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Objective: The present study aims to observe the optic nerve fiber layer thickness and blood 
flow density in the papillary area and investigate the effects of axial length (AL) and the 
refractive state of the optic papilla blood flow density in children with different refractive 
conditions.
Methods: The present study was a clinical control study. The right eyes of 204 minors aged 
6–17 years were studied. The eyes were divided into four groups according to myopic 
refractive states. OCTA analyzed the data to compare the radial peripapillary capillary 
(RPC) density and the difference in the retinal nerve fiber layer (RNFL) thickness adjacent 
to the optic papilla between the four refraction groups.
Results: The intra-optic disc blood flow density was significantly and negatively correlated 
with the AL and was negatively correlated with the AL in the inferior temporal quadrants. 
The RNFL in the superior, nasal, and inferior quadrants was negatively correlated with the 
AL. The RNFL in the temporal quadrant was positively correlated with the AL.
Conclusion: Our present study revealed that aAs myopia increased and the AL grew in 
children, the blood density of the entire image of the optic papilla, in the optic disc, and the 
retinal capillaries in the inferior parapapillary and temporal quadrant would change signifi
cantly. With increasing AL, a significant decrease in the intra-disc and para-disc RNFL was 
observed in the superior, nasal, and inferior quadrants, while a substantial increase in RNFL 
was observed in the temporal quadrant.
Keywords: myopic, optic nerve, fiber layer, blood flow, OCTA

Introduction
In recent years, the prevalence of myopia in children in China has been increasing 
yearly, and myopia at a younger age is more prominent.1 The younger the age at 
onset of myopia, the more likely it is to cause high myopia in adulthood.2 The eyes 
were divided into four groups according to myopic refractive states, the emmetrope 
group (EM, –0.5 OD < spherical equivalent [SE] ≤ –0.5 OD), the mild myope 
group (MIM, –3.0 OD < SE ≤ –0.5 OD), the moderate myope group (MOM, –6.0 
OD < SE ≤ –3.0 OD) and the high myope group (HM, SE < –6.0 OD). As myopia 
progresses and the axial length (AL) grows, a series of pathological changes occur 
in the fundus structure, including the post-equatorial scleral thinning, absence of 
Bruch’s membrane at the edge of the optic disc, macular splitting, retinal splitting, 
lamina cleft, and choroidal neovascularization.3 High myopia is one of the blinding 
eye diseases. It can lead to a series of serious complications such as complicated 
cataracts,4 glaucoma secondary to high myopia and defects in the thickness of the 
retinal nerve fiber layer adjacent to the optic disc, myopic macular degeneration, 
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choroidal neovascularization, retinal detachment, retinal 
fissures, and posterior scleral staphyloma, which seriously 
affect vision quality and quality of life.5

At present, numerous studies focus on fundus blood 
flow changes in myopia, and radial peripapillary capillary 
(RPC) density is an important indicator of fundus blood 
flow.6 One study found that myopic adults had reduced 
retinal vessel density and thinner retinas, correlated with 
AL, compared with adults with emmetropia.7 However, 
there are few studies on children with myopia, especially 
those with high myopia. In the present study, the ZEISS 
Cirrus HD 5000A was used to scan a 3.0×3.0 mm area of 
the optic papillary by optical coherence tomography 
angiography (OCTA) for imaging and quantitative analy
sis of vessel density. The FORUM software of OCTA 
analyzed the data to compare the differences in RPC 
and parapapillary retinal nerve fiber layer (RNFL) 
between the four refraction groups and investigate the 
correlation between AL, RNFL thickness, and vessel 
density. The SPSS 23.0 software was used for data 
processing.

The Advantages and Limitations in 
the Present Study
The optical coherence tomography (OCT) angiography 
(OCTA) is a recently developed non-invasive clinical 
tool that allows for the non-invasive and quantitative ana
lyses of the optic nerve, peripheral vascular system, and 
RNFL thickness, including the microvascular-choroidal 
vascular system.

Methods
The present study was a retrospective, cross-sectional, 
case-control study. All procedures used were in accor
dance with the principles of the Declaration of Helsinki. 
This study was conducted with approval from the Ethics 
Committee of Fujian Provincial Organ Hospital (2020– 
01). The legal guardian of the minor knew and signed 
the informed consent form. The participants were fully 
informed of the purpose and procedures used. The retro
spective study included 204 minor subject’s right eyes 
with emmetropia and confirmed myopia attending the out
patient department of ophthalmology at Fujian Provincial 
Governmental Hospital from June 2020 to 
December 2020.

The main observation indicators: the parapapillary 
RPC and RNFL were measured. The differences were 

compared among the groups to investigate the correlation 
between the above indicators and AL and refraction.

Those studied were divided into four groups: (1) the 
emmetrope group (EM), the mild myope group (MIM), the 
moderate myope group (MOM), and the high myope 
group (HM). The exclusion criteria were as follows: (1) 
patients with other eye diseases, such as glaucoma or any 
retinal vascular disease; (2) patients with a history of 
systemic disease that may affect the ocular circulation, 
such as diabetes mellitus; (3) patients with a history of 
intraocular surgery, laser photocoagulation, or eye injury.

The best-corrected visual acuity (BCVA), slit-lamp 
microscopy, optometry, intraocular pressure (IOP) mea
surement, and corneal topography were conducted in all 
patients. AL was measured using the IOL Master.

The OCTA in a 3×3 mm scanning mode was used to 
obtain data from the optic disc areas in the four groups of 
children, and the scanning depth was from the inner 
boundary membrane to the inner plexiform layer. The 
OCTA could automatically identify and record the vessel 
density (VD) (ie, the length of vessels per unit area, 
reflecting the number of blood vessels) and perfusion 
density (PD) (ie, the ratio of the area covered by vessels 
in the scan plane to the scan area, reflecting the degree of 
perfusion) in the scan area. All children were scanned 
twice by the same professional operator. The data were 
saved after confirming that the scanned images were clear, 
with good vascular articulation and no obvious motion 
artifacts. The images obtained afterward were divided by 
the FORUM system into the superficial retinal layer (SRL) 
and deep retinal layer (DRL) according to the structure, 
with the superficial retinal vascular plexus corresponding 
to the retinal nerve fiber layer and ganglion cell layer, and 
the deep retinal vascular plexus corresponding to the inner 
retinal core layer and the outer plexiform layer. The vessel 
density was automatically calculated. The same doctor 
conducted all the examinations. The signal strength index 
(SSI) was detected and guaranteed at ≥90% to ensure the 
data’s accuracy.

Meanwhile, for other artifacts, it was confirmed that the 
subject was in a comfortable, quiet environment, with 
a relaxed body and good cooperation, and the number of 
examinations, the generation of artifacts, and the experiment’s 
impact were minimized. The SPSS 23.0 software was adopted 
for statistical analysis. When comparing data among the four 
groups, the normality distribution test was performed first, and 
the mean ± standard deviation was used for the data conform
ing to the normality distribution. The t-test of independent 
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samples was used to compare two separate groups of measure
ment data. One-way ANOVA with a completely randomized 
design was used to compare multiple groups. Before correla
tion analysis, whether the data characteristics were satisfied 
with the normal distribution was assessed, and the Pearman 
correlation analysis was conducted for those satisfied with 
normal distribution. The Kendall correlation analysis was 
used for those unsatisfied with the normal distribution. P < 
0.05 was considered statistically significant. The correlation 
between the degree of myopia, AL, parapapillary vessel den
sity, and the RNFL thickness was investigated.

Results
Results of the General Characteristics of 
the Eyes
A total of 204 right eyes from 204 subjects (108 eyes from 
males and 96 eyes from females) with an average age of 
10.3 ± 2.9 years (age range 6–17 years) were included in the 
present study. The EM group had 31 eyes, with 17 males and 
14 females. There were 59 eyes in the MIM group, with 34 
males and 25 females. There were 58 eyes in the MOM 
group, with 27 males and 31 females. There were 56 eyes in 
the HM group, with 26 males and 30 females. The general 
characteristics of the eyes are illustrated in Table 1. There 
was no statistically significant difference in gender or age 
(F = 1.473, P > 0.05), and the composition of the diseased 
eyes (all were the right eyes), and IOP among different 
groups (P > 0.05). There was a statistically significant dif
ference in SE among the four groups (F = 401.22, P < 0.001) 
(Table 1). The AL in the EM, MIM, MOM, and HM groups 
was 23.20 ± 0.40 mm, 24.13 ± 0.87 mm, 25.55 ± 0.69 mm, 
and 26.73 ± 0.94 mm, respectively. There was a statistically 
significant difference in AL among the four groups (F = 
176.031, P < 0.001); the AL in the HM group was the 
longest. The results are shown in Table 1.

The parapapillary RPC vessel density and RNFL thick
ness in four groups of myopic children with different 
refractions were compared in the present study to investi
gate the fundus changes.

RPC Vessel Density
The RPC vessel densities in the parapapillary region and sub
regions are listed in Table 2. The RPC vessel densities in the 
parapapillary region were 52.38 ± 2.75% in the EM group, 
51.67 ± 2.11% in the MIM group, 51.91 ± 3.19% in the MOM 
group, and 49.81 ± 2.70% in the HM group, and the differences 
among the four groups were significant (P = 0.014). Moreover, 
the parapapillary vessel density of RPC was significantly lower 
in the HM group than in the EM, MIM, and MOM groups (P = 
0.000). As the degree of myopia increased, the optic papillary 
flow density, the flow density of the superior nasal subregion 
(NS) and inferior nasal subregion (NI), the blood flow density 
of the superior temporal subregion (TS) and temporal quadrant 
(quadrant IV) significantly decreased, and the differences 
between the HM group and the other three groups were all 
statistically significant (P < 0.05). The difference in flow 
density among the remaining regions was not statistically 
significant. The results are shown in Table 2.

RNFL Thickness
The RNFL thickness of the parapapillary region and the var
ious subregions are illustrated in Table 3. The RNFL thickness 
was 119.74 ± 8.81 μm in the EM group, 120.08 ± 10.30 μm in 
the MIM group, 119.55 ± 15.13 μm in the MOM group, 114.80 
± 13.59 μm in the HM group, and the difference in RNFL 
thickness (P = 0.014), and the optic papillary thickness (P = 
0.016) among the four groups was significant. The RNFL 
thickness in the MIM and MOM groups was thicker than in 
the HM group. There was a statistically significant difference 
in the RNFL thickness between the superior quadrant and the 
inferior quadrant (P = 0.003, P = 0.003). There was also 
a statistically significant difference in the RNFL thickness 
among the NS, NI, inferior temporal (IT), temporal inferior 
(TI), TS, and NS (P = 0.003, P = 0.001, P = 0.038, P = 0.000, 
P = 0.002, P = 0.000, respectively). There was no statistically 
significant difference in the RNFL thickness between the NI 
and superior temporal subregion (ST) (P > 0.05). There was 
a statistically significant difference in the RNFL thickness 
among the superior quadrant, nasal quadrant, and inferior 

Table 1 Eye Related Parameters

Characteristics Emmetrope Group Mild Myope Group Moderate Myope Group High Myope Group F P

Gender (M:F) 17/14 34/25 27/31 26/30 0.502 0.681
Age (yr) 9.8±3.0 9.9±2.4 10.7±3.0 10.9±3.2 1.473 0.223

MSE(Diopter) −0.11±0.36 −1.62±0.68 −4.64±0.79 −7.96±1.99 401.223 0.000

AL (mm) 23.20±0.40 24.13±0.87 25.55±0.69 26.74±0.94 176.031 0.002
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quadrant (quadrant IV) (P = 0.000, P=0.000, P=0.016, respec
tively). There were statistically significant differences in the 
RNFL thickness in the temporal quadrant (quadrant IV) (P = 
0.006) between the HM group and the other three groups. As 
the myopia degree increased, the RNFL thickness in the IS, IT, 
SN, and the inferior quadrant (quadrant IV) significantly 
decreased, and the difference between the HM and EM groups 
was statistically significant when compared with the difference 
between the MIM and MOM groups (P < 0.05). The RNFL 
thickness in the temporal quadrant (quadrant IV) increased, 
and the difference was statistically significant compared with 
the HM, EM, MIM, and MOM groups. The results are shown 
in Table 3.

Correlation Between the Blood Flow 
Density in the Optic Papilla, RNFL 
Thickness, and Axial Length
Before correlation analysis, the data characteristics were 
assessed whether they conformed to the normal distribution. 
The Pearman correlation analysis was used if the data satisfied 

normal distribution. The Kendall correlation analysis was used 
if the data did not satisfy normal distribution.

The correlation between the flow density in the optic 
papilla, RNFL thickness, and AL showed the intra-optic flow 
density was significantly and negatively correlated with AL 
(r = –0.279, P = 0.000). The flow density in the inferior 
quadrant and the temporal quadrant was negatively correlated 
with AL (r = –0.186, P = 0.008; r = –0.173, P = 0.013, 
respectively). The flow density in the superior quadrant and 
the nasal quadrant was not correlated with AL (P > 0.05).

The RNFL in the optic papillary disc was significantly and 
negatively correlated with AL (r = –0.160, P = 0.021). The 
RNFL in the superior quadrant, nasal quadrant, and the inferior 
quadrant was negatively correlated with AL (r = –0.165, P = 
0.018; r = –0.158, P = 0.024; r = –0.317, P = 0.000, respec
tively). The RNFL in the temporal quadrant (quadrant IV) was 
positively correlated with AL (r = 0.313, P = 0.000).

Discussion
The present study found that as the degree of myopia 
increased and the AL grew, the blood perfusion in the 

Table 2 RPC Density (%)

RPC Density (%) Emmetrope 
Group

Mild Myope 
Group

Moderate Myope 
Group

High Myope 
Group

F P

Optic papillary flow density 52.38±2.75 51.67±2.11 51.91±3.20 49.82±2.70 8.584 0

NS blood flow density 47.93±4.14 47.43±4.17 47.22±4.44 44.82±5.33 4.618 0.004

NI blood flow density 46.72±5.34 45.55±5.02 46.32±4.76 42.04±6.22 8.154 0

IN blood flow density 50.83±4.38 50.52±3.77 50.03±4.84 48.39±4.20 3.185 0.025

IT blood flow density 57.18±3.48 56.82±3.83 57.82±4.26 56.85±4.13 2.675 0.048

TI blood flow density 53.74±3.96 54.34±3.43 54.56±4.26 54.04±5.04 0.306 0.821

TS blood flow density 58.33±3.85 55.78±3.35 55.33±9.05 53.18±10.99 2.952 2.952

ST blood flow density 56.13±2.86 56.29±3.98 56.29±4.34 54.18±4.20 3.672 0.013

SN blood flow density 49.98±3.87 50.19±4.12 50.62±4.27 48.96±4.23 1.623 0.185

Superior quadrant flow density 

(quadrant IV)

52.65±2.93 51.76±3.28 52.12±4.36 50.89±4.18 1.685 0.171

Nasal quadrant flow density (quadrant 

IV)

48.03±4.11 48.51±5.43 50.52±6.82 46.93±8.06 3.002 0.032

Inferior quadrant flow density 

(quadrant IV)

53.42±4.27 54.36±3.85 53.47±4.07 53.20±4.20 4.458 0.005

Temporal quadrant flow density 

(quadrant IV)

55.74±5.30 52.75±4.00 52.55±6.62 51.13±7.10 4.041 0.008

Abbreviations: NS, nasal superior subregion; NI, nasal inferior subregion; IN, inferior nasal subregion; IT, Inferior temporal subregion; TI, Temporal inferior subregion; TS, 
Temporal superior subregion; ST, superior temporal subregion; SN, superior nasal subregion.
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optic papillary became less in children (P < 0.05). It was 
revealed that the optic papillary, parapapillary capillary, 
the NS, NI, TS, and temporal quadrant (quadrant IV) flow 
densities were significantly reduced. The difference was 
statistically significant between the HM, EM, MIM, and 
MOM groups, and the flow density was lower than those 
in all other quadrants. In addition to being correlated with 
the optic disc’s vascular distribution, changes in these 
subregions might reflect the hypoperfusion of the optic 
nerve papillae caused by the process of myopia in 
children.

The present study found that the total flow density of 
the retinal capillaries around the optic disc and in the 
inferior and temporal quadrants showed a negative corre
lation with AL. Previous studies have suggested that this 
might be associated with the initiation site of fundus 
changes in high myopia.8 Thus, we hypothesized that 
myopia might also develop from the optic papilla in chil
dren. The changes in flow density around the optic papilla 
in children with high myopia should precede those in the 
macula. This might be because the central retinal artery’s 
capillaries supply the nerve fiber layer on the optic papil
la’s surface. The radial capillary blood around the optic 
papilla is supplied by the posterior ciliary artery’s capillary 

branches. However, they communicate with each other, 
and both are single-vessel supplies.

In contrast, the macula’s blood supply is related to 
another system besides the choroidal vascular supply; the 
ciliary retinal artery emits capillaries that communicate 
with the central retinal artery capillaries, partially compen
sating for the decrease in macular flow caused by the 
increased myopia degree.9 The results showed that the 
increased myopia degree led to a reduction in the para
papillary retinal capillary flow density and parapapillary 
retinal RNFL thickness, and there was a significant nega
tive association between the increased myopia and RNFL 
thickness. This might be correlated with the reduced local 
blood supply after the thinning of the RNFL, which led to 
a flow density decrease.

There have been numerous studies on the RNFL thick
ness of the optic papilla in adults, but the results have been 
mixed. In contrast, few studies have reported on the RNFL 
thickness of the optic papilla in children, especially in 
children with high myopia. Previous studies have found 
no connection between the RNFL thickness and myopia 
and AL in adults using OCT.10,11 Conversely, some studies 
have found a negative association between the RNFL 
thickness and AL.12 The parapapillary retinal RNFL 

Table 3 RNFL Thickness (μm)

RNFL Thickness (μm) Emmetrope 
Group

Mild Myope 
Group

Moderate Myope 
Group

High Myope 
Group

F P

Papilla of optic nerve 119.74±8.81 120.08±10.30 119.55±15.13 114.80±13.59 2.154 0.095

NS 109.26±13.47 115.46±18.70 112.14±26.92 104.20±27.00 2.413 0.068

NI 89.39±14.35 91.78±15.66 93.33±24.48 84.25±25.95 1.952 0.122
IN 157.19±22.32 146.69±18.79 134.98±25.66 126.68±24.44 14.584 0

IT 157.42±15.73 158.15±18.62 165.34±21.76 160.34±19.91 1.725 0.163

TI 75.19±9.77 79.58±11.50 86.95±16.87 91.32±17.57 10.753 0
TS 84.26±8.28 82.39±10.53 84.34±16.00 86.00±23.87 0.461 0.71

ST 147.81±21.51 143.36±16.47 151.02±21.61 143.46±22.82 1.824 0.144
SN 149.29±14.14 150.63±20.31 139.36±23.71 133.18±35.60 5.449 0.001

Superior quadrant flow density 
(quadrant IV)

147.84±9.46 147.39±13.80 144.66±18.37 137.93±23.29 3.422 0.018

Nasal quadrant flow density (quadrant 
IV)

100.94±13.33 104.97±15.53 103.74±24.78 95.36±25.24 2.327 0.076

Inferior quadrant flow density 
(quadrant IV)

157.06±12.35 151.56±14.51 148.38±20.27 141.48±16.19 6.806 0

Temporal quadrant flow density 
(quadrant IV)

79.90±7.50 81.08±9.02 86.36±19.71 90.09±14.78 5.367 0.001

Abbreviations: NS, nasal superior subregion; NI, nasal inferior subregion; IN, inferior nasal subregion; IT, Inferior temporal subregion; TI, Temporal inferior subregion; TS, 
Temporal superior subregion; ST, superior temporal subregion; SN, superior nasal subregion; RNFL, retinal nerve fiber layer.
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thickness varies in different studies, and the findings of the 
studies vary in each region. Chen et al showed that the 
RNFL thinning caused by high myopia is mainly located 
in the superior region.13 It has also been shown that the 
RNFL thinning was primarily involved in the temporal 
region.14,15 Few studies have been conducted using 
OCTA to study the optic papillary RNFL thickness in 
children and even fewer studies on high myopia. Guo 
Yin et al used OCTA to analyze 274 eyes with differing 
degrees of myopia and found that the RNFL thickness in 
the superior and inferior quadrants was negatively corre
lated with AL.16 Al-Sheikh Mayss found that the RNFL 
thickness became thinner with increasing myopia.17

In the present study, with the adoption of OCTA, it was 
found that with the increased degree of myopia in children, 
the flow density in the optic papillary, nasal, and temporal 
quadrant (four quadrants) decreased significantly, and the 
difference between the HM and EM groups was statisti
cally significant than between the MIM and MOM groups 
(P < 0.05). Meanwhile, the thickness in the nasal side, the 
NS, and NI subregions were also significantly reduced. 
The difference between the HM and EM groups was 
statistically significant compared with the MIM and 
MOM groups (P < 0.05). It was also found that the flow 
density in the intra-optic disc, the inferior quadrant, and 
temporal quadrant were negatively associated with AL. 
The RNFL in the optic disc, the superior, nasal, and 
inferior quadrant of the optic papillary area were also 
negatively correlated with AL. These results suggest that 
as the AL became longer, it inevitably caused a decrease in 
flow density and RNFL thickness in the optic papilla 
capillaries and the optic disc region. This was also con
sistent with the findings of previous studies of adult 
myopia.18–20 The RPC vessel density and RNFL thickness 
were lower in HM children than in EM children, except 
for the temporal subregion. The RPC vessel density in the 
NI, IN, and SN adjacent to the optic papilla was negatively 
linked with AL in children. The present study’s findings 
suggest that as myopia increased in children, the density of 
the RPC vessels adjacent to the optic papilla might change 
as the eye dilated unevenly. This change occurred early in 
the superior, inferior, and nasal subregions but not in the 
temporal subregion.

In children with myopia, we found that the RNFL 
thickness in the temporal quadrant (quadrant IV) was 
positively correlated with AL, and the thickness increased. 
In normal adults, the temporal RNFL thickness was the 
thinnest of the four regions.21,22 There was a statistically 

significant relationship between the MOM and HM groups 
compared with the control group (P < 0.001). We specu
lated that there are anatomical changes caused by fundus 
stretching during the progression to high myopia in pedia
tric patients. The reason might be that during myopia 
development, the nerve fibers adjacent to the optic papil
lary would be redistributed as the eye grows in length.22 

During the progression of myopia, the optic nerve fiber 
bundles in the superior and inferior temporal regions are 
stretched and accumulate in the temporal horizontal line.23 

This retinal “pull” might be the reason for the constant 
thinning of the RNFL in the temporal region of the optic 
disc in early childhood. However, as myopia develops 
with age, the RNFL in the temporal region begins to 
decrease. Thus myopia-induced changes in the optic 
nerve and papillary blood flow and RNFL are widespread 
and region-wide. Ocular biometry should be performed 
with OCTA to correct image magnification error induced 
by axial length variation. Relative changes in parafoveal 
RVD and FAZA after correction can reach 10%. We advise 
caution when interpreting interocular and interindividual 
comparisons of RVD derived from OCTA without image 
size correction.24
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