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Macular Microvasculature in High Myopia without Pathologic
Changes: An Optical Coherence Tomography Angiography Study
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Purpose: To investigate macular microvasculature changes using optical coherence tomography angiography
(OCTA) and analyze their correlation with the structural parameters in highly myopic eyes.
Methods: We measured the area of the foveal avascular zone (FAZ) and the parafoveal vessel density in the

superficial and deep retinal plexuses using OCTA. The magnification effect of the FAZ area was corrected
using Bennett’s formula. Retinal thickness measured at each corresponding area of the OCTA parameters,
subfoveal choroidal thickness, and ocular characteristics were reviewed, and the relationships between the
microvasculature measurements and the ocular structural characteristics were explored.

Results: Fifty-two eyes with high myopia and 52 normal sex- and age-matched controls were included in the
analysis. The FAZ area was significantly larger in the myopic eyes (p = 0.023). The superficial parafoveal
vascular density was significantly decreased (p = 0.007) in the myopic eyes compared with the normal eyes,
whereas there was no significant difference in the deep parafoveal vascular density (p = 0.226). Regarding
the retinal thickness, only the parafoveal inner retinal thickness was significantly smaller in the myopic eyes
than in the normal eyes (p = 0.023). The FAZ and subfoveal choroidal thickness were significantly correlated
with the axial length, and the parafoveal inner retinal thickness was significantly correlated with the superficial
parafoveal vascular density (all p < 0.05).

Conclusions: The FAZ was enlarged and the parafoveal vascular density was reduced in the highly myopic
eyes. The decrease was prominent in the superficial capillary plexuses and well-correlated with the retinal
thickness profiles. The macular microvascular network alteration may be attributed to the ocular axial elonga-

tion that occurs with myopia.
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Myopia is the leading cause of vision impairment, affect-
ing more than 1.4 billion people worldwide [1-10]. Its preva-
lence has been increasing in Asia [1-3,5,7,9-14]. Myopia with
a refractive error >-6 diopters (D) or an axial length >26
mm is considered pathologic. It can lead to myopic retinop-
athy, characterized by lacquer crack formation, choroidal
neovascularization, and chorioretinal atrophy [1-3,
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5,6,8,10,12,15,16]. In pathologic myopia, reduced retinal ves-
sel density and blood flow are evident by fundus photogra-
phy, and decreased choroidal blood flow has been noticed
with increased axial length [5,15]. With decreased retinal
microvasculature supplies, the retina may be more suscep-
tible in pathologic myopia [5,10]. In this context, studying
the changes in the microvasculature and their interaction
may reveal the underlying pathophysiology of the disorder
and enable an effective treatment or prevention [5].

The use of optical coherence tomography angiography
(OCTA) has allowed researchers to noninvasively measure
the retinal microvasculature [1,5,10,11,17-19]. The purpose
of this study was to evaluate the retinal and choriocapillar-
is microvasculature using OCTA in highly myopic eyes
and to investigate the associations between the OCTA pa-
rameters and the structural parameters.

Materials and Methods

Study subjects

The study was approved by the institutional review
board of the Asan Medical Center (2019-1083) before initi-
ation and was performed in compliance with the tenets of
the Declaration of Helsinki. Informed consent was waived
due to the retrospective nature of the study. We retrospec-
tively recruited patients with high myopia and their age-
and sex-matched controls who visited a university-based
retina clinic (Asan Medical Center, Seoul, South Korea)
between January 2016 and December 2017. Eyes with an
axial length greater than 26.5 mm were included in the
high myopia group. The exclusion criteria for the high my-
opia group were as follows: (1) evidence of ocular disease
other than myopia; (2) advanced myopic maculopathy
more severe than “diffuse chorioretinal atrophy” (C2) as
per the Meta Analysis for Pathologic Myopia study group
classification: “patchy chorioretinal atrophy” (C3), “macu-
lar atrophy” (C4), or any of the “plus” lesions (lacquer
crack, myopic choroidal neovascularization, or Fuch’s
spot); (3) eyes with obvious staphylomatous outpouching;
(4) history of prior vitreoretinal surgery; (5) presence of a
systemic illness that might affect the chorioretinal vascula-
ture, such as diabetes mellitus and hypertension; and (6)
poor-quality OCTA scan images with a signal strength less
than 55. If both eyes met the criteria, one eye was random-
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ly selected. In addition, sex- and age-matched controls with
an axial length less than 26.5 mm were included in the
analysis for comparison with the highly myopic eyes.

Optical coherence tomography and OCTA measure-
ments

All patients underwent comprehensive ophthalmologic
examinations, including best-corrected visual acuity, man-
ifest refraction, and axial length (IOL Master; CarlZeiss,
Jena, Germany) and were thoroughly examined using
spectral-domain optical coherence tomography (OCT) and
OCTA (Optovue, Fremont, CA, USA). All OCT and OCTA
scans were reviewed to ensure correct segmentation and
sufficient image quality. The built-in software (version 3.0)
allows automated segmentation not only of the whole reti-
nal thickness, but also of the inner retinal layer (the vitreo-
retinal interface to the outer border of the inner plexiform
layer) and the outer retinal layer (the outer border of the
inner plexiform layer to the outer border of the retinal pig-
ment epithelium). We analyzed the thickness of each layer
measured at the fovea and parafoveal region of the stan-
dard 9-area Early Treatment of Diabetic Retinopathy
Study grid sectors [20]. The subfoveal choroidal thickness
(SFCT) was defined as the vertical distance from the hy-
per-reflective line of Bruch’s membrane to the hyper-re-
flective line of the inner surface of the sclera.

For the OCTA, AngioVue (Optovue) was used to obtain
split-spectrum amplitude-decorrelation angiography as
previously described [20]. The OCTA scan area was cen-
tered on the fovea with a field view of 3 x 3 mm®, which
corresponded to 10 degrees. OCTA images of the superfi-
cial, deep, and whole layers were used after segmentation.
Automatic segmentation was performed by the viewing
software to generate en face projection images of the reti-
nal superficial capillary plexus (SCP), deep capillary plex-
us (DCP), and the choriocapillaris. The SCP en face OCTA
image was segmented with an inner boundary 3 pm below
the internal limiting membrane and an outer boundary 15
pum below the inner plexiform layer. The DCP image was
segmented with an inner boundary 15 um below the inner
plexiform layer and an outer boundary 70 pm below the
inner plexiform layer. Foveal avascular zone (FAZ) area
and parafoveal vascular density (VD) of SCP and DCP
were used to represent macular vascular integrity.
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Statistical analysis

Descriptive statistics (the number and percentage of each
categorical variable and the mean + standard deviation of
each continuous variable) were initially evaluated in order
to determine subject baseline characteristics. The
Wilk-Shapiro test was used to explore the distribution of
the numerical data. To demonstrate the characteristics of
the subjects with myopia compared with those of the con-
trols, the Student’s #-test or Mann-Whitney U-test were
used, depending on the normality of the data distribution.
To compare the categorical data, the chi-squared test was
used. To assess the relationship between the parameters of
the macular microvasculature and the structural profiles,
Pearson’s correlations were used. All statistical analyses
were performed using PASW Statistics ver. 18.0 (SPSS
Inc., Chicago, IL, USA).

Results

Fifty-two eyes of 52 patients with high myopia and 52
normal sex- and age-matched controls were included in the
analysis. The demographic and clinical information of the
patients is listed in Table 1. There were no significant dif-
ferences in age or sex (p > 0.05) between patients with
myopia and healthy controls. The mean age was 46.1 + 15.8
years for all subjects (46.5 = 16.6 for controls and 45.7 +
15.0 for patients with myopia). Significant differences be-
tween the groups were noted in the refractive error and
axial length (p < 0.05). The mean refractive error, best-cor-
rected visual acuity (logarithm of the minimum angle of
resolution), and axial length were -2.0 + 3.0 D, 0.02 £ 0.04,
and 24.0 £ 1.1 mm in the control group, and -8.5 + 4.9 D,
0.06 = 0.09, and 27.5 + 1.1 mm in the myopia group, re-
spectively. All OCT images of myopic eyes across the fo-

Table 1. Baseline characteristics of the participants

vea and the optic disc nerve showed no outpouching, sug-
gesting posterior staphyloma.

With respect to the retinal and choroidal thickness pa-
rameters, the mean foveal retinal thickness showed no dif-
ferences between the two groups; however, there was a
significant difference in total thickness in the parafoveal
area (312.4 £ 15.3 pm in the myopia group and 320.0 £+ 19.3
pum in the control group, p = 0.046). The mean SFCT was
153.6 £ 84.4 um in the myopia group and 256.4+61.8 pm in
the control group (p < 0.001) (Table 2).

With respect to the retinal and choriocapillaris micro-
vasculature parameters, the FAZ area, FAZ perimeter, and
the average of the parafoveal VD in the SCP showed sig-
nificant differences. When regional studies were per-
formed, significance was found in the nasal and inferior
sectors for the parafoveal VD in the SCP. The FAZ area
was 0.31 £ 1.0 mm’ in the control group and 0.39 + 1.3
mm’ in the myopia group (p = 0.023). The FAZ perimeter
was 2.2 + 0.5 mm in the control group and 2.4 + 0.4 mm in
the myopia group (p = 0.049). The average parafoveal VD
in the SCP was 54.8 £+ 3.0% and 52.7 + 4.2% for the control
and the myopia groups, respectively (p = 0.007). In the
DCP, they were 62.2 + 2.2% and 61.6 + 3.0%, respectively
(p = 0.426). The mean parafoveal VD in the SCP was 54.8
+ 3.4% and 52.6 + 4.1% in the nasal sector (p = 0.007), and
55.1 £ 4.8% and 52.4 + 5.3% in the inferior sector (p =
0.005) in the control and myopia groups, respectively. The
choriocapillaris fluid void area showed no significant dif-
ferences, with 2.08 + 0.14 and 2.14 + 0.14 mm? in the con-
trol and myopia groups, respectively (p = 0.068) (Table 3).

The association of the axial length with the FAZ showed
a positive correlation ( = 0.239, p = 0.025), and that with
the SCP VD and SFCT showed a negative correlation (» =
-0.340, p = 0.001; » = -0.693, p < 0.001), but the difference
was not statistically significant for the choriocapillaris fluid
void area. The parafoveal inner retinal thickness showed a

Overall (N = 104) Control (n = 52) High myopia (n = 52) p-value
Age (yr) 46.1 +15.8 46.5+16.6 457+ 15.0 0.412
Male : female 48 :56 24:28 24:28 0.578
Refractive error (D) -53+39 -2.0+3.0 -8.5+49 <0.001
BCVA (logMAR) 0.04 £0.05 0.02 +£0.04 0.06 +0.09 0.122
Axial length (mm) 258+1.3 240+ 1.1 275+1.1 <0.001

Values are presented as mean + standard deviation or number.

D = diopters; BCVA = best-corrected visual acuity; logMAR = logarithm of the minimum angle of resolution.
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Table 2. Retinal and choroidal thickness parameters
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Overall (N = 104) Control (n = 52) High myopia (n = 52) p-value
Foveal thickness (um)
Total 255.6 £21.7 253.8£24.8 2574+194 0.352
Inner 723+ 11.9 704 +12.7 742 +11.3 0.085
Outer 183.3+12.8 183.4+15.4 183.2+10.9 0.947
Parafoveal thickness (pm)
Total 316.2+17.3 320.0+19.3 3124+153 0.046
Inner 126.4+10.8 129.0+9.4 123.8+11.2 0.023
Outer 189.7+11.5 1909 +14.2 188.5+9.4 0.252
Subfoveal choroidal thickness (um) 205.6 +£80.9 256.4+61.8 153.6 £ 84.4 <0.001
Values are presented as mean + standard deviation.
Table 3. Retinal and choriocapillaris microvasculature parameters
Overall (N = 104) Control (n = 52) High myopia (n = 52) p-value
Foveal avascular zone
Area (mm”) 0.35+0.12 0.31+1.0 039+1.3 0.023
Perimeter (mm) 23+0.5 22+0.5 24+£04 0.049
Circularity 0.42+0.15 0.39+0.13 0.45+0.15 0.107
Parafoveal VD (%)
SCP
Temporal 532+3.5 53.9+3.1 524+3.7 0.064
Superior 54.6 4.0 55.5+3.6 53.6+4.8 0.041
Nasal 53.7+£3.9 548+34 52.6 4.1 0.007
Inferior 53.8+£5.0 55.1+4.8 524+53 0.005
Average 53.7+£3.8 54.8+3.0 52.7+4.2 0.007
DCP
Temporal 60.9 £2.8 60.9 +2.8 60.8 + 3.0 0.983
Superior 62.8£2.9 63.2+24 62.4+3.6 0.278
Nasal 61.6+27 61.7+2.6 61.5+2.9 0.775
Inferior 62.5+3.6 62.8+2.6 62.1+4.38 0.344
Average 61.9+2.8 62.2+2.2 61.6+3.0 0.226
Choriocapillaris fluid void area (mm?®) 2.11+0.14 2.08+0.14 2.14+0.14 0.068
Signal strength 64.4+84 66.5+7.5 62.2+8.1 <0.001

Values are presented as number or mean + standard deviation.

VD = vessel density; SCP = superficial capillary plexus; DCP = deep capillary plexus.

positive correlation with the SCP VD (r = 0.228, p = 0.033).
The regional correlations between the SCP parafoveal VD
and the parafoveal inner retinal thicknesses were significant
in all four quadrants; temporal (» = 0.391, p < 0.001), superi-
or (r = 0.396, p < 0.001), nasal (r = 0.442, p <0.001), and in-
ferior sectors (» = 0.460, p < 0.001), respectively. There was
no significant correlation between the choriocapillaris fluid
void area and the SFCT (» = -0.21, p = 0.273) (Fig. 1A-1F).

Discussion

In our study, the VD in the myopia group was signifi-
cantly decreased in the SCP, and the SCP VD and the axial
length showed a negative correlation. This is consistent
with the findings of previous studies and indicates that the
decreased VD could be due to mechanical stretching of the
eyeball and consequent narrowing of the retinal vessels
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Fig. 1. Correlations between the microvasculature and structural profiles. (A) Axial length and the superficial capillary plexus (SCP) fo-
veal avascular zone (FAZ) area showed a positive correlation. (B) Axial length and the SCP vessel density showed a negative correlation.
(C) SCP vessel density and the parafoveal inner retinal thickness showed a positive correlation. (D) Axial length and the choriocapillaris
flow void area showed a positive correlation. (E) Axial length and subfoveal choroidal thickness (SFCT) showed a negative correlation. (F)
SFCT and the choriocapillaris flow void area showed no significant correlation.

[1,5,6,10,15]. Interestingly, we found that the VD in the my-
opia group was not significantly decreased in the DCP.
Meanwhile, other studies revealed that both the SCP and
DCP showed a significant reduction in the VD [1,5,10,15].
Fan et al. [1] showed that myopia severity might be associ-
ated with such differences; significantly decreased SCP
VD was found in both moderate and high myopia, but the
decreased DCP VD was significant only in the high myo-
pia group. In line with our study, this could mean that the
SCP VD is significantly reduced before the DCP in the
myopic eye. A possible reason for this could be that the
vessels are more densely packed in the DCP of the parafo-
veal region [18].

Among the four quadrants, the parafoveal VD reduction
in the SCP showed the highest significance in the inferior
and nasal regions in our study. This finding was consistent
with that of other studies [5,6,10]. Similar findings in the
DCP and large vessels were also shown. Although the rea-
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son for the greater VD reduction in the inferior and nasal
sectors is not well-understood, several previous studies
have speculated that it corresponds to the loss of the retinal
nerve fiber layer inferiorly in myopic eyes [5,7,10,18].

The FAZ area positively correlated with the axial length
in our study, while previous studies showed no significant
difference in the FAZ area between myopic and control
groups [5,0]. One study reported that a larger FAZ area
was associated with a shorter axial length and a hyperopic
refractive error [19]. Little is known about the FAZ area in
regard to myopia, and the differences in the results are
most likely due to individual variation in age and other
factors [6]. One of the causes of this discrepancy could be
the use of Bennett’s formula in our study to correct the
magnification factors of OCT en face images of myopic
eyes [5,6,18,21].

In our study, the parafoveal retinal thickness was signifi-
cantly decreased in the myopia group, while the foveal ret-



inal thickness was increased, but showed no significance.
This finding was similar to that of a previous study [14]. In
other studies, however, the increased foveal retinal thick-
ness was significant [4,6,7,11-13,16,22-24], which could be
due to the foveal elevation secondary to the mechanical
stretching and pararetinal thinning in myopic eyes and the
foveal retinal pigment epithelium’s high permeability
[6,10,12-14,16,23,24]. Additionally, the absence of large ves-
sels and optic fibers make the peripheral retina less resis-
tant to stretching, while the foveal thickness is preserved
[4,7,13,14,16]. In addition, the parafoveal retinal thickness
was positively correlated with the SCP VD in our study,
and the correlation was the strongest in the nasal and infe-
rior sectors. The association between retinal thickness and
VD is scarce in the literature and requires further study [6].

Our study showed a significant decrease in the SFCT in
myopic eyes (p < 0.001), in line with the findings of others
[2,7,19,25-27]. Choroidal thinning is one of the earliest
signs of non-pathological myopic change and can lead to
pathological changes later, such as lacquer crack formation
and choroidal neovascularization, and is associated with a
poorer prognosis [2,3,7,8,9,15]. However, choriocapillaris
blood flow results are controversial in the literature. This
could be due to the extensive choroidal thinning in myopic
eyes, which makes the choriocapillaris blood flow difficult
to evaluate [6,8,15,19]. Our study showed no significant in-
crease in the choriocapillaris fluid void areas in the myopia
group. This may be because larger choroidal vessels are
more affected than the choriocapillaris [6,28]. Moreover,
studies that did show significant differences in the chorio-
capillaris perfusion area mentioned that the larger vessels
could not be distinguished from the choriocapillaris when
imaging studies were performed [15,19,28]. However, in
our study, no myopic eyes showed staphyloma. As other
studies have found that staphyloma is a representative de-
formity of pathologic myopia, this might be because we
excluded the patients with pathologic changes [29].

We acknowledge that the mono-racial, single-center
background and retrospective design limit this study. Our
study focused on retinal VD, but changes in retinal blood
flow were not explored. Interestingly, despite the decreased
VD, the overall retinal perfusion was known to be main-
tained and this may indicate that reduced VD is related to
increased axial length (mechanical stretching), rather than
to vessel loss [5,15,30]. Correlative studies between retinal
blood flow and VD are required to better understand why
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there is a decrease in VD, but maintenance of the overall
perfusion [5,15,30]. Longitudinal studies are required to
determine whether the structural changes or blood flow
changes are affected first [10]. The change in the microvas-
culature was explored in our study, but not in large vessels
as in other studies [5,10]. Stratifying patients in terms of
degree of myopia could further understanding of the
course and progression of myopic changes in relation to
the degree of myopia, but this was not done in our study.

In conclusion, our study showed that eyes with long axi-
al length had an enlarged FAZ area and a reduced SCP VD
before the occurrence of the pathological changes of myo-
pia. Interestingly, such changes were well correlated with
the axial length and the changes in the SCP VD showed
good associations with the parafoveal inner retinal thick-
ness. The sequence of these changes and how they are cor-
related with one another are crucial to better understand
the early myopic changes. OCTA provides a way to visual-
ize these changes clearly and noninvasively.
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