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Abstract

Purpose To investigate the microvasculature in subzones of parapapillary atrophy (PPA) and their associated factors in
healthy myopic eyes using optical coherence tomography (OCT) angiography.

Methods The cross-sectional study included 55 healthy myopic eyes with PPA. The superficial radial peripapillary capillary
(RPC) and choroidal microvascular densities were delineated and measured in alpha, beta, and gamma zone PPA using OCT
angiography, respectively. The structural parameters including the width and area in each subzone and corresponding retinal
nerve fiber layer thickness were further measured. Statistical analysis was performed to explore the relationship between the
vascular and structural parameters.

Results The mean age and mean axial length of the participants were 27.55+5.72 years and 25.19 £ 1.08 mm. Among
alpha, beta, and gamma zone PPA, the beta zone showed the lowest RPC density, which was negatively correlated with the
area and width of beta zone (P < 0.05). The gamma zone showed the highest RPC density, which was positively correlated
with the retinal nerve fiber layer thickness of gamma zone (P <0.01). Compared with alpha zone, both gamma and beta
zones showed marked decrease of choriocapillaris. The beta zone showed a lower choroidal microvascular density than that
of gamma zone (P <0.01). Choroidal microvascular density in beta and gamma zones were negatively correlated with the
width of beta zone and gamma zone, respectively (P <0.01).

Conclusions Topographic differences on superficial RPC and choroidal microvasculature were found among the subzones of
PPA. A microcirculatory deficiency in beta zone PPA may exist in myopic eyes.

Introduction

Parapapillary atrophy (PPA) is a common clinical finding
surrounding the optic disc. PPA has been conventionally
differentiated into an alpha zone and a beta zone based on
its appearance on fundus photographs [1]. The alpha zone
was defined as irregular hyperpigmentation and hypo-
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pigmentation in peripheral area of PPA. The beta zone was
defined as visible large choroidal vessels and sclera between
the optic disc border and alpha zone. PPA has long been
suggested to be associated with glaucoma and myopia
[2-5]. However, the mechanism underlying PPA formation
and enlargement remains largely unknown.

The classic beta zone PPA has recently been categorized
into a new beta zone and a gamma zone based on
the location of the termination of peripapillary Bruch’s
membrane [6, 7]. The gamma zone was defined as the
peripapillary area free of Bruch’s membrane, and the new
beta zone was defined by the continued presence of Bruch’s
membrane and absence of retinal pigment epithelium
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(RPE). Mainly based on spectral domain OCT findings, the
new beta zone PPA was found to be associated with
the older age and the presence of glaucoma [7—-11], while
the gamma zone PPA was strongly correlated with axial
myopia and disc rotations around vertical and horizontal
axes [12-14].

Recent advances in OCT angiography enable visualization
and quantification of perfused vessels in different layers of
the retina and choroid in a fast, reliable, and noninvasive way
[15, 16]. Several studies have reported the microvascular
features of PPA in myopic and glaucomatous eyes using
OCT angiography [17-19]. To our knowledge, previous
studies addressing PPA-related vessel density used the
parameter of average peripapillary microvascular density.
Details of microvasculature in subzones of PPA have not
been elucidated yet, which may provide more specific and
direct evidence regarding the pathogenesis of PPA formation.
Therefore, the aim of the present study was to investigate the
superficial RPC and deep microvascular densities and their
associated factors in alpha, beta and gamma zone PPA of
myopic eyes using OCT angiography.

Materials and methods
Study participants

This study included 55 healthy myopic eyes from 55 adult
participants from Shanghai Eye & ENT Hospital of Fudan
University. All procedures of this study were in accordance
with the tenets of the Declaration of Helsinki for research
involving human subjects and under protocols approved by
the Ethics Committee of the Eye and ENT Hospital of
Fudan University, China. Written informed consents were
obtained from all participants.

All participants had no known ophthalmic diseases other
than myopia as determined by comprehensive ophthalmic
examinations. The recruitment criteria included normal
eyes, as determined by slit-lamp biomicroscopy, fundus
examination and OCT; best-corrected visual acuity of 16/20
or better; and intraocular pressure (IOP) of 21 mmHg or
lower. In addition, subjects were required to have a clear
delectability of PPA including the three subzones on fundus
photographs and/or B-scan OCT images. Exclusion criteria
included the following: (1) evidence of glaucoma, diabetic
retinopathy, other ocular, or systemic diseases which might
affect the ocular circulation; (2) a history of intraocular
surgery or ocular injury; (3) current or recent (within
2 weeks of measurements) use of an agent (by any
administering method) known to affect visual function; (4)
an anterior segment disorder or media opacity that affected
image quality. One eye of each participant was randomly
selected if both eyes have PPA.
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Axial length and central corneal thickness were mea-
sured by Lenstar (LS 900; Haag-Streit Diagnostics, USA).
IOP (Auto Tonometer TX-F; Topcon, Tokyo, Japan), pulse
rate, systolic and diastolic blood pressure (BP) were
recorded within 5 min after the OCT imaging. The mean
arterial pressure (MAP) and the ocular perfusion pressure
(OPP) were determined by the formula: MAP = DBP +
0.42 (SBP — DBP) and OPP = 2/3 MAP — IOP [20, 21].

OCT angiography scanning of the peripapillary area

OCT angiography, a spectral domain OCT (RTVue-XR
Avanti; Optovue, Fremont, CA, USA), was obtained to
image the peripapillary areas. To identify perfused vessels,
the volumetric scans were processed by the SSADA algo-
rithm. For each area, four volumetric raster scans, including
two in the horizontal priority (x-fast) and two in the vertical
priority (y-fast), were taken consecutively. After scan
acquisition, an orthogonal registration algorithm was used
to remove the motion artifacts and to merge the two-
dimensional scans into 3D OCT angiograms. In the current
study, images with significant motion artifact, segmentation
error, or signal strength index <60 were excluded. One eye
of each participant was examined and scanned twice during
the same visit.

The scans were acquired over a 4.5x4.5mm region
centered at the optic nerve head. Optic disc and peripapil-
lary regions were automatically segmented by the Angio-
Vue disc mode. In order to measure the density of
superficial peripapillary microvascular, the software auto-
matically identified the projection signal from the internal
limiting membrane to the retinal nerve fiber layer (RNFL) to
generate the RPC segment. Vessel density (%) was defined
as the proportion of measured area occupied by flowing
blood vessels in a particular region. After reviewing the
accuracy of the optic disc margin automatically fitted by the
software, the line was adjusted manually. Average peripa-
pillary vessel density was calculated in the region defined as
a 700-um-wide elliptical annulus extending outward from
the optic disc boundary on the RPC segment. In addition,
all participants underwent peripapillary RNFL thickness
measurements by Avanti spectral domain OCT using the
traditional ONH scans.

Analyses of microvascular density in subzones of
PPA

Based on B-scan OCT images and near-infrared reflec-
tance images, the alpha zone PPA was defined as Bruch
membrane with irregular RPE. The beta zone PPA was
defined as the presence of Bruch’s membrane without the
RPE, while the gamma zone PPA was characterized by the
absence of Bruch’s membrane as previously described [7].
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Table 1 Summary of
demographic and clinical
characteristics of participants.

Characteristics

Mean + SD (range)

Correlation with superficial peripapillary
vessel density (P value)

Peripapillary RPC density (%)
Gender (male: female)

Age (years)

IOP (mmHg)

Axial length (mm)

DBP (mmHg)

SBP (mmHg)

BP amplitude (mmHg)

MAP (mmHg)

OPP (mmHg)
Pulse rate (bpm)

Peripapillary RNFL
thickness (um)

61.80+3.59 (45.46-67.44) —
20:35
27.55+5.72 (22-49) 0.55
15.53 +1.98 (11.9-20.3) 0.15

0.068

25.19 £ 1.08 (23.09-27.99) 0.002
68.73 +8.33 (53-89) 0.25
111.96 £ 11.10 (90-147) 0.39
43.24£9.78 (27-71) 0.99
86.89+8.28 0.25

(71.96-105.82)
42.39+5.62 (30.26-55.35)  0.53
76.29 £9.67 (60-99) 0.67
100.89 = 8.03 (84-118)

0.002

IOP intraocular pressure, DBP diastolic blood pressure, SBP systolic blood pressure, BP blood pressure,
MAP mean arterial pressure, OPP mean ocular perfusion pressure, RNFL retinal nerve fibre layer.

After acquiring both en face and angiographic images of
the optic disc at the same position, the boundaries of the
optic disc, alpha zones, beta zone, and gamma zone PPA
were delineated on en face images according to the serial
B-scan images. The area and flow at the level of RPC in
delineated regions will be automatically reported by the
built-in software of RTVue-XR Avanti. The RPC density
(%) of selected subzones was calculated as the RPC flow
divided by area. We checked the automatic retinal seg-
mentation and manually adjusted the segmentation lines
of RNFL in the parapapillary gamma zone and beta zone
if necessary. The choroid microvascular density in beta
zone and gamma zone PPA was measured as previously
described [22]. Briefly, the large peripapillary vessels at
the angiographic images of choroid level were delineated
and excluded from further measurements. Beta zone
and gamma zone PPA were divided by the delineated
large peripapillary vessels into several small regions. The
choroidal microvascular density in each small region was
calculated and then averaged as the choroidal micro-
vascular density in beta zone and gamma zone PPA,
respectively.

Simultaneous visualization of B-scan images and en face
images were used in order to calculate the RNFL thickness
of alpha zone, beta zone, and gamma zone PPA. The
average RNFL thickness of the alpha zone, beta zone, and
gamma zone PPA were calculated as the corresponding area
divided by the width, respectively.

Measurements of the RPC density, choroidal micro-
vascular density, RNFL thickness, the area, and the width of
the alpha zone, beta zone, and gamma zone PPA were made
by two independent examiners (XH and KS). Averaged data
were used in the final analysis.

Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 22.0 (SPSS, Chicago, IL, USA). Data were expressed
as mean =+ standard deviation. The one-way analysis of
variance (ANOVA) and the Bonferroni-f test were used to
compare the differences among alpha zone, beta zone, and
gamma zone PPA. Linear regression analyses were per-
formed to analyse the effects of other independent para-
meters on the RPC density and choroidal microvascular
density. All P values were two-sided and considered
statistically significant when they were less than 0.05 in
this study.

Results

The study included 55 normal myopic eyes from 55 sub-
jects. Mean age was 27.55 £5.72 years (median, 26 years;
range, 22-49 years). Mean axial length was 25.19 =
1.08 mm (median, 25.32 mm; range, 23.09-27.99 mm). The
demographic and clinical characteristics of participants
were summarized in Table 1.

Superficial RPC in alpha zone, beta zone, and
gamma zone of PPA

Significant differences were observed in RPC density
among the alpha zone, beta zone, and gamma zone PPA
(Fig. 1). The RPC density of the alpha zone, beta zone, and
gamma zone PPA were 59.19 +2.98%, 55.85 +3.31%, and
63.01 +3.83%, respectively (Fig. 2a). The gamma zone
PPA showed a highest RPC density, and the beta zone PPA
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Fig. 1 Representative images
of defining RPC and choroidal
microvasculature in subzones
of parapapillary atrophy.
After acquiring en face (a),
fundus photograph (b), and
angiographic (e, f) images of the
optic disc at the same position,
the boundaries of the alpha zone
(between blue and purple line/
arrow), beta zone (between
purple and yellow line/arrow),
and gamma zone (between
yellow and red line/arrow) were
delineated on en face image

(a) according to the serial B-
scan images (c, d).
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showed the lowest RPC density among three subzones (P <
0.001). The RPC density of beta zone PPA was negatively
correlated with the area (P=0.011) and the width (P =
0.023) of beta zone PPA (Fig. 2c, d). The RPC density of
gamma zone PPA was negatively correlated with the width
(P =0.049) of gamma zone PPA. The RPC density in alpha
zone, beta zone, and gamma zone PPA were not correlated
with the axial length, respectively (P > 0.05).

Significant difference were also observed in the average
RNFL thickness among the alpha zone, beta zone, and
gamma zone PPA (84.12 +11.04 um, 95.87 + 10.62 pm and
247.42 +31.69 pm in the alpha zone, beta zone and gamma
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zone PPA, respectively). The gamma zone PPA had a
thickest average RNFL thickness among three subzones
(P<0.001, Fig. 2b). The RPC density of gamma zone PPA
was positively correlated with the corresponding RNFL
thickness in gamma zone (P = 0.001). The RPC density of
alpha zone and beta zone PPA were not correlated with the
corresponding RNFL thickness in alpha zone and beta zone
PPA, respectively (P> 0.05, Table 2).

In addition, we analysed the factors associated with
average peripapillary RPC density, which was calculated in
the peripapillary area defined as a 700-um-wide elliptical
annulus extending outward from the optic disc border on the
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RPC segment. The correlation analysis showed that the
average peripapillary RPC density was positively correlated
with the average circumpapillary RNFL thickness (P =
0.002) and negatively correlated with the axial length (P =
0.002, Table 1).

Choroidal microvasculature in alpha zone, beta
zone, and gamma zone of PPA

There were topographic correlations between the chor-
iocapillaris patterns and the microstructure of PPA (Fig. 1).
The alpha zone PPA showed the relatively normal appear-
ance of choriocapillaris, which was similar to perimacular

Area of beta zone (;mz)

area. The beta and gamma zone PPA, however, showed
marked decrease of choriocapillaris.

We further measured and compared the choroidal
microvascular density in beta and gamma zone PPA. The
choroidal microvascular density of the beta zone and
gamma zone PPA was 74.65 £4.24%, and 82.53 £5.56%,
respectively (P =0.024). Choroidal microvascular density
of beta zone PPA was negatively correlated with the area
(P <0.001) and the width (P <0.001, Fig. 2e, f) of beta zone
PPA. Choroidal peripapillary microvascular density of
gamma zone PPA was negatively correlated with the width
(P=0.003) of gamma zone PPA, but not correlated with
the area (P =0.092) of gamma zone PPA (Table 3).
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ZZEIS?; ifgg il;ltzi?)rrlle‘f/g;aRzlz)(r:le, Parameters Alpha zone Beta zone Gamma zone

and gamma zone PPA. r P value r P value r P value
Age (years) —0.22 0.11 0.052  0.70 0.076 0.58
IOP (mmHg) 0.15 0.26 0.12 0.38 0.027 0.85
OPP (mmHg) —0.14 0.31 -0.039 078 0.011 0.94
Axial length (mm) —0.26 0.059 —0.26 0.058 —0.12 0.37
Cornea thickness (um) —-0.057 0.70 —-0.013  0.93 —0.13 0.37
Aqueous depth (mm) —0.069  0.66 —0.23 0.14 —0.11 0.48
Lens thickness (mm) —0.011 0.95 0.15 0.37 0.077 0.64
Corresponding subzone area (um?) —-0.25 0.068 —-0.34 0.011 —0.15 0.28
Corresponding subzone width (um) —0.22 0.11 —0.31 0.023 —0.27 0.049
Corresponding RNFL thickness (um)  —0.063  0.65 —-0.029 0.83 0.52 <0.001

IOP intraocular pressure, OPP mean ocular perfusion pressure.

Table 3 Correlation with choroidal microvascular in beta zone and
gamma zone PPA.

Parameters Beta zone Gamma zone

r P value r P value
Age (years) 0.064 0.64 0.035 0.80
IOP (mmHg) 0.093 0.50 —0.078 0.57
OPP (mmHg) 0.003 0.98 0.016 091
Axial length (mm) —0.21 0.12  —-0.14 0.29
Cornea thickness (um) 0.014 0.93 —0.18 024
Aqueous depth (mm) —0.22 0.16 0.090 0.56
Lens thickness (mm) 0.22 0.18 0.030 0.85
Corresponding subzone area —-0.54 <0.001 —-0.23 0.092
(um?)
Corresponding subzone —-0.71 <0.001 -0.40 0.003
width (um)

IOP intraocular pressure, OPP mean ocular perfusion pressure.

Discussion

In the current study, we divided PPA into alpha, beta, and
gamma zone PPA based on spectral domain OCT findings
[7]. The superficial RPC and choroidal microvascular den-
sity in each subzone of PPA was delineated and measured
according to the microstructure of PPA. Our data demon-
strated that topographic differences on superficial RPC and
choroidal microvasculature were found in the subzones of
PPA using OCT angiography. The beta zone PPA showed
the lowest superficial RPC and choroidal microvascular
densities among the three subzones. The gamma zone PPA
showed a higher superficial RPC density and a relatively
decreased choroidal microvascular density, while the alpha
zone PPA showed similar superficial RPC and choroidal
microvasculature compared with perimacular area.

The alpha zone PPA was defined as irregular hypo-
pigmentation and hyperpigmentation and found to be
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occurred in almost all eyes [23]. In this study, the superficial
RPC density was 59.19 £2.98% in alpha zone PPA, which
was higher than the reported superficial vessel density
(54.55+2.49%) in nasal side of the perifovea in emme-
tropic eyes [24]. The RPC density was positively correlated
with the RNFL thickness, both of which decreased sig-
nificantly with increasing distance from the temporal side of
the optic disc to the nasal side of the perifovea [25, 26]. The
microvasculature within the peripapillary superficial and
deep layers are perfused differently by the central retinal
artery and short posterior ciliary artery, respectively
[27, 28]. The choroid, outer, and middle retinal layers are
nourished by branches of the short posterior ciliary arteries,
which also supply choroidal optic nerve head structures via
an arterial Circle of Zinn—Haller. The RPE appears to be a
key entity influencing the loss of choriocapillaris in age-
related macular degeneration [29, 30]. The alpha zone PPA
has RPE layer, while both the beta and gamma zone
PPA not [7]. This could explain the current findings that
the alpha zone PPA showed the normal appearance of
choriocapillaris similar to perimacular area, while both the
beta and gamma zone PPA showed marked decrease of
choriocapillaris. Our findings on the microvascular features
of alpha zone PPA support the previous notion that no
pathogenic role was observed to be related with the pre-
sence of alpha zone PPA.

The formation and development of gamma zone PPA are
characteristics of axial myopia [31]. A recent longitudinal
study reported the formation and enlargement of gamma
zone composed by externally oblique border tissue during
juvenile myopia progression [32]. Our data showed that
among the three subzones of PPA in myopic eyes, the
gamma zone had a highest RPC density, which was asso-
ciated with the thickness of gamma zone RNFL, while it
had a relatively decreased choroidal microvascular density,
which was negatively associated with the width of gamma
zone. Since the microstructure of gamma zone PPA is
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composed initially by oblique border tissue at the level of
absent Bruch membrane [32], the choroid structure under-
lying the gamma zone appears to be different from its ori-
ginal condition without gamma zone formation. One may
speculate that without the presence of RPE and Bruch
membrane and the deep retina layer, the choriocapillaris in
gamma zone PPA would disappear first then followed by
gradual decrease in deep choroidal circulation. Our findings
on the microvascular features of gamma zone PPA suggest
that gamma zone may not be a tissue related with atrophy
initially. With the enlargement of gamma zone during axial
elongation, however, the microcirculation at the choroidal
level may decrease in gamma zone PPA.

The microstructural characteristic of beta zone PPA is
absence of RPE with continued presence of Bruch mem-
brane [7]. Our data showed that the beta zone had a lowest
superficial RPC density among the three subzones of PPA
in myopic eyes, which was negatively associated with the
size of beta zone. Beta zone PPA also showed a lower
choroidal microvascular density than that of gamma zone
PPA, which was negatively associated with the size of beta
zone PPA. Sung et al. recently reported that the PPA +~ BM
(defined as beta zone PPA in this study) only group had a
lower peripapillary superficial RPC and deep vessel density,
which were closely correlated with PPA + BM width in
young myopic eyes [17]. Their findings are in general
agreement with our data, suggesting a microcirculatory
deficiency may exist in the beta zone PPA of axial myopia.

The beta zone PPA has been related with age and the
presence of glaucoma [7-10]. But the mechanism on beta
zone formation and enlargement remains elusive. Lee et al.
reported that juxtapapillary choroidal thickness was nega-
tively correlated with the width of beta zone PPA, but not
the width of gamma zone PPA, suggesting that the forma-
tion of beta zone and juxtapapillary choroidal atrophy may
share a common pathogenic mechanism in glaucoma [33].
The choroidal thickness is a measurement of choroidal
microstructure, which may not truly reflect the vascular
conditions. Our data provide direct evidence that the
decreased choroid microcirculation may play a role in the
development of beta zone PPA. With regard to superficial
retina microvasculature, previous studies have demonstrated
that a strong correlation exists between RPC density and
RNFL thickness [34-36]. Lee et al. reported that decreased
retinal microvasculature was present at the region of RNFL
defect in POAG patients, suggesting that the decreased
superficial RPC is the secondary loss at the area of glau-
comatous RNFL atrophy [37]. However, our data showed
that the RPC density in beta zone was the lowest among the
three subzones, and it was not correlated with the RNFL
thickness in beta zone. It provides evidence that other than
the RNFL thickness, other factor may influence the RPC
density. The RPCs anatomose with the outer capillary

network, which runs from the inner plexiform layer to the
outer plexiform layer [38]. It is possible that with the gra-
dual thinning of deep retina layer due to RPE loss in beta
zone PPA, the oxygen demand from the RPC decreased in
turn, leading to the decreased microvascular density in beta
zone PPA. On the other hand, the oxygen from the choroid
circulation could reach the inner plexiform layer [39]. One
may discuss that the decreased choroid microcirculation in
the beta zone PPA may have an impact on the superficial
microcirculation.

The decreased superficial RPC and choroidal micro-
vasculature found in beta zone PPA might explain the
frequent development of beta zone PPA in aged and glau-
comatous eyes. It is plausible that the choroidal micro-
vascular density in beta zone PPA may decrease first due to
the close relationship between RPE and choroid circulation.
Reduced choroidal microvascular densities might accelerate
the RPE degeneration, which led to the formation of beta
zone PPA. Reduced RPC density in parapapillary beta zone
may further increase its susceptibility to glaucomatous optic
neuropathy.

Potential limitations and strengths of our study should be
mentioned. First, it was a cross-sectional study. We were
not able to perceive the longitudinal changes on the
microvasculature during the formation and enlargement of
parapapillary beta and gamma zones. Second, our study did
not include glaucomatous eyes so that the clinical sig-
nificance of reduced microvascular density in parapapillary
beta zone had not been fully explored. Further investiga-
tions on the relationship between the microcirculation and
microstructure of beta zone PPA in myopia and glaucoma
are warranted. On the other hand, the methods used in this
study and the detailed results regarding the micro-
vasculature in subzones of PPA may provide a deeper
insight into the pathogenesis of PPA.

In conclusion, our findings demonstrated that topo-
graphic differences on superficial RPC and choroidal
microvasculature were found among the subzones of PPA.
A microcirculatory deficiency in beta zone PPA may exist
in myopic eyes. Further studies will be needed to address
the mechanism on the microvascular change in para-
papillary beta and gamma zones and their roles in the
progression of glaucomatous optic neuropathy.

Summary

What was known before

e Beta zone parapapillary atrophy was associated with the
age and glaucoma, while gamma zone parapapillary
atrophy was mainly related with axial myopia. A lower

peripapillary RPC and choroidal microvascular density
were present in myopic eyes.
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What this study adds

e Topographic differences on superficial RPC and chor-
oidal microvasculature were found among the subzones
of parapapillary atrophy. The beta zone parapapillary
atrophy showed the lowest RPC and choroidal micro-
vascular density, suggesting a microcirculatory defi-
ciency in beta zone atrophy may exist in myopic eyes.
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