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Abstract

Purpose This study aims to describe the variation and characteristics of vessel density (VD) of the macula and optic disc in the
normal eyes of children.

Methods This was a retrospective study where subjects aged 5—18 years with normal eyes were enrolled. The macula and optic
disc were scanned by optical coherence tomography angiography (OCTA). The influences of age, gender, and axial length (AL)
on VD were analyzed.

Results A total of 71 normal eyes from 71 subjects were enrolled. For the macula, the mean VD of fovea, parafovea, and
perifovea at superficial retina and deep retina were 20.1%, 50.2%, 49.4%, 36.1%, 53.9%, and 48.1%, respectively. The mean
foveal avascular zone (FAZ) was 0.277 mm?. For optic disc, the mean VD of radial peripapillary capillary (RPC) and inside-disc
areas were 51.8% and 51.7%, respectively. Significant differences were found between the superior-hemi and inferior-hemi VD
of the superficial retinal parafovea, deep retinal perifovea, and perifovea. The fovea VD of the superficial and deep retina and
FAZ areas were different between genders. The inside-disc VD was positively correlated with AL, while other VDs had no
significant correlation with age and AL.

Conclusions The parafovea VD of the superficial retina, parafovea, and perifovea of the deep retina had superior-hemi VD; boys
had a higher fovea VD and smaller FAZ area than those of girls, the macular VD and peripapillary RPC density were steady for
5-18 year-olds. This study provided useful information for furthering the understanding of the development mode of vessel in
children and the OCTA clinical applications in children.
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Introduction

The normal retinal vascular system is vital for visual function
and the potential role of the microvasculature and blood flow
in the pathophysiology of vascular retinopathies like retinal
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vein occlusion [1, 2], diabetic retinopathy [3, 4], optic neurop-
athies like glaucoma [5—8], macular disorders [8], and some
system disorders [9, 10] have been extensively investigated.
Previous studies have suggested that there are abnormalities in
ocular blood flow in many ocular disorders and system disor-
ders [11]. However, the lack of a reproducible and relevant
in vivo quantitative assessment method has limited the study
of both ocular perfusion and their microvascular networks.
Conventionally, fluorescein angiography (FA) has been the
gold standard examination for identifying and evaluating the
retinal capillary system [12, 13], which has been used in clin-
ical practice for over 50 years. Unfortunately, FA cannot dis-
tinguish several important layers of blood vessels in the eye;
essentially, only the superficial retina can be seen, as the deep
capillary system is poorly visualized with a dye-based angi-
ography system. It also cannot quantify the vessel density and
is an invasive examination, which all limit its clinical
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application and research potential. Compared with FA, optical
coherence tomography angiography (OCTA), a recently de-
veloped means, can produce images of blood flow that have
unprecedented resolution of all the vascular layers of the retina
with a rapid, non-invasive fashion [14]. For the macula [8],
OCTA is capable of revealing details in the superficial and
deep retinal layers and also the choriocapillaris. It allows us
to measure quantitatively the vessel density (VD) of the su-
perficial retina, which is defined from inner limiting mem-
brane (ILM) to the inner plexiform layer (IPL), and deep ret-
ina, which is defined from the IPL to outer plexiform layer
(OPL), as well as the foveal avascular zone (FAZ). For the
optic disc [15, 16], VD the of vitreous/retina layer (defined as
the layer above the OPL), radial peripapillary capillary (RPC)
layer (defined from the ILM to the retinal nerve fiber layer
(RNFL)), and choriocapillaris can also be measured
quantitatively.

In this way, OCTA offers the possibility of quantifying the
vessel perfusion density of different retinal layers. This capa-
bility provides new ways for disease description and quantifi-
cation, revealing the role of vessel perfusion in pathogenesis
of disease and development and evaluation of new treatments
[14]. Although the clinical benefit of OCTA has yet to be fully
elucidated, it has already become evident that there can be
preferential ischemia in various retinal vascular diseases such
as diabetic retinopathy and retinopathy of prematurity [17,
18]. Therefore, to determine the variation between normal
retina VD and disorder VD, it is important to understand the
variation and characters in vessel perfusion density in normal
eyes in order to validate the abnormal OCTA findings in ret-
inal vascular disorders. Most research has reported the fea-
tures and characters of microvasculature in adult eyes [19,
20], but few studies have focused on the normal eyes of chil-
dren. Therefore, there is a need for a study which examines the
features and characteristics of microvasculature and the poten-
tial factors to influence the vessel perfusion density in normal
children’s eyes.

The purposes of the present study were to (1) evaluate and
quantify the VD of both the macula and optic disc in normal
eyes of children and (2) examine the relative contributions of
age, gender, and axial length (AL) to macular and
peripapillary vessel perfusion density.

Methods

This research was designed as a retrospective study and was
conducted with adherence to the tenets of the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards. Local ethical approval was obtained from the
Ethics Committee of Sun Yat-sen Memorial Hospital at Sun
Yat-sen University, Guangzhou, China. The inclusion criteria
were as follows: (1) individuals aged from 5 to 18 years; (2) a
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spherical equivalent (SE) within +£6.00 D; and (3) a best-
corrected visual acuity (BCVA) of 20/20 or better. The exclu-
sion criteria were as follows: (1) AL to be less than 22 mm
(mm) or longer than 26 mm,; (2) intraocular pressure (IOP)
higher than 24 mmHg; (3) a history of ocular diseases or pre-
vious intraocular surgery; and (4) a history of prematurity, neu-
rologic disease, or systemic disorders that may influence the
microvasculature, including diabetes, hypertension, hyperlipid-
emia, cardiovascular disease, and renal disease.

All ALs were measured by partial coherence interferometry
(IOLMaster, Software V5.4 and later, Carl Zeiss Meditec,
Inc., Dublin, USA). One random eye was enrolled from all
subjects. The patients” demographic information and ALs
were collected and further analyzed. The macula and optic
disc VD were obtained by OCTA (RTVue XR Avanti;
AngioVue software V2018.0.0.18; Optovue, Inc.) and macu-
lar 6 x 6 mm scans, as well as optic disc 4.5 x 4.5 mm scans,
were performed in every subject. The characteristics of VD
were documented. The difference between superior-hemi and
inferior-hemi VD of the macula and peripapillary were ana-
lyzed. The potential correlation between vessel perfusion den-
sity and age, AL, and gender was also analyzed.

Statistical analysis

The outcomes included the FAZ area, the fovea, parafovea,
and perifovea of superficial retina and the deep retina; the
RPC density of inside-disc area and peripapillary; and the
age, gender, and ALs of study participants. The mean + stan-
dard deviation (SD) was calculated for quantitative variables.
The Kolmogorov—Smirnov test was used to evaluate the nor-
mality of distribution for all variables. The Kruskal-Wallis test
was applied for the comparison of variance for non-normally
distributed data. The student ¢ test was applied for the com-
parison of variance for normally distributed data. Scatter plots
were constructed to explore the relationships between VD,
age, and AL. Linear regression was used to explore the influ-
ence of age and AL on VD. Multiple linear regression model-
ing was fitted using the stepwise approach with the signifi-
cance level set at 0.05. A P value < 0.05 was considered sta-
tistically significant. Statistical analyses were performed using
SPSS software (version 23.0, SPSS, Inc.; Chicago, IL, USA).
Figures were drawn using GraphPad Prism software (version
7.0e, GraphPad Software; San Diego, CA, USA).

Results

This study enrolled 71 eyes of 71 subjects, including 32 boys
(45.07%) and 39 girls (54.93%). The mean age was 127.19 +
4.61 months, range 53 to 243 months, the mean AL was
23.52+0.13 mm, range from 21.19 to 25.91 mm. Table 1
summarizes the mean macular vessel density of the enrolled
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Table 1 The vascular density of the macula
Mean S.D Minimum Maximum

Superficial retinal fovea (%) 20.10 7.13 8.07 40.77
Superficial retinal parafovea (%) 50.25 4.41 39.98 58.48
Superficial retinal perifovea (%) 49.39 3.07 42.52 59.1

Deep retinal fovea (%) 36.19 7.68 19.54 55.21
Deep retinal parafovea (%) 53.86 4.71 37.52 65.48
Deep retinal perifovea (%) 48.11 5.27 3439 60.56
FAZ Area (mm®) 0.28 0.10 0.11 0.58

S.D., std. deviation; FAZ, foveal avascular zone

eyes, including fovea, parafovea, and perifovea of the super-
ficial retina and deep retina, and the FAZ area. Meanwhile,
Table 2 summarizes the RPC density of inside-disc and
peripapillary.

We further analyzed the difference between superior-hemi
and inferior-hemi VD of the macula and peripapillary
(Table 3), results suggested that the superficial retina
parafovea VD and deep retina parafovea and perifovea VD
had statistically significant differences between the superior-
hemi and inferior-hemi, and the superior-hemi had a higher
VD than the inferior-hemi. A comparison of the VD between
boys and girls showed that the superficial retina fovea, deep
retina fovea, and FAZ area had statistically significant differ-
ences between genders, while no difference was found in the
parafovea VD and perifovea VD of the superficial retina,
parafovea VD, and perifovea VD of deep retina, as well as
the RPC density of inside-disc, and peripapillary (Table 4).

Linear regression analysis revealed that the RPC density of
the inside-disc was significantly positively correlated with age
and AL (Fig. 1, Table 5), while VD of other areas found no
statistically significant correlation with age and AL (Figs. 1
and 2). Stepwise multiple regression analyses were conducted
to eliminate collinearity. The model (which included age and

AL) accounted for 20% of vessel perfusion density variations
of the inside-disc and the AL significantly correlated with the
RPC density of inside-disc (Table 5).

Discussion

In recent years, there has been an increasing interest in OCTA
as an investigative instrument to study vascular abnormalities
in posterior segment eye conditions or ocular signs of system
disorders [21-23]. However, despite its potential usefulness,
the lack of VD data in the normal eyes of children has limited
its clinical applications in children. In this study, we evaluated
the vessel density of the macula and optic disc by OCTA in the
normal eyes of children aged from 5 to 18 years old. We
compared the VD between superior-hemi and inferior-hemi
of RPC, parafovea, perifovea in the superficial and deep ret-
inas. Moreover, we assessed the correlation between VD of
the macula and optic nerve head. In addition, the influence of
gender, age, and AL on VD was also assessed.

The macula is one of the most metabolically active tissues;
it derives its oxygen supply from multiple retinal capillary
plexuses and choriocapillaris [24]. Due to the lack of data in
the literature for normal children, we reviewed the previous
study of unhealthy eyes of children. Magdalena Niestrata-
Ortiz et al. examined 112 diabetic children without DR aged
6-18 years and 30 age-matched controls by measuring FAZ in
superficial and deep capillary plexus and they concluded that
the FAZ in normal children was significantly smaller than that
of diabetic children. The mean FAZ surface area in the deep
capillary plexus was 409.8 um? in the control group and the
mean FAZ surface area in the superficial capillary plexus was
286.4 pum? in the control group [25]; however, due to the
different devices and software used in their study, their results
cannot directly compare with this study. The normal eyes of
adults have been well studied in previous studies. In Wang Q

Table 2 The vascular density of
optic disc

Mean (%) S.D Minimum (%) Maximum (%)
Inside-disc vascular density 51.66 5.51 39.96 63.63
Average peripapillary RPC density 51.72 2.90 44.65 62.45
Peripapillary RPC density
Nasal-superior 47.59 3.56 37.41 55.96
Nasal-inferior 46.48 491 35.55 67.46
Inferior-nasal 49.96 4.77 32.13 60.58
Inferior-temporal 56.04 4.56 45.79 68.83
Temporal-inferior 54.59 3.32 46.5 61.95
Temporal-superior 56.25 3.11 49.29 62.73
Superior-temporal 55.82 435 48.1 73.18
Superior-nasal 49.43 441 39.11 60.86

S.D., std. deviation; RPC, radial peripapillary capillary
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Table 3 The difference between
superior-hemi vascular density

and inferior-hemi vascular density

Mean (%) S.D Minimum (%) Maximum (%) P

Superficial retina

Superior-hemi parafovea 50.59 4.74 39.94 59.78

Inferior-hemi parafovea 49.91 4.40 38.92 58.94 0.015*

Superior-hemi perifovea 49.39 3.11 42.62 58.47

Inferior-hemi perifovea 49.38 3.24 41.47 59.93 0.952
Deep retina

Superior-hemi parafovea 54.17 5.02 35.8 66.31

Inferior-hemi parafovea 53.55 4.66 39.24 64.65 0.019*

Superior-hemi perifovea 48.56 5.50 33.51 60.92

Inferior-hemi perifovea 47.67 5.50 33.96 60.37 0.015*
RPC density

Superior-hemi RPC density 51.95 2.93 45.85 60.67

Inferior-hemi RPC density 51.48 3.24 42.63 64.55 0.054

S.D., std. deviation; RPC, radial peripapillary capillary

*P<0.05 was considered statistically significant

et al. study [26], they measured the VD of the macula and size
of the FAZ in the superficial retinal layer in 105 normal eyes
of 105 healthy participants (age 35.9 + 13.8 years; range from
17 to 64 years); mean FAZ measured 0.35+0.12 mm?, and
mean density of superficial retinal small vessel network, su-
perficial retinal capillary network, deep retinal capillary net-
work, and choriocapillaris was 8.54% +0.92%, 31.8% +
2.6%, 45.8% +3.3%, 44.4% +3.3%, and 44.5% +2.7%, re-
spectively. Their results suggested that the density of the mac-
ular vascular networks was negatively correlated with age but
was independent with AL or subfoveal choroidal thickness. In
another study [27], Abtin Shahlaee et al. reported on 163 eyes
of 122 subjects (age 41.1+16.46 years, range from 12 to
78 years) and showed that in the parafoveal region, the super-
ficial vascular density was 46% + 2.2% and the deep vascular
density was 52% +2.4%. In addition, the vascular density
measurements were similar between two eyes and there was
no sex difference. They also reported a negative correlation
between all retinal regions VD and age after adjusting for
signal strength. In Nauman Hashmani et al. [28], 209 eyes
of 209 healthy subjects (age 39.6+ 13.2 years, range from

Table 4  The difference of vascular density between genders

Gender Mean (%) S.D P
Superficial retinal fovea Boy 22.00 7.72

Girl 18.51 6.27 0.032*
Deep retinal fovea Boy 38.24 7.81

Girl 34.48 7.22 0.032°%*
FAZ Area Boy 0.25 0.09

Girl 0.30 0.11 0.031°*

S.D., std. deviation; FAZ, foveal avascular zone

*P<0.05 was considered statistically significant
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20 to 75 years) were enrolled, the VD of fovea was the least
dense area (32.5% +5.9%), and the temporal area was the
densest (52.4% +4.4%). In their study, a correlation was
found between the fovea VD and retinal thickness (r=
0.541, P<0.001) and males had a greater density at the fovea
(P=0.002). Similarly, to the other study, they also reported
that in all retinal regions, the VD was negatively correlated
with age after adjusting for AL. Moreover, the mean VD
showed steep decline after the age of 50 years. However, in
the present study, we found that macular VD had no signifi-
cant correlation with age or AL, which suggested that age and
AL might not be key factors affecting the macular VD in
children aged from 5 to 18 years old. Furthermore, in the
current study, we found no statistical difference between
males and females in the parafovea VD and perifovea VD of
superficial or deep retinas, but found statistical difference in
the FAZ area, superficial retinal fovea VD, and deep retinal
fovea VD. The mean superficial retinal fovea VD and deep
retinal fovea VD of boys were greater than those of girls. As
expected, the mean FAZ area of boys was less than that of
girls. These inconsistencies with previous studies may be ex-
plained by differences in instruments, methods of measure-
ment, age range or the number of samples per age group,
and ethnicities of the target subjects.

We further examined the VD properties of the optic disc.
Analysis showed there was no difference between superior-
hemi and inferior-hemi peripapillary RPC. Further analysis
showed that the age and AL accounted for 15% and 20% of
VD variation of inside-disc RPC density, respectively, while
no statistical significance was found with peripapillary RPC
density. Stepwise multiple regression analyses were conduct-
ed to eliminate collinearity. Model (which included the age
and AL) accounted for 20% of the VD variation of inside-
disc RPC density. The AL significantly correlated with the
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Fig. 1 The correlation between age and vascular density of the macula and optic disc

inside-disc RPC density. This finding is different to previous
studies on adults, which reported that RPC density decreased
with the age of the adult [29, 30]. An explanation for this
might be that our subjects were aged from 5 to 18 years, and
in previous reports, retinal nerve fiber layer (RNFL) thickness
was positively correlated with age and axial length in subjects
< 15 years old while negatively correlated with age in adult
subjects [31, 32]. RNFL is formed by the expansion of the
fibers of the optic nerve which form the optic disc. As the RPC
networks are nourish peripapillary RNFL, when the RNFL
becomes thickened and the areas of RNFL become larger
due to AL growth [33], the inside-disc RPC density might
become consistently higher [34].

Table 5 The effect of age and axial length on inside-disc vascular
density

R Square P Coefficient
Age 0.15 0.001* 0.053
Axial length 0.2 <0.001* 2,18

Model (age, axial length) 0.2 <0.001* 2.18

*P<0.05 was considered statistically significant

Our study is not without its limitations. First, in this study,
we only recruited subjects aged from 5 to 18 years old, be-
cause in subjects younger than 5 years old, it was usually hard
to acquire good enough quality scans due to poor cooperation,
which could impact the accuracy of the acquired VD value
calculated from the scanned image. Furthermore, subjects
younger than 5 years old with poor cooperation were also
not recommend for examination by OCTA in clinical practice.
Second, image magnification has been shown to significantly
influence the foveal VD [35]. This study did not correct the
magnification according to the AL and this may have induced
subtle errors and therefore, the data within the superficial ret-
ina and fovea must be looked at with caution. It must be noted,
however, that most of the enrolled eyes (63 eyes; 80.8%) were
within an AL range of 22.02—-24.90 mm, which does not seem
to be significantly affected by image magnification. Third, the
intrasession reproducibility of OCT was reported in some
studies [36, 37]. This retrospective study did not test the
intrasession reproducibility of measurements, but since the
reported intrasession reproducibility was good, the influence
of intrasession reproducibility to results may be limited; how-
ever, further well-designed studies are warranted to clarify the
influence of intrasession reproducibility of OCTA test in
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Fig. 2 The correlation between axial length and vascular density of the macula and optic disc

childhood. Other limitations of this study include a cross-
sectional study design with people of limited ethnic back-
grounds, the relatively small samples in age or AL subgroups.
Therefore, further well-designed multicenter cohort studies
with large samples and different ethnic backgrounds are war-
ranted to further assess normal retinal microvasculature devel-
opment and determine the physiological factors which can
influence retinal VD in different ethnic backgrounds.

Conclusion

This study demonstrated the reference value and characteris-
tics of macular VD and optic disc VD of normal eyes in
children. This study found that superficial retinal parafovea
VD, deep retinal parafovea VD, and deep retinal perifovea
VD had higher superior-hemi density than inferior-hemi,
greater fovea VD, and smaller FAZ area in boys than girls,
and macular VD or peripapillary RPC density had no signif-
icant correlation with age and AL while the inside-disc RPC
density was positively correlated with AL. Therefore, the
macular VD and peripapillary VD were steady in 5—18-year-

@ Springer

olds, and AL should be considered when assessing the inside-
disc VD in children. This study provided useful information
for further understanding the development mode of vessel in
children and the OCTA clinical applications in children.
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