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Introduction: There has been a growing interest in the role of vascular

factors in glaucoma. Studies have looked at the characteristics of macular

choriocapillaris in patients with glaucoma but with conflicting results. Our

study aims to use swept-source optical coherence tomography angiography

(SS-OCTA) to evaluate macular choriocapillaris metrics in normal participants

and compare them with patients with early primary open-angle glaucoma

(POAG) (mean deviation better than −6dB).

Methods: In this prospective, observational, cross-sectional study, 104 normal

controls (157 eyes) and 100 patients with POAG (144 eyes) underwent

3 mm × 3mm imaging of the macula using the Plex Elite 9000 (Zeiss Meditec,

Dublin, CA, USA). Choriocapillaris OCTA images were extracted from the

device’s built-in review software and were subsequently evaluated for the

density and size of choriocapillaris flow deficits.

Results: After adjusting for confounding factors, the density of flow deficits

was independently higher in those aged 53 years and above (P ≤ 0.024)

whereas the average flow deficit size was significantly larger in those aged

69 years and above (95% CI = 12.39 to 72.91; P = 0.006) in both normal and

POAG patients. There were no significant differences in the density of flow

deficits (P = 0.453) and average flow deficit size (P = 0.637) between normal

and POAG participants.
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Conclusion: Our study found that macular choriocapillaris microvasculature

on SS-OCTA is unaltered by subjects with POAG. This suggests that OCTA

macular choriocapillaris may not be potentially helpful in differentiating early

glaucoma from healthy eyes.

KEYWORDS

primary open-angle glaucoma, choroid, choriocapillaris, swept-source optical
coherence tomography angiography, glaucoma

Introduction

Glaucoma is an optic neuropathy associated with
progressive loss of retinal ganglion cells and their axons,
with resultant structural changes at the optic nerve head
(ONH) (1). The ONH is believed to be the primary site
of damage in glaucoma and disruption of its blood flow
and the surrounding peripapillary retina is believed to
play a role in its pathogenesis (2, 3). Deeper structures of
the ONH, such as the lamina cribrosa, and the choroid,
share the same blood supply (posterior ciliary artery) (4,
5), and various studies have reported abnormal choroidal
blood flow parameters in patients with glaucoma (6–10).
Evaluation of choroidal hemodynamics was challenging
with previous imaging modalities such as fluorescein
angiography (11), indocyanine green angiography (12),
and laser doppler flowmetry (9). This was due to the
invasive nature of tests (6), an inability to differentiate
choroidal vascular layers (6, 9, 13), and the inability
to have reproducible, quantitative measurements (13).
Fortunately, with the arrival of optical coherence tomography
angiography (OCTA) (14–16), a non-invasive imaging
modality that allows the quantitative assessment of the
microcirculation of the choroid, vascular layers of the
choroid can be better examined and it has become
possible to assess macular choriocapillaris circulation
in patients with glaucoma. In addition, in cases where
evaluation of the ONH is challenging due to anatomical
features of the optic disc, OCTA may serve as an
additional diagnostic tool to detect early glaucoma by
assessing the disruptions of macular choriocapillaris
in these patients.

Studies examining the macular choroidal circulation
using OCTA are, unfortunately, limited with conflicting
results in subjects with glaucoma (17–20). Chao et al. used

Abbreviations: ANOVA, analysis of variance; DBP, diastolic blood
pressure; GEE, generalized estimating equations; NTG, normal tension
glaucoma; OCTA, optical coherence tomography angiography; ONH,
optic nerve head; POAG, primary open-angle glaucoma; RPE, retinal
pigment epithelium; SD-OCTA, spectral domain optical coherence
tomography angiography; SBP, Systolic blood pressure; SS-OCTA,
swept-source optical coherence tomography angiography.

spectral domain optical coherence tomography angiography
(SD-OCTA; Angiovue, Optovue Inc., Bayview, CA, USA)
to evaluate macular circulation in patients with glaucoma
[18 eyes with open angle glaucoma, 14 with normal tension
glaucoma (NTG), ocular hypertension (OHT) (18 eyes)]
and healthy subjects and did not find any difference in
choriocapillaris perfusion between groups (17). Similarly,
Milani et al. examined healthy individuals and patients
with POAG (39 eyes) and OHT (43 eyes) using SD-
OCTA (XR Avanti device with the AngioVue imaging
system) and did not find any significant differences in
macular choriocapillaris flow perfusion area between
groups (18). On the other hand, Yip et al. carried out a
cross-sectional study on healthy subjects and glaucoma
subjects (15 eyes with POAG, 14 with NTG, 1 Juvenile
open angle glaucoma, and 2 eyes with angle closure
glaucoma) using SD-OCTA (XR Avanti with Angiovue
imaging system and novel in-house developed software
to determine vessel density) and found a reduction in
microvascular density of the macula and optic disc in
glaucoma patients compared with healthy controls (20).
Lastly, Tepelus et al. used swept source (SS)-OCTA (Plex
Elite 9000, Zeiss Meditec, Dublin, CA, USA) and reported
lower choriocapillaris perfusion density in NTG patients
(49 eyes) when compared to normal subjects (40 eyes) (19).
It is not clear whether the variations seen in these studies
were due to imaging modality differences (SS-OCTA vs. SD-
OCTA) or the discrepancies in study design (small sample
size of < 35 subjects), pathological subgroup (i.e., POAG,
NTG, OHT), and analytical method (frequency matching
by age or statistical adjustments of confounding factors
such as age, glaucoma severity, and signal strength), thus
making direct comparisons between normal and glaucoma
eyes challenging.

Therefore, we evaluated the macular choriocapillaris metrics
using SS-OCTA Plex Elite 9000 in healthy participants and
individuals having early primary open-angle glaucoma (POAG).
Clinically, there is an interest to detect glaucoma in the earlier
stages to enable timely treatment and to minimize the risk
of irreversible visual field loss. Hence OCTA may act as an
additional diagnostic tool that can assess damage to the macular
choriocapillaris vasculature in glaucoma patients.
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Materials and methods

Participants

In this prospective cross-sectional study, participants aged
21 years and older (21–99 years old) were consecutively
recruited from the Singapore National Eye Centre, a tertiary
eye care institution in Singapore, between July 2018 to
May 2021. This study was approved by the SingHealth
Centralized Institutional Review Board, Singapore (protocol
number R1500/83/2017) and conducted in accordance with the
Declaration of Helsinki, with written informed consent obtained
from all participants.

Patients with early primary open-angle glaucoma (POAG)
patients were defined by the following criteria during an
ophthalmic examination: presence of glaucomatous optic
neuropathy (defined as loss of neuroretinal rim with a
vertical cup: disc ratio of > 0.7 or an inter-eye asymmetry
of > 0.2 and/or notching attributable to glaucoma) with
compatible and reproducible visual fields in standard
automated perimetry (glaucoma hemifield test outside
normal limits) with mean deviation (MD) better than
-6dB (21), open angles on gonioscopy, and absence of
secondary causes of glaucomatous optic neuropathy (22,
23). Normal controls were individuals who did not have
clinically relevant eye conditions, such as glaucoma, age-
related macular degeneration, diabetic retinopathy, and
ocular vascular occlusive disorders, diabetes and other
causes of neuro-ophthalmic disease (24). POAG patients
were on the following intra-ocular pressure lowing eye
drops: prostaglandin analogs (latanoprost, bimatoprost,
travoprost, tafluprost), beta blockers (timolol), alpha-2
adrenergic agonists (brimonidine), and carbonic anhydrase
inhibitors (brinzolamide).

Ocular examinations

Participants underwent auto-refraction-keratometry
(Canon RK-5 Autorefractor Keratometer; Canon Inc.,
Tokyo, Japan) and intra-ocular pressure measurement
using airpuff tonometer at the Singapore Eye Research
Institute. Spherical equivalent was calculated as the spherical
value plus half of the negative cylinder value. Central
corneal thickness was measured using an ultrasound
pachymeter (Advent; Mentor O & O Inc., Norwell, MA,
USA); the mean of the five measurements were used for
analysis (25).

Demographic data, medical history (e.g., diabetes and
systemic hypertension), ocular history (e.g., eye diseases)
and medication use were collected from all participants
using a detailed interviewer-administered questionnaire.
A digital automatic blood pressure monitor (Dinamap

model Pro Series DP110X-RW, 100V2; GE Medical Systems
Information Technologies, Inc., Milwaukee, WI, USA)
was used to measure systolic and diastolic blood pressures
(SBP, DBP) after subjects were seated for at least 5 min
(26). Blood pressure was measured twice, 5 min apart.
If the previous 2 SBP readings differed by more than
10 mmHg or the DBP by more than 5 mmHg, a third
measurement was then taken.

Imaging acquisition

During the same visit, participants underwent 3 mm × 3mm
macular-centered imaging using SS-OCTA (Plex Elite 9000;
Version 1.7; Carl Zeiss Meditec). Both eyes of each participant
were imaged after pharmacological dilation (Tropicamide 1%).
To ensure high quality images were taken, all images were
obtained by a trained ophthalmic photographer (HQ) and
acquisitions were repeated multiple times. Each scan consisted
of four repeated volumes of 300 cross-sectional images, and each
image consisted of 300 A-scans (27).

Imaging analysis

Quality of OCTA scans were reviewed by one trained
grader who was masked to the participant’s characteristics.
Poor quality scans were defined as having any of the following
characteristics: (i) poor signal strength (index < 6), (ii)
poor clarity (i.e., blurred vessels), (iii) significant motion
artifacts visible as irregular vessel patterns on the en-
face angiogram, (iv) segmentation error, or (v) local
weak signal caused by artifacts such as floaters (28). Both
eyes were included in the study only if both met the
eligibility criteria.

Choriocapillaris OCTA images, spanning from 31 µm below
the retinal pigment epithelium (RPE) to 40 µm below the RPE,
were extracted from the built-in review software (Carl Zeiss
Meditec, Inc., Dublin, CA, USA) (29). These OCTA images
were subsequently loaded into a customized MATLAB (The
MathWorks Inc., Natick, MA, USA) algorithm that evaluates the
density of flow deficits in the choriocapillaris automatically (30).
The algorithm comprises of the following steps (Figure 1): (i)
binarization of flow deficits in the choriocapillaris OCTA image
by setting a threshold that is 1.5 standard deviation below the
mean intensity of the image; (ii) dilation of the foveal avascular
zone (FAZ; segmented via a trained U-Net prior to analysis)
in the superficial retinal plexus by 800 µm to generate a mask
that indicates the region to be analyzed; (iii) application of the
mask on the binarized flow deficit image; (iv) computation of
choriocapillaris flow deficit density as the percentage of flow
deficit area per total imaged area in the region of interest, and
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FIGURE 1

The framework of choriocapillaris OCTA image processing. Raw choriocapillaris OCTA image extracted from the OCTA machine (A) was
binarized with a threshold of 1.5 standard deviation below the mean intensity of the image to segment flow deficits (B). Foveal avascular zone
(FAZ) segmented from the raw superficial retinal plexus OCTA image was dilated by 800 µm (D) to generate a mask (E) that indicates the region
to be analysed. The mask (E) was applied to the segmented flow deficits (B) to generate the final flow deficit image (C) where the density and
size of flow deficits were computed.

flow deficit size (µm2) as the total flow deficit area divided by
the total number of flow deficits in the region of interest.

Statistical analyses

Primary outcome was the density and size of choriocapillaris
flow deficits. Shapiro–Wilk test was used to assess the
normality of the distribution of the continuous variables. We
compared the variables between groups using one-way analysis
of variance (ANOVA) for normally distributed continuous
variables or Kruskal–Wallis equality-of-populations rank test
for non-normally distributed continuous variables and with
Chi-square tests or Fisher’s exact tests for categorical variables.
We determined the strength of the correlation between
choriocapillaris flow deficits and blood pressure using Pearson
correlation coefficient, where r value less than 0.3, between 0.3
and 0.5, and greater than 0.50 indicate small, moderate, and
strong correlation, respectively (31). To analyze correlated eye
data, multivariable linear regression analysis with generalized
estimating equations (GEE) was performed to assess the
effect of age (performed only in normal controls) and eye
diseases (independent variables) on density or size of the
choriocapillaris flow deficit (dependent variable), adjusting
for potential confounders such as diabetes, hypertension,
intraocular pressure, axial length, and signal strength of scans.
Since the recruited patients come from an ongoing, existing
study consisting of glaucoma patients and normal controls,
we did a post hoc power calculation to evaluate the statistical
power of the existing study (n = 100 glaucoma cases vs. 104
controls) using the means and standard deviations derived from

the current study. For choriocapillaris density (9.06 ± 0.14%
vs. 8.90 ± 0.13%), using an alpha error of 5%, we would
have a post hoc power of 100%. For size, using 283 ± 5 µm2

vs. 287 ± 7 µm2, we would have a post hoc power of
100%.1 P-value < 0.05 was considered statistically significant.
Data were analyzed with statistical software (STATA, version
16; StataCorp LP).

Results

Of the 235 participants recruited for the study, 31 (13.2%)
were excluded because of poor quality OCTA images. This left
104 normal controls and 100 glaucoma subjects for analysis.
The median (interquartile range) age was 59.0 (11.5) years for
normal controls and 62.0 (12.0) years for glaucoma patients.
Patients with glaucoma had significantly lower intraocular
pressure, longer axial length, and scans of lower signal strength
(Table 1). Glaucoma patients were also more likely to have
diabetes and hypertension than normal controls (P < 0.001).

There was marginal positive correlation between
choriocapillaris characteristics and systolic blood pressure
(density: r = 0.050, P = 0.411; size: r = 0.007, P = 0.898).
Among the POAG patients, 12% (12 patients) were not on any
form of glaucoma medications (five were post-cataract and
trabeculectomy surgery, two were patients with stable NTG
and not on treatment, two had poor adherence to medications
and were not using medications at point of recruitment, and

1 https://clincalc.com/stats/Power.aspx
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TABLE 1 Comparison of demographics, systemic, and ocular characteristics between normal control and primary open angle glaucoma patients.

Normal control Early POAG *P-value

Number of participants 104 100

Age, years 59.0 (11.5) 62.0 (12.0) 0.134

Gender, Male 51 (49.0) 53 (53.0) 0.572

Ethnicity, Chinese 91 (87.5) 87 (87.0) 0.287

Diabetes 0 (0) 24 (24.0) < 0.001

Hypertension 2 (1.9) 40 (40.0) < 0.001

Systolic blood pressure, mmHg 136.3 (18.6) 129.9 (25.7) 0.093

Diastolic blood pressure, mmHg 76.5 (14.6) 74.8 (14.8) 0.339

Number of eyes 157 144

Intraocular pressure, mmHg 17 (5) 14 (4) < 0.001

Axial length, mm 24.11 (1.71) 24.81 (2.17) < 0.001

Visual field mean deviation (MD), dB – −2.40 (1.66) –

Signal strength of scans† 9.15 ± 0.64 8.85 ± 0.93 0.004

Data are number (%), mean ± standard deviation (SD), or median (interquartile range), as appropriate.
*Test for differences between groups, based on one-way analysis of variance (ANOVA) for normally distributed continuous variables or Kruskal–Wallis equality-of-populations rank test
for non-normally distributed continuous variables and with Chi-square tests or Fisher’s exact tests for categorical variables.
†1 represents poor scan quality while 10 represents high scan quality. dB, decibels; POAG, primary open angle glaucoma. Bold values denote statistical significance at the P < 0.05 level.

three were not started on medications yet). For the remaining
88%, 57% were on one medication, and 31% were on two or
more types. Amongst the patients using glaucoma medications,
75% were using prostaglandin analogues, 25% beta blockers,
18% alpha-2 adrenergic agonists, and 7% carbonic anhydrase
inhibitors. Neither number of glaucoma medications nor types
of glaucoma medications were associated with choriocapillaris
characteristics (P ≥ 0.05).

The multivariable linear regression modeling of associations
of choriocapillaris density and size with normal aging
and glaucoma, while controlling for diabetes, hypertension,
intraocular pressure, axial length, and signal strength of scans
are as shown in Table 2. Persons who were in the older age
groups (53–82 years old) tended to have more flow deficits
as compared to those in the youngest age group (P ≤ 0.24).
In terms of the average flow deficit size, it was significantly
larger in the oldest age group (P < 0.001) whereas it appeared
similar for those aged 53–68 years old (P ≥ 0.237) when
compared to the youngest group (42–52 years old). Specifically,
the oldest group (69–82 years old) had 1% higher density of
flow deficits in the choriocapillaris (95% CI = 0.34 to 1.65;
P = 0.003) that were also 42.65 µm2 larger in size (95%
CI = 12.39 to 72.91; P = 0.006) than those in the youngest age
group. In contrast, the density (P = 0.453) and size (P = 0.637)
of flow deficits in the choriocapillaris were similar between
POAG and normal participants. Figure 2 shows representative
OCTA images taken from normal controls of different age
groups and glaucoma patients and illustrates the above findings,
highlighting the increasing size of choriocapillaris flow deficit
density with age. There were no differences in the density and
size of choriocapillaris flow deficit between POAG patients and
normal controls. Figure 3 is a graphical representation of the

general increment of choriocapillaris flow deficits in terms of
its density and size with age in both glaucoma patients and
normal controls. There was a statistically significant difference
in choriocapillaris flow deficit density in patients aged 53 years
and older compared to the reference age group (all P ≤ 0.024).
When comparing the average flow deficit size, the average flow
deficit size was significantly larger only in those aged 69 years
and above (P = 0.006) in both normal controls and glaucoma
patients.

Discussion

In our study, we used SS-OCTA to examine macular
choriocapillaris in normal and early POAG participants. After
adjusting for relevant confounding factors such as diabetes,
hypertension, intraocular pressure, axial length, and signal
strength of scans, we found that older patients were more likely
to have less perfused choriocapillaris (e.g., larger sized flow
deficits) as compared to younger patients. In contrast, we did
not find any significant differences in macular choriocapillaris
features between normal and early POAG participants.

Ours is the largest study to date demonstrating that flow
patterns in the macular choriocapillaris is not altered in early
glaucoma. The current study had a statistical power of 100%
to detect a minimal difference of 0.17% for density and
−4.56 µm2 for size, between glaucoma cases and normal
controls. Previous smaller studies (with ≤ 35 subjects in each
group) either found a difference (20) in choriocapillaris in
glaucoma subjects, or none (17, 18). When small sample
size is used, the study may have low statistical power and
hence carry a risk that observations occur due to chance. Our
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TABLE 2 Multivariable linear regression modeling of the association between normal aging, primary open angle glaucoma and
choriocapillaris flow deficits.

Flow deficit density (%) Average flow deficit size (µ m2)

Characteristic β 95% CI *P-value β 95% CI *P-value

Normal aging

Age quintile, years

42–52 (n = 35 eyes of 22 patients) Reference Reference

53–57 (n = 36 eyes of 23 patients) 0.81 0.13 to 1.49 0.019 15.52 −13.30 to 44.33 0.291

58–61 (n = 32 eyes of 19 patients) 0.71 0.16 to 1.27 0.012 16.66 −10.93 to 44.25 0.237

62–68 (n = 31 eyes of 20 patients) 0.71 0.09 to 1.32 0.024 15.45 −12.59 to 44.47 0.280

69–82 (n = 23 eyes of 20 patients) 1.00 0.34 to 1.65 0.003 42.65 12.39 to 72.91 0.006

Eye diseases

Normal (n = 157 eyes of 104 patients) Reference Reference

Early POAG (n = 144 of 100 patients) 0.17 −0.27 to 0.60 0.453 −4.56 −23.60 to 14.44 0.637

*Adjusted for diabetes, hypertension, intraocular pressure, axial length, and signal strength of scans. Bold values denote statistical significance at the P < 0.05 level. β, beta coefficient; CI,
confidence interval; NA, not applicable; POAG, primary open angle glaucoma. Bold values denote statistical significance at the P < 0.05 level.

FIGURE 2

Representative choriocapillaris OCTA 3 × 3 mm2 images (A,C,E,G) and their corresponding color-coded maps (B,D,F,H). The density and
average size of choriocapillaris flow deficits (FD) in normal controls increases with age, where it is 8.4% and 260 µm2 in the 44-year-old subject
(A,B), followed by 8.8% and 286 µm2 in the 61-year-old subject (C,D), and highest at 9.2% and 322 µm2 in the 71-year-old (E,F). Similar density
and average size of choriocapillaris FD can be seen in a 72-year-old patient with mild primary open angle glaucoma (POAG; visual field mean
deviation of −2.85 dB; G and H; 9.0% and 316 µm2) and a 71-year-old normal control (E,F; 9.2% and 322 µm2).

study is adequately powered with 104 normal controls and
100 glaucoma patients. There was a tendency for a difference
between glaucoma patients and normal controls at all ages
(Figure 3). It is likely that this difference could become
significant as OCTA technology advances and higher quality
images can be obtained. On the other hand, while larger studies
detect tiny or small associations, these findings may not be
clinically important or relevant in improving the detection of
early glaucoma.

Apart from the small sample size, earlier studies did not
account for relevant confounding factors (32), such as axial
length (17) and signal strength of scans (17, 18, 20) which

are well-known to affect OCTA metrics. Another potential
discrepancy is the severity of glaucoma as the differences
in choriocapillaris flow deficits may be more prominent in
more advanced glaucoma. In the paper by Yip et al. (20) the
mean deviation of glaucoma subjects was −11.07 (±8.25) dB,
suggesting that the study may have had patients with more
moderate-severe glaucoma, whereas our POAG participants had
early glaucoma (visual field mean deviation score of −2.40
(± −1.66) dB.

By allowing in-depth assessment of the choroidal circulation
in a non-invasive manner, SS-OCTA has improved our
understanding of ocular circulation and its role in the

Frontiers in Medicine 06 frontiersin.org

https://doi.org/10.3389/fmed.2022.999167
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-999167 September 15, 2022 Time: 16:19 # 7

Lun et al. 10.3389/fmed.2022.999167

FIGURE 3

Relationship between the choriocapillaris (A) flow deficit density (%) and (B) average flow deficit size (µm2) in normal controls (light grey bars)
and patients with early primary open angle glaucoma (POAG; dark grey bars), stratified by age groups. Choriocapillaris flow deficit density was
evidently higher in those aged 53 years and above (all P ≤ 0.024) whereas the average flow deficit size was significantly larger in those aged 69
years and above (P = 0.006) in both normal and glaucoma patients. There were no differences in the choriocapillaris characteristics between
normal and glaucoma patients. Asterisks mark significant differences in reference to the youngest age group according to multivariable linear
regression analysis with generalized estimating equations (GEE) adjusted for diabetes, hypertension, intraocular pressure, axial length, and signal
strength of scans.

pathogenesis of eye diseases, including glaucoma (14, 15, 33).
The use of SS-OCTA to study choriocapillaris hemodynamics
seems to be more advantageous compared to the use of SD-
OCTA in previous studies (17, 18, 20). Compared to SD-
OCTA, SS-OCTA uses a longer wavelength (1050 nm) which
allows deeper penetration and enhanced imaging of choroidal
structures (33). For a given acquisition time, the faster image
acquisition of SS-OCTA also enables scan patterns to be denser
and of a larger area compared with SD-OCT scans (34, 35).
One possible explanation as to why the macular choriocapillaris
is unaffected in early POAG is that glaucoma is characterized
by the progressive loss of retinal ganglion cells (RGCs), and

these cells receive their blood supply from the superficial
vascular complex (36) whereas the choriocapillaris supplies the
outer retina. On the other hand, in the SS-OCTA study by
Tepelus et al. (19) involving 22 NTG patients, eyes with NTG
demonstrated lower macular choriocapillaris flow deficit density
compared to normal eyes. Unlike POAG, where IOP is the main
risk factor, progression of NTG is multifactorial and not solely
IOP dependent (37). The vascular theory behind NTG offers
a possible explanation for this difference in findings between
the two groups. Vascular factors have been hypothesized to
contribute to the development and progression of glaucoma (2).
It is believed that these factors are especially significant in NTG

Frontiers in Medicine 07 frontiersin.org

https://doi.org/10.3389/fmed.2022.999167
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-999167 September 15, 2022 Time: 16:19 # 8

Lun et al. 10.3389/fmed.2022.999167

patients, where optic nerve damage is believed to be a result of
vascular dysregulation and poor blood supply (16, 38–40).

Our finding on the impact of normal aging on the macular
choriocapillaris is in line with previous studies (41–45). Cheng
et al. (41) found that a higher density of choriocapillaris
flow deficits was associated with older age among 830 healthy
Chinese individuals who were imaged using SS-OCTA. This was
also reported by Zheng et al. (42) where the density increased
with age, with greatest increase seen in the central 1 mm
region of the macula. Similarly, Fujiwara et al. (43) reported
a significant negative relationship between vascular density
of the choroid and subjects’ age in 163 healthy volunteers.
These findings are also consistent with histopathological
studies by Ramrattan et al. (46) who showed decreased
choriocapillaris density with age. The reason for these age-
dependent changes of the choriocapillaris, however, is still not
clear. The age-related loss of choriocapillaris flow deficit features
should be carefully considered when estimating disease-related
choriocapillaris changes.

Strengths and limitations

The strengths of our study include sufficient study sample
size of normal and early POAG participants, use of the SS-OCTA
device, and accounting of a comprehensive list of potential
confounding factors. Conversely, we recognize the limitations of
our study. Our study did not include other glaucoma subtypes.
It will be useful to study macular choriocapillaris differences
between NTG and POAG patients, especially given the role
of vascular factors in NTG pathogenesis as discussed above.
Also, our study did not include moderate-severe glaucoma
given our intention was to assess whether the OCTA-based
vascular metrics of the macular choriocapillaris may offer an
additional diagnostic tool to discriminate early glaucoma from
normal controls.

Conclusion

In conclusion, the macular choriocapillaris density
with SS-OCTA is affected by normal aging but unaffected
by early POAG. Our findings suggest that the macular
choriocapillaris perfusion appear to be unaffected by POAG
mechanism and may not be a helpful OCTA diagnostic option
for early glaucoma.
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