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Science and Technology, Wuhan, Hubei, China

Purpose: We aimed to investigate the change of three-dimensional (3D)
choroidal thickness (ChT), choroidal vessel volume (CVV), and choroidal
vessel index (CVI) in young myopic adults using swept-source optical
coherence tomography angiography (SS-OCTA) and compare the difference
of these indicators in different quadrants of the macula and optic disc.

Methods: A total of 248 eye samples from 135 participants were used in this
cross-sectional study. Each participant underwent detailed history taking and
ocular examinations. Based on axial length (AL), patients were divided into the
emmetropia (EM) group, mild-myopia (MIM) group, moderate-myopia (MOM)
group, and high-myopia (HM) group. 6 mm X 6 mm (1,024 x 1024 B-scans) SS-
OCTA scans were performed centered on the fovea and optic disc. 3D ChT,
CVV, and CVI were measured based on a built-in deep learning algorithm.
Differences in ChT, CVV, and CVI were analyzed in different regions and
different myopic groups.

Results: Significant reduction in the global CVV were found in the HM group
(1.930 + 0.865) in comparison with the EM (3.486 + 0.992), MIM (3.238 + 1.033),
and MOM (2.589 + 1.083) groups (p < 0.001). The global CVI was also lower in
the HM group (0.258 + 0.061) than in the EM (0.320 + 0.055), MIM (0.320 +
0.051), and MOM (0.286 + 0.066) groups (p < 0.001). The ChT was thinner in
eyes with HM (242.753 + 65.641) than in eyes with EM (377.532 + 80.593), MIM
(348.367 + 78.191), or MOM (300.197 + 87.175) (p < 0.001). Compartmental
analysis revealed that ChT, CVV, and CVI in the nasal quadrant of the macula and
temporal and inferior quadrants of the optic disc were much lower than those in
other quadrants (p < 0.05). Correlation analyses found that ChT, CVV, and CVI
were negatively correlated with AL and spherical equivalence.

Conclusion: 3D ChT, CVV, and CVI gradually decreased as the degree of
myopia increased. The changes were more dramatic on the nasal side of the
macula and the temporal and inferior sides of the optic disc. These findings
demonstrated the 3D choroidal change and highlighted the papillo-macular
bundle as a sensitive region in myopic development.
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Introduction

Myopia is a major public health problem and a leading cause of
preventable blindness in children and young adults (Morgan et al,,
2012). Multiple epidemiological studies have shown that the
prevalence of myopia is increasing globally, especially in Asian
countries (Holden et al., 2016; Morgan et al., 2018; Baird et al., 2020).

Optical coherence tomography angiography (OCTA) is an
important breakthrough technology in fundus imaging, and its
high resolution makes it the only technique suitable for
quantifying fundus blood perfusion (Kashani et al, 2017).
Alterations in retinal circulation were largely researched in
myopia using spectral-domain optical coherence tomography
angiography (SD-OCTA) (Al-Sheikh et al., 2017; Li et al., 2018).
With the increase of axial length (AL), vessel density (VD) in the
macular region and radial peripapillary capillary (RPC) density
in the papillary region gradually reduced. However, little
attention has been given to changes in choroidal blood perfusion.

The development of swept-source OCTA (SS-OCTA), with
faster scan speed, longer wavelength, and deeper penetration,
makes it possible to quantify choroidal perfusion change (Siggel
et al,, 2022; Vagge et al,, 2022; Wang et al., 2022). Very recently,
choroidal vessel volume (CVV) and choroidal vessel index (CVI)
were used to illustrate choroidal blood perfusion in fundus
diseases, such as central serous chorioretinopathy (Hwang
et al,, 2022), age-related macular degeneration (Corbelli et al.,
2022), and diabetes retinopathy (Nicolini et al.,, 2022). CVV is
defined as the volume of the large and medium choroidal vessels,
which is also known as choroidal luminal volume (LV). CVI is
calculated as the ratio of the CVV to the volume of the entire
choroid (Singh et al,, 2019; Agrawal et al., 2020). However, the
binarization algorithm, which was widely used in previous
research for calculating CVV and CVI, was only used in
B-scan images crossing through the fovea and was limited in
illustrating volumetric details.

The aim of this study was to apply a three-dimensional (3D)
quantification method to detect choroidal blood perfusion
change in young myopic adults. In addition, we aimed to
provide a more detailed understanding of the topographic
distributions of choroidal alteration by compartmental
analysis of both the macula and optic disc.

Methods
Study participants

This observational cross-sectional study was approved by the
ethics committee of Tongji Hospital, Tongji Medical College,
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Huazhong University of Science and Technology, Wuhan, China,
and was conducted from June 2021 to September 2021 by
following the ethical standards stated in the Declaration of
Helsinki. Written informed consent was obtained from all the
subjects.

A total of 135 subjects between 18 and 30 years of age were
enrolled at the ophthalmology clinic of Tongji Hospital. The
exclusion criteria were as follows: 1) abnormal intraocular
pressure (IOP); 2) evidence or history of ocular diseases,
including glaucoma, cataract, and macular edema; 3) evidence
or history of systemic disorders, including diabetes, systemic
hypertension, and other disorders that can affect the choroid; 4)
history of previous ocular surgery; 5) eyes diagnosed with myopic
maculopathy according to the ATN classification and grading
system (Ruiz-Medrano et al., 2019); 6) subjects who withdrew
from the test; and 7) an image signal intensity less than 8 or
presence of substantial motion artifacts or center shifts. All the
participants underwent comprehensive ophthalmic
examinations, including refractive error assessment (AR-3104,
Nidek, Japan), IOP measurement (NT-510, Nidek, Japan), AL
examination (AL-Scan, Nidek, Japan), color fundus photography
(AFC-210, Nidek, Japan), and scanning laser ophthalmoscopy
(SLO) (Daytona (PT200), Optos, United Kingdom). Refraction
error was converted to spherical equivalent (SE), which was
calculated as the spherical diopter with half of the cylindrical
diopter (Li et al., 2017).

The subjects were divided into four groups, referred to
previous studies (Yang et al, 2017; Khan et al, 2020; Liu
et al, 2021): the emmetropia (EM) group, defined by
AL<24 mm; the mild-myopia (MIM) group, AL > 24 mm
but <25mm; the moderate-myopia (MOM) group, AL >
25 mm but <26 mm; and the high-myopia (HM) group, AL >

26 mm.

Image acquisition

An SS-OCTA system (VG200S; SVision Imaging, Henan,
China) was used with an SS laser with a central wavelength of
approximately 1,050 nm and a scan rate of 200,000 A-scans per
second. The resolution was 5 um in the axial direction and 15 pm
in the lateral direction, and the scan depth was 3 mm. Each
participant was examined in a dark room between 2 and 5 p.m.
and meditated for 10 min before the examination to minimize
daily changes in choroidal perfusion and other confounding
effects (Lee et al, 2014; Chiang et al, 2015 Woodman-
Pieterse et al, 2015). Each eye underwent 6 mm x 6 mm
(1,024 x 1024 B-scans) OCTA scans centered on the fovea
and optic disc, with each B-scan position scanned four times
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FIGURE 1

Three-dimensional (3D) representation and quantification of choroidal vascularity index (CVI). (A) Raw B-scan image of SS-OCTA with the
superior and inferior boundary of the choroid (blue curve). (B) Choroidal thickness and choroidal lumen (orange area) were identified by deep
learning. (C) Choroidal lumen was double-blind manually marked on the obtained B-scan images, which used the LabelMe tool (v3.11.2, https://
github.com/wkentaro/labelme) by an experienced ophthalmologist (H.L.), demonstrating excellent coherence with (B). (D) Raw 3D choroid
image in the macular region of 6 mm x 6 mm acquired by SS-OCTA. (E) 3D CVI image generated from (D) by deep learning.

and averaged (Supplementary Figure S1). To remove eye-motion
artifacts, the system includes an eye-tracking tool based on an
integrated confocal scanning laser ophthalmoscope. A trained
examiner (J.F.S) scanned participants twice in the same region of
each eye and then assessed the highest-quality image from the
two resulting photos.

Image processing

First, we used Littmann’s method and Bennett’s formula to
adjust the image size according to each AL since a greater AL
would result in a larger acquired image owing to view
magnification, using previous studies as a reference. The
relationship between the actual size (RS) and the recorded
image size (CS) can be stated as RS = CS x q2, where q
denotes the correction factor, defined as q = 3.382 x
0.013062 x (AL-1.82) according to Bennett’s formula (Bennett
etal., 1994; Moghimi et al., 2012; Yang et al., 2016; Li et al., 2017).
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Each image was corrected in accordance with the correction
factor.

Then, segmentation was performed (Figure 1). After
automated segmentation using a proprietary built-in algorithm
in the SS-OCTA device, a trained examiner (H.L.) checked and
manually modified the wrong segmentation.

Thereafter, choroidal thickness (ChT), CVV, and CVI for the
entire 3D scanning areas were automatically quantified by a deep
learning algorithm in the SS-OCTA device, same as in previous
studies (Figure 1, Supplementary Figure S1) (Yang et al., 2020;
Sun et al., 2021). ChT was defined as the length between 10 pm
above Bruch’s membrane and the choroid-sclera interface. CVV
was defined as the volume of the large and medium choroidal
vessels. CVI was calculated as the ratio of the CVV to the volume
of the entire choroid. In order to verify the accuracy of the CVI
value, choroidal luminae were also manually marked in several
B-scan images by an experienced ophthalmologist (H.L.) using
the LabelMe tool (v3.11.2, https://github.com/wkentaro/
labelme). A high degree of agreement was observed between
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FIGURE 2

Demonstration of different regions and quadrants in the macula and optic disc. (A and B) The ETDRS grid of the macula was separated into
regions with diameters of 1 mm (fovea), 1-3 mm (parafovea), and 3—-6 mm (perifovea). The parafovea and perifovea were further divided into four
quadrants: superior, inferior, nasal, and temporal. (C, D) The CycleTwo grid of the optic disc was separated into regions with diameters of 2 mm
(papillary), 2—=4 mm (parapapillary), and 4-6 mm (peripapillary). The parapapillary and peripapillary regions, like the parafovea and perifovea

regions, were also separated into four quadrants.

the deep learning algorithm and the manual mark and
calculation.

Finally, compartmental analysis was performed (Figure 2). In
the macula, the Early Treatment Diabetic Retinopathy Study
(ETDRS) grid divided the region into three concentric rings with
diameters of 1 mm (fovea), 1-3 mm (parafovea), and 3-6 mm
(perifovea). In the optic disc, we used a CycleTwo grid and
divided the regions into three rings with diameters of 2 mm
(papillary), 2-4 mm (parapapillary), and 4-6 mm (peripapillary).
The fovea, parafovea, and perifovea and parapapillary and
peripapillary quadrants were further divided into superior (S),
inferior (I), nasal (N), and temporal (T) parts.
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Reproducibility of optical coherence
tomography angiography measurements

The reproducibility of the OCTA measurements was
determined using intraclass correlation coefficients (ICCs) and
coefficients of repeatability. Another 12 individuals’ eyes were
scanned twice by an experienced observer (H.L.) and then re-
scanned 3 days later by the same observer. The coefficients of
repeatability were calculated to be 1.98 times the standard
deviation of the changes between the two measurements and
indicated that the OCTA measurements had a high degree of
reproducibility.
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TABLE 1 Demographic features of the enrolled subjects.
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Variable Total EM MIM MOM HM p Value
No. of eyes 248 43 40 65 100 —

Age, years 23282 + 2.223 23.953 + 2.618 24.550 + 2.490 22723 + 1.933 22.850 + 1.822 <0.001
Female, n (%) 159 (65.164) 30 (69.767) 23 (57.500) 49 (80.328) 57 (57.000) 0.014
OD, n (%) 125 (50.403) 22 (51.163) 19 (47.500) 29 (44.615) 55 (55.000) 0.602

SE, D —5.059 + 2.849 -1.087 + 1.524 -3.632 £ 1.655 -5.277 + 2.141 -7.195 + 1.705 <0.001
AL, mm 25463 + 1.379 23.196 + 0.581 24.581 + 0.254 25.519 + 0.285 26.753 + 0.542 <0.001
10P, mmHg 16.135 £ 2.250 16.614 £ 2.600 16.150 * 2.274 15.992 + 2.268 16.015 % 2.066 0.478

EM, emmetropia; MIM, mild myopia; MOM, moderate myopia; HM, high myopia; SE, spherical equivalent; AL, axial length; IOP, intraocular pressure. Data were expressed as mean *

standard deviation. Differences in values were compared by Chi-square test for categorical variables and ANOVA for continuous variables.

Statistical analysis

Categorical variables were assessed by the chi-square test and
are displayed as counts (percentages). Continuous variables were
assessed by ANOVA and are expressed as the mean
value +standard deviation. All values were compared using
Tukey’s multiple comparisons test. Pearson’s correlation
analysis was used to determine the correlation between
choroidal parameters and AL and SE. A p-value < 0.05 was
considered statistically significant. All statistical analyses in the
study were performed using R (http://www.R-project.org) and
Stats
solutions, Inc. Boston, MA).

Empower software (www.empowerstats.com. X&Y

Results
General characteristics

A total of 248 eye samples from 135 participants were
included in this study. The demographic features of the four
myopia groups are shown in Table 1. The average age of the
subjects was 23.282 + 2.223 years. 159 eye samples were obtained
(65.164%) from females. A total of 125 (50.403%) eyes were right
eyes. The mean SE, AL, and IOP of cohort eyes were —5.059 +
2.849 D, 25463 + 1.379 mm, and 16.135 + 2.250 mmHg,
respectively. Among the four myopia groups, statistically
significant differences were found in age, gender, SE, and AL
(p < 0.05) but not in laterality or IOP (p > 0.05).

Choroidal parameter analyses of the
macular region

For the indicators of the macular region, the CVV, CVI, and
ChT showed a marked decrease when comparing HM with EM,
MIM, and MOM groups (Table 2, Supplementary Table S1).
Significant differences in the global CVV were found among the
EM (3.486 + 0.992), MIM (3.238 + 1.033), MOM (2.589 + 1.083),
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and HM (1.930 + 0.865) groups (p < 0.001). In the four quadrants
(superior, temporal, inferior, and nasal parts) from the parafovea
and perifovea regions, eyes with HM had a lower CVT than eyes
with EM, MIM, and MOM (p < 0.001). The results showed that
global CVIs in the EM, MIM, MOM, and HM groups were
0.320 + 0.055, 0.320 + 0.051, 0.286 + 0.066, and 0.258 + 0.061,
respectively (p < 0.001). In each quadrant, the HM group had a
lower CVT than the other three myopia groups (p < 0.001). The
ChT was thinner in eyes with HM (242.753 + 65.641) than in eyes
with EM (377.532 + 80.593), MIM (348.367 + 78.191), or MOM
(300.197 £ 87.175) (p < 0.001). In the superior, temporal, inferior,
and nasal quadrants, ChT in the HM group was also lower than
that in the other three groups (p < 0.001).

To explore differences among superior, temporal, inferior,
and nasal quadrants, comparisons were performed, as shown
in Figure 3. In parafovea, the nasal CVV was slightly lower
than temporal CVV in the MIM (p < 0.05) and MOM (p <
0.01) groups; also, nasal CVV was lower than temporal and
inferior CVV in the HM group (p < 0.05). In perifovea, nasal
CVV was lower than superior, temporal, and inferior CVV in
each myopic group (p < 0.0001). In parafovea, nasal CVI was
lower than temporal and inferior CVI (p < 0.01). In perifovea,
nasal CVI was lower than inferior CVI in each myopic group
(p < 0.01); also, nasal CVI was lower than superior and
temporal CVI in the MOM and HM groups (p < 0.0001).
In parafovea and perifovea, nasal ChT was lower than
superior, temporal, and inferior ChT in each myopic group
(p < 0.05).

Choroidal parameter analyses of the
papillary region

In the parapapillary and peripapillary regions, CVV, CVI,
and ChT were lower in the HM group than in the EM, MIM,
and MOM groups (Table 2, Supplementary Table S2). Global
CVV was shown to be lower in the HM group (1.158 + 0.573)
than in the EM (1.878 + 0.601), MIM (1.845 + 0.689), and
MOM (1.514 + 0.779) groups (p < 0.001). In various
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TABLE 2 Comparison of global CVV, CVI, and ChT in macular regions and papillary regions of different myopia groups.

EM MIM MOM HM p Value Post hoc
Macular
CVV, mm’ 3.486 + 0.992 3.238 + 1.033 2.589 + 1.083 1.930 £ 0.865 <0.001 EM/MIM > MOM > HM
CVI 0.320 £ 0.055 0.320 £ 0.051 0.286 + 0.066 0.258 + 0.061 <0.001 EM/MIM > MOM > HM
ChT, um 377.532 + 80.593 348.367 + 78.191 300.197 + 87.175 242.753 + 65.641 <0.001 EM/MIM > MOM > HM
Papillary
CVV, mm’ 1.878 + 0.601 1.845 + 0.689 1.514 + 0.779 1.158 + 0.573 <0.001 EM/MIM > MOM > HM
CVI 0.286 + 0.044 0.295 + 0.053 0.253 + 0.079 0.229 + 0.078 <0.001 EM/MIM > MOM/HM
ChT, ym 251.047 £ 55.509 236.323 £ 49.972 216.842 + 61.050 182.536 + 42.877 <0.001 EM/MIM > MOM > HM

EM, emmetropia; MIM, mild myopia; MOM, moderate myopia; HM, high myopia; CVV, choroidal vessel volume; CVI, choroidal vessel index; ChT, choroidal thickness. Data were
expressed as mean + standard deviation. Differences in values were compared by Chi-square test for categorical variables and analysis of variance (ANOVA) for continuous variables. All
values were compared using Tukey’s multiple comparisons test.
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FIGURE 3

Comparison of CVV, CVI, and ChT in macular regions among four quadrants of different myopic groups. (A) CVV in the parafovea region. (B)
CVV in the perifovea region. (C) CVI in the parafovea region. (D) CVI in the perifovea region. (E) ChT in the parafovea region. (F) ChT in the perifovea
region. Statistical significance was marked as * (p < 0.05), ** (p < 0.01), *** (p < 0.001), and **** (p < 0.0001). EM, emmetropia; MIM, mild myopia;
MOM, moderate myopia; HM, high myopia; CVV, choroidal vessel volume; CVI, choroidal vessel index; ChT, choroidal thickness.
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1000
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Comparison of CVV, CVI, and ChT in papillary regions among four quadrants of different myopic groups. (A) CVV in the parapapillary region. (B)

CVV in the peripapillary region. (C) CVI in the parapapillary region. (D) CVI in the peripapillary region. (E) ChT in the parapapillary region. (F) ChT in the
peripapillary region. Statistical significance was marked as * (p < 0.05), ** (p < 0.01), *** (p < 0.001), and **** (p < 0.0001). EM, emmetropia; MIM, mild
myopia; MOM, moderate myopia; HM, high myopia; CVV, choroidal vessel volume; CVI, choroidal vessel index; ChT, choroidal thickness.

parapapillary and peripapillary quadrants, CVV in the HM
group was always the lowest compared to the EM, MIM, and
MOM groups, whereas global CVI in the HM group (0.229 +
0.078) had no significant difference from the MOM group
(0.253 + 0.079) but was lower than that in the EM (0.286 *
0.044) and MIM (0.295 + 0.053) groups. In the parapapillary
region, superior (p = 0.084) and nasal (p = 0.070) CVI had no
the
peripapillary region, nasal CVI had no difference among
different myopic groups (p = 0.429). The ChT was thinner
in HM eyes (182.536 + 42.877) than in EM eyes (251.047 +
55.509), MIM eyes (236.323 + 49.972), and MOM (216.842 +
61.050) eyes, globally and in every quadrant (p < 0.001).

difference among different myopic groups. In
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To find the difference among superior, temporal, inferior,
and nasal quadrants, comparisons were performed, as shown in
Figure 4. In the parapapillary region, inferior CVV was lower
than temporal CVV in EM, MIM, and MOM groups (p < 0.05);
in the HM group, inferior CVV had no difference from temporal
CVYV but was lower than superior and nasal CVV (p < 0.01). In
the peripapillary region, inferior CVV was lower than superior
and nasal CVV in every myopic group (p < 0.05); temporal CVV
was lower than nasal CVV in each group (p < 0.0001). In the
parapapillary region, inferior CVI was lower than superior and
nasal CVI in each group (p < 0.05); inferior CVI was also lower
than temporal in the HM group. In the peripapillary region,
inferior CVI was lower than other quadrants’ CVI in MOM and
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TABLE 3 Correlation of choroidal parameters with AL and SE.

Parameter AL
Pearson R

CVV -0.5284

CVI -0.3667

Vessel density of CC -0.3205

ChT —-0.5840

10.3389/fphys.2022.916323

SE
p Value Pearson R p Value
<0.0001 0.4995 <0.0001
<0.0001 03653 <0.0001
<0.0001 03929 <0.0001
<0.0001 0.5401 <0.0001

CVV, choroidal vessel volume; CVI, choroidal vessel index; CC, choriocapillaris; ChT, choroidal thickness. B, R, and p values were derived using Pearson’s correlation analysis.

HM groups (p < 0.01). In the parapapillary and peripapillary
regions, ChT of inferior and temporal quadrants tended to be
lower than that of other quadrants.

Correlation between choroidal
parameters with AL and SE

Pearson’s correlation analyses were used to investigate the
relationship between choroidal parameters with AL and SE
(Table 3). CVV (Pearson R -0.5284, p < 0.0001), CVI
(Pearson R -0.3667, p < 0.0001), and ChT (Pearson
R —0.5840, p < 0.0001) were negatively correlated with AL.
CVV (Pearson R 0.4995, p < 0.0001), CVI (Pearson R 0.3653,
p < 0.0001), and ChT (Pearson R 0.5401, p < 0.0001) were
negatively correlated with SE.

Discussion

SS-OCTA has gained increasing prevalence in recent years. Its
high resolution, rapid scanning rate, and noninvasive features enable
research on multiple fundus diseases (Li et al., 2022; Terada et al.,
2022; Vagge et al.,, 2022). In our study, two wide scanning areas of
6 mm x 6 mm were used, covering the macula and the optic disc.

3D CVV and CVI analyses are the highlights of our study.
Previously, CVI was used to quantify choroid blood perfusion in
central serous chorioretinopathy (Yang et al., 2020), Stargardt
disease (Ratra et al., 2018), and retinitis pigmentosa (Shen et al.,
2020). Notably, the majority of these investigations applied a
binarization algorithm to calculate the CVI. They analyzed
images captured with enhanced depth imaging optical
(EDI-OCT) SD-OCTA. Only

horizontal and vertical B-scans crossing through the fovea

coherence tomography or
were assessed, which produced two-dimensional (2D) data
(Ratra et al., 2018; Shen et al., 2020; Yang et al., 2020; Wu
etal, 2021). The result of 2D CVI was relatively limited and lost
the volumetric feature. Thus, 3D CVV and CVI data applied in
our study are more powerful and meaningful for illustrating
choroidal blood perfusion alterations associated with myopia.
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One major finding of our study was that CVV, CVI, and
ChT were lower in eyes with longer AL or eyes with higher SE,
which indicated that large and medium vessels might start to
change in myopic eyes even without maculopathy. Our result
was in line with those of previous studies. A negative
correlation between AL and ChT was reported not only in
young myopic adults but also in experimental animals
(Hirata and Negi, 1998; Mastropasqua et al., 2019).
Furthermore, Mastropasqua et al. (2019) revealed that
(CC) blood
perfusion decreased in both the macular and optic disc

when myopia progressed, choriocapillaris

areas. Similar findings were also reported by Panda-Jonas
et al. (2021) and Su et al. (2020). Very recently, Xu et al.
(2021) found that 3D CVI and blood perfusion of CC
decreased with increasing severity of myopia.

The plausible explanation for these changes might be
pathological damage caused by myopia. Studies have shown
that in myopic eyes, scleral hypoxia could induce chorioretinal
perfusion reduction (Wu et al, 2018). Also, stretching and
thinning of the retina and choroid might result in vascular
compromise and reduce vascular perfusion (Khan et al,
2020). Our results indicated that the greater the degree of
myopia, the thinner the ChT, which was probably due to loss
of choroidal vascular components. The decrease in 3D CVV
illustrated that choroidal medium and large vessels gradually
compromise as the eye is overly elongated. The decrease in 3D
CVI, defined as the ratio of choroidal lumina and choroidal total
volume (lumina plus stroma), implied that loss of the choroidal
vascular component might be more severe than loss of stroma
during myopia development.

Intriguingly, Yazdani et al. (2021) found a larger CVI in the
myopic group than in the emmetropic group, which is converse
to our result. They ascribed the reduction in choroidal thickness
mostly to choroidal stromal thinning rather than vascular
thinning. The reason might be associated with different
algorithms used. As we discussed earlier, 2D CVI only
included two B-scan pictures centered on the fovea. In
comparison, our research analyzed 3D CVI based on 1,024 x
1024 B-scans and included a larger sample size, covered a larger
region, and spanned a broader AL.
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The other major finding was that the average ChT, CVV, and
CVI decreased more dramatically on the nasal side of the macula
and the temporal and inferior sides of the optic disc. To our
knowledge, compartmental analysis was rarely used in previous
research, especially in the choroid. The underlying mechanisms
might be associated with weakness of the papillo-macular bundle.
As the degree of myopia became severe, parapapillary gamma
and delta zones enlarged and choroidal perfusion gradually
decreased (Jonas et al, 2012; Kim et al, 2020). During this
process, the symbolized area of change was the papillo-
macular bundle.

The results of our study were based on a young myopic
population (range: 18-30years), and further studies are
needed to investigate the changes in other adult age
groups. Lu et al. (2022) showed a negative correlation
between ChT and AL in a myopic group with a mean age
of 66 years (range: 40-80 years) and the highest negative
correlation between ChT and AL on the nasal side, which
is consistent with our results. As for the controversial results
of choroidal vascularity and CVI, Yazdani et al. (2021) found
that 2D CVI was larger in the myopic group than in the
emmetropic group (range: 20-38 years), which is contrary to
our result. However, Wu et al. (2021) and Xu et al. (2021)
showed a negative correlation between CVI and AL. The
former study indicated that topographic changes in 2D CVI
were prominent in the temporal and inferior macular regions,
with an age range of 20-27years. The latter study
demonstrated that changes in 3D CVI were larger in the
nasal in high- than low-myopia groups with an age range of
19-62 years. For the inconsistency of these findings and the
in the
components in each region, we are subsequently collecting

differences decrease of stromal and vascular
other age groups of myopic patients to validate and
compensate for the limitations of this study. (Page Line).

However, this study also has limitations. Only young subjects
were included in our study. Additionally, age and gender
differences were found among the four myopic groups.
Although the difference in age among the four groups was
only 1.827 years and might influence the choroidal parameters
to a very small degree, it would be better if we enlarged the
sample size.

Conclusion

In this study, we found a strong association between various
choroidal parameters and AL. Lower CVV, CVI, and ChT values
were found in eyes with a greater AL in young myopic adults. The
decrease of the CVV and CVI was much faster in the region
between the macula and optic disc in myopic eyes. These findings
demonstrated the 3D choroidal change in myopic development
and highlighted that CVV and CVI alterations in the papillo-
macular bundle were important indicators of myopia.
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