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ABSTRACT

Introduction: Monitoring and diagnosing glaucoma until 2017 included funduscopy, IOP mea-
surements, gonioscopy, pachymetry, as well as visual field tests, optical coherence tomography
(OCT) and optical coherence tomography angiography (OCT-A). Radial peripapillary capillaries
(RPC) can be observed by fluorescein angiography, as well as histologically - superficial and
deep capillary layer. Aim: To correlate density of radial peripapillary capillary network (RPC)
and retinal nerve fiber layer (RNFL) thickness in eight peripapillary segments in patients with
a primary open angle glaucoma (POAG) which have the disease under 10 years of duration,
over 10 years of duration and in a group of healthy patients. Methods: This is a cross-sectional
review which included three groups of patients: POAG patients under 10 years of disease du-
ration, over 10 years of disease duration and control group of patients. The study is performed
on the commercial optical coherence tomography angiography system (AngioVue, Avanti RT-
Vue-XR, Optovue, CA). Sectoral RPC density values, RPC maps and RNFL thickness were
analyzed in three groups of patients, data was compared and correlation between parameters
was examined. Results: Mean RPC Density values in both superior segments (S1, S2) were
significantly lower in patients with glaucoma over 10 years of disease duration compared to
patients with glaucoma under 10 years of disease duration (p<0.05). Statistically significant
positive correlation was established between RNFL thickness and RPC density in all eight
peripapillary segments. Conclusion: Analysis of radial peripapillary capillary network densi-
ty on optical coherence tomography angiography may provide an earliest functional sign of
progressive optic nerve disease and new insights into the pathophysiology of glaucomatous
damage.

Keywords: Glaucoma, Primary Open Angle Glaucoma, Radial Peripapillary capillaries, Opti-
cal Coherence Tomography Angiography, Peripapillary Capillary Density Maps.

1. INTRODUCTION

Monitoring and diagnosing glaucoma until 2017 included funduscopy, IOP
measurements, gonioscopy, pachymetry, as well as visual field tests, optical
coherence tomography (OCT) and optical coherence tomography angiogra-
phy (OCT-A). Radial peripapillary capillaries (RPC) can be observed by flu-
orescein angiography, as well as histologically - superficial and deep capillary
layer (1).

RPC is a unique vascular plexus from the inner limiting membrane (ILM)
to the posterior boundary of the RNFL, the capillaries run along relatively
long straight paths and are limited to the posterior pole where they seem to
be associated highly with the superficial nerve fibers (2).

Peripapillary capillary density (PCD) maps enable a custom image analysis
that provides qualitative and quantitative analysis of perfused peripapillary
capillaries. In PCD maps we can analyze capillary density through colors,
where the warm colors (yellow, orange and red) present regular, dense RPC,
while cold colors, such as light and dark blue, reflect loss of RPC and isch-
aemia (3).

In POAG, segments with decreased RNFL thickness show lower peripapil-
lary capillary density on PCD maps, while in patients with descendent optic
nerve atrophy, lower peripapillary capillary density can be present before the
decrease of RNFL thickness in correspondent segment appears. Decreased
PCD may be the earliest sign of progressive optic nerve damage (4).
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2. AIM

The aim of the study is to correlate RPC density val-
ues and retinal nerve fibre layer (RNFL) thickness in
eight peripapillary segments in patients with a primary
open-angle glaucoma (POAG) who have disease under
10 years, over 10 years and in a group of healthy patients.

3. METHODS

In this cross-sectional review, three groups of pa-
tients were enrolled: POAG patients under 10 years of
disease duration, patients with POAG for over 10 years
and control group of healthy individuals without any
signs and symptoms of glaucoma. First group of patients
with POAG under 10 years of disease duration count-
ed 26 patients in total, 6 of which male and 20 female.
In second group with over 10 years of POAG disease
there were 20 patients, 11 of which male and 9 female.
Control group counted 24 individuals in total, 10 males
and 14 females. First group was 61,0 average years of age
(51,75-70,0 years), second group was 72,5 years of age
(61,5-76,25 years). Control group was of 50 years of age
(29,5-61,0 years).

Patients were scanned on a commercial optical coher-
ence tomography angiography (OCT-A) system (An-
gioVue, Avanti RT Vue-XR, Optovue, CA). We measured
and analyzed sectoral perfused capillary density values,
PCD maps. Also, OCT RNFL thickness were analyzed
between groups and data was compared.

Inclusion criteria for the study were: male and female
older than 18, patients with confirmed diagnosis of
POAG more or less than 10 years.

Exclusion criteria for the study were: younger than 18,
acute ocular pathology, patients with previous ocular
surgery, pregnancy, high myopia, amblyopia.

Statistical analysis

Results were analyzed using standard statistical
methods, using SPSS computer software for statistical
analysis (SPSS Statistical Package for Social Sciences)
version 13.0. Results are presented as median and inter-
quartile range (25-75 percentile), as mean + SEM, and
as percentage value (%). To test the significance of the
difference in deviation from the normal distribution,
Kolmogorov-Smirnov test was used. The results are an-
alyzed by appropriate non-parametric tests (Wilcoxon
and Friedman Tests). Values of p<0,05 are considered as
statistically significant, and values of p<0,001 as statisti-
cally highly significant.

4. RESULTS

RNFL thickness was significantly lower (p<0,001)
in patients with glaucoma more than ten years (RNFL
thickness = 77.8 + 4.1 um) compared to glaucoma less
than ten years (RNFL thickness = 87.9 + 3.1 um) and
control group (RNFL thickness = 108.04 + 1.9 pum).

Mean RPC density values in both superior segments
(S1, S2) were significantly lower (p<0,05) in patients
with glaucoma over ten years of duration, compared to
patients with glaucoma less ten years of disease dura-
tion. There was no statistically significant difference in
other parameters between other groups.
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Figure 1. RNFL in patients with Glaucoma<10 years, Glaucoma>10
years and Control group; *p<0.001 compared with Glaucoma<10 years
and Control group; ** p<0.05 compared to Glaucoma<10 years; RNFL —
retinal nerve fibre layer
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Picture 1. PCD maps, left eye: A. Peripapillary capillary vessel density in
quadrants; B. RNFL thickness in quadrants; S — superior quadrant, | —
inferior quadrant, T — temporal quadrant, N — nasal quadrant

Glaucoma<10 years Glaucoma>10 years

RPC (%) (n=26) (n=20) p value
RPCS1  44.0(41.75-48.5) 40.5(20.0-46.0) 0.032
RPCS2  54.0(45.75-55.0) 48.0(34.25-51.75) 0.033
RPC 12 52.0 (46.5 - 57.25) 445(38.5-53.75)  0.055
RPCN2  45.0(38.75-48.25) 44.0(36.25-47.0) 0.340
RPCT1  55.0(50.75-57.25) 53.0 (44.5 - 56.0) 0.131
RPCT2  53.0(47.75-55.0) 49.0 (43.0-53.0) 0.172
RPCN1  44.0(41.5-49.25) 45.5(30.0 - 48.0) 0.346
RPCI1 44.5(38.75-51.25)  43.0(37.5-48.0) 0.399

Table 1. RPC Density by segments in patients with Glaucoma > 10
years and patients with Glaucoma < 10 years; S — superior quadrant,

| — inferior quadrant, T — temporal quadrant, N — nasal quadrant; RPC
— radial peripapillary capillaries

A significant positive correlation between RNFL
thickness and RPC Density was found in all segments.
High positive significance (p<0,001) was found between
RNFL thickness and RPC density in both parts of nasal
quadrant.

A significant positive correlation was found between
RNFL thickness and RPC Density in all analyzed seg-
ments, except in inferior (I1), which was non significant.
High positive significance (p<0,001) was found between
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RPC (%) RNFL (um)

RPC N2 rho=0.726 p<0.001
RPCN1 rho=0.639 p<0.001
RPC 12 rho=0.614 p=0.001
RPC S1 rho=0.600 p=0.001
RPCI1 rho=0.550 p=0.004
RPC S2 rho=0.478 p=0.014
RPC T2 rho=0.471 p=0.015
RPCT1 rho=0.405 p=0.04

Table 2. Correlation between RNFL and RPC Density in patients with
glaucoma less than ten years disease duration; S — superior quadrant,
| — inferior quadrant, T — temporal quadrant, N — nasal quadrant; RPC
— radial peripapillary capillaries; RNFL — retinal nerve fibre layer

RPC (%) RNFL (um)

RPC S2 rho=0.719 p<0.001
RPCT1 rho=0.706 p<0.001
RPCS1 rho=0.654 p=0.002
RPC 12 rho=0.610 p=0.004
RPC N2 rho=0.549 p=0.01
RPCN1 rho=0.514 p=0.02
RPCT2 rho=0.512 p=0.02
RPCI1 rho=0.423 NS

Table 3. Correlation between RNFL and RPC Density in patients with
glaucoma more than ten years disease duration; S — superior quadrant,
| — inferior quadrant, T — temporal quadrant, N — nasal quadrant; NS

— nonsignificant; RPC — radial peripapillary capillaries; RNFL — retinal
nerve fibre layer

RNFL thickness and RPC density in superior (S2) and
temporal (T1) segments.

5. DISCUSSION

So far, only small number of studies compared OCT-A
metrics such as RNFL and RPC across POAG disease
stages.

We found that RNFL thickness decreases across
POAG stages, as well as when compared to healthy sub-
jects. Also, RPC density values in superior sectors de-
crease with glaucoma development and advancement.
There was a positive correlation between RNFL thick-
ness and RPC Density in all sectors in both groups.

Holl6 G. (5) presented study in 2016, in which he ana-
lyzed vessel density and RNFL in three peripapillary sec-
tors in normal eyes, as well as in eyes with ocular hyper-
tension and POAG. He investigated also the relationship
between RNFL damage and peripapillary angio-flow
density (PAFD) in the superotemporal (ST), infero-
temporal (IT) and temporal (T) peripapillary sectors in
three groups. He concluded that in patients with glauco-
ma with RNFL defect in ST and IT sectors, the value of
PAFD declined to 32-45%. In comparison, PAFD value
was 60% in healthy eyes. In this study, we presented a
positive correlation between RNFL thickness and RPC
Density in S, I, N, T segments. Our results also showed
that RNFL thickness was significantly lower (p<0,001) in
patients with glaucoma more than ten years compared
to glaucoma less than ten years and control group.

Yarmohammadi et al. (6) conducted a study the same
year in which he investigated the connection between
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RNFL thickness and OCT-A retinal vasculature mea-
surements in 164 participants’ eyes - healthy eyes, glau-
coma-suspect eyes and glaucoma patients. Mean ves-
sel density had significantly lower values in open angle
glaucoma eyes, compared to healthy individuals and
glaucoma-suspect eyes (p<0,001). He found that OCTA
vessel density had similar diagnostic accuracy to RNFL
thickness measurements.

Mansoori T. et al. (7) presented a study in 2017 in
purpose to compare RPC density between healthy eyes
and patients with POAG, using OCTA. There were 76
participants enrolled, 52 of which healthy subjects and
24 of which with diagnosis of POAG. RPC density was
lower in inferotemporal (p=0,002) and superotemporal
(p=0,008) sectors in POAG group compared to healthy
controls, as well as corresponding focal RNFL defect.

During 2017, Geyman et al. (8) investigated peripap-
illary perfused capillary density (PCD) in patients with
POAG across stage of disease. In this cross-section-
al study, 60 eyes with POAG in different stages and 24
healthy eyes were enrolled. Their results showed that
PCD progressively decreases with POAG stage advance-
ment. Conclusion of this study was that proper PCD
analysis may be an useful tool in monitoring and follow-
ing patients with POAG across stages.

That is correlated to our study, where we found that
mean RPC density values in both superior segments (S1,
S2) were significantly lower in patients with glaucoma
over ten years of duration, compared to patients with
glaucoma less ten years of disease duration.

In the same year, Mansoori T. et al. (9) analyzed the
role of RPC density in the functioning of the RNFL in
only healthy eyes and demonstrated that there was sym-
metry in superior and inferior sectors, as well as at the
nasal and temporal poles.

In a retrospective study, Scripsema et al. (10) com-
pared perfused PCD in POAG, normal-tension glau-
coma (NTG) and normal patients, using OCTA. They
included 40 patients with POAG, 26 with NTG and 26
healthy patients. Later, they demonstrated that PCD in
POAG and NTG group was significantly lower com-
pared to normal patients (p<0,001 in both groups),
which was also in correlation with our results.

6. CONCLUSION

OCT-A offers insights into the perfusion status of the
peripapillary region by identifying perfused vessels and
quantifying the overall density of perfused vessels. Color
maps can easily identify regions of decreased perfused
vessel density. Visualization of perfused peripapillary
capillaries by the OCT-A becomes an attractive imaging
modality for assessing glaucoma and other optic nerve
head diseases. PCD maps and new angiography tech-
nologies may provide an earliest functional sign of pro-
gressive optic nerve disease and new insights into the
pathophysiology of glaucomatous damage.
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