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Purpose: To study the topographic relationship between parapapillary choroidal
microvasculaturedropout (MvD) andparapapillary retinal nerve fiber layer (RNFL) defect
in primary angle-closure glaucoma (PACG) eyes.

Methods: This cross-sectional study was carried out in a glaucoma clinic. Patients with
PACG and healthy controls were consecutively enrolled. Each subject underwent optical
coherence tomography angiography (OCTA) and OCT testing; additionally, visual field
(VF) tests were also conducted in the patients with PACG. MvD was determined when
choroidal layer images in OCTA showed a complete loss of the microvasculature. The
study included 55 patients with PACG and 30 healthy controls.

Results: Fifty-five eyes in 55 patients with PACG and 30 eyes in 30 healthy controls were
recruited. MvDwas found in 26 PACG eyes (47.3%), but noMvDwas found in the healthy
eyes. Comparedwith PACG eyes withoutMvD, eyes withMvD had thinner average RNFL
(P< 0.001), worse VFmean deviation (P= 0.006), and lower peripapillary vessel density
(P < 0.001). Between MvD and RNFL defects, there was good topographic consistency
in angular circumference (Bland–Altman 95% confidence interval [CI], −24.9° to 21.0°)
and position (Bland-Altman 95% CI, −18.6° to 20.6°). There was a significant correlation
between the MvD angular circumference and the average peripapillary vessel density
(r = −0.505; P = 0.014), average RNFL thickness (r = −0.742; P < 0.001), and VF mean
deviation (r = −0.572; P = 0.004).

Conclusions: In patients with PACG, the MvD angular circumference and position were
highly topographic consistent with those of the peripapillary RNFL defect area. This
study suggests that there is a significant correlation between MvD and glaucoma optic
nerve injury.

Translational Relevance: Given the vascular etiology for glaucoma, the current
research suggests that the MvD angular circumferencemay serve as a potential supple-
mentary clue of glaucoma disease severity.

Introduction

Primary angle-closure glaucoma (PACG) is a
disease that seriously threatens eyesight. It is estimated
that, by 2040, about 32.04 million people in the
world will have visual impairment due to PACG.1 The
main mechanisms of glaucomatous optic neuropa-
thy are mechanical compression and insufficient blood
supply.2,3 There is growing evidence that vascu-

lar dysfunction plays a role in the pathogenesis
of glaucoma,2,4 which can be non-invasively and
accurately measured using optical coherence tomog-
raphy angiography (OCTA).5–7 Recently, some studies
have found that the vessel density (VD) in the optic
nerve head, the peripapillary retina, and the macula
decreased, and the decreasing extent was closely related
to the visual field (VF) defect in PACG.6,8–11 However,
these studies examined only the superficial retinal
density supplied by the central retinal artery.
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More attention has been paid to peripapillary
choroidal microvessels and, upstream, the posterior
ciliary artery, as anatomically the posterior ciliary
artery perfuses the prelaminar and laminar regions
of the optic nerve head.12–15 Traditionally, choroidal
microvessels have been assessed using indocyanine
green, and recently Lee et al.16 confirmed that
the parapapillary choroidal microvasculature dropout
(MvD) found by OCTA is consistent with that of
indocyanine green. Therefore, OCTA could be used to
analyze choroidal MvD in glaucomatous patients.17,18
So far, there is little literature regarding MvD in
glaucoma. Lee et al.19 found a topographic association
between MvD location and parapapillary retinal nerve
fiber layer (RNFL) defects in patients with primary
open-angle glaucoma (POAG). However, no research
has reported a topographic relationship between MvD
andRNFLdefects in PACGeyes. Furthermore, a study
on POAG showed that theMvD angular circumference
was significantly related to the severity of VF defect
and peripapillary VD.20 It would be of great interest
to determine the correlation between glaucoma sever-
ity factors and MvD.

The purpose of this study, therefore, was to study
whether MvD has a topographic association with
RNFL defects. In addition, the correlation between
glaucoma severity factors and MvD was evaluated.

Materials and Methods

Patients with PACG were consecutively included
in the investigation of glaucomatous vascular factors,
which was a study of patients with glaucoma that
was conducted by the glaucoma clinic of the Joint
Shantou International Eye Center (JSIEC). A healthy
control group was recruited from patients who went
to the JSIEC for early cataracts. We told each subject
the purpose of the study, and the study protocol
was approved by the Ethics Committee of JSIEC of
Shantou University and the Chinese University of
Hong Kong (EC20200609[6]-P19). The study followed
the tenets of the Declaration of Helsinki. Written
informed consent was obtained from all subjects.

All participants underwent comprehensive
ophthalmic examinations that included intraocular
pressure (IOP) measurement, best-corrected visual
acuity, axial length measurement by OA-2000 (Tomey
Corporation, Nagoya, Japan), ophthalmoscopy, swept-
source OCT, and OCTA (DRI OCT Triton; Topcon
Corporation, Tokyo, Japan). We used the same DRI
OCT instrument to perform OCT and OCTA scans.
Glaucomatous patients underwent standardVF exami-

nation by the static automated white-on-white thresh-
old 24-2 Swedish Interactive Threshold Algorithm
(SITA) standard strategy (Humphrey Field Analyzer
HFA II 750i; Carl Zeiss Meditec, Zena, Germany).
The systolic blood pressure (SBP) and diastolic blood
pressure (DBP) of the subjects were measured before
OCTA was performed. The ocular perfusion pressure
was estimated as the difference between 2/3 mean
arterial pressure and IOP. Mean arterial pressure was
derived as 1/3 SBP + 2/3 DBP.17

PACG was defined as occludable anterior chamber
angles in two or more quadrants on gonioscopy, as well
as glaucomatous optic nerve head changes (focal or
diffuse neuroretinal rim thinning, localized notching,
or nerve fiber layer defects) with correlating reliable VF
defects.21 Inclusion criteria for healthy eyes included
intraocular pressure ≤ 21 mmHg, no family history of
glaucoma, normal anterior and posterior segment and
non-glaucomatous optic discs as determined by clini-
cal examination by experts. Exclusion criteria included
age ≤ 18 years old; ≥6.0 D (sphere) or 3.0 D (cylin-
der); previous eye surgery or ocular laser surgery
(except for uneventful cataract surgery or glaucoma
surgery) or intraocular diseases (e.g., diabetic retinopa-
thy or non-glaucomatous optic neuropathy) that could
influence the study results; and acute angle-closure
glaucoma.

OCTA Image Acquisition

In the current study, OCTA was used to study the
peripapillary microvasculature circulation of continu-
ous patients with PACG. All subjects were examined
by 4.5-mm × 4.5-mm OCTA optic disc scans. We
used OCTA ratio analyses of the device to obtain
the images. The system automatically divided the
optic disc into four layers, and the selected layer was
the choroidal layer. The choroidal microvasculature
in the peripapillary area was evaluated in this layer.
The choroidal layer extends from the retinal pigment
epithelium to 390 mm below Bruch’s membrane,
which is sufficient to include the full thickness of the
choroid and the inner scleral surface.18 We reviewed
and filtered image quality after each scan. Images
with significant motion artifacts, poor signal strength,
or poor image clarity were discarded. According
to the manufacturer’s recommendations, the image
quality score of all OCTA images had to be greater
than 40.18,22

Choroidal MvD is a focal sectoral capillary dropout
with no visible microvascular network identified in
the choroidal layer images.16,23 When the circum-
ferential width of the area with capillary dropout
appeared to be more than one-half clock hour of
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the disc circumference, it was considered a disruption
of the microvascular network and was deemed to be
MvD.18 Two independent researchers (JH and HW)
identified MvD without knowing the clinical infor-
mation for each participant. Disagreements between
the researchers were resolved by a third adjudicator
(DM).

For the measurement of peripapillary VD, we used
Image J (National Institutes of Health, Bethesda,
MD) to process the OCTA images. Peripapillary VD
measurements were calculated in the nerve head layer,
as described previously.8 First, we applied a non-local
means denoising filter to reduce the background noise
of the grayscale images. Then, we applied Phansalkar
for our adaptive local thresholding method. This
method was used as the binarization algorithm for
the OCTA images to obtain vascular signals as white
regions and to digitize these areas. The VD value
was defined as a proportion of the vessel signal in
the area of interest. A previous study has proved
the reproducibility of this VD analysis method.24
The peripapillary region was a 750-mm-wide annular
region of interest centered on the optic disc, with an
inner diameter of 1.95 cm and an outer diameter of
3.45 cm. The peripapillary region was divided into
four equal quadrants: superior, inferior, temporal, and
nasal.

Measurement of Angular Circumference and
Location of Peripapillary MvD and RNFL
Defects

We used Photoshop CC (Adobe Systems, San Jose,
CA) to measure the related parameters on the images.
First, the angular circumference and location of the
RNFL defects were evaluated using OCT peripapillary
RNFL scans. A RNFL defect was defined as an area
with a thickness of <1% of the limit of the normative
database (Fig. 1, red color), as previously described.19
Each RNFL defect was determined on the x-axis of
the temporal–superior–nasal–inferior–temporal graph,
and the extent of the RNFL defect was the angular
width between the starting point and the ending point
of the RNFL defect (α) (Fig. 1F). The location of
the RNFL defect was defined as the angular position
of the midpoint of the RNFL defect from the foveal–
disc axis (β). The optic disc center was determined as
the point where the long axis and short axis of the
disc crossed, as has been done in previous studies.20,25
The foveal–disc axis was obtained by infrared imaging
provided in the OCT disc scans (Fig. 1A). To measure
the MvD angular circumference, we connected the
disc center to the circumferential borders of MvD,

and the angle between these two lines was defined as
the MvD angular circumference (γ ) (Fig. 1C). A line
equally bisecting the angular circumferential margins
of the MvD was drawn, and the MvD location was
defined as the angular position of this line from the
foveal–disc axis (δ) (Fig. 1D). As described in previ-
ous literature, the foveal–disc axis in OCTA images
was determined by superimposing and manually
aligning the OCTA images on the infrared fundus
image.18

The manual measurement of angular circumference
and the location of any MvD or RNFL defect was
repeated two times by two researchers (JH and HW),
who were blinded to the participants’ clinical informa-
tion. The final metrics of the MvD and RNFL defect
were taken as the average of the results measured by
two researchers to minimize the effect of inter-rater
variation.

Statistical Analyses

We used SPSS Statistics 22.0 (IBM, Inc., Chicago,
IL) andMedCalc 15.2.2 (MedCalc Software, Flanders,
Belgium) for all statistical analyses. The Shapiro–Wilk
test was performed to evaluate the normal distribu-
tion of continuous variable data. We compared the
parameters between glaucomatous eyes and healthy
eyes by independent t-test, nonparametric Mann–
Whitney test, and χ2 test. These methods were
also used to compare PACG eyes with and without
MvD.

To evaluate the relationship between MvD angular
circumference and glaucoma severity, the correlations
between MvD angular circumference and global and
regional vascular, structural, and functional parame-
ters, including peripapillary VD, RNFL thicknesses,
and VF mean deviation (MD), were assessed using
partial correlation analysis while adjusting for potential
confounding parameters for the OCTA images, as well
as glaucoma severity, age, axial length, and IOP. We
used kappa statistics and intraclass correlation coeffi-
cients (ICCs) to evaluate inter-examiner agreement
regarding the presence of MvD and measurements
from the choroidal OCTA slab. Furthermore, we used
Bland–Altman analysis to evaluate the topographic
correlation between MvD and RNFL defects. For the
topographic correlation, whether or not one eye had
multiple MvDs, we analyzed the topography of each
MvD and its corresponding RNFL defect. For corre-
lation analysis, when one eye had multiple MvDs, the
MvD angular circumference was determined as the
sum of the angular circumferences of each MvD. P <

0.05 was considered statistically significant.
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Figure 1. Measurement of the angular circumference and location of MvD and RNFL defects. (A) Infrared image in which the green dotted
line indicates the foveal–disc axis. (B) OCTA image of the choroidal layer, where the area indicated by a red dotted line represents the area
with MvD. (C) OCTA image of the choroidal layer, where γ is the MvD angular circumference. (D) OCTA image of the choroidal layer, where
δ is the position of MvD relative to the foveal–disc axis. (E) The 12 o’clock RNFL thickness chart. (F) Temporal–superior–nasal–inferior–
temporal RNFL thickness graph, where α is the circumferential extent of RNFL defect, and β is the position of RNFL defect relative to the
foveal–disc axis.

Results

This study initially included a total of 63 PACG eyes
and 32 healthy eyes. Among these eyes, eight PACG
eyes and two control eyes were excluded due to poor
quality of the OCTA images. The baseline character-
istics of the remaining 55 PACG eyes and 30 control
eyes are shown in Table 1. There was a good agree-
ment between observers on the detection of MvD in
the choroidal layer images (κ = 0.915). Twenty-six of
55 PACG eyes showed MvD (47.3%). Of the 26 eyes,

two eyes and 10 eyes had single MvD in the superior
and inferior hemispheres, respectively, and 14 eyes had
doubleMvDs in the superior and inferior hemispheres.
There was a total of 40 MvDs. None of the eyes in the
control group had MvD. Table 2 compares the clini-
cal features of PACG eyes with and without MvD.
Compared with eyes without MvD, eyes with MvD
had thinner average RNFL (P< 0.001), worse VFMD
(P = 0.006), and lower peripapillary VD (P < 0.001).
All eyes with MvD were accompanied by parapapil-
lary atrophy (PPA), whereas eyes without PPA had no
MvD.
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Table 1. Baseline Characteristics of The Participants

PACG Eyes (n = 55) Healthy Eyes (n = 30) P

Age (y) 63.2 ± 7.8 61.5 ± 8.1 0.326
Gender (male/female), n 21/34 8/22 0.285a

Axial length (mm) 22.5 ± 1.0 23.7 ± 0.9 <0.001
IOP at the scanning visit (mmHg) 14.6 ± 3.8 14.0 ± 2.9 0.360b

SBP (mmHg) 136.2 ± 18.9 137.3 ± 11.8 0.876b

DBP (mmHg) 80.7 ± 9.8 84.2 ± 7.3 0.091
Ocular perfusion pressure (mmHg) 51.5 ± 8.7 53.9 ± 6.5 0.190
Diabetes, n (%) 5 (9.1) 2 (6.7) 1.000a

VF MD (dB) −13.4 ± 9.7 — —
Global peripapillary VD (%) 47.0 ± 5.7 54.6 ± 2.5 <0.001b

Global peripapillary RNFL thickness (μm) 83.9 ± 26.9 112.7 ± 9.3 <0.001b

Unless otherwise indicated, values are mean ± SD and comparisons were made using the independent sample t-test.
aThe comparison was performed using the χ2 test.
bThe comparison was performed using the Mann–Whitney test.

Table 2. Comparison of Clinical Characteristics Between PACG Eyes With and Without MvD

PACG Eyes With
MvD (n = 26)

PACG Eyes Without
MvD (n = 29) P

Age (y) 64.5 ± 8.2 62.1 ± 7.3 0.272
Gender (male/female), n 10/16 11/18 0.968a

Axial length (mm) 22.5 ± 0.9 22.5 ± 1.2 0.870
IOP at the scanning visit (mmHg) 15.0 ± 3.3 14.2 ± 4.2 0.440
SBP (mmHg) 136.9 ± 19.2 135.5 ± 18.9 0.786
DBP (mmHg) 81.5 ± 9.7 79.9 ± 10.0 0.540
Ocular perfusion pressure (mmHg) 51.6 ± 8.4 51.4 ± 9.2 0.919
Diabetes, n (%) 3(11.5) 2(6.9) 0.659a

VF MD (dB) −17.1 ± 8.9 −10.1 ± 9.3 0.006b

Global peripapillary VD (%) 44.2 ± 4.9 49.4 ± 5.2 <0.001
Global peripapillary RNFL thickness (μm) 68.1 ± 20.8 98.1 ± 23.9 <0.001

Unless otherwise indicated, values are mean ± SD and comparisons were made using the independent sample t-test.
aThe comparison was performed using the χ2 test.
bThe comparison was performed using the Mann–Whitney test.

Topographic Correlation BetweenMvD and
RNFL Defects

A total of 54 RNFL defects were identified
in 55 PACG eyes by OCT peripapillary scanning.
Among them, 40 RNFL defects appeared in the same
hemisphere as MvD. We evaluated the topographic
correlation between these 40MvDs andRNFL defects.
The remaining 14 RNFL defects without MvD in the
same hemisphere were not included in the topographic
correlation analysis.

The intraobserver and interobserver reproducibility
was high with regard to measuring the angular circum-

ference and location of the MvD and RNFL defects.
The ICCs for intraobserver reliability (JH) of theMvD
angular circumference and location were 1.000 and
0.999 (95%CI, 0.998–1.000), respectively, and those for
RNFL defects were 1.000 and 0.998 (95% CI, 0.996–
0.999), respectively. The ICCs for interobserver reliabil-
ity (JH and HW) of the MvD angular circumference
and location were 0.987 (95% CI, 0.975–0.993) and
0.941 (95%CI, 0.882–0.970), respectively, and those for
RNFL defects were 0.999 (95% CI = 0.999–1.000) and
0.997 (95% CI, 0.994–0.998), respectively.

The Bland–Altman diagrams of angular circumfer-
ence and position in Figure 2 all show that 95% (38/40)
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Figure 2. Bland–Altman diagrams show the angular extent (A) and location (B) of MvD versus RNFL defect. The dashed lines represent
the 95% limits of agreement, and the solid lines represent the mean difference. The positive and negative values of MvD and RNFL defect
locations indicate the superior and inferior positions relative to the foveal–disc axis, respectively.

Table 3. Correlations of Global and Regional VD, RNFL Thickness, and VF MD Versus Total MvD Angular Circum-
ference Controlling for the Effect of Potential Confounders (Age, Axial Length, and IOP for 26 PACG EyesWithMvD)

Correlation Coefficient (r)a P

Global peripapillary VD (%) −0.505 0.014b

Superior −0.494 0.017b

Temporal −0.353 0.099
Inferior −0.410 0.052
Nasal −0.373 0.080

Global peripapillary RNFL thickness (μm) −0.742 <0.001b

Superior −0.713 <0.001b

Temporal −0.530 0.009b

Inferior −0.465 0.025b

Nasal −0.542 0.008b

VF MD (dB) −0.572 0.004b

aAdjusted for age, axial length, and IOP.
bValues with statistical significance.

of the points were inside the 95% limits of agree-
ment. Within the limits of agreement, the maximum
absolute value of the difference between the MvD
angular circumference of one eye and the correspond-
ing RNFL defect range was 24.7° (the dot closest to
the lower dotted line in the range of two dotted lines in
Fig. 2A). The maximum absolute value of the differ-
ence between the MvD position of one eye and the
corresponding RNFL defect position was 16.5° (the
dot closest to the upper dotted line in the range of two
dotted lines in Fig. 2B). Between the MvD and RNFL
defects, there was good topographic consistency in
angular circumference (Bland–Altman 95%CI,−24.9°
to 21.0°) (Fig. 2A) and position (Bland-Altman 95%
CI, −18.6° to 20.6°) (Fig. 2B). There was no significant
difference between the angular circumference (55.1°

± 30.1° vs. 57.0° ± 33.0°; P = 0.301) and position
(72.2° ± 17.7° vs. 69.1° ± 15.9°; P = 0.537) of the
MvD and RNFL defects (paired sample t-test). Figure
3 shows MvD in infratemporal and supratemporal
areas in the choroidal layer of a representative PACG
eye and RNFL thickness defects in corresponding
regions.

Correlation Between Glaucomatous Severity
Factors and MvD

Table 3 shows the correlations between global and
regional peripapillary VD, peripapillary RNFL thick-
ness, and VF MD and the total MvD angular circum-
ference in 26 glaucoma patients withMvD. There was a
significant correlation between the total MvD angular
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Figure 3. Example of a PACG eye with MvD in the infratemporal and supratemporal area and RNFL thickness defects in corresponding
regions. (A) Infrared image in which the red dotted line indicates the foveal–disc axis. (B) OCTA image of the choroidal layer, where the area
indicated by the reddotted line represents the areawithMvD. (C) In the 12 o’clock RNFL thickness chart, the redarea shows the corresponding
RNFL defects in the supratemporal and infratemporal areas. (D) Temporal–superior–nasal–inferior–temporal RNFL thickness graph.

circumference and global peripapillary VD, global
RNFL thickness, and VFMD (allP< 0.05). TheMvD
angular circumference was significantly correlated with
peripapillary VD in the superior quadrant (P =
0.017) and peripapillary RNFL thickness in any sector
(all P < 0.05).

Discussion

This study found that nearly half of patients with
PACG (47.3%) showed parapapillary MvD, greater
than the 35.7% found by Rao et al.25 The possible
reason may be that the severity of patients with PACG
in this study (VF MD = −13.4 dB) was much higher
than that in Rao et al. (VFMD= −7.8 dB). Compared
with patients withoutMvD, patients withMvD showed
more obvious glaucomatous damage, including worse
VF MD, lower peripapillary VD, and thinner RNFL
thickness. Previous studies in POAGeyes have reported
similar findings,19,26 indicating that the more serious
the glaucomatous damage, the more likely an MvD
lesion will be present. MvD may be an indicator of the
severity of the disease. To the best of our knowledge,
this is the first study to report that MvD has a strong
topographic correlation with RNFL defects in PACG.

This finding of topographic correlation concurred with
the findings of Lee et al.19 for patients with POAG,
suggesting that the presence of MvD might provide
clinical insight into the spatial location of RNFL
damage in glaucomatous eyes.

Most MvDs have appeared in the inferotempo-
ral quadrant, in line with our findings and suggest-
ing that inferotemporal vascular injury might be a
vulnerable zone.17,23 We found that all eyes with MvD
were accompanied by PPA, but no MvD was found
in eyes without PPA, again consistent with previous
studies.16,19 It is worth noting that the previous liter-
ature has reported that PPA is related to optic disc
hemorrhage27 and the progression of glaucomatous
optic neuropathy.28–30 Lee et al.23 used OCA to show
that MvD in the parapapillary deep layers is associ-
ated with both β- and γ -zones within the areas of
PPA. Furthermore, their research also showed that the
microstructure of PPA with MvD is not distinguish-
able from that of PPA not associated with MvD. The
relationship between MvD and various types of PPA
in PACG was not investigated in this study but should
be investigated in the future.

In 55 PACG eyes, 54 RNFL defects were found,
but only 40 MvDs corresponded to them. We suspect
that the artifact of superficial retinal vessels may affect
the identification of MvD; however, this finding may
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indicate that MvD is more likely to be secondary
to the corresponding vascular occlusion after RNFL
atrophy. At present, there is still no powerful evidence
to indicate thatMvD is one of the main causes of optic
nerve damage in glaucoma or that it is secondary to
reducing the blood supply because of the reduction
of nutritional needs caused by optic nerve damage in
glaucoma patients. However, even if MvD is secondary
to the corresponding vascular occlusion after RNFL
atrophy, MvD can lead to destruction of the blood–
optic nerve barrier in non-perfusion areas; as a result,
the released vasoactive substances or toxic substances
will affect the optic nerve.16 Therefore, greater attention
should be paid to MvD by ophthalmologists. Future
studies are necessary to investigate the pathogenesis of
MvD and its influence on the progression of glaucoma.

In the present study, the incidence of MvD in
patients with PACG was 47.3%, which was lower than
the rates of 53.9% and 52.1% in POAG reported by
Lee et al.19 and Suh et al.,17 respectively. This might
suggest that the proportion of nerve damage caused by
vascular factors in patients with PACGmight be lower
than that in POAG patients. The injury mechanisms
of PACG and POAG differ. The optic nerve injury of
patients with PACG may be more subject to intraoc-
ular pressure, whereas POAG patients may be more
affected by vascular factors. Suh et al.17 used OCTA
to study POAG patients and found that the diastolic
blood pressure of patients with MvD was lower than
that of patients without MvD. In this study, we found
that there was no significant difference in systolic blood
pressure, diastolic blood pressure, ocular perfusion
pressure, and diabetes history between patients with
MvD and those without MvD. This may also indicate
that the influence of vascular factors in patients with
PACG is not as obvious as that in POAG patients.

Our correlation analysis of 26 glaucoma eyes with
MvD showed that MvD angular circumference is
significantly correlated with average peripapillary VD,
average RNFL thickness, and VF MD. The corre-
lation findings for PACG in this study are consis-
tent with previous findings for POAG.20 Our findings
may indicate that, with development of glaucomatous
injury of the optic nerve, the size of the peripapillary
choroidal perfusion of the damaged PPA area in the
form of MvD may increase, and the severity of the
glaucomatous injury is significantly related to MvD
angular circumference.

This study has some limitations. First, the artifacts
of superficial blood vessels might affect the diagnosis
of MvD, thus hampering precise evaluation of MvD
boundaries. In the current study, the finalMvDmetrics
included the average of four measurements made by
two researchers to reduce the influence of artifacts

on the results. Another limitation was that our study
was a cross-sectional study and could not investigate
the sequential relationship between MvD and RNFL
atrophy, which will require future research. Moghimi
et al.31 reported that peripapillary VDwas significantly
lower in acute primary angle-closure eyes 2 months
after treatment, and there was no significant change
in peripapillary VD of the affected eye between 2 and
8 months after acute angle closure. The peripapillary
VD of chronic angle closure decreased with progres-
sion of the disease. This article was a cross-sectional
study, so it was impossible to determine the dynamic
changes of peripapillary VD, which will also require
future research.

In summary, this study found that MvD angular
circumference and location were highly consistent with
those of RNFL defect areas in patients with PACG.
This study suggests that there is a significant corre-
lation between MvD and glaucomatous optic nerve
injury. Moreover, MvD angular circumference may
serve as a potential clue to disease severity.
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