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Purpose: To measure the retinal nerve fiber layer (RNFL) thickness by means of optical coherence tomog-
raphy (OCT) in patients with dominant optic atrophy (DOA).

Design: Cross-sectional study.
Participants: Thirty-three patients from 15 pedigrees with DOA harboring heterozygous mutations in the

OPA1 gene and 43 healthy subjects were enrolled.
Methods: The RNFLs of DOA patients were studied by OCT and compared with those of 43 healthy subjects

matched for age and optic nerve head (ONH) size.
Main Outcome Measures: Retinal nerve fiber layer thickness.
Results: Dominant optic atrophy patients revealed a significant RNFL thickness reduction in all quadrants,

with a preferential involvement of the temporal and inferior sectors. The progressive decline of RNFL thickness
with age was similar to that observed in healthy subjects and was more evident in the 2 quadrants with higher
residual amounts of fibers, that is, the superior and the inferior. The temporal quadrant was profoundly depleted
of fiber so that the further rate of loss of microns per year is close to zero, whereas the nasal quadrant was spared
the most by neurodegeneration.

Conclusions: The present findings, taken in conjunction with the authors’ previous description of small ONH size
in DOA, strongly suggest that patients with this disease are born with fewer optic nerve axons and support the
hypothesis that subsequent visual loss depends on further age-related loss of fibers, which also occurs in controls.

Financial Disclosure(s): The author(s) have no proprietary or commercial interest in any materials discussed
in this article. Ophthalmology 2011;118:2076–2080 © 2011 by the American Academy of Ophthalmology.
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Dominant optic atrophy (DOA), initially described by
Kjer,1 is a genetic neurodegenerative disorder affecting
the retinal ganglion cells and characterized by a slowly
progressive bilateral visual loss starting in childhood,
ultimately leading to severe optic atrophy.2 Approxi-
mately 60% of DOA cases harbor a heterozygous muta-
tion in the OPA1 gene (3q28 – q29, Online Mendelian
Inheritance in Man 165500),3 a dynamin-related guanos-
ine triphosphate (GTPase) targeted to mitochondria in-
volved in multiple functions, including mitochondrial
fusion, cristae morphologic features, oxidative phosphor-
ylation (OXPHOS) and membrane potential maintenance,
and control of apoptosis.4 Over 200 OPA1 mutations
have been reported (http://lbbma.univ-angers.fr/eOPA1/,
accessed January 11, 2011), and most are predicted to
induce haploinsufficiency, but missense mutations also
are found commonly, and a subset of these, remarkably
affecting the GTPase domain, are associated with a com-

plicated form of syndromic DOA (DOA plus) character- a
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zed by the accumulation of mitochondrial DNA multiple
eletions.5–7

Clinical examination demonstrates loss of vision, impair-
ents of color vision, cecocentral scotomas, and temporal

r diffuse pallor of the optic disc, which often leads to optic
isc excavation. Disease progression may be quite variable
ithin the same family, ranging from mild cases with min-

mal losses of visual acuity that stabilizes in adolescence, to
lowly but relentlessly progressing cases, to cases with
ubacute severe decreases of visual acuity. This variability
f clinical expression may be reflected by the different
xtent of optic atrophy in different patients. Dominant optic
trophy, similarly to Leber’s hereditary optic neuropathy
LHON), is characterized by the early and preferential in-
olvement of the small fibers in the papillomacular bundle,
hallmark of mitochondrial optic neuropathies.8

Optical coherence tomography (OCT) has been used
uccessfully by the authors’ group to redefine by objective

natomic measures the features of optic neuropathy in

ISSN 0161-6420/11/$–see front matter
doi:10.1016/j.ophtha.2011.02.027

http://lbbma.univ-angers.fr/eOPA1/


I

A
a
M
o
r
t
t
f
c

e
l
w
m
s
fi
w
o
f

S

T
s
w
v

F
s
(

Barboni et al � OCT in DOA
LHON,9,10 including the tempo of the axonal loss resulting
from the progression of neurodegeneration.11,12 Optical co-
herence tomography also was used to study the optic nerve
head (ONH) conformation and size in LHON,13 and more
recently in DOA patients with OPA1 mutations, showing
that they present a smaller ONH compared with controls.14

Only a few studies investigated the peripapillary retinal
nerve fiber layer (RNFL) thickness in small series of DOA
patients, showing the thinning of the RNFL.15–17 Although
these findings are interesting, one study was flawed by the
lack of a control group,15 and the others were limited by
small sample sizes.16,17

Herein the results are presented of an investigation by
OCT of the RNFL in a large series of Italian DOA patients
carrying a pathogenic heterozygous mutation in the OPA1
gene, compared with a control group of healthy subjects
matched for age and ONH size.

Patients and Methods

All DOA patients included in the present study had a molecularly
confirmed diagnosis of a OPA1 mutation (Table 1, available at
http://aaojournal.org) and were evaluated prospectively at the De-
partment of Neurological Sciences, University of Bologna, be-
tween 2002 and 2009. Thirty-three patients (mean age, 35.4�21.8
years; range, 7–78 years) from 15 unrelated pedigrees were re-
cruited. All subjects had an extensive ophthalmologic examina-
tion, including best-corrected visual acuity measurement (reported
as the logarithm of the minimum angle of resolution), slit-lamp
biomicroscopy, intraocular pressure measurement, indirect oph-
thalmoscopy, and optic nerve head photography. Exclusion criteria
were the presence of any retinal pathologic features, optic nerve
disease other than DOA, or both and spherical or cylindrical
refractive errors, or both, higher than 3 and 2 diopters (D), respec-
tively. All participants gave their informed consent according to
the Declaration of Helsinki, and the study was approved by the
internal review board of the Department of Neurological Sciences,
University of Bologna.

Patients were compared with a control group consisting of 43
eyes from 43 healthy subjects (mean age, 37.5�14.0 years; range,
10–79 years) selected from a larger database of healthy subjects
prospectively enrolled in previous investigations.9,18,19 Because
both age and disc area have been shown to influence RNFL
thickness as measured by OCT,18–22 these cases were matched for
optic disc area as well as age (see Table 2) and were from
volunteers and patients with no pathologic features other than

Table 2. Mean (�Standard Deviation) Values of Optic Nerve H
Dominant Optic A

Dominant Optic Atrophy Group 1
(Higher Visual Acuity)

Optic nerve head area (mm2) 1.84�0.34
Average thickness (�m) 62.20�10.66
Temporal thickness (�m) 34.33�6.27
Superior thickness (�m) 86.30�18.24
Nasal thickness (�m) 55.49�11.29
Inferior thickness (�m) 72.12�18.41

NS � not significant.
*Kruskal-Wallis test.
minor refractive disorders.
nstrumentation and Procedures

ll subjects underwent RNFL thickness measurement and ONH
nalysis by OCT (StratusOCT, software version 4.0.1; Carl Zeiss
editec, Inc., Dublin, CA). The respective acquisition protocols ad-

pted were RNFL Thickness 3.4 and Fast Optic Disc, as previously
eported.18 For each eye, the mean RNFL thickness (360° measure),
emporal quadrant thickness (316°–45° unit circle), superior quadrant
hickness (46°–135°), nasal quadrant thickness (136°–225°), and in-
erior quadrant thickness (226°–315°) were studied, all automatically
alculated by OCT using the existing software.

The examination was performed under mydriasis by an experi-
nced operator (MC). At the beginning of the examination, the OCT
enses were adjusted for the patient’s refractive error, which was
ithin �3 D of emmetropia in all subjects. Polarization was opti-
ized to maximize the reflective signal, and the best centration of the

can with respect to the optic disc was always selected. Internal
xation was used whenever possible; patients with low central vision
ere asked to look laterally during the scan acquisition until the image
f the optic disc appeared on the screen of the operator. When the
ellow eye allowed it, external fixation was adopted.

tatistical Analysis

he 2 eyes of each patient were analyzed separately, such that
tatistical analysis was carried out on group 1, including the eye
ith the highest visual acuity, and group 2, the eye with the lowest
isual acuity. After the Gaussian distribution was assessed by the

igure 1. Graph showing that in group 1, linear regression disclosed a
tatistically significant reduction of 360° average retinal nerve fiber layer
RNFL) thickness as age increased (P � 0.027; r � �0.382; r2 � 0.146).

Area and Retinal Nerve Fiber Layer Thickness for Patients with
hy and Controls

Dominant Optic Atrophy Group 2
(Lower Visual Acuity) Controls P Value

1.79�0.32 1.77�0.17 NS*
60.10�11.90 96.30�8.2 �0.0001*
32.50�5.40 68.23�13.88 �0.0001
82.66�21.05 120.47�14.03 �0.0001
53.97�15.91 75.32�13.41 �0.0001
70.16�19.97 120.30�16.20 �0.0001
ead
trop
Linear regression; 95% confidence interval.
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method of Kolmogorov and Smirnov, the mean values of controls
and patients were compared by ordinary analysis of variance with
the Dunnett posttest for parametric data and the Kruskal-Wallis
test with Dunn posttest for nonparametric data. The relationship
between the RNFL thickness and age was assessed by linear
regression. A P�0.05 was accepted as statistically significant. All
statistical analyses were performed using GraphPad InStat soft-
ware version 3a for Macintosh (GraphPad Software, San Diego,
CA; www.graphpad.com, accessed February 15, 2011).

Results

Data from OCT analysis were available for all 33 eyes of group 1
(higher visual acuity) and for 32 eyes of group 2 (lower visual
acuity). Mean visual acuity was 0.81�0.44 logarithm of the min-
imum angle of resolution units for group 1 eyes and 0.92�0.44
logarithm of the minimum angle of resolution units for group 2
eyes (P�0.05). Compared with controls, both group 1 and 2
showed reduced RNFL thickness in all 4 quadrants and in the 360°
average measurement (Table 2). No statistically significant differ-
ences were detected between eyes of groups 1 and 2, although the
values of group 1 were higher than those of group 2 in all
quadrants and in the 360° average measurement.

In comparison with the control group, the reduction of the
RNFL thickness was more evident in the temporal quadrant, where
it was decreased by 49.7% (group 1) and 52.4% (group 2), and in

Figure 2. Graph showing that in group 2, linear regression disclosed a
statistically significant reduction of 360° average retinal nerve fiber layer
(RNFL) thickness as age increased (P � 0.043; r � �0.358; r2 � 0.128).

Linear regression; 95% confidence interval.

Table 3. Age-Related Retinal Nerve Fiber Layer Thickness Dec

Present Study:
controls
(n � 43)

Sung et al21

(n � 226)
Parikh et al20

(n � 187)

Average �0.30* �0.25* �0.16*
Temporal quadrant �0.16 �0.06 �0.20*
Superior quadrant �0.26 �0.34* �0.23*
Nasal quadrant �0.36* �0.24* �0.12
Inferior quadrant �0.40* �0.36* �0.08

NA � not available.
Values are expressed as micrometers/year.

*P�0.05.

2078
he inferior quadrant, where it was decreased by 40.0% (group 1)
nd 41.7% (group 2). Retinal nerve fiber layer thinning was less
onsistent in the superior quadrant (group 1, 28.4%; group 2,
1.4%) and the nasal quadrant (group 1, 26.3%; group 2, 28.3%).

In eyes of group 1, linear regression disclosed a statistically
ignificant relationship between age and 360° average RNFL
hickness (P � 0.027; r � �0.382; r2 � 0.146; Fig 1), with the
atter decreasing 0.19 �m/year (95% confidence interval, �0.35 to

0.02). The linear regression was statistically significant in the
uperior (P � 0.013; r � �0.427; r2 � 0.182) and inferior (P �
.027; r � �0.383; r2 � 0.147) quadrants, whereas no relationship
etween age and RNFL thickness was detected for the temporal
nd nasal quadrants. The superior and inferior quadrants contrib-
ted mostly to the age-related decrease of RNFL thickness, be-
ause their slopes were, respectively, �0.36 �m/year and �0.32
m/year. The rate of RNFL thickness decrease per year was low

n the nasal quadrant (�0.13 �m/year) and close to 0 in the
emporal quadrant (0.05 �m/year). No relationship was detected
etween 360° average RNFL thickness and optic nerve head area.

In eyes of group 2, linear regression disclosed a statistically
ignificant relationship between age and 360° average RNFL
hickness (P � 0.043; r � �0.358; r2 � 0.128; Fig 2), with the
atter decreasing 0.20 �m/year (95% confidence interval, �0.39 to

0.01). The linear regression was statistically significant in the
uperior quadrant (P � 0.013; r � �0.432; r2 � 0.186) and close
o statistical significance in the inferior quadrant (P � 0.068; r � �0.326;
2 � 0.106). No relationship between age and RNFL thickness was
etected for the temporal and nasal quadrants. The superior and
nferior quadrants contributed mostly to the age-related decrease of
NFL thickness, because their slopes were, respectively, �0.42
m/year and �0.30 �m/year. The rate of RNFL thickness de-
rease per year was close to 0 in the nasal (�0.02 �m/year) and
emporal (�0.04 �m/year) quadrants. No relationship was de-
ected between 360° average RNFL thickness and optic nerve head
rea.

The relationship between RNFL thickness and age was statis-
ically significant also in the control group, where the regression
ine for the 360° average measurement (P � 0.0004; r � �0.517;
2 � 0.268) produced a slope of 0.30 �m/year. The linear regres-
ion was statistically significant in the inferior (P � 0.022; r � �0.347;
2 � 0.120) and nasal (P � 0.012; r � �0.376; r2 � 0.141)
uadrants and close to statistical significance in the superior quad-
ant (P � 0.088; r � �0.263; r2 � 0.069). No relationship
etween age and RNFL thickness was detected for the temporal
uadrant. The inferior and nasal quadrants showed a maximum
endency to decline with age, because their slopes were, respec-
ively, �0.40 �m/year and �0.36 �m/year. The rate of RNFL
hickness decrease per year was lower in the superior quadrant
�0.26 �m/year) and temporal quadrant (�0.16 �m/year).

in Previous Studies Compared with the Present Investigation

nz et al22

� 328)

Present Study: Dominant
Optic Atrophy Group 1

(n � 33)

Present Study: Dominant
Optic Atrophy Group 2

(n � 32)

0.20* �0.20* �0.19*
NA �0.02 0.05
NA �0.42* �0.36*
NA �0.04 �0.13
NA �0.30* �0.32*
rease

Bude
(n

�
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Discussion

This study, the largest to date investigating DOA patients by
OCT, showed that in these eyes, the RNFL thickness is
reduced in all quadrants compared with healthy subjects.
The loss of axons follows a gradient, with the temporal and
inferior quadrants being earlier and more consistently af-
fected. This pattern remarkably matches that observed in
LHON, confirming the vulnerability of the small fibers of
the papillomacular bundle in mitochondrial optic neuropa-
thies. Remarkably, the thinning of the RNFL progresses
with age. This is particularly obvious in the superior and
inferior quadrants. The temporal quadrant likely already has
undergone a marked thinning at early age or congenitally,
and hence further losses are less evident. However, the nasal
quadrant is the least involved in DOA, as in other mito-
chondrial optic neuropathies.

Other authors have reported similar results. Kim and
Hwang15 compared the RNFL thickness measurements of
DOA patients with those in the normative database provided
by StratusOCT and found that thinning was more evident in
the temporal quadrant. Involvement of the other quadrants
in their study seemed less important, but they did not use
their own control group, possibly weakening their find-
ings.15 Ito et al17 and, more recently, Milea et al,16 com-
pared, respectively, 8 and 10 DOA patients with controls
and disclosed a significant thinning of the RNFL thickness
in all quadrants. These 3 studies reported a preferential and
more consistent involvement of the temporal quadrant, and
this is corroborated by the present findings. Only the study
by Milea et al16 showed that the inferior quadrant was the
second most affected, a finding that is now established by
the current results. We previously showed that the inferior is
the second most affected quadrant (after the temporal) also
in LHON.12 It is not surprising that both in DOA and LHON
the degenerative process first involves the most vulnerable,
small axons of the papillomacular bundle and progresses
contiguously to the larger, adjacent axons.

This study also demonstrated an association between pro-
gressive RNFL thinning and age, which in DOA was statisti-
cally significant for 2 of the 4 quadrants and the overall
average. Interestingly, RNFL thinning was noted in controls as
a function of age as well. Attrition of axons with age has been
demonstrated by histopathologic analysis.23 Indeed, Kim et
al24 attributed delayed visual decline in patients with stable
optic neuropathy to this superimposed dynamic. Milea et al16

argued that in DOA, there is also a superimposed loss of axons
associated with increasing age. However, they did not directly
demonstrate this as statistically significant because of the small
sample size. In fact, they showed comparable rates of thinning
in both DOA and control subjects. This result led the authors
to postulate that in DOA, “the gradual reduction in best cor-
rected visual acuity with age may be a consequence of a
relative deficit in RNFL thickness that is established before the
second decade of life.” The current data confirm this hypoth-
esis, as a statistically significant decrease in the 360° average
RNFL thickness in group 1 (0.19 �m/year) and group 2 (0.20
�m/year) was detected. The decrease in the 360° average
RNFL thickness in both DOA groups in the current study lies

between those reported for healthy subjects by Parikh et al20
0.16 �m/year), Sung et al21 (0.25 �m/year), and Budenz et
l22 (0.20 �m/year), using the same technology (Table 3).
owever, the current data for the control group showed a

teeper slope (0.30 �m/year), possibly because of the smaller
ample size. Additionally, the control group was matched to
OA patients for ONH size, and this also may have influenced

he results, because the mean optic disc area in this study is
maller than that of the above-mentioned studies.

Optic nerve head size may be very relevant. It was
emonstrated previously that in DOA patients, the ONH
ize was significantly smaller than in age-matched con-
rols.14 This is further evidence that DOA patients have a
maller population of axons at birth and the subsequent
ge-related loss impacts on the natural progression of the
ptic neuropathy in DOA. In the present study, DOA pa-
ients were not evaluated longitudinally, and future longi-
udinal studies are warranted to confirm the current results
s well as to investigate the relationship between visual
cuity decline and RNFL thickness.

A study of the developing retina from mouse embryos
howed that OPA1 expression appeared as early as embryos
ay 15 (E15) in the prospective ganglion cell layer, becom-
ng very strong just before birth at E17 only in the ganglion
ell layer of the retina.25 Another study of early murine
ostnatal retina showed the most intense OPA1 expression
onfined to the ganglion cell layer and the adjacent inner
lexiform layer from postnatal day 3 (P3) through P5,
xtending to the inner row of the inner nuclear layer by
10.26 These studies point to a relevant role of OPA1 in the
etinal ganglion cell system of the developing retina,
trongly suggesting that mutant OPA1 may translate in a
evelopmental defect affecting number of retinal ganglion
ells and ONH anatomic characteristics. It would be of great
nterest to investigate this issue in the developing retina of
mbryos and in the early postnatal stages of the recently
stablished mouse models of DOA.27,28

In conclusion, these results show that DOA patients
eveal a RNFL thickness reduction in all quadrants, with

preferential involvement of the temporal and inferior
ectors. The decline of RNFL thickness with age is
imilar to that observed in healthy subjects and is more
vident in 2 quadrants with higher residual amounts of
bers, that is, the superior quadrant, followed by the

nferior quadrant. The temporal fibers already are so
epleted that the further rate of loss of microns per year
s close to 0. The present findings, taken in conjunction
ith the previous description of small ONH size in DOA,

trongly suggest that patients with this disease are born
ith fewer optic nerve axons.
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