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Purroske. The purpose of this study was to determine the longitudinal changes in macular
retinal and choroidal microvasculature in normal healthy and highly myopic eyes.

MEeTHODS. Seventy-one eyes, including 32 eyes with high myopia and 39 healthy control
eyes, followed for at least 12 months and examined using optical coherence tomography
angiography imaging in at least 3 visits, were included in this study. Fovea-centered
6 x 6 mm scans were performed to measure capillary density (CD) of the superficial
capillary plexus (SCP), deep capillary plexus (DCP), and choriocapillaris (CC). The rates
of CD changes in both groups were estimated using a linear mixed model.

Resurrs. Over a mean 14-month follow-up period, highly myopic eyes exhibited a faster
rate of whole image CD (wiCD) loss (—1.44%/year vs. —0.11%/year, P = 0.001) and
CD loss in the outer ring of the DCP (—1.67%/year vs. —-0.14%/year, P < 0.001) than
healthy eyes. In multivariate regression analysis, baseline axial length (AL) was negatively
correlated with the rate of wiCD loss (estimate = —0.27, 95% confidence interval [CI] =
—0.48 to —0.06, P = 0.012) and CD loss in the outer ring (estimate = —0.33, 95% CI =
—0.56 to —0.11, P = 0.005), of the DCP. The CD reduction rates in the SCP and CC were
comparable in both groups (all P values > 0.05).

Concrusions. The rate of CD loss in the DCP is significantly faster in highly myopic eyes
than in healthy eyes and is related to baseline AL. The CD in the outer ring reduces faster
in eyes with longer baseline AL.
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he prevalence of high myopia has increased rapidly in
recent years."'? It is estimated that by 2050, approxi-
mately 5 billion people will have myopia worldwide, with
1 billion having high myopia.? High myopia is particularly
important because it can cause irreversible vision loss and
even blindness.3>~® Macular pathologies, including chorioreti-
nal atrophy, choroidal neovascularization, and lacquer crack
formation, which are associated with retinal and choroidal
vascular alterations, are the major causes of vision loss and
blindness in high myopia.!'¥7® Therefore, it is essential to
observe the vascular changes that occur in high myopia.
Optical coherence tomography (OCT) angiography
(OCTA) is a novel, noninvasive imaging modality that allows
for the visualization of retinal and choroidal microvascula-
ture in vivo.” Previous studies conducted using OCTA have
shown that eyes with high myopia have lower perfusion than
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those with emmetropia.'®!! Furthermore, decreased retinal
vessel density and increased flow deficit in the choriocap-
illaris (CC) have been reported to be significantly corre-
lated with axial length (AL) elongation.!'~'® However, only
few studies have investigated the changes in the macular
microvasculature of highly myopic eyes over time, especially
with simultaneous evaluation of the retina and choroid.

Swept-source OCTA (SS-OCTA) utilizes a longer wave-
length (1050 nm) light source and features significantly
reduced signal roll-off compared to conventional spectral-
domain OCTA, which is more suitable for imaging highly
myopic eyes with long AL.'7'!® In this study, we evaluated
the longitudinal changes in the macular retinal and choroidal
microvasculature of highly myopic eyes using SS-OCTA and
assessed whether these changes are associated with demo-
graphic and ocular parameters.
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METHODS
Study Participants

This prospective longitudinal study was conducted accord-
ing to the tenets of the Declaration of Helsinki and
was approved by the Ethics Committee of the Zhong-
shan Ophthalmic Center, Sun Yat-sen University, China. The
participants were enrolled and examined between January
2019 and May 2021. Informed consent forms were filled out
and signed by all participants prior to enrollment.

The inclusion criteria were as follows: (1) age >18 years;
(2) best-corrected visual acuity (BCVA) of 20/40 or better;
(3) intraocular pressure (IOP) <21 mm Hg; (4) normal optic
disc appearance with intact neuroretinal rim and retinal
nerve fiber layer; and (5) at least 3 visits over a period
of at least 12 months. The exclusion criteria included:
(1) history of ocular surgery; (2) any kind of ophthalmic
disease that can affect the ocular microvasculature, such as
glaucoma, retinal diseases, and neuro-ophthalmic diseases;
(3) myopic maculopathy equal to or more serious than
“diffuse chorioretinal atrophy” (equal to category 2 based on
the International Meta-analysis for Pathological Myopia clas-
sification system), and/or the presence of posterior staphy-
loma'®?°; (4) systemic hypertension and/or diabetes melli-
tus; (5) smoking history; and (6) intake of coffee or alcohol
within 24 hours before the procedure. Eligible participants
were divided into 2 groups according to their baseline AL:
the high myopia group, which included eyes with an AL
of 26.0 mm or more, and the normal healthy group, which
included those with an AL of less than 26.0 mm.

Examinations

All participants were evaluated every 6 months and under-
went a comprehensive ophthalmologic examination, includ-
ing slit-lamp biomicroscopy, measurement of BCVA, refrac-
tive error assessment using an autorefractor (KR-800,
Topcon, Japan), IOP measurement using the Goldmann
applanation tonometry, measurement of AL and central
corneal thickness (CCT) using an IOL Master (IOL Master
700, Carl Zeiss Meditec, Germany), digital stereo fundus
photography (Nonmyd WX3D, KOWA, Japan), and OCT and
OCTA imaging. Additionally, systolic blood pressure and
diastolic blood pressure were measured, and a detailed
medical history of each participant was recorded. The exam-
inations were performed at the same time of the day to
minimize the effect of the diurnal fluctuation for every
participant.

OCT and OCTA Imaging

The participants underwent OCT and OCTA imaging at the
same visit. Both procedures were performed using an SS-
OCT equipment (Triton, DRI-OCT 2; TOPCON, Japan). The
instrument has a light source with a wavelength of 1050 nm
at a speed of 100,000 A scans per second and provides both
thickness and vascular measurements. All scans performed
were centered on the fovea, with a macular 6 x 6 mm.

The en face OCTA images were generated by the inbuilt
software of the SS-OCT equipment (IMAGEnet6, version
1.28.17642, Basic License 1). Slabs of the superficial capil-
lary plexus (SCP), deep capillary plexus (DCP), and CC
were automated and segmented by the software. The SCP
was delineated from 2.6 ym below the internal limiting
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membrane to 15.6 pm below the junction between the inner
plexiform and inner nuclear layers. The DCP was delineated
from 15.6 pm below the inner plexiform and inner nuclear
layers to 70.2 ym below these layers. The CC was delin-
eated from the lower boundary of Bruch’s membrane to
10.4 pm below this membrane.'”-?1?2 The effects of projec-
tion and eye motion-related artifacts were minimized by
the OCTA algorithm and the instrument’s inbuilt active eye
tracker.” All scans were reviewed by two trained graders
(authors F. Lin and F. L) to ensure that the images were
of sufficient quality. Any image with a quality score of less
than 50, artifacts, blurry regions, inaccurate segmentation,
poor centration, and/or signal loss was excluded.?*?* Eligi-
ble OCTA images were then corrected for ocular magnifica-
tion effects based on AL, using the Littman and the modi-
fied Bennett formulae (scaling factor = 3.382 x 0.013062
x [AL - 1.82]).2:2° A customized Python (version 3.5) script
was used to quantify capillary density (CD) according to the
regions of the Early Treatment Diabetic Retinopathy Study
(ETDRS) grid (Fig. 1). The ETDRS grid divides the macula
into an inner ring, which has an inner diameter of 1 mm and
an outer diameter of 3 mm, and an outer ring, which has an
inner diameter of 3 mm and an outer diameter of 6 mm. The
CD of the sectors, inner ring, outer ring, and whole image
were calculated (the center sector of the SCP and DCP was
analyzed using the foveal avascular zone [FAZ] area). The
repeatability and reproducibility of CD were assessed using
the intra-class correlation coefficient. The repeatability and
reproducibility of the measurements are good, as shown in
Supplementary Table S1.

The ganglion cell-inner plexiform layer (GC-IPL) and
choroidal thicknesses of the 6 x 6 mm macular region were
measured using the OCT scans. Only images of good qual-
ity, defined as scans with a quality score >50 and without
artifacts and segmentation failure, were included. The over-
all average GC-IPL and choroidal thicknesses were used in
this analysis.

Sample Size

According to our previous study, density in the DCP reduced
more quickly in primary open-angle glaucoma eyes with
high myopia than in those without high myopia.?! In this
study, using the two-sample #-test, we calculated that a
sample size of 31 per group with 80% power was required
to detect a mean difference of 1.1% per year between the
rates of the changes in CD in the DCP in the normal and
high myopia groups, assuming means of —0.4% and —1.5%,
respectively, with a common standard deviation of 1.5.%7:28
The sample size calculations were performed using the PASS
16.0 software (NCSS LLC, East Kaysville, UT, USA) and were
based on a 2-sided significance level (alpha) of 0.05.

Statistical Analysis

The normality of the distribution of all variables was exam-
ined using the Shapiro-Wilk test. Continuous and categor-
ical data are presented as mean £ standard deviation and
count, respectively. The significance of differences in char-
acteristics between the two groups was determined using the
two-sample #-test for continuous variables and Pearson’s chi-
squared test for categorical variables. Linear mixed models
were used to estimate the rates of the changes in CD in
each group. Models were fitted with macular CD measure-
ments as response variable with follow-up duration, age, sex,



Macular Microvasculature Changes in High Myopia

Fundus Photo SCP

Normal:
age: 30 year
AL: 23.13mm

High myopia:
age: 31 year
AL: 27.45mm

I0VS | December 2021 | Vol. 62 | No. 15 | Article 1 | 3

DCP cc

Ficure 1. Representative fundus photos and 6 x 6 mm macular optical coherence tomography angiography (OCTA) scans (superficial
capillary plexus, deep capillary plexus, and choriocapillaris) of normal and highly myopic eyes. The capillary density is automatically
calculated according to the regions of the ETDRS grid. The inner ring is an area with an inner diameter of 1 mm and an outer diameter of
3 mm, whereas the outer ring is an area with an inner diameter of 3 mm and an outer diameter of 6 mm.

group, and interaction between groups and duration as fixed
effects. A univariate linear mixed model was first used to
investigate the association between the rates of change in
CD and demographic or ocular parameters in all eyes. All
the variables with a P value < 0.1 were further analyzed

in the multivariable model. The generalized estimated equa-
tion was used to adjust for inter-eye correlation in the same
subject. All statistical analyses were performed using SPSS
software (version 24.0; IBM Corporation, Armonk, NY, USA).
Statistical significance was set at P < 0.05.

TabLe 1. Demographic and Ocular Characteristics of the Study Participants

Investigative Ophthalmology & Visual Science

Characteristics Normal High Myopia P Value
By subject, no. 31 27

Age at diagnosis, years 38.3 + 8.67 37.3 + 8.83 0.678"
Sex, male/female 13/18 14/13 0.450"
Self-reported history of Diabetes, no. 0 0 —
Self-reported history of Hypertension, no. 0 0 —
Systolic blood pressure, mm Hg 114.3 + 15.2 115.5 &£ 15.0 0.759"
Diastolic blood pressure, mm Hg 73.4 £ 9.83 69.5 + 9.98 0.140
Follow-up duration, month 14.1 + 2.70 14.3 + 3.00 0.824"
Number of visits, median (IQR) 3 (3,4 3(3,4) 0.685"
By eye, no 39 32

Baseline BCVA, logMAR —0.00 £ 0.03 0.01 + 0.02 0.168"
Baseline IOP, mm Hg 13.4 + 3.29 13.9 + 2.10 0.474"
Spherical equivalent, diopter —2.68 + 2.82 —8.38 + 2.84 <0.001"
Axial length, mm 24.0 + 1.02 27.1 £ 1.12 <0.001"
Central corneal thickness, um 549.8 + 289 548.6 + 39.6 0.879
Anterior chamber depth, um 3.50 + 0.32 3.65 £ 0.27 0.039"
Lens thickness, um 3.84 + 0.31 3.79 + 0.36 0.536"
Baseline average GC-IPL, um 71.1 £ 5.70 65.3 + 4.85 <0.001"
Baseline average choroid thickness, um 239.4 + 64.9 183.1 £ 67.1 0.001"
Baseline whole image capillary density, %

Superficial capillary plexus 33.9 + 1.88 349 + 2.24 0.059"
Deep capillary plexus 47.4 + 2.46 46.3 £ 1.96 0.039"
Choriocapillaris 56.6 + 0.68 56.3 + 0.83 0.094"

Abbreviations: BCVA, best corrected visual acuity; GC-IPL, ganglion cell-inner plexiform layer; IOP, intraocular pressure; IQR, interquartile

range.
Boldface values indicate statistical significance.
" Two-sample  test.
Pearson chi-squared test.
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RESULTS

Demographic and Ocular Characteristics of the
Participants

Initially, the study enrolled 81 eyes of 66 subjects, of which
10 eyes were excluded because of poor quality OCT (n =
3) or OCTA images (n = 7). Finally, a total of 71 eyes (32
eyes with high myopia and 39 normal eyes) of 58 subjects
were included in the analysis. The mean follow-up duration
was 14.2 £ 2.75 months. None of the eyes showed any signs
of glaucomatous or retinal disease changes during the study
period. The baseline demographic and ocular characteristics

IOVS | December 2021 | Vol.62 | No. 15 | Article 1 | 4

of the study participants are summarized in Table 1. Age,
sex, systolic blood pressure, diastolic blood pressure, BCVA,
IOP, CCT, lens thickness, follow-up duration, and number
of visits were not significantly different between the groups
(all P values > 0.05). The differences in spherical equivalent,
AL, anterior chamber depth, average GC-IPL thickness, and
average choroidal thickness were statistically significant (all
P values < 0.05). The whole image CD (wiCD) of the DCP
was significantly lower in the eyes with high myopia than
in the normal eyes (P = 0.039), whereas the CDs of the SCP
and CC were not significantly different between the groups
(both P values > 0.05).

TasLe 2. Rates of Changes in Macular Capillary Density in Normal and Highly Myopic Eyes

Rate of Change

Normal
(Mean, 95% CI)

High Myopia

Superficial capillary plexus

Whole image, %/year

FAZ area, mmz/year*
Average inner ring, %/year
Average outer ring, %/year
Deep capillary plexus
Whole image, %/year

FAZ area, mm?/year’
Average inner ring, %/year
Average outer ring, %/year
Choriocapillaris

Whole image, %/year
Foveal, %/year

Average inner ring, %/year
Average outer ring, %/year

—0.46 (—1.01 to 0.07)
0.01 (—0.02 to 0.05)

—0.30 (—1.39 to 0.73)

—0.69 (—1.26 to —0.12)

—0.11 (—0.57 to 0.40)
0.02 (—0.02 to 0.06)
—0.90 (—1.65 to —0.10)

—0.14 (—0.63 to 0.34)

—0.00 (—0.16 to 0.14)
—0.01 (—0.21 to 0.21)
—0.03 (—0.22 to 0.16)
—0.04 (—0.20 to 0.13)

(Mean, 95% CI) P Value
—0.33 (—1.11 to 0.41) 0.775
0.02 (—0.01 to 0.04) 0.899
—0.35 (—1.61 to 0.91) 0.959
—0.44 (—1.38 to 0.42) 0.635
—1.44 (—1.99 to —0.92) 0.001
0.03 (—0.01 to 0.07) 0.903
—1.58 (—2.26 to —0.90) 0.208
—1.67 (—2.34 to —1.04) <0.001
—0.00 (—0.26 to 0.30) 0.986
—0.01 (—0.16 to 0.14) 0.974
—0.04 (—0.33 to 0.28) 0.955
0.10 (—0.16 to 0.40) 0.379

Abbreviations: CI, confidence interval; FAZ,

foveal avascular zone.

Boldface values indicate statistical significance.
" The center sector of the superficial capillary plexus and deep capillary plexus was analyzed using the foveal avascular zone area.

CD loss of DCP (%lyear)

-8

8_

P=

P =0.001

B Normal

0.208 mm High myopia

P <0.001
1

Whole image

Average inner ring

I I
Average outer ring

Ficure 2. Violin plots showing rates of change in macular CD in the DCP in normal and highly myopic eyes. Highly myopic eyes showed
faster rates of CD loss in the whole image and the outer ring of the DCP, but not the inner ring, than healthy eyes.
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TaBLE 3. Linear Mixed Model Analysis of Factors Associated With Changes in Capillary Density in the Deep Capillary Plexus in all Eyes
Univariate Multivariate”

Characteristics Estimate (95% CI) P Value Estimate (95% CI) P Value

Change of CD within whole image

Baseline age, year 0.04 (—0.00 to 0.09) 0.071 0.03 (—0.01 to 0.08) 0.153

Sex, male —0.16 (—0.96 to 0.65) 0.704

Baseline BCVA, logMAR 2.91 (—12.34 to 18.15) 0.705

Baseline IOP, mm Hg —0.03 (—0.17 to 0.12) 0.731

Baseline axial length, mm —0.29 (—0.50 to —0.09) 0.006 —0.27 (—0.48 to —0.06) 0.012

Baseline central corneal thickness, um —0.00 (—0.01 to 0.01) 0.883

Baseline anterior chamber depth, um —0.94 (—2.27 to 0.40) 0.166

Baseline lens thickness, um 0.71 (—0.50 to 1.93) 0.245

Baseline average GC-IPL thickness (um) 0.04 (—0.02 to 0.11) 0.206

Baseline average choroid thickness, um 0.00 (—0.00 to 0.01) 0.294

Change of FAZ area’

Baseline age, year —0.00 (—0.00 to 0.00) 0.622

Sex, male 0.01 (—=0.05 to 0.07) 0.686

Baseline BCVA, logMAR —0.21 (—1.28 to 0.85) 0.689

Baseline IOP, mm Hg —0.00 (—0.01 to 0.01) 0.470

Baseline axial length, mm 0.00 (—0.01 to 0.02) 0.674

Baseline central corneal thickness, um 0.00 (—0.00 to 0.00) 0.539

Baseline anterior chamber depth, um —0.00 (—0.10 to 0.09) 0.942

Baseline lens thickness, um —0.02 (—0.11 to 0.06) 0.623

Baseline average GC-IPL thickness, um —0.00 (—0.01 to 0.00) 0.303

Baseline average Choroid Thickness, um 0.00 (0.00 to 0.00) 0.628

Change of CD within inner ring

Baseline age, year 0.01 (—0.05 to 0.07) 0.776

Sex, male 0.62 (—0.43 to 1.68) 0.242

Baseline BCVA, logMAR 5.85 (—14.2 to 25.9) 0.562

Baseline IOP, mm Hg 0.01 (—0.18 to 0.20) 0.900

Baseline axial length, mm —0.22 (—0.50 to 0.07) 0.131

Baseline central corneal thickness, um —0.00 (—0.02 to 0.01) 0.844

Baseline anterior chamber depth, um —0.02 (—1.80 to 1.76) 0.983

Baseline lens thickness, um 0.18 (—1.43 to 1.79) 0.823

Baseline average GC-IPL thickness, um 0.04 (—0.05 to 0.13) 0.379

Baseline average choroid thickness, um 0.00 (—0.00 to 0.01) 0.372

Change of CD within outer ring

Baseline age, year 0.04 (—0.01 to 0.10) 0.100 0.03 (—0.02 to 0.08) 0.220

Sex, male —0.41 (—1.29 to 0.48) 0.361

Baseline BCVA, logMAR 3.74 (—13.0 to 20.5) 0.658

Baseline IOP, mm Hg —0.05 (—0.20 to 0.11) 0.548

Baseline axial length, mm —0.36 (—0.58 to —0.13) 0.002 —0.33 (—0.56 to —0.11) 0.005

Baseline central corneal thickness, um 0.00 (—0.01 to 0.02) 0.723

Baseline anterior chamber depth, um —0.91 (—2.38 to 0.56) 0.220

Baseline lens thickness, um 0.66 (—0.68 to 2.00) 0.331

Baseline average GC-IPL thickness, um 0.06 (—0.01 to 0.13) 0.103

Baseline average choroid thickness, um 0.00 (—0.00 to 0.01) 0.497

Abbreviations: BCVA, best corrected visual acuity; CD, capillary density; CI, confidence interval; FAZ, foveal avascular zone; GC-IPL,
ganglion cell-inner plexiform layer; IOP, intraocular pressure.

Boldface values indicate statistical significance.

" Multivariate analysis included factors of P value < 0.1 in univariate analysis.

fThe center sector of the deep capillary plexus was analyzed using the foveal avascular zone area.

The Rates of Capillary Density Changes rates of change in the CDs of the SCP and CC (including
the whole image, foveal, inner ring, and outer ring regions)
were not significantly different between the two groups (all
P values > 0.05). The maps of the rates of changes in the CD
of the DCP in highly myopic and healthy eyes are illustrated
in Figure 2.

The rates of macular CD changes in the SCP, DCP, and CC
over time are shown in Table 2. Eyes with high myopia
showed a significantly faster mean rate of wiCD loss in the
DCP (—1.44%/year) than healthy eyes (—0.11%/year, P =
0.001). Eyes with high myopia also showed a significantly
faster average rate of CD loss in the outer ring than healthy
eyes (—1.67%/year vs. -0.14%/year, P < 0.001). However, the
difference between the average rates of CD loss in the inner
ring (—1.58%/year vs. —0.90%/year, P = 0.208) and FAZ area

Factors Associated With Changes in Capillary
Density in the DCP

Investigative Ophthalmology & Visual Science

change (0.03 mm?/year vs. 0.02 mm?/year, P = 0.903) in the
two groups were not statistically significant. In contrast, the
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The relationships between baseline demographic and ocular
parameters and the rate of decrease in CD in the DCP are
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Ficure 3. Scatterplots illustrating the linear association between baseline AL and rates of change in CD in the DCP in all eyes. A longer AL
was negatively correlated with a faster rate of CD loss in the whole image and outer ring.

summarized in Table 3. The univariate analysis showed that
baseline AL was significantly associated with both wiCD loss
(estimate = —0.29, 95% confidence interval [CI] = —0.50
to —0.09, P = 0.006) and outer ring CD loss (estimate =
—0.36,95% CI = —0.58 to —0.13, P = 0.002) over time. After
adjusting for age in the multivariate analysis, the associations
remained significant (estimate = —0.27, 95% CI = —0.48 to
—0.06, P = 0.012 and estimate = —0.33, 95% CI = —0.56 to
—0.11, P = 0.005). No variable was found to correlate with
FAZ area change and CD changes in the inner ring (all P
values > 0.05). Further quadrant analysis of the DCP showed
that baseline AL was significantly associated with decrease
in CD in the superior sector of the outer ring (P values <
0.05 in both univariate and multivariable analyses; Supple-
mentary Table S2). Figure 3 shows the effects of baseline AL
on CD decrease in the DCP over time.

DISCUSSION

In this prospective study, we detected a faster rate of macu-
lar CD loss in the DCP of highly myopic eyes than in normal
eyes, which was correlated with longer AL at baseline. More-
over, the rate of CD loss in the outer ring of the DCP was
associated with baseline AL.

As a risk factor for complications related to high myopia,
the relationship between macular microvasculature and high
myopia has been assessed in several studies.'®"'® Most of
these studies indicated reduction of retinal blood flow in
eyes with high myopia compared with non-myopic eyes, 014
a finding which is in line with our results. However, to the
best of our knowledge, changes in macular microvascula-
ture in eyes with high myopia over time have been investi-
gated in only a study.?® Shi et al. reported that macular vessel
density significantly decreases over time in young patients
with myopia.”® However, they only included superficial slab
images in their analysis; the DCP or CC was not included.
However, growing evidence indicates that the DCP and CC
are more vulnerable to high myopia than the SCP.!1:1%:21,2°
This may be related to the mechanical stretching caused by
excessive axial elongation in highly myopic eyes being more
likely to straight and disrupt the vulnerable small-diameter
blood vessels in the DCP and CC than the large retinal vessels
in the SCP.!>:3%-3 Supporting this hypothesis, our results
showed that CD loss in the DCP was significantly faster in
the high myopia group than in the normal group, whereas
the rates of CD loss in the SCP and CC were similar between
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the two groups. A possible reason for the similar rates of CD
loss in the CC is that the fenestrated capillary network in the
CC being more susceptible to age.>*3

Emerging evidence demonstrates that longer AL is
an important factor associated with decreased retinal
density.'>143¢ Yang et al. reported a significant correlation
between the AL and the retinal microvascular network in
eyes with high myopia.!? Cheng et al. observed that decreas-
ing retinal density is correlated with AL elongation.'* In their
myopic macular degeneration study, Zheng et al. also indi-
cated that lower retinal perfusion density is predominantly
associated with increasing AL3® Similarly, the present study
also demonstrated that a faster rate of CD loss in the DCP is
significantly associated with longer AL at baseline. Because
the DCP contributes to photoreceptor inner segment oxygen
requirements (10-15%).%7-38 Therefore, hypoperfusion of the
DCP may lead to hypoxia and nutritional deficiency in the
photoreceptors and outer retina.3>3® The loss of oxygen and
nutrition would be related to the structural impairment, such
as chorioretinal atrophy and choroidal neovascularization.
This may help to explain the relationship between longer
AL and various pathologic changes in high myopia.

It is noteworthy that the rate of CD reduction in the outer
ring, not in the inner ring, was faster in highly myopic eyes
than in normal eyes. Similarly, there was only a negative
correlation between baseline AL and the rate of CD reduc-
tion in the outer ring. One explanation for this finding might
be that the absence of large blood vessels and optic nerve
fibers in the DCP makes it less resistant to excessive axial
elongation of the eyeball>*® The decrease in peripheral
retinal vasculature may compensate for the stretching force
over the entire retina to preserve the central microcircula-
tion.* This conclusion is supported by the findings of previ-
ous studies that show that the peripheral retina thickness,
rather than the central retina thickness, is significantly lower
in highly myopic eyes.**-#? Further studies are needed to
clarify the mechanisms behind these findings.

The major strengths of the present study include its
prospective, longitudinal study design, and the comprehen-
sive investigation of the rates of macular CD changes in the
inner and outer rings of the SCP, DCP, and CC in eyes with
high myopia. The limitations of this study should be noted as
well. First, even though the rate of CD decrease was signif-
icantly different between the groups, the follow-up dura-
tion was relatively short. A study with a longer follow-up
duration is ongoing. Second, the lack of eyes with mild or
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moderate myopia limited our stratified observation of CD
changes in relation to the degree of myopia. Third, only
good-quality OCTA images were included in this study. This
may have introduced selection bias and affected the gener-
alizability of the results. Fourth, the current study only
included adults. It would be interesting to explore if capil-
lary network in children’s eyes have similar patterns. Finally,
although the latest built in OCTA algorithm (OCTARA) used
in our study,” it was still difficult to avoid all artifacts
completely, such as projection removal artifact.”> Methods
to compensate for the artifacts are still forthcoming.

In conclusion, this study demonstrated that highly
myopic eyes show significantly faster reduction in the macu-
lar CD in the DCP than normal eyes. The decrease in CD
is negatively correlated with the baseline AL, with regional
variations. The CD in the outer ring of the DCP, but not in
the inner ring, reduces faster when baseline AL is longer.
These findings offer new insights into the development of
high myopia and support the role of macular CD as a factor
in the underlying mechanisms of complications related to
high myopia.
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