L.
@ The ROYAL COLLEGE o
OPHTHALMOLOGISTS

ARTICLE

www.nature.com/eye

W) Check for updates

Influence of posterior staphyloma in myopic maculopathy and

visual prognosis

1 1

25 Mariluz Puertas
1,34

Ignacio Flores-Moreno
José M. Ruiz-Moreno

5™ Jorge Ruiz-Medrano

13 Elena Almazan-Alonso', Maria Garcia-Zamora' and

© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2023

BACKGROUND/OBJECTIVES: Posterior staphyloma is a hallmark of high myopia and its presence associates to greater degrees of
myopic maculopathy. Nonetheless, its development, repercussion on visual function and relationship with maculopathy
components, is still unclear. The objective was to analyze the impact of posterior staphyloma on the incidence and severity of
myopic maculopathy and its repercussion on visual prognosis.

SUBJECTS/METHODS: Cross-sectional study conducted on 473 consecutive eyes of 259 highly myopic patients examined at Puerta
de Hierro-Majadahonda University Hospital (Madrid, Spain). All patients underwent complete ophthalmologic examination
including best corrected visual acuity (BCVA), axial length (AL), myopic maculopathy classification according to ATN system
(atrophic/traction/neovascularization), determined the presence of posterior staphyloma, pathologic myopia (PM) and severe PM.
Multimodal imaging were performed including fundus photography, optical coherence tomography (OCT), OCT-angiography,
fundus autofluorescence and/ or fluorescein angiography.

RESULTS: Out of the total, 70.65% were female patients (n = 173/259), mean BCVA was 0.41 £+ 0.54 logMAR units and mean AL was
29.3 + 2.6 mm (26-37.6). Posterior staphyloma was present in 69.4% of eyes. Eyes with posterior staphyloma compared to non-
staphyloma were older (p < 0.05), had greater AL (p < 0.01), worse BCVA (p < 0.01) and higher stage in ATN components (p < 0.01).
Moreover, compound subgroup showed worse BCVA (p < 0.01) and greater stage in each of the ATN components (p < 0.01).
Staphylomas with macular involvement presented worse BCVA (p < 0.01), higher AL (p < 0.01), and greater ATN (p < 0.05). The risk of
posterior staphyloma presence in eyes with PM and severe PM eyes was 89.8% and 96.7%, respectively. Posterior staphyloma was

the best predictor for BCVA in myopic patients (p < 0.01).

CONCLUSIONS: Posterior staphyloma’s presence determines high risk of myopic maculopathy and therefore worse visual
prognosis, especially those with macular involvement. Posterior staphyloma represented the best predictor for BCVA in highly

myopic patients.

Eye (2024) 38:145-152; https://doi.org/10.1038/s41433-023-02648-z

INTRODUCTION

Posterior staphyloma (PS) is a progressive deformation of the
posterior ocular wall where a marked change in curvature occurs
in a delimited area and must be differentiated from simple scleral
backward bowing.

PS is a hallmark of high myopia, nevertheless not pathogno-
monic as other pathologies such as retinosis pigmentosa, tilted-
disc syndrome, osteogenesis imperfecta, oculocutaneous albinism
[1-4] among others could also develop this condition. The clinical
relevance of this “outpouching of a circumscribed posterior
fundus region”, as Spaide defined [5], is associated with more
severe myopic related disorders compared with non-staphyloma
eyes [6-9].

Nowadays, there are several methods that could be used for
the study of PS including stereoscopic fundus examination,
ultrasound, optical coherence tomography (OCT), wide-field-
OCT and 3D-magnetic resonance imaging (MRI). Curtin [10] was

the first to propose a classification using binocular indirect
ophthalmoscopy, classifying a total of 10 different primary and
compound subtypes. Recently, through the development of
different technologies, new classifications have been proposed.
Using 3D-MRI, Moriyama et al. [10] analyzed pathologic myopia
resulting in four different shapes of eyes: barrel, cylindric, nasally
distorted and temporally distorted types. Moreover, Ohno-
Matsui [8] classified PS in 6 subtypes based on 3D-MRI and
wide-field fundus imaging. This latter classification is based on
Curtin’s but renamed according to the distribution and location
of the outpouching of the sclera.

Myopic maculopathy was defined by the presence of macular
alterations induced by high myopia that leads to a significant
decrease in BCVA [11-14]. Ruiz-Medrano et al. [14] developed the
ATN classification system to grade myopic maculopathy based on
atrophic, tractional and neovascular characteristics with high
reproducibility proved [15, 16].
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The presence of PS and/or an atrophic myopic maculopathy
equal to or more severe than diffuse chorioretinal atrophy define
pathologic myopia (PM), as described by Ohno-Matsui et al.
[7, 17, 18], severe PM was defined according to ATN grading
system [16] as follows: the presence of macular atrophy equal or
more severe than patchy chorioretinal atrophy, tractional maculo-
pathy equal or more severe than foveal detachment and/or
myopic neovascular maculopathy in active, scar or atrophic stage.
Furthermore, optimal cut-off points in terms of axial length (AL)
for PM and severe PM have been defined in 28 and 29.5 mm,
respectively, with good sensitivity and specificity rates [19].

The aim of the present study was to analyze the impact of posterior
staphyloma on incidence and severity of myopic maculopathy and, in
addition, the repercussion on patient’s visual prognosis.

MATERIALS/SUBJECTS AND METHODS

This cross-sectional and non-interventional study of 473 con-
secutive high myopic eyes of 259 patients was carried out at a
tertiary referral hospital for vitreoretinal pathology, Puerta de
Hierro-Majadahonda University Hospital (Madrid, Spain). The study
design adhered to the tenets of the Declaration of Helsinki for
research involving humans and design was approved by the
corresponding Institution’s Ethics Committee (Pl 43/20). All
patients signed an informed consent form and were identified
through a records search with the study period extending from
June 2021 to June 2022.

Inclusion criteria were: presence of high myopia (defined as
axial length (AL) = 26 mm), age =18 years and availability of good
quality ocular images (>45 image quality score on DRI Triton
Swept-Source (SS) OCT software [TOPCON Co., Japan]). Examina-
tions were performed in both eyes independently, as long as both
fulfilled the inclusion criteria.

Exclusion criteria were previous intraocular surgery (exception
for refractive or cataract surgery), coexisting ocular or systemic
diseases including optic nerve pathology, multifocal choroiditis,
punctate inner choroidopathy, angioid streaks, uveitis, previous
ocular trauma, diabetic retinopathy, retinal vein/artery occlusion,
connectivopathies such us Marfan syndrome, or idiopathic
macular hole.

Demographic data were obtained from the patients’ clinical
records. All participants underwent complete ophthalmological
examination including: best corrected visual acuity (BCVA)
converted into logarithm of the minimum angle of resolution
(logMAR), slit-lamp anterior segment examination, optical biome-
try (IOL Master 500, Carl Zeiss Meditec AG, Jena, Germany),
intraocular pressure (Goldman applanation tonometry) and
indirect ophthalmoscopy.

Multimodal imaging

Multimodal imaging included color/pseudocolour fundus photo-
graphy using DRI-OCT Triton plus (Topcon Corporation, Japan),
Zeiss Clarus TM 500 (Carl Zeiss Meditec AG, Jena, Germany) or
Optos-Optomap Panoramic 200A system (Optos PLC, Dunfermline,
United Kingdom). SS-OCT), OCT-angiography and fundus auto-
fluorescence using DRI-OCT Triton-plus (Topcon Corporation,
Japan). Structural OCT protocol included radial 12-mm scans
centered at the fovea. Fluorescein angiography or OCT-
angiography were performed if myopic choroidal neovasculariza-
tion (CNV) was suspected.

Posterior staphyloma

The presence and type of posterior staphyloma were determined
by indirect ophthalmoscopy, fundus photography and OCT by two
blinded independent retinal specialists (I.F-M. and M.P.). In those
eyes with non-coincident classification, a third blinded senior
consultant retinal specialist (JM.R-M.) checked and classified the
staphyloma type. Posterior staphylomas were classified according
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Fig. 1 Color fundus photography showing different posterior
staphyloma subtypes [20]. A Left eye wide macular posterior
staphyloma (type I); B Right eye presenting a narrow macular
posterior staphyloma (type Il); C Right eye demonstrating the nasal
type (type IV) posterior staphyloma; D Right eye combining
peripapillary area and wide macular staphyloma (type VII/Others
in Ohno-Matsui classification [8]); E Left eye posterior staphyloma
associating a vertical septum from upper to lower border of the
staphyloma (Type IX/Others in Ohno-Matsui classification [8]) and
F Right eye compound posterior staphyloma type VIII (Others in
Ohno-Matsui classification [8]) associating steps across the wall of a
primary type | staphyloma.

to two classifications: Curtin classification [20] and the recent
classification defined by Ohno-Matsui [8]. Both classifications were
compared and analyzed in the study. Different posterior
staphyloma subtypes are shown in Fig. 1.

(1) Curtin classified posterior staphyloma into 10 types [20]—
five primary and five compound forms—based on their
funduscopic appearance. Primary staphylomas were classi-
fied according to the area involved, as follows: posterior
pole of the eye (Type 1), macular area (Type Il), peripapillary
area (Type lll), the area nasal to the disk (Type IV) and the
area below the disk (Type V). The compound forms
combined different posterior ectasias describing staphy-
loma combining Type | and Type Il (Type VI), combination of
Type | and Type Ill (Type VII), multiple steps across the wall
of a primary Type | (Type VIll), deep Type | staphyloma
associating vertical septum from upper to lower border of
the staphyloma or to either side of optic nerve (Type IX),
and, ultimately, deep Type | staphyloma divided into
different compartments by thin plicae (Type X).

(2) Ohno-Matsui classification differentiated into 6 types [8] of
staphylomas renamed according to their location and
distribution: the wide macular type, the narrow macular type,
the peripapillary type, the nasal type, the inferior type, and
others. The first 5 subtypes (wide macular, narrow, peripapil-
lary, nasal and inferior type) coincide with the same subtypes

Eye (2024) 38:145-152



corresponding to Curtin’s classification (from | to V, respec-
tively) and is in the sixth and last subtype named “others”
where all the compound forms of staphylomas are grouped.

Moreover, posterior staphylomas were also categorized accord-
ing to macular region implication. Describing two groups (Curtin
classification):

Posterior staphyloma with macular involvement: Type |, Type I,
Type VI, Type VII, Type VI, Type IX and Type X.

Posterior staphyloma without macular involvement: Type lII,
Type IV and Type V.

ATN grading system

The ATN grading system for myopic maculopathy was applied in
all cases. Two retinal specialists (I.F-M. and M.P.) independently
assessed the atrophic (A), tractional (T) and neovascular (N)
components based on fundus photography and radial 12-mm
scans fovea-centered SS-OCT in a blinded manner. The ATN
system grades [14, 15] the A, T, and N components, respectively,
as follows:

Atrophic component: A0 (no atrophic retinal lesions), A1
(tessellated fundus), A2 (diffuse chorioretinal atrophy), A3 (patchy
chorioretinal atrophy), and A4 (complete macular atrophy).
Tractional component: TO (no traction), T1 (inner or outer
foveoschisis), T2 (inner and outer foveoschisis), T3 (foveal
detachment), T4 (full-thickness MH), and T5 (MH + retinal
detachment).

Neovascular component: NO (no myopic CNV), N1 (macular
lacquer crack), N2a (active myopic CNV), or N2s (scar/Fuchs spot).
N2a and N2s represent dynamic stages, both were considered N2
for statistical analysis.

In patients who had undergone vitreoretinal surgery for
tractional maculopathy, the T component considered was the
presurgical T score avoiding bias of surgical impact on retinal
traction. Furthermore, eyes with myopic CNV or myopic full-
thickness MH were included in the study only if diffuse atrophy
maculopathy was present in the atrophic maculopathy compo-
nent to avoid including eyes with CNV or full-thickness MH
secondary to other pathologies.

Pathologic myopia and severe pathologic myopia
All eyes were classified into two groups—pathologic myopia (PM) or
severe PM—based on ATN grading criteria [PM was defined as >A2
and severe PM as =A3, =T3, and/or N2 (active myopic CNV, scar CNV,
or Fuchs spot)] and AL cut-off points defined (considered 28 and
29.5 mm for PM and severe PM, respectively) [16, 19].

Myopic maculopathy

Myopic maculopathy was defined by the presence of macular
alterations induced by high myopia that leads to a significant
decrease in BCVA, in which an excessive AL and/or posterior
staphyloma are the main factors although there are some other
factors contributing to myopic maculopathy [11-14]. These
macular alterations included not only atrophic changes, but also
neovascular and traction-induced alterations. Myopic maculopa-
thy could be classified into three categories: 1) atrophic, 2)
tractional and 3) neovascular [14]. Based on the ATN classification
and significant BCVA decrease, myopic maculopathy was defined
as the presence of >A2, >T2 and/or >N1.

Statistical analysis

All analyses were performed using the IBM-SPSS statistical
software program (IBM-SPSS, v. 28.0.1.0, Chicago, IL, USA). A
two-tailed p-value <0.05 was considered statistically significant.

Eye (2024) 38:145-152
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Descriptive statistics were provided for normally distributed
variables as means with standard deviation (SD) for quantitative
variable and n (percentage) for categorical variables. The
Kolmogorov-Smirnov test was performed to assess the normality
or non-normality of the variables.

Demographic data, BCVA, AL, presence of posterior staphyloma
and its subtypes, according to classifications previously described,
were compared between groups. Categorical variables were
compared using Chi-square test for the normally distributed and
Fisher's exact test for the non-parametric variables, and to
compare continuous distributed variables independent t-test
was used for normally distributed variables or the non-
parametric Mann-Whitney-U test for non-normally distributed
variables. Kruskal-Wallis test was used to compare ordinal
variables between groups: A, T and N components; posterior
staphyloma classification.

Linear regression was performed to assess the impact of age and
AL on BCVA and the presence of posterior staphyloma adjusting by
age and AL. Furthermore, linear regression was performed to study
the principal variables affecting BCVA in PS and non-PS eyes. The
coefficient+SD (95% confidence-interval [Cl]) and RA2 of each
regression was obtained. Moreover, Akaike' and Bayesian’ criterions
were applied to compare regressions [21-23].

Ordinal logistic regression was conducted to predict which
variable (age, AL or PS) most strongly predicted the increase in the
myopic maculopathy component studied (atrophic, tractional or
neovascular). Regression coefficients and significance was
obtained of each variable. Multivariate logistic regression was
performed for posterior staphyloma presence as dependent
variable depending on the following independent variables: age
and AL. Odds ratio + SD (95% Cl) of each variable was obtained
analyzing individual risk of presenting staphyloma for each
variable. Area under curve (AUC) and Hosmer-Lemeshow test
were calculated to assess the discrimination and calibration of the
multivariate logistic regression, respectively.

Positive predictive values for posterior staphyloma were
obtained according to AL cut-off points previously established
for pathologic myopia and severe pathologic myopia, respectively.
Minimum sample size calculation was based on population
variance of each given outcome for a 2-sided level of significance
(a) at 0.05 and power (B) of 80% to detect significant results.
Interobserver agreement (defined as the percentage of agreement
among observers) for posterior staphyloma classification and ATN
grading system was analyzed. Concordance correlation coefficient
was performed, rho coefficient was considered moderate (=0.4),
good (=0.6), or excellent (=0.8) [24, 25].

RESULTS

Patient’ demographics

A total of 473 eyes of 259 patients with high myopia were
included, being 70.65% female patients (n = 173/259) and 50.5%
(n=239/473) the right eye. Mean age was 62.4 + 13.6 years-old
(18-92). Mean BCVA was 0.41+0.54 logMAR units (0-3.00)
equivalent to 0.58+0.33 decimal (0-1). The mean AL was
293+26mm (26-37.6); PM was present in 622% of eyes
(n=294/473) and, within this group, 39.7% (n = 188/473) were
severe PM.

Posterior staphyloma

Out of the total, 69.4% (n =328/473) of the eyes presented PS;
69.8% belonged to female patients (n=229/328). According to
Curtin’s classification, 73.5% (n=241/328) were categorized as
primary PS. The most frequent subtypes (Table 1) were:
peripapillary staphyloma (type Ill) showed in 20.1% (n = 66/328)
(Fig. 2), followed by inferior staphyloma (type V) in 16.8% (n =55/
328) and by narrow morphology (type ) in 16.7% (n = 55/328).
Within eyes with PM the most frequent subtypes (Table 1) were:
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Table 1. Prevalence of posterior staphyloma subtypes within the total sample and in pathologic myopia subgroup according to Curtin’s

classification.

Posterior staphyloma subtype
Type |
Type Il
Type lll
Type IV
Type V
Type VI
Type VII
Type VIl
Type IX
Type X

Total n (%)
38/328 (11.5%)
55/328 (16.7%)
66/328 (20.1%)
28/328 (8.5%)
55/328 (16.7%)
3/328 (0.9%)
32/328 (9.8%)
9/328 (2.7%)
29/328 (8.8%)
14/328 (4.3%)

Pathologic myopia eyes n (%)

31/255 (12.15%)
43/255 (16.86%)
42/255 (16.47%)
18/255 (7.06%)
41/255 (16.08%)
3/255 (1.18%)
29/255 (11.37%)
9/255 (3.53%)
27/255 (10.59%)
12/255 (4.71%)

narrow type (type Il) present in 18% (n=46/255), follow by
inferior type (type Ill) (n=45/255) and by wide macular type
(type I) (n =34/255).

Concordance correlation interobserver was excellent, rho
coefficient = 0.987.

ATN grading system

The data of each A, T and N component of eyes with and without
PS is outlined in Table 2. Concordance correlation interobservers
was excellent, Rho coefficients were as follows; A: 0.98 (p < 0.01); T:
0.98 (p <0.01); and N: 0.99 (p < 0.01).

Comparison of structural and clinical characteristics based on
posterior staphyloma presence and subtype

Posterior staphyloma vs. no posterior staphyloma. Eyes with PS
showed greater age (p < 0.05), AL (p < 0.01), worse BCVA (p < 0.01),
greater stage in A (p<0.01), T (p<0.01) and N components
(p<0.01) with statistically significant differences. No differences
between gender were found (p > 0.05).

Logistic regression was performed to analyze the influence of
age and AL on PS.

The risk of PS increases by 8% (95% Cl: 5-12%) every year older
(p <0.01) and 70% (95% Cl: 42-106%) for every mm increase in AL
(p <0.01). The discrimination of the logistic regression was 90.2%
and Hosmer-Lemeshow test showed excellent calibration when
compared to real population data (p < 0.01).

Primary/Compound. Compounds PS showed worse BCVA
(p<0.01), greater stage in A (p<0.01), T (p<0.01) and N
components (p<0.01). No statistically differences were found
regarding AL, age nor gender (p > 0.05).

Macular involvement. PS with macular involvement (type |, Il and
compounds) were found in 54.6% (n = 179/328). These subtypes had
worse BCVA (p < 0.01), greater AL (p < 0.01) and also, greater stage in
A (p<0.01), T (p<0.01) and N components (p < 0.05). On the other
hand, age and gender were not statistically different (p > 0.05).

Analyses between PS vs. non-PS eyes, primary vs. compound and
macular vs. non-macular involvement staphyloma is summarized in
Table 3.

Analysis of posterior staphyloma in pathologic myopia and
severe PM

Among eyes that met criteria for PM and severe PM, 86.7%
(n=255/294) and 94.1% (n=177/188) presented posterior
staphyloma, respectively. The positive predictive value of PM for
the presence of staphyloma was 89.8% (95%Cl: 86.1-93.5), which
means that PM eyes had 89.8% probability of presenting
staphyloma. Moreover, the positive predictive value for severe
PM was 96.7% (95% Cl: 93.6-99.8), therefore eyes classified as

SPRINGER NATURE

Fig. 2 Right high myopic eye with peripapillary subtype (type Ill)
posterior staphyloma. Color fundus photography (up) showing
peripapillary staphyloma and corresponding horizontal OCT b-scan
(down) demonstrating an inward protrusion of the sclera and
choroid thinning at the edge of the staphyloma.

severe PM presented a 96.7% probability of having posterior
staphyloma.
Different analyses between subgroups were performed:

PM vs. severe PM: The latter showed higher incidence of PS
(p <0.05). No differences were found between primary/com-
pound nor macular involvement (p > 0.05).

Within PM group (excluding severe PM), staphyloma (n =78/
106) vs. non-staphyloma eyes (n =28/106): Eyes with staphy-
loma presented worse BCVA, higher AL and were older
(p <0.01). Regarding ATN, PS eyes showed higher A (p <0.01)
and T component (p < 0.05).

Within severe PM group, staphyloma (n=177/188) vs. non-
staphyloma eyes (n=11/188): Eyes with PS had worse BCVA,

Eye (2024) 38:145-152
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higher AL and were older (p <0.01). Nevertheless, no differ-
ences were obtained in ATN components (p > 0.05).

Influence of posterior staphyloma and AL on visual function
and myopic maculopathy

The prevalence of myopic maculopathy (due to atrophic,
tractional and/or neovascular components) in posterior staphy-
loma, PM and severe PM groups. Considering eyes with myopic
maculopathy, posterior staphyloma was present in 81.7% of eyes
that presented atrophic myopic maculopathy, in 93.8% of eyes
with tractional myopic maculopathy and in the 84.5% with
neovascular myopic maculopathy.

An ordinal regression was performed to predict the probability
of higher A, T and N components depending on age, AL and
presence of PS. It was found with statistically significant
differences (p <0.01) that the presence of posterior staphyloma
is the variable that is more likely to increase the risk of higher A, T
and N component. Followed in the three analyses as well by age
(p<0.01) and lastly by AL (p <0.01).

Linear regression was performed to study the influence of age,
AL and PS on BCVA. According to Akaike’s and Bayesian'’s criteria
[21-23], the presence of posterior staphyloma was a better
predictor of BCVA according to this analysis.

The results showed that:

Age explained 5.1% of the variability of visual function and for
every additional year of age there was a loss in BCVA of 0.006
decimal (p <0.01).

AL explained 10.85% of the variability of visual function and for
every mm increase in AL there was a loss in BCVA correspond-
ing to 0.04 decimal (p <0.01).

Posterior staphyloma explained 12.1% of visual function
variability and its presence associated a decrease in BCVA of
0.25 decimal (p <0.01).

Moreover, it was analyzed separately the combination of
variables in PS and non-PS group that influence the visual
function.

In PS group, the variable that influenced most the visual acuity was
the atrophic component (p <0.01) associating a mean loss of 0.18
decimal of BCVA per each increase of A component. Followed by
those PS that affected the macular region (p < 0.01) and compound
PS (p <0.01) with a loss of visual acuity of 0.15 and 0.14 decimal,
respectively. Finally, neovascular component (p <0.01), tractional
component (p <0.01) and AL (p<0.01) led to a mean BCVA loss of
0.08, 0.05 and 0.02 decimal per mm increase; in this order.

On the other hand, in those eyes without PS the variable that
most affected BCVA was neovascular component (p <0.01)
followed by atrophic component (p <0.01), associating a mean
loss of 0.17and 0.09 decimal for each increase N and A
component, respectively. Every mm higher of AL and every year
higher of age, led to a loss of 0.05 and 0.003 decimal (p <0.01).
Tractional component repercussion on visual acuity were not
significant (p > 0.05).

DISCUSSION

Posterior staphyloma in high myopia represents the best predictor
for BCVA and has a significant impact on myopic maculopathy
severity. From our results, it is possible to affirm that compound
staphylomas and those staphylomas with macular involvement
present higher degrees of atrophic, tractional and neovascular
myopic maculopathy and, therefore, worse visual acuity.

Out of all PS of this series, 73.4% were categorized as primary.
The most frequent subtype was the peripapillary (type IlI),
followed by the inferior (type V), narrow-macular (type Il) and
wide-macular staphyloma (type I): 20.1%, 16.8%, 16.5% and 11.6%,
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respectively. These results differ from previous reports which
found wide-macular (type I) the most frequent in 76% [20], 41.9%
[26] and 44.4% [27] followed by the narrow-macular (type Il) in
11.5% [20], 41.2% [26], 43.3% [27]. Zheng et al. [9], differing from
studies described above, obtained the following frequencies:
38.3% narrow-macular staphyloma (type ll), followed by 25.5%
wide-macular staphyloma (type 1), 21.3% parapapillary (type IlI),
12.8% of inferior staphylomas and 2.1% type VIl staphyloma.
These differences may respond to ethnicity, most of our cohort
were Caucasian-Mediterranean and there was not an AL difference
between studies that could be a bias. From our results, it can be
considered that PS classifications are useful from an anatomic
point of view; although for clinical prognosis, regarding BCVA and
myopic maculopathy, the most important statement would be the
presence of staphyloma and whether it affects the macular area.

Being older, having a high myopic spherical equivalent and
increased AL have been described as risk factors for PS [9, 17]. In
our sample, older age and longer AL were also risk factors for the
development of staphyloma; but when considering primary vs.
compound staphyloma, AL and age there were no different. A
genetic factor is assumed that should be considered in the
development of staphyloma subtype.

It has been widely studied that the increase of severity of
myopic maculopathy is associated with growth of the ocular globe
[12, 28-32]. Prospective follow-up studies demonstrated that high
myopic eyes without concomitant disorders could increase AL,
develop PS and myopic maculopathy [12, 33]. Nevertheless, the
range of AL associated with myopic maculopathy and staphyloma
subtypes is highly variable. As previously suggested by several
authors [7, 8, 20, 34] and according to our results, AL might not be
the best indicator to characterize pathologic myopia.

Myopic maculopathy is the main conditioning factor for visual
acuity in myopic eyes. Nowadays there is still no treatment for
many myopic maculopathy disorders, but some are susceptible to
treatment, requiring a strict follow-up. PS is critically important for
myopic maculopathy and its severity, particularly in compound
and/or macular involvement subtypes. As shown in this study,
maculopathy was practically constant when PS was present,
associating 81.7% of them atrophic myopic maculopathy, 93.8%
tractional myopic maculopathy and 84.5% neovascular myopic
maculopathy. In agreement with previous studies, eyes with PS
had worse visual prognosis and anatomic changes and was the
main predictive variable of a greater atrophic, tractional and
neovascular component [11, 30, 31, 33].

Several factors have an impact on visual acuity in high myopic
patients [7, 8, 11, 12, 30, 32]. According to our results, the best
predictor for BCVA in myopic patients was the presence of PS
justifying 12.1% of BCVA variability and leading to a decrease of
0.24 logMAR units. Moreover, the increase in AL was associated
with a decrease in BCVA explaining 10.85% of its variability, for
every T mm increase in AL there was a decrease in BCVA of 0.052
logMAR units. Thus, an increase of 46 mm of AL would be
necessary to produce a reduction in BCVA similar to the one
caused by the presence of PS. Nevertheless, as shown previously,
the main condition that affected visual acuity in patients with PS
was the atrophic component of myopic maculopathy, followed
by macular involvement due to PS. On the other hand, in those
eyes without PS, the conditions that most affected the visual
acuity were the neovascular and atrophic component in
this order.

Considering PM and severe PM, as part of their definition,
severe PM presented higher degrees of myopic maculopathy, but
also higher incidence of PS. Regarding the PM group, eyes with PS
had worse BCVA, higher AL, were older and more advanced stage
of maculopathy. Studying severe PM, results were similar in terms
of BCVA, AL and age within the PS group, although there were no
differences in myopic maculopathy as both groups had late stages
of maculopathy. Furthermore, both groups showed a very high
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positive predictive value for the presence of PS, indicating that
eyes with PM or severe PM will be at risk of having subsequent PS
of 89.8% and 96.7%, respectively. Suggesting that its presence is
practically constant in most of PM and, even more frequently,
severe PM eyes. Hence, accurate diagnosis of pathologic myopia
and its severity would be essential for correct follow-up.

LIMITATIONS

The limitations of our study were: 1) Nowadays there is not a
uniform and standardized method to measure the AL in eyes with
PS. The current biometers available may provide an inaccurate
measurement depending on whether the staphyloma affects the
macular region or not. Therefore, it might be recommended to
use the term of axial length as "foveal axial length", as a standard
among all studies in high myopia. The potential bias measuring AL
might be greater in those PS without macular involvement as they
are not centered in the most concave part of the eyeball. Despite
this fact, as shown in the study’s results, PS's eyes without macular
involvement showed less clinical repercussion. 2) Ultra-wide-field
OCT was not employed to classify and study our sample, so the
depth of the staphyloma was not studied and could be an
important factor that could influence on myopic maculopathy.
Nonetheless with actual technology available with a depth-scan
between 5 and 6mm, very deep staphylomas cannot be
completely visualized and measured. 3) Campimetry was not
performed on all patients, thus some incipient nerve alterations
could be misdiagnosed. 4) The race of our series was mainly
Caucasian-Mediterranean. A study including different races would
enhance the results. 5) Due to cross-sectional study design the
development and evolution of PS and myopic maculopathy were
not studied. 6) The sample studied was from a tertiary high-
myopia hospital and non-random sampling, these factors may
have been a bias so general population of high myopic may not
be represented affecting the generalizability of the results. 7)
Selection bias: the inclusion criteria may have introduced selection
bias as only patients with high image quality score were included.
Due to this, patients with more severe pathology could have been
excluded. 8) Limited sample size that may not be large enough to
draw firm conclusions, especially when subgroup analyses were
performed which makes the sample size smaller. 9) Lack of a
control group: a control group of non-high myopic eyes was not
included, which complicates the comparison of the results with
the general population. 10) Variability in measurement: although
the classification of posterior staphyloma had been performed by
two retina specialists and, in those cases of discrepancy,
confirmed with a third blinded senior consultant, there may still
be variability in the measurements.

CONCLUSIONS

The results of this study demonstrate the importance of
posterior staphyloma in high myopic patients, especially when
involving the macular region. Its presence determines high risk
of myopic maculopathy and therefore worse visual prognosis,
representing the best predictor for BCVA. Posterior staphyloma
should be considered practically as a constant hallmark of PM
and severe PM determining the follow-up and prognosis of
these patients.

SUMMARY

What was known before

® Posterior staphyloma is a hallmark of high myopia and its
presence associate higher degrees of myopic maculopathy,
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nevertheless it is still unclear its development, repercussion
on visual function and relationship with maculopathy
components.

What this study adds

® The results of this study demonstrate the importance of
posterior staphyloma in high myopic patients, especially when
involving the macular region.

® Posterior staphyloma determines higher risk of myopic
maculopathy and therefore worse visual prognosis, represent-
ing the best predictor for BCVA.

® Posterior staphyloma should be considered practically as a
constant hallmark of PM and severe PM determining the
follow-up and prognosis of these patients.

® The study' results highlight the importance of assessing the
posterior staphyloma in patients with high myopia.
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