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Purpose: To assess the feasibility of applying ultra-widefield fundus (UWF) images for macular staphyloma area (MSA) mea-
surement and investigate the associated factors with MSA.

Methods: This is a retrospective study. MSA was measured by UWF imaging. Central foveal thickness, subfoveal choroidal
thickness, subfoveal scleral thickness were measured on spectral domain optical coherence tomography. Intraclass correla-
tion coefficients of MSA measurement would be evaluated. Multiple linear regression analysis was used to analyze the associ-
ated factors with MSA.

Results: In total, 135 eyes of 92 patients were enrolled. The mean age was 64.73 + 10.84 years. Mean MSA on UWF image
was 279.67 + 71.70 mm?’. Intraclass correlation coefficients of MSA measurement was 0.965 (95% confidence interval [CI], 0.946
t0 0.977; p < 0.001). In the multiple linear regression analysis, after adjusting for subfoveal choroidal thickness, best-corrected
visual acuity, central foveal thickness, and subfoveal scleral thickness, the factors independently related to MSA were axial
length (B = 8.352; 95% Cl, 3.306 to 13.398; p = 0.001), sex (B = -26.673; 95% Cl, -51.759 to -1.586; p = 0.037), age (B = 1.184;
95% Cl, 0.020 to 2.348; p = 0.046).

Conclusions: It is feasible to measure MSA on UWF image. Female, longer axial length, and older age may indicate larger

MSA.
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The proportion of patients with high myopia is about 1%
to 2% in the United States, 5% to 8% in Japan, and as high
as 15% in Singapore [1]. The prevalence of posterior staphy-
loma is positively correlated with the axial length (AL) of
the eye. According to Curtin [2], the prevalence of staphy-
loma has risen from 1.4% for ALs of 26.5-27.4 mm to
71.4% for ALs of 33.5-36.6 mm. In addition, 77.5% of the
staphyloma eyes have significant chorioretinal atrophy [2].
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The shape of posterior staphyloma is variable and can be
detected by fundus photography, ultrasonography, multi-
color fundus photography, three-dimensional magnetic
resonance imaging (3D MRI) [3], and wide-field optical
coherence tomography (OCT) [4]. Ultra-widefield fundus
(UWF) imaging is a relatively new technique that can get
images of 200° of the retina. It is widely available, fast,
and does not require either contact nor mydriasis.
Ohno-Matsui et al. [3,5] found the edge of the staphyloma
on Optos fundus images (Optos Daytona; Optos PLC,
Dunfermline, UK) could show a pigmented or depigment-
ed boundary, which was highly correlated with the out-
pouching edge of the globe wall on the 3D MRI image, so
it might be feasible to use UWF measure the area of poste-
rior staphyloma.

In 2014, Ohno-Matsui [5] simplified the 10 classifications
of staphyloma by Curtin [2] in 1977 into six types based on
the 3D MRI and Optos imaging as well as the location and
distribution of the outermost contour of the posterior
staphyloma. The type I and type II staphyloma in Curtin’s
classification were renamed as wide macular type and nar-
row macular type. Ohno-Matsui [5] proposed that the mac-
ular type was the most common staphyloma (the wide
macular type in 74% of staphyloma eyes, the narrow mac-
ular type in 14% of staphyloma eyes). Ohno-Matsui et al.
[3] also reported the percentage of macular type was up to
94% in another study. Because the macular staphyloma
usually has worse visual acuity and is more prone to myo-
pic maculopathy [6], it is important to quantify the macu-
lar staphyloma and study the associated factors.

Materials and Methods

The procedures in this study conformed to the tenets of
the Declaration of Helsinki, that was approved by the Eth-
ics Committee of the He Eye Specialist Hospital, Shen-
yang, China and by the Institutional Review Board of the
He Eye Specialist Hospital (No. AF/07.08/02.1). Written in-
formed consent was waived due to the retrospective design
of the study.

A database search of imaging reports at He Eye Special-
ist Hospital was performed using “posterior staphyloma”
as the keyword. The charts of all patients with posterior
staphyloma seen between January 2020 and December
2020 were gathered. Posterior staphyloma was defined as
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“an outpouching of the wall in the eye with less radius of
curvature compared to the surrounding curvature” [7].
The pigmentary abnormalities on the Optos images were
used to ascertain the border of a staphyloma [3,5]. We only
collected macular staphyloma (wide and narrow macular
type) for the correlation analysis between staphyloma area
and central foveal thickness (CFT), subfoveal choroidal
thickness (SFCT), subfoveal scleral thickness (SFST). Ex-
clusion criterion included: eyes with a history of vitrecto-
my, buckling, or corneal surgery; eyes with macular hole,
choroidal neovascularization, foveal retinal split, or macu-
lar edema; blurry scanning laser ophthalmoscope or OCT
images; and posterior staphyloma without involvement of
the macula.

All patients underwent a detailed ophthalmological ex-
amination and Optos fundus imaging, including best-cor-
rected visual acuity (BCVA) measurement using the Snellen
chart, slit-lamp biomicroscopy, and indirect ophthalmosco-
py through dilated pupil. Pseudocolor fundus images were
recorded by an Optos scanning laser ophthalmoscope
(Optos Daytona P200T, Optos PLC). The fundus autofluo-
rescence images and near-infrared images were also ob-
tained in some patients. As a routine imaging protocol, 512
x 128 mode and 21 lines enhanced depth imaging mode
through the foveal were obtained on spectral domain OCT
(SD-OCT; Cirrus HD-OCT5000, Carl Zeiss Meditec,

= -
s (area, 1,383,202; pixels,

Fig. 1. Ultra-widefield fundus scanning laser ophthalmoscope
(Optos Daytona; Optos PLC, Dunfermline, UK) imaging. The
pigmentation along the edge of the posterior scleral staphyloma
was drawn to indicate the size of the macular staphyloma area
(pixels, 2). Informed consent for publication of the clinical imag-
es was obtained from the patient.
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Dublin, USA).

The data was collected from every patient’s record in-
cluding age, sex, ethnicity, BCVA, and AL. The corneal
curvature K1 (minimum corneal curvature) and K2 (maxi-
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Fig. 2. Intraclass correlation coefficients of macular staphyloma
area (MSA) measured by two retinal specialists.

mum corneal curvature) were measured by the IOLMaster
700 (Carl Zeiss AG, Jena Germany). Image data was mea-
sured by two experienced retinal specialists (XZ and AZ),
taking note of CFT, SFCT, and SFST on enhanced depth
imaging OCT. According to the International Photographic
Classification and Grading System of Myopia and Macular
Disease, all eyes were classified into five categories of my-
opic maculopathy atrophy-based classification including

29 <

“no myopic retinal degenerative lesion (category 0),” “tes-

sellated fundus (category 1),” “diffuse chorioretinal atro-
phy (category 2),
3),” and “macular atrophy (category 4)” [8].

9 ¢

patchy chorioretinal atrophy (category

Macular staphyloma area (MSA) was measured and cal-
culated on UWF image by its own software. The staphylo-
ma was outlined according to the obvious change of pig-
mentary abnormalities [3,5] combined with the curvature
of retinal and choroidal vessels meaning the slope of retina
(Fig. 1), the edge of staphyloma would be checked on SD-
OCT when it was not clear on UWF images, as an irregu-
larly shaped Bruch’s membrane curvature at the ectasia

Table 1. Univariate and multiple linear regression analysis for the associated factors of MSA

Univariate analysis

Multivariate analysis

Variable
Mean + SD Median p-value B (95% CI) p-value

Sex, MSA (mm®) 0.083" -26.673 (-51.759 to -1.586) 0.037

Female (n = 89) 287.36 +£67.17 - - -

Male (n = 46) 264.79 + 78.37 - - -
Age (yr)} 66.82 +7.53 66.00 0.525" 1.184 (0.020 to 2.348) 0.046
Axial length (mm) 29.92 +2.46 29.69 0.007" 8.352 (3.306 to 13.398) 0.001
BCVA (logMAR)* 0.48 + 0.42 0.40 0.057" 0.072 0.413
CFT (um)* 188.51 +51.39 197.00 0.014" -0.010 0.932
SFCT (um)* 65.88 +47.21 51.50 0.039" -0.107 0.235
SFST (um) 241.04 + 48.39 242.00 0.046 -0.138 0.108
K1 (D) 43.67+1.91 43.95 0.172 - -
K2 (D) 4531+2.20 4539 0.347 - -

Myopic maculopathy®, MSA (mm?)

Category 1 (n=26)
Category 2 (n=61)
Category 3 (n=38)
Category 4 (n=10)

248.46 + 13.67
270.87 + 8.16

294.04 +10.74
359.91 +25.70

MSA = macular staphyloma area; SD = standard deviation; CI = confidence interval; BCVA = best-corrected visual acuity; logMAR
= logarithm of the minimum angle of resolution; CFT = central foveal thickness; SFCT = subfoveal choroidal thickness; SFST =
subfoveal scleral thickness; K1 = minimum corneal curvature; D = diopters; K2 = maximum corneal curvature;

"A total of 135 eyes included; 'Enrolled into the multiple linear regression analysis; ‘Skewed distribution variates; ‘Category 1,
tessellated fundus; category 2, diffuse chorioretinal atrophy; category 3, patchy chorioretinal atrophy; category 4, macular atrophy.
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margin on OCT images would be observed [9].

The pixel area would be transferred to mm”. Because the
resolution of the Optos image is 14 microns, the actual
MSA is the pixel area multiplied by the square of 14, then
divided by 10° to get the actual area in mm”’.

Statistical analysis

The data was analyzed by IBM SPSS ver. 24.0 (IBM
Corp., Armonk, NY, USA). The area of posterior staphylo-
ma was tested by the Shapiro-Wilk normality test. The in-
ter-observer and intra-observer repeatability was expressed
by the intraclass correlation coefficient (ICC). If 0.80 + 1.0,
it is considered excellent. Spearman analysis or Pearson
analysis were used to assess the correlation among MSA,
age, BCVA, AL, K1, K2, CFT, SFCT, and SFST. The #-test
were used to assess the correlation between MSA and sex.
A one-way ANOVA was used to compare MSA among
five categories of myopic maculopathy. Multiple linear re-
gression analysis was fitted for the associated factors with
the MSA. A p-value of less than 0.05 was considered sta-
tistically significant.

Results

A total of 135 eyes from 92 patients with macular
staphyloma were included in this study, with a female pre-
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Fig. 3. Macular staphyloma area (mm?) among the four categories
(category 1, tessellated fundus; category 2, diffuse chorioretinal
atrophy; category 3, patchy chorioretinal atrophy; category 4,
macular atrophy) of myopic maculopathy. ‘Category 1 compared
with categories 3 and 4; p < 0.05; 'Category 4 compared with cat-
egories 1, 2, and 3; p <0.05.
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dominance (65.9%). All patients were Asians (Chinese ori-
gin). The mean age was 64.73 + 10.84 years (range, 28 to
85 years). The mean AL was 29.92 + 2.46 mm (range,
24.50 to 35.66 mm). AL shorter than 26.5mm was found in
10 eyes (7.4%). The mean MSA on UWF images was
279.67 + 71.70 mm’. The mean CFT, SFCT, and SFST were
188.51 + 51.39, 65.88 + 47.21, and 241.04 + 48.39 um, re-
spectively (Table 1). The ICC of MSA measured by two
experienced physicians (XZ and AZ) was 0.965 (95% con-
fidence interval [CI], 0.946 to 0.977; p < 0.001) (Fig. 2).
Regarding the MSA in the subgroups (categories 1 to 4),
significant difference was found when category 4 was com-
pared to other categories (category 4 vs. 1, p < 0.001;
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p=0.007
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Fig. 4. Correlation between axial length and macular staphyloma
area.
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Fig. 5. Correlation between age and macular staphyloma area.
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category 4 vs. 2, p < 0.001; category 4 vs. 3, p = 0.006), as
well as category 1 compared to category 3 (p = 0.008)
(Table 1). However, no significant difference was observed
when category 2 paired comparison with other categories
(category 1 vs. 2, p = 0.155; category 2 vs. 3, p = 0.096) was
performed (Fig. 3).

In the multiple linear regression analysis, after adjusting
for SFCT, BCVA, CFT, and SFST, the factors independent-
ly related to MSA were AL (B = 8.352; 95% ClI, 3.306 to
13.398; p = 0.001), sex (B = -26.673; 95% CI, -51.759 to
-1.586; p = 0.037), age (B = 1.184; 95% ClI, 0.020 to 2.348;
p = 0.046) (Table 1). MSA was positively correlated with
AL (Fig. 4) and age (Fig. 5).

Discussion

Posterior staphyloma is histologically characterized by
relatively abrupt scleral thinning beginning at the margin
of the staphyloma, the presence of structural defects in the
arrangement of scleral collagen fibers, and marked choroi-
dal thinning. Choroidal thinning was most pronounced at
the posterior staphyloma margin and secondary to axial
elongation of the eye. The important cause of myopic mac-
ulopathy is posterior staphyloma, which can also be found
in the eyes without significant choroidal thinning such as
retinitis pigmentosa or Bruch’s membrane limited defects
[10].

There are limited population cohort studies on the epide-
miologic data of posterior staphyloma, and its prevalence
varies from 0.6% to 2.05% [11-13]. The prevalence of pos-
terior staphyloma varies from 19% to 90% in highly myo-
pic eyes [9]. Posterior staphylomata can be a challenge for
conventional fundus images because the 50° field of the
camera does not always involve their borders. Optos UWF
imaging is an advantageous device for detecting the whole
area of the staphyloma because of its wide view field and
its multimodal features could help maximize the sensitivi-
ty of detection. The diagnosis of posterior staphyloma on
this convenient device has already been testified [3,5,14].
Ohno-Matsui [5] found a sensitivity of 85% and a specific-
ity of 85.7% for detecting staphyloma borders by using a
combination of pseudocolor, autofluorescence, and near-in-
frared images.

In this study, we outlined macular staphyloma on UWF
image based on the pigmentary abnormalities along the
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staphyloma edge [3,5]. Some people would argue the accu-
racy of this measurement, because sometimes it is not ob-
vious that the inferior edge is there. Ohno-Matsui et al.
[3,5] reported that the pigmentary abnormalities along the
staphyloma edge on the Optos 200Tx retinal images were
highly correlated with the outpouching edge of the eye in
the 3D MRI images. We also used SD-OCT to check the
edge of staphyloma in the ambiguous part [9]. Two experi-
enced retina specialists measured the area in this study,
and ICC was high.

Some research reported that the grade of posterior
staphyloma had a linear relationship with chorioretinal at-
rophy [15]. Miyake et al. [16] found that eyes with chorio-
retinal atrophy exhibited a curved, steep shape with an un-
dulated surface. Similarly, we found that the degree of
chorioretinal atrophy was positively correlated with MSA
in this study.

Although AL was reported to be not correlated with
presence of posterior staphyloma in several studies [2,3,17],
different types of staphyloma were involved in those stud-
ies. In contrast, Jonas et al. [18] found the prevalence of
scleral staphyloma increased significantly with the increase
of the eye axis. Wakazono et al. [19] also found AL signifi-
cantly affected the speed of the posterior pole shape
change. The measurement of AL is usually through the
macula, and the macular outpouching would elongate the
ocular axis. The length of the ocular axis is significantly
positively correlated with the MSA in this study. Excessive
axial elongation may initiate stress at the posterior pole,
which may lead to localized degeneration of the sclera, ret-
ina, and/or choroid. Either of these degenerative changes
could cause pathological changes in other tissues [6]. How-
ever, staphyloma also occurs in nonhigh myopic eyes
[20,21]. We also found AL shorter than 26.5 mm was in
7.4% of the eyes with macular staphyloma, which suggests
other factors associated with staphyloma.

In this study, age was found as another positive factor
correlated with MSA. Various studies have reported that
the incidence or prevalence of myopic posterior staphylo-
ma is positively correlated with age [3,9,21-27]. Liu et al.
[13] found that myopic retinopathy (i.e., staphyloma, myo-
pic choroidal atrophy, lacquer cracks, Fuchs spot) was as-
sociated with increasing age. Degenerative changes were
common in staphyloma eyes of people over 40 years old,
followed by increasing age [2]. Interestingly, we also found
the mean age of patients with AL shorter than 26.5 mm



was older compared to other patients (73.10 £ 7.05 years vs.
64.06 + 10.83 years) in this study, the increasing age might
be the reason of the formation of staphyloma in these nor-
mal AL eyes. Previous studies had found increasing age
and AL were relevant risk factors for developing lesions in
high myopia patients and in eyes with progressive staphy-
loma [28-31]. In the patients aged 60 to 86 years, the preva-
lence of posterior staphyloma rose to 53.5% [2].

In addition, we also found that sex was also an indepen-
dent factor affecting MSA. Female patients tended to have
a larger MSA. According to previous studies, myopic mac-
ulopathy progression was associated with female sex in a
late myopic stage, and the staphyloma shape was steeper
and less smooth in female and elderly patients [9,19,20].

So far, there is no hypothesis that explains the mecha-
nism of total posterior scleral staphyloma formation. In the
eyes with high myopia, posterior staphyloma appears to be
associated with scleral structural defects, including diffuse
localized thinning, thinning of collagen bundles, greater
interfibrillar separation, reduced collagen striations, and a
lamellar structure resembling the corneal stroma that ap-
pears to slide the scleral lamellar [32]. Jonas et al. [18] sug-
gest that significant scleral thinning results from decreased
scleral local resistance to backward push of Bruch’s mem-
brane, leading to localized outpouching of the sclera. Some
studies have shown that the AL and age are independent
related factors that affect the thickness of the foveal sclera
[33]. According to clinical experience and previous re-
search, the retinal thickness could reflect the degree of
posterior scleral staphyloma to a certain extent [34,35]. The
depth of the staphyloma was related to the extent of scleral
thinning. Posterior staphyloma is frequently associated
with chorioretinal atrophy [2,36]. However, choroidal
thickness was not significantly different between staphylo-
matous eyes and highly myopic control eyes in corre-
sponding regions after adjusting for age and AL [21]. Com-
pared to the data of normal eyes in previous studies [37-
40], CFT, SFCT, and SFST were also thinner in the eyes
with macular staphyloma in this study, but the regression
analysis did not find that CFT, SFCT, and SFST could be
considered as independent factors affecting the size of the
staphyloma.

This study has several limitations, including a relatively
small study population and no 3D MRI images. Because of
the bowl shape of staphyloma, we could not measure the
true area of staphyloma. The UWF image just reflected the
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2D image of staphyloma. This problem also occurs in other
retinal measurements due to ocular curvature, such as ge-
ography atrophy measurement lots of studies have done
before. Because the position of staphyloma would influ-
ence the size measurement on UWF images, we only se-
lected the macular staphyloma to maximumly reduce this
bias. Fortunately, the ICC in this study is excellent; it is re-
liable in reflecting MSA. However, it should be mentioned
that the value corrected through the projection was not ob-
tained because the area might be affected by the warpage
depending on its size and position. The correlation between
MSA and posterior staphyloma height, foveal curvature,
and some plus signs, such as choroidal neovascularization
and lacquer crack, should also be further studied in the fu-
ture. To the best of our knowledge, this is the first study to
measure the staphyloma area using UWF imaging. This
study is also void of any bias from pharmaceutical spon-
sorship.

In conclusion, our data suggests that it is feasible to mea-
sure MSA on UWF images, that could be helpful to the
study of staphyloma in the future. A larger MSA is associ-
ated with female sex, longer AL, and older age.

Conflicts of Interest: None.

Acknowledgements: None.

Funding: This study was supported in part by the Nation-
al Science Foundation of Liaoning Province, China (No.
2020-MS-360) and Science and Technology Program of
Shenyang, China (No. 20-205-4-063). However, the fund-
ing organization had no role in the design or conduct of
this research.

References

1. Shao L, Xu L, Wei WB, et al. Visual acuity and subfoveal
choroidal thickness: the Beijing Eye Study. Am J Ophthal-
mol 2014;158:702-9.

2. Curtin BJ. The posterior staphyloma of pathologic myopia.
Trans Am Ophthalmol Soc 1977;75:67-86.

3. Ohno-Matsui K, Alkabes M, Salinas C, et al. Features of
posterior staphylomas analyzed in wide-field fundus
images in patients with unilateral and bilateral pathologic
myopia. Retina 2017;37:477-86.

4. Shinohara K, Shimada N, Moriyama M, et al. Posterior
staphylomas in pathologic myopia imaged by widefield

215



Korean J Ophthalmol Vol.36, No.3, 2022

10.

11

12.

13.

14.

15.

16.

17.

216

optical coherence tomography. Invest Ophthalmol Vis Sci
2017;58:3750-8.

Ohno-Matsui K. Proposed classification of posterior
staphylomas based on analyses of eye shape by three-di-
mensional magnetic resonance imaging and wide-field fun-
dus imaging. Ophthalmology 2014;121:1798-8009.
Ruiz-Medrano J, Montero JA, Flores-Moreno I, et al. Myo-
pic maculopathy: current status and proposal for a new
classification and grading system (ATN). Prog Retin Eye
Res 2019;69:80-115.

Spaide RF. Staphyloma: part 1. In: Spaide RF, Ohno-Matsui
K, Yannuzzi LA, editors. Pathologic myopia. 1st ed. New
York: Springer; 2013. p.167-76.

Ohno-Matsui K, Kawasaki R, Jonas JB, et al. International
photographic classification and grading system for myopic
maculopathy. Am J Ophthalmol 2015;159:877-83.

Numa S, Yamashiro K, Wakazono T, et al. Prevalence of
posterior staphyloma and factors associated with its shape
in the Japanese population. Sci Rep 2018;8:4594.
Ohno-Matsui K, Jonas JB. Posterior staphyloma in patho-
logic myopia. Prog Retin Eye Res 2019;70:99-109.
Vongphanit J, Mitchell P, Wang JJ. Prevalence and progres-
sion of myopic retinopathy in an older population. Ophthal-
mology 2002;109:704-11.

Gao LQ, Liu W, Liang YB, et al. Prevalence and character-
istics of myopic retinopathy in a rural Chinese adult popu-
lation: the Handan Eye Study. Arch Ophthalmol 2011;129:
1199-204.

Liu HH, Xu L, Wang YX, et al. Prevalence and progression
of myopic retinopathy in Chinese adults: the Beijing Eye
Study. Ophthalmology 2010;117:1763-8.

Brown K, Sewell JM, Trempe C, et al. Comparison of im-
age-assisted versus traditional fundus examination. Eye
Brain 2013;5:1-8.

Frisina R, Baldi A, Cesana BM, et al. Morphological and
clinical characteristics of myopic posterior staphyloma in
Caucasians. Graefes Arch Clin Exp Ophthalmol 2016;254:
2119-29.

Miyake M, Yamashiro K, Akagi-Kurashige Y, et al. Analy-
sis of fundus shape in highly myopic eyes by using curva-
ture maps constructed from optical coherence tomography.
PLoS One 2014;9:¢107923.

Nicholson L, Vazquez-Alfageme C, Clemo M, et al. Quan-
tifying retinal area in ultra-widefield imaging using a
3-dimensional printed eye model. Ophthalmol Retina 2018;
2:65-71.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

Jonas JB, Ohno-Matsui K, Holbach L, Panda-Jonas S. His-
tology of myopic posterior scleral staphylomas. Acta Oph-
thalmol 2020;98:¢856-63.

Wakazono T, Yamashiro K, Miyake M, et al. Time-course
change in eye shape and development of staphyloma in
highly myopic eyes. Invest Ophthalmol Vis Sci 2018;59:
5455-61.

El Matri L, Falfoul Y, El Matri K, et al. Posterior staphylo-
mas in non-highly myopic eyes with retinitis pigmentosa.
Int Ophthalmol 2020;40:2159-68.

Wang NK, Wu YM, Wang JP, et al. clinical characteristics
of posterior staphylomas in myopic eyes with axial length
shorter than 26.5 millimeters. Am J Ophthalmol 2016;162:
180-90.

Edge R, Navon S. Axial length and posterior staphyloma in
Saudi Arabian cataract patients. J Cataract Refract Surg
1999;25:91-5.

Lin C, Li SM, Ohno-Matsui K, et al. Five-year incidence
and progression of myopic maculopathy in a rural Chinese
adult population: the Handan Eye Study. Ophthalmic Physi-
ol Opt 2018;38:337-45.

Hayashi K, Ohno-Matsui K, Shimada N, et al. Long-term
pattern of progression of myopic maculopathy: a natural
history study. Ophthalmology 2010;117:1595-611.

Fang Y, Yokoi T, Nagaoka N, et al. Progression of myopic
maculopathy during 18-year follow-up. Ophthalmology
2018;125:863-77.

LiZ, Liu R, Xiao O, et al. Progression of myopic maculopathy
in highly myopic Chinese eyes. Invest Ophthalmol Vis Sci
2019;60:1096-104.

Yan YN, Wang YX, Yang Y, et al. Ten-year progression of
myopic maculopathy: the Beijing Eye Study 2001-2011.
Ophthalmology 2018;125:1253-63.

Chen SJ, Cheng CY, Li AF, et al. Prevalence and associated
risk factors of myopic maculopathy in elderly Chinese: the
Shihpai eye study. Invest Ophthalmol Vis Sci 2012;53:4868-
73.

Shih YF, Ho TC, Hsiao CK, Lin LL. Visual outcomes for
high myopic patients with or without myopic maculopathy:
a 10 year follow up study. Br J Ophthalmol 2006;90:546-50.
Verkicharla PK, Ohno-Matsui K, Saw SM. Current and
predicted demographics of high myopia and an update of
its associated pathological changes. Ophthalmic Physiol
Opt 2015;35:465-75.

Gozum N, Cakir M, Gucukoglu A, Sezen F. Relationship

between retinal lesions and axial length, age and sex in



32.

33.

34.

35.

high myopia. Eur J Ophthalmol 1997;7:277-82.

Curtin BJ, Teng CC. Scleral changes in pathological myo-
pia. Trans Am Acad Ophthalmol Otolaryngol 1958,62:777-
88.

Li MY, Tang Y, Zhang JL, et al. Scleral thickness in macu-
lar region and its related factors in adult patients with su-
per-high myopia. Chin J Ophthalmol Med (Electronic Edi-
tion) 2019;9:77-82.

Tanaka Y, Shimada N, Ohno-Matsui K. Extreme thinning
or loss of inner neural retina along the staphyloma edge in
eyes with pathologic myopia. Am J Ophthalmol 2015;159:
677-82.

Mimura R, Mori K, Torii H, et al. Ultra-widefield retinal
imaging for analyzing the association between types of
pathological myopia and posterior staphyloma. J Clin Med
2019:8:1505.

36.

37.

38.

30.

40.

X Zhang, et al. Staphyloma Area on UWF Images

Ohno-Matsui K. Pathologic myopia. Asia Pac J Ophthal-
mol (Phila) 2016;5:415-23.

Singh SR, Vupparaboina KK, Goud A, et al. Choroidal im-
aging biomarkers. Surv Ophthalmol 2019;64:312-33.

Deng J, Jin J, Lv M, et al. Distribution of scleral thickness
and associated factors in 810 Chinese children and adoles-
cents: a swept-source optical coherence tomography study.
Acta Ophthalmol 2019;97:¢410-8.

Yamashita T, Yamashita T, Shirasawa M, et al. Repeatabili-
ty and reproducibility of subfoveal choroidal thickness in
normal eyes of Japanese using different SD-OCT devices.
Invest Ophthalmol Vis Sci 2012;53:1102-7.

Hwang YH, Kim YY. Macular thickness and volume of
myopic eyes measured using spectral-domain optical co-
herence tomography. Clin Exp Optom 2012;95:492-8.

217



