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ABSTRACT

Introduction: Myopic atrophic maculopathy is
prevalent among patients with pathologic
myopia and frequently leads to relentless vision
loss. Several grading systems were established to
facilitate the understanding of myopic atrophic
maculopathy. However, the anatomical details
in different stages of myopic maculopathy are
so far not clearly elucidated. This study aims to
investigate the visual acuity and retinal sublayer
features in highly myopic eyes with varying
severities of myopic atrophic maculopathy
(MAM).

Methods: The clinical records of 111 consecu-
tive patients (158 eyes) with high myopia (re-
fractive error B -6.0 D and axial
length C 26.0 mm) were reviewed. Fundus
photography, optical coherence tomography
(OCT), and best-corrected visual acuity (BCVA)
were measured. MAM was graded according to
the META-analysis for Pathologic Myopia
(META-PM) classification system. Myopic chor-
oidal neovascularization (mCNV) and dome-
shaped macula (DSM) were also investigated.
Results: Among the 158 eyes, 18 (11%),
21(13%), 24 (15%), 25 (16%), 23 (15%), and 24
(15%) had tessellated fundus, diffuse chori-
oretinal atrophy, diffuse chorioretinal atrophy
with DSM, patchy atrophy, patchy atrophy with
DSM, and MAM with mCNV, respectively. A
total of 23 (15%) eyes had macular atrophy
without mCNV. Progressive thinning in the
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Henle’s fiber and outer nuclear layers, myoid
and ellipsoid zone (MEZ), outer segment (OS),
and interdigitation zone and retinal pigmented
epithelium based on the severity of MAM (p-
value\0.001) was found. MEZ and OS were
most significantly reduced in thickness (p-
value\0.001). The presence of mCNV
demonstrated significant outer retinal layer
thinning compared with that of the tessellated
fundus (p-value = 0.031). Patchy atrophy with
DSM showed statistically poorer BCVA com-
pared with that without (p-value = 0.008).
Conclusion: Visual acuity and outer retinal
sublayer characteristics were correlated with the
severity of MAM. Outer retinal sublayer analysis
by spectrum-domain OCT shed some light on
the mechanisms of MAM progression.

Keywords: Best-corrected visual acuity; Dome-
shape macula; Myopic atrophic maculopathy;
Myopic choroidal neovascularization; Optical
coherence tomography; Pathologic myopia;
Retinal thickness

Key Summary Points

Why carry out this study?

Myopic atrophic maculopathy (MAM)
potentially causes legal blindness and
subsequent social, economic, and medical
burdens.

The study hypothesized that sublayer
thicknesses of outer retina and choroid
varies among different stages of myopic
atrophic maculopathy.

What was learned from the study?

The study found that thickness of outer
retinal sublayers and choroid decreases
with the severity of MAM; for each
sublayer, the trend of thickness reduction
is uneven, as MAM progress instead of
linear decrease; furthermore, as MAM
progress from one stage to more severe
ones, the percentage reduction of
thickness also varies among different
sublayers.

The findings of this study imply that
different stages of myopic atrophic
maculopathy may have distinct
pathogenic mechanisms.

INTRODUCTION

Pathologic myopia is a highly prevalent dis-
ease worldwide and one of the leading causes
of legal blindness [1–3]. Myopic maculopathy
is one of the hallmark traits of pathologic
myopia [4], and is a complex disease triggered
by several attributing factors [5]. Thus, a reli-
able, homogeneous grading system is war-
ranted for the classification of pathologic
myopia. Several grading systems were devised
to facilitate an understanding of myopic
maculopathy (MM). Among them, the atro-
phy-traction-neovascularization (ATN) grading
system and the myopic atrophic maculopathy
(MAM) grading system of META-analysis for
Pathologic Myopia (META-PM) Study Group
[4, 5] could be considered the most up to date
and popular.

Owing to the advancements in optical
coherence tomography (OCT), today the
understanding of the outer retina is more elab-
orate [6]. Differential thinning was reported
among the retinal layers in highly myopic eyes
compared with that of emmetropic eyes [7].
Generally thinner choroidal thickness was
observed in severe MAM [8, 9]. Although the
correlation between the fundus morphologies
and visual acuity differences among varying
atrophic stages of MAM has been studied
[8, 10, 11], the exact causal correlation of the
thickness difference of each retinal sublayer to
different stages of MAM is not clearly under-
stood. The differences in subretinal thickness
among the varying atrophic stages of myopia
maculopathy may facilitate our understanding
of the mechanism underlying MAM
progression.

Dome-shaped macula (DSM), myopic chor-
oidal neovascularization (mCNV), and chori-
oretinal atrophy are important traits associated
with MAM. The role of DSM in the best-
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corrected visual acuity (BCVA) and pathological
changes of MAM is, however, inconclusive [12].
Furthermore, the impact of mCNV on the outer
retinal layer has not been studied before.

In this study, we aimed to study the thick-
ness difference of the outer retinal layers and its
functional impact on different grades of
atrophic myopia maculopathy. In addition, the
functional and anatomical effects of two
pathologic changes in MAM, namely DSM and
mCNV, were evaluated. We hypothesized that
the thickness of each outer retinal sublayer is
composed of a varying percentage of total reti-
nal thickness among different stages of MAM
and that it might directly correlate with vision
functions.

METHODS

This was a retrospective, cross-sectional
chart review study in a single tertiary center. All
the consecutive cases diagnosed as high myopia
in the High Myopia Clinic of National Taiwan
University Hospital from December 2018 to
December 2021 with axial length[ 26.0 mm
were included in this study. Cases with clini-
cally significant cataract, myopic tractional
maculopathy, history of trauma, uveitis, signif-
icant vitreous opacity, optic neuropathy, dia-
betic retinopathy, clinically significant
hypertensive retinopathy, or cerebral blindness
were excluded. Moreover, macular degenera-
tions of other etiologies, such as age-related
macular degeneration, diabetic maculopathy,
macular dystrophy, and so on, were all exclu-
ded. Related medical records of all the cases
were collected, including the BCVA and basic
demographics. Imaging modalities, including
color fundus, OCT, fluorescence angiography,
and indocyanine angiography, were obtained.
This study was approved by the Ethics Com-
mittee and Institutional Review Board of the
National Taiwan University Hospital (reference
nos. 202112074RINA). This study was per-
formed in accordance with the Declaration of
Helsinki of 1964 and its later amendments. Due
to the retrospective nature of the study, the
waiver of informed consent was approved by
the Institutional Review Board listed above. No

identifying information is included in the
manuscript. The consecutive patient cases col-
lected from the outpatient clinic were equally
accessible and considered adequate to prevent
selection bias in terms of sex and gender.

Standard, macula-centered, 45-degree color
fundus photograph was obtained using a Canon
CR-2 AF Digital retinal camera (Canon, Inc.,
Tokyo, Japan). OCT images were derived from
Optovue RTVue XR OCT (Optovue, Inc., Free-
mont, CA). During OCT examination, standard,
horizontal cut, 6-mm images in the macula,
which passed through the fovea, were obtained.
According to the META-PM classification sys-
tem [4, 5], all the cases were graded and cate-
gorized according to their MAM stage, i.e.,
tessellated fundus (M1), diffuse chorioretinal
atrophy (M2), patchy chorioretinal atrophy
(M3), and macular chorioretinal atrophy (M4).
Furthermore, cases having dome-shaped macu-
lar configuration or mCNV were separately cat-
egorized into another three groups, i.e., diffuse
chorioretinal atrophy with DSM, patchy chori-
oretinal atrophy with DSM, and any stages of
MAM with mCNV. The grading of MAM was
conducted by two qualified retinal specialists
reviewing the standard color fundus pho-
tographs and finalized by a third grader if
interpretation was inconsistent. The five layers
of the outer retina are the outer plexiform layer
(OPL), outer nuclear layer (ONL), myoid and
ellipsoid zone (MEZ), outer segment of the
photoreceptor (OS), and interdigitation zone
and retinal pigmented epithelium (IZ and RPE).
With the standard OCT image of each case, the
thickness of each of these five layers, as well as
choroid thickness, was measured at the central
fovea, 500 lm, and 1000 lm from the central
fovea. At the fovea, Henle’s fiber layer (OPL) and
ONL were measured as a single layer due to an
inability to differentiate (Fig. 1). For cases hav-
ing a certain degree of retinal atrophy, plus
signs, or scarring tissue within an area of inter-
est, the remnant outer retinal sublayers were
carefully outlined and measured by two quali-
fied retinal specialists. If opinions differed, the
third retinal specialist was involved, and dis-
cussions were held until a consensus was
reached.
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BCVA was tested using the Snellen chart and
converted to logarithm of the minimum angle
of resolution (logMAR) for statistical analysis.
Statistical analysis was conducted using IBM
SPSS for Windows, version 19. The demo-
graphics of the different grading groups were
compared using the analysis of variance
(ANOVA) test. The BCVA, thickness of the outer
retinal sublayers, and the choroid of each MAM
stage were also compared using ANOVA. Inter-
group differences were subsequently analyzed
using Tamhane’s T2 post hoc test. Pairwise
comparisons between groups with or without
DSM or mCNV were evaluated using the inde-
pendent t-test.

Correlation between the average thickness of
outer retina sublayers and visual acuity, as well
as central outer retinal sublayer thickness and
BCVA, were analyzed using the Pearson corre-
lation test.

Adjustments for multiple testing were man-
aged with post hoc analysis of ANOVA. As for
pairwise comparisons between groups with and
without DSM, and groups with and without
CNV, the adjustment was regarded redundant
due to different populations. Adjustment of
retinal and choroidal thickness according to
axial length or refraction has been proven to be
unnecessary [13, 14]. Further, multivariable

regression analysis was performed for analyzing
confounding factors.

The results were considered statistically sig-
nificant if p\0.05.

RESULTS

Importantly, 158 eyes from 111 patients were
included in this study. The patients were cate-
gorized accordingly. The number of cases per
condition, average age, sex ratio, and average
BCVA of each group are listed in Table 1, and
Supplementary Material Table S1. Significant
intergroup differences were observed in mean
age (p-value = 0.024) and average BCVA (p-
value\0.001). Multivariable analysis was thus
conducted for confounding factor analysis, and
the results are listed in Supplementary Mate-
rial Table S2. Sex and age were not significant
confounding factors.

Analysis of the average BCVA, thickness of
the outer retinal sublayers, and choroid of
MAM, as well as subgroup comparison, are lis-
ted in Table 2. Significantly poorer BCVA (p-
value = 0.040), thinner OS (p-value = 0.032),
and thinner choroid (p-value\ 0.001) were
observed in the M2 stage (compared with the
M1 stage). No significance was found in the
BCVA, thickness of the outer retinal sublayers,

Fig. 1 The illustration of measuring methods, in which a
horizontal macula OCT image that transects fovea was
obtained. Each sublayer of the outer retina was identified
(i). Five vertical lines (white) that were perpendicular to
the RPE and Buch’s membrane were drawn at the fovea
center, 500 lm from fovea, and 1000 lm from the fovea,

respectively. Thickness of the outer retinal sublayers and
choroid along each vertical line was measured (ii). OPL
outer plexiform layer, HFL ? ONL Henle’s fiber layer
and outer nuclear layer, MEZ myoid and ellipsoid zone,
OS outer segment of the photoreceptor, IZ ? RPE
interdigitation zone and retinal pigmented epithelium
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and thickness of the choroid layer between the
M2 stage and M3 stage. Significant decrease in
the BCVA and thinning in every outer retinal
sublayer (p-value\0.001) were observed
between the M3 stage and M4 stage, except for
the choroid layer (p-value = 0.767).

Comparisons between groups of MAM with
and without DSM are presented in Table 3.
Significant thinning in the choroid thickness (p-
value = 0.018) was observed in the M2 stage
with DSM compared with that without. Further,
significant decrease in the average BCVA (p-
value = 0.008) was found in the group of M3
with DSM compared with that without. In
addition to these, there was no difference in the
outer retinal layer thickness between the groups
with or without DSM.

The comparisons between groups of MAM
with or without mCNV are listed in Table 4.
Significant decrease in the average BCVA (p-
value = 0.031) and thickness of the OS layer
(p-value = 0.005) were observed in the group
with mCNV compared with that without. No
significant difference was found in other outer
retinal or choroidal sublayers between the two
groups.

Table 5 presents the correlation analysis
between the average thickness of the choroidal
and outer retinal layers and visual acuity. For all
MAM stages, from M1 to M4, excluding the
presence of DSM and mCNV, the thickness of
the choroid and all the outer retinal layers
demonstrated significant negative correlation
with the BCVA (p-value\0.001). Among them,
the OS and MEZ thickness had the highest

Pearson correlation in absolute value (0.71)
with BCVA. Sublayer thickness at central fovea
(umbo) showed similar correlation profiles.

DISCUSSION

Correlation of Outer Retinal Sublayers
with Different Grading of MAM

Our results provide an insight into the
anatomical changes in varying severities of
MAM by investigating the correlation between
visual acuity and the sublayer thickness of the
outer retina and choroid.

For myopic eyes, the choroid and retinal
layers, including the HFL and ONL, MEZ, and IZ
and RPE, were found to be thinner than those of
the emmetropic eyes [11]. In fact, macular
thickness increased in the very early stage of
myopia [15], which is attributed to vitreomac-
ular traction. The retinal layer, as well as the
choroid thinning owing to axial elongation,
were considered important pathophysiological
parameters in the myopic macular change [16].
Subsequent tangential retinal stretch leads to
decreased photoreceptor density [17, 18], pho-
toreceptor shrinkage, and photoreceptor cell
apoptosis [19] and resultant retinal thinning.
Although prominent thinning in inner retinal
layers of myopic eyes was demonstrated [20],
changes focusing on the outer retinal layers
have not been well addressed.

In the early stage of MAM, choroid thinning
and reduced perfusion in the myopic eyes were

Table 1 Clinical and demographic characteristics of the patients

Category Total M1 M2 M3 M4 p value

Number, n 87 18 21 25 23

Age, years 60.9 (12.5) 53.1(10.0) 61.8 (11.3) 62.5 (9.7) 64.3 (15.8) 0.024*

Female, % 32% 44% 33% 20% 35% 0.399

BCVA, logMAR 0.55(0.60) 0.10(0.15) 0.30(0.28) 0.44(0.34) 1.24(0.66) \ 0.001**

All data were present in mean (SD)
BCVA best-corrected visual acuity, M1 Simple high myopia or tessellated fundus, M2 Diffuse chorioretinal atrophy, M3
Patchy chorioretinal atrophy, M4 Macular chorioretinal atrophy
*p\ 0.05, **p\ 0.001
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considered two of the important mechanisms
responsible for causing retinal degeneration in
myopic eyes [21]. Hayashi et al. found that the
majority of patients progressed to the severe
atrophic myopic stage without axial elongation

[22]. In our study, only the OS and choroid
showed significant thinning diffuse atrophy
compared with that of tessellation. Photore-
ceptors are high oxygen-demand type cells [23].
In a hypobaric hypoxia mouse model,

Table 2 BCVA and outer retinal and choroidal thickness analysis according to different atrophic stages

MAM stages M1 M2 M3 M4 p (M1 to
M4)a

R square
(M1 to
M4)b

p (M1 and
M2)c

p (M2
and
M3)c

p (M3
and M4)c

BCVA,

logMAR

0.10

(0.15)

0.30

(0.28)

0.44

(0.34)

1.24

(0.66)

\ 0.001** 0.5 0.040* 0.617 \ 0.001**

OPL thickness,

lm

22.3

(4.7)

22.0

(4.1)

19.3

(6.6)

9.0

(7.1)

\ 0.001** 0.45 1 0.483 \ 0.001**

HFL ? ONL

thickness,

lm

98.3

(17.6)

91.3

(22.7)

88.3

(42.5)

31.3

(24.5)

\ 0.001** 0.42 0.869 1 \ 0.001**

MEZ thickness,

lm

46.1

(7.8)

47.6(8.1) 39.4

(17.8)

3.4

(5.6)

\ 0.001** 0.65 0.993 0.248 \ 0.001**

OS thickness,

lm

38.1

(4.1)

33.0

(6.4)

26.0

(15.6)

1.0

(2.3)

\ 0.001** 0.7 0.032* 0.262 \ 0.001**

IZ ? RPE

thickness,

lm

30.0

(5.7)

30.1

(9.1)

29.4

(7.9)

12.8

(13.7)

\ 0.001** 0.31 1 1 \ 0.001**

Outer retina

full thickness,

lm

234.8

(32.7)

224.0

(41.0)

202.4

(79.6)

57.5

(39.3)

\ 0.001** 0.6 0.936 0.813 \ 0.001**

Choroid

thickness,

lm

147.6

(61.1)

59.4

(23.2)

48.4

(20.7)

64.5

(57.7)

\ 0.001** 0.28 \ 0.001**d 0.463 0.767

All data present in mean (SD)
BCVA best-corrected visual acuity, M1 Simple high myopia or tessellated fundus, M2 Diffuse chorioretinal atrophy, M3
Patchy chorioretinal atrophy, M4 Macular chorioretinal atrophy, OPL outer plexiform layer, HFL Henle’s fiber layer, ONL
outer nuclear layers, MEZ myoid and ellipsoid zone, OS outer segment, IZ interdigitation zone, RPE retinal pigmented
epithelium, MAM myopic atrophic maculopathy
*p\ 0.05, **p\ 0.001
aThe p-values are for multivariable test of MAM stages against BCVA, choroidal thickness, or retinal sublayer thickness,
respectively . The multivariable test included MAM stages, sex, and age as independent variables for confounding factors
analysis. The additional data for the multivariable analysis were listed in Supplementary Material Table S2
bThe R-squared value from the multivariable test
cThe p-values of intergroup statistical comparisons, which were derived from the post hoc analysis of univariable ANOVA
test
dThe adjusted p-value was still less than 0.001** after being adjusted for age and sex with multivariable regression analysis

1994 Ophthalmol Ther (2023) 12:1989–2003



prominent shortening of the OS of the rod cells
was observed [24]; thus, its especially high sus-
ceptibility to choroid perfusion decrease is rea-
sonable. Our study revealed that a compromise
in choroid perfusion and resultant OS thinning
may be an important trait in the early stage of
MAM; however, further studies are needed to
prove the hypothesis.

In the intermediate stage of MAM, the pres-
ence of lacquer crack marks the initiation of
degeneration from diffuse atrophy, in which
retinal atrophy developed alongside the lacquer
cracks into patchy atrophy [22]. Although it is
easy to morphologically differentiate diffuse
atrophy from patchy atrophy [4], our study
found no significant difference in BCVA and the
thickness of each outer retinal layer and the
choroid. Our study results thus imply that the
atrophic pathways in these stages did not sig-
nificantly cause the vertical shrinkage of the
individual outer retinal layers. Instead, it is the
topographical extension of the atrophy area
that dictates the progression from diffuse

chorioretinal atrophy to patchy chorioretinal
atrophy.

In the late stage of MAM, severe retinal
thinning can be anticipated [5]. Our study
shows that significant outer retinal thinning is
present in all sublayers as patchy atrophy pro-
gresses into macular atrophy. Among them, the
MEZ and OS layers exhibited the highest
thickness reduction in percentage (Fig. 2). This
finding implies that the outer portion of pho-
toreceptors is more susceptible to atrophy in
end-stage MAM, which is highly energy
demanding.

Choroidal Thickness

Choroidal thinning has long been considered a
key feature of myopic change [5, 25], and its
relentless thinning as MAM progresses is a
common occurrence [5, 26]. However, our study
shows that the trends vary in different stages of
MAM.

In early stages of MAM, our study shows
significant choroidal thinning in diffuse

Table 3 Analysis between groups with and without DSM in M2 and M3 stages regarding BCVA, thickness of outer retinal
sublayers, and choroidal thickness

MAM stage M2 M3

DSM Without With p-Values Without With p-Values

BCVA, logMAR 0.30 (0.28) 0.39 (0.30) 0.327 0.44 (0.34) 0.76 (0.46) 0.008*

OPL thickness, lm 22.0 (4.1) 21.5 (4.5) 0.706 19.3 (6.6) 21.2 (6.8) 0.332

HFL ? ONL thickness, lm 91.3 (22.7) 98.7 (34.5) 0.412 88.3 (42.5) 89.8 (30.3) 0.888

MEZ thickness, lm 47.6(8.1) 44.7 (15.0) 0.424 39.4 (17.8) 41.9 (19.7) 0.644

OS thickness, lm 33.0 (6.4) 31.6 (21.6) 0.774 26.0 (15.6) 23.6 (13.5) 0.563

IZ ? RPE thickness, lm 30.1 (9.1) 30.2 (8.7) 0.968 29.4 (7.9) 31.6 (9.5) 0.382

Outer retina full thickness, lm 224.0 (41.0) 226.6 (60.2) 0.869 202.4 (79.6) 208.0 (64.5) 0.788

Choroid thickness, lm 59.4 (23.2) 44.1 (18.4) 0.018*,a 48.4 (20.7) 45.7 (19.5) 0.643

All data present in mean (SD)
M2 Diffuse chorioretinal atrophy, M3 Patchy chorioretinal atrophy, OPL outer plexiform layer, HFL Henle’s fiber layer,
ONL outer nuclear layers, MEZ myoid and ellipsoid zone, OS outer segment, IZ interdigitation zone, RPE retinal
pigmented epithelium, BCVA best-corrected visual acuity, MAM myopic atrophic maculopathy
*p\ 0.05, **p\ 0.001
aThe p-value was 0.012* after being adjusted for age and sex with multivariable regression analysis
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atrophy group compared with that of the tes-
sellated fundus as mentioned above. This
implies that choroidal thinning and perfusion
compromise may be an early sign (even before
development of retinal atrophy); the exception
being the OS layer. Early choroidal thinning in a
highly myopic eye had been observed even
before the MAM [9]. Choroidal thinning is
considered a sign of choroidal perfusion com-
promise [27], and choroidal vessel occlusion
also results in choroidal thickness shrinkage
and further compromises outer retinal perfu-
sion in myopic eyes [28]. Consequently, our
study shows that the choroid layer thinning
and possible choroid perfusion compromise
develop early in MAM.

However, choroidal thinning did not con-
tinue during intermediate stages. Our results
show no significant difference in the choroidal
thickness between diffuse and patchy atrophy.
This led to the hypothesis that the underlying

atrophic pathophysiology does not further
compromise choroid perfusion and structure in
these stages. In addition, choroid reduction
does not play a key role in topographical atro-
phy of the outer retina as diffuse atrophy pro-
gresses into patchy atrophy. Progression of
MAM independent of choroidal thinning has
also been reported in a previous study [29].
Instead, it may be the disruption of Bruch’s
membrane and subsequent lacquer cracks that
plays a critical role in these stages.

In the end stages of MAM, our study shows
no significant difference in choroid thickness
between macular atrophy and patchy atrophy.
Zhao et al. also found no significant difference
in the choroid thickness between the macular
atrophy and patchy atrophy groups [8]. On the
basis of that discovery, they proposed that pat-
chy and macular atrophy could be two distinct
subtypes of end-stage MAM, instead of a con-
secutive relationship as proposed by Ohno-

Table 4 BCVA and outer retinal and choroidal thickness analysis in group with or without mCNV

Categories Any stages of MAM without mCNVa Any stages of MAM with mCNVa p-
Valueb

Number, n 87 24 –

BCVA, logMAR 0.55 (0.60) 0.93 (0.78) 0.031*

OPL thickness, lm 17.8 (8.0) 17.0 (9.4) 0.677

HFL ? ONL thickness, lm 76.0 (39.7) 65.4 (33.2) 0.233

MEZ thickness, lm 33.3 (21.4) 24.9 (23.8) 0.099

OS thickness, lm 23.6 (16.9) 12.6 (15.3) 0.005*

IZ ? RPE thickness, lm 25.3 (12.2) 26.9 (14.4) 0.586

Outer retina full thickness, lm 176.0 (89.5) 146.8 (78.6) 0.15

Choroid thickness, lm 75.8 (56.8) 89.7 (59.1) 0.297

All data, except for case number, present in mean (SD)
BCVA best-corrected visual acuity, MAM myopic atrophic maculopathy, mCNV myopic choroidal neovascularization, OPL
outer plexiform layer, HFL Henle’s fiber layer, ONL outer nuclear layers,MEZ myoid and ellipsoid zone, OS outer segment,
IZ interdigitation zone, RPE retinal pigmented epithelium
*p\ 0.05, **p\ 0.001
a‘‘Any stages’’ means tessellated fundus, diffused chorioretinal atrophy, patchy chorioretinal atrophy, and macular chori-
oretinal atrophy
bThe p-values of intergroup statistical comparisons, which were derived from the post hoc test for univariable ANOVA test
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Matsui and Ruiz-Medrano et al. [4, 10] Further-
more, in a retrospective observational cases
series [30], Fang et. al. found that patients with
patchy atrophy rarely progressed into macular
atrophy. Our findings support the idea that
patchy atrophy and macular atrophy may be
two distinct subtypes of end-stage MAM (Fig. 3).
Alternatively, it may also be possible that the
atrophic process driving patchy atrophy toward
macular atrophy somehow spares the choroid.
Further investigation into pathohistological
mechanisms in end-stage MAM is needed to
solve this puzzle.

Myopic Choroidal Neovascularization

In any stage of MAM, mCNV can develop, and
is usually followed by enlarging atrophic area
and vision deterioration [5]. Thinner choroid

was found in MAM with mCNV compared with
that without [31]. In our study, MAM with
mCNV shows significant OS layer thinning and
corresponding BCVA deterioration, while the
other outer retinal layers and choroid remained
unchanged. Several possible mechanisms have
been attributed to choroidal thinning in MAM.
The hemodynamic theory proposes that com-
promised perfusion results in a thinner choroid
and subsequent development of mCNV [32]. On
the contrary, a histological study conducted by
Shefali et al. did not reveal any change in the
thickness of choriocapillaries, indicating that
the presence of mCNV is not well correlated
with choroidal thinning [33]. This study pro-
posed that an increase in the fibrotic compo-
nent and the subsequent centipedal contracture
thicken the surrounding choroid. Owing to
multiple contributing factors, we postulate that

Table 5 Correlation analysis of BCVA to thickness of outer retinal layers and choroid of all atrophic stages

Measuring area Average thickness around foveaa Point thickness at central fovea (umbo)b

Retinal sublayers and
choroid

Pearson correlation
coefficients

p-Value Pearson correlation
coefficients

p-Value

OPL -0.58 \ 0.001** - 2

HFL & ONL -0.62 \ 0.001** -0.47 \ 0.001**

MEZ -0.71 \ 0.001** -0.68 \ 0.001**

OS -0.71 \ 0.001** -0.69 \ 0.001**

IZ&RPE -0.58 \ 0.001** -0.48 \ 0.001**

Choroid -0.31 0.004*,c -0.31 0.003*,d

The highest Pearson correlation in absolute number in each group is presented in bold characters
All stages of myopic atrophic maculopathy including simple high myopia or tessellated fundus, diffuse chorioretinal atrophy,
patchy chorioretinal atrophy, and macular chorioretinal atrophy without dome-shaped macular configuration nor choroidal
neovascularization were included in these correlation analyses, that is, all 87 cases listed in Table 1 were included
BCVA best-corrected visual acuity, OPL outer plexiform layer, HFL Henle’s fiber layer, ONL outer nuclear layers, MEZ
myoid and ellipsoid zone, OS outer segment, IZ interdigitation zone, RPE retinal pigmented epithelium
*p\ 0.05, **p\ 0.001
aThickness data of each box in this column are the average thickness around area 1000 lm from the fovea, as illustrated in
Fig. 1
bThickness data of each box in this column are the point thickness at central fovea (umbo)
cThe p-value after being adjusted for age and sex with multivariable regression analysis was 0.029* and the beta coefficient
was -0.03
dThe p-value after being adjusted for age and sex with multivariable regression analysis was 0.018* and the beta coefficient
was -0.03
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the change in choroidal thickness in MAM with
mCNV can be variable.

While the choroidal thickness change in
MAM with mCNV is not representative of a
particular result, the BCVA deterioration is def-
inite [5]. According to the studies mentioned
above, we hypothesized that compromised
choroid perfusion still developed in the absence
of thickness change. With the outer segment
being the most susceptible layer in an oxygen-
deficit environment [20], it is reasonable that
OS reduces more significantly than other outer
retinal layers in the presence of compromised
choroidal perfusion.

Aside from mCNV, lacquer cracks and Fuchs
spots are two ‘‘plus signs’’ defined by Ohno-
Matsui et al. [4] Lacquer crack is caused by dis-
ruption in Bruch’s membrane, while Fuchs spot
is reactive hyperpigmentation of RPE of nearby
mCNV. Both of these plus signs disintegrate the
normal retinochoroidal histology, and thus
may theoretically disrupt retinal function and
even lead to outer retinal atrophy. However,
further study is needed to investigate their
associations with the thickness of outer retinal
sublayers.

Dome-Shaped Macula

DSM has no effect on BCVA deterioration [34],
but increases the risk of subfoveal serous

detachment and parafoveal retinoschisis [35].
The bulging configuration around the fovea
presumably increased the mechanical stress on
the RPE layer, resulting in subsequent anatom-
ical and functional deterioration [36]. However,
in our study, significant BCVA decrease was
found in the patchy atrophy group with DSM
compared with that without; while no signifi-
cant difference in the BCVA was found between
the diffuse atrophy group with or without DSM.
Our finding suggests that the presence of DSM
mostly does not affect BCVA, outer retina, and
choroid structures. However, if accompanied by
a more severe stage of MAM, such as patchy
atrophy, vision may deteriorate.

Correlation between Visual Acuity
and Thickness of the Outer Retina
and Choroid

Thickness reduction in MEZ has been found to
have the highest correlation to vision deterio-
ration in myopic eyes [11]. In addition, thinner
choroid was associated with poor visual acuity
in highly myopic eyes [21].

In our study, thickness of OS, followed by
thickness of MEZ, was the most sensitive visual
acuity indicator (Table 5). Furthermore, our
study also showed that the correlation profiles
of visual acuity between point thickness at
umbo or average thickness in central fovea are

Fig. 2 Illustration of average thickness (i) and composi-
tion percentage (B) of the outer retinal layers in patchy
atrophy and macular atrophy. Reduction in the percentage
of each sublayer is presented in (ii). OPL outer plexiform

layer, HFL ? ONL Henle’s fiber layer and outer nuclear
layer, MEZ myoid and ellipsoid zone, OS outer segment of
the photoreceptor, IZ ? RPE interdigitation zone and
retinal pigmented epithelium
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similar (Table 5). Although outer retinal thick-
ness at central fovea (umbo) is highly associated
with visual acuity [37], increase in topographic
atrophy in the macula also has a significant
effect on BCVA deterioration [11]. As MAM is a
process involving a large portion of macula,
analysis between the relationship of area-aver-
age thickness and BCVA is regarded as being
reasonable.

Our study had certain limitations. Firstly,
this is a retrospective cross-sectional study

similar to several relevant studies in this field
[38, 39]. It is extremely hard to observe MAM
longitudinally because it takes decades for MAM
to progress [30, 40] However, by consecutive
collection of cases over many years, and by
statistical adjustment of confounders, many
biases could be neutralized. Furthermore, this
study provides invaluable information that
sheds light on the functional and anatomical
evolution of myopic atrophy maculopathy,
paving the way for future longitudinal studies.

Fig. 3 The illustration of sublayer thickness changes of the
outer retinal layer based on the severities of MAM.
(i) Tessellated fundus, (ii) diffuse chorioretinal atrophy,
(iii) patchy chorioretinal atrophy, and (iv) macular
chorioretinal atrophy. The relative thickness of each
sublayer is strictly proportional to the average thickness
of corresponding sublayer in this study (Table 2). Special
attention should be paid to the fact that the thickness
difference for the same sublayers between two different
MAM stages does not imply statistical significance. For the
statistical analysis and results, please refer to Table 2.
Modern understanding of the progression of MAM
hypothesized that MAM progressed sequentially from
(i) to (iv). As tessellated fundus progressed into diffuse
chorioretinal atrophy, significant thinning was only
observed in OS and choroid layers. Further, progression
from diffuse chorioretinal atrophy to patchy chorioretinal

atrophy (ii to iii) was not associated with significant
thinning in any sublayer, which implied that horizontal
(geographical) atrophy dictated this period. Macular
chorioretinal atrophy revealed significant thinning in
almost all outer retinal sublayers. However, macular
chorioretinal atrophy showed no significant difference in
choroid thickness with respect to patchy chorioretinal
atrophy. This finding is not consistent to the conventional
hypothesis that macular chorioretinal atrophy develops
from patchy chorioretinal atrophy (iii to iv). Our finding
suggested that macular chorioretinal atrophy may develop
from stages of tessellated fundus or diffuse chorioretinal
atrophy. OPL outer plexiform layer, HFL ? ONL Henle’s
fiber layer and outer nuclear layer, MEZ myoid and
ellipsoid zone, OS outer segment of the photoreceptor,
IZ ? RPE interdigitation zone and retinal pigmented
epithelium
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Secondly, this study excluded tractional MAM,
which is also an important pathology of MAM.
However, by excluding the tractional effect,
which could jeopardize the sublayer thickness
measurement, we were able to precisely evalu-
ate the difference in thickness of the outer
retinal layers and the choroid among the dif-
ferent atrophic stages, and investigate individ-
ual outer retinal layer thickness of MAM with
DSM or mCNV. The findings of the outer retinal
and choroid thickness difference along the dif-
ferent atrophic stages may shed light onto the
underlying pathogenic mechanism of MAM.
The third limitation is that this study did not
analyze the effects of the other two ‘‘plus signs’’;
lacquer cracks and Fuchs spots. Indeed, like
mCNV, these two ‘‘plus signs’’ may also have a
negative effect on functional and anatomical
traits of outer retina. Howevver, due to the
heterogeneity and complexity of the ‘‘plus
signs,’’ it may be more appropriate to analyze
them in another separate and focused study.

CONCLUSIONS

Our study found that as MAM progresses, the
outer retinal layers, including HF and ONL,
MEZ, OS, and IZ and RPE, undergo progressive
thinning. The thinning process among the
outer retinal layers and choroid along the
atrophic pathway is uneven. Between the tes-
sellation fundus and diffuse atrophy groups,
only the OS and choroid are significantly thin-
ner in the diffuse atrophy group. Further, no
significant difference in all the outer retinal
layers and choroid between the patchy and
diffuse atrophy groups was observed. In macular
atrophy, all the outer retinal layers are thinner
than those observed in patchy atrophy; the
exception being choroid. Among them, the
MEZ and OS exhibited the most significant
reduction in thickness, accounting for the
thinnest layers in macular atrophy. The results
suggest that patchy and macular atrophy are
two types of end-stage MAM (instead of repre-
senting a chronological relationship). mCNV
also showed significant thinning in OS and
BCVA deterioration. The presence of DSM is
associated with thinner choroid in M2 stage,

while the presence of DSM is associated with
poorer vision in M3 stage. OS thickness has the
highest negative correlation with BCVA in all
the atrophic stages of pathologic myopia, fol-
lowed by the MEZ thickness. The present study
suggested that the thickness of each outer reti-
nal sublayer makes up the varying percentage of
total retinal thickness among different stages of
MAM, and that directly correlates with vision
functions. Different findings between different
stages of myopic atrophic pathways suggested
that each atrophic stage could be driven by
different pathogenic mechanisms.
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