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Abstract
Purpose The aim of this study was to determine the macular changes using optical coherence tomography (OCT) and OCT-
angiography (OCT-A) in eyes with high myopia. Determining the alterations in vascular structures can provide a clearer
understanding of the pathophysiological mechanisms of this disease and help define new treatment options and preventive
measures.
Materials and methods Ninety-two patients with high myopia (axial length ≥ 26 mm) and 70 control cases without any
known systemic or ocular diseases were enrolled in this prospective study. One eye of each patient was included in the
statistical analyses.
Results Retinal nerve fiber layer (RNFL) thickness and Early Treatment Diabetic Retinopathy Study (ETDRS) macula map
values were lower in myopia compared with the controls. Both superior and inferior ganglion cell complex (GCC) thick-
nesses were significantly thinner in the high myopia compared with the controls (p < 0.001). Regarding the OCT-A findings,
although superficial or deep foveal avascular zones (FAZ) did not significantly differ between the two groups, the density
values of superficial and deep microvessels were significantly lower in the high myopia group compared with the
control cases.
Conclusions In patients with high myopia, with an increase in the axial length and a decrease in RNFL and GCC thick-
nesses, the vascular densities of the superficial and deep retina were reduced in the macular region.

Introduction

High myopia is a significant cause of permanent visual
impairment, affecting particularly younger persons in all
over the world. It has been defined as a refractive error with
a spherical equivalent exceeding −6 diopters and/or an axial
length (AL) longer than 26 mm. The main pathophysiolo-
gical mechanism of high myopia is an excessive axial
elongation, which causes chorioretinal stretching and thin-
ning. The subsequent thinning of the chorioretinal tissue is
associated with poor blood circulation that may result in
neovascularization [1–4].

Many ocular changes have been reported in high myopic
eyes, including patchy or diffuse chorioretinal atrophy,
thinning in the retinal nerve fiber layer (RNFL), macular
atrophy, macular hole formation, and a dome-shaped
macula, together with alterations in the retinal vessel mor-
phology [5–7].

High myopia can affect the macula, leading to a dramatic
reduction in visual acuity. Therefore, it is highly important
for ophthalmologists to determine macular changes asso-
ciated with high myopia. Optical coherence tomography
(OCT) and OCT-angiography (OCT-A) are astonishing
tools for the identification of macular pathologies and
follow-up of patients. OCT-A is an advanced ophthalmic
imaging technique that can evaluate the vessel network in
different layers of retinal structures without any requirement
for contrast agents [8].

Studies investigating the use of different OCT-A instru-
ments suggest that it is almost impossible to make a com-
parison between them [9]. The features of OCT-A findings
have already been described for the high myopia using other
commercially available OCT-A devices [10], however,
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there is no study with Nidek’s RS3000 Advance OCT-A
device about high myopia. Since high myopia can drama-
tically damage visual acuity, the findings of OCT-A are
important to elucidate the pathophysiological mechanisms
and each device should have its own database. The aim of
the present study was to analyse the macular changes using
OCT and OCT-A in eyes with high myopia using the
Nidek’s RS300 Advance device. In that aspect, identifica-
tion of the alterations in vascular structures can assist us to
more clearly understand the pathophysiological mechan-
isms of the disease and describe novel treatment modalities
and protective measures.

Patients and method

Ninety-two eyes of 92 adult patients with high myopia
(AL ≥ 26 mm) who were being followed up in our hospital
and 70 eyes of 70 control cases without any known sys-
temic or ocular diseases were enrolled in this prospective
study. A broad ocular examination, including the mea-
surement of visual acuity (LogMAR converted), analysing
intraocular pressure (IOP) using Goldmann applanation
tonometry, and fundus examination with a 90-diopter
noncontact lens, was performed on each eye. The AL and
biometric measurements were undertaken using a Nidek
AL-Scan device (Nidek CO., Gamagori, Japan). Exclu-
sion criteria were as follows; patients with a history of any
ocular diseases, such as retinal vascular occlusion, glau-
coma, or uveitis, those with a history of previous trauma,
and the patients with chronic systemic diseases such as
diabetes mellitus or hypertension. We excluded patients
who underwent ocular surgery, including LASIK and
ICL, in both the control and high myopia groups. The
individuals with a best-corrected visual acuity (BCVA) >
0.3 (LogMAR) and patients with astigmatism higher than
±3 diopters were also excluded. If choroid scleral junction
could not be clearly defined on OCT, the patients were
also not included in the study. The International Photo-
graphic Classification and Grading System for Myopic
Maculopathy was applied in identification of fundus
changes. Regarding this grading system, only patients
with category 0 (no myopic retinal degenerative lesion)
and category 1 (tessellated fundus) were included in the
study [11, 12]. We excluded diffuse chorioretinal atrophy,
patchy chorioretinal atrophy, macular atrophy, and pos-
terior staphyloma because of poor OCT-A image quality.
Informed consent was obtained from all participants. The
study was approved by the Ethics Committee of Erzincan
University.

OCT images were obtained using the Nidek RS3000
Advance system. The images were retrieved from
four radial scan lines, cantered at the fixation point, at

the angles of 0°, 45°, 90°, and 135°. The RNFL thickness
(superior, nasal, inferior, and temporal) and the
superior and inferior ganglion cell complex (GCC)
thicknesses were recorded. Retinal thicknesses measure-
ments (nine regions) defined by the Early Treatment
Diabetic Retinopathy Study (ETDRS) were also
recorded [13].

The retinal microvascular network was identified using
OCT-A (Nidek RS3000 Advance). The scanning was
repeated if the signal strength index (SSI) quality was <7/
10. The center of the foveal avascular zone (FAZ) was
determined by analysing the intensity gradient of the
image from center to the periphery. The scanning area
used in this study was 3 × 3 mm, centered on the fovea.
Superficial and deep vascular plexus angiograms were
obtained. The superficial vascular plexus was extending
from the internal limiting membrane to the inner plexi-
form layer, while the deep vascular plexus was lying from
the inner nuclear layer to the outer plexiform layer (Fig. 1)
[14]. All the numerical values in the study obtained
automatically. Segmentation algorithm automatically was
chosen by the device. Some patients were excluded
because of poor quality scans due to various factors such
as reduced signal strength due to ocular media opacity,
and image quality limitations of the device. We also
removed patients with motion artefacts, segmentation
errors, and projection artefacts in the images. All the data
assessed from the OCT-A images were reanalysed due to
correct the magnification in the myopic eyes with the
Bennett’s formula. The Bennett’s method using the AL as
the main correction factor is more accurate than the
method using keratometry [15].

Statistical analyses

Statistical analysis was performed using the SPSS statis-
tical software package for Windows (version 21.0, SPSS,
Inc., Chicago, IL). Power calculation was not calculated
as the study was exploratory. The numerical data were
presented with mean ± standard deviation. The
Shapiro–Wilk test was used to determine whether the
sample came from a normally distributed population.
According to the normality test results, the comparison of
the numerical data between the two groups was performed
using the independent samples t test or Mann–Whitney U
test. The gender differences in the two groups were
compared using the Pearson chi-square test. The rela-
tionship between the superficial (SVD) and deep retinal
vascular densities (DVD) and age, AL, RNFL thickness,
BCVA, and GCC thickness were assessed using Pearson’s
correlation analysis. After checking the collinearity sta-
tistics, the multivariate linear regression analysis was
performed to determine the independent associations for
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the SVD and DVD. A p value of <0.05 was considered
statistically significant.

Results

The demographic features of the participants are summarized
in Table 1. There was no significant difference between the
two groups regarding age (p= 0.55) or gender (p= 0.11).
The ocular findings of the participants are presented in
Table 2. The mean IOP values were similar between the high
myopia and control groups. The logMAR converted BCVA
was significantly greater in high myopia patients (p < 0.001).
However, as expected, the spherical equivalent (p < 0.001)
and AL (p < 0.001) significantly differed between the two
groups. Central macular thicknesses (CMT) were similar
between the groups (p= 0.29). High myopia group was
having significantly thinner superior and inferior GCC values

compared with the controls (p < 0.001). Also, SSI score sig-
nificantly differed between the groups (p < 0.001).

RNFL (mean, superior, inferior, and nasal) and ETDRS
thicknesses (p < 0.001) differed significantly between the
two groups (Table 3). The OCT-A findings of the partici-
pants are summarized in Table 4 and Fig. 2. Although
superficial or deep FAZ did not significantly differ between
the two groups, the superficial (p= 0.005) and deep

Table 1 Demographic features of study participants.

High myopia
(n: 92)

Control
(n: 70)

p

Age (years) 35.19 ± 14.29 36.22 ± 11.42 0.55

Male/female 36/56 28/42 0.11

Table 2 Ocular findings of study participants.

High myopia
(n: 92)

Control
(n: 70)

p

BCVA (LogMAR) 0.049 ± 0.079 0.00 ± 0.00 <0.001

IOP (mmHg) 11.74 ± 1.58 11.74 ± 1.03 0.81

Spherical equivalent
(Diopter)

−8.13 ± 1.71 0.53 ± 0.27 <0.001

AL (mm) 26.97 ± 0.79 23.09 ± 0.78 <0.001

Kmed (D) 43.79 ± 2.04 43.73 ± 1.61 0.85

GCC superior (µm) 94.90 ± 13.94 109.30 ± 9.94 <0.001

GCC inferior (µm) 91.55 ± 14.53 108.32 ± 9.88 <0.001

SSI score 7.57 ± 0.08 8.29 ± 0.10 <0.001

BCVA best-corrected visual acuity, IOP intraocular pressure, AL axial
length, CMT central macular thickness, GCC ganglion cell complex,
SSI signal strength index.

Bold values indicate statistical significance p < 0.05.

Fig. 1 We used Nidek’s RS-3000 Advance and Navis Ex. Ver. 1.1.5 software to collect and analyze SD-OCT and OCT-A images. The FAZ
metrics were autodetected by the AngioScan software. The software only enables to calculate the FAZ metrics at the level of superficial capillary
plexus.
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(p < 0.001) vascular densities values were significantly
lower in the high myopia group compared with the control
cases (Fig. 3).

In the correlation analysis, there was a negative corre-
lation between age and AL and both SVD and DVD, while
there were significant positive correlations between RNFL,
GCC and BCVA and SVD and DVD. In the multivariate
regression analysis of the SVD, we first excluded superficial
and deep FAZ, Kmed, and CMT due to lack of statistical
significance. We then excluded the superior, nasal, inferior
and temporal RNFL, ETDRS and GCC thicknesses due to
the collinearity with the average RNFL thickness, followed
by the exclusion of the SE due to the collinearity with the
AL. In the final model (regression coefficient, r2= 0.200), a
greater SVD was independently associated with younger
age and shorter AL and thicker average RNFL thickness
(P < 0.001, =0.035, and 0.049 respectively). Same regres-
sion model was repeated for the DVD (regression coeffi-
cient, r2= 0.288). A greater DVD was independently
associated with the younger age, better VA (smaller log-
MAR value) and shorter AL (P < 0.001, =0.046, and 0.043
respectively, Table 5).

Discussion

In this study, we determined a significant decrease in the
RNFL thickness on the superior, nasal, and inferior
regions in patients with high myopia compared with the
control cases. The ETDRS scores were also significantly
decreased in high myopia cases for all quadrants.
Regarding the angiographical findings, although there was
not significant alteration in the FAZ values, the micro-
vessel density was lower in both superficial and deep
layers for the patients with high myopia. Based on the
correlation analysis, this alterations in SVD and DVD
were more prominent with an elongation in AL and a
decrease in RNFL and GCC thicknesses. Moreover, there
were significant positive correlations between the BCVA
and SVD and DVD. Our findings are compatible with the
recent results reported in the literature. It has been sug-
gested that with the progress of myopia, the eyeball
elongates, mechanically stretching the retinal tissue and
causing a decrease in the RNFL thickness and retinal
microvascular density [15, 16]. Yang et al. [17] reported
that SVD and DVD were significantly lessened in patients
with high myopia. They also reported a negative corre-
lation between AL and SVD and DVD. Fan et al. [18]
analysed the OCT-angiography results of a sample con-
sisting of a control group and moderate and high myopia
cases. They reported that both SVD and DVD were
decreased in the myopia groups. In this study, SVD and
DVD were reported to be associated with AL and SVD
was associated with the GCC thickness. Milani et al. [19]
also determined that although FAZ were similar between
the myopic and control eyes, the SVD was significantly

Table 3 RNFL and macular thickness measurements of study
participants.

High myopia
(n: 92)

Control
(n: 70)

p

RNFL (µm) Average 94.17 ± 12.12 107.67 ± 12.67 <0.001

Superior 111.07 ± 27.13 135.78 ± 19.85 <0.001

Nasal 66.68 ± 22.57 78.21 ± 16.84 <0.001

Inferior 116.00 ± 22.37 139.02 ± 20.36 0.001

Temporal 77.31 ± 20.32 77.90 ± 15.81 0.97

ETDRS outer
ring
thicknesses
(6 mm) (µm)

Superior 291.09 ± 31.24 331.45 ± 18.45 0.001

Nasal 300.34 ± 39.21 342.60 ± 19.03 0.001

Inferior 287.42 ± 30.13 331.85 ± 20.22 0.001

Temporal 278.21 ± 44.59 323.14 ± 19.32 0.001

ETDRS inner
ring
thicknesses
(3 mm) (µm)

Superior 323.15 ± 30.67 347.11 ± 18.32 0.001

Nasal 317.82 ± 39.60 344.20 ± 16.96 0.001

Inferior 306.97 ± 39.20 342.28 ± 18.75 0.001

Temporal 301.22 ± 46.80 329.61 ± 16.34 0.001

CMT (µm) 268.59 ± 39.41 261.25 ± 20.52 0.29

RNFL retinal nerve fiber layer thickness, ETDRS score of Early
Treatment Diabetic Retinopathy Study (macular thickness map).

Bold values indicate statistical significance p < 0.05.

Table 4 OCT-angiography findings of study participants.

High myopia
(n: 92)

Control
(n: 70)

p

FAZ superficial (mm2) 0.31 ± 0.06 0.33 ± 0.11 0.23

Superficial VD (%) 34.8 ± 3.5 36.5 ± 4.2 0.005

FAZ deep (mm2) 0.47 ± 0.08 0.49 ± 0.14 0.28

Deep VD (%) 39.4 ± 5.3 42.6 ± 4.5 0.001

FAZ foveal avascular zone, VD retinal microvessel density.

Bold values indicate statistical significance p < 0.05.
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Fig. 2 Comparison of vascular density between groups.
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lower. They also reported a significant correlation
between the SVD and retinal thickness. Recently, Qu
et al. [20] reported that in high myopia cases, there were
significant thinning in the average RNFL and focal thin-
ning of RNFL in the temporal, superior, and inferior
quadrants compared with the healthy controls. The

authors also noted that although there were no significant
differences in the retinal blood flow velocities of patients
with moderate or high myopia compared with the healthy
controls, both SVD and DVD were significantly lower in
the myopia groups compared with the control group.
Similar results were obtained by Li et al. [15] who also
reported a negative correlation between AL and SVD and
DVD. Our results were consistent with the literature in
that; we determined a significant decrease in SVD and
DVD, which was significantly associated with an elon-
gation in AL and a decrease in RNFL and GCC
thicknesses.

We determined a negative correlation between age and
SVD and DVD. Similarly, Leng et al. [21] reported that the
vessel densities of the superficial and deep capillary plexuses
were negatively correlated with age. Supporting our results,
Leveziel et al. [22], who used fluorescein angiography and
spectral-domain OCT in highly myopic patients also found
that the choroidal neovascularization area was significantly
smaller in younger patients (<55 years) than in older
patients. In the current study, we also determined a negative
correlation between logMAR converted BCVA and vascular
densities, which indicates the importance of alterations in
vascular structures for the visual acuity of patients. In a
similar way, Mo et al. [23] reported a positive correlation

Fig. 3 OCT-A image of the
superficial and deep capillary
plexus of the control group (at
the top) and myopic patient (at
the bottom). Reduced vessel
density is observed in the
myopia group.

Table 5 Final multivariate regression models for SVD and DVD.

B 95% CI P

SVD Age −0.91 −0.136/−0.046 <0.001

SSI score −0.088 0.718/0.541 0.782

BCVA (LogMAR) −8.370 −19.935/3.196 0.618

RNFL average 0.043 −0.003/0.089 0.049

AL −0.161 −0.516/0.137 0.035

DVD Age −0.128 −0.184/−0.071 <0.001

SSI score −0.235 −1.028/0.559 0.56

BCVA (LogMAR) −14.358 −29.432/−0.275 0.046

RNFL average 0.054 −0.003/0.112 0.065

AL −0.044 −0.882/0.004 0.043

SVD superficial retinal vascular densities, DVD deep retinal vascular
densities, SSI signal strength index, BCVA best-corrected visual acuity,
RNFL retinal nerve fiber layer thickness, AL axial length.

Bold values indicate statistical significance p < 0.05.
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between BCVA and the superficial and deep macular flow
densities. Thus, we consider that since high myopia is an
important etiological factor for visual impairment, ophthal-
mologists should be made aware of the association between
vascular changes and visual disturbances.

In the present study we compared the SSI score between
the groups. It is common to experience that the quality of
OCT and OCT-A scans in high myopic patients can
severely inferior compared with those of healthy indivi-
duals. Even though we only included the scans with SSI
score >6, in the high myopia group the SSI score was sig-
nificantly lesser than the healthy controls. However, after
the multivariate regression analysis the greater VD of both
superficial and deep retinal plexus uses were remained
associated with the shorter AL independent from the
SSI score.

OCT-A is a noninvasive method for defining vascular
alterations at the retinal level. In a validity and reliability
analysis, Miyata et al. reported that OCT-A was able to
detect most myopic choroidal neovascularizations with
high-quality images and eliminated the necessity of con-
ventional fundus fluorescein angiography [24].

The present study is the first in our knowledge that
investigated microvascular network in high myopic eyes
with the Nidek’s RS3000 Advance. Although the results of
our study are consistent with the results of other studies,
vascular density values are observed to be very different
from other studies [9]. Therefore, it is very important that
each device should have its own database for different
pathologies.

There are some limitations to this study that should be
mentioned. For example, the comparison of the results with
patients having a moderate degree of myopia was not
undertaken, but this could be helpful in identifying vascular
alterations at different stages of myopia. Although the
results of correlation analyses helped us identify the pre-
sence of an association of vascular alterations with
increased AL and decreased RNFL and GCC thicknesses,
the mechanism of decreased macular vascular density in
high myopia remains unclear. Another limitation is since
this is an exploratory study, no adjustment of multiple
comparisons were made, therefore it is impossible for us to
draw definite conclusions.

In conclusion, in patients with high myopia, the super-
ficial and deep retinal vascular densities in the macular
region decreased with an increase in AL and a decrease in
RNFL and GCC thicknesses. Moreover, there was a sig-
nificant correlation between BCVA and retinal vascular
densities. These vascular alterations may be one of the main
pathophysiological mechanisms in high myopia, and alter-
native treatments and preventive measures targeting these
vascular alterations may be the subject of future studies.

Summary

What was known before

● High myopia can affect the macula, leading to a
dramatic reduction in visual acuity. Therefore, it is
highly important for ophthalmologists to determine
macular changes associated with high myopia. Since
high myopia can dramatically damage visual acuity,
the findings of OCT-A are important to elucidate the
pathophysiological mechanisms.

What this study adds

● In patients with high myopia, the superficial and deep
retinal vascular densities in the macular region
decreased with an increase in AL and a decrease in
RNFL and GCC thicknesses. Vascular alterations may
be one of the main pathophysiological mechanisms in
high myopia, and alternative treatments and preventive
measures targeting these vascular alterations may be the
subject of future studies.
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