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ABSTRACT

Objective: The aim of this study is to investigate whether there is a difference in retinal microvascularization
between adolescents with and without simple myopia using optical coherence tomography angiography.

Materials and Methods: Thirty-four eyes of 34 patients aged |12-18 years diagnosed with school-age simple
myopia (0-6 diopters), and 34 eyes of 34 healthy controls of similar ages were included in this retrospective
study. The ocular, optical coherence tomography, and optical coherence tomography angiography findings of
the participants were recorded.

Results: The simple myopia group had statistically thicker inferior ganglion cell complex thicknesses com-
pared to the controls (P =.038). The macular map values did not statistically significantly differ between the 2
groups. The foveal avascular zone area (P =.038) and circularity index (P =.022) values were statistically lower
in the simple myopia group compared to the control group. The superficial capillary plexus outer and inner
ring vessel density (%) (superior and nasal) showed statistically significant differences (outer ring superior/
nasal P=.004/P = .037; inner ring superior/nasal P =.014/P=.046).

Conclusion: Similar to high myopia, vascular density in the macula decreases as the axial length and spherical
equivalent increase in simple myopia.
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Introduction

Myopia occurs as a result of several factors. There is substantial evidence of a link between
myopia and prolonged close visual activity, particularly reading and personal computer use. The
incidence of myopia is increasing in children and adolescents.'? A refractive error of less than —6
diopters is defined as simple myopia (school myopia), and a greater refractive error is defined as
high myopia (pathological myopia). High myopia is characterized by progressive anteroposterior
elongation associated with a series of secondary ocular changes? Many studies have demon-
strated retinal vascular changes in high myopia. Using optical coherence tomography (OCT),
it is now possible to examine the layers of the retina in detail and make quantitative evalua-
tions. However, OCT does not provide information on the microvascular structure of the retina
and choroid. Optical coherence tomography angiography (OCTA) devices, which have recently
started to be used in daily practice, are very helpful in the detection and treatment of retinal
and macular pathologies.> Optical coherence tomography angiography is a very reliable and quick
procedure that can be performed to measure retinal vessel density and foveal avascular zone
(FAZ).* It can be used when there is a need to obtain a detailed image of retinal vascularization.
Previous studies have shown changes in retinal vessel densities in high myopia using OCTA com-
pared to the general population, but to our knowledge, no similar study has been undertaken
with school-age simple myopia.

The aim of this study was to investigate whether simple myopia (refractive error < 6 diopters)
differs from the general population by detecting changes in macular thickness and retinal vascular
density using OCT (Nidek Co. Ltd,, Aichi, Japan) and OCTA Nidek's RS300 advance (Nidek
Co. Ltd., Gamagori, Japan) devices. We also aimed to determine whether retinal microvascular
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changes were directly related to the axial length
(AL) and spherical equivalent (SE) in simple
myopia.

Materials and Methods

This retrospective research included 34 eyes of
34 patients aged 12-18 years with school-age
simple myopia (0-6 diopters) and 34 eyes of
34 controls of similar ages with no known sys-
temic or eye disease. Each patient underwent
an ocular examination, visual acuity (LogMAR
converted) measurement, and anterior segment
and fundus examinations, including detailed
refraction measurements. Cycloplegic refrac-
tion was performed and the measured myopia
values (diopters) were recorded as SE. Axial
length measurements were performed using
the Nidek AL-Scan instrument (Nidek CO,
Gamagori, Japan). Patients with any ocular dis-
ease other than myopia and those with a his-
tory of ocular surgery were excluded from the
study. Patients with myopia with a refractive
error higher than —6 diopters and hyperopic
eyes more than | diopter were also excluded
from the study. Ethical approval was obtained
from the Clinical Research Ethics Committee
of Erzincan Binali Yildinm University (date:
October 10, 2022, decision no: 03/10). Written
informed consent was obtained from all partici-
pants who participated in this study.

The macular thickness [9 sectors defined by
the Early Treatment Diabetic Retinopathy Study
(ETDRS)] and ganglion cell complex (GCC)
thickness were measured using OCT. In addition,
FAZ parameters [area, perimeter, and circularity
index (CI)] in the macula region and the vessel
density (VD) values of the outer and inner part
of the superficial capillary plexus (SCP) were
measured using OCTA. The OCT and OCTA
images of the patient and control groups were
analyzed and recorded (Figures |-3).

Statistical Analyses

Data analyses were performed using Statistical
Package for Social Sciences v. 23.0 software
(IBM SPSS Corp.; Armonk, NY, USA). The

* Optical coherence tomography (OCTA) has been
used as a noninvasive technology that allows for
the assessment of retinal microvascularity.

* In the literature, many studies have shown that
high myopia causes vascular changes (especially in
vessel density and foveal avascular zone param-
eters) in the retina. In this study, unlike the lit-
erature, vascular changes in the macular region
of simple myopia were examined and compared
with those of the healthy age-matched volunteers.

*  Ourresults showed that there might be changes in
the macula in simple myopia.
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Figure |. Measurement of the macular thickness according to the ETDRS chart using Nidek’s RS-3000
Advance and Navis Ex. Ver. 1.1.5 software. ETRDS, Early Treatment Diabetic Retinopathy Study.

descriptive statistics of the analysis results were
given as numbers and percentages for cat-
egorical variables and mean standard deviation,
minimum, and maximum values for numeri-
cal variables. The Shapiro-Wilk test was used
to assess the compliance of the data with the
normal distribution criteria. The comparison
of numeric variables between 2 independent
groups was undertaken using the Student’s t-test
when the normal distribution condition was
met, and the Mann—Whitney U test otherwise.
The Spearman and Pearson correlation tests

were used to analyze the relationship between
numerical variables. The statistical significance
level was accepted as P < .05.

Results

There were 34 eyes of 34 patients in the simple
myopia group and 34 eyes of 34 healthy volun-
teers in the control group. The overall mean
age of the participants was 15.36 + |.77 years
(range 12-18 years). Twenty (58.82%) partici-
pants were male, and 14 (41.18%) were female.
There was no statistical difference between the

Figure 2. Superior and inferior ganglion cell complex thicknesses.



56 ¢ Bayrakgeken K. OCT Angiography in Simple Myopia

Eurasian | Med 2023; 55(1): 54-58

Projection Artifact Removal

Vitreous

FAZ Parameter

'l Areaimm2)

Perimeterfmm]

-l Circulaity

Grid Chart Vessel Density

ETDRS 9 Sector Vessel Density

17
19(15(315/17/
15 ‘
19

Size0 5513 0mm
Whole 16 Inner 16 Orter 1

Figure 3. Foveal avascular zone metrics and vessel density values measured automatically by AngioScan
software. The software only calculates the VD metrics at the level of the superficial capillary plexus. VD,

vessel density.

2 groups concerning the distribution of male
and female participants and age (age/gender, P
=55/P =22). Table | presents the participants'
demographic data.

The ocular and OCT findings of both groups are
shown in Table 2. There was a significant differ-
ence between the 2 groups with respect to the
SE (P<.001) and AL (P=.001) values. The mean
superior GCC thickness was similar in both
groups. However, the inferior GCC thickness of
the simple myopia group was statistically signifi-
cantly higher than that of the control group (P=
.038).

There was no statistically significant difference
between the 2 groups regarding the thickness (9
sectors) of the macular region according to the
ETDRS chart (Table 3).°

Table 4 shows the OCTA findings of both
groups. No statistically significant difference was
observed between the 2 groups in terms of the
FAZ perimeter, but the FAZ area (P=.038) and
Cl (P=.022) values were statistically significantly
lower in the simple myopia group compared
to the control group. A statistically significant

Table 1. Demographic Features of the Study
Participants

Simple Myopia Control P
Age (years) 1536+ 1.77 1516 +1.87 .55
Male/female 20/14 22/12 22

difference was also observed found between the
2 groups in relation to the VD (%) values of the
SCP outer ring (superior and nasal quadrants, P
=.004 and P =.037, respectively) and SCP inner
ring (P =.014 and P =.046, respectively).

The correlations of the OCTA findings with the
SE and AL parameters are shown in Table 5.
According to the results, SE (diopter) had a posi-
tive correlation with the VD (%) values of the
SCP outer ring (superior, nasal, and temporal)
and SCP inner ring superior. There was also a
negative correlation between AL and the FAZ
Cl and SCP outer ring superior VD (%) values.

Discussion

Recently, OCTA has been used as a noninva-
sive technology that allows for the assessment
of retinal microvascularity. It was developed by
taking sequential structural and cross-sectional
B-scan images from a point of the retina in a
very short time and converting very small tissue

changes, such as erythrocyte flow into decor-
relation signals with special software. In this
modality, the examination of multimodal images
obtained simultaneously has made it possible to
achieve a more accurate and detailed diagnosis
based on the characteristics of structures and
current signal information.” Optical coherence
tomography angiography is a convenient and an
easy method to perform even in children, since
it does not involve the use of dye injections, can
be performed in a short time, and has almost
no side effects® Optical coherence tomography
angiography also provides more detailed infor-
mation on the vascular structure of the retina
compared to OCT. Many studies have been
undertaken using OCTA, but to our knowledge,
no study has evaluated patients with school-age
myopia in comparison with healthy volunteers
of similar ages.

We investigated changes in retinal vascular den-
sity in patients with simple myopia (* 6 diopter)
using OCTA and evaluated whether there was
any difference comparedto age-matched healthy
cases. Our results demonstrated reduced values
for the VD of SCP and FAZ parameters in the
simple myopia group compared to the control
group, although the 2 groups had similar ETDRS
thicknesses. We also detected a significantly thin-
ner inferior GCC in the simple myopia group
compared to the control group. We found that
as the AL and SE values increased, the VD of
SCP also decreased.

Although the literature contains OCTA findings
in healthy children, data on school-age children
with simple myopia are limited®” Gofgbiewska
et al’ showed that the superficial retinal VD
was lower; and the FAZ area was expanded in
myopic children compared to emmetropic sub-
jects. Although our study similarly revealed a
decrease in the VDs of the SCP outer and inner
rings, we detected a smaller FAZ area in the
simple myopia group. Moreover, Linderman and
Sampson'®!! showed that ocular magnification
and AL variation could lead to errors in FAZ and
VD measurements.

Table 2. Ocular and OCT Findings of the Study Participants

Simple Myopia Control
Mean + SD Min/Max Mean + SD Min/Max P
SE (diopter) -2.15+ 1.40 —0.50/-5.75 0.30+0.29 0.00/1.00 <.001
AL (mm) 2422 + 1.14 21.98/26.72 23.33+0.73 22.06/24.98 .001
GCC superior (um)  109.67 +7.82 93.0/127.0 112.83 +£22.82 93.0/212.0 928
GCCinferior (um)  101.61 + 16.29 37.0/124.0 108.47 + 9.47 75.0/124.2 .038

equivalent.

AL, axial length; GCC, ganglion cell complex; OCT, optical coherence tomography; SD, standard deviation; SE, spherical
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Table 3. Macular Thickness Measurements of the Study Participants
Simple Myopia Control
Mean + SD Min/Max Mean + SD Min/Max P
ETDRS outer ring Superior 32874+ 17.02 296.0/379.0 328.22 +15.73 298.0/357.0 0910
thickness (6mm) (kM) ol 337.93+ 1422 312.0/3820 313727379 07/361.0 .28
Inferior 326.00 + 15.40 298.0/367.0 328.09 +23.02 281.0/359.0 710
Temporal 31740 £ 1649 291.0/360.0 325.65+23.42 272.0/3950 .138
ETDRS inner ring Superior 345.10 £ 15.99 303.0+385.0 342.74 + 1455 314.0/369.0 .582
thickness (3mm) (4m) . cal 34157+ 17.83  275.0/3760 33996+ 1861 301.0/389.0 086
Inferior 34140 + 12.76  319.0/378.0 330.57 +23.28 259.0/360.0 .104
Temporal 326.40 +20.78 253.0/361.0 329.78 +20.66 301.0/395.0 .872
CMT 268.00 2035 229.0/312.0 266.13 +33.68 229.0/373.0 .202
CMT, central macular thickness; ETDRS, Early Treatment Diabetic Retinopathy Study (macular thickness map) score; SD,
standard deviation.

In our study, the VD of SCP had a positive cor-
relation with SE and a negative correlation with
AL. Previous studies have shown that decreased
superficial and deep VDs in the macular region
are associated with longer AL and higher SE
values in myopic eyes with different refractive
states.'?”* Our results were consistent with
these studies reporting retinal microvascular
network loss in myopia.

Ucak et al'* found the GCC (superior and infe-
rior) and ETDRS thickness values to be much
lower in young adults with high myopia than in
the control group. Although our study showed
a lower inferior GCC thickness in the patients
with simple myopia compared to the controls,
the superior GCC and ETRDS thicknesses were
similar in both groups. These discrepancies can

be attributed to the differences in the age and
myopia degrees of the subjects included in
studies.

In the literature, many studies have shown that
high myopia causes vascular changes (especially
in VD and FAZ parameters) in the retina.'*'¢ In
this study, unlike the literature, vascular changes
in the macular region of simple myopia were
examined and compared with those of the
healthy age-matched volunteers. In addition, we
investigated whether vascular changes in simple
myopia had a relationship with AL and SE.

The most important feature of this study is that
it is one of the first in the literature to compare
the OCTA findings of simple myopia cases and
healthy pediatric controls. On the other hand,

Table 4. OCTA Findings of the Study Participants
Simple Myopia Control

Mean + SD Min/Max Mean + SD Min/Max P
FAZ area (mm?) 0.34+ 0.6l 0.04/0.66 0.44+0.18 0.17/0.74 .038
FAZ peri (mm) 3.1 £091 1.17/4.63 2.97 +0.98 0.99/5.59 .588
FAZ Cl 0.43 £0.11 0.24/0.65 0.50£0.12 0.29/0.75 .022
SCP outer super VD (%) 17.63 +4.72 2.0/23.0 21.00 + 1.28 19.0/24.0 .004
SCP outer nas VD (%) 17.03 +5.14 0.0/22.0 19.96 + 1.49 18.0/23.0 .037
SCP outer inf VD (%) 17.47 + 6.42 1.0/23.0 19.35 +4.35 1.0/23.0 495
SCP outer tem VD (%) 16.40 + 4.90 1.0721.0 18.74 + 1.48 15.0/21.0 12
SCP inner sup VD (%) 11,40 £5.73 0.0/21.0 15.00 + 4.20 6.0/21.0 014
SCP inner nas VD (%) 10.53 +£5.35 0.0/18.0 1291 +£3.03 4.0/19.0 .046
SCP inner inf VD (%) 11.50 + 5.45 0.0+£20.0 12.22 +4.33 1.0/18.0 .607
SCP inner tem VD (%) 10.63 + 5.48 0.0/20.0 1222 +3.12 4.0/18.0 191
Central VD (%) 2.00 +2.42 0.0/8.0 243 +3.45 0.0/14.0 703
Cl, circularity index; FAZ, foveal avascular zone; inf, inferior; nas, nasal; peri, perimeter; SCP, superficial capillary plexus;
SD, standard deviation; sup, superior; tem, temporal; VD, vessel density.

Table 5. Correlations Between SE and AL
Values with OCTA Findings
SE AL

r P r P
FAZ area 0.266 .054 -0.227  .102
(mm?)
FAZ peri —0.051 715 -0.189 .17§
(mm)
FAZ CI 0.224 107 —0.341 .012
SCP 0.477 <.001 -0.302 .028
outer sup
VD (%)
SCP 0317 .021 -0.142 311
outer nas
VD (%)
SCP 0.144 .305 -0.096 494
outer inf
VD (%)
SCP 0.303 .027 —0.255  .065
outer
tem VD
)
SCP 0.323 .018 -0.176 209
inner sup
VD (%)
SCP 0.258 .062 -0.037 .793
inner nas
VD (%)
SCP 0.094 .504 0.179 .200
inner inf
VD (%)
SCP 0.200 151 —-0.101 A72
inner tem
VD (%)
Central 0.089 .527 0.234 .091
VD(%)
AL, axial length; CI, circularity index; FAZ, foveal
avascular zone; nas, nasal; inf, inferior; peri, perimeter;
SCP; superficial capillary plexus, SE, spherical equivalent;
sup, superior; tem, temporal; VD, vessel density.

our study had certain limitations. First, since the
device's software automatically measured the
FAZ and VD values, due to the use of updated
device software in the current study, objectiv-
ity in comparing results with prior research was
reduced. Second, the instrument’s software only
allowed for the calculation of VD metrics at the
SCP level. Lastly, the sample size was small, and
there is a need for a larger number of cases to
better evaluate measurements.

In conclusion, this study provided valuable data
concerning changes in vessels in the macular
region of the retina in school-aged children
with simple myopia and confirms the findings
of a previous study evaluating a patient popula-
tion with high myopia. Contrary to the com-
mon view, our results showed that there might
be changes in the macula in simple myopia.
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We consider that in the coming years, the fre-
quency of myopia and associated retinal pathol-
ogies related to myopia will gradually increase.
Therefore, necessary precautions should be
taken. Future studies can be carried out with
larger sample groups using more advanced
devices and software.
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