknesses and disease duration, ERG, Humphrey visual �elds, pRNFL, visual evoked potential
(VEP) in each area of the symptomatic carriers. Results with a p-value less than 0.05 were considered
signi�cant.

Results

Demographic Data
A total of 70 symptomatic carriers with the G11778A mutation, 36 asymptomatic carriers, and 29 normal
subjects were recruited, with detailed demographic data presented in Table 1. In the symptomatic carriers
group, there were 63 (90%) male and 7 female participants, with a mean age of 22.26 ± 8.383 years;
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disease duration ranged from 2 to 240 months, and the mean disease duration was 36.18 ± 47.63
months. BCVA was 0.6–2.3 LogMAR, and mean BCVA was 1.74 ± 0.44 LogMAR. Asymptomatic carriers
included 1 male and 35 female participants, with a mean age of 40.67 ± 7.079 years. In the control group,
there were 21 males and 8 females, with a mean age of 27.41 ± 5.865 years. There were no statistically
signi�cant differences in age between the three groups (P > 0.05).

Table 1
Demographic data

Group Number
(person)

Age(years) Male
(%)

LogMAR
BCVA

Disease duration
(months)

symptomatic
carriers

70 22.2 ± 
8.383

90 1.74 ± 0.44 36.18 ± 47.63

asymptomatic
carriers

36 40.6 ± 
7.079

2.8 0.0 -

Normal subjects 29 27.4 ± 
5.865

72.4 0.0 -

LogMAR BCVA: logarithm of minimum angle of resolution best corrected visual acuity

Macular OCT
Macular sublayer thicknesses among symptomatic carriers, asymptomatic carriers, and normal subjects
are summarized and compared in Table 2, Fig. 2.

Fovea
The differences in foveal ONL thicknesses and MT between the three groups were statistically signi�cant
(F = 11.308 and 3.801; P = 0.000 and 0.024), and no statistical differences were detected in IS/OS
thicknesses (F = 1.659, P = 0.193). Multiple comparisons showed that the ONL thicknesses of
symptomatic carriers and asymptomatic carriers (91.67 ± 13.01 µm and 94.98 ± 16.00 µm) were
signi�cantly lower than those of normal subjects (102.56 ± 14.54 µm) (P = 0.000 and 0.01), whereas no
statistically signi�cant differences were detected between symptomatic carriers and asymptomatic
carriers (P = 0.359). MT of the symptomatic carriers (216.00 ± 13.50 µm) was signi�cantly thinner than
that of normal subjects (222.61 ± 20.18 µm) (P = 0.029), whereas no signi�cant differences were
observed between symptomatic carriers and asymptomatic carriers or between asymptomatic carriers
and normal subjects (P > 0.05).

Parafoveal Temporal
OPL, ONL and MT thicknesses in the parafovea temporal were signi�cantly different between the three
groups (F = 4.772, 9.914, and 96.063, P = 0.009, 0.000, and 0.000), while there were no signi�cant
differences in IS/OS thicknesses (F = 0.575, P = 0.575). Multiple comparisons analysis revealed that OPL
thickness was signi�cantly thicker in symptomatic carriers (39.70 ± 12.14 µm) than in normal subjects
(34.06 ± 8.01 µm) (P = 0.009), but no statistically signi�cant differences were observed between
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symptomatic carriers and asymptomatic carriers or between asymptomatic carriers and normal subjects
(P > 0.05). ONL thicknesses were signi�cantly thinner in symptomatic carriers and asymptomatic carriers
(62.32 ± 14.59 µm and 60.33 ± 14.11 µm) compared to normal subjects (71.09 ± 14.27 µm),while there
were no signi�cant differences between symptomatic carriers and asymptomatic carriers or between
asymptomatic carriers and normal subjects (P > 0.05). MT of symptomatic carriers (297.96 ± 25.05 µm)
was signi�cantly thinner than that of asymptomatic carriers (334.78 ± 28.20 µm), while that of
asymptomatic carriers (334.78 ± 28.20 µm) was signi�cantly thinner than that of normal subjects
(362.19 ± 40.95 µm) (P = 0.000, 0.000, and 0.000).

Parafoveal Nasal
The thicknesses of OPL, ONL, IS/OS and MT in the parafoveal nasal differed across the three groups (F = 
4.157, 9.838, 3.458, and 138.173; P = 0.017, 0.000, 0.033, and 0.000). Multiple comparisons testing
indicated that OPL thicknesses of both symptomatic carriers and asymptomatic carriers (37.87 ± 9.95 µm
and 39.62 ± 17.94 µm) were signi�cantly increased compared to normal subjects (33.48 ± 6.34 µm) (P = 
0.078, 0.016), while there were no statistically signi�cant differences between symptomatic carriers and
asymptomatic carriers (P > 0.05). ONL thicknesses of asymptomatic carriers (62.48 ± 16.70 µm) were
signi�cantly thinner than those of symptomatic carriers (69.82 ± 13.29 µm) (P = 0.002) and those of
normal subjects (73.33 ± 13.79 µm) (P = 0.000), ONL thicknesses of symptomatic carriers (69.82 ± 13.29
µm) and normal subjects (73.33 ± 13.79 µm) were not signi�cantly different (P = 0.395). The IS/OS
thicknesses of symptomatic carriers (75.10 ± 6.68 µm) were signi�cantly thicker than those of
asymptomatic carriers (72.16 ± 6.18 µm) (P = 0.028), whereas there were no statistically signi�cant
differences between symptomatic carriers (75.10 ± 6.68 µm) and normal subjects (74.28 ± 10.46 µm) or
between asymptomatic carriers (72.16 ± 6.18 µm) and normal subjects (74.28 ± 10.46 µm) (P > 0.05). MT
of symptomatic carriers and asymptomatic carriers (310.25 ± 22.28 µm and 358.34 ± 29.56 µm) was
signi�cantly thinner than that of normal subjects (389.29 ± 46.83 µm) (P = 0.000 and 0.000), and MT of
symptomatic carriers (310.25 ± 22.28 µm) was also signi�cantly thinner than that of asymptomatic
carriers (358.34 ± 29.56 µm) (P = 0.000).
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Table 2
Comparison of macula sublayer thicknesses on OCT between symptomatic carriers, asymptomatic

carriers and normal subjects (µm, M ± SD)
Macular thicknesses Symptomatic

Carriers
Asymptomatic
Carriers

Normal
Subjects

P#

Fovea ONL 91.67 ± 13.01** 94.98 ± 16.00*** 102.56 ± 14.54 0.000

IS/OS 91.87 ± 7.35 92.24 ± 6.65 90.06 ± 7.40 0.193

MT 216.00 ± 13.50** 220.06 ± 15.66 222.61 ± 20.18 0.024

Parafoveal
temporal

OPL 39.70 ± 12.14** 36.72 ± 13.27 34.06 ± 8.01 0.009

ONL 62.32 ± 14.59** 60.33 ± 14.11*** 71.09 ± 14.27 0.000

IS/OS 75.24 ± 8.29 73.97 ± 8.32 74.65 ± 7.74 0.575

MT 297.96 ± 25.05*;** 334.78 ± 28.20*** 362.19 ± 40.95 0.000

Parafoveal nasal OPL 37.87 ± 9.95** 39.62 ± 17.94*** 33.48 ± 6.34 0.017

ONL 69.82 ± 13.29* 62.48 ± 16.70*** 73.33 ± 13.79 0.000

IS/OS 75.10 ± 6.68* 72.16 ± 6.18 74.28 ± 10.46 0.033

MT 310.25 ± 22.28*;** 358.34 ± 29.56*** 389.29 ± 46.83 0.000

OPL: outer plexiform layer, ONL: outer nuclear layer, IS/OS: photoreceptor inner and outer segment,
MT: macula thickness; #: One way ANOVA; *: P < 0.05 between symptomatic carriers and
asymptomatic carriers; **: P < 0.05 between symptomatic carriers and controls; ***: P < 0.05 between
asymptomatic carriers and controls.

Correlation Analysis
LogMAR BCVA of symptomatic carriers was negatively correlated with VFI, MD (r = -0.475 and − 0.495, P 
= 0.000 and 0.000), SpRNFL, IpRNFL and GpRNFL thicknesses (r = -0.179, -0.188, and − 0.226, P = 0.048,
0.039, and 0.012), PVEP 0 .5 and 1.0 cpd P100 amplitude (r = -0.340 and − 0.232; P = 0.000 and 0.010).
Our �ndings are consistent with the �ndings of previous studies.(17, 18) For symptomatic carriers, there
was no signi�cant correlation between LogMAR BCVA and disease duration (r = -0.004, P = 0.963).
Correlations between macula sublayer thicknesses (OPL, ONL, IS/OS, MT) and disease duration, PERG,
visual �eld, and pRNFL thicknesses of symptomatic carriers are shown in Table 3.

Fovea
IS/OS thicknesses were negatively correlated with N95 (r = -0.253, P = 0.043) but positively correlated with
time of FVEP, N2, and P2 wave (r = 0.280 and 0.223; P = 0.002 and 0.015). MT was positively correlated
with SpRNFL, NpRNFL, IpRNFL and GpRNFL thicknesses (r = 0.190, 0.184, 0.275, and 0.217, P = 0.036,
0.043, 0.002, and 0.017).

Parafoveal Temporal
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IS/OS thicknesses were negatively correlated with N95 and amplitude of FVEP (r = -0.260 and − 0.225; P 
= 0.038 and 0.014). MT was negatively correlated with disease duration (r = -0.240, P = 0.007), positively
correlated with P50, VFI, and MD (r = 0.364, 0.226, and 0.225; P = 0.003, 0.013, and 0.014), and positively
correlated with SpRNFL, NpRNFL, IpRNFL, TpRNFL, and GpRNFL thicknesses (r = 0.290, 0.327, 0.353,
0.330, and 0.349; P = 0.001, 0.000, 0.000, and 0.000, respectively).

Parafoveal Nasal
OPL thicknesses were positively correlated with P50 (r = 0.267, P = 0.035). ONL thicknesses were
negatively correlated with disease duration and 0.5 cpd PVEP (r = -0.210 and − 0.232; P = 0.019 and
0.010, respectively). IS/OS thicknesses and 2.0cpd PVEP were negatively correlated with one another (r =
-0.183, P = 0.043) but positively correlated with FVEP (r = 0.249, P = 0.007). MT was negatively correlated
with disease duration (r = -0.179, P = 0.047) but positively correlated with IpRNFL, TpRNFL and GpRNFL
thicknesses (r = 0.214, 0.327, and 0.186, P = 0.018, 0.000, and 0.040). In addition, MT was negatively
correlated with 2.0cpd PVEP (r = -0.178, P = 0.049) but positively correlated with time of FVEP (r = 0.225,
P = 0.007).

Table 3. Correlations between macula sublayer thicknesses and disease duration, PERG, visual �eld, and
pRNFL in symptomatic carriers 

*: P < 0.05; **: P < 0.01; LogMAR BCVA: logarithm of minimum angle of resolution best corrected visual
acuity; P50, N95: pattern electroretinogram P50, N95 waves; VFI: visual �eld index; MD: mean defect;
SpRNFL, NpRNFL, TpRNFL, IpRNFL, GpRNFL: peripapillary retinal nerve �ber layer thicknesses in the
superior, nasal, temporal, inferior and average quadrants.

Discussion
This study used Spectralis HRA-OCT to investigate macula sublayer thicknesses in the fovea and
parafovea of symptomatic carriers and asymptomatic carriers of the G11778A mutation with LHON. We
compared characteristics of macula sublayer thicknesses between symptomatic carriers, asymptomatic
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carriers and normal subjects. In addition, we further analyzed the correlations between macula sublayer
thickness and disease duration, PERG, visual �elds, pRNFL, and VEP in symptomatic carriers.

Previous studies of MT have concluded that MT is thinner in symptomatic carriers compared to
asymptomatic carriers and normal subjects, and no statistically signi�cant differences have been
reported between MT of asymptomatic carriers and normal subjects.(10–12) In our study, we also found
MT thinning in symptomatic carriers. Furthermore, our study identi�ed thinning in the parafoveal
temporal and nasal areas and determined that MT of asymptomatic carriers is signi�cantly thinner than
that of normal subjects, in agreement with the trends of previous studies.(11, 12) However, those studies
failed to report any statistically signi�cant differences, potentially due to their small sample sizes.
Correlation analysis showed that thinning in the MT and parafoveal temporal and nasal regions is
correlated with pRNFL and disease duration in symptomatic carriers. This correlation indicates that the
symptomatic carriers we recruited were at an advanced stage of LHON, and MT of symptomatic carriers
was thinning as LHON progressed. In the parafoveal nasal area, MT thinning was also correlated with
P50, VFI, and MD, further revealing a tendency for structural changes to coincide with changes in indices
of visual function. It remains to be conclusively determined whether the range of structural changes
corresponds with changes in visual function.

The OPL, the �rst synapse of the visual system ,is formed jointly by cone and rod photoreceptors in the
ONL and horizontal cells (HCs) and bipolar cells (BCs) in the INL.(19) Some animal studies (3, 20) have
shown that BCs and their synapses exhibit a certain amount of plasticity, with the number of BCs
increasing soon after cutting of the optic nerve. In this case, we speculate that RGCs underwent apoptosis
similar to that which occurred after optic nerve severance. The loss of RGCs could stimulate an increase
in the number of BCs, in turn causing the OPL to become thicker. Byron L and Huang et al (11, 12) both
analyzed the thicknesses of the INL + OPL. Byron L et al did not �nd signi�cant differences between the
three groups, while Huang et al found that both symptomatic and asymptomatic carriers had thicker INL 
+ OPL thicknesses in most regions than the control group. In our study, we also found that macular OPL
thicknesses were signi�cantly increased in symptomatic carriers and asymptomatic carriers compared to
normal subjects (except for the parafoveal temporal area of asymptomatic carriers, P > 0.05), consistent
with Huang et al. Our correlation analysis showed that in symptomatic carriers, OPL thickness is
signi�cantly correlated with P50 in the parafoveal nasal region, further indicating that OPL thickening
may be related to RGC apoptosis.

Our study demonstrated that ONL thicknesses were thinner in both symptomatic carriers and
asymptomatic carriers compared to normal subjects. In addition, ONL thicknesses in the parafoveal nasal
region were thinner in asymptomatic carriers than in symptomatic carriers. Correlation analysis shows
that ONL thickness in the parafoveal nasal region becomes thinner with disease duration. Partially
contrary to our �ndings, Byron L et al (11) reported that the ONL + IS thickness of symptomatic carriers
was thicker than that of normal subjects. Consistent with some of our �ndings, thicknesses of the ONL + 
IS were thinner in asymptomatic carriers than in symptomatic carriers (P > 0.05). The reasons for these
inconsistencies may be due to two factors: 1) the analysis may be altered by a superimposition effect,
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such as that observed when Fan et al(21) studied glaucomatous disease and found that the foveal ONL
was signi�cantly thickened in glaucomatous eyes; however when combining the three sublayers (ONL + 
IS + OS), no signi�cant differences were observed between glaucoma patients and controls;2)
measurements of the ONL layer may be in�uenced by the Helen �ber layer.(22) Until now, no studies have
described the ONL layer in symptomatic carriers with LHON. Recently, Fujihara et al(23) published a study
on glaucoma that found signi�cant thinning of the ONL in advanced open-angle glaucoma. It has also
been reported that macular ONL thickness increases in the early stages of glaucoma, then gradually thins
in the later stages until the thickness approached that of normal subjects.(21) At the parafovea, ONL
thicknesses in glaucoma was not signi�cantly different from normal subjects.(24) Glaucoma, like LHON,
involves damage to both RGCs and their axons, leading to progressive thinning of the GCL and RNFL.
Therefore, we suspect that the mechanisms by which these two diseases lead to ONL thinning may be
consistent. Pathologic studies of glaucoma have identi�ed that thickening of the foveal ONL may be
associated with enlarged cone nuclei and swollen somata.(25) The cause of ONL thinning remains
uncertain at present; studies with large sample sizes and prospective studies are needed in the future to
explore the mechanisms by which ONL thicknesses are changed, the pathogenesis of ONL thinning and
RGC apoptosis.

In our study, there were no signi�cant differences in IS/OS thicknesses between carriers with the
G11778A mutation and normal subjects. IS/OS thicknesses in the parafoveal nasal region of
symptomatic carriers were signi�cantly thicker than those of asymptomatic carriers. Correlation analysis
identi�ed signi�cant correlations between IS/OS thicknesses in foveal and parafoveal temporal areas
and N95 amplitude, FVEP P2 amplitude, and wave time. Byron L et al (11) analyzed the OS layer alone
and found that thickness of the OS layer was signi�cantly increased in symptomatic carriers compared to
asymptomatic carriers and normal subjects. Histological studies of patients with LHON (5, 6) have shown
that photoreceptors and RPE are unaffected; however, it may be histologically di�cult to clarify the cause
of mild OS thickening. Huang et al (12) analyzed ONL + IS + OS + RPE thicknesses and found that
symptomatic carriers were signi�cantly thicker than asymptomatic carriers. There were di�culties in
differentiating the outer retinal structures by OCT, as there was no uniformity in the strati�cation of the
outer layers of the retina. In this study, IS/OS thicknesses were signi�cantly correlated with PERG and
VEP, indicating that IS/OS strati�cation of the outer layer of the retina can re�ect its functional index to
some extent.

The limitations of this study include: 1) to date, we have not been able to complete a longer follow-up
study of LHON patients; 2) in order to obtain clear Spectralis HRA-OCT images, a single-line B-scan mode
was used in this study; 3) the thickness of each sublayer was measured using manual marker points; 4)
did not perfect the correlation analysis of asymptomatic carriers and normal subjects; 5) differences in
the ages of symptomatic carriers and asymptomatic carriers. Future longitudinal studies with larger
sample sizes will be conducted to further understand the natural history and pathogenesis of LHON.

Conclusion
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In conclusion, we analyzed the foveal and parafoveal sublayer thicknesses of symptomatic and
asymptomatic carriers of the G11778A mutation with LHON in comparison to normal subjects using
Spectralis HRA-OCT. Our study showed that the thicknesses of OPL, ONL, IS/OS and MT differed across
the three groups. Macular sublayer thickness analysis was useful in distinguishing between normal
subjects and carriers of G11778A mutations with LHON. MT and ONL thinning, as well as OPL thickening,
were detected in symptomatic and asymptomatic carriers, which should be further validated and explored
in basic science research. Future longitudinal studies are needed to determine the usefulness of these
measurements in the diagnosis and monitoring of LHON.
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Figure 1

Retinal layering and methods of measurement. RNFL: retinal nerve �ber layer, OPL: outer plexiform layer,
ONL: outer nuclear layer (the distance between the internal limiting membrane (ILM) and the external
limiting membrane (ELM)), IS/OS: photoreceptor inner and outer segment, MT: macula thickness
(thickness between the inner limiting membrane and the retinal pigment epithelium: ILM-RPE).
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Figure 2

MT and Macular OPL, ONL, IS/OS thicknesses of symptomatic carriers, asymptomatic carriers of
G11778A mutation with LHON and normal subjects. Bottom and top horizontal lines of each box
represent 25th and 75th percentiles, respectively, and the middle line represents the 50th percentile, or
median. The width of the graph represents the number of cases in this interval. OPL: outer plexiform layer,
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ONL: outer nuclear layer, IS/OS: photoreceptor inner and outer segment, MT: macula thickness; *:
P<0.0332, **: P<0.0021, ***: P<0.0002 , ****: <0.0001.


