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Abstract

BACKGROUND

Optical coherence tomography angiography (OCTA) is a new and reliable
machine used to evaluate retinal structure and macular perfusion in children. The
use of OCTA under bad condition such as high altitude, low atmospheric oxygen,
and low humidity, in children is rarely.

AIM

To quantify the macular micro-vasculature in healthy children of various ages
using OCTA in Qamdo.

METHODS

Design: Prospective cross-sectional, school-based study. Three hundred and forty-
seven normal students from 9 schools in 4 different areas in Qamdo were
included. OCTA was performed on a 3 mm X 3 mm area centered on the macular
region and macular cube 512 x 128 showed details in macular. Early treatment of
diabetic retinopathy study Vessel Flow Density (VD) of the macular central
vascular plexus density (CVD), inner vascular plexus density (IVD), full vascular
plexus density (FVD), and the size of the foveal avascular zone (FAZ) were
measured. All these results corrected by t/s = 3.382 x 0.01306 x (axial length-1.82).
The differences were compared among various ages, sexes and living environ-
ments.

RESULTS
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The mean FAZ area in all eyes was 0.27 mm? + 0.12 mm?. The mean foveal thickness (MFT) in the macular cube was
227.64 pm * 23.51 pm. Compared with girls, boys had a lager FAZ (P = 0.0029). Among the different age groups,
MFT (P < 0.001) and FVD (P < 0.0001), IVD (P < 0.0001), and CVD (P = 0.0050) increased with age. FAZ areas were
not correlated with age (P = 0.8853) or others (MFT, area).

CONCLUSION

OCTA can use to evaluate macular perfusion in children. Our data bridge the gap between structural OCT and
perfusion density in children in high altitude. Even though these were not a longitudinal study, it may provide us
with hints about retina development during puberty and clinical implications of OCTA in children.

Key Words: Optical coherence tomography-angiography; Qamdo; Foveal avascular zone area; Vessel flow density; Teenager

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Optical coherence tomography-angiography (OCTA) is practical as well as stable available in clinical ophthal-
mology. Our findings might conduce to diagnose and follow-up of children’s macular diseases. We obtain data from 5 to 18
years old children by OCTA images to describe the baseline of children retina growth and microcirculation in Qamdo,
averages altitude above 3000 m. We now know the mean foveal thickness (MFT) was thinner in girls than in boys, and age
effect in MFT (the macular cube), full vascular plexus density, inner vascular plexus density (linear increased). High altitude
might cause difference in MFT but we don’t have enough data. Further studies will explain mechanisms and clinical
significance of these changes.

Citation: Sun KX, Xiang YG, Zhang T, Yi SL, Xia JY, Yang X, Zheng SJ, Ji Y, Wan WJ, Hu K. Evaluation of childhood developing
via optical coherence tomography-angiography in Qamdo, Tibet, China: A prospective cross-sectional, school-based study. World J
Clin Cases 2023; 11(23): 5479-5493

URL: https://www.wjgnet.com/2307-8960/full/v11/i23/5479.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i23.5479

INTRODUCTION

Dye leakage on fluorescein angiography (FA) remains the gold standard for diagnosing many retina diseases such as
active CNV and AMD[1,2]. However, the procedure is invasive and may be associated with nausea, urticaria, and rarely
anaphylaxis. In children, general anesthesia is often required to acquire FA images with the contact lens-based Retcam
(clarity medical systems) since few children would tolerate a needlestick while awake. Optical coherence tomography-
angiography (OCTA) is a recent technological device detecting ocular blood circulation and creating en-face vascularity
images without an intravenous contrast agent[3]. It allows analyzing the distribution of vessels in every retinal layer and
in choroid[4]. It is a novel non-invasive technology that has significantly altered the understanding and management of
serial ocular disorders. The technology enables in vivo quasi-histological evaluation that provides high-resolution cross-
sectional images of the retina, retinal nerve-fiber layer, and the optic nerve head[5]. Moreover, OCT can accurately and
quantitatively measure the hierarchical structure of the retina during disease development. Being responsible for fine
visual acuity, the development and maturation of the retinal macula is a compelling topic[6]. Over more, OCTA as one of
the combined series of screening methods that include objective and quantified measurements of visual functions and
structure changes are highly significant because they have high accuracy and reliability in assessing children’s ocular
health[7]. Relatively little is known about the development of vascular circulation in the macular region in childhood.

The Cirrus 5000 OCT-A device (Carl Zeiss Meditec, Dublin, CA, United States) can be used to analyzed the character-
istics of the superficial capillary plexus (SCP)-located between the internal limiting membrane and the internal plexiform
layer-and the foveal avascular zone (FAZ) in macula[8]. OCT-A is being reported as a key element in the comprehension
of ocular conditions that begin in childhood, as well as further ocular conditions such as amblyopia[9], familial exudative
vitreoretinopathy[10] or retinopathy of prematurity[10-12]. However, the use of OCTA in health children is rarely
reported[13], especially teenagers in northwest China measured by Zeiss SD-OCT.

Most previous studies based on the fundus photography in vision screening programs were limited to observing only
specific regions of the retina such as the optic disc or macular area[14]. Several studies have shown that retina vessel
density decreases while the area of the FAZ increases with age in healthy adults, which may due to the decreased
demand of oxygen and nutrition[6,15-18]. Some researchers reported that the superficial vascular plexus decrease in
blood flow and macular vessel density with aging has been demonstrated may be caused by decreased oxygen and
nutrient demands[18-20]. Tibet, averages altitude above 4000 m, is called “the roof of the world”. As a consequence of its
high altitude, environmental factors such as low atmospheric oxygen, low humidity, strong ultraviolet radiation, and low
temperatures are prevalent[18,19]. People lived there are likely to suffer from a range of symptoms prompted by oxygen
deficiency, such as ocular disorders or blood disorders. These changes of macular microvasculature during childhood
remain unclear. For the quantitative analysis of macular SCP vascularization, we use the software subdivided the macular
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area according to the early treatment of diabetic retinopathy study (ETDRS) study map, considering a central circle (cC)
of 1 mm radius from the foveola and including the FAZ (no blood flow signal) and two concentric rings, one internal
(inner circle, iC; from 1 mm to 3 mm radius) and one external (external circle, eC; from 3 mm to 6 mm). We report the
ETDRS Vessel Flow Density (VD) of the macular central vascular plexus density (CVD), inner vascular plexus density
(IVD), full vascular plexus density (FVD) and choriocapillaris and the size of the FAZ area in different children from high
altitudes in vivo using commercial OCTA. In addition, we analyzed the influence of age, sex and environment. We aimed
to use the OCTA device with children in order to determine the normative values in this group, and planned to obtain
reference values for pediatric patients with retinal diseases such as diabetic retinopathy.

MATERIALS AND METHODS

VOS viewer

The bibliometric analysis developed in this research was based on the online database of the Web of Science (https://ww
w.webofscience.com/wos/alldb/basic-search). This database is usually used as a source for academic and bibliometric
studies. This search expressions consisted in applying the terms “Zeiss Optical coherence tomography-angiography OR
OCTA”, which seeks for words on titles, abstracts, from 2002 to 2022. A total of 2123 publications were retrieved and after
refinement. All analyses were performed using the “Analyzing Results” tool provided by WoS with MS Excel support (v.
2016) to perform calculations and to develop graphs (visualization of bibliometric indicators) using the following
information: (1) Number of publications; (2) number of citations; (3) impact factor (for journals); and (4) h-index (for
journals and authors).

Study sites

The study cohort in China was drawn from the rural and downtown Tibetan primary school children of Qamdo City.
Qamdo is located in the eastern part of the Qinghai-Tibetan living. Qamdo City has 1 city and 10 townships (https://worl
dview.earthdata.nasa.gov/)[21]. Each township has at least 1 Tibetan primary school that is supported by the
government. Compared with China as a whole, the socio-economic status of the county ranks is at a low level.

According to the local government, the net enrolment of primary-school-aged children in Qamdo was 98%, this rate in
middle school was 74.7% in 2014. Children start their schooling at age 6 year. Qamdo goverment provides education free
of charge at the primary school and middle school level. Demographic and socio-economic data are obtained from the
“Tibet Statistical Yearbook” (2006-2018) available at http:/ /tjj.xizang.gov.cn/. There are few qualified optometrists or
ophthalmologists in the county. Few children had glasses or contact lenses, less had any undergone an eye examination
before this study. Even more children cannot use the eye chart.

Participant selection

The Qamdo Childhood Eye Study (QCES) was a schoolbased, observational cohort epidemiological study on childhood
ocular diseases. All students from primary and middle school students in Qamdo were included. The examinations were
given free of charge. After the examination, a result was presented to the teachers, and, if needed, prescriptions and
suggestions were given. A few pupils were referred to the Qamdo Tibet Region People’s hospital for further treatment.
Spectacles and drugs were given free of charge to the children who needed them. The survey and ethics clearances were
obtained from the local government, and approval was also obtained from the ethics committee of the Health Bureau of
the Qamdo Tibetan Autonomous Prefecture and the Ethics Committee of the Chongqing Medical University. The parents
and pupils gave oral consent. The study protocols were in accordance with the Declaration of Helsinki.

The QCES employed the Stratified systematic sampling method to both primary and middle school students in
Qamdo. This study contended from primary school to the senior high school. In Qamdo area, stratified random cluster
sampling method is adopted to conduct multi-stage sampling in areas with different altitudes and economic levels
(Supplementary Figure 1; Supplementary Table 1). One primary school and one middle school from towns, villages,
pastoral areas and mountainous regions with relatively concentrated population and representative economic
development level in Qamdo area are selected as the sampling population. In principle, men and women are equally
divided. Based on local government evaluations, 9 schools from 4 different areas in Qamdo that effectively participated in
the QCES were stratified into 10 levels (from Grade One to Second year of Senior High School).

Subjects and definitions

All students underwent a comprehensive eye examination that included assessment of uncorrected and best-corrected
visual acuity, slit-lamp bio-microscopy evaluation (SL-3G, Topcon, Tokyo, Japan), non-contact tonometry (CT-800,
Topcon, Tokyo, Japan), ocular alignment, OCTA. Myopia and hyperopia were defined as < -0.50 diopters (D) SE and 2
+2.00D SE, respectively, in one or both eyes.

OCTA measurements

Right eye of all children was subjected to OCTA examinations using the Zeiss Cirrus 5000 HD-OCT with Angioplex (Carl
Zeiss Meditec, Inc, Dublin, CA, United States); all OCTA examinations were completed by the same skilled clinical staff
members. Zeiss Cirrus OCTA device is a non-contact SD-OCT system that performs a fully automated “alignment, focus,
and capture” procedure by capturing 50000 axials. To determine the FAZ area of the SCP, the scan protocol was the
macular 3 mm x 3 mm scan pattern centered on the fovea[22] (Supplementary Figure 2A). The scan included 3 repeated
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B-scans at the same location in the slow Y-axis (245 total B-scan locations, each separated by 12.5 pm) with 245 A-scans
per B-scan in the fast X-axis. Real-time retinal tracking performed by a line scan ophthalmoscope was used to reduce
motion artifacts[23]. The OCTA software automatically calculated the FAZ area (Supplementary Figure 2B). The SCP was
defined as the distance from the inner limiting membrane to the inner plexiform layer (Supplementary Figure 2B).
Furthermore, all volunteers underwent macular scanning with a 512 x 128 scan model (128 horizontal B-scans, at 512 A-
scans per B-scan) to assess the central macular thickness (center 1 mm)[24] (Supplementary Figure 2C). OCTA images
with a quality signal strength of > 7 were included in the data analysis. Furthermore, all images were manually checked
to identify errors that may arise due to automatic analysis.

Adjustment for image magnification
For the estimation of corrected results, original OCTA images were adjusted by a scaling factor defined by the Littman
and the modified Bennett formulae. According to the Littman formula, the relationship between the true size t of a retinal

“_

feature and its measured sizes on OCTA image can be expressed as t = p X q x s, where “p” is the magnification factor
related to the OCT system, and q is the magnification factor related to the eye. The factor “q” can be determined by the
Bennett formula: q = 0.01306 x (x-1.82), where “x” is the axial length. By using the default axial length 24.46 mm adopted
by the Zeiss Cirrus 5000 HD-OCT with Angioplex syste, “p” can be calculated as 1/[0.01306 x (24.46-1.82)] = 3.382.
Therefore, the scaling factor of the OCTA for adjustment of the ocular magnification can be calculated as: t/s = 3.382 x

0.01306 x (x-1.82).

Statistical analysis

Analyses were performed using IBM SPSS Statistics 25 (IBM Corp., Armonk, NY, United States) and GraphPad Prism 8
(GraphPad Software, LLC). All values are reported with their frequency distribution and their exact 95% confidence
interval (95%Cl), according to the binomial distribution. The Kolmogorov-Smirnov test was used to determine whether a
distribution was present for systemic factors regarded as continuous variables. After confirming their normal distri-
bution, they are presented as the means + SD. Continuous variables are presented as means standard deviations, and
categorical variables are presented as frequencies (%). Comparisons of systemic factors between female and male were
performed using an independent sample t-test for variables with normal distributions. Comparisons of continuous
variables were performed using one-way ANOVA and multiple comparison for trend. Analysis of the dichotomous
variables was performed using the chi-square test (or Fisher’s exact test when appropriate). If premise not being satisfied
Chi-square was used by judge the difference by analyzing the relative selection frequency and proportion of different
types of data. Pearson’s correlation was used to determine the relationships among parameters. P values less than 0.05
were considered statistically significant.

RESULTS

Publication trend and keywords distribution

The publication trend is an indicator for reflecting and measuring the scientific activities and attention to a specific
domain[25]. Figures 1 and 2 shows keywords co-occurrence cluster of Zeiss OCTA researches based on bibliometric
analysis in recent 20 years. A total of 2123 publications were retrieved and after refinement. We next search expressions
consisted in applying the terms “students OR young adults OR teenager” and “Optical coherence tomography-
angiography OR OCTA”, which seeks for words on titles, abstracts, from 2002 to 2022 (Table 1).

Local cross-validation results

Due to the inability to obtain images and information lake, 1 child was excluded. Consequently, 347 children from ten
grades in four different areas were included in the study. Right eye of 347 children were examined and successfully
scanned, which include 191 (52.8%) children with myopia. This myopia rate was no significant differences between this
total rate in Qamdo in the present study. All study measurements provided high-quality scans. The sample included 182
girls and 165 boys; the mean age was 10.55 years * 2.82 years (range, 5-18 years). Ocular parameters were as follows:
mean vision, 4.80 diopters * 0.30 diopters (range, 3.70 to 5.10); mean AL, 23.31 mm # 1.01 mm (range, 20.55 mm to 26.66
mm); mean SE, -0.88 diopters + 1.41 diopters (range, -6.50 diopters to +4.50 diopters). The AL were 23.10 mm # 1.08 mm
in male students and 23.53 mm * 0.89 mm in female students (P < 0.0001, Figure 3A). The mean FAZ area in all eyes was
0.27 mm? £ 0.12 mm? (95%CI: 0.03-0.50 mm?), with boys (0.28 pm * 0.13 um; 95%CI: 0.25-0.30 mm?) having greater mean
values than did girls (0.27 pm # 0.10 pm, 95%CI, 0.28-0.32 mm? P = 0.0029) (Figure 3B). The Mean Foveal Thickness in the
macular cube (MFT) was 227.64 + 23.51 pm (range, 193 pm to 337 pm). The mean MFT were 228.73 mm? + 24.97 mm? in
male students and 227.30 mm? + 21.87 mm? in female students (Supplementary Figure 2); there was no significant sex-
related difference (P = 0.086; Table 2). In the parafoveal region, the FVD and the IVD were larger in girls than in boys.
However, most of the vascular density in the CVD and IVD had no significant differences between girls and boys
(Table 2; Supplementary Figure 2).

Comparison with different ages

Table 3 shows the results from OCTA images were compared between all age groups. Children under 8-year-old have
better eyesight. With the age increasing, the vision of students is worse and worse. The AL is significant increased with
age, 22.34 + 0.77 in the 5 years old group to 22.54 £ 0.66 in the 6 years old group, 22.64 + 0.67 in the 7 years old group,

WJCC | https://www.wjgnet.com 5482 August 16,2023 | Volume1l | Issue23 |

Jaishideng®


https://f6publishing.blob.core.windows.net/3d866519-b6f9-486a-89e4-6e4e6c3e8bc6/WJCC-11-5479-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/3d866519-b6f9-486a-89e4-6e4e6c3e8bc6/WJCC-11-5479-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/3d866519-b6f9-486a-89e4-6e4e6c3e8bc6/WJCC-11-5479-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/3d866519-b6f9-486a-89e4-6e4e6c3e8bc6/WJCC-11-5479-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/3d866519-b6f9-486a-89e4-6e4e6c3e8bc6/WJCC-11-5479-supplementary-material.pdf

Sun KX et al. Retinal microvasculature in children by OCTA

Table 1 Optical coherence tomography angiography measurements of health students in Qamdo divided into habitat distribution which

include mean foveal thickness, foveal avascular zone area, and vascular plexus density

Karuo (n = 28) Denggen (n = 38) Markam (n = 48) Chagyab (n = 48) P value
AL, mm 22.71+0.51 2294+0.75 22.92+0.78 23.02+0.58 0.0346
Foveal thickness, pm 243.00 + 21.00 233.42 +22.31 235.24 +15.23 22818 +17.62 0.0075
FAZ, mm? 0.26 +0.12 0.32+0.10 0.26+0.10 0.32+0.11 0.0211
FVD, mm™! 2040 +2.05 2078 +1.78 20.24 +1.58 2072 +1.45 0.2626
IVD, mm 2155+2.16 2217 +1.56 21.34+1.70 21.66 +1.70 0.6049
CVD, mm! 10.07 +3.42 10.59 + 3.69 10.99 £3.75 9.34 +3.01 0.1211
cFoveal thickness, pm 226.31 +20.40 217.49 +18.10 221.81+19.81 218.46 + 22.06 0.0075
cFAZ, mm? 0.26 +0.11 0.28 % 0.09 0.24+0.09 0.29+0.10 0.1811
cFVD, mm! 1833 £2.18 19.48 +1.70 18.89 +1.75 19.30 +1.57 0.0532
cIVD, mm™ 19.49 +2.34 20.69 +1.86 21.34+1.70 21.66 +1.70 0.0379
cCVD, mm’™" 9.26 +2.85 1012 £3.36 1013 £3.13 953 +3.23 0.5612

AL: Axial length; FVD: Full vascular plexus density; CVD: Central vascular plexus density; IVD: Inner vascular plexus density; FAZ: Foveal avascular
zone; MFT: Mean foveal thickness.

Table 2 Clinical characteristics of the study samples and optical coherence tomography measurements of retinal and subfoveal

choroidal thickness according to sex

ALL (n = 347) Girls (n =182) Boys (n = 165) P value
Age, yr 10.62 £ 2.82 (range 5-18) 10.70 +2.84 10.53 +2.80 0.0781
Vision 4.78 £0.30 4.74+0.33 4.83+£0.26 0.1043
AL, mm 2331+£1.01 23.53 +0.89 23.10+1.08 <0.0001
SE, diopters -0.88 £1.40 -0.96 £1.60 -0.79£1.14 0.4601
Mean foveal thickness 239.81+19.13 238.44 +20.13 24133 +17.91 0.0097
FAZ, mm? 0.29+0.13 0.30+0.12 0.28 +0.14 0.0119
FVD, mm™ 20.38 £1.88 20.31+1.85 20.45+1.92 0.0210
IVD, mm™ 21.65+1.92 22.50 +12.26 21.72+£191 0.0610
CVD, mm™ 1043 +3.79 10.38 + 4.04 10.49 +3.53 0.7800
cMean foveal thickness 227.64 +23.51 227.30 + 21.87 228.73 +24.97 0.0863
cFAZ, mm? 0.27£0.12 0.27 £0.10 0.28+0.13 0.0029
cFVD, mm™! 19.35 + 209 19.38 +2.09 19.32+2.12 0.7931
cIVD, mm™ 21.00 +8.29 21.49 +11.93 20.58 £2.15 0.3343
cCVD, mm™ 9.93 +3.70 10.28 +£3.88 9.49 +3.39 0.0513

AL: Axial length; FVD: Full vascular plexus density; CVD: Central vascular plexus density; IVD: Inner vascular plexus density; AL: Axial length; FAZ:

Foveal avascular zone.

23.02 £+ 0.82 in the 8 years old group, 22.97 £ 0.75 in the 9 years old group, 23.11 + 1.06 in the 10 years old group, 23.73 +
0.77 in the 11 years old group, 23.70 + 1.04 in the 12 years old group, 23.54 + 0.99 in the 13 years old group, 23.98 + 1.06 in
the 14 years old group, 24.08 £ 0.76 in the 15 years old group, and 24.59 + 1.63 older than 16 year old (P < 0.0001 by one-
way ANOVA, P <0.0001 by linear trend; Tables 3 and 4; Figure 3C) The macular vascular density and perfusion density
was calculated and compared across various age groups for the full macula, central macular and para-macular areas
separately from the OCTA images. Statistical significances were found for vascular density, MFT and FAZ area in all age
groups (P < 0.01). Statistical significances were found for mean foveal thickness is 215.70 + 3.46 in the 5 years old group to
216.14 + 23.13 in the 6 years old group, 217.53 + 22.41 in the 7 years old group, 217.45 £ 39.31 in the 8 years old group,
231.87 £ 22.93 in the 9 years old group, 233.82 + 20.25 in the 10 years old group, 233.96 + 18.59 in the 11 years old group,
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Table 3 Clinical characteristics of the study samples and optical coherence tomography measurements of retinal and subfoveal choroidal thickness according to ages

5(n=2) 6(n=200 7(n=40) 8(n=33)  9(n=35  10(n=39) 11(n=36) 12(n=38) 13(n=43) 14(n=36) 15(n=15) 216(n=10) Pvalue
FEM 0.001389 0.464583 0.888194 0.760417 0.761806 0.846528 0.639583 0.927778 0.93125 0.7625 0.461111 0.252778

Vision 4.90 +0.07 490+ 0.19 4.90 £ 0.05 4.90 + 0.08 4.89+0.18 4.78 £0.29 4.72+£0.29 4.66 + 0.34 4.73 £ 0.36 4.59 + 0.36 4.60+0.32 4.67 £0.37 < 0.0001
AL, mm 2234 +£0.77 22.54 +0.66 22.64 +0.67 23.02 +0.82 2297 +0.75 23.11 £1.06 23.73 £0.77 23.70 £1.04 23.54 +£0.99 23.98 +1.06 24.08 £0.76 2459 +1.63 < 0.0001
MFT, pm 212.00 + 2.83 21618 +£13.22  232.08 £15.00 235.77 £15.24 24247 +1536 248.04+14.05 242.94+1459 236.35+17.29 24275+20.62 249.40+2693 243.62+16.51 233.67 £10.50 0.00097
FAZ, mm? 0.64 £ 0.90 0.34+£0.13 0.30+£0.11 0.31+£0.13 0.30+£0.11 0.25+0.10 0.28 £0.120 0.32+£0.12 0.26 £0.13 0.30 £+ 0.08 0.32 £ 0.09 0.31+0.17 0.008
FVD, mm™ 15.80 £ 0.9 19.90 +1.57 20.51 +1.39 20.45+2.19 20.62 +0.90 21.02+1.63 20.40 £ 1.66 20.68 +1.50 20.27 £2.23 20.65 +1.55 20.62 +1.58 21.83+1.18 0.04549
IVD, mm™ 17.20 £1.27 21.35+1.68 21.91 +1.30 21.84+2.18 21.91 +0.99 22.22 +1.61 21.70 £ 1.69 2218 +1.44 21.65 +2.22 22.00 £ 1.56 22.00+1.51 23.23 £0.76 < 0.0001
CVD, mm™ 5.30 £ 0.99 8.58 £2.78 9.67 £3.04 9.44 +3.33 10.36 £ 2.61 11.68 £ 3.01 10.22 +£2.68 8.95 £ 2.70 9.52 £3.51 10.05 +£2.73 9.61 £3.10 10.83 +4.31 <0.0001

cMFT, pm 215700 £3.456  216.14+2313  217.53+2241 21745+£39.31 231.87+2293 233.82+20.25 233.96+1859 236.02+2543 235.73+26.33 219.88+2595 22418+30.12 223.87+31.33  0.0012

cFAZ, mm? 0.46 +£0.23 0.32 +0.08 0.24 +£0.13 0.25 £ 0.08 0.24 £0.11 0.26 £0.11 0.30 £0.10 0.31+£0.11 0.26 £ 0.09 0.28 £ 0.09 0.39 +0.35 0.20 +£0.11 0.0026

cFVD, mm?  17.62+0.87 18.79 £1.47 18.78 £2.59 18.89 £1.97 19.45+£2.16 19.49£2.14 19.83£1.73 19.93 £2.12 19.74 £2.08 19.12 £1.89 18.93 £2.57 18.81 £2.72 0.01862
cIVD, mm™ 19.26 + 0.45 20.05 +1.46 19.92 +2.67 20.02+£3.96 20.57 £2.15 20.70+2.21 21.11+1.84 21.22+2.06 21.02+211 20.32+2.05 20.16 £2.42 20.17 £2.63 0.01886
cCVD, mm™  5.08+323 8.87 £3.18 9.95 +3.93 10.32+£3.51 10.77 £4.13 10.07 £3.73 9.90 £3.26 9.95 £ 4.88 9.71+£274 9.53 £3.15 9.25 +4.00 8.33 £4.17 0.02676

FVD: Full vascular plexus density; CVD: Central vascular plexus density; IVD: Inner vascular plexus density; AL: Axial length; FAZ: Foveal avascular zone; MFT: Mean foveal thickness.

236.02 £ 25.43 in the 12 years old group, 235.73 + 26.33 in the 13 years old group, 219.88 + 25.95 in the 14 years old group,
224.18 + 30.12 in the 15 years old group, and 223.87 + 31.33 older than 16 year old (P = 0.0012 by one-way ANOVA, P <
0.0001 by linear trend; Tables 3 and 4; Figure 3G). The CVD (P = 0.0050), IVD (P < 0.0001) and FVD (P < 0.0001) also
increased significantly with age (Tables 3 and 4; Figure 3D-F).

Table 4 showing vascular density, MFT, CVD, IVD, FVD, and AL reported in linear with age. For the MFT, IVD and
FVD, linear models were significantly predictive (P < 0.01 for all). For the FAZ area, the linear regression models were a
poor fit for both in age (P = 0.8853), indicating that although age significantly predicted the FAZ area, most of the
variation in the data was not explained by age and mean foveal growing.

Retinal changes following in a high-altitude environment

Qamdo district, located in eastern Tibet within the Hengduan Mountain region and Three-River Valley, is the second
main economic and educational center in Tibet (Supplementary Table 1). Karuo District is located in the east of Qamdo,
which is located near Sichuan, Yunnan and Qinghai Provience Karuo, as the capital of Qamdo, has the only one senior
high school of Qamdo. We chose the 4 area which located in different four corners include Karuo (town), Denggen
(pastoral areas), Markam (village), and Chagyab (mountainous region). Due to all senior high school students gather at
Karuo, and the vision has a significant decrease with age (Table 5), we just analyzed healthy students from Grade One to
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Table 4 Quantitative analysis and the linear regression analyses in optical coherence tomography angiography scans according to age

after correction

Equation F P value
AL Y =0.1522 x X +21.61 79.59 <0.0001 Significant
CVD Y =0.1907 x X + 7.851 7.974 0.005 Significant
IVD Y =0.2350 x X +17.91 37.71 <0.0001 Significant
FVD Y =0.2137 x X +16.96 0.08468 <0.0001 Significant
FAZ Y =0.0003520 x X + 0.2710 0.02086 0.8853 Not significant
MFT Y =3.549 x X +188.0 79.81 <0.0001 Significant

AL: Axial length; FVD: Full vascular plexus density; CVD: Central vascular plexus density; IVD: Inner vascular plexus density; FAZ: Foveal avascular
zone; MFT: Mean foveal thickness.

Table 5 Clinical characteristics of the study samples and optical coherence tomography measurements of retinal and subfoveal

choroidal thickness according to different area

Karuo (n = 83) Denggen (n = 69) Markam (n = 67) Chagyab (n =76) P value

Vision 4.64 +0.33 4.80+0.26 4.88+0.25 4.84+0.28 <0.0001
AL, mm 23.59 £1.10 23.22£0.93 23.15+1.01 23.22£0.93 0.007
Mean Foveal Thickness, pm 24893 £13.53 236.35 + 21.37 239.24 +15.46 236.11 +20.23 <0.0001
FAZ, mm? 0.30+0.16 0.29 £0.11 0.27 £0.10 0.29 £0.11 0.604
FVD, mm™ 20.40 £2.05 20.78 £1.79 20.25+1.59 20.72 £1.45 0.21
IVD, mm™ 21.77 £2.07 2216 £1.73 21.54 +£1.58 22.06 +1.40 0.091
CVD, mm 9.65 +3.08 10.00 £ 3.44 10.07 £2.69 10.17 £2.99 0.1211
cMean Foveal Thickness, pm 24450 + 16.60 221.9 £23.22 2224 +21.90 222.7 +23.62 <0.0001
cFAZ, mm? 0.30 £ 0.11 0.27 £0.10 0.25+0.10 0.28 +£0.15 0.0022
cFVD, mm! 20.01 +1.98 19.47 +1.84 18.66 £2.23 19.28 £2.14 0.0006
cIVD, mm™ 21.20 £2.07 20.73 £1.88 21.74 £1.69 20.51 £2.13 <0.0001
cCVD, mm™ 10.66 + 4.37 9.66 +3.42 9.58 +£3.25 9.686 +3.41 0.0256
Myopia rate, % 77.1 494 275 41.8 <0.0001

AL: Axial length; FVD: Full vascular plexus density; CVD: Central vascular plexus density; IVD: Inner vascular plexus density; FAZ: Foveal avascular

zone; MFT: Mean foveal thickness.

Grade Nine.

The FAZ and CVD were similar in each cohort. The MFT of students in Karuo (226.31 + 20.40) is the highest, following
Markam (221.81 + 19.81), Chagyab (218.46 + 22.06), and Denggen (217.49 + 18.10). The arrangment in FAZ is Chagyab
(0.29 £ 0.10), Denggen (0.28 + 0.09) > Karuo (0.26 + 0.11), Markam (0.24 + 0.09) (Table 1; Figure 4). Campared with the
result reported by Zhang et al[26] from Wuxi, the mean FAZ area was 0.290 mm # 0.109 mm and the MFT was 238.79 +
20.53, we speculated that there is a correlation between altitude and retina morphology, which guides our further invest-
igation.

DISCUSSION

Because of the availability of commercial equipment, OCTA is widely used in ophthalmic clinics nowadays[27,28]. OCTA,
as a non-invasive technique, was used to evaluate ocular perfusion by OCT signal amplitude reflected from non-static
tissue[27,29]. Moreover, the segmentation function of OCT-A enables images to be visualized in the superficial and deep
layers, which allows a more thorough analysis of the chorioretinal microvasculature of an image by creating a 3D view
[30]. As OCT-A imaging is increasingly incorporated into daily retina practice, clinicians have tremendous opportunities
to gather a large amount of microvascular data and gain deeper insight into their patients” pathologies[30]. This based on
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Table 6 Reported superficial and deep foveal avascular zone areas calculated from optical coherence tomography angiography images,

mean £ SD, mm?

Ref. Region Number of samples FAZ, mm? P value
Ghassemi et al[46], 2021 Tehran Iran 168 eyes from 54 subjects 044 +0.78 <0.001
Hsu et al[39], 2019 North Carolina 135 eyes from 89 subjects 0.35+0.17 <0.001
Enrico Borrelli et al[52], 2019 California 77 eyes from 52 subjects 0.261 +0.149 0.0536
Kiziltoprak et al[43], 2020 Turkey 92 eyes 0.28 £0.11 0.0278
Igel et al[41], 2020 Turkey 146 eyes 0.30 +0.09 <0.001
Zhang et al[26], 2017 China 80 eyes 0.290 £ 0.109 0.029
Zhang et al[50], 2020 China 71 eyes 0.29+0.10 0.0041
Pérez-Garcia et al[48], 2021 Spain 34 eyes 0.25+0.11 0.1183
Plaitano et al[45], 2022 Italy 206 eyes from 111 subjects 0.27 +0.106 0.0007
Fujiwara et al[42], 2017 Japanese 26 eyes 0.33+0.11 0.1533
Gomez-Ulla et al[38], 2019 Spain 20 eyes from 10 men 0.298 +0.108 0.1637
Yilmaz et al[1], 2017 Istanbul 45 eyes of 30 subjects 0.280 + 0.097 0.0822
This report Qamdo, China 347 eyes 0.27£0.12 0.0029

FAZ: Foveal avascular zone.
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Figure 1 Keyword co-occurrence cluster of Zeiss Optical coherence tomography-angiography clinical researches based on bibliometric
analysis in recent 20 years.

the quantification of flow that can be used to retinal and choroidal microvessels perfusion from both healthy and
unhealthy person[31]. Using the commercially available OCTA, many studies on healthy adults have been performed. To
our knowledge, there is very little research in school-age students especially teenagers those lived in Hengduan
Mountain region with high-altitude living environment[32-35]. Therefore, there is a need for our study to provide
detailed analysis in the present article.

To date, numerous OCTA-related studies have been reported; however, to realize factors affecting the retinal
construction structures and potential correlations, most studies artificially selected only a small number of programs like
gender, axial length, disease or myopial[9,15,28,36,37]. Bansal et al[31] study in Caucasian subjects shows that vascular
density was higher in women than in men after 60 years (P < 0.01). Zhang et al[32] had a research in California found that
age was a predictor of SCP and DCP vessel density and FAZ area in the superficial retinal capillary plexus in adults.
Many authors emphasize that factors such as age and gender are significant factors when assessing the FAZ and vessel
densities in the superficial and deep retinal vascular layers[33]. In this cross-sectional study, we report quantitative data
of macular microvascular networks in healthy pediatric subjects using OCTA. Table 6 shows the reported FAZ areas by
other authors in teenagers[1,6,26,38-50]. We found a mean FAZ area of 0.290 mm? which is in agreement with other
reported values in healthy eyes for FAZ area using OCT-A in China and Asia. Several studies have used OCTA to
demonstrate that the FAZ size and shape in healthy adult populations increases with age[37,51]. Borrelli ef al[52] study
demonstrated that the FAZ size was increases with age and boys have larger FAZ areas, which had a same result in Li ef
al[6]. In the other side, in Ghassemi et al[46], Kiziltoprak et al[43] and Igel et al[41] researches, FAZ size was greater in girls
[26,41,43,50]. Our results illustrated that larger FAZ area has a not significant correlated with younger age, female sex and
thinner MFT (Supplementary Figures 2 and 3). We believe this difference among races and the sample size.
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Figure 2 The optical coherence tomography angiography images obtained by participant. A: Optical coherence tomography angiography (OCTA)
images of superficial capillary plexus (SCP) in the macula; B: OCTA image showing 3 mm x 3 mm scanning model in the SCP of the macula. OCTA image showing
foveal avascular zone area obtained automatically by OCTA software; C: OCTA image showing 512 x 128 scanning model in the macular cube. FAZ: Foveal
avascular zone.

The evaluation the vessel density of the macula is one of the main characteristics of Zeiss OCTA[53,54]. Many studies
have evaluated normative data in adults[52]. However, studies in children are limited. Perez-Garcia et al[48] reported
similar results to our study in Spanish child population using the same software and OCTA device.

Next, we analyzed age effect on retina structure and vessel flow density. Several authors analyzing OCT images have
found that retinal thickness declines with age[16,38]. Other studies have failed to find such a relationship between age
and macular or foveal thickness[55]. All these studies based on adults. In our study, we found MFT, FVD, IVD, and CVD
of teenagers increasing linearly with age, which can provide guiding in prediction growth of children’s retinal structure.
These changes may be caused by the increased oxygen and nutrient demands. Although the majority of the studies
reported the development of macular should complete at around 4-years-old. Lee et al[56] showed a continuous
development of the retinal layers in adolescent and even young adult. Li et al[6] showed the development of the outer
retina layer could last until 10 years of age, which could be a possible basis of the continuous development of the macular
microvasculature. Yao et al[49] believed this continuous development of the retinal layers in adolescent and even young
adult is the prolonged light exposure time which may slow the growth of the axial length thus affect the eye development
in high altitude.

To date little is known about possible baseline retinal vascular differences across minority areas. The QCES was a large,
a school-based, longitudinal study of eye health among all students from primary and middle schools in Qamdo, Tibet
Autonomous Region, located in southwest China. To our knowledge, this is the first study evaluating the three retinal
vascular plexus density in the normal eyes of students in Tibet healthy using OCTA software. Our study showed
significantly lower myopia rate in villages than in Karuo. Boys had better visions than girl, which is similar with those in
adult[57]. Except for MFT, other data have no significant difference in each area.

Our study included a large population of healthy children in different ages distribution, analyzing a large amount of
information regarding the macular microvasculature. Nevertheless, there remain several limitations. First, as a school-
based study, the study may not entirely represent a normal population in Qamdo, a larger number of subjects would
likely corroborate the findings reported here. Because our sample size is small, future studies will need a larger
population-based study design, exploring the effects of age, sex, and important factors such as IOP. In addition, this
study is solely conducted in Qamdo. As race and ethnicity could affect the foveal shape and may influence the retina
development, the generalizability of these data still needs further confirmation in other races. Tian et al[19] observed that
high-altitude environment in Tibet might cause a significant increase in retinal nerve fiber layer (RNFL) thickness in the
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Figure 3 Graphs show vessel density and mean foveal thickness distribution. A and B: The violin mapshows comparison of the axial length (AL, A)
and foveal avascular zone area (B) by gender (P < 0.001); C: Scatter plots showing positive correlation between ages and AL; D-G: Scatter plots showing positive
correlation between ages and full (D) and inner macular vascular density (E) whole and deep macular vascular density (F), positive correlation between ages and the
mean foveal thickness (G). P < 0.01. AL: Axial length; FAZ: Foveal avascular zone; AREA: The living environment of participant; FVD: Full vascular plexus density;
CVD: Central vascular plexus density; IVD: Inner vascular plexus density; MFT: Mean foveal thickness; AGE: Age of participant.
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Figure 4 Box plot shows the habitat distribution of the optical coherence tomography angiography result in health students. A: Axial length,
P =0.0346; B: Full vascular plexus density, P = 0.0532; C: Inner vascular plexus density, P = 0.0379. AL: Axial length; FVD: Full vascular plexus density; IVD: Inner
vascular plexus density.
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temporal and nasal quadrants of the optic disc, whilst a significant decrease in RNFL thickness in the inferior optic disc.
We will have a further study to compared those data in Chongqing (400 m). Our term tries to build a platform about
ophthalmic information in SouthWest of China. Finally, as a cross-sectional study, we showed trends of maturation in
retina from different ages, a longitudinal study remains warranted to demonstrate continuous changes of macular vessel
during development. Next step we will also collecting the information from same samples and make a follow-up study,
and try to analysis some special samples like myopia infused in OCTA. The effects of sunlight exposure time and oxygen
concentration on the thickness in Tibetan children should be observed and explored in subsequent examinations and
studies.

CONCLUSION

All in all, the patients were grouped by age, gender and living area in our study. We expanded the microcirculation
database in children from 5 to 18 years old using OCTA in averages altitude above 3000 m. This obtains data described
the baseline of children retina growth in Qamdo as a part of our southwest eye information. We now know the MFT was
thinner in girls than in boys. Age effect in MFT, FVD, IVD, and their relationship is linear increased. High altitude might
cause difference in MFT but we don’t have enough data. Further studies are needed to determine the mechanisms and
clinical significance of these changes. OCT-A is reproducible and widely available in ophthalmology clinics, therefore the
results we report should be helpful for diagnosis and follow-up of macular diseases in children.

ARTICLE HIGHLIGHTS

Research background

In children, general fundus examination is often obtained hardly because of it required to acquire images with the contact
lens-based Retcam and general anesthesia. optical coherence tomography angiography (OCTA) may provide a
noninvasive and reliable approach for evaluating macular perfusion in children. Tibet, as “the roof of the world”, its
environmental factors such as low atmospheric oxygen, low humidity, strong ultraviolet radiation, and low temperatures
are prevalent. People lived Tibet suffered from a range of symptoms prompted by oxygen deficiency which leaded to
ocular disorders or blood disorders. These changes of macular microvasculature during childhood remain unclear.

Research motivation

OCTA as one of the combined series of screening methods have high accuracy and reliability in assessing children’s
ocular health. People lived in Tibet from a range of symptoms prompted by oxygen deficiency, such as ocular disorders
or blood disorders. Relatively little is known about the development of vascular circulation in the macular region in
childhood, especially in high altitude environment. This research helps fill data in gaps in healthy children and extreme
weather.

Research objectives
To quantify the macular micro-vasculature in healthy children of various ages using OCTA in Qamdo. To compared the
gender, age, environment and other influence factors in children’s retinal growthing.

Research methods

Based on local government evaluations, 9 schools from 4 different areas in Qamdo, totally 347 students were stratified
into 10 levels (from Grade One to Second year of Senior High School). The Cirrus 5000 OCT-A device (Carl Zeiss Meditec,
Dublin, CA, United States) was first used to performed on a 3 mm x 3 mm area centered on the macular region and
macular cube 512 x 128 showed details in macular in Tibet. ETDRS Vessel Flow Density (VD) of the macular central
vascular plexus density (CVD), inner vascular plexus density (IVD), full vascular plexus density (FVD), and the size of
the foveal avascular zone (FAZ) were measured. The differences were compared among various ages, sexes and living
environments.

Research results

The mean FAZ area in all eyes was 0.27 mm? + 0.12 mm? The mean foveal thickness (MFT) in the macular cube was
227.64 pm + 23.51 pm. Compared with girls, boys had a lager FAZ (P = 0.0029). Among the different age groups, MFT (P
<0.001) and FVD (P < 0.0001), IVD (P < 0.0001) and CVD (P = 0.0050) increased with age. FAZ areas were not correlated
with age (P = 0.8853) or others (MFT, area).

Research conclusions

We expanded the microcirculation database in children from 5 to 18 years old using OCTA in averages altitude above
3000 m. We know the MFT was thinner in girls than in boys. Age effect in MFT, FVD, IVD, and their relationship is linear
increased. High altitude might cause difference in MFT.
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Research perspectives

Because our sample size is small, future studies will need a larger population-based study design, exploring the effects of
age, sex, and important factors such as axial eye length, IOP, race and ethnicity. We will have a further study to compared
those data in Chongqing (400 m). Next step we will also collecting the information from same samples and make a
follow-up study, and try to analysis some special samples like myopia infused in OCTA. The effects of sunlight exposure
time and oxygen concentration on the thickness in Tibetan children should be observed and explored in subsequent
examinations and studies. Our term tries to build a platform about ophthalmic information in Southwest of China.
Further studies are needed to determine the mechanisms and clinical significance of these changes.
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