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Parapapillary choroidal microvascular density in acute
primary angle-closure and primary open-angle
glaucoma: an optical coherence tomography
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ABSTRACT

Back ground/aims To determine whether parapapillary
choroidal microvasculature (PPCMv) density, measured
by optical coherence tomography angiography, differed
between acute primary angle-closure (APAC), primary
open-angle glaucoma (POAG) and controls.

Methods This is a prospective, cross-sectional,
observational study. Data from 149 eyes from two
academic referral centres were analysed. Automated
PPCMv density was calculated in inner and outer
annuli around the optic nerve region in addition to the
peripapillary superficial vasculature, using customised
software. A generalised estimating equation was used
to compare vessel densities among groups, adjusted for
confounders.

Results Data from 40 eyes with APAC, 65 eyes with
POAG and 44 eyes in healthy controls were gathered and
analysed. Global radial peripapillary capillary densities
were reduced in eyes with APAC and POAG compared
with controls (p=0.027 and 0.136, respectively). Mean
outer annular PPCMv density in the POAG group was
lower vs the APAC group by 3.6% (95% Cl 0.6% to
6.5%) (p=0.018) in the multivariable model adjusted
for confounders. The mean difference in inner and outer
superior PPCMv between the POAG and APAC groups
was 5.9% and 4.4% (95% Cl 1.9% t0 9.9% and 1.0%
to 7.7%, respectively; both p<0.010). Furthermore,
POAG and APAC groups both had significantly lower
PPCMv compared with controls (both, p<0.001).
Conclusions While superficial peripapillary vessels
were affected to similar degrees in POAG and APAC,
PPCMv drop-out was greater with POAG versus APAC,
suggesting that choroidal vessel density may be affected
to a lesser extent following an acute increase in
intraocular pressure before glaucoma develops.

Primary angle-closure glaucoma (PACG) is more
prevalent in Asian eyes compared with white popu-
lations." Although PACG is only approximately one-
third as prevalent as open-angle glaucoma, PACG
causes three times more blindness than primary
open-angle glaucoma (POAG).” Acute primary angle
closure (APAC) is a crucial presentation of PACG
characterised by severe and abrupt intraocular pres-
sure (IOP) elevation following sudden blockage

> Nantinee Vilainerun,’

! Apichat Tantraworasin,*> Chaiwat Teekhasaenee, ' Robert Ritch,
. Sahar Hojati,” Wasu Supakontanasan'

WHAT IS ALREADY KNOWN ON THIS TOPIC?

= Microvascular alteration was detected at
superficial peripapillary area after APAC
episode.

WHAT THIS STUDY ADDS?

= Parapapillary choroidal microvascular density
decreased in both APAC and POAG but to a
different extent.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY?

= This study provides quantitative analysis of
choroidal microvascular disturbance.

of the aqueous outflow. This brisk and significant
increase in [IOP damages the optic nerve both struc-
turally and functionally. The parapapillary choroid,
which supplies the prelaminar tissue and the lamina
cribrosa of the optic nerve head, is the most suscep-
tible to obliteration by elevated IOP? * In addition
to increased IOP, ‘primary’ reduced ocular blood
flow also plays a significant role in the pathogenesis
of glaucoma.’ ® Primary vascular insufficiency as a
cause of glaucomatous optic neuropathy, other than
mechanical damage, has been studied in POAG,”™
normal tension glaucoma'® and PACG.""3

Optical coherence tomography angiography
(OCTA) enables visualisation of the retinal and
choroidal microvasculature and has shown a
reduced superficial radial peripapillary capillary
(RPC) density and deep choroidal microvasculature
drop-out in POAG and PACG eyes."”"” Choroidal
microvasculature drop-out is significantly lower in
PACG than in POAG, suggesting a role for primary
choroidal ischaemic injury in the pathogenesis of
POAG.?® However, to our knowledge, studies eval-
uating deep choroidal microvasculature damage
following acute IOP elevations in APAC are lacking.
Furthermore, while both primary and/or secondary
parapapillary vascular rarefaction might be present
in POAG and APAC, the contribution of primary
vs secondary vascular drop-out in each disease has
not been fully determined. Because both elevated
IOP and primary vascular damage could lead to
vessel drop-out, APAC evaluation provides the
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Table 1 Demographic, visual field and circumpapillary retinal nerve fibre layer (cpRNFL) thickness characteristics of the participants

P value

Among* 3  APACt versus POAGT versus APACt versus
Variables APAC N=40 POAG N=65 Controls N=44 groups controls controls POAG
Age, year, 62+7 59+12 65+6 0.001 0.396 0.001 0.161
(mean=SD)
Female, n (%) 30 (75.00) 34 (52.31) 17 (38.64) 0.003
Axial length, mm (mean=SD) 22.71+1.16 23.92+1.04 22.98+1.18 <0.001 0.815 0.001 <0.001
VF MD, dB —4.09 (-4.52t02.78) -5.02(-8.62t03.02) -1.80(-3.67t0 0.11) <0.001 0.008 <0.001 0.019
(median (IQR))
VF PSD, dB (median (IQR)) 2.63 (1.90-5.00) 6.66 (3.36-11.63) 2.14(1.98-3.43) <0.001 0.147 <0.001 <0.001
Visual Field Index, % (median (IQR)) 98 (96-99) 89.5 (79-96) - <0.001 - - <0.001
Average cpRNFL, pm (median (IQR)) 98 (87-103) 83.5 (71.5-95.0) 102.5 (95-108) <0.001 0.013 <0.001 <0.001
Superior cpRNFL, pm (median (IQR)) 116 (93-127) 108 (92.5-119.25) 127.5 (117-141) <0.001 <0.01 <0.001 0.051
Inferior cpRNFL, pm (median (IQR)) 112.5 (92-126) 88.5 (70.75-107.05) 132.5 (125-145) <0.001 0.003 <0.001 0.008
Nasal cpRNFL, pm (median (IQR)) 75. (66-88.5) 70.25 (58.25-78.75) 86 (79.5-96) <0.001 <0.001 <0.001 0.003
Temporal cpRNFL, pm (median (IQR)) 76 (66.5-84) 69.25 (59.75-75) 79.5 (71.5-84) <0.001 0.191 <0.001 0.001

The participants’ eye baseline clinical data per group are reported as mean=SD and median with IQR. Categorical variables: * test.

*P values represent comparisons between APAC, POAG and control groups using ANOVA.

1P value represent pairwise comparison between each groups using Bonferroni correction or Dunn's test.
ANOVA, analysis of variance; APAC, acute primary angle closure; MD, mean deviation; POAG, primary open-angle glaucoma; PSD, pattern SD; VF, visual field.

opportunity to evaluate the short-term effect of high IOP on
deep parapapillary vessel density without considering the effect
of chronic primary vascular damage, as seen in POAG.

Therefore, this study aimed to compare choroidal vessel
density among patients with APAC and POAG, and controls
using automated image processing for choroidal microvessel
quantification to investigate the pathogenesis of vascular damage
in different types of glaucoma.

MATERIALS AND METHODS

This prospective, cross-sectional, observational study was
conducted from February 2021 to December 2021 in Ramathi-
bodi Hospital and Farabi Eye Hospital. This study was Health
Insurance Portability and Accountability Act compliant and
adhered to the tenets of the Declaration of Helsinki.

Participants

This study included participants with treated APAC or POAG of
varying severities, and healthy controls. Inclusion criteria for all
participants were age =20 years and best-corrected visual acuity
(BCVA) of 20/40 or better. APAC was defined according to the
following criteria'?: (1) presence of at least two of the following
symptoms: periocular pain or headache, nausea and/or vomiting,
decreased vision and history of rainbow-coloured halos around

light; (2) documentation of presenting IOP =30 mm Hg using
Goldmann applanation tonometry during the acute episode;
(3) presence of at least four of the following slit-lamp biomi-
croscopic findings: ciliary injection, corneal epithelial oedema,
fixed mid-dilated pupil, glaukomflecken, and shallow peripheral
anterior chamber; (4) presence of invisible posterior trabecular
meshwork of >270° on gonioscopy and (5) IOP <21 mm Hg
after medication, laser, anterior chamber paracentesis or cataract
extraction.

POAG was defined according to the following criteria: presence
of (1) a glaucomatous-appearing optic nerve (neuroretinal rim
thinning or notching, and retinal nerve fibre layer (RNFL) defects)
as documented by glaucoma experts; (2) an open angle on gonios-
copy; (3) presence of glaucomatous visual field (VF) defect and
(4) circumpapillary RNFL (cpRNFL) thinning on OCT outside
the 95% CI of normal distribution corresponding to optic disc
appearance and VF defect. A glaucomatous VF defect was defined
as the presence of a cluster depressed >3 points at a 5% level of
significance on the pattern deviation plot, with one or more of
these points depressed at a 1% level while excluding points on
the edge of the field; a glaucoma hemifield test result outside the
normal limits; and abnormal pattern SD with a probability value
of <5%. All VF defects were detected in at least two consecutive
baseline VF tests and were consistent with a glaucomatous pattern.

Table 2 Comparisons of global, annular and quadratic PCDs among the APAC, POAG and control groups

P value
Among* 3 APACTt versus POAGT versus APACT versus
PCD, % mean (SD) APAC N=40 POAG N=65 Controls N=44 groups controls controls POAG
Global (mean+SD) 21.97+7.52 20.41+8.70 27.25+5.33 <0.001 0.009 <0.001 0.975
Annular (mean=SD) 24.26+8.26 24.79+10.35 29.93+5.60 0.007 0.016 0.015 1.000
Superior (median (IQR)) 20.32 (14.09-24.74)  20.45(12.85-27.41)  29.67 (25.45-31.65) <0.001 <0.001 <0.001 0.308
Inferior (median (IQR)) ~ 19.73 (15.95-25.88) 20.18 (12.26-28.65)  29.18 (25.02-34.09) <0.001 <0.001 <0.001 0.327
Nasal (median (IQR)) 20.90 (16.11-27.11) 24.08 (17.23-36.61)  26.51 (22.71-29.83) 0.061 0.010 0.173 0.049
Temporal mean+SD) 30.16+9.82 28.55+12.41 33.56+7.40 0.073 0.493 0.068 1.000
*P values represent comparisons between APAC, POAG, and control groups using analysis of variance analysis.
1P value represent pairwise comparison between each groups using Bonferroni correction or Dunn's test.
APAC, acute primary-angle closure; PCD, peripapillary perfused capillary density; POAG, primary open-angle glaucoma.;
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Table 3 Mean difference in global, annular and quadratic PCDs
between the three groups

PCD, %, mean (SD) Mean difference 95% ClI P value
Global

Control Reference

POAG -3.46 -7.98 t0 1.09 0.136

APAC -4.66 -8.40 to —0.52 0.027

APAC versus POAG -1.02 —-5.70 t0 3.67 0.671
Annular

Control Reference

POAG -0.77 —6.03 t0 4.49 0.774

APAC -4.06 -8.62 t0 0.50 0.081

APAC versus POAG -3.29 -8.68102.10 0.232
Superior

Control Reference

POAG -4.31 -9.17 t0 0.55 0.082

APAC -6.89 -11.17 to -2.61 0.002

APAC versus POAG -2.58 —-7.69 t0 2.52 0.322
Inferior

Control Reference

POAG -4.06 -10.00 to 1.88 0.181

APAC -5.84 -10.97 to -0.70 0.026

APAC versus POAG -1.78 —7.81t04.26 0.564
Nasal

Control Reference

POAG 261 -4.00 t0 9.22 0.438

APAC -1.86 -7.62 t0 3.91 0.528

APAC versus POAG —-4.47 -11.32t02.38 0.201
Temporal

Control Reference

POAG -1.18 —7.08 to 4.72 0.696

APAC —-3.60 -894t01.74 0.186

APAC versus POAG -2.43 —-8.81103.96 0.456

Analysed by the marginal model of a generalised estimating equation adjusted for age, sex,
axial length, VF MD and circumpapillary retinal nerve fibre layer thickness.

APAC, acute primary angle closure; MD, mean deviation; PCD, peripapillary perfused capillary
density; POAG, primary open-angle glaucoma; VF, visual field.

The control group was defined as follows: subjects with
IOP <22 mm Hg, no history of increased IOP, no history of
diabetes mellitus, absence of glaucomatous disc neuropathy,
open angle, no VF defects and no evidence of pseudoexfoliation
material on the anterior lens capsule or pupillary margin after
mydriasis on slit-lamp biomicroscopy in either eye.

Figure 1

Parapapillary choroidal microvasculature in acute primary-
angle closure (APAC) glaucoma, primary open-angle closure (POAG)
glaucoma and controls. Left: OCTA images of peripapillary superficial
vessel density after removing large vessels (cyan); middle, OCTA of
deep parapapillary vessel images; (right) OCTA of deep parapapillary
microvasculature after removing retinal vessels shadow (red) in three
study eyes. OCTA, optical coherence tomography angiography.

The exclusion criteria for all groups were the presence of eyes
with recurrent/subacute angle closure, secondary angle closure,
history of ocular surgery other than uncomplicated cataract
surgery, a spherical refraction greater than +6 diopters (D) and
cylinder correction greater than +3 D, ocular media opacities
that prevented good quality scans, vitreoretinal diseases or
nonglaucomatous optic neuropathy, cardiovascular disease apart
from systemic hypertension, diabetes mellitus, and ocular or
systemic steroid use.

Clinical examinations

All participants underwent complete ophthalmic examinations
within 6 months of OCTA imaging, including BCVA (Snellen),
slit-lamp biomicroscopy, IOP measurement using Goldmann
applanation tonometry, gonioscopy, dilated fundus examination
using a 78-D noncontact slit-lamp lens (Volk Optical, Mentor,

Table 4 Comparisons of global, annular and all region of interest PPCMv values among the APAC, POAG and control groups

P value

Among* 3 APACt versus POAGt versus APACt versus
PPCMv APAC N=51 POAG N=66 Controls N=46 groups Controls Controls POAG
Inner annulus 12.1 (8.9-15.6) 7.7 (4.7-11.4) 24.5(19.8-29.3) <0.001 <0.001 <0.001 0.001
(median (IQR))
Inner hemisuperior (median (IQR)) 12.7 (9.4-15.9) 6.6 (3.9-10.4) 25.5(21.6-30.1) <0.001 <0.001 <0.001 <0.001
Inner hemi-inferior (median (IQR)) 11.0 (8.8-16.0) 9.8 (5.3-12.7) 23.8(19.1-27.9) <0.001 <0.001 <0.001 0.055
Outer annulus 9.7 (6.4-13.0) 5.6 (4.0-8.0) 18.3 (15.6-21.9) <0.001 <0.001 <0.001 <0.001
(median (IQR))
Outer hemi-superior 10.1 (6.5-13.1) 4.8 (2.6-8.3) 19.4 (16.2-23.1) <0.001 <0.001 <0.001 <0.001
(median (IQR))
Outer hemiinferior (median (IQR)) 9.4 (7.2-12.9) 6.1 (4.5-8.7) 16.9 (13.9-21.2) <0.001 <0.001 <0.001 <0.001

*P values represent comparisons between APAC, POAG and control groups using analysis of variance analysis.

P value represent pairwise comparison between each groups using Dunn's test.

APAC, acute primary-angle closure; POAG, primary open-angle glaucoma; PPCMv, parapapillary choroidal microvasculature.
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Table 5 Mean difference in global, annular and all region of interest
PPCMv values between the three groups

PPCMv Mean difference 95% CI P value
Inner annulus
Control Reference
POAG -16.5 -20.1t0 -13.0 <0.001
APAC -12.9 -15.9t0-9.9 <0.001
APAC vs POAG 3.6 -0.0t0 7.3 0.052
Inner hemisuperior
Control Reference
POAG -19.4 -23.41t0-15.4 <0.001
APAC -13.5 -16.8t0 -10.2 <0.001

APAC versus POAG 5.9
Inner hemi-inferior

1.9t09.9 0.004

Control Reference
POAG -14.1 -18.4t0 -9.8 <0.001
APAC -12.4 -16.0to -8.7 <0.001

APAC versus POAG 1.7
Outer annulus

-2.7t06.2 0.445

Control Reference
POAG -12.5 -15.410 -9.5 <0.001
APAC -8.9 -11.4t0-6.4 <0.001

APAC versus POAG 3.6
Outer hemi-superior

0.6t06.5 0.018

Control Reference
POAG -14.4 -17.6to -11.1 <0.001
APAC -10.0 -12.8t0-7.3 <0.001

APAC versus POAG 44
Outer hemi-inferior

1.0t07.7 0.010

Control Reference
POAG -10.9 -14.2t0-7.7 <0.001
APAC -8.0 -10.7 to -5.2 <0.001

APAC versus POAG 3.0 -031t06.3 0.078

Analysed by the marginal model of a generalised estimating equation adjusted for
age, sex, axial length, VF MD, and circumpapillary retinal nerve fibre layer thickness.
APAC, acute primary angle closure; MD, mean deviation; POAG, primary open-angle
glaucoma; PPCMy, parapapillary choroidal microvasculature; VF, visual field.

Ohio, USA), and axial length measurement using A-scan biom-
etry (IOL Master; Carl Zeiss Meditec, Dublin, California, USA)
were performed. VF examinations were performed using the
Humphrey Visual Field Analyzer II, model 740 (Zeiss Humphrey
Systems, Dublin, California, USA) using a 24-2 Swedish interac-
tive thresholding algorithm standard protocol. The participants’
medical histories, including systemic blood pressure and systemic
and ophthalmic medications, were reviewed and recorded. Both
eyes of each participant were imaged and analysed.

Spectral-domain optical coherence tomography and OCTA

All subjects underwent OCT and OCT-A imaging after the acute
attack had fully resolved, using the AngioVue imaging system
(AngioVue Software V.2011.1.1.151; OptoVue, Fremont, Cali-
fornia, USA). A standard circumpapillary scan was used to
measure cpRNFL thickness, and the average and each quadratic
cpRNFL value were recorded.

For OCTA, superficial and choroidal blood flow information
was obtained at the level of the RPC and choroid in a 4.5x4.5
mm scan centred on the optic disc. We used en face imaging
and employed customised MATLAB software (MathWorks,
Natick, Massachusetts, USA). We calculated peripapillary

perfused capillary density (PCD) after removing the densities of
large retinal vessels and parapapillary choroidal microvascula-
ture (PPCMv) density after removing the shadows of the large
retinal vessels and ignoring the information inside the disc, as
described previously.'” ! % Briefly, for PCD, a 3.45 mm diameter
outer circle was placed concentric to the inner 1.95 mm circle,
producing an annular region of interest (ROI) with a width of
0.75 mm. Whole-image vessel density (global) and annular peri-
papillary density and its four quadrant vessel density values were
reported. For PPCMy, an inner circle was automatically placed
around the disc location, and a second middle circle and final
third circles were placed homocentrically with a diameter of 1
mm and 2 mm greater than the inner circle, respectively. Annular
PPCMyv density values with widths of 0.5 mm and their superior
and inferior halves were calculated.'”

After reviewing the raw OCT images, images with significant
artefacts, such as background noise, signal strength index <40,
residual motion artefacts visible as irregular vessel pattern or disc
boundary, and segmentation errors, were excluded.

Statistical analysis

The Shapiro-Wilk test was used to assess the distribution of
numerical data. Gaussian-distributed variables were described as
the mean and SD, and non-Gaussian-distributed variables were
described as median and IQR.

Categorical variables were compared using the %’ test. We
used a marginal model of a generalised estimating equation
adjusted for age, sex, axial length, VF mean deviation (VF MD)
and average cpRNFL thickness to evaluate the differences in the
variables between groups. Mixed-effect multilevel regression
stratified by laterality was performed to assess the association
between PCD and PPCM among the three groups in all study
eyes. Statistical analysis was performed with the SPSS software
(V.22.0; IBM). P values<0.05 were considered significant.

RESULTS

Study population

Initially, 158 eyes of 112 patients met the inclusion criteria for
this study. Among the 158 eyes, 1 AAC eye and 1 POAG eye were
excluded because of unacceptable OCTA image quality. Seven
AAC eyes with glaucomatous VF defect were also excluded.
Therefore, 40 eyes with APAC (mean (SD) age, 62 (7) years; 30
(75%) women); 65 eyes with POAG (59 (12) years; 34 (52%)
women); and 44 eyes in the healthy controls (65 (6) years;17
(39%) women) were included. Four patients had bilateral APAC.

Table 6 Determinants of parapapillary choroidal microvasculature

PPCMv Mean difference 95% Cl P value
Inner annulus
Age 0.002 -0.001 to 0.004 0.079
Axial length -0.010 —0.022 to 0.001 0.081
Female -0.014 —0.052 to 0.024 0.467
VFMD 0.002 —0.001 to 0.006 0.240
Outer annulus
Age 0.001 —0.001 to 0.003 0.101
Axial length —-0.005 —0.013 to 0.003 0.261
Female -0.011 —0.040 t0 0.018 0.449
VEMD 0.002 —0.001 to 0.005 0.071

Analysed by mixed-effect multi-level regression stratified by laterality.
MD, mean deviation; PPCMv, parapapillary choroidal microvasculature; VF, visual
field.
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There were significant differences between the groups for
age, sex, axial length, VF MD, VF pattern SD and average and
quadratic cpRNFL (p for all=0.003) (table 1). The period from
acute attack onset to OCTA imaging was (median (IQR)) 265
(138-1562) days.

Peripapillary perfused capillary densities

Global, annular and quadratic (except for temporal) PCDs were
significantly different between the three groups (p=0.007,
except for the nasal and temporal quadrants (p=0.061 and
0.073, respectively), in the univariable analysis (table 2). Multi-
variable linear regression using a generalised estimating equation
showed no significant difference in global, annular and quadratic
PCD values between the experimental groups and the controls
(p>0.081), except for global, superior and inferior quadrants
(p<0.027), when adjusted for age, sex, axial length, cpRNFL
and VF MD (table 3). There was no significant difference in
global, annular and all quadratic PCD values between POAG and
APAC (p>0.201).

Parapapillary choroidal microvasculature
There were significant differences in inner and outer annuli and
inferior and superior hemifield PPCMv densities between the
three groups in the univariable analysis (all p<0.001). There
were significant differences in pairwise comparison between
each group (all p=0.001), except for inner inferior hemifield
(p=0.055) (table 4). OCTA images in grey scale from each group
are shown in figure 1. Multivariable linear regression using a
generalised estimating equation showed significant differences
in inner and outer annuli and inferior and superior hemifield
PPCMv densities between the experimental and control groups
(p<0.001) when adjusted for age, sex, axial length, cpRNFL
and VF MD (table 5). There were significant differences in
PPCMv densities between POAG and APAC in all ROIs except
for the inner annulus, and inner and outer inferior hemifields
(p=0.052, 0.445 and 0.078, respectively). In addition, there
was a trend towards decreasing PPCMv density from control to
APAC to POAG groups.

There was no significant factor associated with inner and
outer annuli PPCMv densities, when analysed using mixed-effect
multilevel regression stratified by laterality (p>0.071) (table 6).

DISCUSSION

In this study, the inner, outer and both superior and inferior
hemispheric PPCMv values, using automated customised soft-
ware, represented PPCMyv drop-out in both POAG and APAC
eyes. We also demonstrated a trend towards decreasing PPCMv
density from control to APAC to POAG groups. However, super-
ficial peripapillary vessel density values did not differ between
APAC and POAG.

For APAC eyes, the pathogenesis of glaucoma differs from
other types of glaucoma; therefore, microvascular changes may
also differ. Both mechanical compression of the optic disc from
severe and abrupt IOP elevation in APAC as well as vascular
dysregulation are involved in glaucomatous damage, which
differs from POAG. Retinal blood flow remains normal over
a wide range of elevated IOP because of autoregulation. The
critical IOP, which is the point at which blood flow begins to
decline, varies significantly from 5 to 40 mm Hg depending on
the measurement method, individual variation and the under-
lying reason inducing the IOP elevation.”>™*’ In eyes with APAC,
IOP elevates dramatically higher than reported critical IOP and
has markedly detrimental effects on ocular blood flow. Previous

studies have reported reduced peripapillary superficial retinal
vessel density in APAC eyes compared with that in primary angle-
closure suspect eyes,* the fellow eye,'! ® POAG' and controls.?
An early progressive loss of RPC density after the onset of APAC
has been reported, even when the RNFL was in the edematous
phase.?” In this study, we found a comparable decrease in super-
ficial vessel density values between POAG and APAC, similar to a
previous study.'? While loss of superficial vessels in APAC might
be due to a sudden elevation in IOP, POAG eyes show vessel loss
due to chronic cpRNFL loss.'

Recently, the parapapillary choroidal circulation, supplied
by the short posterior ciliary arteries, is of particular interest in
glaucoma as a potential surrogate marker for the perfusion of
the deep optic nerve head structures. Previous studies reported
a significantly lower prevalence of choroidal microvascular
drop-out in PACG compared with POAG, especially in early
glaucoma.?* *° In this study, we found a significant difference in
PPCMv density between APAC and POAG. Furthermore, there
was a trend towards progressive PPCMyv drop-out from control
to APAC to POAG groups. Our study showed that in APAC eyes,
choroidal microvasculopathy occurs even with a single episode
of elevated IOP.

Therefore, the degree and pathogenesis of PPCMyv
drop-out differs in POAG and APAC. In APAC, decreased
PPCMv density may be at least partly attributed to optic
nerve damage by IOP elevation rather than a primary
choroidal vasculopathy, as in POAG. In addition, it appears
that the degree of IOP damage in the deep microvascula-
ture in APAC is less than with a primary vasculopathy in
POAG. In contrast to superficial vascular assessment, which
showed a similar loss in both conditions, deep vessels are
less affected owing to the high IOP in APAC.

Regarding the analysis of factors associated with changes in
PPCMy, our study found no significant factor associated with
inner and outer annuli PPCMyv densities. Furthermore, our study
contradicted the previous report in which axial length was a
strong determinant and negatively correlated with peripapillary
vessel density.>'*

This study has a number of limitations. First, the cross-
sectional design precluded identification of a primary causative
aetiology. Additionally, the metrics are only surrogate measures
of blood flow, and their relationship with actual blood flow
values remains to be elucidated. Furthermore, patients were not
followed over time, and we could not determine disease progres-
sion. Second, the effect of antiglaucoma medications on vessel
density in POAG and APAC groups was not evaluated. Third,
visualisation of choroidal vasculature with current OCTA tech-
nology is limited by projection artefacts that may have caused
under detection of PPCMuv. Fourth, the small sample size limited
the power of our findings.

In summary, this study provides a quantitative analysis of
choroidal microvascular disturbance in APAC compared with
POAG. Our findings suggest that PPCMv density decreases
in both APAC and POAG but to a different extent.

The presence and location of focal laminar cribrosa (LC)
defects and their temporal relationship with PPCMyv density
change in APAC is warranted in future studies because LC,
deep retinal layers and the choroid share a common blood
supply from the short posterior ciliary artery.**=*” Future
studies evaluating the correlation of PPCMv with structures
(cpRNFL and ganglion cell complex thickness) and function
(VF MD) could provide a greater understanding of vascular
structural change over time and might be useful to predict
visual function prognosis.

1442 Suwan Y, et al. Br J Ophthalmol 2023;107:1438-1443. doi:10.1136/bjophthalmol-2021-321022

yb1uAdoa Ag pajoalold 1senb Ag £202 ‘9z 1890100 Uo /wod fwg-olg//:dny woly papeojumod Zzoz AINC €T U0 220T2E-T1202-0[0/9¢TT 0T Se paysiignd 1siy ;jowreyiydo 19


http://bjo.bmj.com/

Clinical science

Correction notice This article has been corrected since it was first published. The
open access licence has been updated to CC BY.

Acknowledgements Dr. Yanin Suwan had full access to all of the data in the
study and takes responsibility for the integrity of the data and the accuracy of the
data analysis.

Contributors YS, MAF, RK and SH contributed to the conception and design of the
study. YS, AT CT and WS contributed to the analysis and interpretation of data. YS,
NV, PP, CT, RR and WS contributed to the drafting of the manuscript. YS, MAF, RR and
CT contributed to revising the manuscript critically for important intellectual content.
YS, MAF, NV, PP, AT, CT, RR, RK, SH and WS contributed to the approval of the version
of the manuscript to be published. YS is the guarantor of this study.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval The study protocol was approved by the Institutional Review
Board of Ramathibodi Hospital, Mahidol University, and Tehran University of Medical
Science before the study began. Written informed consent was obtained from all
participants.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Yanin Suwan http://orcid.org/0000-0001-6212-5966
Masoud Aghsaei Fard http://orcid.org/0000-0003-4005-2967
Purit Petpiroon http://orcid.org/0000-0002-9004-5602
Rahele Kafieh http://orcid.org/0000-0003-0087-9476

REFERENCES

1 Gedde SJ, Chen PP, Muir KW, et al. Primary angle-closure disease preferred practice
Pattern®. Ophthalmology 2021;128:P30-70.

2 Tham Y-C, Li X, Wong T, et al. Global prevalence of glaucoma and projections
of glaucoma burden through 2040: a systematic review and meta-analysis.
Ophthalmology 2014;121:2081-90.

3 Hayreh SS. Blood supply of the optic nerve head and its role in optic atrophy,
glaucoma, and oedema of the optic disc. Br J Ophthalmol 1969;53:721-48.

4 Wang X, Jiang C, Kong X, et a/. Peripapillary retinal vessel density in eyes with acute
primary angle closure: an optical coherence tomography angiography study. Graefes
Arch Clin Exp Ophthalmol 2017;255:1013-8.

5 Bonomi L, Marchini G, Marraffa M, et a/. Vascular risk factors for primary open angle
glaucoma: the egna-neumarkt study. Ophthalmology 2000;107:1287-93.

6 Leske MC, Heijl A, Hyman L, et a/. Predictors of long-term progression in the early
manifest glaucoma trial. Ophthalmology 2007;114:1965-72.

7 LiH-Y, Ruan Y-W, Ren C-R, et al. Mechanisms of secondary degeneration after partial
optic nerve transection. Neural Regen Res 2014;9:565-74.

8 Jia Y, Wei E, Wang X, et al. Optical coherence tomography angiography of optic disc
perfusion in glaucoma. Ophthalmology 2014;121:1322-32.

9 Grzybowski A, Och M, Kanclerz P, et al. Primary open angle glaucoma and vascular
risk factors: a review of population based studies from 1990 to 2019. J Clin Med
2020;9:761.

10 XuH, Zhai R, Zong Y, et al. Comparison of retinal microvascular changes in eyes
with high-tension glaucoma or normal-tension glaucoma: a quantitative optic
coherence tomography angiographic study. Graefes Arch Clin Exp Ophthalmol
2018;256:1179-86.

11 Zhang S,Wu C, Liu L, et al. Optical coherence tomography angiography of
the peripapillary retina in primary angle-closure glaucoma. Am J Ophthalmol
2017;182:194-200.

12

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Suwan Y, Fard MA, Petpiroon P, et a/. Peripapillary perfused capillary density in acute
angle-closure glaucoma: an optical coherence tomography angiography study. Asia
Pac J Ophthalmol 2021;10:167-72.

Rao HL, Pradhan ZS, Weinreb RN, et al. Vessel density and structural measurements
of optical coherence tomography in primary angle closure and primary angle closure
glaucoma. Am J Ophthalmol 2017;177:106-15.

Jo YH, Sung KR, Yun S-C. The relationship between peripapillary vascular density and
visual field sensitivity in primary open-angle and angle-closure glaucoma. Invest
Ophthalmol Vis Sci 2018;59:5862—7.

Rao HL, Kadambi SV, Weinreb RN, et a/. Diagnostic ability of peripapillary vessel
density measurements of optical coherence tomography angiography in primary open-
angle and angle-closure glaucoma. Br J Ophthalmol 2017;101:1066-70.

Zhu L, Zong Y, Yu J, et al. Reduced retinal vessel density in primary angle closure
glaucoma: a quantitative study using optical coherence tomography angiography. J
Glaucoma 2018;27:322-7.

Aghsaei Fard M, Salabati M, Mahmoudzadeh R, et al. Automated evaluation of
parapapillary choroidal microvasculature in ischemic optic neuropathy and open angle
glaucoma. Invest Ophthalmol Vis Sci 2020;61:35.

Lee EJ, Kim T-W, Kim J-A, et al. Parapapillary deep-layer microvasculature dropout in
primary open-angle glaucoma eyes with a parapapillary y-Zone. Invest Ophthalmol Vis
Sci 2017;58:5673-80.

Lee EJ, Lee KM, Lee SH, et al. Parapapillary choroidal microvasculature dropout in
glaucoma: a comparison between optical coherence tomography angiography and
indocyanine green angiography. Ophthalmology 2017;124:1209-17.

Rao HL, Sreenivasaiah S, Riyazuddin M, et al. Choroidal microvascular dropout in
primary angle closure glaucoma. Am J Ophthalmol 2019;199:184-92.

Aghsaei Fard M, Safizadeh M, Shaabani A, et a/. Automated evaluation of
parapapillary choroidal microvasculature in pseudoexfoliation syndrome and
pseudoexfoliation glaucoma. Am J Ophthalmol 2021;224:178-84.

Hojati S, Kafieh R, Fardafshari P, et al. A matlab package for automatic extraction

of flow index in OCT-A images by intelligent vessel manipulation. SoftwareX
2020;12:100510.

Riva CE, Hero M, Titze P, et a/. Autoregulation of human optic nerve head blood flow
in response to acute changes in ocular perfusion pressure. Graefes Arch Clin Exp
Ophthalmol 1997;235:618-26.

Riva CE, Grunwald JE, Petrig BL. Autoregulation of human retinal blood flow.

An investigation with laser doppler velocimetry. Invest Ophthalmol Vis Sci
1986,27:1706—12.

Boltz A, Schmidl D, Werkmeister RM, et a/. Regulation of optic nerve head blood flow
during combined changes in intraocular pressure and arterial blood pressure. J Cereb
Blood Flow Metab 2013;33:1850-6.

Riva CE, Sinclair SH, Grunwald JE. Autoregulation of retinal circulation in response to
decrease of perfusion pressure. Invest Ophthalmol Vis Sci 1981;21:34-8.

Garhofer G, Resch H, Weigert G, et al. Short-term increase of intraocular pressure
does not alter the response of retinal and optic nerve head blood flow to flicker
stimulation. Invest Ophthalmol Vis Sci 2005;46:1721-5.

Moghimi S, SafiZadeh M, Xu BY, et al. Vessel density and retinal nerve fibre layer
thickness following acute primary angle closure. Br J Ophthalmol 2020;104:1103-8.
Moghimi S, SafiZadeh M, Fard MA, et al. Changes in optic nerve head vessel density
after acute primary angle closure episode. Invest Ophthalmol Vis Sci 2019;60:552-8.
Jo YH, Sung KR, Shin JW. Comparison of peripapillary choroidal microvasculature
dropout in primary open-angle, primary angle-closure, and pseudoexfoliation
glaucoma. J Glaucoma 2020;29:1152-7.

Zhou L-J, Luo X-Z, Shen P-Y, et al. Quantitative assessment and determinants of the
papillary microvasculature in healthy subjects. BMC Ophthalmol 2021;21:140.

Wang T, Li H, Zhang R, et al. Evaluation of retinal vascular density and related factors
in youth myopia without maculopathy using OCTA. Sci Rep 2021;11:15361.

Suwan Y, Fard MA, Geyman LS, et al. Association of myopia with peripapillary
perfused capillary density in patients with glaucoma: an optical coherence
tomography angiography study. JAMA Ophthalmol 2018;136:507-13.

Mo J, Duan A, Chan S, et a/. Vascular flow density in pathological myopia: an optical
coherence tomography angiography study. BMJ Open 2017;7:¢013571.

Anderson DR, Braverman S. Reevaluation of the optic disk vasculature. Am J
Ophthalmol 1976;82:165-74.

Lieberman MF, Maumenee AE, Green WR. Histologic studies of the vasculature of the
anterior optic nerve. Am J Ophthalmol 1976;82:405-23.

Onda E, Cioffi GA, Bacon DR, et al. Microvasculature of the human optic nerve. Am J
Ophthalmol 1995;120:92-102.

Suwan Y, et al. Br J Ophthalmol 2023;107:1438-1443. doi:10.1136/bjophthalmol-2021-321022 1443

yb1uAdoa Ag pajoalold 1senb Ag £202 ‘9z 1890100 Uo /wod fwg-olg//:dny woly papeojumod Zzoz AINC €T U0 220T2E-T1202-0[0/9¢TT 0T Se paysiignd 1siy ;jowreyiydo 19


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-6212-5966
http://orcid.org/0000-0003-4005-2967
http://orcid.org/0000-0002-9004-5602
http://orcid.org/0000-0003-0087-9476
http://dx.doi.org/10.1016/j.ophtha.2020.10.021
http://dx.doi.org/10.1016/j.ophtha.2014.05.013
http://dx.doi.org/10.1136/bjo.53.11.721
http://dx.doi.org/10.1007/s00417-017-3593-1
http://dx.doi.org/10.1007/s00417-017-3593-1
http://dx.doi.org/10.1016/S0161-6420(00)00138-X
http://dx.doi.org/10.1016/j.ophtha.2007.03.016
http://dx.doi.org/10.4103/1673-5374.130093
http://dx.doi.org/10.1016/j.ophtha.2014.01.021
http://dx.doi.org/10.3390/jcm9030761
http://dx.doi.org/10.1007/s00417-018-3930-z
http://dx.doi.org/10.1016/j.ajo.2017.07.024
http://dx.doi.org/10.1097/APO.0000000000000370
http://dx.doi.org/10.1097/APO.0000000000000370
http://dx.doi.org/10.1016/j.ajo.2017.02.020
http://dx.doi.org/10.1167/iovs.18-25423
http://dx.doi.org/10.1167/iovs.18-25423
http://dx.doi.org/10.1136/bjophthalmol-2016-309377
http://dx.doi.org/10.1097/IJG.0000000000000900
http://dx.doi.org/10.1097/IJG.0000000000000900
http://dx.doi.org/10.1167/iovs.61.3.35
http://dx.doi.org/10.1167/iovs.17-22604
http://dx.doi.org/10.1167/iovs.17-22604
http://dx.doi.org/10.1016/j.ophtha.2017.03.039
http://dx.doi.org/10.1016/j.ajo.2018.11.021
http://dx.doi.org/10.1016/j.ajo.2020.12.002
http://dx.doi.org/10.1016/j.softx.2020.100510
http://dx.doi.org/10.1007/BF00946937
http://dx.doi.org/10.1007/BF00946937
http://www.ncbi.nlm.nih.gov/pubmed/2947873
http://dx.doi.org/10.1038/jcbfm.2013.137
http://dx.doi.org/10.1038/jcbfm.2013.137
http://www.ncbi.nlm.nih.gov/pubmed/7251300
http://dx.doi.org/10.1167/iovs.04-1347
http://dx.doi.org/10.1136/bjophthalmol-2019-314789
http://dx.doi.org/10.1167/iovs.18-25915
http://dx.doi.org/10.1097/IJG.0000000000001650
http://dx.doi.org/10.1186/s12886-021-01896-5
http://dx.doi.org/10.1038/s41598-021-94909-8
http://dx.doi.org/10.1001/jamaophthalmol.2018.0776
http://dx.doi.org/10.1136/bmjopen-2016-013571
http://dx.doi.org/10.1016/0002-9394(76)90414-1
http://dx.doi.org/10.1016/0002-9394(76)90414-1
http://dx.doi.org/10.1016/0002-9394(76)90489-X
http://dx.doi.org/10.1016/S0002-9394(14)73763-8
http://dx.doi.org/10.1016/S0002-9394(14)73763-8
http://bjo.bmj.com/

	Parapapillary choroidal microvascular density in acute primary angle-­closure and primary open-­angle glaucoma: an optical coherence tomography angiography study
	Abstract
	Materials and methods
	Participants
	Clinical examinations
	Spectral-domain optical coherence tomography and OCTA
	Statistical analysis

	Results
	Study population
	Peripapillary perfused capillary densities
	Parapapillary choroidal microvasculature

	Discussion
	References


