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Abstract
Objectives This study investigates the macular vasculature of both vascular layers in different degrees of myopia by optical
coherence tomography angiography (OCTA).
Methods One hundred and forty-five eyes of 145 healthy subjects with spherical equivalents (SE) ranging from +0.50 to
−16.50 dioptres were divided into three groups. The foveal avascular zone (FAZ) area and vessel density (VD) of OCTA
images were compared.
Results Compared with other groups, high myopia had a larger FAZ and less perifoveal VD in both layers and less deep
total VD. Compared with other myopia, high myopia had less total VD in the superficial layer and parafoveal VD in the deep
layer. Between emmetropia and low myopia, there was a difference only in the deep parafoveal VD. Except for the
parafoveal VD in both layers and the superficial total VD, there were significant correlations of the FAZ with axial length
(AL) and SE as well as VD. The deep perifoveal VD was most associated with high myopia.
Conclusions An increased FAZ and decreased VD in both layers were correlated with AL elongation. The decreasing deep
perifoveal VD was most associated with high myopia. OCTA may provide additional information regarding the progression
of pathologies in high myopia.

Introduction

Myopia is prevalent in most populations, particularly in
Asian countries such as China. Complications related to
myopia, such as glaucoma, maculopathy, retinal detach-
ment, and myopic macular degeneration, are major causes
of visual dysfunction and blindness [1, 2]. Previous histo-
pathologic studies have shown that changes in the retinal
macular vasculature, including thinning of the vascular
layer, capillary nonperfusion, ischemia, and hypoxia, are
associated with the development of refractive errors or axial

length (AL), which are considered to increase the suscept-
ibility to pathologic myopia, such as glaucoma and macu-
lopathy [3–5].

Based on previous evidence, changes in retinal vascu-
lature have been extensively studied in myopia, using sev-
eral clinical imaging methodologies to identify early
indicators of vascular changes [10–16], but the findings
remain controversial. Decreased retinal vessel diameter,
increased foveal avascular zone (FAZ), and lack of changes
of these vascular parameters have all been found in myopic
eyes [6–11] and animal models [12]. Several reasons may
contribute to the discrepancies in previous studies. One is
the methodologies. Most of the previous studies used colour
fundus photographs or fluorescein angiography (FA) [5, 13]
to evaluate the retinal vasculature. However, these imaging
modalities are either invasive techniques or cannot image
the macular microvascular network and thus cannot detect
the subtle changes at the very early stage in myopia. The
other is the correction of the magnification induced by
the AL. Some studies did not consider the correction of the
lateral scale due the different magnification in myopia with
the refractive error or AL increase, which could affect the
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measurement of the retinal vascular parameters. Consider-
ing the changes in the macular vascular network may be an
early indicator to identify myopia at risk of developing
pathology; more work is necessary to characterize the
association of the changes in macular vasculature with
myopia by using more accurate and higher resolution
methods.

Optical coherence tomography angiography (OCTA) is a
recent, rapid, non-invasive technology that provides high-
resolution retinal capillary detail for differential layer ana-
lysis [13, 14]. Previous studies have demonstrated that
OCTA offers results with high intra-visit repeatability, and
inter-visit reproducibility [15, 16]. The purpose of this study
is to investigate the association of the changes in the
macular vasculature in different vascular layers with myo-
pia, by OCTA, and identify the indicator of macular
microvascular network loss in myopia without evidence of
clinically overt retinal disease, based on the quantitative
parameters.

Methods

Subjects

One hundred forty-five volunteers were recruited from
January 2016 to April 2017. Each subject underwent a
complete ocular examination, including the following: best-
corrected visual acuity (BCVA); slit-lamp biomicroscopy;
subjective refraction for obtaining the spherical equivalent
(SE); and IOL Master (Carl Zeiss Meditec, Jena, Germany)
for obtaining the AL, intraocular pressure measurement, and
funduscopy. This project was approved by the Ethics
Committee of the eye hospital of Wenzhou Medical Uni-
versity and was performed in accordance with the tenets of
the Declaration of Helsinki. Informed consent was signed
by all the subjects.

The enroled subjects were divided into the following three
subgroups according to SE: emmetropia (from +0.50 D to
−0.50 D, n= 30), low-to-moderate myopia (from −0.50D
to −6.00 D, n= 64), and high myopia (<−6.00D, n= 51).
Inclusion criteria were as follows: BCVA of 16/20 or better,
astigmatism lower than 2.00 D, and less than 2.00 D differ-
ence between the two eyes. Exclusion criteria were ocular
surgery or trauma; IOP > 21mmHg; myopic macular
degeneration; a history of vitreoretinal disease or systemic
disease that could affect the eyes, such as diabetes mellitus or
hypertension.

OCTA data acquisition and processing

OCTA scans were obtained with the spectral-domain sys-
tem RTVue-XR Avanti (Optovue, Inc., Fremont, CA,

USA). Orthogonal registration and merging of two con-
secutive scans were used to obtain OCTA volume scans of a
central 3 × 3 mm area of the right eye for each subject.
Using the automated software algorithm, OCTA images of
the superficial and deep capillary networks were generated
separately. The superficial network extends from 3 μm
below the internal limiting membrane to 15 μm below the
inner plexiform layer (IPL) according to the automated
setting. The deep capillary network extends from 15 to
70 μm below the IPL [15]. Custom-built imaging software
implemented in MATLAB (Natick, MA, USA) was used to
separate the foveal capillary vascular ring from the back-
ground image by using an active contour model based on
the level-set method [17] and automatically measure the
FAZ area in both superficial and deep network (Fig. 1a–c,
e–g). Vessel density (VD), calculated as the percentage of
pixels with flow signal greater than the threshold, was also
automatically measured. Before magnification correction, in
both superficial and deep layers, total VD was calculated for
the ring-shaped area between a 0.5 and 1.25 mm radius
from the centre of the macula. Parafoveal and perifoveal
VD were calculated for the area between a 0.5 to 0.875 mm
and 0.875 to 1.25 mm radius from the foveal centre,
respectively (Fig. 1d, h). To reduce the effects of decen-
tration of the FAZ and the artefacts at the edge of the scan, a
circular area with a diameter of 2.5 mm was used instead of
the entire 3 × 3 mm2 area.

The magnification of the retinal images obtained by the
optic devices is affected by AL and SE [18–20]. To
eliminate the effect of magnification, images obtained
from OCTA were corrected using the AL by Bennett’s
formula [19, 21, 22].) The relationship between the OCT
image measurements and the actual scan diameter was
expressed by the formula t= p × q × s, where t represented
the actual AL, p represented the magnification factor
determined by the camera of the OCT imaging system, q
represented the magnification factor in relation to the
eye, and s represented the original measurement value
obtained from the OCT image. The correction factor q
was determined with the equation q= 0.01306 × (AL−
1.82) [21]. For example, we use the RTVue-XR
Avanti OCT to image a highly myopic eye with an AL
of 29.45 mm, which is the longest AL in our study.
Before magnification correction, in the superficial layer,
the FAZ area is 0.316 mm2. The actual scanning area
in this eye would be [(29.45 – 1.82)2/(24.46 – 1.82)2] ×
0.316= 0.471 mm2. For VD calculation, after magnifica-
tion correction, parafoveal and perifoveal VD were
calculated for the ring-shaped area between a 0.5/
[[(29.45–1.82)/(24.46–1.82)]= 0.492 mm to 0.875/
[[(29.45–1.82)/(24.46–1.82)]= 0.758 mm and 0.758 to
1.25/[[(29.45–1.82)/(24.46–1.82)]= 1.024 mm radius
from the centre of the macula, respectively.
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Statistical analysis

All data were expressed as means ± standard deviations and
were analyzed with SPSS software (version 22.0, SPSS
Inc., Chicago, IL, USA). Categorical variables were com-
pared between groups by chi-square or Fisher exact tests.
The Kolmogorov–Smirnov test was used to verify dis-
tribution normality for continuous variables. One-way
analysis of variance was performed for comparing con-
tinuous variables among three groups and least significant
difference was used for multiple comparisons. Associations
among intra-retinal FAZ area, VD, AL, and SE were
determined with Pearson correlation tests. Logistic regres-
sion was used to determine the odds ratio (OR) for high
myopia in relation to variations in FAZ and VDs in both

retinal layers. P-values < 0.05 indicated statistical
significance.

Results

Demographics

A total of 145 eyes from 145 subjects with mean SEs of
–4.59 ± 3.68 D (ranging from –16.50 to +0.50 D) and mean
ALs of 25.31 ± 1.59 mm (ranging from 22.11 to 29.45 mm)
were enroled in this study. According to the SE, they were
divided into three groups, whose characteristics are detailed
in Table 1. There were no significant differences in age
(P= 0.170) or sex (P= 0.916) among the three groups.

Table 1 Subject characteristics
of emmetropic, low-to-moderate
myopic, and high
myopic groups

Emmetropia Low-to-moderate myopia High myopia P Value

No. subjects 30 64 41

Age, years; range 26.87 ± 4.67; 20–36 25.11 ± 3.70; 21–41 25.27 ± 4.92; 16–42 0.170b

Sex, male:female 13:17 25:39 20:31 0.916a

Al, mm; range 23.42 ± 0.69;
22.11–24.61

24.98 ± 0.92; 23.06–26.60 26.82 ± 1.14;
24.35–29.45

<0.001b

SE, D; range −0.09 ± 0.30; −0.50
to+0.50

−3.42 ± 1.45; −5.75
to −0.75

−8.71 ± 2.01; −16.50
to −6.00

<0.001b

AL axial length, SE spherical equivalent, D dioptre
aFor sex comparisons, the Pearson chi-square was performed as appropriate
bFor three-group comparisons, the analysis of variance or Kruskal–Wallis tests were performed as
appropriate

Fig. 1 Representative optical coherence tomography angiography
(OCTA) and post-processed images illustrating the automated analysis
algorithm before magnification correction. An original OCTA image
in the superficial (a) and deep (e) retinal layers from a high myopic
eye, respectively; b, f The foveal avascular zone (FAZ) was separated
from the background image and the area was automatically measured;

a skeletonized image in the superficial (c) and deep (g) retinal layers,
respectively. These images were used for vessel density(VD) analysis.
d Total VD was calculated for the ring-shaped area between a 0.5 and
1.25 mm radius from the fovea centre. h C1 and C2 were 0.5–0.875
and 0.875–1.25 mm radius ring-shaped areas from the fovea centre,
respectively
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Intergroup differences: FAZ and VD in the superficial
and deep vascular layers

The FAZ area, parafoveal, perifoveal, and total VD in both
vascular layers were determined before and after correction
for ocular magnification for all the OCTA images obtained
from each subject. Before the correction for ocular magni-
fication, there were significant differences in the perifoveal
VD in both vascular layers (P= 0.012 and 0.018 for
superficial and deep layer, respectively). Although there
was no statistical significance, in both layers, the mean
value of the FAZ was even smaller in both myopic groups
compared with the emmetropia group.

After the correction for ocular magnification, among the
three groups, there were significant differences of the FAZ
area (P= 0.002 and <0.001 for superficial and deep layer,
respectively) and perifoveal VD (P < 0.001) in both vascular
layers, and parafoveal (P= 0.025) and total VD (P= 0.001)
in the deep layer. Compared with the other two groups, high
myopia had a larger FAZ area and less perifoveal VD in both
layers and less total VD in the deep layer (Fig. 2). In addi-
tion, compared with low-to-moderate myopia, high myopia
had less total VD in the superficial layer and parafoveal VD
in the deep layer (P < 0.05). Between emmetropia and low-
to-moderate myopia groups, there was difference only in the
parafoveal VD of the deep layer (P < 0.05).

Correlations of vascular parameters with AL and SEs

After magnification correction, except for the parafoveal
VD in both layers and total VD in the superficial layer, there
were significant correlations of the FAZ area with AL and

SE as well as VD (Table 2). The FAZ area in the superficial
and deep layers was positively correlated with AL (Pearson
r= 0.216 and 0.467, respectively; P < 0.01) and negatively
correlated with SE (Pearson r=−0.260 and −0.427,
respectively; P < 0.01). In the superficial layer, less perifo-
veal VD was correlated with longer AL (r= –0.27, P=
0.001) and higher SE (r= –0.294, P < 0.001). Total VD
was positively correlated with SE (r= 0.219, P= 0.008). In
the deep layer, less perifoveal and total VD correlated with
longer AL (r=−0.505 and −0.32, P < 0.001) and higher
SE (r= 0.527 and 0.37, P < 0.001).

Fig. 2 FAZ and vessel density (VD) in the superficial (top) and deep (bottom) vascular layers among three groups. FAZ foveal avascular zone, VD
vessel density. *P < 0.05, **P ≤ 0.01

Table 2 Correlations of foveal avascular zone and vessel density with
axial length and spherical equivalent

Axial length Spherical equivalent

r P r P

Superficial FAZ

FAZ area 0.216 0.009a −0.26 0.002a

Parafoveal VD 0.068 0.417 0.011 0.895

Perifoveal VD −0.27 0.001a 0.294 <0.001a

Total VD −0.157 0.06 0.219 0.008a

Deep FAZ

FAZ area 0.467 <0.001a −0.427 <0.001a

Parafoveal VD 0.062 0.456 0.013 0.874

Perifoveal VD −0.505 <0.001a 0.527 <0.001a

Total VD −0.32 <0.001a 0.37 <0.001a

“r” is Pearson correlation co-efficient. “P” is P value

FAZ foveal avascular zone, VD vessel density
aSignificant correlation with axial length and spherical equivalent after
correction for ocular magnification
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Relationship between vascular parameters and high
myopia

We performed logistic regression to analyse the OR and
determine the relationship between parameters of vascular
morphology in both vascular layers and high myopia. After
adjustments for age and sex, in both layers, high perifoveal
VD (OR 0.74 [95% CI: 0.58–0.94], P= 0.013 and 0.67
[0.59–0.78], P < 0.001 for superficial and deep layer,
respectively) and total VD (0.79 [0.63–0.99], P= 0.040 and
0.73 [0.65–0.83], P < 0.001) were identified as independent
predictive, protective factors for high myopia. A large FAZ
(OR 1.10 [95% CI: 1.05–1.15] and 1.10 [1.06–1.15] for
superficial and deep layer, respectively, P < 0.001) was
considered to be a risk factor.

Discussion

As a risk factor for complications related to high myopia,
changes in retinal vasculature have been studied widely to
clarify the mechanism of development of myopic compli-
cations. However, the precise nature is still being debated.
The major reasons might be attributed to the difficulties in
accurately assessing the capillary network of the retina and
the different methods being used. Using quantitative para-
meters of retinal microvascular morphology based on
OCTA images, the present study assessed the capillary loss
in myopic patients. The major finding is that the FAZ
increased in high myopia, and total and perifoveal VD
decreased. Furthermore, these changes are associated with
the AL elongation. Notably, perifoveal VD in the deep layer
could indicate the need to detect capillary loss in high
myopia with more sensitivity.

Our finding is in line with previous studies by various
methods [6, 7, 23, 24]. By analysis of colour Doppler
imaging, Dimitrova et al. [23] found that retinal ciliary
blood velocity decreased with the increase of the degree of
myopia. Using laser Doppler velocimetry, Shimada [6]
reported that retinal blood flow was decreased in high
myopia, mainly due to the narrowing of the retinal vessel
diameter. By Heidelberg retinal flowmeter, Man et al.
suggested that longer eyes have decreased retinal function
and O2 consumption, which was in accordance with the
retinal capillary loss in high myopia [24]. Later, La Spina
et al. [7] also demonstrated the reduced diameter of retinal
vessels in high myopia by dynamic vessel analyser. This
early macular microvessel damage is hypothesized to result
from the mechanical expansion induced by the excessive
elongation of the eyeball in high myopia [6], because longer
eye might result in the straightening and decreased diameter
of the retinal vessels. Another explanation might be the
reduction in retinal blood flow induced by the decrease in

metabolic demands associated with axial elongation [24].
Because retinal blood flow is directly correlated with the
amount of arterial and venular SO2, the capillary loss may
be due to this reduction in retinal blood flow. With the
development of OCTA, Yang et al. [25] revealed retinal
microvascular alterations in high myopia, which correlated
with AL elongation. Li et al. [26] and Al-Sheikh et al. [27]
also reported the decreased VD in high myopia subjects
based on quantification of OCTA images. However, these
studies only recruited patients with high myopia with an SE
higher than –6 D. The current study enroled 145 subjects,
including 64 with low-to-moderate myopia and 51 with
high myopia. The result demonstrated limited vascular
alterations between emmetropia and low-to-moderate
myopia. Furthermore, such a sample size with continuous
variation of SEs may provide a reliable analysis of corre-
lation between vascular parameters with AL and SE.

Interestingly, in our study, among all the vascular para-
meters in both layers, perifoveal VD in the deep layer was
most associated with retinal capillary loss related to myopia.
Previous studies have demonstrated that the superficial and
deep capillaries contributed to different segments of retinal
metabolism under normal conditions. Unlike the superficial
layer, the deep capillary plexus contributes to part of the
photoreceptor inner segment oxygen requirements
(10–15%) [28]. More important, the inner retinal vascular
contribution to the metabolic needs of the outer retina
became more significant in cases of choroidal vasculature
dysfunction [29]. Thus, along with the choroidal disruption
during the progression of high myopia [27], the correlation
between the deep capillary and the outer retinal layers might
become gradually more significant. In high myopia, the
disorganization and thinning of the outer retina mainly due
to ocular elongation, especially in the pericentral and per-
ipheral retina, has been widely reported [30, 31]. This outer
retinal disruption may decrease the need for oxygen of
photoreceptor segments and further decrease the deep
capillary circulation [23]. Further, to preserve the central
retina, reduction of the vasculature may occur in the peri-
foveal region prior to the centre [30]. Investigation of the
perifoveal VD in the deep layer may be useful and sensitive
in evaluating the retinal vasculature of myopia. Because
myopia-related complications are associated with abnorm-
alities of retinal vessels [4, 5, 8, 32], a longer AL and
reduced microcirculation was suggested as contributing
factors to the development of damage from complications
[8, 33, 34]. Identifying patients with capillary loss before or
during a pathologic stage may help clinicians apply pre-
ventive procedures and potentially be useful in predicting
response to therapy.

In this study, increases in the FAZ area and decreases in
retinal vessels were correlated with the longer AL and
higher dioptre of myopia. Among all the correlations, the
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perifoveal VD in the deep layer was the most significant,
indicating that deep perifoveal VD is a useful indicator of
retinal vasculature dysfunction with longer eyes. Our result
was consistent with Patton et al. [35], who suggested that
narrowed retinal vessel diameters were associated with
increased AL, indicating the altered retinal blood flow seen
in myopia. Likewise, both adult and children studies have
shown a significant narrowing of retinal vessel calibre with
increasing AL [34, 36, 37]. On the other hand, Yu et al. [16]
and Tan et al. [11] reported that SE and AL did not sig-
nificantly affect the FAZ area. However, the refractive error
span of subjects in their study was too limited to study such
correlation. In our study, regarding ocular magnification, we
included subjects with SEs from –16.50 to +0.50 D and AL
from 22.11 to 29.45 mm. We believe that such a wide and
consecutive range of refractive error would be more scien-
tific to demonstrate the correlation between macular vas-
cular parameters and ocular factors. Investigation of such
correlation may reflect processes fundamental to the
pathophysiologic characteristics of myopia [9, 37] and help
develop the retinal vessel measurements as biomarkers for
future vascular disease risk assessment with ocular elon-
gation [34].

FA has been widely used to investigate retinovascular
disorders. However, FA cannot dissociate the different
networks that form the complex retinal vascularization.
Moreover, it cannot be performed frequently due to its
invasive nature. OCTA can visualize retinal capillaries by
localizing the abnormalities to either the superficial or deep
layer [13] and has the safety of not having to use an injected
dye. However, in our study, between before and after
magnification correction, there were significant differences
of macular vasculature measurement with varying degrees
of myopia. Moreover, correction for ocular magnification
caused a reversal of relationship between the FAZ area and
AL and SE, and a more significant correlation between VD
and AL and SE. Due to the longer AL, for a given visual
angle, the scan area will be larger in a myopic retina than in
an emmetropic retina, thus leading to a smaller measure-
ment than the actual size [21]. Such discrepancy may
interrupt the clinical use of this biomarker and lead to a
confusing conclusion. Because the OCTA software cannot
eliminate the effect of magnification, this study selected the
modified AL method derived from Bennet because it was
reported to make fewer assumptions about the optical
dimensions of the eye and was proven to be as accurate as
more detailed calculations using additional ocular biometric
parameters [19, 38, 39].

This study has several limitations, including the limited
sample in the emmetropia group. The cross-sectional design
limited the variation of the macular vasculature parameters
with myopic progression. Future studies will be composed
of a large cohort and will use a longitudinal approach to

reassess the predictive power of the index by OCTA in
myopic complications. Owing to the intrinsic property of
OCT, another limitation is that lower levels in the tridi-
mensional data set may have blood vessels that in fact have
the pattern of overlying vessels, which is referred to as a
projection artefact [40]. Accordingly, the superficial capil-
lary plexus may superimpose on the deep layer in part of
OCTA images. In this study, by visual inspection, we
excluded images of the deep capillary plexus with sig-
nificant projections of the large vessels in the superficial
layer. Moreover, transverse motions from fixation change in
high myopia were another cause of artefacts in OCTA
images. With the motion correction technology in the
RTVue system, the quality of images was apparently
improved [41]. Further, we excluded the cases with sig-
nificant motion artefacts or doubling of vessels. However, it
was still difficult to avoid all artefacts completely, which
may lead to some confounding effects on the analysis of
retinal vasculature in myopia. Future technologies may
compensate for the projection artefact and correct the scans
to deliver more precise results on the analysis of the retinal
vascular system.

In summary, we demonstrated an increased FAZ and
decreased vessel densities in the deep and superior vascular
layers correlated with AL elongation. Among all the para-
meters of microvascular morphology, the VD in the deep
vascular layer was most associated with capillary loss in
high myopia, suggesting its use as an early indicator of
macular complications related to high myopia. Measure-
ments of VD based on OCTA images may provide addi-
tional information regarding the progression of pathologies
underlying high myopic eyes.

Summary

What was known before

● An increased FAZ and decreased VD in both retinal
layers were correlated with AL elongation. The
decreasing deep perifoveal VD was most associated
with high myopia.

What this study adds

● Measurements of OCTA images may provide additional
information regarding the progression of pathologies in
high myopia.
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