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Abstract
● AIM: To analyze the correlation of age, spherical equivalent 
(SE), and axial length (AL) with the microcirculation of optic 
nerve head (ONH) in high myopia (HM). 
● METHODS: In this cross-sectional clinical study, 164 
right eyes were included. Optical coherence tomography 
angiography (OCTA) was used to detect ONH vessel density. 
Eyes were classified based on age, SE, and AL. Groups of 
Age1, Age2, and Age3 were denoted for age classification 
(Age1<20y, 20y≤Age2<30y, Age3≥30y); Groups SE1, 
SE2, and SE3 for the SE classification (-9≤SE1<-6 D, 
-12≤SE2<-9 D, SE3<-12 D); Groups AL1, AL2, AL3, and AL4 
for the AL classification (AL1<26 mm, 26≤AL2<27 mm, 
27≤AL3<28 mm, AL4≥28 mm). 
● RESULTS: No significant difference was observed in 
vessel density among the Age1, Age2, and Age3 groups (all 
P>0.05) and the SE1, SE2, and SE3 groups (all P>0.05). 
No significant difference was observed in the intrapapillary 
vascular density (IVD) among AL1, AL2, AL3, and AL4 
groups (P>0.05). However, a significant decrease was found 
in the peripapillary vascular density (PVD) in the AL1, AL2, 
AL3, and AL4 groups (F=3.605, P=0.015), especially in the 
inferotemporal (IT; F=6.25, P<0.001), temporoinferior (TI; 
F=2.865, P=0.038), and temporosuperior (TS; F=6.812, 
P<0.001) sectors. The IVD was correlated with age (r=-0.190, 
P<0.05) but not with SE or AL (P>0.05). The PVD was 
correlated with AL (r=-0.236, P<0.01) but not with age or SE 
(P>0.05).
● CONCLUSION: With the increase of AL, the IVD remains 
stable while the PVD decreases, especially in the three 

directions of temporal (IT, TI, and TS). The main cause of 
microcirculation reduction may be related to AL elongation 
rather than an increase in age or SE.
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INTRODUCTION

M yopia is the most prevalent correctable visual 
impairment worldwide. The prevalence of myopia 

and high myopia (HM) is continuously increasing, especially 
in Asian populations[1-2]. HM is characterized by progressive 
extension of the axial length (AL) and degenerative structural 
changes in the fundus[3]. Increasing evidence suggests that 
chorioretinal vascular dysfunction may be an associated 
complication or factor of HM[4-5]. Of note, previous studies 
have reported a decrease in the retinal vessels perfusion in 
HM[5-6]. Besides stenosis of retinal arterioles, and decrease in 
retinal blood flow is also associated with AL elongation[7-9]. 
Thus, impaired retinal blood flow can play a crucial role in 
developing HM-associated degenerative changes. Therefore, 
it is important to study optic disc microcirculation changes 
in HM. In this study, we used optical coherence tomography 
angiography (OCTA) to detect changes in the optic nerve head 
(ONH) microcirculation in HM. We compared microcirculatory 
parameters at different ages, spherical equivalent (SE), and AL. 
Further, we assessed the correlation between microcirculatory 
parameters with these factors to screen out the related and 
predictable indicators of HM related degenerative changes.
SUBJECTS AND METHODS
Ethical Approval  The study adhered to the principles of the 
Declaration of Helsinki. The study protocol was approved by 
the Ethics Committee of Changsha Aier Eye Hospital, Central 
South University, Changsha, China. Written informed consents 
were obtained from all cases.
Subjects  From May 2020 to June 2021, the medical records 
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of 167 consecutive patients with myopia in the Refractive 
Department were reviewed. Comprehensive examinations 
including slit-lamp biomicroscope, mydriatic indirect 
ophthalmoscopy, intraocular pressure (IOP), AL (IOL Master 
700; Carl Zeiss Meditec, Germany), ultra-widefield fundus 
imaging (Optos; Daytona P200T, Nikon, Japan), OCTA 
(RTVue-XR Avanti; Optovue, Fremont, CA, USA), visual 
acuity and refractive error were assessed.
Inclusion criteria: 1) SE<-6.00 D; 2) IOP≤21 mm Hg; 3) 
OCTA signal strength index ≥50. Exclusion criteria: Patients 
with hypertension, diabetes, systemic connective tissue 
disorder, or any other ophthalmic disease (such as cataract, 
glaucoma, macular hole, retinal hole, or retinal hemorrhage), 
history of ophthalmic trauma, or surgery.
Parameters from Optical Coherence Tomography 
Angiography  OCTA system automatically measured the 
peripapillary vascular density (PVD) and intrapapillary 
vascular density (IVD). A 6×6 mm2 cube and a 4.5×4.5 mm2 
cube scan centered were obtained on the fovea and ONH, 
respectively. ONH was divided into 8 sectors (superanasal, 
SN; nasosuperior, NS; nasoinferior, NI; inferonasal, IN; 
inferotemporal, IT; temporoinferior, TI; temporosuperior, TS; 
superotemporal, ST; Figure 1). 
Statistical Analysis  SPSS22.0 software was used for the 
statistical analysis. The data were presented as mean±standard 
deviation (SD). Analysis of variance (ANOVA) and least 
significant difference (LSD) was applied for different analyses 
between groups. With the P-value of <0.05, the difference was 
considered to be statistically significant.
RESULTS
Demographic Data  In total, 164 right eyes met the inclusion 
and exclusion criteria. Among them, 36 males and 128 
females were included, with a mean age of 25.11±5.69. The 
SE was -9.25±2.10 D. AL was 26.99±1.11 mm. IVD was 
54.04%±4.94%, and PVD was 49.81%±3.24% (Table 1).
Microcirculation Changes of Optic Nerve Head in Different 
Age Groups  No significant difference was observed in 
the IVD or PVD among the Age1, Age2, and Age3 groups 
(P>0.05). However, with the increase of age, the IVD and 
PVD decreased (Table 2).
Microcirculation Changes of Optic Nerve Head in Different 
Spherical Equivalent Groups  No significant difference was 
observed in the IVD or PVD among the SE1, SE2, and SE3 
groups (P>0.05; Table 3).
Microcirculation Changes of Optic Nerve Head in Different 
Axial Length Groups  No significant difference was observed 
in the IVD among AL1, AL2, AL3, and AL4 groups (P>0.05). 
In contrast, PVD in AL1, AL2, and AL3 groups was higher 
than in the AL4 group (P<0.05). Among 8 regions of PVD, the 
NI, IT, TI, and TS regions were significantly different (P<0.05). 

The temporal direction was higher than that of the nasal 
direction. However, IVD did not change significantly with AL 
growth (Table 4, Figure 2). 
Correlation Analysis  IVD was negatively correlated with 
age (r=-0.190, P=0.042) but was not correlated with AL 
(r=0.145, P=0.063) or SE (r=0.088, P=0.263). PVD had a 
significant negative correlation with AL (r=-0.236, P=0.002; 
Figure 3) but was not correlated with age (r=0.042, P=0.597) 
or SE (r=-0.047, P=0.550).
DISCUSSION
In this study, we analyzed the vessel density parameters of 
ONH in HM, and found that the PVD decreased with AL 
elongation, while the IVD remained stable.

Figure 1 Parameters by optical coherence tomography angiography. 

Table 1 Clinical characteristics of the patients                          mean±SD

Parameters Data Min Max
Gender (male/female) 36/128 NA NA
Age (y) 25.11±5.69 18 39
Axial length (mm) 26.99±1.11 23.75 30.85
Spherical equivalent (D) -9.25±2.10 -6.125 -19.625
Intrapapillary vascular density (%) 54.04±4.94 42.03 67.71
Peripapillary vascular density (%) 49.81±3.24 39.93 59.10

Figure 2 Peripapillary vascular density in eight sectors of different 

axial length groups.
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The ONH is a conspicuous structure with optic nerve and 
retinal vessels entering or exiting the eyeball. In concurrence 
with previous reports, this study also observed that the 
PVD decreases with the growth of the AL[10-12]. Importantly, 
two mechanisms may lead to a decrease in perfusion in the 
peripapillary region of the HM. First, the growth of the eyeball 
leads to the expansion and thinning of the retina, especially 

around the optic disc[13], resulting in a decrease in the vascular 
tissue per unit area. Al-Sheikh et al[14] and Milani et al[15] 
reported that the retinal vessel density in the macular area 
of myopia patients was significantly decreased. Moreover, 
the excessive axial elongation resulted in straightening and 
stenosis of blood vessels, causing an overall decrease in 
vessel density. Second, the possible mechanism of thinning 

Table 3 Microcirculation changes of optic nerve head in different SE groups                                                     mean±SD

Parameters SE1 (n=80) SE2 (n=73) SE3 (n=11) F P
IVD (%) 53.61±4.57 54.45±5.06 54.48±6.77 0.597 0.552
PVD (%) 49.95±3.01 49.81±3.32 48.74±4.40 0.666 0.515

SN 44.50±5.03 44.20±6.84 44.36±3.71 0.049 0.952
NS 43.20±6.09 43.27±5.66 44.99±7.46 0.445 0.642
NI 48.05±5.24 47.69±5.79 49.59±6.62 0.560 0.572
IN 56.34±5.03 55.73±4.41 54.20±6.11 1.049 0.353
IT 53.64±6.17 54.97±7.17 49.94±9.34 2.764 0.066
TI 56.71±4.02 55.47±6.41 53.29±9.00 2.235 0.110
TS 53.66±4.06 54.33±5.23 50.02±6.12 3.955 0.021
ST 48.58±4.63 48.53±4.16 47.06±5.56 0.569 0.567

SE: Spherical equivalent; PVD: Peripapillary vascular density; IVD: Intrapapillary vascular density; SN: Superanasal; 

NS: Nasosuperior; NI: Nasoinferior; IN: Inferonasal; IT: Inferotemporal; TI: Temporoinferior; TS: Temporosuperior; 

ST: Superotemporal.

Table 2 Microcirculation changes of optic nerve head in different age groups                                                   mean±SD

Parameters Age1 (n=29) Age2 (n=94) Age3 (n=41) F P
IVD (%) 55.18±5.17 54.09±4.71 53.12±5.24 1.503 0.226
PVD (%) 49.88±3.43 49.81±3.17 49.74±3.35 0.016 0.984

SN 43.97±6.27 44.76±5.66 43.69±5.89 0.557 0.574
NS 42.52±4.98 44.02±5.66 42.41±7.17 1.384 0.254
NI 48.33±5.77 47.43±5.83 49.05±4.70 1.268 0.284
IN 56.47±4.31 55.80±4.37 55.80±6.15 0.225 0.799
IT 54.69±6.1 53.82±7.37 53.85±6.58 0.181 0.835
TI 56.57±3.81 55.50±5.93 56.46±6.07 0.642 0.527
TS 52.90±4.84 53.71±4.96 54.31±4.59 0.718 0.489
ST 48.98±4.63 48.61±4.71 47.72±3.81 0.802 0.450

PVD: Peripapillary vascular density; IVD: Intrapapillary vascular density; SN: Superanasal; NS: Nasosuperior; NI: 

Nasoinferior; IN: Inferonasal; IT: Inferotemporal; TI: Temporoinferior; TS: Temporosuperior; ST: Superotemporal.

Table 4 Microcirculation changes of optic nerve head in different AL groups                                                     mean±SD

Parameters AL1 (n=24) AL2 (n=56) AL3 (n=61) AL4 (n=23) F P
IVD (%) 52.27±4.71 54.61±4.59 53.55±4.43 55.81±6.61 2.527 0.059
PVD (%) 51.07±2.08 50.03±3.30 49.75±3.21 48.09±3.65a,b,c 3.605 0.015

SN 49.92±3.43 48.80±4.47 48.11±4.30 46.98±5.55 1.945 0.124
NS 46.53±2.95 43.59±6.62 44.26±5.07 44.19±7.41 1.470 0.225
NI 45.05±5.02 41.46±6.59a 44.38±5.40b 43.45±5.92 3.248 0.023
IN 49.20±4.24 48.02±5.79 47.88±5.39 46.98±6.73 0.632 0.595
IT 57.14±3.69 57.50±3.51 55.05±5.46b 53.12±5.40a,b 6.250 0.000
TI 53.98±4.29 55.65±4.48 53.68±7.69 50.76±10.36b 2.865 0.038
TS 56.41±3.79 57.01±3.87 56.50±5.69 51.28±8.26a,b,c 6.812 0.000
ST 54.38±3.10 54.60±4.75 53.16±4.96 52.34±5.89 1.667 0.176

aP<0.05 compared with AL1 group; bP<0.05 compared with AL2 group; cP<0.05 compared with AL3 group. AL: Axial 

length; PVD: Peripapillary vascular density; IVD: Intrapapillary vascular density; SN: Superanasal; NS: Nasosuperior; 

NI: Nasoinferior; IN: Inferonasal; IT: Inferotemporal; TI: Temporoinferior; TS: Temporosuperior; ST: Superotemporal.

Optic nerve head microcirculation in high myopia
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in the peridiscal retinal tissue decreases the oxygen demand, 
which further causes a decrease in blood circulation[16-17]. To 
a certain extent, the supply-demand relationship explains that 
the decrease in vessel density in HM is a physiological rather 
than a pathological phenomenon. Further, previous studies 
have reported thinning of the retinal nerve fiber layer in 
HM[18-20], which may reduce oxygen and blood flow demand. 
In this study, the PVD on the temporal side (IT, TI, TS, and 
ST) was higher than on the nasal side (SN, NS, NI, and IN). 
Of note, when AL was greater than 28 mm, the three regions 
of temporal PVD (IT, TI, and TS) were significantly reduced. 
These findings are in coherence with our morphological 
studies on the ONH. Thus, as AL elongates, the morphological 
changes on the temporal side of the ONH significantly increase 
compared to the nasal side. This observation indicates that 
there may be a relation between the morphological structure 
of the peripapillary area and PVD in HM, which needs to be 
explored further.
Our study revealed that the IVD (54.04%±4.94%) was greater 
than the PVD (49.81%±3.24%) in HM. In contrast to PVD, 
with the increase of AL, IVD remained stable. To date, no 
relevant research has been performed on this topic. The blood 
supplied to the optic disc is complex, mainly provided by 
retinal and choroidal circulations. The Zinn-Haller arterial 
ring provides the main blood supply to the optic disc at the 
level of the lamina. However, as AL increases, the distance 
between the Zinn-Haller and the optic disc boundary increases 
significantly[21-22]. Therefore, the different changes in IVD and 
PVD might occur due to the inside and peripapillary blood 
supply provided by different blood circulations.
Additionally, in another possible mechanism, changes in the 
ONH are mainly focused on the peripapillary area. Thus, blood 
perfusion is compensated by increasing the disc area while the 
IVD remains stable for preserving the optic nerve tissue. This 
mechanism may explain why not all high myopia eyes undergo 
optic nerve degenerative pathological changes. 
Previous studies have shown that SE was significantly 
correlated with changes in retinal microvessels[23]. On the 
contrary, our results suggest that the SE does not correlate 
with ONH vessel density. The SE is mainly determined by 
various components of the anterior and posterior segments, 
including the eyeball’s corneal curvature, lens, and AL. Axial 
elongation is generally the result of structural changes in the 
posterior segment. Nonetheless, the mechanical stretching 
caused by axial elongation is usually accompanied by a 
reduction in oxygen consumption, eventually affecting the 
structure of the posterior segment[24-25], such as the retina[26]. 
Although not completely equivalent, AL and SE changes occur 
almost simultaneously during the development of HM[27]. 
In this study, we found that the relationship between vessel 

density and AL was more profound than between vessel 
density and SE. Therefore, in clinical diagnosis and treatment, 
ophthalmologists and myopia patients should pay more 
attention to axial elongation and not just refractive changes.
In addition, we found that the ONH vessel density did not 
show a significant change with the increase in age, which was 
in agreement with the previous findings of Liu et al[23]. They 
reported that in the age of 18-45y, the vessel density in the 
macular region was relatively unaffected by age. However, this 
finding was inconsistent with the conclusion of Wei et al[28], who 
studied people between 18 and 82 years of age. They found 
that only those aged 65y or older had a significant decrease 
in vessel density. Leng et al[29] found that with the increase 
in age, the vessel density of macula decreased significantly, 
while the vessel density of macula did not correlate with sex, 
race, SE, or AL. The findings of these studies were contrary 
to our conclusions. The reasons could be the differences in the 
clinical characteristics of the study population, inclusion, and 
image analysis criteria. Yu et al[30] reported that in a healthy 
Chinese population, the blood flow index and vessel density 
of the superficial macular parafoveal decreases with age with 
constant decreases of 0.6% (blood flow index) and 0.4% (vessel 
density) each year. Therefore, it is critical to conduct future 
studies in larger cohorts to clarify and validate the potential 
impact of age on retinal perfusion in HM.
The study had certain limitations. First, this was a retrospective 
study; hence, longitudinal data were unavailable. Thus, the 
causality of the conclusion cannot be confirmed. Second, an 
OCTA scan requires the subjects to maintain a stable position 
and fixation; however, elderly patients with refractive interstitial 
opacity or poor fixation can’t receive accurate measurements. 
The subjects were young to middle-aged; thus, we could 
obtain satisfactory image quality under full guidance with the 
credibility of the results. Further, a sample selection bias also 
occurred to some extent. Third, the magnification effect of 
the images may affect the results of OCT measurements (e.g., 

Figure 3 The correlation between peripapillary vascular density and 

axial length.
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vessel density, and area). The range of 4.5×4.5 mm2 scans used 
in this study was small, so the effect of the amplification effect 
was not significant. 
In conclusion, in HM, IVD, and PVD did not change 
significantly with an increase in age or SE. However, with 
the increase in AL, the IVD remained stable, but the PVD 
decreased, especially in the three temporal regions (IT, TI, and 
TS). The PVD was negatively correlated with AL. In young 
patients, the SE and age were not significantly correlated with 
ONH vessel density. Therefore, ophthalmologists and myopia 
patients should pay attention to AL elongation, not merely to 
refractive changes. The asymmetric changes in IVD and PVD 
may explain why not all HM patients undergo optic nerve 
degenerative pathological changes.
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