
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00417-021-05372-0

RETINAL DISORDERS

Pathologic myopia and severe pathologic myopia: correlation 
with axial length

Ignacio Flores‑Moreno1  · Mariluz Puertas1 · Elena Almazán‑Alonso1 · Jorge Ruiz‑Medrano1 · 
María García‑Zamora1 · Rocío Vega‑González1 · José M. Ruiz‑Moreno1,2,3,4

Received: 13 May 2021 / Revised: 28 July 2021 / Accepted: 6 August 2021 
© The Author(s) 2021

Abstract
Purpose This study had three aims: (1) correlate axial length (AL), age and best-corrected visual acuity in high myopic 
patients scored on the ATN grading system; (2) determine AL cut-off values to distinguish between pathologic myopia (PM) 
and severe PM; and (3) identify clinical differences between PM and severe PM.
Methods This is a cross-sectional, non-interventional study. All patients underwent complete ophthalmologic examination, 
ATN grading and multimodal imaging (colour fundus photography, swept-source OCT, fundus autofluorescence, OCT 
angiography and fluorescein angiography).
Results Six hundred forty-four eyes from 345 high myopic patients were included. The eyes were graded on the ATN 
system and classified as PM (≥ A2) or severe PM (≥ A3, ≥ T3 and/or N2). Significant between-group (PM vs. severe PM) 
differences (p < 0.05) were observed on the individual ATN components (atrophic [A], tractional [T] and neovascular [N]), 
age, BCVA and AL. AL was also linearly correlated with the A, T and N components (r = 0.53, p < 0.01; r = 0.24, p < 0.01; 
r = 0.20, p < 0.01; respectively). ROC curve analysis showed the optimal AL cut-off value to distinguish between PM at 
28 mm (AUC ROC curve: 0.813, specificity: 75%, sensitivity: 75%) and severe PM at 29.50 mm (AUC ROC curve: 0.760, 
specificity: 75%, sensitivity: 70%).
Conclusion AL is the main variable associated with myopic maculopathy. Due to the clinical differences found between PM 
and severe PM, there is need to create an objective cut-off point to distinguish these two different entities being the optimal 
cut-off points for AL 28 mm and 29.5 mm, respectively. These objective AL cut-off values should be taken into account for 
determining a correct follow-up, ophthalmic management and treatment.
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Introduction

High myopia is a leading cause of central and peripheral 
vision loss, especially in Mediterranean and Asian coun-
tries [1, 2]. This condition is associated with various eye 
diseases, including glaucoma, retinal detachment, macular 
hole (MH), epiretinal membrane, choroidal neovasculari-
zation and chorioretinal atrophy. Most of these alterations 
are probably due to excessive elongation of the ocular 
globe, commonly associated with posterior staphyloma. 
Best-corrected visual acuity (BCVA) is worse in eyes with 
wide macular staphyloma compared to eyes without poste-
rior staphyloma or other subtypes of staphyloma [3].

Ohno-Matsui et al. defined five categories of myopic 
maculopathy based on fundus colour photography (META-
PM classification system), as follows: category 0, “no 
myopic retinal degenerative lesion”; category 1, “tessel-
lated fundus”; category 2, “diffuse chorioretinal atrophy”; 
category 3, “patchy chorioretinal atrophy”; and category 
4, “macular atrophy”. Three “plus” lesions were estab-
lished: lacquer cracks, myopic choroidal neovasculariza-
tion (CNV) and Fuchs spot [4]. Recently, a new classifi-
cation system, known as the ATN grading system, was 
developed to assess the atrophic (A), tractional (T) and 
neovascular (N) components of myopic maculopathy [5]. 
The ATN classification system, which is based on fundus 
photography and optical coherence tomography (OCT) 
scans, has proven to be highly reproducible [6].

High myopia is usually defined as a spherical equivalent 
(SE) ≥  − 6 diopters (D) and/or axial length (AL) ≥ 26 mm. 
The definition of the term pathologic myopia (PM) was 
controversial until a group of experts defined it as highly 
myopic eyes with macular atrophic lesion equal to or more 
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severe than diffuse chorioretinal atrophy, or the presence 
of posterior staphyloma [3, 4, 7]. Recently, the severe PM 
was defined according to ATN grading system [8], as fol-
lows: the presence of macular atrophic involvement ≥ A3 
(patchy chorioretinal atrophy or macular atrophy), ≥ T3 
(foveal detachment, full-thickness MH or MH plus retinal 
detachment) and/or N2 (active myopic CNV, scar CNV or 
Fuchs spot).

Macular pathology in high myopia can be very diverse 
in its presentation. Classifying it in high myopia, PM and 
severe PM will allow a better study, follow-up and treat-
ment. Objective cut-off points will help in defining these 
conditions.

The aim of the present study was to evaluate a large 
sample of highly myopic eyes to assess the correlation 
between ATN scores and AL, posterior staphyloma, age, 
sex and BCVA. Actually, there is need to establish AL 
cut-off values for PM and severe PM, due to the fact that 
there are no quantitative objective criteria for defining 
these myopic statuses, and additionally, to identify differ-
ences in clinical characteristics between patients with PM 
and severe PM.

Methods

This was a cross-sectional and non-interventional study 
in adhesion to the tenets of the Declaration of Helsinki 
for research involving humans. The study protocol was 
approved by the Ethics Committee of Puerta de Hierro-
Majadahonda University Hospital and all included patients 
signed the appropriate informed consent. Highly myopic 
patients who visited Puerta de Hierro-Majadahonda 
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University Hospital (Spain) from February 2017 to 
November 2020 were included.

Inclusion criteria were as follows: presence of high 
myopia (defined as AL ≥ 26 mm and SE ≥  − 6 D); clear 
ocular media; age ≥ 18 years; availability of good quality 
ocular images (> 45 image quality score on the DRI Tri-
ton Swept-Source OCT software [TOPCON Co., Japan]). 
Exclusion criteria were conditions of non-axial myopic 
eyes, previous intraocular surgery (exception for refrac-
tive surgery or cataract surgery); multifocal choroiditis; 
angioid streaks; punctate inner choroidopathy; coexisting 
ocular or systemic diseases including glaucoma; uveitis; 
diabetic retinopathy; retinal vein/artery occlusion; Marfan 
syndrome; or idiopathic MH. All the criteria were evalu-
ated separately by two retinal experts and, in case of doubt, 
the eyes were excluded from the analysis.

Demographic data were obtained from the patients’ 
clinical records. All study participants underwent com-
plete ophthalmological examination that included 
BCVA assessment under cycloplegia, slit-lamp anterior 
segment examination, optical biometry (IOL Master, 
Carl Zeiss, Tubingen, Germany), intraocular pressure 
(Goldmann applanation tonometry) and indirect fundus 
ophthalmoscopy.

Multimodal imaging included colour fundus photogra-
phy, swept-source OCT (SS-OCT) and fundus autofluores-
cence (FAF) using DRI-OCT Triton plus. The structural 
OCT protocol included radial 12-mm scans centred at the 
fovea with 1,024 axial scans. Fluorescein angiography 
(FA) and OCT angiography (OCTA) were performed in 
cases of suspected myopic CNV. All examinations were 
performed in both eyes if the left and right eye both met 
the study inclusion criteria.

The ATN grading system [5, 6] for myopic maculopathy 
was applied in all cases. Two masked retinal specialists 
independently assessed the A, T and N components in each 
eye. The ATN system grades the A,T and N components, 
respectively, as follows: A0 (no myopic retinal lesions), 
A1 (tessellated fundus), A2 (diffuse chorioretinal atrophy), 
A3 (patchy chorioretinal atrophy) and A4 (complete macu-
lar atrophy); T0 (no macular schisis), T1 (inner or outer 
foveoschisis), T2 (inner and outer foveoschisis), T3 (foveal 
detachment), T4 (full-thickness MH) and T5 (MH + retinal 
detachment); and N0 (no myopic CNV), N1 (macular lac-
quer crack), N2a (active myopic CNV) or N2s (scar/Fuchs 
spot). N2a and N2s are dynamic stages, and both were con-
sidered N2 for statistical analysis (an eye classified as N2a 
before treatment can become N2s after treatment; N2s can 
start activity after time). In patients who had previously 
undergone pars plana vitrectomy for tractional disease, the 
presurgical T score was used (i.e., the impact of surgery on 
the traditional component was not considered).

Eyes with myopic CNV or myopic full-thickness MH 
were included in the study only if diffuse atrophy macu-
lopathy was present in the atrophic maculopathy component 
to avoid including eyes with CNV or full-thickness MH sec-
ondary to other pathologies.

The presence of posterior staphyloma was based on fun-
dus examination and OCT B-scan radial images. Two retinal 
experiences examiners determined the presence or absence 
of posteriori staphyloma.

All eyes were classified into two groups—PM or severe 
PM—based on ATN grading criteria described in previous 
studies [4, 8]. Briefly, PM was defined as the presence of 
an atrophic component ≥ A2 and severe PM was defined as 
myopic maculopathy ≥ A3, ≥ T3 and/or N2 (active myopic 
CNV, scar CNV or Fuchs spot).

Statistical analysis

All analyses were performed using the IBM-SPSS statistical 
software program (IBM-SPSS, v. 26.0, Chicago, IL, USA). 
A two-tailed p value < 0.05 was considered statistically sig-
nificant. 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, SE, posterior staphyloma 
and ATN classification were compared between groups 
using independent T Student test for normally distributed 
variables and Chi-square test for normally distributed cat-
egorical variables. Pearson and Spearman correlations were 
used to determine the correlations for normally distributed 
and non-normally distributed variables, respectively. The 
results were expressed in terms of r and p value.

As Pearson’s and Spearman’s “r value” is interpreted, 
values between r = 0.30 and r =  − 0.30 are not considered 
clinically significant, being a weak or even null correlation 
(if r = 0).

Receiver operating characteristic (ROC) curves were pre-
pared to obtain cut-off values using Youden’s index. Gener-
alized estimating equation (GEE) multivariant analysis was 
performed to assess the effect of the A, T and N components 
with respect to AL, adjusting by age and controlling the 
other variables for each analysis.

Results

A total of 644 eyes from 345 consecutive patients (69.3% 
women) with high myopia were included. The demographic 
characteristics of the full cohort are shown in Table 1.

Eyes were classified into three groups according to their 
characteristics: (1) non-pathologic high myopic eyes, (2) 
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PM group and (3) severe PM (subgroup of PM). Patients 
classified with severe PM were older and had longer AL 
and worse BCVA (p < 0.05) compared to the PM group. In 
addition, when comparing the latter with the total group of 
high myopes, differences were found in the three variables 
mentioned above (p < 0.01). The demographic and clinical 
characteristics are summarized in Table 2 according to the 
group classification (PM versus severe PM).

In terms of A, T and N components; there were statisti-
cally significant differences when comparing PM and severe 
PM group (p < 0.05). The number and percentage of each 
stage of A, T and N components is outlined in Table 3. On 
the other hand, when comparing the total PM group with 
the group of high myopia, statistically differences in ATN 
components were also found (p < 0.01).

AL was linearly correlated with A and T components, as 
follows: A (r = 0.53, p < 0.01) and T (r = 0.34, p < 0.01). But 
the correlation with N score was clinically weak (r = 0.20, 
p < 0.01).

In addition to the correlation found regarding AL, there 
was also a moderate linear correlation between age and A 
score (r = 0.31, p < 0.01). However, not statistically or clini-
cally relevant differences have been found regarding T and 
N scores (r = 0.09, p > 0.05; r = 0.17, p < 0.01, respectively). 
On the other hand, age was also negatively correlated with 
BCVA (r =  − 0.31, p < 0.01), but not statistically correlation 
was found between age and AL (r = 0.09, p > 0.05). BCVA 
was negatively correlated with the A (r =  − 0.45, p < 0.01) 
and N scores (r =  − 0.34, p < 0.01), but there was not proven 

a significant clinical correlation with the T component 
(r =  − 0.15, p < 0.01).

Posterior staphyloma was present in 47.7% eyes out of the 
total. Larger AL, older patients and also lower visual acu-
ity (p < 0.01) were found in eyes with posterior staphyloma. 
Moreover, the presence of this hallmark of myopic retinal 
pathology was correlated with greater A and T components 
scores (p < 0.01). Nevertheless, no correlation was found 
when studying the correlation with N component (p > 0.05). 
In addition, the presence of posterior staphyloma in PM and 
severe PM groups was statistically significant (p < 0.01).

On the ROC curve, the best AL cut-off point for the PM 
group, compared with non-pathologic high myopic eyes, was 
28 mm (AUC: 0.813, 95% confidence interval: 0.767–0.856, 
specificity: 75%, sensitivity: 75%). For severe PM, compared 
with PM group and non-pathologic high myopic eyes, the 
cut-off point was at 29.50 mm (AUC: 0.760, 95% confidence 
interval: 0.718–0.802, specificity: 75%, sensitivity: 70%) 
(Figs. 1 and 2).

The age-adjusted association between ATN grade and 
AL was estimated on the multivariate GEE model, which 
showed no association between age and AL. Thus, age was 
not a confounding variable. The following differences in 
mean axial length were observed according to A grade: 
grade A2 eyes were 2.17 mm longer than A0 (p < 0.01), 
A3 were 3.36 mm longer than A0 (p < 0.01), and A4 were 
3.47 mm longer than A0 (p < 0.01). All of these analyses and 
results were adjusted for the T and N variables.

By T grade, the following differences in AL were 
observed: grade T1 eyes were 0.33 mm longer than T0 
(p < 0.05), T1 were 0.74 mm longer than T0 (p < 0.05), and 
T1 were 1.16 mm longer than T0 (p < 0.05). The T3 and T5 
groups did not show any statistically significant differences 
(both p > 0.05). No statistically significant differences in AL 
were observed between any of the N groups (p > 0.05; N2 
p > 0.05).

The Cohen’s kappa coefficients between graders by com-
ponent (A, T, N) were as follows: A: 0.97 (p < 0.01); T: 0.97 
(p < 0.01); and N: 0.99 (p < 0.01).

Table 2  Demographic characteristics of patients with pathologic myopia versus severe pathologic myopia

BCVA best-corrected visual acuity; SE spherical equivalent; SD standard deviation

Variable Pathologic myopia (n = 543) Severe pathologic myopia 
(n = 278)

P value

Female 71.6% (389/543) 73.7% (205/278) p > 0.05 (Chi-square test)
Male 28.3% (154/543) 26.2% (73/278) p > 0.05 (Chi-square test)
Age ± SD (years) 62.98 ± 13.24 66.32 ± 12.14 p < 0.05 (T Student test)
Axial length ± SD (mm) 29.82 ± 2.44 30.78 ± 2.44 p < 0.05 (T Student test)
BCVA ± SD (decimal/Snellen) 0.49 ± 0.35

20/40 ± 20/60
0.35 ± 0.34
20/60 ± 20/60

p < 0.05 (T Student test)

SE ± SD (diopters)  − 12.52 ± 5.69  − 15.42 ± 5.66 p < 0.05 (T Student test)

Table 1  Demographic characteristics of the patient sample

BCVA best-corrected visual acuity

Variable Mean Range Standard deviation

Age, years 61.1 18–90 14.37
Axial length (mm) 29.5 26–37.6 2.48
BCVA (decimal; 

Snellen)
0.5; 20/40 0–1; 0–20/20 0.34; 20/60
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Discussion

This study shows the importance of establishing objective 
cut-off points for these entities within high myopia, due to 
the differences shown by the objective parameters analysed 
in these groups and the consequent clinical repercussion in 
these patients and in their clinical management.

In this study, axial length was positively correlated with 
the A, T and N components of the ATN grading system. 
BCVA was negatively correlated with all three ATN com-
ponents. Age was positively correlated with the A stage, but 
no correlation was found neither with T nor N component. 
On the ROC curve analysis, the optimal AL cut-off values 
to detect PM and severe PM were 28 mm and 29.5 mm, 
respectively.

Several studies have found that age is a key risk factor for 
macular complications in patients with highly myopic eyes 

or PM [9–12]. Progression rates have been well-documented 
in studies with long follow-up. Fang et al. [10] used colour 
fundus retinography to assess patients with myopic macu-
lopathy (mean follow-up: 18 years), showing that 58.6% of 
eyes progressed, at a rate of 47.0 per 1000 eye-years. The 
progression rate was higher in eyes with the most advanced 
A component stage of myopic maculopathy (macular atro-
phy and patchy atrophy). Yokoi et al. [13] evaluated the eyes 
of myopic children and followed them into adulthood (mini-
mum follow-up: 20 years), concluding that adult patients 
who presented features of PM had previously presented 
pathologic myopic changes during childhood. In addition, 
the presence of peripapillary diffuse atrophy in childhood 
was considered a biomarker for future myopic chorioreti-
nal atrophy. Those authors also observed progression in the 
stages of atrophic myopic maculopathy and an extension of 
the atrophic areas across the entire macula over the course 
of follow-up.

Table 3  ATN scores for eyes with pathologic myopia versus severe pathologic myopia

PM pathologic myopia; SPM severe pathologic myopia

A component T component N component

PM SPM PM SPM PM SPM

A0 0% (0/543) 0% (0/278) T0 45.6% (248/543) 43.5% (121/278) N0 66.3% (360/543) 38.4% (107/278)
A1 0% (0/543) 0% (0/278) T1 30.0% (163/543) 29.5% (82/278) N1 3.5% (19/543) 2.8% (8/278)
A2 58.9% (320/543) 19.7% (55/278) T2 19.7% (107/543) 17.9% (50/278) N2 30.2% (164/543) 58.6% (163/278)
A3 27.6% (150/543) 53.9% (150/278) T3 1.3% (7/543) 2.8% (7/278)
A4 13.4% (73/543) 26.2% (73/278) T4 2.9% (16/543) 5.7% (16/278)

T5 0.3% (2/543) 0.7% (2/278)

Fig. 1  ROC curve of axial length in pathologic myopia group Fig. 2  ROC curve of axial length in severe pathologic myopia group
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In a population-based study involving patients > 48 years 
of age, Vongphanit et al. [14] observed a non-significant 
trend towards an association between myopic maculopathy 
and age. In our series, consistent with previous reports, age 
was positively correlated with the A stage (ATN classifica-
tion), indicating that older myopic patients with some risk 
factors were more likely to present more advanced stages of 
atrophic maculopathy. Over time, diffuse and patchy atrophy 
areas are expected to increase in size, potentially coalescing 
into larger chorioretinal atrophic patches.

Age was not correlated with either the T or N components 
of the ATN system. Given that myopic tractional maculopa-
thy (MTM) is due to the relationship between the posterior 
hyaloid and posterior shape of the globe, it is reasonable 
to expect that the association between age and posterior 
staphyloma would have an important impact on the develop-
ment of tractional maculopathy. However, given that neither 
our study nor Matsumura et al. [15] found any correlation 
between age and T stage, it appears that axial length may 
have a stronger effect than age on the development of trac-
tional maculopathy.

Myopic CNV is the main and most common aetiology 
for CNV in patients ≤ age 50 [16, 17]. Chen et al. [18], in 
a large sample of eyes (n = 820) graded according to the 
ATN system, found no association between age and N score 
(ATN grading system), a finding that is consistent with our 
results. Wakabayashi et al. [19] evaluated the possible risk 
factors for myopic CNV. In that study, the univariate analysis 
showed a correlation between age and CNV; however, based 
on the results of the logistic regression analysis, the authors 
hypothesized that ageing may be responsible for the choroi-
dal filling delay in FA and for choroidal thinning, which are 
the main factors associated with myopic CNV.

In our study, AL was the main factor associated with 
myopic maculopathy in the A, T and N stages. These results 
are consistent with previous studies that assessed the corre-
lations between AL and the atrophic components of myopic 
maculopathy [9–12, 14, 18, 20]. Xiao et al. found that the 
odds of developing myopic atrophic maculopathy (multi-
variate model) was 2.97 times higher for each millimetre 
increase in AL [9]. From our results, significant between-
group differences in AL according to the A grade (ATN 
system) were observed, as follows: A2 (diffuse atrophy), 
2.17 mm; A3 (patchy atrophy), 3.36 mm; and A4 (complete 
macular atrophy), 3.47 mm. Those findings reveal significant 
differences in AL among eyes considered PM [4] (≥ A2), 
thus indicating the clinical importance of AL in detecting 
PM.

Studies have shown that MTM is more common in eyes 
with AL > 28 mm [15]. Two studies conducted in Asia found 
a positive association between MTM, AL and higher degrees 
of myopia [15, 21]. Shimada et al. [22] studied the natural 
course and risk factors for MTM in a sample of patients 

with ≥ 24 months of follow-up. There were no differences 
in AL across the baseline tractional groups and no differ-
ences in AL between the groups that improved, were stable 
or progressed. However, that study consisted of patients with 
early stage MTM. Classification was made according to the 
extension of retinoschisis in the macular area. A statistically 
significant difference was observed in the tractional stage 
compared to T0 since T1, with a variation of 0.33 mm, in 
T2 of 0.74 mm. No differences were found for T3 (foveal 
detachment), but T4 (full-thickness MH) showed a statistical 
difference of 1.16 mm. One hypothesis put forth to explain 
this finding is that the two stages do not differ in terms of 
AL, which suggests that other factors are likely responsible 
for generating foveal detachment or directly causing full-
thickness MH. While no significant differences in AL in 
stage T5 were observed, only two patients were classified as 
T5, although it is worth noting that one of these T5 patients 
had the longest AL in the entire sample.

Taking into account AL and the neovascular stage of 
myopic maculopathy, it has to be remarked that most of the 
studies employed just colour fundus photography to study 
myopic maculopathy. In our study, SS-OCT was used, which 
has a higher sensitivity to detect and monitor myopic CNV 
(up to 97%) [23]. In the study by Chen et al., atrophic and 
neovascular maculopathy were both associated with the 
same risk factors, which were mainly longer AL, larger peri-
papillary atrophy and thinner macular choroidal thickness 
[18]. Other studies have found that AL is a prognostic factor 
for final BCVA in young patients with myopic CNV [24].

The development of posterior staphyloma is a key factor 
for myopic macular maculopathy. Almost half of the eyes 
included in our study had posterior staphyloma and there 
was a correlation with longer AL, worse BCVA and greater 
A and T component of the ATN classification system and 
posterior staphyloma was statistically more frequent in PM 
and severe PM compared to high myopia.

PM and severe PM have been defined to asses myopic 
conditions associated with decreased vision [7, 8]. In the 
present study, the group of patients classified with severe 
PM consisted mainly of older patients with longer AL and 
worse BCVA. Moreover, these groups (PM versus severe 
PM) differed significantly on all three ATN components. AL 
has been widely used to define the degree of myopia, with 
some studies defining high myopia based on an arbitrary AL 
cut-off point of 26 or 26.5 mm [5, 25, 26]. The ROC curve 
analysis in our study suggests that the optimal AL cut-off 
points to define PM and severe PM are 28 and 29.5 mm, 
respectively, with good sensitivity and specificity. Based 
on these findings, the following criteria could be used to 
define high myopia: AL ≥ 26 mm, PM ≥ 28 mm and severe 
PM ≥ 29.5 mm. These cut-off points would help to establish 
myopic conditions numerically by relying on the clinical 
features defined previously [4, 8].
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This study has several limitations. First, ATN grading 
was based on a subjective assessment of colour fundus pho-
tography and SS-OCT images by two investigators; never-
theless, based on the excellent Cohen kappa coefficients, it 
suggests that the grading was reliable. Second, due to the 
sample characteristics, relatively few eyes were classified as 
T3 and T5, which could affect the strength of the statistical 
analysis, as could be the case regarding correlation between 
BCVA and T component. Moreover, extrapolation must be 
done carefully, taking into account the sample size; stud-
ies with large sample sized of these subgroups should be 
carried out. Third, posterior staphyloma was not evaluated 
using wide-field colour fundus, wide-field OCT or ocular 
MRI. Future studies including these technologies would be 
necessary. Fourth, due to the cross-sectional study design, 
AL and myopic maculopathy progression over time were not 
able to assess; consequently, a prospective study is needed 
to confirm our findings.

In conclusion, axial length appears to be the primary fac-
tor associated with myopic maculopathy being correlated 
with the three components of the ATN classification system. 
Interestingly, age was positively correlated with A compo-
nent, but it was not correlated with either the T or N com-
ponents; this supports the stronger influence of axial length 
on the development of myopic tractional maculopathy. There 
is need to create an objective cut-off point to distinguish 
between PM and severe PM. The optimal cut-off points for 
axial length to detect PM and severe PM are 28 mm and 
29.5 mm, respectively. Eyes classified as PM or severe PM 
differed significantly in terms of patient AL, BCVA, age and 
ATN components with direct repercussions on the possible 
complications and management of these patients. For this 
reason, two different entities should be taken into account 
objectified by AL cut-off values for closer follow-up, oph-
thalmic management and treatment.

Author contribution All authors have contributed to the study accord-
ing to international consensus on authorship and have seen and 
approved the final draft here submitted.

Funding Prof. José M. Ruiz-Moreno disclosed receipt of the follow-
ing financial support for the research, authorship and/or publication of 
this article from Topcon, Co. The sponsor had no role in the design or 
conduct of this research.

Data availability The author declares that data is available upon justi-
fied request.

Code availability Not applicable.

Declarations 

Ethics approval This was a cross-sectional and non-interventional 
study in adhesion to the tenets of the Declaration of Helsinki for 

research involving humans. The study protocol was approved by the 
Ethics Committee of Puerta de Hierro-Majadahonda University Hos-
pital.

Consent to participate All patients included signed an informed con-
sent form.

Consent for publication Patients signed informed consent regarding 
publishing their data.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Cedrone C, Nucci C, Scuderi G et al (2006) Prevalence of blind-
ness and low vision in an Italian population: a comparison with 
other European studies. Eye 20:661–667

 2. Wong YL, Saw SM (2016) Epidemiology of pathologic myopia 
in Asia and worldwide. Asia-Pacific J Ophthalmol 5:394–402

 3. Ohno-Matsui K, Jonas JB (2019) Posterior staphyloma in patho-
logic myopia. Prog Retin Eye Res 70:99–109

 4. Ohno-Matsui K, Kawasaki R, Jonas JB et al (2015) International 
photographic classification and grading system for myopic macu-
lopathy. Am J Ophthalmol 159:877–83.e7

 5. Ruiz-Medrano J, Montero JA, Flores-Moreno I et  al (2019) 
Myopic maculopathy: current status and proposal for a new 
classification and grading system (ATN). Prog Retin Eye Res 
69:80–115

 6. Ruiz-Medrano J, Flores-Moreno I, Ohno-Matsui K et al (2020) 
Validation of the recently developed ATN classification and grad-
ing system for myopic maculopathy. Retina 40:2113–2118

 7. Ohno-Matsui K, Lai TYY, Lai CC et al (2016) Updates of patho-
logic myopia. Prog Retin Eye Res 52:156–187

 8. Ruiz-Medrano J, Flores-Moreno I, Ohno-Matsui K, et al (2021) 
Correlation between ATN grade for myopic maculopathy and 
clinical severity. Retina. https:// doi. org/ 10. 1097/ IAE. 00000 00000 
003129

 9. Xiao O, Guo X, Wang D et al (2018) Distribution and severity of 
myopic maculopathy among highly myopic eyes. Investig Oph-
thalmol Vis Sci 59:4880–4885

 10. Fang Y, Yokoi T, Nagaoka N et  al (2018) Progression of 
myopic maculopathy during 18-year follow-up. Ophthalmology 
125:863–877

 11. Liu HH, Xu L, Wang YX et al (2010) Prevalence and progression 
of myopic retinopathy in Chinese adults: the Beijing eye study. 
Ophthalmology 117:1763–1768

 12. Yan YN, Wang YX, Yang Y et al (2018) Ten-year progression of 
myopic maculopathy: the Beijing eye study 2001–2011. Ophthal-
mology 125:1253–1263

139Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:133–140

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/IAE.0000000000003129
https://doi.org/10.1097/IAE.0000000000003129


1 3

 13. Yokoi T, Jonas JB, Shimada N et al (2016) Peripapillary diffuse 
chorioretinal atrophy in children as a sign of eventual pathologic 
myopia in adults. Ophthalmology 123:1783–1787

 14. Vongphanit J, Mitchell P, Wang JJ (2002) Prevalence and progres-
sion of myopic retinopathy in an older population. Ophthalmology 
109:704–711

 15. Matsumura S, Sabanayagam C, Wong CW et al (2021) Charac-
teristics of myopic traction maculopathy in myopic Singaporean 
adults. Br J Ophthalmol 105:531–537

 16. Cohen SY, Laroche A, Leguen Y et al (1996) Etiology of cho-
roidal neovascularization in young patients. Ophthalmology 
103:1241–1244

 17. Adatia FA, Luong M, Munro M et al (2015) The other CNVM: a 
review of myopic choroidal neovascularization treatment in the 
age of anti-vascular endothelial growth factor agents. Surv Oph-
thalmol 60:204–215

 18. Chen Q, He J, Hu G et al (2019) Morphological characteristics 
and risk factors of myopic maculopathy in an older high myopia 
population—based on the new classification system (ATN). Am 
J Ophthalmol 208:356–366

 19. Wakabayashi T, Ikuno Y (2010) Choroidal filling delay in choroi-
dal neovascularisation due to pathological myopia. Br J Ophthal-
mol 94:611–615

 20. Hashimoto S, Yasuda M, Fujiwara K et al (2019) Association 
between axial length and myopic maculopathy: the Hisayama 
study. Ophthalmol Retina 3:867–873

 21. You QS, Peng XY, Xu L et al (2014) Myopic maculopathy imaged 
by optical coherence tomography: the Beijing eye study. Ophthal-
mology 121:220–224

 22. Shimada N, Tanaka Y, Tokoro T et al (2013) Natural course of 
myopic traction maculopathy and factors associated with progres-
sion or resolution. Am J Ophthalmol 156:948-957.e1

 23. García-Layana A, Salinas-Alamán A, Maldonado MJ et al (2006) 
Optical coherence tomography to monitor photodynamic therapy 
in pathological myopia. Br J Ophthalmol 90:555–558

 24. Neelam K, Cheung CMG, Ohno-Matsui K et al (2012) Choroidal 
neovascularization in pathological myopia. Prog Retin Eye Res 
31:495–525

 25. Wolf S, Balciuniene VJ, Laganovska G et al (2014) RADIANCE: 
a randomized controlled study of ranibizumab in patients with 
choroidal neovascularization secondary to pathologic myopia. 
Ophthalmology 121:682–92.e2

 26. Ohno-Matsui K (2017) What is the fundamental nature of patho-
logic myopia? Retina 37:1043–1048

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

140 Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:133–140


	Pathologic myopia and severe pathologic myopia: correlation with axial length
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	References


