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Comparative evaluation of OCT with OCTA changes at the optic disc and

macula in glaucoma suspect and early glaucoma

Dewang Angmo, Anirudh Kapoor, Gazella B Warjri, Shorya Vardhan Azad", Rohan Chawla’, Viney Gupta,

Tanuj Dada

Purpose: To compare the diagnostic ability of macular ganglion cell inner plexiform layer (mGCIPL)
and peripapillary retinal nerve fiber layer (pRNFL) thickness on optical coherence tomography (OCT)
and macular and peripapillary perfusion changes using OCT angiography (OCTA) in glaucoma suspect
and early primary open angle glaucoma (POAG). Methods: Ninety patients (30 normal, 30 glaucoma
suspects, and 30 early POAG) were recruited in this cross-sectional, prospective study. The average
thickness of mGCIPL and pRNFL on spectral domain-OCT and macular vessel density (VD), optic
nerve head (ONH) perfusion, and ONH flux index (FI) on OCTA were evaluated for early diagnosis of
glaucoma. Results: Macular VD, ONH perfusion, and ONH FI were significantly reduced in early POAG
eyes compared to normal. The best correlation was observed between ONH FI and the average RNFL
in both glaucoma suspects (r = 0.47, P < 0.01) and early POAG patients (r = 0.53, P < 0.01). Out of all the
measured OCTA parameters, only ONH perfusion was significantly lower in glaucomatous eyes compared
to glaucoma suspects (P < 0.001). Average GCIPL (0.82) and macular VD (0.76) had the highest area under
the receiver operating characteristic (AUROC) curve value among all the OCT and OCTA parameters,
respectively, for differentiating glaucoma suspects from controls. Rim area (0.92) and ONH FI (0.81) had the
highest AUROC value among all the OCT and OCTA parameters for differentiating early POAG patients
from controls. Conclusion: OCTA vascular parameters had a good correlation with structural damage both
at the disc and the macula. OCT parameters were superior to OCTA parameters for diagnosis of glaucoma,
although OCTA parameters are deranged very early in the disease.
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Glaucoma, a multifactorial, irreversible, and progressive optic
neuropathy, is the leading cause of irreversible blindness and
the second most common cause of blindness in the world.!
The hallmark of glaucomatous neuropathy is loss of retinal
ganglion cells (RGCs) that leads to characteristic changes in
the optic nerve head (ONH) with concomitant visual field (VF)
damage.”*” The diagnosis of glaucoma can often be difficult,
especially in the very early stages when structural damage and
functional changes are not obvious.

Standard automated perimetry, the gold standard, may not
be able to detect VF changes until RGC injury occurs, up to the
tune of approximately 25%-35% damage.™ Optical coherence
tomography (OCT) has become the structural imaging
technology of choice for glaucoma diagnostics due to its speed
of acquisition, high resolution, and excellent reproducibility.®
There have been many studies with variable results comparing
the diagnostic ability of macular ganglion cell layer (GCL)
thickness changes and the retinal nerve fiber layer (RNFL)
changes on OCT for the diagnosis of early glaucoma.*%
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OCT angiography (OCTA) is a novel noninvasive imaging
technique that generates three-dimensional, depth-encoded
images of small- and large-caliber retinal vasculature within the eye
by using motion contrast. OCTA studies, evaluating the vascular
system, have studied the peripapillary vessel density (VD)
while some evaluated the macula VD" and some evaluated both
the above factors."”?"! Some authors have assessed differences
in OCTA findings between normal versus glaucoma,™'! with
others comparing pre-perimetric glaucoma with glaucomat*!
and some others further examining three groups, which included
normal controls, pre-perimetric glaucoma, and glaucoma.!>31516211
Studies in the Indian population have also been conducted,2
but, to the best of our knowledge, none of the studies in this
population have evaluated both RNFL and macular GCL with
OCTA changes at the disc and macula in glaucoma suspect and
early glaucoma, which we aimed to assess in our study.

Understanding the relationship between peripapillary and
macular VD on OCTA in early glaucoma/glaucoma suspects
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may increase our understanding of the role of retinal blood
flow in the pathophysiology of glaucoma.

Methods

This was an observational, cross-sectional study conducted
from 1% February 2021 to 31% December 2022 in a tertiary care
medical college in North India. The study was conducted
in compliance with the Declaration of Helsinki, and the
ethical committee clearance was obtained by Institute Ethics
Committee (IECPG- 730/30.01.2020). All patients were included
in the study after obtaining their informed written consent.

Examination

All the participants underwent detailed ophthalmologic
examination evaluating the following parameters at baseline:
best corrected visual acuity by Snellen’s chart, intraocular
pressure (IOP) by Goldman applanation tonometer, average
IOP, diurnal variation of IOP, slit-lamp examination, fundus
evaluation, and central corneal thickness by Nidek Tonoref
II (NIDEK Co. Ltd., Gamagori, Japan). VF testing was done on
the Humphrey Field Analyzer (Carl Zeiss Meditec, Dublin, CA,
USA) using the Humphrey Visual Field (HVF) 30-2 Swedish
Interactive Threshold Algorithm (SITA) Standard and HVF
10-2 SITA Standard, before dilation of pupils. All included
individuals were scanned with Cirrus HD-OCT Model
5000 (Carl Zeiss Meditec, Dublin, CA, USA), after dilation of
pupils. The optic disc 200 x 200 OCT scan was used to measure
RNFL thickness, ONH rim area, and cup-disc ratio (CDR)
measurements. The macular cube 200 x 200 protocol was used
for macular ganglion cell analysis (GCA). GCA consists of
combined GCL and Inner plexiform layer (IPL), in the Cirrus
OCT. OCTA scan was done using AngioPlex OCTA on the
Cirrus HD-OCT Model 5000 platform. Superficial macular
VD in the full region of the Extended Treatment of Diabetic
Retinopathy Study VD scan was measured on AngioPlex
OCTA using the 6 x 6 mm scan pattern. A 4.5 x 4.5 mm
ONH OCTA scan was used, with the built-in commercially
developed, clinic-oriented quantification software (Cirrus 11.0,
Zeiss) calculating perfusion density (PD) and flux index (FI).
ONH AngioPlex Metrix examines the radial peripapillary
capillary (RPC) slab generated from the three-dimensional
OCTA data and characterizes perfusion density (area of blood
vessels) and FI (intensity of capillary perfusion). PD is the total
area of perfused capillary vasculature per unit area in a region
of interest using the RPC en face images. FI is the total area
of perfused vasculature per unit area in a region of interest,
weighted by the brightness of flow signal and corrected for
dimmer areas on B-scan, using the RPC en face images. To
be acceptable for inclusion, the OCT and OCTA scans had to
have a signal strength >6, and all scans were acquired by an
experienced OCT operator. The investigators measuring the
OCT parameters were masked to the patients” diagnosis.

Inclusion and exclusion criteria

The study included glaucoma suspects, early glaucoma
patients, and normal subjects as the controls, all having open
angles on gonioscopy and refractive error of +5.0 D spherical,
+3.0 D cylinder. Glaucoma suspects were those with IOP > 21
and <30 mmHg on at least two successive measurements/
diurnal variation 28 mmHg or the optic disc suspicious for
glaucoma, which is defined as having features suggestive of
glaucomatous optic neuropathy, such as CDR >0.6 and any

diffuse or focal neuroretinal rim thinning with normal VFs,
mean deviation (MD) and pattern standard deviation (PSD)
values within 95% normal confidence limits, and a glaucoma
hemifield test (GHT) classified as within normal limits. Early
primary open angle glaucoma (POAG) patients were those
with glaucomatous optic neuropathy and two consecutive
abnormal VF tests, defined as PSD outside 95% normal
confidence limits or a GHT classified as outside the normal
limits or a cluster of three or more non-edge points in a
location typical for glaucoma, all of which are depressed on
the pattern deviation plot at a P < 5% level and one of which
is depressed at a P < 1% level. Only early POAG patients
were included as defined by the Hodapp-Parrish-Anderson
criteria: (1) MD <—6 dB, (2) <25% of points are depressed below
5% level and <10 points are depressed below 1% level on
the pattern deviation plot, and (3) all points in the central 5°
must have a sensitivity of at least 15 dB. Normal subjects had
I0OP <21 mmHg, normal optic discs and VF, and age > 40 years.
Exclusion criteria were patients with media opacity precluding
good-quality OCT scans, such as corneal opacity, cataracts,
vitreous degeneration/hemorrhage; those with a history
of intraocular diseases, complicated intraocular surgery,
secondary causes of elevated IOP; any other disease affecting
VF (diabetic retinopathy/age-related-macular-degeneration);
those with neurologic/systemic disease that may affect VD;
patients with moderate or advanced glaucoma (MD worse
than —6 dB); and age <40 years.

Early POAG patients were on monotherapy, preferably a
prostaglandin analog, and the POAG suspects were not on any
medication, but were asked to follow-up.

Sample size

Considering macular GCA, peripapillary RNFL thickness, and
OCTA changes in the glaucoma suspects, early POAG, and
normal control groups, with the power of the study to be 0.9 and
an alpha error of 5%, we recruited 30 patients in each group.”"]

Statistical analysis

Statistical analysis was done using STATA 11.2 software for
Windows. Descriptive statistics for normally distributed
variables were represented as the mean and standard
deviation and for non-normally distributed variables as the
median, first quartile (p25), and third quartile (p75). Normally
distributed patient characteristics were compared among
all three groups using analysis of variance and with post hoc
Bonferroni correction for intergroup comparison. Data that
were not normally distributed were compared among all
three groups using Kruskal-Wallis test, and post hoc analysis
by the Dunn’s test was used for intergroup comparison.
Categorical/dichotomic variables were studied with Chi-square
test or Fisher’s exact test. Linear correlations between two
continuous, normally distributed variables were tested by
Pearson’s linear coefficient (). Statistical analysis accounted for
clustering (design effect). The best modality for discriminating
glaucoma suspects and early POAG from normal controls
was evaluated by calculating the areas under the receiver
operating characteristic (AUROCS) curves. A P value of <0.05
was considered statistically significant.

Results

Thirty patients (39 eyes) of early POAG, 30 (46 eyes) glaucoma
suspects, and 30 normal patients (39 eyes) were included in
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this study. The demographic details and ocular examination
parameters are shown in Table 1.

VF and structural parameters on OCT

All VF parameters on HVF 30-2 and HVF 10-2 were significantly
worse in glaucomatous eyes compared to controls (P <0.01) and
glaucoma suspects (P <0.05). The ONH rim area was reduced
in the glaucomatous eye compared to normal eyes (P < 0.001)
and glaucoma suspects (P <0.001). There was also a significant
difference in the rim area between glaucoma suspects and early
glaucoma patients (P < 0.001) [Table 2].

The average peripapillary RNFL in normal, glaucoma
suspects, and early POAG eyes was 94.9+ 8.0 um, 89.4 +7.4 um,
and 74.4 + 12.7 pm, respectively. The average peripapillary
RNFL, as well as the sectoral peripapillary RNFL in all
four quadrants, was significantly thinner in glaucomatous
eyes when compared to controls (P < 0.001) and glaucoma
suspects (P <0.01). The reduction in RNFL thickness between
eyes of glaucoma suspects and normal eyes was only significant
in the average RNFL thickness (P < 0.05) and RNFL thickness
in the superior quadrant (P = 0.005) [Table 2].

Table 1: Demographics details and examination of the three groups (normal controls, glaucoma suspects, and early

glaucoma patients)

Parameter Normal, n=30 Glaucoma suspects, n=30 Early glaucoma patients, n=30 P
Age (Mean+SD) (years) 50.1+8.9 47.6+7.9 50.9+5.8 0.252
Sex ratio (M: F) 20:10 18:12 19:11 0.86°
Patients with a family history of glaucoma 0 (0%) 4 (13.33%) 8 (26.67%) 0.005°
Patients with hypertension 7 (23.3%) 7 (23.3%) 8 (26.6%) 0.9°
Patients with diabetes mellitus 4 (13.3%) 7 (23.3%) 6 (20%) 0.6°
Patients with hypothyroidism 1 (3.3%) 3 (10%) 1(3.3%) 0.61°
Number of antiglaucoma drugs (%) 30 (100%) 18 (60%) 16 (53.33%)

0 12 (40%) 10 (33.33%)

1 2 (6.67%)

2 2 (6.67%)

3
Baseline IOP (mmHg) 15.64+2.23 18.02+2.97 21.3+3.07 <0.0012
(Mean+SD)
CCT (um) 537.0+24.29 537.28+36.82 531.61+28.67 0.642
(Mean+SD)
CDR (Mean+SD) 0.38+0.07 0.68+0.07 0.73+0.09 <0.0012

CCT=central corneal thickness, CDR=cup—disc ratio, F=female, IOP=intraocular pressure, M=male, SD=standard deviation. 2One-way analysis of variance
among the three groups. ®Pearson’s Chi-squared test

Table 2: Comparison of OCT and OCTA parameters among the three groups

Parameter Normal Glaucoma Early P P° P° P
(39 eyes) suspects  glaucoma Normal Normal versus Glaucoma
(46 eyes) (39 eyes) versus early glaucoma suspects versus
glaucoma suspects early glaucoma

Average CDR 0.46+£0.06  0.71+0.05 0.74+0.06  <0.001 <0.001 <0.001 0.10
Rim area (mm?) 1.43+0.24 1.17+0.19  0.92+0.25 <0.001 <0.001 <0.001 <0.001
Average RNFL (pm) 94.9+8.0 89.4+7.4 74.4+12.7  <0.001 <0.001 0.02 <0.001
RNFL superior (um) 118.7+16.4 107.4+11.7 90.9+19.6 <0.001 <0.001 0.005 <0.001
RNFL inferior (um) 122.3+15.8 113.8+£20.5 90.0+22.7 <0.001 <0.001 0.15 <0.001
RNFL nasal (um) 73.7+14.6 71.3+8.9 62.8+11.5 <0.001 <0.001 1.0 0.004
RNFL temporal (um) 63.9+6.0 62.7+11.8 53.4+9.8  <0.001 <0.001 1.0 <0.001
GCA average (um) 83.5+3.5 76.4+9.0 71.9+10.5 <0.001 <0.001 <0.001 0.04
GCA superior (um) 83.1+3.4 76.5+9.3 73.3+9.8  <0.001 <0.001 0.001 0.23
GCA inferior (um) 82.1£5.4 74.5+8.5 69.3+11.9  <0.001 <0.001 <0.001 0.02
GCA nasal (um) 84.8+4.3 77.7+10.0 74.4+11.5 <0.001 <0.001 0.002 0.29
GCA temporal (um) 82.9+4.4 76.3+9.6 70.6£9.9  <0.001 <0.001 0.001 0.006
Superficial macular VD (mm/mm?)  15.64+1.87 12.75+3.25 12.48+3.51 <0.001 <0.001 <0.001 1.000
ONH perfusion (%) 44.33+1.0 44.02+1.58 42.69+1.95 <0.001 <0.001 1.0 <0.001
ONH flux index 0.44+0.08  0.41+0.03  0.39+0.043 <0.001 <0.001 <0.001 0.27

Significant P values are given in bold, CCT=central corneal thickness, GCA=ganglion cell analysis, OCT=optical coherence tomography, OCTA=OCT
angiography, ONH=optic nerve head, RNFL=retinal nerve fiber layer, VD=vessel density. 2P-value among three groups assessed by one-way analysis of
variance. °P-value for comparison between two groups assessed by post hoc analysis with Bonferroni method
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The average GCA in normal eyes, eyes of glaucoma suspects,
and early POAG eyes was 83.5 + 3.5 um, 76.4 + 9.0 um, and
71.9 + 10.5 um, respectively. The average GCA and sectoral
GCA in all four quadrants were significantly reduced in
glaucoma patients compared to controls (P <0.001) and also in
glaucoma suspects compared to controls (P <0.05). There was
also a significant difference in average GCA between glaucoma
patients and suspects (P < 0.05) [Table 2].

Correlation of OCT parameters

A good correlation was observed between the average
peripapillary RNFL thickness and the average macular GCA
in early glaucoma patients (r = 0.59, P < 0.001) and glaucoma
suspects (r = 0.57, P < 0.001) [Fig. 1a]. Out of all the sectoral

changes, the strongest correlation was observed in the inferior
quadrant RNFL and GCA in early glaucoma eyes (r = 0.64,
P<0.001). The average GCA had the highest positive correlation
with Visual field index (VFI) (r = 0.53, P < 0.001) [Fig. 1b] in
early POAG when compared to the rim area (r=0.37, P =0.03)
and average RNFL (r =0.34, P = 0.03).

Correlation of OCTA parameters

Macular VD, ONH perfusion, and ONH FI were all significantly
reduced in glaucomatous eyes compared to controls (P <0.001).

On comparing OCTA parameters between glaucoma
suspects and controls, macular VD and ONH FI showed a
significant reduction (P <0.001) [Table 3 and Fig. 1c, d]. Out of
all the measured OCTA parameters, only ONH perfusion was

Table 3: Pearson’s correlation coefficient between ONH OCT, macular OCT and OCTA parameters in glaucoma suspects

and early POAG eyes

Parameters Glaucoma suspects Early POAG
Correlation coefficient (r)? P Correlation coefficient (r)? P

ONH perfusion with rim area -0.07 0.62 0.11 0.49
ONH perfusion with average RNFL 0.37 0.01 0.38 0.02
ONH flux index with rim area 0.14 0.36 0.38 0.02
ONH flux index with average RNFL 0.47 0.001 0.52 0.001
Macular VD with average GCA 0.19 0.20 0.55 <0.001
Macular VD with superior GCA 0.14 0.35 0.32 0.04
Macular VD with inferior GCA 0.21 0.14 0.58 <0.001
Macular VD with nasal GCA 0.22 0.12 0.44 0.004
Macular VD with temporal GCA 0.13 0.35 0.60 <0.001

Significant P values are given in bold, GCA=ganglion cell analysis, OCT=optical coherence tomography, OCTA=OCT angiography, ONH=optic nerve head,
POAG=primary open angle glaucoma, RNFL=retinal nerve fiber layer, VD=vessel density. 2Pearson’s correlation
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Figure 1: Scatter plots showing (a) the correlation between average RNFL and average GCA in early POAG (r = 0.59, P < 0.001); (b) the
correlation between VFI and average GCA in early POAG (r= 0.53, P < 0.001); (c) the correlation between average RNFL and ONH flux index in
early POAG (r=0.52, P<0.01); and (d) the correlation between average GCA and macular vessel density in early POAG (r=0.551, P < 0.001).
GCA = ganglion cell analysis, ONH = optic nerve head, POAG = primary open angle glaucoma, RNFL = retinal nerve fiber layer
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significantly lower in glaucomatous eyes when compared to
suspects (P <0.001) [Table 3].

Of all the observed structural and vascular parameters at
the ONH, best correlation was observed between ONH FI and
average RNFL in both glaucoma suspects (r = 0.47, P < 0.01)
and early glaucoma patients (» = 0.52, P < 0.01) [Table 3].
Average RNFL also showed a significant correlation with ONH
perfusion in both the groups (P < 0.05).

In the early glaucoma eyes, a good direct correlation was
observed between the macular VD and average GCA (r=0.55,
P < 0.001) [Table 3]. In addition, macular VD showed a
significant correlation with sectoral GCA in all four quadrants.
Moreover, the strongest correlation was noted in the temporal
and inferior quadrants. No significant correlation was seen
between the macular vascular and structural parameters in
glaucoma suspects.

AUROC curve values of OCT parameters for distinguishing
glaucoma suspects from normal subjects

Average GCA (0.825) had the highest AUROC value among
all the OCT parameters for differentiating glaucoma suspects
from controls [Fig. 2a]. Among the RNFL parameters, average
RNFL had the highest value (0.71), although rim area (0.80)
had a higher value than the average RNFL [Fig. 2a]. Macular
VD (0.76) had the highest value among all the measured
parameters on OCTA [Fig. 2b]. The best performing OCT
parameter was the average GCA (0.82), which had a higher
AUROC value than the best performing OCTA parameter, that
is, macular VD (0.76).

AUROC curve values of OCT and OCTA parameter in dis-
tinguishing early glaucoma from normal subjects

OCT parameters including rim area (0.92), average RNFL (0.92),
and average GCC (0.91) had higher AUROC values than all
vascular parameters for differentiating early POAG eyes from

normal subjects [Fig. 2c]. ONH FI (0.81) had the highest value
among all the measured parameters on OCTA [Fig. 2d].

Discussion

Recently, there has been a surge of interest in deciphering
the complex relationship among the vascular system, RGCs
integrity, and IOP in the pathogenesis of glaucoma.

Starting with the structural aspect, we found that the
average GCA and average RNFL were significantly reduced in
glaucomatous eyes when compared to controls and glaucoma
suspects. On comparing the sectoral losses in early glaucoma
and those in suspects, RNFL showed a significant reduction
in all four quadrants, but GCA had a significant change only
in the inferior and temporal quadrants. Furthermore, we
noted that the strongest correlation between reduction in
GCA and RNFL loss was noted in the inferior (r = 0.729) and
temporal (r = 0.647) quadrants. Few other studies have found
similar results.['"*?1 These results are consistent with the fact
that early glaucomatous changes occur in the inferotemporal
and inferior poles of ONH.# I

In our study, the average GCA had a high correlation with
VFI in early POAG compared to the rim area and average
RNFL. Various other studies have found that GCL thickness
showed the strongest structure—function correlation in early
glaucoma. 26230

In the present study, average GCA had a higher AUROC
value compared to average RNFL in discriminating glaucoma
suspects and normal subjects, whereas for glaucoma patients
versus normal subjects, the average RNFL was higher than
average GCA. When diagnosing early POAG patients from
normal subjects, all three parameters, that is, ONH rim area,
average RNFL, and average GCA, had high AUROC values,
out of which rim area had the highest diagnostic ability. Other
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Figure 2: AUROC curves for parameters differentiating glaucoma suspects and normal subjects: (a) OCT and (b) OCTA. AUROC curves for
parameters differentiating early POAG patients and normal subjects: (c) OCT (d) OCTA. AUROC = area under the receiver operating characteristic,
OCT = optical coherence tomography; OCTA = OCT angiography, POAG = primary open angle glaucoma
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authors have also noted that peripapillary RNFL had higher
AUROC values than macular parameters.”*%! Therefore,
both macular GCA and peripapillary RNFL changes do occur
in the early stages of the disease and GCA can be used as an
adjunctive parameter with RNFL to screen early POAG and
glaucoma suspects from normal subjects.

In the OCTA imaging, superficial macular VD was
significantly reduced in the early POAG group and glaucoma
suspects when compared to controls, but this reduction was
not significant between glaucoma suspects and patients despite
a significant reduction in average GCA. Hou et al."! also
observed that GCC loss was greater than macular VD loss in
early POAG when compared to pre-perimetric glaucoma eyes.
These findings suggest that macular vasculature attenuation
begins early in the course of the disease cascade. However,
during transition from the glaucoma suspect stage to the early
POAG stage when the VF changes set in, the neurodegeneration
leading to RGC loss may predominate vascular damage. Similar
to other studies, we also noted a good correlation between
the structural damage and the VD loss at the macula in early
POAG.[lé,Zl,SZ]

Many previous studies have found a reduction in RPC VD
in early glaucoma.l'52133234 We observed that ONH FI was
significantly reduced in the early POAG group and glaucoma
suspects compared to controls. However, on comparing early
POAG eyes with glaucoma suspects, reduction in ONH FI was
not statistically significant. This pattern of vascular change was
similar to that observed with macular VD. This discrepancy
highlights that structural changes were more apparent than
vascular damage in early glaucoma. Lu et al.?"! noted a similar
pattern of change, where there was a discrepancy between
RNFL damage and RPC VD loss.

A reduction in ONH FI showed a good positive correlation
with the reduction in the average RNFL thickness in both
glaucoma suspects and early POAG patients. All three
measured OCTA parameters, ONH FI, macular VD, and
ONH perfusion, had good AUROC values for differentiating
early glaucoma eyes from normal subjects. However, for
differentiating glaucoma suspects and early POAG patients
from controls, the best performing OCT parameter was
superior than the best performing OCTA parameter in
terms of the AUROC values. This was in concordance with
various previous studies reporting the diagnostic accuracies
in terms of AUROC values of macular OCTA parameters
being lower than macular OCT parameters for detecting early
glaucoma.l'®®! On the contrary, various studies have also
found OCTA parameters to have good diagnostic ability and
to be comparable to OCT parameters for early diagnosis of
glaucoma.l>?1% Interestingly, for differentiating glaucoma
suspects from normal eyes, macular VD showed the highest
AUROC value among the tested OCTA parameters. Whereas
for differentiating early POAG eyes from normal eyes, ONH
FI had the highest values. We also noted a similar trend on
comparing the various OCT parameters. Macular GCA had
the highest value for differentiating glaucoma suspects from
normal eyes, and ONH rim area and average RNFL thickness
were better parameters for distinguishing early POAG eyes
from normal subjects.

Chung et al.® also found that when comparing early
glaucoma patients from controls, OCT parameters (RNFL and

GCC) had higher AUROC values than OCTA parameters. Also,
among the OCTA parameters, peripapillary VD had better
values than macular VD. However, Lu et al.?!! found that the
macular whole image VD and RPC VD were comparable to
RNFL and GCC for diagnosis of early glaucoma. The variability
in results of different studies might be explained by the fact that
these studies have been carried on multiple different machines
having different segmentation software and algorithms to
quantify vascular changes. Differences in ethnicity, disc size,
and axial length cannot be overlooked in all these studies.

One of the limitations of our study is the smaller sample size.
Further studies having a higher sample size with follow-up will
give a better estimate of the sensitivity of various parameters
used for diagnosing early glaucoma. Another limitation is the
use of antiglaucoma medications in the early glaucoma patients
and suspect cases. Different classes of topical antiglaucoma
medicines can affect the retinal VDs. In addition, the use of
antihypertensive medications in hypertensive patients may
have been a confounding factor. Ocular blood flow and ocular
perfusion pressure have been shown to be dysfunctional
in systemic hypertension. VF parameters tend to improve
once the patient is familiar with the test. Multiple tests (>2)
could not be performed for all patients, and unfortunately,
not all patients could undergo the 10-2 VF testing due to the
existing coronavirus disease pandemic. We have taken a signal
strength of > 6; but a higher signal strength has been correlated
to apparent increase in RNFL thickness. Adjustment of signal
strength can be done in future studies. A longitudinal study
design with a larger sample size may be better suited to confirm
the cause—effect relationship of vascular changes and structural
damage.

Conclusion

In conclusion, our study showed that OCTA parameters
are deranged very early in the disease, and that vascular
parameters had a good correlation with structural damage,
both at the disc and the macula. OCT showed a relatively
higher specificity for glaucoma diagnosis compared to OCTA,
although itis still an important armament in the early diagnosis
of glaucoma when combined with OCT.
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