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Observation of structural and vascular 2

features of retina and choroid in myopia using
ultra-widefield SS-OCTA

Yuanyuan Si'?", Kunpeng Pang'", Yanling Song'?, Xia Zhang'?, Hongling Yang'" and Yan Cui"”

Abstract

Background To find the relationship between the changes of retinal and choriodal structure/ vascular densities (VD)
and the myopia progress.

Methods 126 eyes of 126 age-matched young participants were divided into three groups: Emmetropia and

Low Myopia (EaLM) (33 eyes), Moderate Myopia (MM) (39 eyes), and High Myopia (HM) (54 eyes). Fundus images
measuring 12x 12 mm were captured using ultra-widefield swept-source optical coherence tomography
angiography (SS-OCTA). Each image was uniformly divided into nine regions: supra-temporal (ST), temporal (T), infra-
temporal (IT), superior (S), central macular area (C), inferior (I), supra-nasal (SN), nasal (N), and infra-nasal (IN). Various
structural parameters, including inner retina thickness (IRT), outer retina thickness (ORT), and choroid thickness (CT),
were assessed, and the VD of the superficial capillary plexus (SCP), deep capillary plexus (DCP), choriocapillaries (CC),
and choroid vessels (ChdV) were quantified.

Results CT in upper fundus exhibited a significant reduction from EaLM to MM. Additionally, ORT (ST, S. SN, C, N, IT,
[,IN), CT (ST, S, SN, T, C, N, IT, I, IN) and VDs of SCP (ST, S, C, I, IN), DCP (ST, S, T, C, 1) and ChdV (T, N, I, IN) were statistically
diminished in EaLM compared to HM. Furthermore, IRT (N), ORT (N, IN), CT (S, SN, T, C, IT, ) and VDs of SCP (I, IN) and
DCP (1) exhibited significant decreases as MM progressed towards HM. Intriguingly, there was a notable increase in the
VD of CC (ST, S, T, C, N) as myopia progressed from MM to HM.

Conclusion Significant changes in retinal and choroid structure and vascular density occur as moderate myopia
advances to high myopia. Efforts to curb myopia progression to this stage are essential, as the failure to do so may
lead to the development of corresponding retinopathy.
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Introduction

Myopia represents a burgeoning and noteworthy global
public health concern, affecting a significant portion
of the world’s population, exceeding 2 billion individu-
als (28.3% of the global populace). Within this cohort,
there are 277 million individuals (4.0%) grappling with
the challenges of high myopia (HM) [1]. The progression
of myopia is concomitant with a cascade of alterations
in the vascular circulation and structural characteris-
tics of the ocular fundus. Metabolic irregularities com-
monly manifest in the retinal and choroid tissues of HM
patients, profoundly influencing the circulatory dynamics
of the retina and choroid. Furthermore, mechanical elon-
gation of the ocular axis and the accompanying myopia
progression engender a reduction in choroidal and retinal
pigment epithelium (RPE) thickness, ultimately leading
to a sequence of degenerative lesions within the fundus,
resulting in varying degrees of visual impairment in HM
individuals [2]. It is noteworthy that the alterations in
fundus blood flow mainly stem from changes in choroi-
dal hemodynamics [3]. Recent research by Zhang and
colleagues has identified a diminished choroidal blood
perfusion as the principal instigator of myopia progres-
sion in humans [4]. Reduced choroidal blood flow has
been found in eyes with high myopia [5]. A growing view
that choroid plays a pivotal role in ocular growth and the
development of refractive anomalies such as myopia [6].
Consequently, it is paramount to elucidate the changes
of microstructural and vessel features of myopia fundus,
especially choroidal vascular alterations.

Prior investigations have focused on the assessment of
the choroid vascular index (CVI) in eyes afflicted with
HM employing swept-source optical coherence tomogra-
phy angiography (SS-OCTA), which provides insight into
the cross-sectional choroidal blood flow at specific fun-
dus locations [7]. Nevertheless, few studies have directly
quantified the vascular density (VD) of choroid vessels
(ChdV) within the HM fundus region. Recently, two
studies have measured ChdV VD in sub-regions of the
peripheral fundus, utilizing dimensions of 20x24 mm
and 17x17 mm [3, 8]. Quantitative assessment of cho-
roidal vasculature by SS-OCTA technologyis still in its
exploratory stage currently [9]. To date, there has been a
dearth of investigations evaluating ChdV VD in the cen-
tral and mid-peripheral regions within a 12x12 mm field
and its association with AL and spherical equivalent (SE)
in HM eyes. The advanced application of SS-OCTA will
empower us to scrutinize the fundus’s structural and ves-
sels variations during myopia progression, with particular
emphasis on ChdV. Moreover, this approach will enable
us to unveil the relationships between these changes and
axial length, as well as spherical equivalent.
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Materials and methods

Study participants

Clinical data from 126 eyes of 126 eligible participants
were gathered between Oct 1, 2023 and Feb 1, 2024 at the
Department of Ophthalmology, Qilu Hospital (Shandong
University, Shandong, China). All individuals under-
went a comprehensive ophthalmic assessment, includ-
ing evaluations of best corrected visual acuity (BCVA),
refraction, intraocular pressure (IOP), AL, visual field
assessment, dilated fundus examinations, and ultra-wide
field SS-OCTA. Subjects without other eye disorders
except for refraction errors and BCVA above 1.0 were
included in the study. The eyes were categorised into
three groups based on SE: Emmetropia and Low Myopia
(EaLM) group (—3.00D<SE<+0.75D, n=33), Moderate
Myopia (MM) group (—6.00D <SE<-3.00D, #=39), and
HM group (SE<—6.00D or AL>26.5 mm, n=>54). Group-
ing criterion reference {Expert Consensus on Prevention
and Control of High Myopia (2023)) .

The inclusion criteria were (1) age of 18-40 years;
(2) BCVA>1.0; and (3) 10mmHg<IOP<21 mmHg (1
mmHg=0.133 kPa); (4) 21.5 mm<AL<29.00 mm. Exclu-
sion criteria were as follows: (1) non-compliance with
the inclusion criteria; (2) a history of neurological or sys-
temic conditions, such as hypertension and diabetes; (3)
prior intraocular or refractive surgery; (4) a history of
ocular trauma; (5) presence of media opacity; (6) medica-
tion usage within the preceding 2 weeks; and (7) ocular
inflammation or retinal disorders, including retinoschisis
or retinal holes.

This study was conducted in strict adherence to the
ethical principles outlined in the Declaration of Helsinki,
and it received approval from the Ethics Committee of
Qilu Hospital, Shandong University, with informed con-
sent being obtained from all participants.

Ultra-widefield SS-OCTA image acquisition

Patients were subjected to imaging using a 400 kHz ultra-
wide field SS-OCTA instrument (BM-400 K BMizar;
TowardPi Medical Technology Co., Ltd., Beijing, China)
equipped with a scanning laser source. The system pos-
sessed a scanning depth of 6 mm, a maximal scanning
area of 20x24 mm (Fig. 1A), with 400,000 scans per
second. It utilizes a swept-source vertical-cavity surface-
emitting laser (VCSEL) with a wavelength of 1060 nm,
providing a transverse resolution of 10 pm and in-depth
resolution (optical) of 3.8 um in tissue. Notably, the entire
scanning procedure was completed in under 15 s. More-
over, the inclusion of an ultrahigh frequency real-time
eye-tracking function (128 Hz) and subsequent motion
correction processes ensured the mitigation of imag-
ing biases resulting from ocular movement. The soft-
ware generated 1280 cross-sectional images from the
B-scan and performed automatic analysis of fundus VD
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Fig. 1 Quantification of thickness and VD in each fundus layer using ultra-wide field OCTA. Scanned with the maximum range of 24 X 20 mm using ultra-
wide field OCTA (A). For this study, fundus image data within a 1212 mm area was chosen for quantitative analysis, and automatically segmented into
nine 4x4 mm regions (ST, S, SN, T, C, N, IT, I and IN) (B). Each cross-sectional image was automatically processed to create topographic maps for three
layers, namely, IRL, ORL and choroid layer (C-E), and four-layer binary vascular images, specifically, SCP, DCP, CC and ChdV (G-J), all achieved through the
built-in software. (F) illustrated thickness imaging tomography at the central fovea level, with the distance between the two-way arrows indicating IRT
(a, C: yellow), ORT (b, D: red), and CT (c, E: blue), respectively. (K) depicted vascular imaging tomography at the central fovea level, with red and yellow
areas representing blood flow signals. The regions within the two-way arrow denote SCP (d, G: blue), DCP (e, H: yellow), and ChdV (g, J: red), while the
area within the green line represents CC (f, I: purple), respectively. VD, vessel density; ST, supra-temporal; S, superior; SN, supra-nasal; T, temporal; C, central
macular area; N, nasal; IT, infra-temporal; I, inferior; IN, infra-nasal; IRL, inner retinal layer; ORL, outer retinal layer; IRT, inner retinal thickness; ORT, outer

retinal thickness; CT, choroid thickness; SCP, superficial capillary plexus; DCP, deep capillary plexus; CC, choriocapillaris; ChdV, choroid vessels

and thickness within these images utilising a high-order
moment amplitude decorrelation angiography algorithm
[10]. VD was defined as the percentage of vascularized
area in relation to the total area of the montage image at a
specific vascular layer.

Each eye underwent dual scans, and the resultant
data was averaged. Any images of subpar quality, char-
acterized by pronounced motion artifacts or substantial
segmentation errors, were excluded and subsequently
retaken. Furthermore, all OCTA assessments were con-
ducted by a proficient operator. These examinations were
scheduled between 8:00 AM and 11:00 AM and were car-
ried out with pupils in their normal state to minimize the
potential influences of circadian rhythm and anti-cholin-
ergic medications on the study outcomes.

Image analysis

The 12x12 mm B-scan mode was selected, and subse-
quently, all fundus images were quantified and parti-
tioned into 9 square grids, delineated as supra-temporal
(ST), superior (S), supra-nasal (SN), temporal (T), central
macular area (C), nasal (N), infra-temporal (IT), inferior
(I), and infra-nasal (IN) regions (Fig. 1B). At the same
time, each layer of horizontal structure and vascular
imaging tomography scanned in this 12x12 mm range
can be obtained.

This OCTA device with built-in algorithms that can
automatically calculate and quantify the thickness
and vascular density of each layer of fundus. Leverag-
ing this technology, we were able to monitor the thick-
ness of three structural layers, specifically inner retinal
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thickness (IRT), outer retinal thickness (ORT), and cho-
roid thickness (CT) (Fig. 1C-E). Figure 1F illustrated
thickness imaging tomography at the central fovea level,
from which we can see that, IRT corresponds to the dis-
tance from the internal limiting membrane (ILM) to the
inner plexiform layer (IPL), ORT spans from the IPL to
the Bruch’s membrane (BM), and CT encompasses the
distance from the BM to the choroid-sclerotic interface
(CSI) (Fig. 1F, a-c). Furthermore, the quantification of VD
in four vascular layers, including the superficial capillary
plexus (SCP), deep capillary plexus (DCP), choriocap-
illaris (CC), and choroid vessels (ChdV) was executed
(Fig. 1G-]). Figure 1K depicted vascular imaging tomog-
raphy at the central fovea level, from which we can see
that, the SCP extends from the ILM to 9 mm above the
IPL, the DCP encompasses the region from 9 mm above
the IPL interface to 9 mm below the outer plexiform layer
(OPL), the CC is located 29 mm below the BM, and the
ChdV spans from 29 mm beneath the BM to the CSI
(Fig. 1K, d-g).

Statistical analysis

Continuous variables were tested for normal distribution
with Shapiro-Wilk test, after which they were examined
by the Levene test to determine the homogeneity of vari-
ance. Chi-square test was used for gender comparison
among the three groups, and one-way analysis of vari-
ance (ANOVA) test was used to realize the comparison
of differences between the three groups of data, followed
by the Bonferroni post hoc test for pairwise compari-
sons. Gender is expressed as composition ratio, and other
count data results were reported as mean+SEM (Stan-
dard Error of the Mean). Pearson’s correlation analy-
sis was used to estimate correlation among the studied
parameters. The tests above were performed with SPSS
Statistics Version 26.0 Software package (IBM; Armonk,
New York, USA). P<0.05 was considered to be statisti-
cally significant.

Table 1 General Information and Ocular Characteristics of three

groups

Character- EaLM (M/F) MM (M/F) HM (M/F) P
istics

Number (eyes) N=33(13/20) N=39(11/28) N=54(22/32)

Age (y) 26.67+1.00 24.85+0.75 2641+0.86 0316
Gender(M/F, 39.4/60.6 282/718 40.7/59.3 0428
%)

SE (-D) 1.30+0.19 468+0.12 763+0.14 0.000%**
AL (mm) 2396+0.18 2496+0.10 26.62+0.12 0.000%*

EaLM, Emmetropia and Low Myopia; MM, Moderate Myopia; HM, High Myopia;
M, male; F, female; SE, spherical equivalent; AL, axial length. P: difference
between 3 groups by ANOVA, p<0.01 is marked by **

Page 4 of 10

Results

General Information and ocular characteristics

A total of 126 eyes from 126 subjects were included in
the study, with 33 eyes in the EaLM group, 39 eyes in
the MM group, and 54 eyes in the HM group. The dis-
tribution of age and gender did not reveal any signifi-
cant differences among the groups (Table 1). However,
there were significant differences in SE and AL observed
among the three groups (p=0.000, Table 1).

Regional thickness analysis of retina and choroid

HM exhibited significantly thinner IRT in the N region
(p=0.004, Fig. 2A), ORT in the N (p=0.017, Fig. 2B)
and IN (p=0.012, Fig. 2B) regions, as well as CT in the
S (p=0.009, Fig. 2C), SN (p=0.004, Fig. 2C), T (p=0.000,
Fig. 2C), C (p=0.000, Fig. 2C), IT (p=0.013, Fig. 2C) and
I regions (p=0.011, Fig. 2C) when compared to the MM
group. Additionally, the analysis of thickness revealed
that in the MM group, CT displayed significant reduc-
tions when compared to the EaLM group in the ST
(p=0.048, Fig. 2C), S (p=0.007, Fig. 2C), and SN regions
(p=0.026, Fig. 2C). Furthermore, when compared to
EaLM, seven regions in the HM group exhibited nota-
bly thinner ORT, excluding the T region (ST: p=0.041,
S: p=0.020, SN: p=0.001, C: p=0.012, N: p=0.032, IT:
p=0.002, I: p=0.043, IN: p=0.002; Fig. 2B). Intriguingly,
across all nine 4x4 mm regions, CT was significantly
decreased in HM in comparison to EaLM (all: p<0.01;
Fig. 2C). Additional details can be found in Additional
file 1.

Furthermore, the correlation analysis demonstrated
that ORT and CT in all nine 4x4 mm regions exhib-
ited negative correlations with AL and SE (all: p<0.05;
Table 2).

Regional VD analysis of retina and choroid

No significant disparities were observed in the VDs of
SCP, DCP, CC, and ChdV between the EaLM and MM
groups across all nine 4x4 mm regions. However, the
HM group exhibited a significant decrease in SCP VD
in the ST (p=0.030, Fig. 3A), S (p=0.002, Fig. 3A), C
(p=0.017, Fig. 3A), I (p=0.022, Fig. 3A) and IN regions
(p=0.027, Fig. 3A), DCP VD in ST (p=0.006, Fig. 3B),
S (»p=0.000, Fig. 3B), T (p=0.013, Fig. 3B), C (»=0.014,
Fig. 3B), and I regions (p=0.006, Fig. 3B), as well as ChdV
VD in T (p=0.039, Fig. 3D), N (»=0.034, Fig. 3D), I region
(p=0.038, Fig. 3D), and IN regions (p=0.033, Fig. 3D)
when compared to the EaLM group. Additionally, SCP
VD in I (p=0.003, Fig. 3A), IN (p=0.023, Fig. 3A) regions
and DCP VD in I region (p=0.005, Fig. 3B) displayed
reductions in the HM group when compared to the MM
group. Detailed information is provided in Additional file
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Fig. 2 Thickness (um) of retinal and choroid layers quantified and compared across nine regions for three groups. EaLM, Emmetropia and Low Myopia;
MM, Moderate Myopia; HM, High Myopia. IRT, inner retinal thickness; ORT, outer retinal thickness; CT, choroid thickness. ST, supra-temporal (A); S, superior
(B); SN, supra-nasal (C); T, temporal (D); C, central macular (E); N, nasal (F); IT, infra-temporal (G); |, inferior (H); IN, and infra-nasal (1). Statistically significant
values are shown with */**; * p<0.05; **, p<0.01
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Table 2 Correlation of thickness (um) with AL (mm) and SE (-D)

in 9 regions
Region Layer AL (mm) SE (-D)
Coefficient  P-value Coefficient  P-value

IRT ST 0.002 0.985 -0.010 0912
S -0.067 0458 -0.117 0.190
SN -0.067 0454 -0.160 0.075
T -0.071 0430 -0.038 0.673
@ -0.034 0.709 -0.065 0.469
N -0.092 0.305 -0.156 0.080
T -0.027 0.770 -0.032 0.725
I -0.156 0.082 -0.165 0.065
IN -0.018 0.843 -0.062 0.492

ORT ST -0.308 0.001** -0.268 0.003**
S -0.246 0.006** -0.266 0.003**
SN -0.303 0.001** -0.313 0.000**
T -0.216 0.015* -0.218 0.014*
C -0.236 0.008** -0.284 0.001**
N -0.276 0.002** -0.292 0.007**
T -0.304 0.001** -0.272 0.002**
| -0.226 0.012* -0.245 0.006**
IN -0.293 0.001** -0.300 0.001**

cT ST -0.232 0.010* -0.372 0.000%*
S -0.333 0.000** -0459 0.000**
SN -0.371 0.000%* -0418 0.000**
T -0.378 0.000** -0435 0.000**
C -0420 0.000* -0.494 0.000**
N -0.301 0.001** -0.333 0.000%*
T -0.250 0.005** -0.326 0.000**
I -0.332 0.000** -0410 0.000**
IN -0.269 0.002%* -0.315 0.000**

Statistically significant values are shown with */**, P<0.05 is marked by *, P<0.01
is marked by **. ST, supra-temporal; T, temporal; IT, infra-temporal; S, superior;
C, central macular area; |, inferior; SN, supra-nasal; N, nasal; IN, infra-nasal; IRT,
inner retinal thickness; ORT, outer retinal thickness; CT, choroid thickness; AL,
axial length; SE, spherical equivalent

Surprisingly, compared to the MM group, the HM
group exhibited significant increases in CC VD in ST
(p=0.019, Fig. 3C), S (p=0.000, Fig. 3C), T (p=0.025,
Fig. 3C), C (p=0.014, Fig. 3C), and N regions (p=0.003,
Fig. 3C). For additional information, please refer to Addi-
tional file 2.

Further correlation analysis revealed negative correla-
tions between SCP VD in ST, S, C, I and IN regions with
AL and SE. DCP VD in ST, S, SN, T, C, I and IN regions
exhibited negative correlations with AL and/or SE. ChdV
VD in ST, T, N, I, and IN regions were negatively corre-
lated with AL and SE. Notably, CC VD in N region dis-
played positive correlations with AL and SE. (all: p<0.05;
Table 3).

Observing only the MM and HM groups, it was evi-
dent that CC VD in ST, S, SN, T, C and N regions showed
positive correlations with both AL and SE. (all: p<0.05;
Additional file 3).
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A summary of the thickness and VD differences in all
nine regions of each retinal and choroidal layer is illus-
trated in Fig. 4.

Discussion

Myopia is highly prevalent, particularly concentrated in
East and Southeast Asia [11]. A significant portion of
individuals with HM will progress to pathological myo-
pia (PM), which has led many researchers to explore the
onset, progression and underlying mechanisms of myo-
pia over the recent decades [11]. Previous studies using
OCTA have primarily focused on the posterior pole of
the eye [12]. However, in the context of HM, the eye-
ball exhibits uneven dilation and elongation [13]. There-
fore, it is crucial to investigate changes in the fundus
across various regions. Existing studies have shown that
reduced choroidal blood flow is strongly associated with
the progression of myopia. Currently, our understand-
ing of ChdV concerning myopia is still in its exploratory
stage. Gaining insights into alterations in structure and
vessels, particularly choroid vascular, within the myopic
fundus could provide valuable insights into the mecha-
nisms of myopia progression. Hence, a wide-ranging
region (12x12 mm encompassing the central macula) of
the fundus in various degrees of myopia was divided into
nine regions to assess the thickness and VD of the inner
retina, outer retina, and choroid. Additionally, correla-
tions between these characteristics and AL and SE were
investigated.

Thinning of the inner retina was observed exclusively
in the vicinity of the optic disc as myopia advanced.
Both the outer retina (except in the temporal areas) and
the choroid experienced thinning. Furthermore, elonga-
tion of the AL and increased refraction contributed to
a reduction in the thickness of the outer retina and all
choroidal regions. Previous studies have shown that the
main site of eye axial elongation is the posterior equa-
tor, whereas the horizontal and vertical diameters of the
eye are less dilated [14]. Changes in retinal nerve fibre
layer (RNFL) thickness and RPE distribution pattern are
strongly correlated with the pattern of ocular elongation
[15]. Similarly, the posterior pole and mid-peripheral
IRT we observed did not change significantly in the early
stages of high myopia. The process of structural remod-
eling within the HM eye commences with the retina
responding to visual stimuli, starting with the sclera [16].
This cascade of events results in the elongation of the
ocular axis and may be best described as an “outward-to-
inward” progression [17]. Consequently, scleral remodel-
ing is likely the initial step in these structural alterations,
followed by the initial thinning of the eyeball observed in
the choroid and outer retina, which are contiguous with
the sclera.
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Fig. 3 VD (%) of retinal and choroid layers quantified and compared across nine regions for three groups. EaLM, Emmetropia and Low Myopia; MM,
Moderate Myopia; HM, High Myopia. VD, vascular density; SCP, superficial capillary plexus; DCP, deep capillary plexus; CC, choriocapillaris; ChdV, choroid
vessels. ST, supra-temporal (A); S, superior (B); SN, supra-nasal (C); T, temporal (D); C, central macular (E); N, nasal (F); IT, infra-temporal (G); |, inferior (H);
IN, and infra-nasal (I). Statistically significant values are shown with */**;* p <0.05; **, p<0.01

Our assessment encompassed not only the evaluation
of retinal VD but also the quantification of ChdV VD,
thus providing additional data to support potential future
non-invasive vascular observations in the deeper layers
of the fundus. VDs of both the SCP and DCP exhibited
reductions across various regions. Previous research has
consistently reported a decrease in blood flow density
within the SCP and DCP in the macular region among
individuals with HM [18]. However, some studies have
noted elevated DCP VD in HM eyes within a 3x3 mm
range [19], while others observed no changes in SCP
and DCP in the macular region [20]. These discrepan-
cies in study outcomes could be attributed to variations
in the age of participants or the OCTA devices utilized.
Reduced choroidal blood flow has been associated with
increased axial length (AL), which may be an indica-
tion of myopia progression [21]. Our findings indicated
a decrease in ChdV VD in HM eyes, aligning with prior
reports.

When comparing Low and Moderate Myopia with HM,
the outer retina and choroid exhibited extensive thin-
ning in the high myopic eye. While, blood flow within
the retina and choroid reduced in a few areas, imply-
ing that the body’s regulatory mechanisms for blood
flow might be more responsive and efficient than those
for structural changes as the eye progresses into high
myopia. It is widely acknowledged that the growth of
the eye under visual guidance is regulated by a sequen-
tial cascade of local chemical events involving signaling

molecules. These signaling molecules, initiated by the
retina, transmit information from the innermost to
the outermost layers of the eye [22]. Subsequently, the
extracellular matrix (ECM) within the sclera undergoes
remodeling, resulting in alterations to the eye’s structure
[23]. Ocular blood flow is subject to robust autoregula-
tory mechanisms for retinal blood flow and exogenous
autonomic control over choroidal blood flow [24]. Con-
sequently, autonomic control and self-regulation of blood
flow may prove to be more efficient and sensitive than the
regulation of eye structure through a cascade of chemical
molecules.

Interestingly, we observed an increase in CC VD in
HM eyes when compared to MM eyes in certain areas,
demonstrating a fluctuating pattern of decline followed
by an increase across all regions. The Choriocapillaris
forms a dense capillary network that supplies oxygen
and nutrients to the outer layers of the retina, including
the RPE and photoreceptors [25]. Therefore, during the
early stages of high myopia, it is plausible that there is a
compensatory increase in CC VD in response to ischemia
and hypoxia in deep retinal structures, such as the RPE.
Further exploration of the molecular mechanisms could
offer additional validation for this hypothesis. However,
prior studies have reported no change or a decrease in
CC in HM eyes [26, 27]. The compensatory function of
CC VD may become impaired as myopia progresses to
ultrahigh or pathological stages, further diminishing as
blood flow to the choroidal vascular system decreases.
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Table 3 Correlation of VD (%) with AL (mm) and SE (-D) in 9

regions
Region Layer AL (mm) SE (-D)
Coefficient  P-value Coefficient  P-value
SCP ST -0.096 0.287 -0.191 0.033*
S -0.207 0.020* -0.272 0.002**
SN -0.123 0.170 -0.163 0.068
T -0.122 0.174 -0.140 0.118
@ -0.240 0.007** -0.213 0.017*
N -0.057 0.527 0.024 0.788
T -0.109 0.231 -0.093 0.306
I -0.179 0.047* -0.229 0011*
IN -0.210 0.019* -0.250 0.005**
DCP ST -0.121 0.177 -0.243 0.006**
S -0.218 0.014* -0.295 0.001**
SN -0.007 0.939 -0.046 0.610
T -0.191 0.032* -0.242 0.006**
C -0.216 0.015% -0.224 0.012*
N 0.034 0.702 0.008 0.927
T -0.097 0.286 -0.094 0.300
| -0.208 0.020* -0.275 0.002**
IN -0.111 0.219 -0.191 0.033*
CcC ST 0.094 0.298 0.036 0.690
S 0.148 0.097 0.148 0.098
SN 0.122 0.172 0118 0.189
T 0.109 0.223 0.090 0318
C 0.093 0.298 0.107 0.233
N 0.186 0.037* 0.211 0.018*
T 0.054 0.551 0.072 0426
I 0.031 0.727 0.000 0.996
IN -0.034 0.705 -0.096 0.285
Chdv ST -0.213 0.017* -0.209 0.019*
S -0.173 0.052 -0.119 0.186
SN -0.168 0.060 -0.139 0.121
T -0.211 0.018* -0.220 0.013*
C -0.170 0.056 -0.113 0.208
N -0.224 0.012* -0.245 0.006**
T -0.133 0.141 -0.141 0.120
| -0.222 0.013* -0.222 0.013*
IN -0.221 0.013* -0.246 0.006**

Statistically significant values are shown with */**, P<0.05 is marked by *, P<0.01
is marked by **. ST, supra-temporal; T, temporal; IT, infra-temporal; S, superior;
C, central macular area; |, inferior; SN, supra-nasal; N, nasal; IN, infra-nasal; VD,
vascular density; SCP, superficial capillary plexus; DCP, deep capillary plexus;
CC, choriocapillaries; ChdV, choroid vessels; AL, axial length; SE, spherical
equivalent

Moreover, one study noted an elongation of the eye axis
and a reduction in the density of retinal photoreceptors
and RPE cells [28]. During this stage, an excessively high
level of CC VD may no longer be necessary for compen-
sation. Hence, there may be a point in the progression to
HM where CC VD increases, subsequently decreasing.
When comparing eyes with EaLM to those with MM,
only a reduction in CT in the upper three regions was
evident. Conversely, eyes with HM displayed diverse
levels of alteration in both the retinal and choroidal
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structure, alongside blood flow. This suggests that varia-
tions in upper choroidal thickness could serve as a
sensitive indicator for the early detection of myopia
development. It is imperative to allocate greater atten-
tion to this aspect in clinical practice. Furthermore, a
recent study found that CVI was not significantly affected
by high myopia but demonstrated a noticeable decrease
in PM. Consequently, monitoring CVI could facilitate
the early prediction of the onset of pathological myopia
[29]. Nonetheless, significant changes in both fundus
structure and blood flow have been observed in cases of
HM. Therefore, it is crucial to emphasize early detection
and the prevention of myopia progression. Addition-
ally, although the correlation analysis yielded meaning-
ful results, the low correlation coefficient suggests that
axial elongation in myopia may be related not only to
changes in fundus structure and blood flow but also to
various other factors, necessitating further research into
the underlying molecular mechanisms.

The prevalence of lattice degeneration (LD) increases
progressively from emmetropia to moderate myopia
and rises with increasing AL [30]. This suggests that
myopia has begun to affect retinal structure and func-
tion after the onset of myopia. For this reason, it is
extremely important to monitor the fundus on a regular
basis once myopia has been diagnosed. This study offers
fresh insights into comprehending early fundus lesions
induced by myopia progression. What’s more, region-
specific investigations may offer precise localization of
fundus alterations in myopic eyes, potentially yielding
new approaches for early detection of myopic lesions
and understanding of the pathophysiological mechanism
about myopia progression.

This study has certain limitations. For instance, the
sample size is relatively small, and the research was con-
ducted at a single center. Additionally, the study has a
cross-sectional design, which restricts the ability to mon-
itor dynamic changes in vascular density and structural
thickness within the myopic fundus, making a long-term
follow-up study necessary. Furthermore, although the
mean value of the removed disc area was quantified when
counting the data for the nasal region, there are some
specific peripapillary disc border tissues in high myopia,
such as the gamma and delta areas, which may introduce
some error in the results.

In conclusion, cutting-edge ultra-widefield SS-OCTA
shows that significant changes in retinal and choroid
structure and vascular density occur as moderate myopia
advances to high myopia. Efforts to curb myopia progres-
sion to this stage are essential, as the failure to do so may
lead to the development of corresponding retinopathy.
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Vascular layers

IRL ORL

EaLM

Groups
MM

HM

DCP CcC

Fig. 4 Summary of thickness (um) and VD (%) differences in 9 regions of each layer of retina and choroid. Red boxes: decrease in thickness/VD of MM/
HM compared to the EaLM group; White boxes: decrease in thickness/VD of HM compared to MM group; Green boxes: increase in VD of HM compared
to MM. EaLM, Emmetropia and Low Myopia; MM, Moderate Myopia; HM, High Myopia. IRL, inner retinal layer; ORL, outer retinal layer; VD, vascular density;
SCP, superficial capillary plexus; DCP, deep capillary plexus; CC, choriocapillaris; ChdV, choroid vessels
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