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Abstract

Purpose To compare retinal nerve fibre layer

(RNFL) thickness changes between

mitochondrial DNA (mtDNA) mutations at

nucleotides 11778 and 14484 in Leber’s

hereditary optic neuropathy (LHON)

using optical coherence tomography

(OCT).

Methods Thirty LHON patients with mtDNA

mutations at nucleotides 11778 or 14484

underwent full ophthalmologic examinations

including Stratus OCT. Patients were

divided into four groups according to disease

duration (earlyp6 months, late46 months)

and mtDNA mutation type (11778 and 14484),

and their RNFL thicknesses were compared.

Results Average RNFL thickness in

the early 11778 group was significantly

greater than that in the early 14484 group

(P¼ 0.04). Average RNFL thickness in the late

11778 group was significantly less than that in

the late 14484 group (P¼ 0.02). Quadrant

analysis of the superior, nasal, and inferior

quadrant RNFL thickness in the late 11778

group showed more severe RNFL atrophy than

in the late 14484 group (P¼ 0.023, 0.015, 0.003,

respectively).

Conclusions RNFL thickness was

significantly increased in the early

stage and decreased in the late stage in

the 11778 group than in the 14484

group.
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Introduction

Leber’s hereditary optic neuropathy (LHON) is

a mitochondrial disease characterized by

subacute loss of central visual acuity.1–3 LHON

is associated with three primary mitochondrial

DNA (mtDNA) mutations of G11778A,4

T14484C,5 and G3460A.6 Final visual acuity is

the poorest in patients with the 11778 mtDNA

mutation, who have a spontaneous visual

recovery rate of 4%, and best in patients with

the 14484 mtDNA mutation, who have a

recovery rate of 37–50%.5 However, no study

has evaluated retinal nerve fibre layer (RNFL)

thickness according to mtDNA mutation type.

Earlier RNFL evaluations using optical

coherence tomography (OCT) have shown that

RNFL thickness in early LHON versus atrophic

LHON differs, and that RNFL is significantly

thicker in cases that experience visual

recovery.7–9 However, there has been no study

to compare RNFL pattern according to the

mtDNA mutation with different visual

prognosis. The purpose of this study was to

compare the extent of RNFL involvement in

LHON patients with 11778 versus 14484

mtDNA mutations by Stratus OCT.

Subjects and methods

Subjects

We reviewed the hospital records of LHON

patients at the Bundang Seoul National

University Hospital from May 2003 to May

2007. MtDNA mutations were evaluated and

confirmed in each patient. Twenty-three

patients with the 11778 mutation and 7 patients

with the 14484 mutation were enrolled. There

was no unilaterally affected case in this study.
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Patients were divided into four groups according to

disease duration, that is, p6 months or 46 months,7 and

according to mtDNA mutation type. These four groups

were referred to as early 11778, late 11778, early 14484,

and late 14484 groups. Nine eyes of the early 11778 group

repeatedly underwent OCT and were also included in the

late 11778 group.

Methods

All of the patients underwent a thorough relevant history

taking (onset of disease, family history, medication,

earlier affected disease, disease duration, onset age,

visual recovery, etc) and ophthalmological examinations

including the measurement of best-corrected visual

acuity, pupillary examination, colour vision test of

Ishihara and the Hardy-Rand-Rittler test, direct and

indirect ophthalmoscopy, fundus photography,

Goldmann or Humphrey visual field test, and OCT.

RNFL thicknesses were measured using a Stratus OCT

(Carl Zeiss Inc., Dublin, CA, USA), a low-coherence

interferometry unit that generates a cross-sectional

image. A fast RNFL thickness scan acquisition protocol,

which acquired and compressed three 3.4 mm RNFL

thickness circle scans into one scan, was used for the

RNFL analysis. Pupillary dilation was induced in all

patients, and internal fixation was used whenever

possible. Repeated measurements were taken by an

expert technician, and only those images with good

fixations and signal strength greater than 6 were selected.

Average RNFL thickness, and 4-quadrant RNFL

thickness were determined for each eye.

We defined visual recovery as an improvement of

visual acuity 4þ 0.7 logMAR or improvements in visual

field such as the reduction of central scotoma, and

evaluated recovery rate according to the mtDNA type.

Our Institutional Review Board approved the study

protocol, informed consent was obtained from all of the

subjects, and all procedures used were consistent with

the tenets of the Helsinki Declaration.

Statistical analysis

Age distributions, percentages of males, disease

durations, ages at onset, visual recovery rates, and

average RNFL thickness were compared with respect to

the 11778 and 14484 mutations using the w2 test and the

independent t-test. RNFL thickness was compared

between the early 11778 and the early 14484 groups, and

between the late 11778 and the late 14484 groups using

the independent t-test, and if the number of cases was

o30, additional analysis was performed using the

Mann–Whitney U test. Statistical analyses were

performed using SPSS v.12.0 software (SPSS Inc.,

Chicago, IL, USA), and two-sided P-values of o0.05

were considered statistically significant.

Results

The demographic and ophthalmic data of the 30 patients

enrolled in this study are presented in Table 1. Twenty-

three patients (46 eyes) with the 11778 mutation and

seven patients (14 eyes) with the 14484 mutation were

enrolled. There were only two patients in a same

pedigree in 14484 group (Cases no. 2 and 4). In 11778

group, 15 eyes of 46 eyes were early LHON and 31 eyes

were late LHON. Whereas, in 14484 group, four eyes of

Table 1 Demographics and clinical characteristics of the enrolled patients

11778 (N¼ 46 eyes) 14484 (N¼ 14 eyes) P-value

Age (years) 25.5±9.7 24.4±7.2 0.69a

Gender, male n (%) 42 (91.3 %) 13 (92.9 %) 0.55a

Disease duration (years) 4.0±5.3 4.8±6.1 0.61a

Age of onset (years) 21.5±9.0 19.6±7.9 0.47a

Initial visual acuityb (logMAR) 1.09±0.57 0.95±0.44 0.38
Final visual acuityb (logMAR) 1.16±0.55 0.41±0.62 0.0001
Early LHON, N (%) 15 (32.6 %) 4 (28.6 %) 0.78a

Atrophy LHON, N (%) 31 (67.4 %) 10 (71.4 %) 0.78a

Visual recovery,c N (%) 13 (28.3 %) 10 (71.4 %) 0.003a

RNFL thicknessb (mm)
Average 82.4±35.7 92.9±23.6 0.36
Temporal 53.6±31.8 53.3±25.2 0.66
Superior 106.7±49.0 123.5±35.1 0.18
Nasal 66.7±22.9 75.5±15.7 0.08
Inferior 102.7±52.0 119.5±31.5 0.16

aw2 test.
bIndependent t-test.
cVisual recovery is defined as an improvement of visual acuity 4þ 0.7 logMAR or improvements in visual field, such as the reduction of central scotoma.

Comparison of retinal nerve fibre layers
JH Seo et al

108

Eye



14 eyes were early LHON and 10 eyes were late LHON.

For those with the 11778 or 14484 mutation, mean age at

onset of LHON (21.5±9.0 vs 19.6±7.0 years, P¼ 0.47),

mean disease duration (4.0±5.3 vs 4.8±6.1 years,

P¼ 0.61), and mean age whilst participating in this study

(25.5±9.7 vs 24.4±7.2 years, P¼ 0.69) were similar. Initial

visual acuities were not different (1.09±0.57 vs

0.95±0.44, in logMAR, P¼ 0.38); however, final visual

acuities did differ (1.16±0.55 vs 0.41±0.62, in logMAR,

P¼ 0.0001) and visual recovery rate was different (28.3 vs

71.4%, P¼ 0.003) between the patients with 11778 or

14484 mutation.

Average RNFL thickness was significantly greater in

the early 11778 group than in the early 14484 group

(130.4±14.0 vs 117.5±4.1 mm, P¼ 0.04, Table 2). Superior

quadrant RNFL thickness in the early 11778 and the early

14484 patients were similar (171.9±17.7 vs 158.7±10.8mm,

P¼ 0.15), whereas inferior quadrant RNFL thickness

were significantly greater in the early 11778 group than in

the early 14484 group (171.7±26.4 vs 135.0±19.0 mm,

P¼ 0.01).

RNFL thickness was significantly reduced in the late

11778 group compared with that in the late 14484 group

(65.6±22.2 vs 81.0±18.9 mm, P¼ 0.02, Table 3). Average

superior, nasal, and inferior quadrant RNFL thicknesses

in the late 11778 patients were significantly thinner

than those in the late 14484 patients (P¼ 0.023, 0.015,

0.003, respectively), whereas, average RNFL thicknesses

of temporal quadrants were similar in the late 11778

and late 14484 groups (40.5±17.3 vs 38.2±7.7 mm,

P¼ 0.73).

Figure 1 showed representative cases of RNFL

thickness in early 11778, early 14484, late 11778, and late

14484 groups. RNFL thickness was significantly

increased in the early stage (Figure 1a) and decreased in

the late stage in the 11778 group than in the 14484 group

(Figure 1b).

Discussion

This is the first study to evaluate RNFL pattern according

to the mtDNA mutations of 14484 vs 11778, as well as to

the early and late stages. The recently developed third

generation OCT, Stratus OCT, has a RNFL resolution of

8–10 mm.10,11 An earlier study using a Stratus OCT in

patients with early LHON showed greatest increases of

RNFL thickness in the superior quadrant, followed by

the nasal and inferior quadrants, with no significant

change in the temporal quadrant.7 These findings

corresponded with our results, and could be explained

by the fact that papillomacular bundle might be the early

main target in the early stage of LHON.7,12

This study revealed further information on RNFL

changes according to mutation type. Our study showed

that the superior, nasal, and inferior quadrant of the

11778 group showed more prominent RNFL atrophy

than in those of the 14484 group. An additional

important finding in this study is that OCT may be

helpful in differentiating RNFL edema in LHON and

optic neuritis, as the superior and inferior bundles are

more affected in LHON, whereas all quadrants are

affected in optic neuritis.13–15

There are at least two limitations in our study. The

number of early 14484 groups was limited. However, the

rare incidence of LHON with the 14484 mtDNA

mutation should also be considered and the number of

the eyes could be analysed with a non-parametric

statistical method. In addition, both eyes were compared.

However, RNFL thickness was not symmetric at all and

the differences were so remarkable between the first and

the later affected eyes, especially in the early sages of

LHON.

In conclusion, patients with the 11778 mutation

showed more severe RNFL edema during early stage

disease and more severe RNFL atrophy during the late

stage than patients with the 14484 mutation. These

findings may be helpful in understanding the different

visual prognoses between patients with 11778 vs 14484

mtDNA mutation.

Table 2 Retinal nerve fibre layer thickness (mm) in Leber’s
hereditary optic neuropathy patients with a 11778 or 14484
mutation during the early disease stage

11778 (N¼ 15 eyes)a 14484 (N¼ 4 eyes) P-valueb

Mean±SD Mean±SD

Average 130.4±13.6 117.5±4.1 0.04
Temporal 89.9±32.0 85.8±18.9 0.96
Superior 171.9±17.7 158.7±10.8 0.15
Nasal 87.9±22.6 90.5±8.4 0.59
Inferior 171.7±26.4 135.0±19.0 0.01

aNine eyes of early 11778 patients had been followed up to atrophy stage;

OCT was performed at both early and atrophy stages.
bMann–Whitney U Test.

Table 3 Retinal nerve fibre layer thickness (mm) in Leber’s
hereditary optic neuropathy patients with a 11778 or 14484
mutation during the late disease stage

11778 (N¼ 40 eyes)a 14484 (N¼ 10 eyes) P-valueb

Mean±SD Mean±SD

Average 65.6±22.2 81.0±18.9 0.02
Temporal 40.5±17.3 38.2±7.7 0.73
Superior 86.2±35.9 106.5±28.4 0.023
Nasal 58.7±15.8 70.7±12.3 0.015
Inferior 76.9±28.5 108.7±31.4 0.003

aNine eyes of early 11778 patients had been followed up to atrophy stage;

OCT was performed at both early and atrophy stage.
bIndependent t-test.
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Figure 1 Retinal nerve fibre layer (RNFL) thickness changes in patients with the 11778 or 14484 mutation. (a) RNFL thickness in
patients with the 11778 or 14484 mutation during early stage Leber’s hereditary optic neuropathy (LHON). The superior
quadrant RNFL thickness in both groups showed prominent RNFL edema, whereas average inferior quadrant RNFL thickness
was significantly greater in the early 11778 group than in the early 14484 group. (b) RNFL thickness in the late 11778 and 14484
groups. Superior, nasal, and inferior quadrant RNFL thickness in the late 11778 group showed more severe RNFL atrophy than in the
late 14484 group.
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