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Abstract

e AIM: To evaluate and compare the peripapillary and retinal
vasculature changes in primary open angle glaucoma (POAG),
pseudoexfoliation glaucoma (PXG), ocular hypertension
(OHT) and normal eyes using optical coherence tomography
angiography (OCTA).

e METHODS: A total of 114 POAG, PXG and OHT eyes of 60
patients and 46 eyes of 23 healthy control participants with
good quality OCTA images were included. The PXG, POAG,
OHT, and control groups (aged 68.17+6.30y, 61.11+10.26y,
58.1+8.9y, and 56.9+4.6y, respectively) contained of
46, 36, 32, and 46 eyes, respectively. Measurements of
vessel density (VD) in the peripapillary region and macula,
average retinal inner thickness, and retinal nerve fiber layer
thickness (RNFLT) were compared among groups. In order
to test the accuracy of differentiation between eyes with
and without glaucoma, the area was calculated under the
receiver operating characteristic (ROC) curves.

e RESULTS: The VD in glaucomatous eyes was significantly
lower than the control group in all peripapillary sectors
(44.35%+6.78% vs 50.47%+1.83%, P<0.001), the
superficial (44.08%+5.46% vs 51.28%+2.85%, P<0.001)
and the deep (45.13%+8.55% vs 54.20%+5.44%, P<0.001)
vascular plexus. There was a significant difference in
peripapillary VD between glaucomatous and OHT eyes
(44.35%+6.78% vs 49.86%+2.45%, P<0.001). The OHT
group featured a lower superficial (48.06%+4.32% vs
51.28%+2.85%, P=0.027) and deep plexus (48.70%+5.99%
vs 54.20%+5.44%, P=0.013) whole image vessel density
(wiVD) than did the control group. The average macular
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superficial plexus wiVD was significantly lower in eyes
with PXG than in eyes with POAG (42.22%+5.36% vs
46.54%+5.56%, P=0.046).

e CONCLUSION: OCTA can measure reduced peripapillary
and macular VD in eyes with glaucoma and OHT, and these
results are correlated to functional and structural glaucomatous
alterations. Peripapillary and macular superficial plexus
VD is lower in eyes with PXG than in eyes with POAG.
Furthermore, the OHT eyes demonstrate impaired macular
vasculature in both superficial and deep plexus.
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INTRODUCTION

laucoma is a leading cause of irreversible blindness
G worldwide that is characterized by progressive deterioration
and loss of retinal ganglion cells and their axons retinal nerve
fiber layer (RNFL)". Although elevated intraocular pressure
(IOP) is the most important responsible factor for retinal
ganglion cell death and optic nerve damage, reducing IOP does
not always prevent the disease progression. It has been shown
that ischaemia and vascular dysfunction have been involved in
the pathogenesis of glaucoma™*.
To evaluate and measure the ocular blood flow, various devices
and techniques have been developed and used including
color Doppler imaging, laser Doppler flowmetry, retinal
vessel analyzer, laser speckle flowgraphy, and fluorescein
angiography™ . However, these techniques have limited ability
to provide information on vascular structures because of the
high variability of laser Doppler flowmetry and laser speckle
flowgraphy measurements, invasive and time consuming
nature of fluorescein angiography.
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Optical coherence tomography angiography (OCTA) is a
novel, non-dye-based imaging technique which enables non-
invasive visualization and assessment of the peripapillary
retina, macula and optic disc microvasculature” ™. OCTA
applies the principle of split spectrum amplitude-decorrelation
angiography (SSADA), to improve signal-to-noise ratio of
flow detection and minimize scanning time, thereby enables for
more accurate evaluation of microvascular retinal anatomy, and
en face visualization”. The reproducibility and repeatability of
this method have been reported in several studies'*"".

Pseudoexfoliation syndrome is considered to be the most common
detectable precursor of open angle glaucoma worldwide and
generally develops with age'"”. Pseudoexfoliation glaucoma
(PXG@) is associated with a faster rate of progression, poorer
response to treatment and worse prognosis than primary open

519 1t is associated with other ocular

angle glaucoma (POAG)
manifestations such as cataract with zonular instability, lens
dislocation, secondary glaucoma and retinal vein occlusion.
It is also associated with multiple systemic diseases involving

(13202 previous

the cardiovascular and central nervous system
studies showed that the progression rate is more rapid, with
higher mean IOP and greater diurnal fluctuation than in eyes
with POAG!"*". Increased IOP, is the only changeable risk
factor shown to slow down or stop glaucoma progression, but
other than the IOP, possible contribution of non-IOP factors
such as ocular ischemia and vascular dysregulation are related
to disease progression'”'". Several papers have reported a
decrease in the peripapillary and macular capillary density in
eyes with PXG™?,

Ocular hypertension (OHT) eyes were defined as having an
IOP greater than 21 mm Hg with no glaucomatous optic nerve
damage or visual field (VF) loss®. Previous studies have
shown that OCTA can be used to assess the microvascularity
changes in the presence of OHT. Reduced OCTA parameters
were reported in eyes with OHT, which demonstrates an
impairment of the ocular blood flow in these eyes””*”.

The radial peripapillary capillary (RPC) network is a specific
plexus of capillary bed within the RNFL around the optic
disc which is vulnerable to glaucoma damage. Microvascular
changes of optic nerve head (ONH) and peripapillary area
measured by OCTA, have been shown in patients with

8,12-14,27-29 .
L !, The mean rate of change in

glaucoma previously
macular vessel density (VD) was found to be significantly
higher in glaucomatous eyes than in glaucoma-suspect or
normal eyes thereby a change in VD could be determined
before a change in inner macular retinal thickness occurs™*>".
Several previous studies have demonstrated the differences
in the microvasculature of the optic disc, peripapillary and
macular area between glaucoma, glaucoma suspects and

[23-25,27-32

normal patients I Although previous studies have

evaluated the macular and ONH circulation in patients with
POAG, PXG and OHT; vascular alterations in different sectors
of macular and peripapillary area have not been evaluated
among these groups in the same study.

The purpose of this study was to compare the retinal VD
measurements of peripapillary and macular regions on OCTA
between normal, POAG, PXG and OHT eyes and to analyze
correlations between retinal VD measurements to other structural
parameters like RNFL and inner macular retinal thickness.
SUBJECTS AND METHODS

Ethical Approval Ethics approval is obtained from the
Institutional Review Board of Ankara University. The study
was conducted in accordance with the tenets of the Declaration
of Helsinki. Written informed consent was obtained from all
study participants.

In this retropective monocentric study data from 114
glaucomatous eyes of 60 patients and 46 eyes of 23 healthy
control patients were evaluated. All subjects were Caucasians.
Control patients were either hospital workers or patients who
consulted for a routine ophthalmological examination. The
medical records of patients who visited the glaucoma clinic of
the Ankara University, Department of Ophthalmology between
March and December 2018 were reviewed retrospectively.
POAG, PXG, OHT eyes and normal control eyes were
analyzed consecutively. All patients underwent a detailed
medical history and a complete ophthalmic examination,
including best-corrected visual acuity (BCVA), a refraction
test, IOP measurement with Goldmann applanation tonometer,
gonioscopy, central corneal thickness measurement, standard
automated perimetry with Humphrey field analyzer, dilated
fundoscopic examination.

Inclusion criteria included the following: patient age >18y,
open angle on gonioscopic examination, and BCVA of
20/40 or better. Exclusion criteria were the presence of any
media opacities that prevented good quality spectral-domain
optical coherence tomography (SD-OCT) or OCTA images,
refractive error >+6 D sphere and £3 D cylinder, any retinal
or neurologic pathology except for glaucoma, history of
intraocular surgery other than uncomplicated cataract extraction,
uveitis, ocular trauma, diabetic retinopathy, hypertensive
retinopathy, unreliable VF results (>20% of fixation loss, >15%
false positive or false negative), retinal vascular occlusive
diseases including retinal artery or vein occlusion or any
other vascular conditions such as coronary artery disease,
peripheral vascular disease or thrombosis. Healthy subjects
had IOP<21 mm Hg on the clinical examination day with no
history of elevated IOP, glaucoma, OHT, or family history of
glaucoma; normal appearing optic disc, intact neuroretinal
rim, and RNFL, normal inner macular retina thickness; an
open anterior chamber angle on gonioscopic examination, no
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history of chronic ocular or systemic corticosteroid use, and
a minimum of two reliable normal VF tests. Age and gender
matched distribution was applied for comparison of control
group and the glaucoma subjects.

Standard automated perimetry VF tests were completed using
Humphrey field analyzer II, model 720i (Zeiss Humphrey
Systems, Dublin, CA, USA), with the Swedish interactive
threshold algorithm (SITA) standard 24-2 program. Only
reliable tests (<33% fixation losses, <15% false-negative errors
and <15% false-positive errors) with mean deviation (MD),
and pattern standard deviation (PSD) within 95% confidence
interval were included (Figure 1E, 1F).

All subjects then underwent ONH imaging, peripapillary
RNFL (Figure 1C) and inner macular retina thickness (Figure
2F) measurements with a RTVue-XR SD-OCT (Avanti;
Optovue, Inc., USA). Average peripapillary RNFL and inner
macular retina thickness was obtained automatically from SD-
OCT scans. Only good quality scans with a signal strength
index (SSI) 37 or more and without segmentation errors or
motion artifacts were included.

All participants underwent SD-OCT and OCTA (AngioVue;
Optovue, Inc., Fremont, CA, USA) imaging of the optic
disc region (Figure 1A) and macula (Figure 2A, 2B) were
performed on the same day. OCTA uses the SSADA algorithm
to minimize scanning time, detect red blood cell movement
and provide a high-resolution 3D visualization of retinal
circulation. VD is defined as the percentage area occupied by
the large vessels and microvasculature in a particular region
which is usually represented by clear colours in the greyscale
device results, and provided quantitatively. For the ONH scan,
several regions of the VD can be assessed, including inside-
disc, peripapillary region or whole-image en-face optic disc
scan. The peripapillary VD were analyzed in the RPC slab.
The RPC slab extends from the internal limiting membrane
(ILM) to the posterior boundary of RNFL (Figure 1B). The
optic disc scan covers a 4.5x4.5 mm” area, centered on the
ONH. The peripapillary region defined as a 750-um width
elliptical annular area extending from the optic disc margin is
divided into 8 sectors. The peripapillary VDs were measured
in each sector (nasal-superior, nasal-inferior inferotemporal,
inferonasal, superotemporal, superonasal, tempoinferior,
temposuperior; Figure 1D) and the average VD measurements
of 4 quadrants (nasal, inferior, superior, temporal) were
calculated. Whole image vessel density (wiVD) was calculated
in the entire 4.5x4.5 mm’ image, and peripapillary VD was
calculated in the peripapillary region.

Macular capillary network was visualized in 6.0x6.0 mm’
scans centered on fovea. Each 6.0x6.0 mm’ macular superficial
and deep retinal plexus VDs was calculated. The superficial
plexus located in a retinal slab extended from 3 um below the

746

ILM to 15 pum below the inner plexiform layer (IPL), and the
deep plexus located in the retinal slab extended from 15 um to 70
um below IPL (Figure 2F). The foveal (1 mm diameter central
zone), parafoveal (1-3 mm diameter ring) and perifoveal
(3-6 mm diameter ring) VDs were measured. The parafoveal
and perifoveal regions are divided into 4 sectors of 90 degrees
each (nasal, inferior, superior, and temporal sectors; Figure 2D,
2E). In addition, mean VD for the whole image of the macula
scan (wiVD macula) was measured. Furthermore, the area
of the foveal avascular zone (FAZ) and the area of non-flow
regions was also calculated (Figure 2G).

Statistical Analysis All statistical analysis was performed
with SPSS statistics program for Windows Version 21.0
(IBM Corp., Armonk, NY, USA). Different demographic
characteristics among the groups, including age, gender and
history of systemic disease were compared using the Chi-
square test. All analyses were adjusted for age. Significant
differences between OCTA VD, inner macular retina thickness,
RNFL thickness, VF MD and VF PSD across groups were
compared using one-way analysis of variance (ANOVA),
and multiple comparisons with Bonferroni adjustments were
used for post-hoc analysis. Pearson correlation analysis was
used to determine the correlation between OCTA VD and
inner macular retina thickness, RNFL thickness, VF MD and
VF PSD. The age-adjusted area under the receiver operating
characteristic (ROC) curves were calculated for the evaluation
of the diagnostic accuracy for differentiating between healthy
and glaucoma eyes. A P value of <0.05 was considered
statistically significant.

RESULTS

A total of 114 eyes from 60 patients and 46 eyes from 23
healthy controls underwent VD and structural imaging with
OCTA. The PXG group contained of 46 eyes (24 patients) with
an average age of 68.17+6.30y, the POAG group contained
of 36 eyes (20 patients) with an average age of 61.11+10.26y,
the OHT group contained of 32 eyes (16 patients) with an
average age of 58.1+8.9y and the control group contained
of 46 eyes (23 patients) with an average age of 56.9+4.6y.
Table 1 summarizes the demographic, clinical and ophthalmic
characteristics of each group. Mean age in the OHT and
healthy control groups was significantly lower than both
glaucoma groups (P<0.001). Therefore, age-adjustment was
applied for all comparisons and area under ROC curves. There
were no significant differences in sex, IOP and proportion of
hypertension and diabetes mellitus between the studied groups.
Peripapillary and macular OCTA VDs, inner macular retina
thickness, RNFL thickness, VF MD and VF PSD’s in three
groups are shown in Table 2. As expected, all diagnostic
measurements were significantly decreased in the glaucoma
group compared to the control and OHT groups (ANOVA, all



Int J Ophthalmol,
Tel: 8629-82245172  8629-82210956

Vol. 13, No. 5, May 18, 2020 www.ijo.cn

Email: ijopress@163.com

E Total deviation F Pattern deviation
- e 2 IR
el -3 | SRR - JEE -
EEN 2228 B SR £
;;.a;;. A . « & m % afle @ »
SN E- 3 BRI ] 7-&.::. P |}
AEEEEEEEN | N N-BEE-y B |
EEEEEDR EEENE:N
EEEN EEEN

Figure 1 OCTA image of the ONH of a representative case with glaucoma A: Whole en face image of the ONH; B: Corresponding B-scan

segmentation; C: Circumpapillary RNFL thickness map; D: Peripapillary area VD map; E: Visual field mean deviation map; F: Visual field

pattern standard deviation map.

Figure 2 OCTA image of the macula of a representative case with PXG A: Whole en face image of macular superficial plexus; B: Whole en

face image of macular deep plexus; C: Corresponding B-scan segmentation; D: Superficial plexus VD map; E: Deep plexus VD map; F: Inner

macular retina thickness map; G: Foveal avascular zone.

P<0.001). There were no statistically significant differences
in peripapillary VD and RNFLT between OHT and control
group; however, the OHT group featured a lower superficial
(P=0.027) and deep plexus (P=0.013) wiVD than did
the control group. The average peripapillary wiVD was
significantly lower in eyes with PXG than in eyes with POAG
(P=0.023). There was a significant reduction in peripapillary
VD in the inferonasal sector, but not in the other sectors of eyes

with PXG. The average macular superficial plexus wiVD was
significantly lower in eyes with PXG than in eyes with POAG
(P=0.046). There were no statistically significant differences
in deep plexus wiVD. PXG group featured a lower foveal VD
in both superficial (P=0.005) and deep plexus (P=0.031) than
POAG group. Additionally, PXG group had lower average
values for inner macular retina thickness than the POAG group
in all quadrants (Table 2).
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Table 1 Demographic and ophthalmic characteristics of the study groups

Parameters PXG POAG OHT Control P
No. of eyes 46 36 32 46

Age (y) 68.17+6.30 61.11+10.26 58.1+8.9 56.9+4.6 <0.001
Sex (M/F) 14/10 12/8 10/6 13/10 0.24
IOP (mm Hg) 15.6£2 14.9£3.6 17.543.1 13.442 0.12
CCT (um) 536.4+23.4 534.2+21 540.7£31.6 532.5+16.7 0.56
Diabetes mellitus 2/24 2/20 1/16 2/23 0.21
Hypertension 6/24 4/20 3/16 3/23 0.15
Antiglaucomatous eye drops 2.7+0.3 2.2+0.4 1.1+0 0

OHT: Ocular hypertension; PXG: Pseudoexfoliation glaucoma; POAG: Primary open angle glaucoma; IOP: Intraocular pressure; CCT: Central

corneal thickness.

Table 2 Diagnostic measurements analysis among the study groups after adjusting for age

Vessel density PXG group POAG group  OHT group  Control group P (total) P1 P2 P3
Peripapillary
wiVD 42.15+8.59 47.21+£5.87 49.86+2.45 50.47+1.83 <0.001 >0.05  0.002 0.023
Inside disc 44.22+11.43  47.55+8.39 50.61£5 50.65+2.99 0.002 >0.05 0.015 >0.05
Nasal 42.62+7.71 47.15+7.25 48.79+4.32 50.49+3.65 <0.001 >0.05  0.073  0.048
Inferior 46.7949.87  52.41+10.83  55.92+7.28 54.93+4.56 <0.001 >0.05  0.023  0.037
Superior 44.32+12.65  49.86+11.25 52.79+4.9 53.78+4.67 <0.001 >0.05 0.064 >0.05
Temporal 46.47+10.61 51.57+8.02 54.52+3.92 53.83+£3.41 <0.001 >0.05  0.034 >0.05
Macula (superficial plexus)
wiVD 42.22+5.36 46.54+5.56 48.06+4.32 51.28+2.85 <0.001 0.027  0.034  0.046
Foveal VD 15.17+7.64 19.71£8.15 19.22£7.9 20.22+5.34 0.001 >0.05  0.075  0.005
pfVD nasal 42.59+8.84 48.09+6.59 50.39+4.80 52.96+4 <0.001 >0.05 0.024 >0.05
pfVD inferior 44.87+6.83 49.18+6.35 50.24+5.62 53.68+4.86 <0.001 >0.05 >0.05 >0.05
PfVD superior 44.85+9.05 49.12+6.88 50.91£5.30 54.61+4.23 <0.001 >0.05 >0.05 >0.05
pfVD temporal 43.61+6.35 48.74+6.22 50.88+5.39 52.72+4.14 <0.001 >0.05 0.012  0.032
Macula (deep plexus)
wiVD 43.05+£9.45 47.81£7.69 48.70+5.99 54.20+5.44 <0.001 0.013  >0.05 >0.05
Foveal VD 32.04+8.57  36.22+10.23  34.39+8.65 36.47+6.60 0.002 >0.05 >0.05 0.031
pfVD nasal 50.56+5.76 53.98+7.59 54.42+4.41 52.96+4 0.01 >0.05 >0.05 >0.05
pfVD inferior 47.314£9.92 51.19+8.04 52.10+£5.45 53.68+4.86 0.026 >0.05 >0.05 >0.05
PfVD superior 48.23+10.43  52.81+6.74 53.39+5.19 56.32+4.62 <0.001 >0.05  >0.05 >0.05
pfVD temporal 50.73+6.42 54.24+6.11 54.84+3.98 57.31+4.11 0.007 >0.05 >0.05 >0.05
FAZ size (mm®) 0.263+£0.152  0.251+0.129  0.298+0.09 0.0305+0.08 0.017 >0.05  0.047  0.037
Parafovea inner macular retina thickness (pm)
Fovea 45.0549.63  50.06+:10.96  50.97+6.61 51.78+7.89 0.013 >0.05 >0.05 >0.05
Nasal 87.84+16.29 100.29+16.31 104.29+7.29 111.0+6.05 <0.001 >0.05  0.057 0.011
Inferior 85.98+22.67 103.23+15.53 107.19+7.31 114.5+7.37 <0.001 >0.05 0.012  0.002
Superior 86.70+21.23  100.29+17.06 107.06+7.35  114.15+6.79 <0.001 >0.05 0.026  0.048
Temporal 81.02+15.37  92.00+14.49  96.71+6.14 103.57+6.97 <0.001 >0.05  0.042  0.007
RNFLT (pum)
Nasal 75.4£18.65  89.73+21.05 92.5+13.7 98.73£12.5 <0.001 >0.05 0.037 0.083
Inferior 100.53+30.11  115.86+28.27 126.56+15.39  139.72+24.03 <0.001 >0.05 0.048  >0.05
Superior 83.45+£22.67 102.67+15.85 112.4+15.14  124.43+18.8 <0.001 >0.05  0.020 >0.05
Temporal 59.57+13.59  67,07+14.55  71.41+10.34 72.31£8.4 0.002 >0.05  0.025 >0.05
VF MD -5.63+6.05 -2.93+3.88 -1.5342.23 -1.64+1.25 0.001 >0.05 0.041 >0.05
VF PSD 3.85+2.49 3.00+2.71 2.19+1.02 1.92+0.69 0.001 >0.05  0.077  >0.05

P (total): The P-value obtained from one-way analysis of variance (ANOVA); P1: The P-value obtained from post-hoc test (Bonferroni) between
the OHT and control groups; P2: The P-value obtained from post-hoc test (Bonferroni) between the glaucoma (PXG+POAG) and OHT groups;
P3: The P-value obtained from post-hoc test (Bonferroni) between the POAG and PXG comparison groups. wiVD: Whole image vessel density;
pfVD: Parafoveal vessel density; RNFLT: Retinal nerve fiber layer thickness; VF MD: Visual field mean deviation; VF PSD: Visual field pattern

standard deviation.
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Figure 3 Correlations between peripapillary and macular VDs and structural parameters A: Correlation between peripapillary wiVD and

circumpapillary RNFLT; B: Correlation between macular superficial plexus wiVD and parafoveal inner macular retina thickness; C: Correlation

between macular deep plexus wiVD and parafoveal inner macular retina thickness.

Table 3 Pearson correlation indexes of macular and peripapillary VDs with RNFL, inner macular retina thickness, VF MD and VF PSD

Parameters P(MRT)  (IMRT) P (RNFLT) r(RNFLT) P (MD) 7(MD) P (PSD) 7 (PSD)
pp WiVD <0.001 0.603 <0.001 0.808 <0.001 0.590 <0.001 -0.561
pp nas VD <0.001 0.417 <0.001 0.604 <0.001 0.384 <0.001 -0.416
pp inf VD <0.001 0.443 <0.001 0.723 <0.001 0.578 <0.001 -0.475
pp sup VD <0.001 0.428 <0.001 0.660 <0.001 0.544 <0.001 -0.450
pp tem VD <0.001 0.382 <0.001 0.645 <0.001 0.311 <0.001 -0.396
SP wiVD <0.001 0.667 <0.001 0.644 <0.001 0.482 <0.001 0519
SP fov VD 0.150 0.117 0.008 0.215 0.031 0.177 0.004 -0.235
SP nas VD <0.001 0.554 <0.001 0.445 <0.001 0.422 <0.001 -0.408
SP inf VD <0.001 0.558 <0.001 0.472 0.001 0.269 <0.001 -0.352
SP sup VD <0.001 0.628 <0.001 0.474 <0.001 0316 <0.001 -0.388
SP tem VD <0.001 0.566 <0.001 0.412 <0.001 0.308 <0.001 -0.402
DP wiVD <0.001 0.546 <0.001 0.492 0.002 0.245 0.003 -0.240
DP fov VD 0.202 0.103 0.03 0.179 0.039 0.168 0.133 -0.123
DP nas VD <0.001 0.357 <0.001 0.417 <0.001 0.343 <0.001 -0.316
DP inf VD <0.001 0.441 <0.001 0.333 0.126 0.125 0.083 -0.142
DP sup VD <0.001 0.438 <0.001 0.374 0.056 0.156 0.022 -0.187
DP tem VD <0.001 0.324 <0.001 0.340 0.008 0.256 0.002 -0.252

pp: Peripapillary; SP: Superficial plexus; DP: Deep plexus; nas: Nasal; inf: Inferior; sup: Superior; tem: Temporal; fov: fovea; wiVD: Whole

image vessel density; IMRT: Inner macular retina thickness; RNFLT: Retinal nerve fiber layer thickness; VF MD: Visual field mean deviation;

VF PSD: Visual field pattern standard deviation.

The glaucoma group had a larger FAZ than the control and
OHT groups. Similarly, the superficial non-flow area of the
macula in the glaucoma group was larger than that of the OHT
and the control groups (all P<0.05). Additionally, PXG group
had a larger FAZ area than POAG group (P=0.037). There
were no statistically significant differences between the OHT
and control groups in these parameters.

Pearson correlation indexes of macular and peripapillary VDs
with RNFL thickness, inner macular retina thickness, VF MD
and VF PSD are shown in the Table 3. Figure 3 shows the
correlation between OCTA VDs and structural parameters.
In the glaucoma group, the linear regression analysis showed
that whole image peripapillary VD was most significantly
correlated with RNFL thickness (#=0.808, P<0.001); more
strongly in inferior quadrant (»=0.723, P<0.001; Figure 3A). In
addition, macular wiVD were significantly correlated (more

strongly in superior and inferior quadrant) with inner macular
retina thickness in both superficial (r=0.667, P<0.001) and
deep plexus (=0.546, P<0.001), except foveal region (Figure
3B, 3C). The correlation between macular and peripapillary
VD with structural parameters (RNFL or inner macular retina
thickness) and functional parameters (MD and PSD on VF)
were statistically significant within the glaucoma group, while
there was no correlation within normal subjects. The VF MD
was significantly correlated with inner macular retina thickness
(r=0.53, P<0.001), RNFL thickness (»=0.59, P<0.001),
superficial plexus VD (r=0.48, P<0.001), deep plexus VD
(r=0.25, P=0.002) and peripapillary VD (+=0.59, P<0.001) in
the glaucoma group. The VF PSD was significantly correlated
with inner macular retina thickness (r=-0.52, P<0.001),
RNFL thickness (r=-0.77, P<0.001), superficial plexus VD
(r=-0.52, P<0.001), deep plexus VD (r=-0.24, P=0.003) and
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peripapillary VD (+=-0.56, P<0.001) in the glaucoma group.
To differentiate between healthy and glaucoma eyes, we used
area under the ROC curves as quality measures. The age-
adjusted area under ROC for differentiating between glaucoma
and healthy eyes was highest for inner macular retina
thickness (0.897+0.025, 0.847-0.947), followed by RNFL
thickness (0.849+0.030, 0.791-0.908), superficial plexus VD
(0.820+0.033, 0.755-0.884), deep plexus VD (0.793+0.037,
0.721-0.866), and peripapillary VD (0.645+0.044, 0.560-
0.731; Figure 4).

DISCUSSION

In this study we evaluated and compared the peripapillary
and macular microvascular parameters between POAG, PXG,
OHT patients and age-matched healthy controls using OCTA.
We have demonstrated that peripapillary and macular VDs are
reduced in glaucomatous eyes. In addition, in our study we
were able to demonstrate lower superficial and deep perifoveal
VDs in OHT group compared with normal eyes. However,
there was no difference in peripapillary VDs or other optic
disc parameters between OHT and normal eyes. To the best of
our knowledge, this is the first study to compare peripapillary
and macular VDs between patients with OHT and those with
POAG, PXG and healthy controls using OCTA.

Our study showed a difference in peripapillary and macular
superficial wiVD between eyes with PXG and POAG. In
addition, we found a significant reduction in peripapillary VD
in the inferonasal sector, but not in the other sectors of eyes
with PXG. Park et al™' showed that peripapillary VD was
lower in eyes with PXG than in eyes with POAG primarily
in the nasal and inferonasal sectors in their comparative
study. They suggested that eyes with PXG could be more
vulnerable to glaucomatous damage because of the decreased
peripapillary VD and the resulting ischemia. Additionally,
Suwan et al** reported lower peripapillary VD in exfoliation
glaucoma compared to POAG. Philip et al”" reported that
superficial capillary plexus VD was significantly lower in the
superior and nasal quadrants in exfoliation glaucoma versus
POAG in their study.

Exfoliation syndrome is characterized with intraocular and
extraocular vascular manifestations, reduced ocular and
retrobulbar blood flow and thin RNFL thickness"*"". Previous
studies have shown that, eyes with PXG have significantly
more severe glaucomatous optic nerve damage at the time of
diagnosis, faster VF loss, more serious clinical course, worse
response to anti-glaucomatous agents and more often necessity
for surgical procedures than eyes with POAG at similar levels
of IOP"™". This ocular perfusion impairment in optic disc and
macula measured by OCTA may show an contributing risk
factor for glaucoma progression, making eyes with PXG more
sensitive to a faster progression and supporting the serious
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Figure 4 Comparison between peripapillary wiVD, macular
superficial plexus wiVD, macular deep plexus wiVD, peripapillary
RNFL thickness, parafoveal inner macular retina thickness in
terms of area under ROC curves AUROC: Area under the receiver

operating characteristic.

prognosis of PXG glaucoma. Furthermore, it has been shown
that the nasal part of the lamina cribrosa in PXG eyes could
be more vulnerable to glaucomatous damage™'. In addition,
previous studies have demontstrated that the glaucomatous
damage tends to be most commonly inferior locations"***),
These prior findings may be considered for a possible
explanation of the regional decrease in inferonasal sector in
eyes with PXG in our study.

According to our results, PXG and POAG eyes had was
significantly higher FAZ area than OHT and normal control
eyes. Previous studies have demonstrated the effect of
glaucoma on FAZ parameters and the diagnostic power of
these parameters to evaluate the glaucomatous changes™.
These findings suggest that, FAZ size may be a potential
considerable diagnostic parameter for discriminating glaucoma
from healthy controls.

We have shown the positive correlation of peripapillary and
macular VDs with inner retinal thickness, RNFL thickness, VF
loss measured as MD and PSD mean sensitivity. Additionally,
we have shown that peripapillary and macular VDs were
highly correlated to the structural damage and VF damage in
glaucoma eyes. Previous studies have reported a correlation
between OCTA-derived measurements and VF damage in ONH

11436391 Our results have shown better

in patients with glaucoma
correlations of peripapillary and macular VD with structural
parameters than with functional parameters. According to our
results, the strength of the structural and functional assocation

was stronger for mean macular superficial plexus VD than
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mean macular deep plexus VD. Previous studies have reported
reduced VD in the superficial plexus in glaucomatous eyes
compared with normal eyes”****. Macular damage has been
shown in early stages of glaucoma and glaucoma is associated
with reduced VD in the macula region*>*”. Chen et al'*’!
showed that macular superficial VD had similar diagnostic
accuracy as peripapillary RNFL and inner macular retina
thickness for distinguishing between glaucoma affected and
normal eyes. Additionally, Takusagawa et al'*” also reported
the early decrease of macular superficial VD using the Project
Resolved OCTA. The blood supply to the RNFL and ganglion
cell layer is superficial retinal vascular plexus, thereby this
difference between the VD of the superficial and deep plexus
could demonstrate a different involvement of each layer in the
pathophysiology of glaucoma.

According to our results, OCTA VDs in inferior and superior
quadrants showed a stronger correlation with structural
and functional parameters. Hood ef /™" demonstrated that,
superior and inferior quadrants are vulnerable to glaucomatous
damage from OCT RNFL and HRT neural rim measurements,
and analysis of fundus photographs in their study. They
suggested that, the collection of RNFL bundles is thicker in
the superior and inferior quadrants than the other quadrants of
the optic disc. Additionally, previous studies have shown that,
RNFL thinning in the superior and inferior quadrants of the
disc is a more sensitive indicator of glaucomatous damage than
are changes in the temporal or nasal quadrants'™**".

The age-adjusted area under ROC value for differentiating
between glaucoma and healthy eyes was found to be higher
for inner macular retina thickness and circumpapillary RNFL
thickness than macular and peripapillary VDs in our study.
Previous studies have reported macular OCTA parameters’
diagnostic accuracies more inferior compared to that of

1441 Similarly to our results, former

macular OCT parameters
studies demonstrated that the area under ROC of inner macular
retina thickness was higher than the area under ROC of inner
macula VD for distinguishing between glaucoma affected and
healthy eyes”"***".

In this study, patients in the OHT group had lower wiVD in
both superficial and deep macular plexus than those in the
control group with the exception of foveal region. The OHT
group showed decreased macular circulation than did the
control group prior to significant VF, RNFL, and inner macular
retinal defects. To the best of our knowledge, this is a novel
and critical finding that requires further investigation. Vascular
factors may play a role in the pathogenesis of glaucoma
therefore, differences in vasculature between glaucoma, OHT
and normal subjects may exist. Chihara et al”” reported
decreased VD in OHT eyes in the superficial peripapillary

retina than those in normal eyes. They suggested that,

decreases in the VD in OHT eyes might reflect dysregulation
of the blood flow in the superficial optic disc. According to
OHT treatment study, the high IOP and splinter hemorrhage
of the optic disc were risk factors for development of
POAG"™ ¥, These findings and our study’s results suggest
that, the reduced VD before changes in the other structural and
functional parameters in eyes with OHT might reflect disrupted
autoregulation that was found in experimental nonhuman

glaucoma eyes. Hollo™"

reported that large IOP reduction may
develop increased peripapillary capillary perfusion in both
glaucoma and OHT eyes. According to this study, reduced
OCTA parameters in eyes with OHT caused by a high IOP.
All eyes with OHT included in our study, were under medical
treatment and the mean IOP was 17.5£3.1 mm Hg on the same
day with OCTA imaging.

There are several limitations to our study. First, relatively
small sample size of groups with different amount of subjects.
Second, the subjects of the OHT and control group were
significantly younger than the glaucoma patients. For this
reason, all analyses were adjusted for age and after age-
adjustment, our results remained significant. In addition, most
patients in our glaucoma group were on multiple antiglaucoma
eye drops and systemic blood pressure medications. Due
to the cross-sectional, observational design of our study,
we can not eliminate the possibility that the antiglaucoma
drops, antihypertensive medications and diabetes melltius
could somehow be responsible for the reduced vascular
measurements. Even though we excluded eyes with manifest
diabetic retinopathy and hypertensive retinopathy, the effect of
subclinical vascular change on retinal vascular measurements
cannot be dismissed.

To the best of our knowledge, our study is the first study to
compare peripapillary and macular VDs between patients with
OHT and those with POAG, PXG and healthy controls using
OCTA. This is the first report that OCTA-derived macular VD
measures showed a decrease from normal eyes to OHT eyes
and glaucomatous eyes in both superficial and deep plexus. We
can conclude that, OCTA can measure reduced peripapillary
and macular VD in eyes with glaucoma and OHT, and these
results are correlated to functional and structural glaucomatous
changes. Our findings would appear to support the early
macular perfusion impairment for OHT, though further large-
scale, longitudinal studies are required to better define the
predictive and diagnostic value of these vascular parameters.
Furthermore, our data suggest that peripapillary and macular
superficial wiVD was lower in eyes with PXG than in eyes
with POAG. However, it is necessary to investigate the roles
of OCTA as a diagnostic parameter to predict the risk of
glaucoma development in patients with exfoliation syndrome.
Although the use of OCTA has good diagnostic accuracy for
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distinguishing healthy subjects from patients with OHT and
types of glaucoma, there are more questions to be answered:
Is the clinical use of OCTA the same in different subtypes
of glaucoma? Do physiologic parameters, systemic and
topical medications affect retinal perfusion? Is OCTA useful
for prediction of glaucoma progression? Further studies are
needed to confirm our results and try to find an answer to these
questions.
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