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Abstract  Objective To compare the changes of  macular 
microvasculature in early primary open-angle glaucoma (POAG) 
patients with central visual field defects (CVFDs) and peripheral 
visual field defects (PVFDs). Methods A cross-sectional study was 
performed. Sixty-six eyes of  66 consecutive patients with early 
POAG were enrolled at the Beijing Tongren Hospital from June to 
December of  2020. The patients were divided into the CVFD 
group (25 eyes) and PVFD group (41 eyes) according to their visual 
field defects. Another 55 eyes of  55 age-, sex-, and spherical 
equivalent-matched healthy participants constituted the normal 
control group. All participants underwent routine ophthalmic 
examinations, including the Humphrey 24-2 visual field test. 
Macular vessel density (VD) and perfusion density (PD) of  a 6 mm 
× 6 mm area were measured using optical coherence tomography 
angiography, and the area was divided into three rings and nine 
zones, including center, inner ring (superior, inferior, temporal, and 
nasal sectors), and outer ring (superior, inferior, temporal, and nasal 
sectors) according to the The Early Treatment of  Diabetic 
Retinopathy Study (ETDRS) ring. The relationships among VDs, 
PDs, and visual field defects were analyzed. This study adhered to 
the Declaration of  Helsinki, and the research protocol was 
approved by the Ethics Committee of  Beijing Tongren Hospital, 
Capital Medical University (No. TRECKY2020-103). Written 
informed consent was obtained from each participant before 
examinations. Results The total macular VDs of  the normal 
control, CVFD, and PVFD groups were 18.20 (17.50, 18.50), 17.10 
(16.30, 17.85), and 17.20 (16.25, 17.90) mm/mm2, respectively, with 
significant differences (H=20.84; P<0. 001). The total macular PDs 
of  the normal control, CVFD, and PVFD groups were 0.45 (0.43, 
0.46), 0.42 (0.40, 0.44), and 0.43 (0.40, 0.44) mm2/mm2, 
respectively, with significant differences (H=16. 15; P≤0.001). The 
total macular VDs and PDs of  the CVFD and PVFD groups were 
significantly lower than those of  the normal control group (all, 
P<0.05). Significant differences were found for the VDs and PDs 
of  the superior, inferior, temporal, and nasal sectors of  the outer 
ring among the three groups (all P<0.05). The VDs of  the outer 
ring and PDs of  the superior, inferior, and nasal sectors of  the 
outer ring were significantly reduced in the CVFD group, when 
compared with the normal control group (all P<0.05). The VDs 
and PDs of  the superior, inferior, and temporal sectors of  the 
outer ring were significantly reduced in the PVFD group, when 
compared with the normal control group (all P<0.05). The macular 
PD of  the outer-nasal sector of  the CVFD was found lower than 
that of  PVFD group, but the difference was not significant 
(P=0.035). Conclusions The macular VD and PD were reduced in 
early POAG patients. Compared with POAG patients with CVFDs, 
the macular PD of  the outer nasal sector of  POAG patients with 
CVFDs was lower. 
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Glaucoma is characterized by the loss of  retinal ganglion cells 
(RGCs) and their axons, which in turn leads to thinning of  the 
peripapillary retinal nerve fiber layer (pRNFL) around the optic 
disc and the depression of  the optic cup [1]. Clinically, elevated 
intraocular pressure (IOP) is considered as the main risk factor of  
primary open-angle glaucoma (POAG), and lowering IOP can 
effectively prevent the progression of  visual impairment from 
glaucoma [2]. Although some glaucoma patients have acceptable 
IOP control, they still have progressive visual impairments, 
suggesting that non-IOP factors are also involved in the 
occurrence and progression of  glaucoma [3-4]. A large number of  
RGCs are distributed within 4.5 mm from the center ring of  the 
macular area. Studies have found that some glaucoma patients have 
central visual field defects (CVFDs) in early stages, which 
significantly affect their visual function [5-7]. Optical coherence 
tomography angiography (OCTA) is a widely used, vessel-based 
imaging technique, which can noninvasively display 
three-dimensional retinal vessel signals and perform quantitative 
analysis. In studies of  glaucoma patients, it was found that their 
vessel densities in the macular and optic disc areas measured by 
OCTA were significantly lower than that of  normal controls [8-11]. 
During the early stages of  our research, we conducted OCTA scans 
of  POAG patients with different visual field stages. The results 
showed that the superficial macular vessel density progressively 
decreased during progression of  visual field impairments [12]. There 
are currently few reports of  changes of  retinal microcirculation 
caused by local visual field impairments. This study therefore aimed 
to determine the relationships between local visual field defects and 
macular microcirculation changes, to provide guidance for the 
diagnosis and follow-up of  glaucoma patients. 

1 Materials and Methods 
1.1 General information  
A cross-sectional study involved 66 eyes of  66 consecutive patients 
with early POAG, who were enrolled at the Beijing Tongren 
Hospital, Capital Medical University, from June to December of  
2020. The patients were divided into a CVFD group (25 eyes) or 
PVFD group (41 eyes) according to their visual field defects, 
followed by a cross-sectional study. Sixty-six eyes of  66 consecutive 
patients were early POAG enrolled at the Beijing Tongren Hospital 
from June to December of  2020. The patients were divided into a 
CVFD group (25 eyes) or PVFD group (41 eyes) according to their 
visual field defects. Another 55 eyes of  55 healthy people were 
used as the normal control group. The right eyes of  all normal 
control subjects were studied. Early POAG diagnostic criteria 
involved the following: (1) patients with 24 hour IOP ≥21 mmHg 
(1 mmHg=0.133 kPa), with secondary causes excluded; (2) patients 
with chamber angle openings, (3) patients with typical 
glaucomatous optic nerve abnormalities accompanied by changes 
in the visual field, such as diffuse or localized defects along the 
optic disc; hemorrhage along the optic disc, or enlargement of  the 
diameter ratio of  the optic cup and the optic disc, as well as 
pRNFL defects corresponding to areas analyzed by slit lamp 
microscopy combined with preset lens examinations or fundus 
color photography; and (4) patients with a mean deviation 
(MD) >-6 dB [13]. Inclusion criteria for patients with early POAG 
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included the following: (1) patients met the diagnostic criteria for 
early POAG, and (2) patients showed good compliance and they 
were able to cooperate with examinations and follow-ups. 
Exclusion criteria included the following: (1) best-corrected visual 
acuity <0.1; (2) a history of  eye surgery during the previous 6 
months; (3) patients with refractive interstitial opacities that 
interfered with fundus imaging and OCT/OCTA imaging; and (4) 
patients whose intensities of  acquired signals were less than 8. 
Inclusion criteria of  the normal control group included the 
following: (1) IOP <21 mmHg; (2) optic nerve with a normal 
appearance and without a pRNFL defect; (3) the glaucoma 
hemi-visual field examination was normal in the visual field 
examination; and (4) mean deviation (MD) and pattern standard 
deviation (PSD) were in the normal range. All the participants had 
a best-corrected visual acuity ≤0.1, spherical equivalent (SE) from 
-6.00 to +6.00 diopters (D), no macular disease and other systemic 

disease affecting the visual acuity and visual field, and no systemic 
drugs that might cause changes in the ocular vessels (such as 
hypotensive drugs and hypolycemic and antilipemic agents). All 
participants were screened by two physicians, who were glaucoma 
specialists. The participants were assigned to groups according to 
the agreement of  the two physicians, and were excluded from the 
study when the two physicians disagreed. There was no significant 
difference in age, sex composition ratio, SE, or central corneal 
thickness among the three groups (all, P>0.05) (Table 1). This 
study adhered to the Declaration of  Helsinki, and the research 
protocol was approved by an Ethics Committee of  Beijing Tongren 
Hospital, Capital Medical University (No. TRECKY2020-103). 
Written informed consent was obtained from each participant 
before any examination. 

 

Table 1 Comparison of  demography among the three groups 

Group 
Cases/ey

es 

Age* 

(x�±s，years 

old） 

Sex 
composition 

ratio 
(male/femal

e, n) 

SE* 

(x�±s，D) 

IOP* 

(x�±s，mmHg) 
 

Central 
corneal 

thickness* 

(x�±e，μm) 

The amount of  
ocular 

hypotensive 
agents used& 

(x�±s，pc/d) 

MD* 

(x�±s，dB) 

PSD* 

(x�±s，dB) 

mGCIPL 
thickness 

(x�±i，μm) 

Normal 
Control 
Group 

55/55 41.20±10.94 3025 -2.18±2.27 16.13±4.48 553.2±31.2 - -1.11±0.69 1.46±0.25 
82.51±4.5

3 

CVFDs 
Group 

25/25 42.64±12.72 1213 -2.57±2.25 16.61±2.70a 543.1±32.0 1.54±0.98 -3.45±1.61a 4.54±1.99a 
67.92±9.8

2a 
PVFDs 
Group 

41/41 41.61±13.60 2021 -2.48±2.34 19.55±5.66a 545.6±34.8 1.74±0.95 -3.43±1.25a 3.71±2.24a 
73.39±7.7

9a 

F/X2/t 
Value 

 0.12 0.45 0.32 5.92 1.27 -0.78 15.88 9.71 42.58 

P Value  0.888 0.801 0.724 0.004 0.439 <0.001 0.001 <0.001 <0.001 

Note: Compared with the respective normal control group, aP<0.017 (*one-way analysis of  variance, LSD t-test; #x2 test; &independent 
samples t-test) CVFDs: central visual field defects; PVFDs: peripheral visual field defects; SE: spherical equivalent; MD: mean deviation;  
PSD: pattern standard deviation; mGCIPL: macular ganglion cell-inner plexiform layer; -:no data; 1 mmHg=0. 133 kPa 

1.2 Methods 
1.2.1 General Examination. All eyes examined were subjected to 
a systematic ophthalmic examination. A fully automatic computer 
vision meter (MC-3; Topcon, Tokyo, Japan) was used to measure 
visual acuity. The diopter value (D) of  the tested eye was measured 
using a computer auto-optometry instrument (Canon, Tokyo, 
Japan). The IOP was measured using a noncontact tonometer 
(Canon). The anterior segment was examined using a slit lamp 
microscope (BM900; Haag-Streit, Koniz, Switzerland). The fundus 
was examined using a slit lamp microscope combined with a preset 
lens (90D; Volk Optical, Mentor, OH, USA). Fundus photography 
was performed using a color fundus camera (Kowa, Tokyo, Japan). 
The anterior segment module of  a Cirrus OCT instrument was 
used to measure the corneal thickness of  the eyes. Refractive 
diopters and IOP were measured on the same day as the OCTA 
examination, with three measurements for each parameter, 
followed by calculation of  the average using the formula: 
SE=spherical equivalent + 1/2 cylindrical equivalent. 

1.2.2 Visual field measurements. The participant was asked to 
place the lower jaw into the holder, then to stare at the cursor. The 
visual field examination was conducted using an HFA-860 visual 
field meter (Carl Zeiss, Jena, Germany) using the SITA 24-2 mode. 
The changes in the visual fields of  glaucoma patients were defined 
as the following: (1) the results of  the half  visual field examination 
of  glaucoma patients was outside the normal range, and (2) three 
or more consecutive scotomas with P<5% or two or more 
consecutive scotomas with P<2%. Visual field defects were 
confirmed using two consecutive and credible examinations. The 
index of  credibility required a false positive <15%, false negative 
<15%, and fixation loss <20%. The CVFDs were defined as three 
or more consecutive scotomas with P<5% or two or more 
consecutive scotomas with P<2% in the central 10º visual field 
from the pattern deviation plot. PVFDs were defined as three or 
more scotomas with P<5% or two or more scotomas with P<2% 
between the central 10−24º of  the visual field (Figure 1)[14]. 

 
 
Figure 1 Grayscale maps of  the visual fields and pattern 
deviation plots of  two groups A: Grayscale map of  central visual 
field defects (CVFDs) of  group B: Grayscale map of  peripheral 
visual field defects (PVFDs) of  group C: Pattern deviation plots of  
the CVFD group. There were four continuous scotomas with p 
<0.5% in the central 10º visual field D. Pattern deviation plot of  
the PVFD group. There were four continuous scotomas between 
the central 10−24º of  the visual fields, with p-values of  three 
scotomas of  <2% and p-value of  one scotoma being <5%. 

1.2.3 OCTA and OCT examinations. The tomography image of  
the superficial macular retinal vessel was obtained using a Cirrus 
5000 OCTA (Zeiss) at a wavelength of  840 nm, a scanning speed 
of  68,000 A/s, and a scanning range of  6 mm × 6 mm in the 
macular area. According to the ETDRS ring, a 6 mm × 6 mm 
macular area was divided into three rings and nine zones, which 
were the center, inner (superior, inferior, temporal, and nasal), and 
outer (superior, inferior, temporal, and nasal) rings. The VD and 
PD of  the superficial retina were obtained in these nine zones 
(Figure 2). VD was defined as the total length of  perfusion vessels 
per unit area of  the retina; perfusion density was defined as the 
total perfusion vessel area per unit area of  the retina. There were 
245 A-scans in the B-scans of  the horizontal and vertical scan lines. 
The superficial macular retinal layer was defined from the inner 
limiting membrane to the inner plexiform layer, including the 
retinal nerve fiber layer, RGC, and inner plexiform layer[15]. The 
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Grrns OCT-affiliated software (AngioPlex, software, version 10.0) 
was used for quantitative analysis of  all scans. At the same time, the 
thickness of  the macular ganglion cell-inner plexiform layer 
(mGCIPL) was determined. All OCT and OCTA scans were 

conducted by the same experienced technician using the same 
instruments. All scanned images were evaluated for quality, to 
eliminate fixation losses, layering errors, and motion artifacts.

 

Figure 2 Microvasculature measurement in the macular area A: Tomography image of the macular superficial microvasculature superficial layer 

was located between two dotted red lines, which was defined from the inner limiting membrane to the inner plexiform layer, including the nerve fiber, 

ganglion cell, and inner plexiform layers. B: Zoning of the macular superficial microvasculature according to the ETDRS ring; a 6 mm × 6 mm 

macular area was divided into nine zones. C represented the center; I-I represented the inferior-inner; I-O represented the inferior-outer; N-I 

represented the nasal-inner; N-O represented the nasal-outer; S-I represented the superior-inner; S-O represented the superior-outer; T-I represented 

the temporal-inner; and T-O represented the temporal-outer. 

1.3 Statistical methods 
SPSS 23.0 statistical software for Windows (SPSS, Chicago, IL, 
USA) was used for statistical analysis. The Shapiro-Wilk test was 
used to confirm whether the measurement data were normally 
distributed. The data that conformed to the normal distribution are 
expressed as x�±s, and the Le/ne test was used to test the 
homogeneity of  variance of  the standard deviations between 
groups. Non-normal distribution data are expressed as M (Q1, Q3); 
count data are expressed as the number of  cases and percentages. 
The overall difference of  evaluation indexes for normal 
distribution data among the three groups was compared using 
one-way analysis of  variance, and the test level was a = 0.05. The 
Bonferroni test was used for pairwise comparisons, with 
a=0.05/3=0.017. The overall difference of  skewed distribution 
data among the three groups was compared using the 
Kruskal-Wallis H test, and pairwise comparison was performed 
using the Wilcoxon rank-sum test. The sex composition ratio of  
each group was compared using the V test. An independent sample 
t-test was used to compare quantitative differences in the amounts 
of  ocular hypotensive agents used in the eyes of  the CVFD and 
PVFDs groups. A value of  p < 0.05 indicated that the difference 
was statistically significant. 

2 Results 
2.1 Vessel density comparisons among the three groups in the 
macular superficial layer 
The total macular VD of  the normal control, CVFD, and PVFD 
groups were 18.20 (17.50, 18.50), 17.10 (16.30, 17.85), and 17.20 
(16.25, 17.90) mm/mm2, respectively, with significant differences 
(H=20.84; P<0. 001). The total macular VD of  the CVFD and 
PVFD groups were significantly lower than that of  the normal 
control group (all, P<0.05). There was no significant difference 
between the VDs of  the CVFD and PVFD groups. 

There was no significant difference in the VDs of  the center and 
inner rings (superior, inferior, temporal, and nasal) in the eyes of   
 

 
the normal control, CVFD, and PVFD groups (H=2.89, 3.40, 4.23, 
1.58, 5.03; all P>0.05). The overall differences in VDs of  the outer 
ring (superior, inferior, temporal, and nasal) among the three 
groups were statistically significant (H=15.81, 30.73, 12.44, 13.35; 
all, P<0.01). Compared with the normal control group, the VDs in 
all areas of  the outer ring of  eyes in the CVFD group significantly 
decreased, and those in the outer ring (superior, inferior, and 
temporal) in the PVFDs group significantly decreased (all P<0.05) 
(Table 2). 

2.2 Perfusion density comparisons of  the macular superficial 
layers among the three groups 
The total macular PD of  the normal control, CVFD, and PVFD 
groups were 0.45 (0.43, 0.46), 0.42 (0.40, 0.44), and 0.43 (0.40, 0.44) 
mm2/mm2, respectively, with significant differences (H=16.15; 
P<0.001). The total macular PDs of  the CVFD and PVFD groups 
were significantly lower than those of  the normal control group 
(P=0.002, 0.003, respectively). There was no significant difference 
between the PDs of  the CVFD group and those of  the PVFD 
group (P=1.000).  

There were no significant differences in the PD of  the center 
and inner rings (superior, inferior, temporal, nasal) in the macular 
area in the eyes of  the normal control, CVFD, and PVFD groups 
(H=3.22, 3.07, 1.67, 1.4, 3.90; all P>0. 05). The overall differences 
in PDs of  the outer ring (superior, inferior, temporal, and nasal) 
among the three groups were statistically significant (H=14.13, 
29.90, 9.07, 8.19; all P<0.05). Compared with the normal control 
group, the PDs in the outer ring (superior, inferior, and nasal) of  
the detected eye in the CVFDs group were significantly decreased, 
and that in the outer ring (superior, inferior, and temporal) in the 
PVFDs group were also significantly reduced (all P<0.05). The PD 
in the outer ring (nasal) in CVFDs group was lowered in 
comparison with CVFDs group, but the difference was not 
statistically significant (P=0.035) (Table 3). 
 

Table 2 Comparison of  macular vessel densities among different groups (M[Q1,Q3], mm/mm) 
Group Eyes Center Superior-Inner Inferior-Inner Temporal-Inner Nasal-Inner Superior-Outer Inferior-Outer Temporal-Outer Nasal-Outer 
Normal 
Control 
Group 

55 8.1(6.8, 9-8) 18.4(17.6,19.0) 18.4(17.5,18.8) 17.8(17.1,18.6) 18.5(17.2,18.9) 18.6(18.0,19.1) 18.3(17.4,18.8) 17.1(16.2,18.0) 19.8(19.4,20.3) 

CVFDs 
Group 

25 10.1(6-6,11-9) 18.4(17.5,19.1) 18.0(15.7,18.9) 18.1(16.7,18.6) 18.8(18.2,19.5) 17.7(16.6,18.8)a 15.2(13.9,18.1)a 16.4(15.1,17.6)a 19.2(17.0,19.6)a 

PVFDs 
Group 

41 8-8(6.9,11.4) 18.0(17.2,18.6) 17.8(16.5,18.5) 17.6(16.8,18.5) 18.2(17.4,18.9) 17.5(16.9,18.5)a 16.9(14.6,17.7)a 16.1(14.5,17.2)a 19.7(18.9,20.2) 

H Value  2.89 3.40 4.23 1.58 5.03 15.81 30.73 12.44 13.35 
P Value  0.235 0.143 0.120 0.454 0.081 <0.001 <0.001 0.002 0.001 

Note : Compared with respective normal control group，aP<0. 01 (Kruskal-Wallis H test, Wilcoxon rank sum test) CVFDs: central visual field defects; 
PVFDs: peripheral visual field defects 
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Table 3 Comparison of  macular perfusion density among different groups (M[Q1,Q3], mm /mm) 
Group Eyes Center Superior-Inner Inferior-Inner Temporal-Inner Nasal-Inner Superior-Outer Inferior-Outer Temporal-Outer Nasal-Outer 
Normal 
Control 
Group 

55 0.18(0.15,0.22) 0.46(0.43,0.46) 0.44(0.42,0.45) 0.43(0.40,0.44) 0.44(0.41,0.45) 0.47(0.45,0.48) 0.46(0.43,0.48) 0.42(0.40,0.44) 0.49(0.47,0.49) 

CVFDs 
Group 

25 0.22(0.15,0.27) 0.44(0.42,0.47) 0.44(0.38,0.46) 0.44(0.40,0.45) 0.45(0.43,0.46) 0.43(0.42,0.48)a 0.40(0.34,0.45)a 0.40(0.37,0.44) 0.48(0.42,0.48)a 

PVFDs 
Group 

41 0.19(0.16,0.26) 0.44(0.41,0.46) 0.43(0.40,0.45) 0.42(0.40,0.44) 0.43(0.41,0.45) 0.44(0.42,0.46)a 0.42(0.36,0.44)a 0.39(0.36,0.42)a 0.49(0.46,0.50)b 

H Value  3.22 3.07 1.67 1.44 3.90 14.13 29.90 9.07 8.19 
P Value  0.200 0.216 0.435 0.486 0.142 0.001 <0.001 0.011 0.017 

Note: Compared with the respective normal control group, ap < 0.01; compared with the CVFD group，bp < 0.05 (Kruskal-Wallis H test and Wilcoxon rank-sum test, 
respectively) CVFDs: central visual field defects; PVFDs: peripheral visual field defects 

3 Discussion 
This study found that in patients with early POAG, the macular 
vessel parameters were significantly decreased, when compared 
with the normal control group, regardless of  the presence of  
macular visual field defects. Studies in China and abroad have 
reported that patients with early glaucoma experienced a significant 
decrease in macular VD, and that these vessel changes were 
significantly correlated with measurement parameters of  visual 
field sensitivity or macular structure [16–20]. However, these studies 
focused on the average sensitivity of  the overall visual field, and 
there was a lack of  studies on microcirculation changes of  local 
visual field defects. Recent studies have measured the vessels near 
the optic disc and in the macula area in patients with POAG, 
accompanied by hemi-visual field defects. It was found that the 
VDs near the optic disc and in the macular superficial layer, and the 
thicknesses of  the pRNFL and macular inner layer corresponding 
to the normal hemi-visual field, were significantly decreased, when 
compared with the normal control group. However, there was no 
significant difference in the visual field MD values between the 
CVFD and PVFD groups [21]. This study also found that in patients 
with early POAG without macular visual field defects, the macular 
vessel parameters significantly decreased, when compared with that 
of  the normal control group, which mainly occurred in 3~6 mm of  
the outer ring. Xiaolei et al. [21] reported a study using patients with 
progressive POAG, with an average MD value of  -15.36 dB, while 
all participants had a MD > -6 dB, suggesting that the decrease in 
measured values of  local retinal vessel parameters might have 
occurred before changes of  the visual field. In this study, the 
mGCIPL thicknesses of  patients with POAG accompanied by 
CVFDs significantly decreased, when compared with POAG 
patients with PVFDs, suggesting that there was significant 
interaction between the superficial macular vessel and the structure 
and function of  the macular inner layer. Hou et al. [22] followed-up 
POAG patients for 2.6 years and found that the macular vessel 
density decreased faster than the thinning rate of  the macular inner 
layer thickness, and that this process was significantly correlated 
with the severity of  the disease. The results of  the above studies 
have therefore suggested that a decrease in local vessel parameter 
measurements may be a potential indicator for early detection of  
visual field defects and macular structural changes, and it is 
therefore recommended that retinal vessel monitoring be 
conducted during glaucoma screening to detect glaucoma optic 
nerve changes as early as possible. 

The present study found no significant difference between the 
CVF and PVF groups in macular (inner ring) vessel parameters of  
POAG patients. Furthermore, the measured values of  vessel 
parameters of  the macular nasal-outer layer of  the CVF group 
were significantly lower than those of  the PVF group. The results 
might be related to the course of  retinal nerve fibers. Hood et al.[23] 
reported the corresponding relationship between Humphrey’s 
visual field and the retinal nerve fiber layer. The retinal nerve fibers 
were roughly divided into nerve fibers of  the discmacular tract, 
superior and inferior arc-shaped nerve fibers, and nasal radial nerve 
fibers. The nerve fibers of  the discmacular tract originate from the 
macular area and enter the temporal side of  the optic disc, directly 
in a straight line. The superior and inferior arc-shaped nerve fibers 
originate from the temporal side, superior area, and inferior area of  
the macula. The nerve fibers on the temporal side of  the macula 
must therefore bypass the nerve fibers of  the discmacular tract and  
 

 
enter the temporal side of  the optic disc from the superior and 
inferior areas, respectively, of  the temporal side of  the optic disc in 
an arc shape. The nerve fiber defects in the macular area, nasal side 
of  the macula, temporal side of  the optic disc, and the 
corresponding vessel changes therefore occurred in patients with 
CVFDs. Patients with PVFDs were more likely to have nerve fiber 
defects and corresponding vessel changes in the superior and 
inferior areas of  the macula and the upper and lower directions of  
the optic disc. The macular ETDRS ring used in this study could 
detect vessel changes in the 6 mm × 6 mm area of  the macula area, 
but detection of  vessels in a wider area require further 
enhancements of  the OCTA instrument software, to detect retinal 
vessel changes in patients with PVFDs. 

The retinal vessels originated from the optic disc and presented 
the course of  supratemporal, infratemporal, supranasal and 
infranasal passages, reaching the macula and distributed as upper 
and lower arches, encircling the avascular area of  the macula. Early 
glaucoma often starts in one area or quadrant, and the 
measurement of  its visual field and structure are characterized by 
up-down asymmetry. Therefore, the asymmetry of  vessel is more 
easily detected by using the ETDRS ring. Lu et al. [24] found there 
was no statistically significant difference in vessel density on the 
nasal (inner and outer rings) and temporal sides (inner and outer 
rings) in patients with and without CVFDs accompanied by early 
POAG. However, the differences in vessel densities between the 
upper quadrants of  the outer ring and lower quadrants of  the outer 
ring were statistically significant, which differed from the results of  
the present study. Lu et al. [24] used the 10-2 visual field mode to 
determine whether there were CVFDs. The 24-2 mode was used in 
this study. This study was used to determine whether there were 
local scotomas in the 10-2 mode in patients without CVFDs, so it 
was speculated that different grouping modes were the reason for 
the differences in study results. It has been found that the 10-2 
visual field mode was more likely to improve the sensitivity of  
CVFDs screening, and therefore may have a better correlation with 
macular measurement parameters [25]. However, the more widely 
used mode in clinical practice is 24-2 or 30-2. In the future, the 
comprehensive evaluation of  macular visual field defects by 
combining 24-2 and 10-2 should be considered. 

There were some limitations in this study. (1) Although it was 
speculated that visual field impairment occurred only after the 
vessel parameters decreased, longitudinal studies are still needed to 
confirm the sequential relationship between the changes of  
macular structure, vessel, and functions. (2) The best-corrected 
visual acuity among the three groups was not measured and 
compared in this study, and the difference in visual acuity of  
glaucoma patients with or without macular visual field defects 
needs further investigation. (3) The sample size of  CVFDs in this 
study was limited, which was mainly due to the fact that few 
patients with early POAG had CVFDs, and it was necessary to 
match sex, age, and degree of  glaucoma with PVFDs to avoid the 
influence of  confounding factors on the macular vessel. In addition, 
some studies have found that the superficial macular vessel density 
of  patients with high myopia was reduced [26]. All participants in 
this study had medium and low myopia, and there was no 
statistically significant difference in SE among the three groups, so 
the influence of  confounding factors on the results was reduced as 
much as possible. (4) This study did not characterize the thickness 
and vessel parameter distributions measured by mGCIPL. The 
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main reason was that the scanning mode and subarea of  the Crms 
OCTA in the macular area were different from that of  the 
mGCIPL, so they did not correspond with each other. It is hoped 
that in the future, OCTA software can match the scanning mode 
of  the mGCIPL, so that we can better study the relationships 
between thickness and vessel parameter distributions. 

In summary, OCTA was used to show that vessel and perfusion 
densities in macular areas of  patients with early POAG were 
significantly reduced. For the patients with early POAG who had 
CVFDs, the perfusion density on the nasal side in the outer ring of  
the macular area was lower than that of  PVFDs, suggesting that a 
decrease in the superficial retinal blood supply in the macular area 
occurred before the decrease in central visual function. 
Furthermore, the decrease in the nasal blood supply might suggest 
the loss of  central visual field function. 
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