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ABSTRACT

Introduction: Here we investigate the clinical
features of foveal detachment (FD), full-thick-
ness macular hole (MH), and macular hole
retinal detachment (MHRD) in myopic traction
maculopathy (MTM).
Methods: In the retrospective observational
case series, 314 eyes of 198 patients with myopic
retinoschisis in Beijing Tongren Hospital were
enrolled. We recorded gender, age, and axial
length and evaluated fundus characteristics
using optical coherence tomography. Epiretinal
membranes (ERMs), vitreoretinal traction, and
paravascular abnormalities (PVAs) were used to
describe the vitreoretinal interface condition.

Different retinoschisis layers (inner, middle,
and outer retinoschisis) and the location with a
range of outer retinoschisis were evaluated to
reveal the retinal condition. Five patterns of the
scleral shape: dome-shaped, sloped toward the
optic nerve, symmetrical or asymmetrical
around the fovea, and irregular were assessed to
show retina-sclera condition. We regarded the
FD, full-thickness MH, and MHRD as the
advanced stage in MTM. Multivariate logistic
regression assessed significant factors for the
advanced stage with odds ratios (OR) and 95%
confidence intervals (CI).
Results: There were 76 eyes with FD, 6 eyes
with full-thickness MH, and 7 eyes with MHRD.
The mean age was 52.9 ± 12.3 years. On uni-
variate analysis, the eyes with the advanced
stage were older and had higher rates of ERMs,
PVAs, middle retinoschisis, outer retinoschisis,
and irregular sclera shape. The number of
retinoschisis layers and the grade of outer
retinoschisis were higher in eyes with the
advanced stage. After multivariate logistic
regression, ERMs (OR 1.983; 95% CI
1.093–3.595; P = 0.024), middle retinoschisis
(OR 2.967; 95% CI 1.630–5.401; P\ 0.001), and
higher grades of outer retinoschisis (OR 2.227;
95% CI 1.711–2.898; P\ 0.001) remained asso-
ciated with the advanced stage.
Conclusion: ERMs, middle retinoschisis, and
more extensive outer retinoschisis were signifi-
cant characteristics of the advanced stage in
MTM.
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Key Summary Points

Why carry out this study?

With a sharp increase in the prevalence of
high myopia, people are meeting more
challenges in myopic traction
maculopathy (MTM).

The advanced stage of MTM, including
foveal detachment, full-thickness macular
hole, and macular hole retinal
detachment, could cause irreversible
visual impairment. It is significant for
clinical management to identify
associated characteristics of the stage.

What was learned from the study?

Epiretinal membranes, middle
retinoschisis, and higher grades of outer
retinoschisis were significant
characteristics of the advanced stage in
MTM.

Based on the results, we suggest the non-
advanced, pre-advanced, and advanced
stages for MTM. We hope the study can
provide evidence for clinical management
and further investigation in MTM.

INTRODUCTION

With a sharp increase in the prevalence of high
myopia, people are meeting more challenges in
myopic maculopathy, especially in East Asians.
It was estimated 938 million people with high
myopia globally by 2050 [1]. In a meta-analysis,
the pooled prevalence of myopic macular
degeneration worldwide was 2.1% and 47.4% in
people with high myopia [2]. Myopic macular
degeneration mainly includes myopic atrophy
maculopathy, myopic traction maculopathy
(MTM), and myopic neovascular maculopathy

[3]. In 2004, Panozzo et al. first proposed MTM
through optical coherence tomography (OCT),
including myopic retinoschisis (MR), retinal
detachment, and macular hole (MH) [4]. Some
studies showed that 9–34% of highly myopic
patients with posterior staphyloma had
retinoschisis as a common complication [5–7].
In China, MR has become the most frequent
myopic maculopathy in OCT [8]. In the long-
term observation, the state of MTM has uncer-
tainty. As an early stage of MTM, MR could be
asymptomatic, be stable for a long time, and
even have a spontaneous resolution. However,
some cases may progress rapidly with noticeable
vision decline in a short period [9–12]. It is
critical to identify the relevant characteristics
for the advanced stage.

The fundus lesions of MTM are complex and
involve multiple fundus structures. Previous
studies showed that both vitreoretinal interface
abnormalities and retina-scleral features, such
as epiretinal membranes (ERMs), paravascular
abnormalities (PVAs), and the shape of the
sclera, might affect the disease progression
[13–17]. The retinoschisis condition has differ-
ent evaluation systems. Shimada et al. classified
MR on the basis of the location and range of
outer retinoschisis [9]. Some people describe MR
condition according to the schisis in different
retinal layers [13, 18]. The layers, location, and
range of retinoschisis are essential features of
the retina itself and, to some extent, reflect the
severity of lesions.

The severity of the disease and clinical
management are different according to clinical
manifestations. Visual acuity may not be affec-
ted if MTM only behaves as macular schisis.
When MTM is combined with FD or MH, sig-
nificant vision loss always occurs. At that time,
surgical intervention is required [19, 20]. Given
the tractional component in the ATN classifi-
cation [3], we regard FD, full-thickness MH, and
macular hole retinal detachment (MHRD) as the
advanced stage, which represents a more severe
stage in MTM, and try to analyze associated
characteristics of the advanced stage from the
vitreoretinal interface condition, retinoschisis
condition, and retina-sclera condition in the
study.
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METHODS

Patients Enrolled and Ocular Examination

In the retrospective observational case series
study, we reviewed highly myopic patients with
an axial length (AXL) C 26 mm or a spherical
equivalent refractive error B -6 diopters or
posterior staphyloma in Beijing Tongren
Hospital from October 2018 to December 2020
[3]. The eyes with retinoschisis were enrolled for
further analysis. In the study, we excluded
patients with the following criteria: vitreoreti-
nal surgery history; combined with other ocular
diseases involving fundus lesions, including
age-related macular degeneration, diabetic
retinopathy, retinal vein occlusion, glaucoma,
uveitis, and so on; patients without available
fundus images or OCT results, such as the
opacity of refractive media, poor quality, and
image dropout. The study adhered to the Dec-
laration of Helsinki and was approved by the
Ethics Committee of Beijing Tongren Hospital
(TRECKY2021-018). In the retrospective study,
patients’ data were unidentifiable, and thus
informed consent was not required.

The patients underwent regular ophthalmo-
logic examinations, including slit-lamp biomi-
croscopy, fundoscopy, intraocular pressure,
refraction with an assessment of best-corrected
visual acuity (BCVA), A-mode ultrasonography
to measure an AXL, and fundus photography.
We used two types of OCT (Heidelberg Inc.,
Germany, or Optovue, Inc., Fremont, CA, USA)
to obtain vertical and horizontal B-scans
through the fovea in a rectangular area, or radial
B-scans centered on the fovea to show the
macular characteristics.

Images Analysis

For OCT images, we analyzed the fundus con-
dition from three aspects, vitreoretinal interface
condition, retinoschisis condition, and retina-
sclera condition. In the vitreoretinal interface
assessment, we recorded the presence of ERMs,
vitreoretinal traction (VT), and PVAs. PVAs were
divided into paravascular microfolds,

paravascular retinal cysts, and paravascular
lamellar holes [21–23].

In the description of the retinoschisis con-
dition, we defined three layers of retinoschisis:
inner retinoschisis (schisis in retinal nerve fiber
layer and/or retinal ganglion cells), middle
retinoschisis (schisis in inner plexiform layer
and/or inner nuclear layer), and outer
retinoschisis (schisis in the outer plexiform
layer and/or outer nuclear layer), and recorded
numbers of retinoschisis layers (Fig. 1) [13]. In
addition, we followed the grade proposed by
Shimada et al. to assess the severity of the outer
retinoschisis: S0, no macular retinoschisis; S1,
extra-foveal; S2, fovea-only; S3, foveal but not
entire macular area; and S4, entire macular area
[9]. If there was no outer retinoschisis, but the
inner retinoschisis and/or middle retinoschisis
existed, we classified it into S0.

In assessing the retina-sclera condition, we
referred to the previous study to describe the
sclera shape in the macula [17]. The inner scle-
ral surface shape was divided into five patterns:
pattern 1: dome-shaped macula (DSM), pattern
2: sloped toward the optic nerve; pattern 3:
symmetrical around the fovea; pattern 4:
asymmetrical around the fovea; pattern 5:
irregular [17, 24].

According to the tractional component in
the ATN classification, we regarded FD, full-
thickness MH, and MHRD as the advanced stage
in MTM [3]. All the images were analyzed by a
trained investigator (JX.T.) two times and

Fig. 1 The optical coherence tomography image of a
highly myopic eye with different retinoschisis layers. �
inner retinoschisis (schisis in retinal nerve fiber layer and/

or retinal ganglion cells).✽ middle retinoschisis (schisis in

inner plexiform layer and/or inner nuclear layer). w outer
retinoschisis (schisis in the outer plexiform layer and/or
outer nuclear layer)
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regularly supervised by a panel of experienced
ophthalmologists (CX.L., Y.Q.). For results with
disagreement in the two analyses, the panel of
experienced ophthalmologists was consulted to
make a final decision.

Statistical Analyses

The advanced group was defined as MR eyes
with FD, full-thickness MH, and MHRD. The
control group was defined as the eyes without
FD, full-thickness MH, and MHRD. The differ-
ences in clinical characteristics between the two
groups were analyzed. Mean values (standard
deviation) and count (frequencies) were used to
describe continuous and categorical data. An
independent-sample t-test with homogeneity of
variances and a Mann–Whitney U test sepa-
rately analyzed continuous variables with nor-
mal and abnormal distributions. Categorical
data were assessed with the chi-square test,
continuous correction chi-square test, Fisher’s
exact test, Cramer’s V coefficient, and post hoc
testing. Spearman’s rank correlation was per-
formed to test the relationship between two
variables when at least one was a rank variable.
Bonferroni corrections were used to adjust an
alpha value of 0.05. After univariate analysis,
multivariate logistic regression was performed
to assess significant factors for the advanced
stage with odds ratios (OR) and 95% confidence
intervals (CI). All two-sided P values\0.05
were considered statistically significant. Com-
mercial software (SPSS version 24.0; SPSS, Inc.,
Chicago, IL, USA) was used for all statistical
analyses.

RESULTS

From October 2018 to December 2020, 314 eyes
of 198 patients with MR met the criteria and
enrolled in this study. The mean age was
52.9 ± 12.3 years, ranging from 17 to 79. Clin-
ical characteristics of the eyes are summarized
in Table 1. For the advanced stage, 76, 6, and 7
eyes were with FD, full-thickness MH, and
MHRD, respectively. The grade of the outer
retinoschisis was positively associated with the
number of retinoschisis layers (r = 0.469,

Table 1 Demographic and ocular characteristics of
patients with myopic traction maculopathy

Variables Patients

Demographic characteristics

Age, mean ± SD, years 52.9 ± 12.3

Sex, no. (%)

Male 90 (28.7)

Female 224 (71.3)

Ocular characteristics

BCVA in logMAR unit (Snellen),

mean ± SD

0.6 ± 0.5

(20/31)

Axial length, mean ± SD, mm 29.8 ± 2.1

Intraocular pressure, mean ± SD,

mmHg

15.4 ± 3.3

The advanced stage, no. (%) 89 (28.3)

Foveal detachment, no. (%) 76 (24.2)

Full-thickness macular hole, no. (%) 6 (1.9)

Macular hole retinal detachment, no. (%) 7 (2.2)

Vitreoretinal interface conditions

Epiretinal membranes, no. (%) 130 (41.4)

Vitreoretinal traction, no. (%) 52 (16.6)

Paravascular abnormalities, no. (%) 248 (79.0)

Paravascular microfolds, no. (%) 174 (55.4)

Paravascular cysts, no. (%) 224 (71.3)

Paravascular lamellar holes, no. (%) 64 (20.4)

Retinoschisis conditions

Inner retinoschisis, no. (%) 233 (74.2)

Middle retinoschisis, no. (%) 132 (42.0)

Outer retinoschisis, no. (%) 273 (86.9)

Number of retinoschisis layers, no. (%)

One-layer retinoschisis 95 (30.3)

Two-layer retinoschisis 114 (36.3)

Three-layer retinoschisis 105 (33.4)

Grade of outer retinoschisis, no. (%)

S0; no outer retinoschisis 41 (13.1)

2572 Ophthalmol Ther (2023) 12:2569–2581



P\ 0.001). The grade of the outer retinoschisis
and the number of retinoschisis layers were not
associated with AXL (r = -0.018, P = 0.173;
r = -0.022, P = 0.709). The advanced group had
older age and worse BCVA than the control
group (P = 0.018; P\ 0.001). The mean AXL
was still not significantly different between the
two groups (P = 0.467; Table 2).

The Association in Vitreoretinal Interface
Condition with the Advanced Stage

The results show that the advanced group had
more ERMs than the control group (P = 0.038).
More PVAs were found in the advanced group,
mainly composed of paravascular cysts
(P = 0.039; P = 0.018). The difference in VT
between the two groups was insignificant
(P = 0.151; Table 2).

The Association in Retinoschisis
Condition with the Advanced Stage

The middle and outer retinoschisis rates were
higher in the advanced group than in the

control group (all P\0.001). The number of
retinoschisis layers and the grade of the outer
retinoschisis were both associated with the
advanced stage (Cramer’s V coefficient = 0.365,
P\ 0.001; Cramer’s V coefficient = 0.508,
P\ 0.001). The retinoschisis involving the
entire macular area was most frequent, followed
by the fovea but not the entire macula. There
was no significant difference in the occurrence
of inner retinoschisis between the reference and
the advanced group (P = 0.257; Table 2).

The Association in Retina-Sclera
Condition with the Advanced Stage

For the shape of the inner scleral surface, the
irregular type was the most frequent pattern in
both groups, followed by the asymmetrical
curvature around the fovea (Table 2). Therefore,
we further divided the retina-sclera characteris-
tics into two categories: irregularity and non-
irregularity. The result showed that the irregular
type was more common in the advanced group
than in the control group (57.3% versus 43.6%,
P = 0.028). The assessment with five sclera types
showed no significant difference between the
two groups (P = 0.083).In addition, the rate of
DSM in the advanced group was similar to that
in the control group (12.4% versus 12.0%,
P = 0.930).

Clinical Factors Associated
with the Advanced Stage

Based on the above, age, ERMs, paravascular
cysts, the middle retinoschisis, the outer
retinoschisis, the number of retinoschisis layers,
grades of the outer retinoschisis, and the irreg-
ular sclera shape were significant factors for the
advanced stage. Among these factors, the outer
retinoschisis and the grades of the outer
retinoschisis were non-independent variables.
The grade of outer retinoschisis covers the
evaluation of whether outer retinoschisis exists.
Therefore, we did not incorporate ‘‘the outer
retinoschisis’’ in the multiple-factor analysis.
The grade of outer retinoschisis was also corre-
lated with the number of retinoschisis layers. In
the analysis of the association in retinoschisis

Table 1 continued

Variables Patients

S1; extra foveal 67 (21.3)

S2; foveal 29 (9.2)

S3; foveal and extrafoveal 43 (13.7)

S4; entire macular 134 (42.7)

Retina-sclera conditions

Pattern 1: dome-shaped macula, no. (%) 38 (12.1)

Pattern 2: sloped toward the optic nerve,

no. (%)

5 (1.6)

Pattern 3: symmetrical around the fovea,

no. (%)

17 (5.4)

Pattern 4: asymmetrical around the

fovea, no. (%)

105 (33.4)

Pattern 5: irregular, no. (%) 149 (47.5)

SD, standard deviation; BCVA, best corrected visual acuity
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Table 2 Comparison of clinical characteristics in myopic traction maculopathy eyes with and without the advanced stage

The control group The advanced group P value

Age, mean ± SD, years 51.7 ± 12.6 55.9 ± 10.8 0.018*

Male, no. (%) 65 (28.9) 25 (28.1) 0.888�

BCVA in logMAR unit (Snellen), mean ± SD 0.5 ± 0.5 1.0 ± 0.5 < 0.001*

Intraocular pressure, mean ± SD, mmHg 15.4 ± 3.4 15.3 ± 3.2 0.979*

Axial length, mean ± SD, mm 29.8 ± 2.2 29.8 ± 1.8 0.467*

Vitreoretinal interface conditions

Epiretinal membrane, no. (%) 85 (37.8) 45 (50.6) 0.038�

Vitreoretinal traction, no. (%) 33(14.7) 19 (21.3) 0.151�

Paravascular abnormalities, no. (%) 171 (76.0) 77 (86.5) 0.039�

Paravascular microfolds, no. (%) 127 (56.4) 47 (52.8) 0.559�

Paravascular cysts, no. (%) 152 (67.6) 72 (80.9) 0.018�

Paravascular lamellar holes, no. (%) 42 (18.7) 22 (24.7) 0.230�

Retinoschisis conditions

Inner retinoschisis, no. (%) 163 (72.4) 70 (78.7) 0.257�

Middle retinoschisis, no. (%) 70 (31.1) 62 (69.7) < 0.001�

Outer retinoschisis, no. (%) 184 (81.8) 89 (100.0) < 0.001�

Number of retinoschisis layers, no. (%) < 0.001�

One-layer retinoschisis 85 (37.8) 10 (11.2)

Two-layer retinoschisis 88 (39.1) 26 (29.2)

Three-layer retinoschisis 52 (23.1) 53 (59.6)

Grade of outer retinoschisis, no. (%) < 0.001�

S0; no outer retinoschisis 41 (18.2) 0 (0.0)

S1; extra foveal 58 (25.8) 9 (10.1)

S2; foveal 26 (11.6) 3 (3.4)

S3; foveal and extrafoveal 39 (17.3) 4 (4.5)

S4; entire macular 61 (27.1) 73(82.0)

Retina-sclera conditions 0.083§

Pattern 1: dome-shaped macula, no. (%) 27 (12.0) 11 (12.4)

Pattern 2: sloped toward the optic nerve, no. (%) 5 (2.2) 0 (0.0)

Pattern 3: symmetrical around the fovea, no. (%) 13 (5.8) 4 (4.5)

Pattern 4: asymmetrical around the fovea, no. (%) 82 (36.4) 23 (25.8)

Pattern 5: irregular, no. (%) 98 (43.6) 51 (57.3)

SD standard deviation, BCVA best corrected visual acuity; *Mann–Whitney U test; �chi-square test; §continuous correction chi-square test;, P comparison

of clinical characteristics between the control group and the advanced group; the control group, the eyes with myopic retinoschisis; the advanced group, the

eyes with foveal detachment, full-thickness macular hole, and macular hole retinal detachment

2574 Ophthalmol Ther (2023) 12:2569–2581



characteristics with the advanced stage, grades
of outer retinoschisis showed a higher Cramer’s
V coefficient than the number of retinoschisis
layers. Besides, middle retinoschisis and the
grades of outer retinoschisis, as two indepen-
dent factors, could indirectly reflect the number
of retinoschisis layers. Therefore, we ruled out
the number of retinoschisis layers as a covari-
ant. Finally, we enrolled age, ERMs, paravascu-
lar cysts, the middle retinoschisis, the grades of
the outer retinoschisis, and the irregular sclera
shape as independent variables to construct the
multivariate logistic regression model. The
results showed ERMs (OR 1.983; 95% CI
1.093–3.595; P = 0.024), the middle retinoschi-
sis (OR 2.967; 95% CI 1.630–5.401; P\0.001),
and higher grades of outer retinoschisis (OR
2.227; 95% CI 1.711–2.898; P\ 0.001) were
significant factors for the advanced stage
(Table 3).

DISCUSSION

The risk factors for MTM have been of great
concern for a long time [7]. Some cases could
have good visual acuity and be stable. However,
some cases may progress rapidly to FD or MH.
The management and prognosis also change
accordingly. Here, we regarded FD, full-thick-
ness MH, and MHRD as the advanced stage and
aimed to identify the associated characteristics.
The results showed that ERMs, middle
retinoschisis, and higher grades of outer
retinoschisis were significant features of the
stage. According to the evaluation of the outer
retinoschisis, higher grades of outer retinoschi-
sis imply more extensive outer retinoschisis [9].

The relationship between age and MTM has
been discussed in many studies. In some
research, MTM was regarded as a degenerative
ocular disease and analyzed patients aged 40 or
over [13, 25–27]. Older patients could be more
inclined to have MTM, and the severity of MTM
increases with aging [26, 28]. However, in the
study performed by Matsumura et al., age was
not associated with MTM in people aged 40 or
over [27]. In some studies, age could be associ-
ated with MTM on univariate analysis but not
multivariate analysis [13, 29]. Here, we also

found that the advanced group was older than
the control group. However, it was unrelated to
the severe stage after adjusting for other factors.
Aging might be associated with multi-factors,
such as ERMs, the shape of the sclera, and the
degree of outer retinoschisis. After correcting
those elements, aging was not an independent
risk factor for the advanced stage.

The association in AXL with MTM was also
worth further exploration. Some studies have
testified that a longer AXL was a risk factor for
MTM [8, 26, 27]. Other studies showed that eyes
with MR had a significantly shorter AXL than
highly myopic eyes without MR [13, 16]. Here,
we found that AXL was not associated with the
advanced stage, which was indirectly consistent
with the result showing AXL was not related to
the grade of the tractional component in the
ATN classification [28]. As we all know, axial
elongation is one of the leading causes of
myopic maculopathy. However, the accuracy of
the AXL measurement is a great challenge due
to posterior staphyloma or irregular globe con-
tour. The posterior staphyloma height or the
shape of the scleral wall also may have a more
prominent effect on MTM development than
axial elongation [17, 30, 31].

Biomechanics was the primary pathogenesis
of MTM. Parolini et al. had a detailed analysis
and summarized a new staging system for

Table 3 Multivariate regression analysis for clinical char-
acteristics associated with the advanced stage in myopic
traction maculopathy

Odds ratio (95%
confidence interval)

P value

Age 1.026 (0.997–1.055) 0.075

Epiretinal

membrane

1.983 (1.093–3.595) 0.024

Paravascular cysts 1.836 (0.907–3.717) 0.091

Middle retinoschisis 2.967 (1.630–5.401) < 0.001

The grade of outer

retinoschisis

2.227 (1.711–2.898) < 0.001

The sclera with

irregular shape

1.431 (0.769–2.665) 0.258
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tangential and perpendicular evolution [31].
They also proposed corresponding management
based on the classification, such as performing
macular buckling for macular detachment or
vitrectomy for MHRD [19]. In our study, we
tried to identify more clinical characteristics of
the advanced stage and assist the pre-advanced
stage recognition in MTM. According to the
anatomical features, we summarized the fundus
characteristics into three layers: the vitreoreti-
nal condition, the retinal condition, and the
retina-sclera condition.

ERMs, VT, and PVAs were assessed to
describe the condition of the vitreoretinal
interface. Many studies have demonstrated that
epiretinal traction was a crucial factor for MTM
[27, 31, 32]. Higher rates of ERMs, VT, and PVAs
were observed in highly myopic eyes with
retinoschisis [22, 29, 32–36]. VT on retinal ves-
sels might be a more significant factor than on
the fovea, which could induce PVAs [13, 22, 32].
In MTM, paravascular cyst was the most fre-
quent type, followed by paravascular microfolds
and paravascular lamellar holes, which was in
accord with the previous investigation [22]. On
univariate analysis, PVAs, mainly paravascular
cysts, were associated with the advanced stage.
(Fig. 2). However, the relationship also was
insignificant on multivariate analysis. The spa-
tial distance from the paramacular to the foveal
area might limit the impact of paravascular
traction in disease progression. By contrast,
ERMs had a remarkable correlation with the
advanced stage. Compared with VT and PVAs,
ERMs might provide more vital traction on the
macular lesion. In addition, the VT could be less
visible on OCT [31].

Some studies on the retinal condition
demonstrated that more extensive outer
retinoschisis was a significant risk factor for FD
[9, 37]. Fujimoto et al. found that multi-layer
retinoschisis was associated with FD develop-
ment [18]. Our results showed that both factors
were associated with the advanced stage (Fig. 3).
Besides, the middle schisis in the inner plexi-
form and inner nuclear layers was a critical
predictor for the stage. The outer retinoschisis
might be more susceptible to posterior-directed
traction, such as axial elongation. The inner
retinoschisis could more easily result from

vitreous traction. No traction acts on the middle
layers directly. Therefore, we believe the middle
retinoschisis indicates potent traction on the
retina. Some studies showed that inner
retinoschisis was associated with the disease
progression [18, 38, 39]. The relationship
between the number of retinoschisis layers and
the advanced stage indirectly supported the
opinion. However, we did not find a direct
correlation between inner retinoschisis and the
advanced stage. The inner retina might be sus-
ceptible to the vitreous state. When FD and MH
develop, the vitreous body is prone to liquefy
and further alleviate the traction on the inner
retinoschisis layer. Some studies showed that
ellipsoid zone disruption or the out lamellar
MH was a significant factor for the advanced
stage [20, 40, 41]. In our study, all the MR eyes
with outer lamellar MH presented various
degrees of FD, consistent with the perspective.

The posterior sclera’s morphology and
material properties have changed as AXL grows.
In the study by Ohno-Matsui et al., the macular
sclera shape was divided into five patterns, and
the MR eyes were more likely to present an
irregular sclera shape [30]. Here, the rate of
irregular sclera shape in the advanced group was
also higher than in the control group (Fig. 4).
However, the relationship was insignificant on
multivariate analysis. We inferred that the
scleral shape was more of an accompanying sign
of aging, axial elongation, and disease evolution

Fig. 2 The optical coherence tomography image of a
63-year-old woman with epiretinal membranes (q),
paravascular abnormalities (4), three layers of retinoschisis

(� inner retinoschisis; ✽ middle retinoschisis; w outer

retinoschisis), and macular hole (.). The axial length was
29.62 mm. The outer retinoschisis involved the entire
macular area. The sclera shape is asymmetrical around the
fovea
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rather than an independent risk factor for the
advanced stage. As an inward macular eleva-
tion, DSM might alleviate the posterior-directed
force by decreasing AXL [42]. Some studies
showed that DSM was a protective factor for
foveoschisis but a risk factor for extrafoveal
retinoschisis [43, 44]. Other studies proved that
DSM was a risk factor for retinal detachment in
high myopia, especially for those with a macu-
lar bulge height of over 350 lm, that may
destroy the original choroidal blood flow
blood–retinal barrier and cause serous retinal
detachment [45, 46]. Here, we believe that the
effect of DSM manifests mainly in AXL. As we
did not find a significant difference in AXL
between the two groups, we also did not find a
correlation between DSM and the advanced
stage, which was in line with the study by Li
et al. [28].

Based on the results and previous studies, we
had some suggestions for clinical management
aiming at the risk factor for the advanced stage
(Table 4) [19, 47–49]. The outer retinoschisis
was a critical factor for the advanced stage. We
suggested regarding the inner and middle
retinoschisis but without outer schisis as grade
1. In the study, eyes with inner and middle
schisis but without outer schisis were rare, and
they did not show the advanced stage. There-
fore, we did not emphasize the significance of
middle retinoschisis in grade 1. On that basis,
we further analyzed the rate of the advanced
stage between groups with different grades of
outer retinoschisis. The results showed that S4

was significantly more likely to combine with
the advanced stage than the other grades
(P\0.001; P\0.001; P\0.001; P\0.001).
According to that, we suggested that S1 to S3,
which means partial outer retinoschisis, were
regarded as grade 2. Both grade 1 and grade 2
belong to the non-advanced stage, which was
relatively stable for FD and MH. In this stage,
posterior sclera reinforcement is recommended
[49] Patients who refuse posterior sclera rein-
forcement should have regular follow-ups. The
entire macular outer retinoschisis was classified
as grade 3 and pre-advanced stage. In this stage,
we suggested regarding middle retinoschisis and
ERMs as plus lesions to underline the associated
characteristics of the advanced stage. The pre-
advanced stage has significant risk factors for FD
and MH. Therefore, we advise performing pos-
terior sclera reinforcement. If patients have eyes
that lose two or more lines of BCVA in
3 months, we suggest vitreoretinal surgery or
macular buckling. MTM eyes with FD, full-
thickness MH, and MHRD are regarded as grade
4, grade 5, and grade 6, respectively. The three
grades are classified into the advanced stage. In
this stage, vitreoretinal surgery or macular
buckling is necessary. Besides, posterior scleral
reinforcement is recommended for patients
undergoing vitrectomy to improve postopera-
tive visual acuity and prevent disease progres-
sion [47].

The limitations of the study need to be
noted. Firstly, as a cross-sectional study, the
result of the study still needs verification in

Fig. 3 The optical coherence tomography image of a

78-year-old woman with middle retinoschisis (✽) and

outer retinoschisis (w). The axial length was 27.86 mm.
The outer retinoschisis involved the entire macular area.
The sclera shape is asymmetrical around the fovea

Fig. 4 The optical coherence tomography image of a
48-year-old woman with inner retinoschisis (�), outer
retinoschisis (w), and foveal detachment (u). The axial
length was 30.18 mm. The outer retinoschisis involved the
entire macular area. The sclera shape is irregular
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longitudinal observation. Second, we summed
up FD, full-thickness MH, and MHRD in the
advanced stage. The lamellar MH, which also
influenced MTM, was not investigated. To
facilitate the clinical application of the results,
we preliminarily selected qualitative variables to
evaluate the fundus condition. In the follow-up
studies, the description of the fundus

characteristics could be quantitative and more
detailed to investigate the mechanism of MTM,
for example, measuring the state of posterior
vitreous detachment, retinal thickness, poste-
rior staphyloma height, and so on. The study
was performed on the basis of the hospital to
enlarge the sample size and perhaps had a
selective bias. Some patients with MR with good

Table 4 Suggestions for myopic traction maculopathy based on the study

Stage Grade Characteristics on OCT Management

Non-

advanced

stage

1 Inner retinoschisis

and/or middle

retinoschisis

Posterior sclera reinforcement

(recommended)

Regular follow-ups

2 Partial outer

retinoschisis

Pre-

advanced

stage

3 (plus) Outer retinoschisis

involves entire

macula (middle

retinoschisis;

epiretinal

membranes)

Posterior sclera reinforcement

(recommended)

If patient’s eye has lost two or

more lines of best spectacle-

corrected visual acuity in

3 months, vitreoretinal

surgery (combined with

posterior sclera

reinforcement) or macular

buckling is recommended

Advanced

stage

4 Foveal detachment Vitreoretinal surgery or

macular buckling is

necessary

Posterior sclera reinforcement

is recommended for patients

undergoing vitrectomy to

prevent disease progression

5 Full-thickness macular

hole

6 Retinal detachment

macular hole

OCT Optical Coherence Tomography
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visual acuity may not be enrolled. A population
study can provide more solid evidence for the
conclusion.

CONCLUSIONS

Above all, our study preliminarily demonstrated
that ERMs, schisis in the inner plexiform layer
and/or inner nuclear layer, and more extensive
outer retinoschisis were significant characteris-
tics associated with the advanced stage in MTM.
The impact of other factors, such as aging, VT,
and the shape of the posterior sclera, could be
investigated. Despite the shortcomings, we
hope this study could provide suggestions for
clinical management and further investigation
for MTM.
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