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Background: Inter-ocular symmetry of macular vascular anatomy in healthy subjects has
been well documented in previous optical coherence tomography angiography (OCTA)
studies. In our present study, we have demonstrated that the presence of anisometropic
amblyopia in one eye does not alter this unique feature significantly. We investigated whether
the presence of unilateral anisometropic amblyopia due to moderate amounts of hyperopia
and/or astigmatism would have any significant influence on measurements of retinal thick-
ness (RT) and superficial vessel density (SVD) in adult subjects.

Subjects and methods: In the study group, both eyes of 21 adult subjects with unilateral
anisometropic amblyopia were enrolled. Only one eye of an age-matched control group
including 33 subjects was randomly selected. RT and SVD were measured in foveal and
parafoveal retinal areas and compared in amblyopic eyes, their fellow eyes and in the control
group. Inter-ocular symmetry of RT and SVD in amblyopic and fellow eyes were investi-
gated by using correlation analysis.

Results: There were statistically significant inter-ocular correlations of foveal and parafo-
veal RT in amblyopic and fellow eyes (P < 0.0001, for both). Foveal and parafoveal RT of
the control group were not statistically different from amblyopic eyes (P = 0.072 and P =
0.46, respectively). There was no difference between foveal SVD of amblyopic eyes and
control group (P = 0.10) and a significant inter-ocular correlation was found between
amblyopic and fellow eyes (P = 0.029).

Conclusion: For our adult subjects, none of the investigated OCTA parameters of the
amblyopic eyes were found to be statistically different from those of age-matched controls.
The preservation of inter-ocular symmetry in the amblyopic and fellow eyes implies that the
influence of anisometropic amblyopia in one eye would be relatively small and negligible on
routine OCTA examination.

Keywords: anisometropic amblyopia, hyperopia, optical coherence tomography
angiography, inter-ocular symmetry

Introduction

Optical coherence tomography angiography (OCTA) has become increasingly pop-
ular within a relatively short period of time because of its non-invasiveness and
ease of application.' > Quantitative normative databases have been developed and
a number of clinical studies were performed in order to assess the inter-individual
and inter-ocular variability. Those studies revealed a high correlation and inter-

ocular symmetry of the investigated OCTA parameters between fellow eyes.* !
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Amblyopia is defined as a reduction in visual acuity
without any obvious pathology of either retina or optic
nerve which cannot be improved with the correction of
present refractive error.'>'* A number of pathological
findings have been reported in the lateral geniculate
nucleus of amblyopic animals and humans, however, the
presence of any functional or morphological alterations in
the retina remains controversial.'*'¢

Any subtle retinal morphologic/vascular alterations
which could be associated with amblyopia have been
investigated by OCT and OCTA. The majority of those
studies have failed to demonstrate any significant changes

1721

as compared with healthy controls, while increase of

22-28

macular thickness, reduction of vascular density and

enlargement of foveal avascular zone have been reported
in some of them.”*!

In our present OCTA study, we planned to investigate
the macular morphology and vascular network by using
retinal thickness and superficial vessel density parameters
in the foveal and parafoveal areas of adult subjects with
anisometric amblyopia and compared with an age-matched
control group. We also made inter-ocular comparisons of
amblyopic and fellow eyes in order to investigate whether
any inter-ocular symmetry has been present or not.

Methods

Subjects

Twenty-one subjects older than 18 years with unilateral
hyperopic anisometropic amblyopia were selected for the
study group. Patients with any systemic or ocular disease
other than amblyopia such as strabismus, nystagmus, media
opacity, optic disc pathology, retinal diseases and/or glaucoma
were excluded. Subjects with poor gaze-fixation were
excluded. Patients with neurologic diseases were also
excluded.

Study group included 21 patients, 10 males and 11
females. Mean age was 42.1 £ 10.6 years. A total of 33
subjects older than 18 years without any significant ocular
pathology and with normal visual acuity were selected as
a control group; there were 11 males and 22 females and
mean age was 43.4 + 6.6 years. In the study group, both
amblyopic and fellow eyes were included, but only one
eye was randomly selected in the control group. The
research followed the tenets of the Declaration of
Helsinki and written informed consent was obtained from

all subjects. An approval from Yeni Yuzyil University

Ethical Committee was also obtained (Approval no. 26/
02/2019-005).

Refraction and Visual Acuity Testing

A complete ophthalmological examination including slit-
lamp biomicroscopy, intraocular pressure measurement,
fundus examination following pupillary dilation and cyclo-
plegic refraction for the assessment of full refractive error
have been performed in all subjects. Spherical and cylind-
rical refraction (in minus cylinders) were obtained and
spherical equivalent was calculated. Visual acuity testing
was performed by using standard Snellen chart at 6 m and
converted to log MAR scale for statistical analysis.
Anisometropic amblyopia was defined as at least three
lines of reduction of best-corrected visual acuity (BCVA)
on Snell chart.

OCTA Imaging
We wused RTVue XR Avanti Optical Coherence
Tomography Angiography (Optovue Inc. Fremont

California, USA) device. OCTA images were obtained
by using automatic setting, AngioVue 3D Retina mode
and 3x3 mm scan size. If the Signal Strenght Indicator
(SSI) was turned into red, the operator would switch to the
manual setting. The instrument uses a segmentation algo-
rithm which divides full-thickness retinal scans into four
segments; the “superficial” and “deep” inner retinal vessel
plexuses, outer retina, and choriocapillaris. Segmentation
of the superficial inner retina contains the vasculature of
the retinal nerve fiber layer and ganglion cell layer.
Vascular density values were calculated for foveal and
parafoveal macular areas separately.

The foveal region was defined as a circular area of
approximately 1 mm diameter at the center of the fovea
and parafoveal region was defined as 2 mm wide ring
surrounding this foveal region. Scans with poor quality
and/or double vessel pattern, blink artifacts, signal strength
index less than 50 were discarded, and additional OCTA
scans with sufficient quality were obtained.

Data Collection and Statistical Analysis

The retinal thickness and superficial vascular density
values obtained at the foveal and parafoveal macular
regions were used for the study. SPSS version 22 (SPSS,
Inc, Chicago, Illinois, USA) was used for statistical ana-
lysis. Wilcoxon Signed Ranks test was used for investigat-
ing the inter-ocular differences between amblyopic and
fellow eyes. Mann—Whitney U-test was used for analyzing
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the differences between the amblyopic eyes and the con-
trol group. Any possible correlation between retinal thick-
ness, superficial retinal vascular density and refraction was
investigated by using Spearman Correlation test.

Results

Visual Acuity and Refraction
Average BCVA was 0.37 + 0.20 log MAR (Snellen equiva-
lent of approximately 20/50) in the amblyopic eyes. By
definition; all of the eyes in the control group and fellow
eyes of the amblyopic patients had a BCVA of 20/20 Snellen.
The refraction of the subjects was shown in Table 1. In
all three groups, mean spherical and spherical equivalent
refractions were hyperopic. Average spherical equivalent
refraction was +2.09 + 2.91 D in the amblyopic eyes,
+0.70 + 1.48 D in their fellow eyes and +0.16 + 0.41
D in the control eyes. As expected, more hyperopia (P <
0.0001) and astigmatism (P < 0.0001) were present in the
amblyopic eyes as compared with their fellow eyes. The
least amount of hyperopia (P < 0.0001) and astigmatism
(P < 0.0001) were present in the control group.

Retinal Thickness
Average of the measurements obtained from foveal and
parafoveal retinal regions is shown in Table 2.

The difference between average foveal retinal thickness
measurements of the amblyopic eyes and control group was
not statistically significant (P = 0.072). There was no statis-
tically significant difference between amblyopic and fellow
eyes (P = 0.50) and a statistically significant positive inter-
ocular correlation was found (= 0.98, P < 0.0001, Figure 1).

In the amblyopic eyes, average parafoveal retinal thick-
ness was significantly greater than the control group (P =
0.006). There was no statistically significant difference
between amblyopic and fellow eyes (P = 0.092) and

Table | Refraction Data in the Study and Control Groups

Amblyopic Fellow Eyes Control
Eyes (Study Group
(Study Group)
Group)
Spherical +3.17 £ 2.53 +1.00 £ 1.43 +0.30 + 0.45
refraction (D)
Cylindrical —2.12 £ 2.03 —0.60 + 1.02 —0.36 £ 0.23
refraction (D)
Spherical +2.09 + 291 +0.70 £ 1.48 +0.16 £ 041
equivalent (D)

Abbreviation: D, diopters.

Table 2 Retinal Thickness and Superficial Vascular Density

Amblyopic Fellow Eyes Control
Eyes (Study Group
(Study Group)
Group)
Foveal RT 255.62 + 19.42 | 251.76 + 19.53 | 247.64 + 17.05
(um)
Parafoveal RT | 328.24 + 14.93 | 324.48 + 17.08 | 316.00 + 14.37
(um)
Foveal SVD 31.26 + 5.64 31.27 + 6.52 28.82 + 4.54
(%)
Parafoveal 51.66 + 6.10 51.23 + 6.39 53.36 + 4.07
SVD (%)

Abbreviations: RT, retinal thickness; SVD, superficial vascular density.

a statistically significant positive inter-ocular correlation
was present (= 0.85, P < 0.0001, Figure 1).

There were no statistically significant correlation
between spherical equivalent refraction with either foveal
RT (r=0.038, P = 0.87) or parafoveal RT (= 0.013, P =
0.96) in the amblyopic eyes.

Retinal Vascular Density
Average of the measurements obtained from foveal and
parafoveal retinal areas ie shown in Table 2.

Averages of superficial foveal vascular density measure-
ments in the amblyopic eyes and control group were not
statistically different (P = 0.10). There was no statistically
significant difference between amblyopic eyes and their fel-
lows (P = 0.74) and a statistically significant positive inter-
ocular correlation was found (» = 0.48, P = 0.029, Figure 2).

Averages of the superficial parafoveal vascular density
measurements of amblyopic eyes and control group were
not statistically different (P = 0.37). Fellow eyes measure-
ments were not statistically different than the amblyopic
eyes (P = 0.90). However, the inter-ocular correlation
between amblyopic and fellow eyes was not statistically
significant (» = 0.23, P = 0.31, Figure 2).

In the amblyopic eyes, there were no statistically sig-
nificant correlation between spherical equivalent of refrac-
tion with either foveal (» = 0.36, P = 0.11) or parafoveal
superficial vascular density (r = 0.04, P = 0.86).

In amblyopic eyes, there was a significant positive correla-
tion between the retinal thickness and superficial vascular
density in the fovea (r = 0.44, P = 0.044, Figure 3). In the
control group, a similarly statistically significant positive cor-
relation was found between retinal thickness and superficial
vascular density in the foveal area (» = 0.51, P = 0.02,
Figure 3).
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Figure | Inter-ocular correlation of retinal thickness of amblyopic and fellow eyes in foveal (r* = 0.96) and parafoveal (r* = 0.74) areas.

Abbreviation: RT, retinal thickness.
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Abbreviation: SVD, superficial vascular density.

Discussion

In our study, we planned to investigate the retinal morphol-
ogy and vascular network by using OCTA in the macular
area of patients with unilateral hyperopic anisometric
amblyopia. We selected the superficial capillary plexus for
that purpose, as it was shown to be technically much easier
and more reproducibly measured than the deep plexus.>* We
measured retinal thickness and superficial vascular density at
both foveal (approximately 1 mm in the center) and paraf-

oveal (2 mm wide ring surrounding the former) areas.

Macular vascular alterations in amblyopic eyes of chil-
dren were investigated by OCTA in a number of previous
studies with conflicting results. Lonngi et al found that
vascular density was lower in amblyopic eyes as compared
with normal controls.?® Yilmaz et al and Sobral et al also
reported reduced vascular density measurements in the
amblyopic eyes.>*>! In all of those studies, the authors
could not propose any hypothesis in order to explain the
clinical relevance of their findings but they recommended
that further studies need to be performed. In a recent
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Figure 3 Correlation of foveal retinal thickness and vascular density in amblyopic eyes (¥ = 0.17) and in control (* = 0.14) group.

Abbreviations: RT, retinal thickness, SVD, superficial vascular density.

OCTA study, however, Demirayak et al reported that
superficial vascular density measurements of the adult
amblyopic patients were not statistically different than
the age-matched control group.

In contrast to our study population which composed of
adult subjects only, all but one of those above studies
included children. The influence of age on vascular mea-
surements of OCTA has been shown in some studies;
foveal avascular zone was found to be increased and
vascular density reduced as the subject gets older.**!'" In
our study, we intended to investigate whether the presence
of amblyopia has any influence on OCTA measurements
which could have some importance in interpretation of
OCTA results in routine clinical settings; therefore, we
selected adult patients with amblyopia. In our study, we
could not find any statistically significant difference
between vascular density measurements of the amblyopic
eyes with the age-matched control group.

We found a statistically significant inter-ocular correla-
tion between the foveal vascular density measurements of
the amblyopic and fellow eyes. The inter-ocular symmetry
of macular vascular anatomy has been well documented in
healthy OCTA
studies.>*® On the other hand, the inter-ocular correlation

subjects and normative database
of parafoveal vascular density between amblyopic and
fellow eyes was weaker. We think that it was not statisti-
cally significant because of the higher variability. The
higher repeatability of foveal measurements over parafo-

veal ones was also shown in previous studies.’”

Another important aspect of our study is the inclusion
of retinal thickness measurements in addition to vascular
density. Despite the presence of amblyopia, the retinal
thickness measurements obtained at foveal and parafoveal
retinal areas of the fellow eyes showed a highly significant
inter-ocular symmetry.

In our study, we found statistically significant positive
correlations between foveal retinal thickness and vascular
density both in the amblyopic eyes and control groups.
The positive relationship between retinal thickness and
vascular density has been well documented in numerous
previous studies of normal subjects.”**'® We think that
the preservation of the correlation between the retinal
thickness and vascular density in amblyopic eyes is clini-
cally important.

In the previous studies, total retinal thickness and ret-
inal nerve fiber layer thickness have shown to be posi-
tively correlated with the refraction and/or axial length.
The axial magnification of the OCT device has been
thought to be responsible for this phenomena and correc-
tion by using some formulas have been suggested in eyes
with high ametropias.**>> Correction of magnification
error has also been studied in some OCTA studies with
somehow confusing results.””'® In our study, we did not
make any axial length measurements, but only investigated
the correlation between spherical equivalent refraction
with retinal thickness and vascular density. We were not
able to demonstrate any statistically significant correlation
between them, however. In our study, the average hyper-
opia in amblyopic eyes was moderate — only about two

Clinical Ophthalmology 2020:14

submit your manuscript

1265

Dove


http://www.dovepress.com
http://www.dovepress.com

Bayraktar et al

Dove

diopters; thus the inclusion of eyes with higher hyperopic
error could have changed our results.

In summary, we were unable to demonstrate any statis-
tically significant differences of retinal thickness and vascu-
lar density measurements obtained from adult subjects with
moderate unilateral hyperopic anisometropic amblyopia in
our age-matched and fellow eye-controlled study. We think
that the preservation of inter-ocular correlation despite the
presence of amblyopia is clinically important and fellow eye
data can be used as a control measure in cases of clinical
suspicion. We suggest that during routine clinical OCTA
practice, the influence of moderate unilateral hyperopic ani-
sometropic amblyopia on retinal vascular density measure-
ments is relatively small and negligible.
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