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Abstract

e AIM: To analyze peripapillary atrophy B/y zone (PPA-Bly)
and the optic disc ovality index, and to assess their
associations with the axial length (AL), refractive error,
best corrected visual acuity (BCVA), choroidal thickness
(CT), and age in highly myopic eyes.

e METHODS: This was a retrospective observational
case series. The study included 667 patients consecutively
examined for highly myopic eyes [spherical equivalent
<-6.0 diopters (D) and AL226 mm] with or without myopic
retinopathy. Each patient went through a comprehensive
ophthalmological examination that included spectral domain
optical coherence tomography (SD-OCT) of the macula,
A-mode ultrasonography, and a cycloplegic refraction test.
The ovality index and PPA-B/y area were measured from
optic disc photographs.

e RESULTS: A significant association was seen between
PPA-B/y area and the ovality index (P=0.000, r=-0.232).
The PPA-Bly area increased significantly with a longer AL,
older age, worse BCVA, higher refractive error, and thinner
choroid (P<0.01). The oval disc was significantly correlated
with a longer AL, older age, worse BCVA, higher refractive
error, larger PPA-B/y area, and thinner choroid (P<0.01).

o CONCLUSION: The PPA-B/y zone and ovality index in
highly myopic eyes show distinct associations with the
AL, refractive error, BCVA, age, and CT.

e KEYWORDS: peripapillary atrophy; high myopia; optic disc
ovality index
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INTRODUCTION
P athological myopia (PM) presents a variable spectrum of

[1-2]

characteristic fundus lesions" ', including lacquer cracks,

chorioretinal atrophy, myopic choroidal neovascularization
(CNV), vitreomacular traction, and posterior staphyloma'’,
PM is one of the most common causes of irreversible vision
loss and blindness in the world, particularly in East Asia™*®.
Global estimation has speculated that the prevalence of myopia
and high myopia will increase dramatically between 2000 and
2050, with high myopia possibly affecting up to 1 billion
people. Thus, it is necessary to plan services to manage and
prevent myopia, as well as its related complications.

Peripapillary atrophy (PPA) is one of the characteristic
features of highly myopic eyes". The mechanical stretching
of the eye globe due to a longer axial length (AL) causes
choroidal and retinal pigment epithelium (RPE) thinning,
leading to degeneration of the retina, RPE, and choroid".
This degeneration presents itself around the optic disc, and
is often seen as a peripapillary crescent or halo, which can
be seen ophthalmoscopically as a whitish discolored area
of visible inner sclera with a distinguished border. The PPA
region is divided into a, B and y zones. One histological
study''” has shown that the PPA-B zone is the region with
Bruch’s membrane, but without RPE, which is related to an
almost absolute loss of photoreceptors and closure of the
choriocapillaris. PPA-y zone is the region without both Bruch’s
membrane and RPE. Changes in the optic disc in children
during the development of myopia have been tracked and
shown to include disc tilting and an enlargement of the PPA-f
zone. These changes are highly related to the development of
myopia, the degree of refractive error''"’, and glaucoma!*"".
PPA may be observed in early myopia, and is considered
to be a possible risk factor or indicator of the development
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Figure 1 Identification of the ovality index and peripapillary atrophy area via Photoshop A: The ovality index was defined as the ratio

between the shortest diameter (SD) and longest diameter (LD) of the optic disc; B: The peripapillary atrophy area was outlined manually, while

the pixel area was calculated automatically using the software.

of pathological myopia later in life""*"”). However, the
relationships between the morphology of the optic disc and
the other ocular parameters have not yet been determined in
adult patients. It has been observed that when compared to the
optic discs of emmetropic or hyperopic eyes, the optic discs
of myopic eyes are usually larger in diameter, and the cupping

tends to be more concentric and shallow!”

. However, the
relationships between the optic disc morphology and the other
ocular parameters have yet been thoroughly studied.

Therefore, we conducted this study in search of the morphological
correlations of the optic disc, to measure the size of the PPA-B/y
area and ovality index, and to assess the relationships with the
other ocular parameters, namely, the AL, refractive error, best
corrected visual acuity (BCVA), choroidal thickness (CT) and age.
SUBJECTS AND METHODS

This observational case study was conducted in the Fundus
Center of the Zhongshan Ophthalmic Center in Guangzhou,
China between June 2013 and May 2016. This research
was approved by the Institutional Review Board and Ethics
Committee of the Zhongshan Ophthalmic Center. All of the
investigations adhered to the principles of the Declaration of
Helsinki.

Patients We retrospectively observed 667 patients with
highly myopic eyes [spherical equivalent (SE) <-6.0 D, or
AL>26.5 mm]. Every patient had complete ophthalmological
examination data, including refractometry, BCVA, fundus
photography (CR-DGI; Canon Inc., Tokyo, Japan), A-mode
ultrasonography (IOLMaster; Carl Zeiss Meditec AG, Jena,
Germany), and enhanced spectral domain optical coherence
tomography (SD-OCT; Spectralis HRA+OCT, Heidelberg
Engineering, Heidelberg, Germany). Those eyes with advanced
cataracts, a history of ocular surgery, and/or retinal detachment
were excluded from this study.

Examinations The presenting BCVA was measured with
correction using the logarithm of the minimal angle of
resolution (logMAR) chart (Lighthouse International, NY,
USA) at a distance of 4 m. If the patient could not read the
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largest number at 4 m, the chart was brought closer; then, the
finger counting, hand motion, or light perception vision was
assessed. The SE was calculated as the sum of the spherical
power and one-half of the cylindrical power. The AL was
obtained via the IOLMaster (Carl Zeiss Meditec AG, Jena,
Germany) and OCT was used to measure the subfoveal CT and
check for foveoschisis.

The fundus photographs of the macula and optic disc were
obtained using a 45-degree digital retinal camera (Canon Inc.,
Tokyo, Japan), after pupillary dilation with 1% tropicamide,
following the Early Treatment for Diabetic Retinopathy Study
standard photograph numbers 1 and 2. The photographs were
viewed using Photoshop CS5 (Adobe Systems Inc., San Jose,
California, USA). Two ophthalmologists were blinded to draw
the boundaries and the minimal and maximal disc diameters.
The optic disc ovality index was calculated by the ratio of
the minimal to maximal optic disc diameters. “Round” was
defined as an ovality index >0.8 and “oval” was defined as an
ovality index <0.8""*, The PPA-B/y zone was characterized by a
visible sclera and visible large choroidal vessels''®. The PPA-p/
vy area was plotted using a mouse-driven cursor to trace the disc
and PPA-B/y margins directly onto the image. The degree of
PPA-B/y zone was represented by the ratio of the PPA-B/y area
to the optic disc area (Figure 1).

Statistical Analyses One eye per subject was chosen based
on the highest myopic refractive error. We examined the
associations between the pathological myopia findings and the
BCVA, age, SE, CT, and AL. The linear measurements were
showed as the mean+SD. Differences between the two groups
were analyzed statistically using the Mann-Whitney U test.
Spearman’s rank correlation coefficient was used to describe
the relationships between two groups. A probability value of
P<0.05 was considered to be statistically significant for all of
the analyses. The statistical analyses were performed using
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

A total of 667 highly myopic eyes from 667 patients (252
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males and 415 females, ages ranging from 18 to 88 years old)
were enrolled in this study. The patient characteristics, means,
and range values for the measurements are summarized in
Table 1. Correlations among the measurements with regard
to the patient age were shown in Table 2. The biometric
parameters were correlated with one another. The patient age
was significantly negatively correlated with the ovality index
(=-0.262, P<0.01) and CT (=-0.352, P<0.01), positively
correlated with PPA (+=0.478, P<0.01) and BCVA (+=0.358,
P<0.01), but not with the AL (»=0.09, P=0.124) and refractive
error (r=-0.021, P=0.743).

In total, PPA-B/y zone was found in 86.5% (577/667) eyes.
PPA-B/y area was significantly positively correlated with
the AL (=0.899, P<0.001) and BCVA (r=0.426, P<0.001),
negatively correlated with ovality index (=-0.232, P<0.001),
refractive error (r=-0.312, P<0.001) and CT (r=-0.215,
P<0.001). PPA-B/y zone was subgrouped into peripapillary
halos and peripapillary crescents. These two groups were
significantly different with regard to the age (51.42+15.20
vs 41.56+14.57, P<0.001), AL (30.6542.33 vs 28.91+2.09),
BCVA (0.62+0.55 vs 0.45+0.53, P=0.011), refractive error
(-17.58+6.09 vs -13.32+4.66, P<0.001), PPA (6.00+5.77 vs
2.2241.80 P<0.001), and CT (61.93+56.08 vs 102.43+79.34,
P<0.001). However, the difference was not significant with
regard to the ovality index (0.70+0.11 vs 0.71%0.11, P=0.285)
(Table 3).

The ovality index was significantly negatively correlated with
the AL (r=-0.328, P<0.001), BCVA (=-0.248, P<0.001) and
age (r=-0.262, P<0.001), positively correlated with refractive
error (r=0.306, P<0.001) and CT (=0.294, P<0.001). Table 4
shows the characteristic differences between the highly myopic
eyes with round discs and those with oval discs. The groups
differed significantly with regard to the age (39.94+15.51
vs 46.57+15.25, P=0.002), AL (28.51+2.06 vs 29.83+2.32,
P<0.001), refractive error (-11.984+4.85 vs -15.28+5.41,
P<0.001), BCVA (0.34+0.45 vs 0.56+0.56, P=0.003), PPA
(2.0742.13 vs 4.01+2.29, P=0.001), and CT (113.32+83.24 vs
73.53+58.54, P=0.002).

DISCUSSION

The PPA area is characterized by a visible, almost bare sclera
exposed by an atrophic choroid with distinct large choroidal
vessels. As myopia progresses, the myopic disc tilt deviates
from the temporal to the nasal region'”. The results of our
study showed that the PPA area in highly myopic eyes was
significantly associated with a longer AL, higher myopic
refractive error, worse BCVA, and older age. The factor most
closely associated with the PPA area was the AL, suggesting
that the mechanical tension acting on the retina and choroid
due to the elongation of the globe was one of the principle
causes of PPA in high myopia. Moreover, the peripapillary
region of highly myopic eyes consists of a significantly thin

Table 1 Characteristics of the 667 highly myopic eyes of the 667
mean+SD (range)
Data
29.53+2.33 (26.5 to 36.6)
0.7140.11 (0.43 to 0.95)
3.57+4.15 (0 to 49.1)
45.82+15.61 (18 to 88)
0.514+0.54 (-0.1 to +3)
-14.5545.45 (-6 to -30)
82.31455.16 (10 to 337)
SD: Standard deviation; PPA: Peripapillary atrophy; BCVA: Best

patients

Measurement

Axial length, mm

Ovality index of optic disc
Ratio of PPA to optic disc area
Age,y

BCVA, logMAR

Refractive error, D

Choroidal thickness, pm

corrected visual acuity; D: Diopters.

scleral flange and retinal nerve fiber tissue, while lacking
Bruch’s membrane and choroidal tissue''". This may explain
why the PPA was significantly larger with the highly myopic
biometrics. In comparison with other relevant studies' ",
our results showed similar PPA relationships with the AL and
refractive error. However, it was previously observed that in
PPA eyes with optic disc crescents, the size of the crescent
was not associated with a longer AL”". This discrepancy is
probably due to the fact that our PPA data was measured by
the ratio of the PPA to the optic disc area, which corrected the
retinal magnification induced by the different ALs, and that
most of the patients in our study were very highly myopic
(mean AL: 29.5342.33 mm). When comparing those eyes
with peripapillary halos to those with peripapillary crescents,
we also found an older age, longer AL, worse BCVA, higher
refractive error, greater PPA, and thinner CT in those with
peripapillary halos. This finding suggests that different
mechanisms underlie the pathogenesis of the PPA enlargement
associated with aging and axial elongation.

We also compared the data between the PPA eyes with round
discs and those with oval discs and found that an oval disc was
correlated with an older age, longer AL, higher refractive error,
worse BCVA, greater PPA, and thinner CT. The changes in the
optic nerve head, including its marked enlargement, first begin
at an AL of approximately 26.5 mm, or at a refractive error of
approximately -8.0 D. With the progression of myopia, there is
a reduction in the ovality index of the optic disc, along with a
greater width in the PPA area™”. In other words, we observed
that the optic nerve tilt was a result of posterior protrusion,
which is contrary to the study performed by How et a/**.
These differences may be explained by the different definition
of a tilted optic disc (e.g. index of tilt <0.75 in How et al*").
In our study, only highly myopic patients were recruited, but in
the How et al’s study"", the population included a wider range
of refractive errors.

The region without Bruch’s membrane and without RPE
has been called as parapapillary y zone****". This y zone is
significantly correlated with high axial myopia, while the 3
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Table 2 Correlations of the biometric parameters in the highly myopic eyes

AL Ol PPA RE BCVA Age CT

Parameters

r P r P r P r P r P r P r P
AL - - -0.328 0.000 0.899 0.000 -0.808 0.000 0.242 0.000 0.09 0.124 0.301 0.000
Ol -0.328  0.000 - - -0.232 0.000 0.306 0.000 -0.248 0.000 -0.262 0.000 0.294 0.000
PPA 0.899 0.000 -0.232 0.000 - - -0.312  0.000 0.426 0.000 0.478 0.000 -0.215 0.000
RE -0.808 0.000 0.306 0.000 -0.312 0.000 - - -0.294 0.000 -0.021 0.743 -0.196 0.002
BCVA 0.242 0.000 -0.248 0.000 0.426 0.000 -0.294 0.000 - - 0.358  0.000 -0.201 0.001
Age 0.09 0.124 -0.262 0.000 0.478 0.000 -0.021 0.743 0.358 0.000 - - -0.352 0.000
CT 0.301  0.000 0.294 0.000 -0.215 0.000 -0.196 0.002 -0.201 0.001 -0.352 0.000 - -

AL: Axial length; OI: Ovality index; PPA: Peripapillary atrophy; RE: Refractive error; BCVA: Best corrected visual acuity; CT: Choroidal

thickness.

Table 3 Characteristics of eyes with peripapillary halos versus peripapillary crescents

Parameters Peripapillary atrophy F P R P
Halo (n=324) Crescent (n=253)
Age,y 51.42+15.20 41.56+14.57 37.349 0.000 0.057 0.000
Axial length, mm 30.65+2.33 28.914+2.09 43.432 0.000 0.129 0.000
BCVA, logMAR 0.62+0.55 0.45+0.53 6.617 0.011 0.022 0.011
Refractive error, D -17.58+6.09 -13.32+4.66 34.271 0.000 0.126 0.000
PPA 6.00+5.77 2.22+1.80 70.498 0.000 0.275 0.000
Ovality index 0.70+0.11 0.71+0.11 1.145 0.285 0.004 0.285
CT, um 61.93+56.08 102.43+79.34 32.425 0.000 0.123 0.000
BCVA: Best corrected visual acuity; PPA: Peripapillary atrophy; CT: Choroidal thickness.
Table 4 Characteristics of eyes with an ovality index >0.8 versus <0.8
Ovality index 5
Parameters F P R P
>0.8 (n=162) <0.8 (n=505)
Age,y 39.94+15.51 46.57+15.25 9.946 0.002 0.032 0.002
Axial length, mm 28.51+2.06 29.8342.32 17.984 0.000 0.059 0.000
BCVA, logMAR 0.34+0.45 0.56+0.56 8.886 0.003 0.029 0.003
Refractive error, D -11.98+4.85 -15.28+5.41 16.000 0.000 0.063 0.000
PPA 2.07+£2.13 4.01+2.29 12.169 0.001 0.025 0.006
CT, um 113.32+83.24 73.53+58.54 10.453 0.002 0.022 0.009

BCVA: Best corrected visual acuity; PPA: Peripapillary atrophy; CT: Choroidal thickness.

120261 n our

zone is associated with the presence of glaucoma
study, the PPA-B/y zone was employed for analysis because
we focused on the data obtained from the fundus photographs,
which is easily available in all clinical settings. Since the
patients in our study had a higher refractive error and were
older, we found that the PPA-B/y zone was also correlated with
high myopia.

Our study showed relationships among the PPA-B/y area,
ovality index, age, AL, refractive error, BCVA, peripapillary
halo versus peripapillary crescent, round versus oval disc
shape. However, this study did have several limitations. For
example, we did not perform magnetic resonance imaging
(MRI) to determine the posterior staphyloma location,
which has a tremendous effect on both the biometric indices
and retinal anatomy. In addition, our study subjects were
recruited from a referral clinic-based practice and not via a
population-based screening. Future prospective studies, using
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larger sample sizes, are needed to definitively determine the
abovementioned associations.

We believe that these measurements and associations will
enhance the overall understanding of PPA-B/y and the ovality
index. In addition, the variables determining the size of the
PPA-B/y area and ovality index may be valuable for evaluating
the degree of myopia, such as the AL, CT, and BCVA.
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