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Abstract

e AIM: To evaluate the structural injure patterns in
peripapillary retinal fiber layer (pRNFL), retinal ganglion
cell layer (RGCL) and their correlations to visual function
in various mitochondrial optic neuropathies (MON) to offer
help to their differential diagnosis.

e METHODS: Totally 32 MON patients (60 eyes) were
recruited within 6mo after clinical onsets, including 20
Leber hereditary optic neuropathy (LHON) patients (37
eyes), 12 ethambutol-induced optic neuropathy (EON)
patients (23 eyes), and 41 age-gender matched healthy
controls (HC, 82 eyes). All subjects had pRNFL and RGCL
examinations with optic coherence tomography (OCT) and
visual function tests.

o RESULTS: In the early stages of MON, the temporal pRNFL
thickness decreased (66.09%22.57 ym), but increased in
other quadrants, compared to HC (76.95£14.81 um). The other
quadrants remaining stable for LHON and EON patients
besides the second hour sector of pRNFL thickness
reduced and the temporal pRNFL decreased (56.78+15.87 um) for
EON. Total macular thickness in MON reduced remarkably
(279.25%£18.90 pym; P=0.015), which mainly occurring in the
inner circle (3 mm diameter of circle) and the nasal temporal
sectors in the outer circle (5.5 mm diameter of circle), in
contrast to those in HC. RGCL thickness reduced in each
sector of the macula (61.90%£8.73 pym; P<0.001). It strongly
showed the correlationship of best corrected visual
acuity (R=0.50, P=0.0003) and visual field injury (R=0.54,
P=0.0002) in MON patients.

e CONCLUSION: OCT is a potential tool for detecting
structural alterations in the optic nerves of various
MON. Different types of MON may have different damage
patterns.
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INTRODUCTION

n 1988, Leber hereditary optic neuropathy (LHON), the

maternally inherited optic atrophy, was firstly identified
as a mitochondrial DNA point mutations disease. It helps
mitochondrial optic neuropathies (MON) being recognized
progressively as a major spectrum of optic neuropathy rooted
in different genetic and acquired etiologies'”’. Among genetic
MON, one of the most common disease in ophthalmological
clinical rooms in China was LHON, which causes mitochondrial
dysfunction due to mtDNA mutation in the respiratory complex
1", For acquired MON, ethambutol-induced optic neuropathy
(EON) resulting also from the dysfunction of respiratory
complex is the most common drug toxicity worldwide”™. Energy
depletion and active oxidative stress caused by mitochondrial
dysfunction triggers apoptosis of retinal ganglion cells (RGCs),
which are the common pathways for genetic and acquired
MON". As the papillomacular-bundle (PMB), characterized
by high-energy demands and low-energy production, is the
preferred neural axons to be damaged, various causes of MON
have similar clinical features®"",
However, even though there are different types of MON and
different individuals with the same gene mutations or taking
the same dose of ethambutol, not all individuals present with
optic nerve impairment. The study of the structural alterations
of RGCs and their axons in LHON and EON patients could
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potentially offer help in elucidating the pathogenesis of MON,
as well as differential diagnosis of MON diseases from other
optic nerve diseases. Spectral-domain optical coherence
tomography (SD-OCT) with 2-3 pm of axial resolution
can visualize structural alterations of RGCs and their axons
inpatients with MON. The OCT technique was used during
studies of MON"*", In addition, our previous studies showed
LHON had thinner temporal peripapillary nerve fiber layer
(pRNFL) in about 6mo, and had their macular thickness
reduced within 6mo. However, these alterations do not have
significant correlations to the best corrected visual acuity
(BCVA)™, Furthermore, no relationships between RGC layer
(RGCL) injury patterns and damage of visual field (VF) has
been reported.

Therefore, the aim of our study is to observe structural alterations
of pRNFL, total macular, and RGCL in patients with various
MON, and then evaluate the relationships between these
alterations to VF.

SUBJECTS AND METHODS

Subjects This is a retrospective, cross-sectional and observational
study. Thirty-two patients with MON and 41 age-gender
matched healthy controls were recruited from Chinese
PLA General Hospital from November 2013 to November
2015. The study was approved by the ethics committee of
the Chinese PLA General Hospital and complied with the
Declaration of Helsinki in its currently applicable version.
Furthermore, we obtained the written consents from all patients
or their families before OCT images of the patients were
collected. Among the subjects, one eye in an EON patient with
greater than -6.00 diopters refractive error was excluded; and
one eye without LHON affected, one eye in a LHON patient
with more than 6mo after onset, and one eye in an LHON
patient with remarkable papilledema were all excluded. In
total, 32 MON patients (60 eyes) whose course of disease were
within 6mo after clinical onset for each of both eyes included
20 LHON patients (37 eyes) and 12 EON patients (23 eyes).
At the same time, 41 (82 eyes), 32 (64 eyes) and 33(66 eyes)
age-gender matched healthy controls (HC1, HC2 and HC3
compared to MON group, LHON and EON subgroup) were
recruited from the Department of Ophthalmology, Chinese
PLA General Hospital.

LHON patients were diagnosed by screening for mtDNA. The
EON patients were diagnosed according to the criteria*"”:
1) visual symptom onset after taking ethambutol; 2) meeting
more than one required criteria or two supportive criteria as
follows, the required criteria: color anomalopia without other
causes, bilateral centre visual loss or cecocentral scotomas
evaluated by Humphrey perimetry; the supportive criteria:
papillary pale, visual loss, or other types of VF defects other
than centre or cecocentral scotomas. The inclusion criteria

for healthy eyes were listed as follows: normal visual acuity,
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refractive error less than +6.00 diopters or an astigmatism of
2.00 diopters, intraocular pressure (IOP) lower than 21 mm Hg,
and those without systematic diseases and central nervous
systematic diseases. The exclusion criteria for LHON and EON
subjects were as follows: ocular diseases other than LHON or
EON, a history of ocular surgery, refractive error greater than
+6.00 diopters or astigmatism of 2.00 diopters, IOP more
than 21 mm Hg, and systemic diseases such as diabetes and
diseases of the central nervous system. First, we compared
pRNFL, total macular thickness and RGCL measurements
detected by OCT in MON group to those in HC1 to reveal
structural injury pattern of MON patients. Second, we
evaluated OCT data alterations in LHON and EON patients,
and compare them to their HC (HC2 and HC3), in order to
reveal their different injury patterns.

Ophthalmologic Examination All subjects experienced
ophthalmologic examinations including BCVA, 1OP, slit lamp
microscope examination and detailed fundus examinations by
ophthalmoscope.

Spectral-domain optical coherence tomography examination
All the subjects had OCT examinations without pupil dilation
by SD-OCT (Carl Zeiss Meditec, Inc., Germany). The pRNFL
was detected by a 3.4-mm circular scan around the optic disc,
and the following parameters for pRNFL were calculated:
average pRNFL thickness, pRNFL thickness in 4 respective
quadrants (superior, temporal, nasal and inferior quadrants)
and 12h of pRNFL. Total macular, excluding the fovea (1 mm
central circle), is divided into 9 sectors according to the Early
Treatment Diabetic Retinopathy Study (ETDRS); circle
diameters: 1, 3, 5.5 mm to accquire the retinal thickness, and
is divided into 6 sectors, including superior, nasal superior,
temporal superior, nasal inferior, inferior and temporal inferior,
to measured RGCL.

Visual function testing All patients with MON underwent
VF tests and were evaluated by a Humphrey Field Analyzer 11
(Carl Zeiss Meditec, Inc., Germany) using Goldmann size III
stimulus. The relationship of average VFs from the 12 central
points and macular measurements was assessed, as previously
described in detail by Monteiro et al'®.

The BCVA was assessed by a Snellen Eye Chart (decimal
acuity) and converted into a logarithm of the minimal angle
of resolution (logMAR) notations as previously reported by
Schulze-Bonsel ez al'"”.

Statistical Analyses Cohort difference in age or gender were
analyzed by Kruskal-Wallis and Chi-square test respectively.
Analysis of the differences in OCT measurements between
patients’ groups and their HC groups, #-tests were performed.
For correlations between BCVA, VFs and OCT measurements,
Pearson linear regression models were used. All statistical
analyses were performed using SPSS 17.0 and drawing
graphics with Prism 6.0. Statistical significance was achieved
at P<0.001.



Int J Ophthalmol, Vol. 11,
Tel:8629-82245172  8629-82210956

No. 10, Oct.18, 2018

www.ijo.cn
Email:ijopress@163.com

Table 1 Participants’ clinical and morphological characteristics in this study

Characteristics MON LHON EON P
Subjects (eyes) 32 (60) 20 (37) 12 (23) -
Gender (M/F eyes) 51/9 34/3 17/6 -
Age (y) 28.6+15.7 18.9+6.9 43.4+14.1 <0.001
Disease duration (mo) 2.99+1.35 2.78+1.43 3.33£1.16 0.122
Visual acuity (logMAR) 1.22+0.32 1.20+0.46 0.756

Gene mutation types or -
others clinical features

11778 (12/20); 14484 (5/20); 3460 (1/20); OPA1 (3/5), 11778 (1/5); HIV positive (1); -
14568 (1/20); 14568, 11696 (1/20)

Tuberculous pleurisy (2); Tuberculosis (8);
Nephrophthisis (1)

MON: Mitochondrial optic neuropathy; LHON: Leber hereditary optic neuropathy; EON: Ethambutol-induced optic neuropathy.

Table 2 pRNFL thickness in MON patients compared to that in healthy control subjects

mean+SD, pum

Parameters MON HC1 P LHON HC2 P EON HC3 P

Average pRNFL 111.10£25.96  99.05£8.66  0.035  122.41+23.39  99.79+7.83  <0.001  93.26+17.53  98.64+10.17  0.198
Superior 155.09+47.74  123.73+21.22  <0.001  176.05+45.30  126.56+24.95 <0.001 121.78+25.56 124.58+16.85 0.390
Nasal 75.84+18.33  66.01+11.96  0.001  80.41£19.55  64.98+10.61 <0.001  67.70+12.23  67.65+13.26  0.237
Inferior 146.14+36.25 130.79+13.62 0262  159.32+31.63 133.06+13.06 <0.001 1259143274 130.21+15.81 0.671
Temporal 66.09+422.57  76.95+14.81  <0.001  72.41+23.74  76.10+23.74  0.147  56.78+15.87  72.33+1026 <0.001

Average RGCL 61.90+8.73 84.67+6.21  <0.001  60.11+£9.46 84.83+4.59  <0.001  64.28+8.09  84.44+6.53  <0.001
Superior 63.79+10.50  85.39+6.87  <0.001  62.69+10.87  85.69+5.97  <0.001  65.2249.77  85.61+7.34  <0.001
Nasal superior 60.42+9.46 86.24+8.02  <0.001  59.31%£9.96 86.88+533  <0.001  62.06+8.16  85.98+8.89  <0.001
Nasal inferior 58.88+9.39 84.86£7.04  <0.001  58.39x11.73 84.94+6.29  <0.001  60.2249.16  84.44+7.29  <0.001
Inferior 61.319.55 83.04+6.81  <0.001  59.92+10.75  83.49+5.53  <0.001  62.78+8.00  82.56+6.94  <0.001
Temporal inferior ~ 65.60£10.56  85.22+6.46  <0.001  63.17+12.68  85.77+4.16  <0.001  68.44+8.10  84.65£6.77  <0.001

MON: Mitochondrial optic neuropathy; LHON: Leber hereditary optic neuropathy; EON: Ethambutol-induced optic neuropathy. HC1: Age and
gender matched of health controls to those of MON group; HC2: Age and gender matched of healthy controls to those of LHON group; HC3:
Age and gender matched of healthy controls to those of EON group. P*: MON vs HC1; P": LHON vs HC2; P*: EON vs HC3.

RESULTS

There were 32 MON patients (60 eyes) including 20 LHON
patients (37 eyes) and 12 EON patients (23 eyes) in the present
study. The age was 28.6+15.7y with a range of 12-72y in
the MON cohort, 18.9+6.9y with a range of 12-36y in the
LHON cohort, and 43.4+14.1y with a range of 23-72y in the
EON cohort. Among them, LHON patients mainly resulted
in 11 778 mtDNA mutations (12/20), with the other patients
14 484 (5/20), 3460, 14 568 (1/20) and 14 568 combined
with 11 696 mtDNA mutations (1/20). For the EON cohort,
average duration of ethambutol treatment was 6.23+6.20mo
with a range of 2 to 24mo, and the average total amount
of ethambutol was 127.15+101.70 (18 to 360) g with daily
dosages of 0.658+0.201 (0.25-1) g/per day. Among them, 5/12
EON patients underwent mtDNA and OPA1 gene screening for
LHON and dominant optic atrophy (DOA)""®. Consequently,
3/5 (60%) of patients presented OPA1 gene mutation, and
1/5 (20%) patients presented 11 778 mtDNA gene mutation.
All MON patients were in the early stages within 6mo after
clinical onset. The BCVA in the LHON cohort was similar to
that of EON (P=0.756; Table 1). Their age-gender matched

HCI group was comprised of 41 subjects (82 eyes) with mean
ages of 30.14+14.88y (range 7-72y, male/female: 30/11)
matching the MON cohort; HC2 group 24 subjects (48 eyes)
with mean ages of 19.88+6.92y (range 7-37y, male/female:
19/5) matching the LHON cohort, and 33 HC3 subjects (66 eyes)
with mean ages of 40.30+=14.33y (range 19-72y, male/female:
10/23) matching the EON cohort.

The pRNFL Thickness in MON Patients Compared to
Controls The average pRNFL thickness in MON patients was
significantly thicker (P=0.035), increasing in LHON patients
(P<0.001) and without difference in EON patients (P=0.198),
in comparison with their HCs. In contrast to HC, temporal
pRNFL thickness in MON patients decreased markedly with
an increase in superior, nasal and inferior pRNFL. Further
analysis revealed that in LHON patients, only the second hour
of pRNFL thickness in temporal pRNFL decreased (P<0.001)
with the other quadrants of pRNFL increasing, compared to
that of HC2. For EON patients, as well as MON, the temporal
pRNFL thickness decreased (P<0.001), however other
quadrants of pRNFL thickness was not different, compared to
its HC3 (Table 2; Figure 1).
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Figure 1 The pRNFL thickness in MON patients compared to controls.
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Figure 2 Total macular and retinal ganglion cell layer thickness in MON patients compared to controls.

Total Macular and Retinal Ganglion Cell Layer Thickness
in MON Patients Compared to Controls In contrast to HCs,
the average total macular thickness in MONs remarkably
reduced (P=0.015), which mainly occurred in the inner circle,
and nasal temporal sectors in the outer circle. Further analysis,
the average total macular thickness in LHON and EON
patients underwent the same impairment patterns. For RGCL
thickness in MON patients, it reduced sharply in the early
stages of disease duration, which was then equally distributed
in each of the sectors of the macula. Detailed analysis showed
that the same impairment patterns occurred in RGCL in LHON
and EON patients again (Table 2 and Figure 2).

The Best Corrected Visual Acuity and Visual Field
Associations with Structural Injury in MON Patients
The BCVA and average VFs (dB) in MON patients had no
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associations with the pRNFL thickness and average RGCL
thickness. However, both BCVA (=0.5; P=0.0003) and
VFs (r=0.54; P=0.0002) strongly correlated to average total
macular thickness. Further analysis showed BCVA and VFs
also had reliable correlations to average total macular thickness
in EON and LHON patients (Figure 3).

DISCUSSION

In our studys, pRNFL thickness in the superior, inferior,
and nasal quadrants thickened markedly with the temporal
quadrant unchanged, compared with those of healthy eyes
within 6mo of disease onset in LHON patients. However,
for the second hour of the temporal, which is mainly formed
by PMB, it is reduced by a significant amount compared to
that of the healthy eyes. For the EON patients within 6mo of
the disease onset, the temporal pRNFL thickness decreased
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Figure 3 The BCVA and VF associations with structural injury in MON patients.

sharply with pRNFL in other quadrants unchanged. These
results were consistent with the impairment pattern of DOA
that pRNFL thickness gradually decreased with age and the
temporal quadrant was preferentially damaged"”. Furthermore,
these outcomes in the present study confirmed the conclusion
that the PMB was vulnerable to injury in patients with MON"".

Savini ef al"

studied 38 LHON patients using across-sectional
approach and demonstrated that in 8 LHON patients with a
disease duration of less than 6mo, all pRNFL were thickened
except for the temporal quadrant of pRNFL, showing no

[P also observed

significant changes. In 2010, Barboni ef a
4 LHON patients with a longitudinal approach and found the
same changes of disease duration. These results were similar to
those of the presented study. However, for EON patients in the
early stages, there was no pRNFL compensatory swelling, as
was the case in the previous study”. The pRNFL thickening
in LHON patients may be explained by the following reasons:
1) PMB has undergone a shortage of energy and the vessels
around the optic disc engorge to compensate, resulting in
the thickening of the pRNFL in patients with LHON; 2) the
lack of energy of optic nerve caused pRNFL swelling within
all quadrants although the previous PMB atrophy made it
sometimes look normal. For EON, due to the sudden arrival of
the causative agent, visual function has been impaired before
the protection compensations could take place. Additionally,
there may be a nuclear compensatory effect in patients with
LHON™ because the energy defect caused by the mutation of

1 and an

mtDNA results in an increase in mitochondrial mass
augment in the DNA copy number”**. In the harbor circle of
a cell, a mutation in mitochondrial tRNA, the overproduction
of ROS can trigger the mitochondrial biogenesis, and in
LHON cybrids™”, B-estradiol can induce the increase of
mitochondrial biogenesis and rescue the axons of RGCL from
energy depletion””. The latter maybe a good explanation for
the male prevalence.

In patients with MON including LHON and EON, the macular
thickness in the inner circle which contains most RGCs
was markedly reduced. The nasal outer circle sector of the
macular thickness (containing the PMB) has a significant
reduction in an early stage of MON. The impairment in

MON was consistent with the results of our previous study”.

Further analysis of RGCL demonstrated that its thickness
was remarkably reduced in the early stages of diseases in
MON patients, as well as LHON and EON patients, without
differences among each sector of macula. It implied that
whether or not the cause was edema or atrophy of pRNFL,
both caused RGC loss in the macula in MON patients.

Both LHON and EON are characterized by sudden bilateral,
central visual loss with structural changes. Therefore, we
evaluated the average correlations of VFs and BCVA to structural
alterations in MON patients. The results showed that the VFs and
BCVA had no correlations to pPRNFL and RGC loss whether in
LHON or in EON patients, they correlated strongly to macular
thickness. Their mechanisms were still unclear which may
imply that other segmented macular layers also suffer damages
in MON patients, except for pRNFL and RGCL.

In addition, in EON patients, 3/5 (60%) carriers with OPA1
gene mutations and 1/5 (20%) LHON carrier which indicated
that ethambutol could be a trigger to attack of DOA or LHON
gene in carriers. It suggests that ethambutol should be avoided
for patients with a family history of DOA or LHON.

In conclusion, in the early stage of LHON, the temporal
PpRNFL thickness decreased, although pRNFL in other quadrants
were edema. For EON, we only observed the thinning of
temporal pRNFL without pRNFL edema in other quadrants.
For macular thickness and RGCL thickness, there were the
same impairment patterns in LHON and EON, and RGCL
in early stage of MON had suffered severe damages. VFs in
MON strongly correlated to the macular thickness. These
results imply that OCT could be a potential tool for detecting
structural alterations in the optic nerves, different type of
MON may have different damage patterns. Otherwise, due to
the small samples and individual differences of optic nerves
and retinas in OCT imaging, a large sample and a longitudinal
study would be helpful to confirm these results again in the future.
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