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Purrose. To report the serial evaluation of asymptomatic eyes of subjects with mutated
G11778A mitochondrial DNA.

MerHoDs. Forty-five asymptomatic G11778A Leber hereditary optic neuropathy (LHON)
carriers and two patients with the mutation who developed unilateral visual loss underwent
testing that included visual acuity, automated visual field, pattern electroretinogram (PERG),
and spectral-domain optical coherence tomography every 6 months between September 2008
and March 2012.

Resurts. Visual acuity, visual fields, and retinal nerve fiber layer thickness remained stable
within the normal range. Mean PERG amplitudes of carriers dropped progressively by ~40%
from baseline to 36 months. In addition, comparisons with the fellow eyes of patients with
unilateral optic neuritis revealed a 3.4 ETDRS (Early Treatment Diabetic Retinopathy Study)
letter loss in the LHON carriers. A single carrier developed visual loss, with PERG amplitudes
dropping by half. In one of two LHON cases who presented with unilateral visual loss, visual
acuity in the asymptomatic eye was ~20/40 at baseline. The PERG amplitude of this eye was
reduced to ~30% of normal. Six months later, his visual acuity had dropped to ~20/500. A
second patient who was ~20/20 and had a visual field defect in the asymptomatic eye at
baseline remained at this level for the 18 months of follow-up. His PERG amplitudes were
similar to those of asymptomatic carriers, with 0.78 pV at baseline that did not decline with
follow-up.

Concrusions. Declines of the PERG amplitude suggest subclinical retinal ganglion cell

dysfunction in asymptomatic G11778A subjects, which is progressive.
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eber hereditary optic neuropathy (LHON) is a maternally

inherited mitochondrial genetic disease characterized by
severe visual loss.! The clinical findings were first described in
1871 by Theodore Leber.? LHON typically occurs in later
childhood and early adulthood with little or no propensity for
recovery.? Affected individuals are usually entirely asymptom-
atic until they develop visual blurring affecting the central
visual field.* Onset of visual loss initially may be simultaneous in
both eyes or in just one eye.’ If unilateral, similar symptoms
typically appear in the other eye within 2 months and, in fact,
such patients have been shown to have subtle defects on
automated perimetry in the asymptomatic eye before that eye’s
visual decline.®

The association of LHON with the G11778A mutation in
mitochondrial DNA (mtDNA) was first described by Wallace
and coworkers” in 1988. Approximately half the men and
approximately 10% of women who have mutated G11778A mt
DNA will eventually lose vision. No testing is capable of
predicting who will develop the phenotype®1© and currently,
available therapies are either ineffective or not robust.®1-13

Analysis of baseline entry data of our first year of
recruitment (25 affected and 21 carriers) into the study was
described in 2010.1° In that study four asymptomatic carriers
have pattern electroretinogram (PERG) amplitudes that are less
than 75% of normal. They have no abnormalities detected on
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clinical examination or structure changes of the retinal nerve
fiber layer (RNFL) on optical coherence tomography (OCT).
Since the PERG is a sensitive measure of retinal ganglion cell
(RGO) function, we hypothesized that it may be useful in
detecting subclinical disease!” that later evolves into the LHON
phenotype. The current report focuses on the serial evaluation
of the asymptomatic eyes of these and additional subjects with
mutated G11778A mtDNA. Here we show that progressive
declines in the PERG identify early RGC dysfunction in
asymptomatic eyes.

METHODS
Clinical

Maternally related family members of G11778A LHON patients
were recruited at the Bascom Palmer Eye Institute by two
neuro-ophthalmologists (JG and BLL) and re-examined every 6
months. Informed consent, approved by the University of
Miami Institutional Review Board, was obtained from LHON
patients and their maternally related family members at their
baseline visit. Best-corrected visual acuity was measured by
using the Early Treatment Diabetic Retinopathy Study (ETDRS)
chart every 6 months. Neuro-ophthalmic examination also
included assessments of the pupils and anterior segment as well
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as ophthalmoscopy of the optic nerve head and retina. Visual
fields were obtained every 6 months with the Humphrey 30-2
white-on-white SITA-standard automated perimetry (Carl Zeiss
Meditec, Dublin, CA). Cataracts, retinal or optic nerve diseases
other than LHON were exclusion criteria. The visual function
of asymptomatic LHON carriers was compared to the public
database of asymptomatic eyes of patients with unilateral optic
neuritis at baseline who were entered into the optic neuritis
treatment trial. The study was conducted in compliance with
the Declaration of Helsinki.

Molecular Analysis

Genomic DNA was obtained from each patient’s white blood
cells obtained from venous blood. A PCR-based test using the
amplification refractory mutation system (ARMS) was used to
detect the presence or absence of three nucleotide substitu-
tions known to cause LHON (3460 G > A, 11778 G > A, or
14484 T > C). Two PCR cocktails, one with primers
corresponding to the normal sequences and one with primers
corresponding to the mutant sequences, were used to amplify
patient DNA. Together, these amplifications revealed the
normal and mutant genotypes. An additional primer pair,
corresponding to a region of chromosome 7, was included in
the mutant PCR cocktails as an internal amplification control.
All positive ARMS results were confirmed with bidirectional
DNA sequencing. Molecular analysis was performed by the
Carver laboratory at the University of Iowa.!® Subjects were
tested for heteroplasmy and secondary mutations in the ND4
gene. Six of the carriers had molecular analysis that was
performed by Athena Laboratories (Worcester, MA). Hetero-
plasmy and secondary mutations for these subjects were not
reported by Athena.

Optical Coherence Tomography

Peripapillary RNFL thickness was measured by an Optic Disk
Cube 200 X 200 scan of the spectral domain Cirrus HD OCT
(software version 3.0; Carl Zeiss Meditec). Cirrus SD-OCT uses
spectral-domain OCT (SD-OCT) technology to acquire data
with high resolution (5 pm) and has a scanning rate of 27,000
A-scans per second. The Optic Disk Cube 200 X 200 protocol
was used for acquisition and analysis. This protocol generates a
cube of data through a 6-mm square grid by acquiring a series
of 200 horizontal scan lines each composed of 200 A-scans.
The total scan time was 1.48 seconds. For analysis, Cirrus
algorithms identify the center of the optic disc and automat-
ically place a calculation circle of 3.46-mm diameter around it.
The anterior and posterior margins of the RNFL are delineated,
and after extracting from the data cube 256 A-scan samples
along the path of the calculation circle, the system calculates
the RNFL thickness at each point on the circle. Three
consecutive Optic Disk Cube scans were acquired and
analyzed for each eye.!?

Electrophysiology

The PERG was recorded simultaneously from both eyes
according to a paradigm optimized for glaucoma detection
(PERGLA)?° (Fig. 1). The method is highly reproducible,?! and
normative data are available.?? Details of the PERGLA protocol
have previously been described.?° In brief, retinal signals were
recorded by means of skin electrodes taped on the lower
eyelids (Fig. 1A). Subjects were fitted with the appropriate
correction for their refractive error and were instructed to
fixate on a target at the center of a pattern stimulus placed at a
viewing distance of 30 cm. Subjects did not receive dilating
drops and were allowed to blink freely. The pattern stimulus
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consisted of horizontal gratings (1.7 cyc/deg, 25° diameter
circular field, 98% contrast, 40 cd/m? mean luminance),
reversing in counterphase at 8.14 Hz (16.28 reversals per
second). The pattern stimulus (Fig. 1B) was generated on a
cathode ray tube display (65-Hz refresh rate, not interlaced)
placed at the bottom of a ganzfeld bowl to minimize the
influence of ambient room lighting. Electrical signals were
band-pass filtered (1-30 Hz), amplified (100,000 fold), and
averaged in synchrony with the reversal period. During signal
acquisition, sweeps contaminated by eye blinks or gross eye
movements were rejected automatically over a threshold
voltage of 25 pV. Two successive responses of 300 artifact-
free sweeps each were recorded, separated by a brief pause.
The first 30 sweeps of each response were rejected to allow
steady-state conditions. The software allowed visual inspection
of the two consecutive responses superimposed to check for
consistency and then computed the final PERG waveform (600
artifact-free sweeps). As the PERG was recorded in response to
relatively fast alternating gratings, the response waveforms
were typically sinusoidal-like, with a temporal period corre-
sponding to the reversal rate. Pattern electroretinogram
waveforms were automatically analyzed in the frequency
domain by discrete Fourier transform to isolate the frequency
component at the contrastreversal rate (16.28 Hz) and
compute its amplitude in microvolts and phase in © radians.

The standardized PERG recording protocol included a
measure of within-test variability.?324 Namely, for each
measurement of each eye, two successive responses of 300
artifact-free sweeps each were recorded (Fig. 1C), separated by
a brief pause. Pattern electroretinogram software allowed
visual inspection of the two consecutive responses superim-
posed to check for consistency, and then computed the final
PERG waveform (600 artifact-free sweeps) and the coefficient
of variation (CV = standard deviation [SD]/mean expressed as
%) of amplitude and phase of the two partial averages, which
represents a measure of within-test variability. These CVs along
with the amplitude and phase measurements for each
measurement were used to calculate pooled test-retest
standard deviations for the sample of carriers and, from these,
intraclass correlation coefficients were calculated. Reliability
data are presented for the right eye measurements at baseline
and the 36-month visits.

Statistical Analysis

Values were expressed as means = SD. Owing to the strong
age dependency of the PERG, these measurements also were
expressed as percentage of age-specific normal.?> The effect of
months followed on each dependent variable was assessed by
including visit months as a linear covariate in a mixed-model
analysis of variance along with subject as a random effect. A P
value of < 0.05 was considered significant, and values < 0.01
were considered highly significant.

RESULTS

Forty-five unaffected G11778A LHON carriers, 6 (13%) males
and 39 (87%) females, were recruited between September
2008 and March 2012 and returned for one or more follow-up
visits (6 to 36 months) as of August 2012. All carriers were
maternal relatives of affected LHON family members who
were entered into the study. Mean age at the time of
recruitment was 21.3 (SD = 10.4) years for males and 42.6
(SD = 18.1) years for females. LHON carriers were 100%
homoplasmic for the G11778A mtDNA mutation with the
exception of six female carriers who were 50% heteroplasmic
(n=3), 70% heteroplasmic (n = 2), or 80% heteroplasmic (n =
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Ficure 1. [Illustration of the PERG setup shows that (A) surface electrodes are taped on the lower eyelids (active), temples (reference), and

forehead (common ground). (B) The subject looks for 3 minutes at a stimulus consisting of horizontal black and white stripes alternating 16.6 times
per second. The stimulus covers a circular retinal area with a 12.5° radius centered on the fovea. (C) Examples of normal PERG waveforms recorded
simultaneously from both eyes (black lines: unprocessed PERG waveforms; grey lines: time-domain representations of 16.6-Hz response

components isolated with discrete Fourier transform, from which PERG amplitude and phase are calculated.

1). Because the length of participation in this study varied
from carrier to carrier, different subsets of subjects are
included at each visit, and the baseline means, which include
all participants, may not always be a representative compar-
ison. Therefore, the demographics and means and SDs are
provided in Table 1 and the changes over time with P values
are provided in Table 2.

Visual Acuity

The asymptomatic G11778A LHON carriers had a mean visual
acuity of 87.8 (SD = 3.8) ETDRS letters at baseline. Visual acuity
did not diminish at 6 months (87.4 letters, SD = 4.0, n = 44), at
12 months (87.9 letters, SD = 3.5, n = 38), at 18 months (87.6
letters, SD = 4.5, n = 35), at 24 months ( 87.5 letters, SD =3.7,
n =23), at 30 months (88.9 letters, SD = 4.4, n = 21), or at 36
months (87.1 letters, SD = 3.7, n = 14) of follow-up (Fig. 2).
There was a slight, but statistically significant increase of 0.4
(SE =0.2) letters read per 12 months of follow-up (P = 0.022),
perhaps due to a learning effect.

When we compared the visual acuity of our asymptomatic
subjects with mutated G11778A mt DNA to the visual acuity of
the contralateral asymptomatic eyes of patients with acute
unilateral optic neuritis who were entered into the Optic
Neuritis Treatment Trial (ONTT),2%27 we found a 3.4 letter loss
of visual acuity in the LHON carriers (Fig. 3). This difference
was highly significant, P = 0.001. The ages of the groups also

were significantly different, but the lines relating ETDRS letters
to age are roughly parallel, nearly flat, and of different heights,
so age does not explain differences between ONTT fellow eyes
and LHON carriers. This finding was confirmed by an analysis
of covariance, P = 0.001. Thus, slight visual loss was detected
in asymptomatic LHON subjects and it was worse than that of
contralateral asymptomatic eyes of patients with acute
unilateral optic neuritis.

Visual Fields

The visual field mean defect (MD) for asymptomatic carriers
was —1.83 (SD = 1.66) dB at baseline, —1.59 (SD = 1.34) dB at 6
months, —1.48 (SD = 1.51) dB at 12 months, —1.72 (SD =1.37)
dB at 18 months, —1.64 (SD = 1.64) dB at 24 months, —1.76 (SD
= 1.66) dB at 30 months, and —1.59 (SD = 1.47) dB at 36
months (Fig. 4). We found no statistically significant change in
Humphrey visual field (HVF) MD over follow-up for asymp-
tomatic G11778A carriers (P = 0.49). Looking for trends, we
placed 95% confidence intervals around the nonsignificant
slopes relating visual field MD to months of follow-up. If there
is a decrease in HVF MD in LHON carriers, it is likely no more
than —0.2 dB per year. Comparisons of baseline values of
asymptomatic fellow eyes of ONTT patients (HVF MD =—3.14)
revealed values that were almost double those of the baseline
values for LHON carriers. Even after adjusting for age this
difference was statistically significant (P = 0.005). Thus, visual
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Patient Characteristics and Visual Function Measurements by Follow-up Visit

TaBLE 1.

Patient Characteristics at Enrollment for Those Followed at Each Study Visit

=14

Month 36, N

=21

Month 30, N

23

Month 24, N

=32

=38 Month 18, N

Month 12, N

45*

Month 6, N

12 (86)
50.3 (£16.1)

18 (86)
45.8 (£17.5)

19 (83)
45.0 (£17.9

27 (84)
45.3 (£16.6)

33 87
43.3 (+18.3)

39 87
42.6 (£18.D

Female sex, No. (%)
Age at enrollment,

mean (SD), y
Male sex, No. (%)

2 (14)
22.8 (£19.0)

309
19.8 (+14.9)

4QA7
20.9 (£12.0)

5(13) 5 (16)
19.6 (£10.7)

19.6 (£10.7)

6 (13)
21.2 (£10.9)

Age at enrollment,

mean (SD), y

Mean (SD) Visual Function Measurements at Baseline and Follow-up for Those Followed Up at Each Study Visit

Month 12, Month 18, Month 24, Month 30, Month 36, Month 6, Month 12, Month 18, Month 24, Month 30, Month 36,

Month 6,

N =14

N =23 N=21

32

N =38

N = 45*

N =14

N =32 N=23 N=21

N

N = 45*

F Up Baseline F Up Baseline F Up

Baseline

F Up

Baseline

F Up

F Up Baseline

Baseline

87.1 (£3.7)
—1.59 (£1.47)

87.3 (£5.0)
—1.86 (£2.11)

88.9 (4.9

—1.76 (+£1.66)

87.8 (£4.49)
—1.71 (2.1

87.7 (£4.2) 87.6 (£4.5) 87.8 (*4.7) 87.5 (£3.9)
—1.48 (£1.53) —1.67 (£1.78) —1.64 (£1.649)

87.9 (£3.5)

87.9 (£3.9)

87.4 (£4.0)
—1.59 (+1.36) —1.74 (+1.77)

87.8 (£3.8)
—1.83 (£1.66)

ETDRS letters

—1.71 (£1.39) —1.74 (£2.06)

94.6 (=11.8) 91.1 (£10.9)

HVF MD, dB

90.5 (£13.2) 91.7 (+13.6)
0.61 (£0.30)
1.84 (*£0.24)

91.6 (=11.1)

91.2 (+11.4)
1.02 (£0.33)
1.82 (£0.1D)

90.8 (£11)

96.2 (£12.3) 94.0 (£11.4)

96.9 (+11.6) 97.8 (£12.6) 959 (*11.5)

Average RNFL, um

0.94 (£0.349)

0.82 (£0.27)
1.77 (£0.13)

0.77 (+0.25)
1.80 (*+0.15)

0.82 (£0.31) 0.88 (+0.3)

1.81 (£0.12)

1.01 (£0.41)
1.83 (£0.10)

0.83 (£0.33)

1.81 (£0.09)

1.00 (£0.42)
1.83 (£0.10)

0.92 (£0.35)

1.82 (£0.10)

1.01 (+£0.4%)
1.83 (+0.10)

PERG amplitude, pv
PERG phase, © rad

1.81 (£0.11)

1.82 (£0.1D)

* All 45 carriers returned for the 6-month follow-up visit. F Up, follow-up.
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field defects were worse in ONTT fellow eyes than in LHON
carriers.

Optical Coherence Tomography

Seventeen (38%) of our carriers had RNFL values greater than
100 pm, suggesting presymptomatic thickening. Average RNFL
thickness of our carriers was 96.4 (SD = 11.6) um at baseline,
97.8 (SD = 12.6) um at 6 months, 96.2 (SD = 12.3) pum at 12
months, 94.6 (SD = 11.8) um at 18 months, 90.8 (SD = 11.0)
um at 24 months, 92.1 (SD = 11.1) um at 30 months, and 91.7
(SD = 13.6) um at 36 months (all P > 0.20) (Fig. 5). There was
no statistically significant change in RNFL thickness over
follow-up (P = 0.19). Looking for trends, we placed 95%
confidence intervals around the nonsignificant slopes relating
RNFL thickness to months of follow-up. If there is a decrease in
RNFL thickness, it is likely no more than —0.2 pm per year. This
extent of thinning is commensurate with the known effect of
normal aging on RNFL thickness.?®

Pattern Electroretinogram

We observed a significant decrease in PERG amplitude
measures in LHON carriers (Fig. 6A, 6B). Mean PERG
amplitude dropped from 1.01 (SD = 0.44) pV at baseline to
0.92 (SD =0.35) pV at 6 months, 0.83 (SD = 0.33) pV at 1 year,
0.82 (SD = 0.31) pV at 18 months, 0.77 (SD = 0.25) pV at 24
months, 0.82 (SD = 0.27) uV at 30 months, and 0.61 (SD =
0.30) 1V at 36 months. There was a highly significant 0.084 (SE
= 0.012) decrease in PERG amplitude per year of follow-up (P
< 0.001). This decrease in PERG amplitude was not affected by
adjusting for RNFL (P < 0.001). Losses were not associated
with age or sex. Amplitude losses of 10% or more occurred in
51% of carriers by 6 months and in 61% of carriers by 12
months after enrollment. Mean PERG phase was 1.83 (SD =
0.10) « rad at baseline, 1.83 (SD =0.10) « rad at 6 months, and
1.81 (SD = 0.09) & rad at 1 year, 1.81 (SD = 0.12) & rad at 18
months, 1.80 (SD = 0.15) «t rad at 2 years, 1.77 (SD=0.13) ©
rad at 30 months, and 1.84 (SD = 0.24) & rad at 3 years (Fig.
6C). There was no statistically significant change in PERG
phase over follow-up (P = 0.22).

The average (SD) of right eye coefficients of variation for
PERG amplitude and phase at baseline were 15.3% (12.9) and
1.6% (1.3), respectively, similar to those of normal control
patients from a previous study conducted by our group, 2.3%
(7.8) and 1.1% (0.8), respectively.?® At 36 months, carrier
average amplitude CVs increased to 18.1% (15.7) but not
significantly so (P = 0.062, paired #test). This was also true of
average phase CV, 2.2% (2.0) (P = 0.081, paired #test). Pooled
baseline test-retest SDs for amplitude and phase were,
respectively, 0.15 pV and 0.13 © rad. Intraclass correlation
coefficients for amplitude and phase at baseline and 36 months
ranged from 0.87 to 0.94, which are in the range usually
considered excellent.>°

Conversion to Affected

The 19-year-old brother of an LHON-affected patient was first
examined in November 2010. At baseline, his ETDRS acuity
was 88 letters OD and 90 letters OS. Visual fields were normal
with MD = —0.43 dB OD and —1.11 dB OS. The optic nerve
heads showed no swelling or pallor. Mean RNFL thickness was
107 um OD and 107 pm OS. PERG amplitudes were 1.25 pVv
OD and 1.00 pV OS. Pattern electroretinogram phase was 1.87
n rad OD and 1.89 n rad OS. In January 2013, outside reports
showed his visual acuity had dropped to 20/60 in the right eye
and 20/80 in the left eye. Visual fields now showed small
central scotomas with MD =—1.48 dB OD and —1.69 dB OS. In
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TaBle 2. Mean (SD) Follow-up Minus Baseline Changes for Each Measured Parameter

Month 6 Month 12 Month 18 Month 24 Month 30 Month 36 P Value*
ETDRS letters —0.43 (2.84) —0.01 (2.61) —0.06 (3.36) —0.3 (3.49) 1.07 (3.25) —0.14 (3.95) 0.022
HVF MD, dB 0.24 (1.19) 0.26 (1.47) —0.04 (1.45) 0.11 (1.9 —0.04 (1.85) 0.28 (1.9) 0.49
Average RNFL, um 0.87 (4.53) 0.29 (4.43) 0.53 (3.41) —-0.33 (3.07) 0.40 (3.73) 1.18 (3.33) 0.19
PERG amplitude, pV —0.09 (0.31) —0.17 (0.25) —0.19 (0.29) —0.11 (0.25) —0.2 (0.28) —0.32 (0.26) <0.001
PERG phase, & 7 rad —0.01 (0.049) —0.02 (0.06) —0.02 (0.09) —0.02 (0.1) —0.05 (0.07) 0.03 (0.2) 0.22

* Mixed.

April 2013, on presentation to our unit, ETDRS visual acuity
dropped to 15 letters OD and 19 letters OS. Visual fields now
showed dense central scotomas with MD =—15.70 dB OD and
—19.1 dB OS. Ophthalmoscopy revealed temporal pallor of
both optic nerves. Optical coherence tomography showed
thickening of the RNFL with average values of 119 um OD and
114 pm OS. Pattern electroretinograms had dropped to 0.57 pV
OD and 0.55 pV OS, and phase was delayed to 1.98 © rad OD
and 2.01 & rad OS.

PERG Amplitudes in the Fellow Asymptomatic Eye

We wondered whether, in some patients with the G11778A
mutation who developed unilateral visual loss, the PERG would
drop before visual loss in the fellow asymptomatic eye. We
found two patients who presented with unilateral visual loss.

ETDRS letters read (right and left eye averaged)

T T T
o ] 12 18 24 30 36
Months Followed

Ficure 2. Serial visual acuity of G11778A LHON carriers from baseline
to the 36-month follow-up examination.

100 . l' . @ -

O LHON Carrier

ETDRS letters read at baseline

* ONTT Unaffected Eye
"~~~ LHON Carrier
60 T~ ONTT Unaffected Eye

T
0 0 40 60 80 100
Age (years)

Ficure 3. Comparisons of ETDRS visual acuity of asymptomatic ONTT
fellow eyes to asymptomatic LHON carriers.

In the first, ETDRS acuity was 55 letters in the symptomatic
right eye at study entry. It dropped to 20 letters 6 months later.
In his asymptomatic left eye at baseline, ETDRS visual acuity
was 71 letters (20/40, HVF MD = —0.8); however, the PERG
amplitude at 0.38 pV was reduced to ~30% of normal. Six
months later, visual acuity in this left eye dropped to 15 letters
(~20/500, HVF MD = —22.0). Thus, the low PERG of this
asymptomatic eye with good vision at baseline suggested that
RGC dysfunction begins before loss of visual acuity.

The second patient lost vision in his left eye (ETDRS = three
letters at baseline) with a PERG amplitude of 0.53 puV (57% of
normal). His asymptomatic right eye had an ETDRS acuity of 84
letters (~20/20 at baseline, HVF MD = —2.0) and remained at
87 letters (at 6 months, HVF MD = —1.1), 82 letters (at 12
months, HVF MD =—1.5), 89 letters (at 18 months, MD =—-2.2),
and 88 letters (at 24 months, MD = —3.6). This right eye had

4.0

.07

4.0+

Visual field MD (dB, right at left eyes averaged)

£.0 ]
]
2.0 T T T T T T T
] 12 18 2 30 36
Months followed
FiGure 4. Serial visual field mean defect of G11778A LHON carriers

from baseline to the 36-month follow-up examination.

120+

100+

RNFL thickness (um, right and left eyes averaged)

Months followed

Figure 5. Optical coherence tomography RNFL thickness of G11778A
LHON carriers from baseline to the 36-month follow-up examination.
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o
in
1

2.07

57

PERG amplitude (uV, right and left eyes averaged)

A Months followed

150

100

507

PERG amplitude percent of age specific normal

Months followed

257

234

204

PERG phase (radians, right and left eyes averaged)
°

o

T T
0 6 12 13 24 30 36
Menths followed
C

FiGure 6. Serial PERG amplitude (A) values and relative to normal (B)
and PERG phase (C) of G11778A LHON carriers from baseline to the
36-month follow-up examination.

PERG amplitudes similar to those of asymptomatic carriers
with 0.76 uV at baseline that did not decline with follow-up.
Despite the subtle defects on automated perimetry, the
stability of the PERG in this asymptomatic eye at levels
comparable to those of carriers was associated with mainte-
nance of good visual acuity.
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DIsCcUSSION

In the present study, we made three novel observations with
respect to G11778A LHON. First, visual acuity of asymptomatic
LHON carriers was slightly less than that historically observed
in a young predominantly female population with a different
disorder, asymptomatic fellow eyes of patients with unilateral
optic neuritis in whom visual acuity was usually 20/15 to 20/
10.2731 In our study, we found that visual acuity was 20/20 in
LHON carriers whose examinations were otherwise consid-
ered normal. For these asymptomatic G11778A LHON carriers,
visual fields and OCT measurements of the RNFL did not show
deterioration of statistical significance on follow-up examina-
tions.

Second, the PERG, a sensitive measure of ganglion cell
function, dropped significantly and progressively in otherwise
asymptomatic G11778A subjects. This finding suggests sub-
clinical ganglion cell dysfunction that is progressive. One of
our carriers who had a normal PERG when asymptomatic had a
more substantial decline of the PERG amplitude by approxi-
mately half when his optic disc swelled and he lost vision. It is
unfortunate that for this case of conversion we had only a
single baseline PERG value before visual loss for comparison.
Thus, we do not know if his PERG was progressively dropping
before he actually lost vision, as suggested by the mean PERG
decline of our carriers over time.

Third, in one of two LHON cases who had unilateral visual
loss the PERG amplitude was low in the clinically asymptom-
atic eye with a normal visual field and a slight drop in acuity (to
20/40) before that eye went on to develop visual loss. In the
other case, with a subtle visual field defect, the PERG
amplitude remained normal and this asymptomatic eye did
not lose acuity. LHON is typically a bilateral disease with
simultaneous onset of bilateral visual loss or visual loss in one
eye first followed by visual loss in the second eye within 6
months. It is difficult to draw conclusions from only two
unilateral cases, but it is intriguing that the PERG abnormality
only occurred in the asymptomatic eye that later became
affected. It is also intriguing that the PERG was stable in the
second case that had a subtle visual field defect but he did not
lose vision in the fellow eye during the 24 months of follow-up.

We have first demonstrated reductions of the PERG in
asymptomatic LHON carriers.'® Those cross-sectional observa-
tions have been recently confirmed by another group.!” To our
knowledge, published longitudinal data of the PERG in LHON
are not available until this current study. Repeated examination
of carriers (26 males, 49 females) with homoplasmic G11778A
mtDNA have been performed by Sadun and coworkers3?33
from 2001 to 2005. They note focal nerve fiber layer swelling
of the optic nerve heads in more than 20% of carriers. Most of
the eyes with abnormal fundus findings also have abnormal
visual fields. Of interest, the conversion rate to affected is seen
in 2 of their 75 asymptomatic carriers (1.3%).

The PERG amplitude has provided a sensitive measure of
ganglion cell dysfunction not only in LHON, 73435 but also in
other optic nerve disorders.3>37 Pattern electroretinogram
amplitude reductions may occur because of RGC dysfunction
or loss, or a combination of both conditions. Pattern
electroretinogram phase shift may occur because of latency
changes of dysfunctional RGCs, because of preferential loss of
RGC subpopulations that leave the PERG subserved by residual
RGCs with different latency,>®3° or a combination of both
conditions.

As we observed for LHON, progressive PERG amplitude
reductions may precede the progression of visual field defects
associated with glaucoma®® or ocular hypertension by at least 1
year.*! Assuming the PERG reflects progressive RGC dysfunc-
tion or death in both LHON and glaucomatous optic
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neuropathy, and that PERG progressive changes are linear in a
relatively short time span, then in LHON carriers, years may
pass before the PERG drops slowly to the 50% level or below
seen in blind LHON patients. Whether the PERG amplitude
loss predicts development of visual loss in asymptomatic eyes
of those with mutated G11778A mt DNA needs further study
over many more years than we were able to evaluate in this
study. If it does, then perhaps these high-risk cases may be
selected for more potentially robust therapeutic interventions
that include gene therapy, before they experience irreversible
blindness and permanent ganglion cell loss characteristic of
G11778A LHON.!!
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