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ORIGINAL ARTICLE

The Morpho-functional Evaluation of Retina in
Amblyopia®

Betul Tugcu', Bilge Araz-Ersan', Murat Kilic', Ezgi Tuna Erdogan?, Ulviye Yigit' and
Sacit Karamursel®

"Department of Ophthalmology, Bakirkoy Dr Sadi Konuk Education and Research Hospital, Istanbul, Turkey and
?Department of Physiology, Istanbul Medical Faculty, Istanbul University, Istanbul, Turkey

ABSTRACT

Purpose: To investigate the morphological or functional differences of retina in amblyopia.

Materials and methods: Forty-one patients with unilateral strabismic, anisometropic or combined amblyopia were
included in the study. A control group was composed of 16 normal children. All participants were tested with
optical coherence tomography (OCT) and pattern electroretinography (PERG). The findings from amblyopic
and nonamblyopic eyes were compared among the amblyopic groups. Also, amblyopic and nonamblyopic eyes
were compared with the healthy control eyes.

Results: No significant difference was found in OCT parameters for amblyopic and nonamblyopic eyes among
the amblyopic groups (p>0.05). In the combined and anisometropic groups, ganglion cell complex (GCC) was
found to be significantly increased in both amblyopic and nonamblyopic eyes compared to the control group
(p<0.05). In strabismic amblyopia, significant reduction in GCC thickness and increase in foveal thickness were
found, compared to nonamblyopic eyes (p=0.019, p=0.08). There were no significant differences in PERG
amplitude and latency between the amblyopic and the nonamblyopic eyes in amblyopic groups (p>0.05).
PERG amplitude in amblyopic eyes was found to be significantly decreased compared with that in normal eyes
(p<0.05). When the nonamblyopic eyes were compared with the control group, only the anisometropic
amblyopia group demonstrated significant reduction in amplitude and prolongation in latency (p=0.002,
p=0.026).

Conclusion: We found no significant differences in morphological and functional measures among amblyopic
groups. However, we detected significant differences in the retinal function and morphology of both amblyopic
and nonamblyopic eyes compared with healthy control eyes.

Keywords: Amblyopia, optical coherence tomography, pattern electroretinogram

INTRODUCTION

Amblyopia is a disorder of the visual system that is
characterized by reduction in best corrected visual
acuity (VA). It is unilateral, or less commonly bilateral,
and caused by abnormal visual experience early in life
resulting from visual deprivation, strabismus, ani-
sometropia or high bilateral refractive errors." The
neural sites that are involved in amblyopia are still
under investigation. Although the loss of VA is

considered to be cortical in origin, abnormalities of
retinal ganglion cells (RGC) were reported in animal
studies.”™ Moreover, abnormal RGC function, deter-
mined by pattern electroretinography (PERG),”® and
structural retina changes, detected by optical coher-
ence tomography (OCT), were also observed in
humans.”"*

Retinal structure and function in amblyopia is a
topic of broad interest, and previous studies on this
subject have produced inconclusive and controversial
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results.>?? Racial differences, measurement error
among examiners, low sample sizes, the grouping of
various types of amblyopia together, the use of
different versions of the OCT scanning algorithms
and differences in subjects’ ages have been suggested
as potential confounding factors.'® In this study, by
taking advantage of two approaches, OCT and PERG,
we aimed to identify the existence of any structural or
functional abnormalities of the retina in amblyopic
and nonamblyopic eyes among the amblyopic sub-
groups. Furthermore, we compared amblyopic and
nonamblyopic eyes with the healthy control eyes in
order to evaluate retinal involvement in amblyopia.

MATERIALS AND METHODS

Forty-one patients with unilateral amblyopia were
included in this study. The patients were all
Caucasians, and divided into three groups according
to the cause of amblyopia. The causes of amblyopia
were strabismus (1 =14), anisometropia (n=14) and
combined anisometropia and strabismus (n=13).
Sixteen normal children served as controls.
Approval for this study was obtained from the
institutional review board of Bakirkoy Education
and Research Hospital. The study was performed
according to the tenets of the Declaration of Helsinki
for research involving human subjects. Written
informed consent was obtained from the parents of
the participating patients.

Patients with histories of preterm birth, severe
amblyopia, neurological diseases or ocular diseases
such as glaucoma or nystagmus, as well as patients
who were too young to cooperate (<7 years), were
excluded from this study. One eye of each healthy
volunteer was selected randomly to compose the age-
matched control group. All patients and healthy
volunteers underwent a complete ophthalmic and
orthoptic examination. Best corrected VA was mea-
sured with a Snellen chart at 6m. VA readings were
transformed to a logarithmic scale (logMAR) for
statistical analysis. Fixation behavior was evaluated
by having the patient fixate on an accommodative
target held at 40 cm with best correction in place. Only
patients with central, steady and maintained fixation
were included in the study. PERG and OCT examin-
ation were performed by the same examiner for all
participants.

Unilateral amblyopia was defined as a difference of
at least two lines on the acuity chart between the
amblyopic and the nonamblyopic eyes. The VA of the
nonamblyopic eye of the study group was 0.00
logMAR, and there was no amblyogenic risk factor.
Unilateral amblyopia was defined as a difference of at
least 0.1 logM AR between the two eyes. Anisometropia
was diagnosed in those patients whose spherical
equivalance showed 1.5 diopters (D) or greater
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difference between the two eyes in hyperopia, and 3
D or greater difference in myopia. Patients having
constant and nonalternating strabismus were classified
as strabismic ambliyopia. Patients with anisometropia
and strabismus were classified as combined ambly-
opia. Amblyopia was classified as mild, moderate or
severe, based on whether VA in the amblyopic eye was
0.5-0.9, 0.2-0.5 or <0.2, respectively.

The children with amblyopia included 19 males
and 22 females, and their mean age was 12.314+3.28
years (age range: 7-14 years). The control group used
in this study included nine males and seven females,
and their mean age was 10.63 =1.74 (age range: 7-15
years). There were no significant differences in the
mean age values of the amblyopic groups and control
group (p=0.154).

OCT images were obtained using the Optovue
RTVue Fourier domain OCT (RTVue-100, 2007, ver-
sion 5.1, Optovue Inc.,, Fremont, CA). OCT was
performed without pupil dilation. In order to reduce
the effect of refractive error on OCT testing, all eyes
with a refractive spherical equivalant (myopic or
hyperopic) >5 D or with astigmatism >3 D were
excluded from this study. Furthermore, our patients
were selected on the basis of their ability to maintain
steady fixation on the OCT, and each scan was
accurately checked to avoid misaligment of foveal
imaging. Each OCT scan was performed by the same
examiner. An internal fixation target was used, and
the patient’s fellow eye was covered during scanning,.
Each eye underwent NHM4, MM5 and ganglion cell
complex (GCC) scan protocols. MM5 scan protocol
measures the macular retinal thickness map with a
5x5mm?” grid centered on fixation. The map of
macular thickness was composed of three concentric
circles: a central circle (fovea), an inner ring (parafo-
vea) and an outer ring (perifovea). Macular volume
(MV) within 1, 3 and 5mm was measured. NHM4
scans measure RNFL thickness and the optic disc. The
GCC scan protocol measures the GCC layer, which
encompasses the RNFL, ganglion cell bodies and
inner plexiform layer. It has one horizontal line of
7mm in scan length, followed by 15 vertical lines of
6mm scan lengths and 0.5mm intervals, centered
1 mm temporal to the fovea.

The PERG was recorded according to the ISCEV
(International Society for Clinical Electrophysiology of
Vision) standards. A Nihon Kohden polygraph
system (Nihon Kohden, Tokyo, Japan) and silver
cup electrodes were used for recordings. The active
electrode was placed over the nasal canthus, and the
reference electrode was placed on the ipsilateral
temple, 2cm from the eyeball, while the ground
electrode was placed on the contralateral ear lobe.
Subjects were seated 1 m from the monitor and signals
were recorded while they looked at a fixation point
with the other eye occluded. Refractive errors of all
subjects were corrected during recording. The
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TABLE 1 Comparison of the mean GCC and foveal thickness, macular volume, total RNFL in amblyopic and nonamblyopic eyes

among amblyopic groups.

Strabismic Anisometropic Combined F 4
Amblyopic GCC (um) 99.29 +£9.56 104.25 £ 6.25 104.15£6.53 1.95 0.156
Foveal thickness (um) 276.36 +25.54 277.36+43.13 265.434+30.21 0.54 0.589
Macular volume (mm?®) 6.18 +0.36 5.81+1.69 6.05+0.29 0.47 0.627
Total RNFL (um) 115.27 +13.71 11293 +14.74 116.13 +£10.39 0.22 0.800
Nonamblyopic GCC (um) 103.08 +£7.55 105.27 £6.14 104.36 £6.76 0.36 0.698
Foveal thickness (um) 258.43 +23.99 263.14+22.28 260.29+22.17 0.15 0.860
Macular volume (mm?) 6.07+0.33 6.16£0.22 6.07+£0.29 0.48 0.620
Total RNFL (um) 115.65+16.01 118.83+11.15 116.60 +12.54 0.21 0.814

stimulus was an alternating white and black checker-
board pattern (100 stimuli), and stimulus reversal was
2 Hz. The analog filter was arranged between 0.01 and
100Hz for PERG. Electrode impedences were kept
below 5kOhm. The data was analysed in the
Physiology Department of Istanbul Medical Faculty
with Electrophysiological Recording and Analysis
System Programme. The data were filtered between
1 and 30 Hz before analysis. Manual artifact rejection
was applied to data for eye movement artifacts. P50-
N95 amplitude peak to peak and latencies of P50 and
N95 were measured.

Statistical analyses were performed using NCSS
(Number Cruncher Statistical System 2007, Kaysville,
UT). The significance level was set at a p value of less
than 0.05. Statistical analysis for the comparison of
OCT and PERG parameters among the amblyopic
groups and control group was performed using the
ANOVA test. An unpaired t-test was used to compare
the OCT and PERG parameters of the amblyopic,
nonamblyopic and healthy control eyes. Bonferonni
correction was used to control for false positives. The
correlation between OCT and PERG parameters was
determined using Pearson’s correlation coefficient.

RESULTS

The mean VA (IogMAR) was 0.32+£0.2 in the
combined amblyopia group, 0.3 £0.17 in the anisome-
tropic group, and 0.19+£0.09 in the strabismic group
(p=0.11). There was no significant difference in the
depth of amblyopia of the amblyopic eyes among the
amblyopic groups (p=0.21).

Hyperopia was noted in 11 cases and myopia was
noted in three cases in the anisometropic amblyopia
group. Among patients with strabismus, esotropia
was noted in 12 cases and exotropia was noted in two
cases. In all amblyopic cases, hyperopia was noted in
37 (91%) cases and myopia in four (9%) cases. The
mean hyperopic refractive errors of amblyopic eyes
and nonamblyopic eyes were 3.80+2.17 and
2.744+2.15 D, respectively, (p=0.0001). The mean
myopic refractive errors of amblyopic eyes and

nonamblyopic eyes were 1.93+3.19 and 0.8+1.33 D,
respectively, (p=0.544).

In a comparison of OCT parameters regarding total
RNFL, GCC, foveal thickness and macular volume, no
significant difference was found between amblyopic
and nonamblyopic eyes among the amblyopic groups
(p>0.05) (Table 1, ANOVA test). When OCT param-
eters were compared among amblyopic, nonamblyo-
pic and control eyes in the combined and
anisometropic groups, GCC was found to be signifi-
cantly increased in both amblyopic and nonamblyopic
eyes compared to the control group (p>0.05). Only in
the children with strabismic amblyopia, significant
reduction in GCC thickness and increase in foveal
thickness were found in amblyopic eyes compared to
nonamblyopic eyes (p=0.019, p=0.08; Table 2,
unpaired f-test).

Based on known retinal topography, axons of RGCs
recruited by PERG stimulus are expected to enter the
disc in the temporal sector.?®> For this reason, the
peripapillary RNFL thickness measurements were
also assessed for the temporal, inferior, nasal and
superior quadrants. In comparison of the mean RNFL
thickness in four quadrants, there were no significant
differences in the amblyopic and nonamblyopic eyes
among amblyopic groups and the control group
(p>0.05; Table 3, ANOVA test). When subgroups
were compared, while the temporal RNFL of the
strabismic amblyopic eyes were thinner than the
nonamblyopic eyes, in the anisometropic amblyopia
group, the inferior RNFL of the amblyopic eyes were
found to be thinner than nonamblyopic eyes and
healthy control eyes (respectively: p=0.026, p=0.036,
p=0.034; Table 4, unpaired t-test).

An analysis of PERG parameters found no signifi-
cant differences in PERG amplitude and latency
between the amblyopic and the non-amblyopic eyes
in the three amblyopic groups (p>0.05). When the
amblyopic eyes of three amblyopic groups were
compared with the healty control eyes, the mean
PERG amplitude was found to be significantly
decreased (p<0.05). Furthermore, when the nonam-
blyopic eyes of amblyopic groups were compared,
reduction in amplitude and prolongation in latency

Current Eye Research
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TABLE 2 Comparison of GCC, foveal thickness, macular volume and total RNFL among amblyopic, nonamblyopic and normal

control eyes in amblyopic groups.

Amb/control Nonamb/control Amb/nonamb

Amblyopic Nonamblyopic ~ Control t p t p t p
Strabismic GCC (um) 99294956 103.08+7.55 99.55+544 —0.11 0913 1.67  0.104 —2.67 0.019
Foveal thickness (um) 276.36 £25.54 258.43+23.99 265.46+20.02 146 0.153 —-0.97  0.338 3.12  0.008
Macular volume (mm®)  6.18+£0.36 6.07+0.33 6.07+0.35 091 0.368 0.05  0.960 172 0.108
Total RNFL (um) 11527 £13.71 115.654+16.01 114.80£9.84 0.12 0.903 012 0903 -0.18 0.857
Anisometropic GCC (um) 104254625 105.27+£6.14 9955+544 243 0.02 298 0.005 -1.23 0.24
Foveal thickness (um) 277.36+43.13 263.14 £22.28 265.46+20.02 1.16 0.253 —0.33  0.743 142 0.18
Macular volume (mm?)  5.81+1.69 6.16 £0.22 6.07£035 —0.73 0472 092 0363 —0.79 0.446
Total RNFL (um) 11293 +£14.74 11883 +£11.15 114.80+9.84 —047 0.641 —-047 0.641 —1.87 0.084
Combined GCC (um) 104.154+6.53 104.36+6.76  99.55+544 233 0.025 240 0.022 -030 0.77
Foveal thickness (um) 265.43 +30.21 260.294+22.17 265.46+20.02 —0.01 0997 -0.74  0.465 111 0.287
Macular volume (mm?)  6.0540.29 6.07+0.29 6.07+0.35 —-0.19 0.854 0.04 0965 099 034
Total RNFL (um) 116.13 £10.39 116.60+12.54 114.80 £9.84 0.39 0.696 039 0.69% —026 0.796

TABLE 3 Comparison of the mean RNFL thickness in four quadrants of amblyopic and nonamblyopic eyes among amblyopic groups.

Strabismic Anisometropic Combined F p
Amblyopic Temp RNFL (um) 78.5+£17.81 82.80+7.74 82.95+14.89 0.44 0.645
Sup RNFL (um) 133.35 £21.47 137.38 £28.77 135.47 £20.32 0.10 0.907
Nasal RNFL (um) 94.86 +18.01 90.35 +20.65 92.99 +14.19 0.22 0.804
Inf RNFL 154.05 +30.43 142.32 £20.25 148.78 +£24.37 0.72 0.495
Nonamblyopic Temp RNFL (um) 90.44 £20.29 88.09 +14.05 84.1+15.34 0.51 0.607
Sup RNFL (um) 136.9 +£22.61 141.42+17.66 132.74+14.42 0.74 0.485
Nasal RNFL (um) 87.84 +23.38 97.36 £39.76 91.63 £19.54 0.38 0.688
Inf RNFL (pm) 154.18 £33.67 149.56 £22.7 157.95+30.3 0.28 0.761

TABLE 4 Comparison of the RNFL thickness in four quadrants among the amblyopic, nonamblyopic and normal control eyes in

amblyopic groups.

Amblyopic Nonamblyopic

Amb/control Nonamb/control Amb/nonamb

Strabismic Temporal RNFL (um) 78.5+17.81 90.44 +20.29
Nasal RNFL (um) 94.86 +18.01 87.84+23.38
Inferior RNFL (um)  154.05430.43 154.18 & 3367

Superior RNFL (um) 133.35+421.47

Anisometropic Temporal RNFL (um) 82.89+7.74
Nasal RNFL (um) 90.35 4+20.65
Inferior RNFL (um)

Combined Temporal RNFL (um) 82.95+14.89
Nasal RNFL (um) 92.99 +14.19

Inferior RNFL (um)

136.9 £22.61

88.09 + 14.05
97.36 +39.76
142.32+£20.25 149.56 £22.7

Superior RNFL (um) 137.384+28.77 141.42+17.66

84.14+15.34
91.63 £19.54
148.78 +24.37 157.95+30.3
Superior RNFL (um) 135.474+20.32 132.74 +14.42

Control t p t p t p
83.60+£16.20 —0.90 0.372 114 0261 —250 0.026
84.36+17.03 1.79 0.081 0.53  0.601 0.93 0370

156.68 £18.54 —0.33 0742 —-030 0769 —0.02 0.983
132.50+19.01 0.13 0.900 0.64 0526 —0.74 0472
83.60+£16.20 —0.15 0.882 0.84 0407 —0.90 0.384
84.36+17.03 0.95 0.350 1.39 0.172 -0.52 0.613
156.68 £18.54 —2.18 0.036 —-1.03 0310 —2.40 0.034
132.50+£19.01 0.62 0.539 139 0172 —0.57 0.580
83.60+£16.20 —0.12 0.902 0.09 0926 —023 0.823
8436+17.03 1.60 0.119 120  0.237 0.20 0.847
156.68 £18.54 —1.13 0.267 016 0873 —141 0.183
132.50+19.01 045 0.654 0.04 0.969 0.44 0.665

was found only in the anisometropic amblyopia
group (respectively: p=0.002, p=0.026; Tables 5 and
6, ANOVA test).

In all patients, we also assessed PERG amplitude
and latency of the amblyopic eyes in comparison with
the nonamblyopic eyes and control eyes (Figure 1).
The differences between eyes were statistically

© 2013 Informa Healthcare USA, Inc.

significant in amplitude and latency (p<0.05). These
differences were derived from significant differences
in mean PERG amplitude and latency between
amblyopic and healthy control eyes (p=0.001 and
p=0.022, respectively). Significant differences in
PERG amplitude were also found between nonam-
blyopic eyes and healthy control eyes (p=0.01).
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TABLE 5 Comparison of the mean PERG amplitude of the amblyopic and nonamblyopic eyes among amblyopic groups and normal

eyes of control group.

Strabismic Anisometropic Combined Control F 4

Amb PERG amp (uV) 1.86+1.58 1.58+1.73 1.89+1.07 2.63+1.78 4.65 0.005
Nonamb PERGamp (uV) 2.05+0.70 1.6340.50 2.07+0.99 2.63+1.78 3.86 0.014
Tukey multiple comparison test Amb PERG p Nonamb PERG p

Strabismic versus anisometropic 0.679 0.356

Strabismic versus combined 0.534 0.782

Strabismic versus control 0.034 0.141

Anisometropic versus combined 0.329 0.046

Anisometropic versus control 0.003 0.002

Combined versus control 0.01 0.074

TABLE 6 Comparison of the mean PERG latency of the amblyopic and nonamblyopic eyes among amblyopic groups and normal eyes

of control group.

Strabismic Anisometropic Combined Control F p

Amb PERG latency (ms) 52+7.46 51+5.42 52.93+8.97 4754593 2.29 0.086
Nonamb PERG latency (ms) 51+5.43 53.15+5.56 47.86 +5.47 47.5+5.93 3.52 0.02
Tukey multiple comparison test Nonamb PERG p

Combined versus anisometropic 0.082

Combined versusstrabismic 0.462

Combined versus control 0.998

Anisometropic versus strabismic 0.757

Anisometropic versus control 0.026

Strabismic versuscontrol 0.266

V15 -
H i =—control

= nonamblyopic

+++ amblyopic

-0.5 A

-1.5 -

LTI .
200 250 oo, Do

FIGURE 1 PERG Grand average of amblyopic, non-amblyopic and control normal eyes in all subjects.

However, no significant difference in PERG latency
was found between nonamblyopic eyes and healthy
control eyes (p=0.138).

No statistically significant correlations were found
between OCT and PERG parameters (r=—0.041,

r=-0.043, r=-0.055, r=0.235, p>0.05). There was
no correlation between VA and OCT or PERG param-
eters (r=-0.034, r=-0.003, r=0.014, r=-0.047,
r=0.005, r=—0.05, p>0.05). The correlations between
hyperopic refractive error and OCT and PERG

Current Eye Research



parameters were also not significant (r=—0.246,
r=0.000, r=-0.317, r=0.098, r=0.205 r=0.091,
p>0.05).

DISCUSSION

In our study, we found no significant differences in
OCT and PERG parameters among amblyopic groups;
however, in the strabismic amblyopic eyes, significant
increases in foveal thickness, and reductions in tem-
poral RNFL and GCC layer thicknesses compared to
nonamblyopic eyes were found. In addition, in the
combined and anisometropic groups, GCC in both
amblyopic and nonamblyopic eyes was found to be
significantly increased compared to the healthy con-
trol eyes. Although these differences were small, they
exceeded the variability of the repeatability and
reproducibility of FD-OCT owing to higher speed
and resolution.**

In spite of the fact that the basic mechanisms in
different types of amblyopia are similar, certain
clinical differences exist between strabismic and
anisometropic amblyopia in terms of severity, psy-
chophysical characteristics and reversibility.” The
differences in thicknesses of the fovea, GCC and
RNFL according to the type of amblyopia have been
thought to be due to these differences in the neuro-
physiological mechanisms between anisometropic
and strabismic amblyopia.”® Moreover, thickening of
the amblyopic fovea has been attributed to a devel-
opmental arrest, with incomplete formation of the
foveal depression.”” Finally, further research has been
suggested to determine whether these structural
abnormalities are due to an expression disorder of
the retina development gene.”®

PERG obtains unique information on the reduced
responsiveness of viable RGCs. Conflicting results
have been reported as to whether the amplitude of
PERG is reduced in amblyopia. Several authors have
described a large reduction of the PERG amplitude in
amblyopia studies.”® In our study, also, significant
reduction of the PERG amplitudes of amblyopic eyes
of amblyopic groups was found, compared to the
control group. We thought that this difference was
significant owing to the lack of variability of repeat-
ability and reproducibility of PERG. Since the pERG
data is the average of responses to 100 stimuli and
was 1-30 Hz band-pass filtered before the P50 & N95
peak measurements, the repeatability of the measure-
ment is not questionable. However, other authors
argued that when fixation alignment and stability
were individually optimized in amblyopic eyes with
low VA, PERG deficit was not observed. In these
studies, the patients’ ages ranged from 9 to 60 years,
whereas the ages of the control group ranged from 18
to 34 years.' On the contrary, our study was
conducted with more homogenous groups and

© 2013 Informa Healthcare USA, Inc.
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similar ranges (7-14 years) of ages, and the patients
had good foveal fixation.

In unilateral amblyopia, VA is often considered to
be normal in the fellow eye; however, subtle deficits in
other visual functions have been reported. In the
present study, when the nonamblyopic eyes were
compared with the healthy control eyes, only the
anisometropic amblyopia group demonstrated sig-
nificant reduction in PERG amplitude and prolonga-
tion in latency. It has been reported that in
anisometropic amblyopia, the functional imbalance
between the two eyes may lead to permenant changes
that affect not only the visual pathway associated with
the amblyopic eye but also the pathway associated
with the fellow eye.* Also, in anisometropic ambly-
opia, reduction of the PERG amplitude of the fellow
eye due to occlusion in younger children has been
reported in the a previous study.’

The significant relationships between the structure
and function of amblyopia are important because they
can provide information on the extent of neural
substrate and its effect on visual function.** In the
literature, the relationship between RNFL and visual
sensitivity has been investigated to determine the
degree to which anatomic measurements reflect visual
sensitivity.”*! A similar study evaluating the struc-
ture and function of retina in amblyopia was per-
formed using OCT and microperimetry. It was found
that strabismic amblyopes had thicker fovea, and
macular sensitivity was reduced in both strabismic
and anisometropic amblyopes. RNFL thickness and
macular sensitivity were found to be significantly
correlated.?* Likewise, foveal thickness was increased
in amblyopic eyes compared to nonamblyopic eyes in
strabismic amblyopia, and mean PERG amplitudes of
amblyopic eyes were decreased compared to healthy
control eyes in the present study. However, no
significant correlations were found between OCT
and PERG parameters.

Although this is a comprehensive study evaluating
both retinal structure and function, we are aware that
our study is limited by the small sample size owing to
the rigorous patient selection protocol. During the
enrollment phase of the study, many patients were
excluded, in order to constitute more homogenous
groups without significant differences in age, depth of
amblyopia, VA and refraction. Furthermore, in order
to reduce the effect of refractive error on OCT testing,
all eyes with a refractive error of spherical equivalant
>5 D or with astigmatism >3 D were excluded. In
addition, our patients were selected on the basis of
their ability to maintain central steady fixation on the
OCT, and each scan was accurately checked to avoid
misaligment of foveal imaging. For this purpose,
severe amblyopes were also excluded from the study.

In conclusion, statistically significant differences in
PERG parameters between amblyopic and healthy
control eyes and a lack of correlation between OCT
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and PERG parameters support functional visual loss
in amblyopia. No significant difference was found in
morphological and functional measures among the
amblyopic groups. However, we detected significant
differences in the retinal function and morphology of
both amblyopic and nonamblyopic eyes compared
with healthy control eyes. Further studies with larger
groups are warrented to confirm the results of the
present study.
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