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BACKGROUND/OBJECTIVES: To study the development, evolution, outcomes, and prognostic factors of lamellar macular hole
(LMH) in highly myopic (HM) patients.
METHODS: Fifty eyes from 47 HM patients with LMHs were retrospectively enrolled. Relevant pre- and post-LMH optical coherence
tomography findings and visual acuity were collected. Structural progression was defined as an increase in the height of
retinoschisis, and the development of foveal detachment, full-thickness macular hole, or retinal detachment.
RESULTS: Four traction-related developmental processes were identified. Type 1 LMHs (8, 16%) developed from foveal avulsion
caused by vitreomacular traction. Type 2 (32, 64%) and type 3 LMHs (5, 10%) formed from ruptured parafoveal and central foveal
cysts, respectively. Progressive foveal thinning caused by epiretinal membranes (ERMs) without cystic changes led to type 4 LMHs
(5, 10%). Retinoschisis developed before (9 eyes), after (10 eyes), or simultaneously with (6 eyes) the LMH formation. Structural
progression was noted in 50%, 53%, 0%, 100% of patients with type 1–4 LMHs, respectively. Multivariable Cox proportional hazard
model showed that greater residual foveal thickness (P= 0.001, adjusted odds ratio = 0.22, 95% confidence interval [CI], 0.08
~ 0.56), and the absence of retinoschisis were protective against structural progression. Multivariable linear regression showed that
poor baseline visual acuity (P < 0.001, β= 0.74, 95% CI 0.41 ~ 1.07) and type 4 LMH predicted worse visual outcomes.
CONCLUSIONS: Four traction-related LMH developmental processes were observed in HM eyes and exhibited different evolution
and outcomes. LMHs with foveal thinning induced by ERMs had the worst outcomes.
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INTRODUCTION
A lamellar macular hole (LMH) is a vitreomacular disorder
characterized by irregular foveal contour [1–3]. Previous studies
have focused on the treatment strategies and outcomes of LMHs
[4–8]. However, the formation pathways of LMHs are still debated.
With the advent of optical coherence tomography (OCT), structural
changes associated with LMH have been identified, including
epiretinal membrane (ERM), epiretinal proliferation (EP), and
vitreomacular traction (VMT) [1, 5, 9]. Govetto et al. observed two
morphologies of LMHs, and speculated them to be a tractional or a
degenerative evolutional process [10]. Recently, Hubschman et al.
redefined the LMH-related lesions into “LMH”, “ERM with
foveoschisis”, and “macular pseudohole”, and echoed the hypoth-
eses of tractional and degenerative evolution pathways [3].
In highly myopic (HM) eyes, the clinical course of LMHs is more

complicated and unstable due to the complex tractions, including
the adherent posterior hyaloid, ERM, rigid internal limiting
membrane, posterior staphyloma, and the presence of macular
retinoschisis [11–14]. Therefore, the development of LMHs in HM
eyes may be distinct from that in non-HM eyes, and worth
investigating separately. In the present study, we aimed to
elucidate the LMH development processes in HM eyes. Further-
more, we investigated the evolution and outcomes of LMHs with
different formation processes, and analysed the prognostic factors

that could provide clues to follow-up plans and treatment
strategies for LMH in HM eyes.

MATERIALS AND METHODS
Study population
Consecutive cases of HM with LMH with medical records available for the
period between January 2010 and May 2020 were retrospectively
reviewed. High myopia was defined as a spherical equivalent refractive
error <−6.0 dioptres and/or an axial length >26.5 mm. The diagnosis of
LMH was made using the following criteria: (1) irregular foveal contour; (2)
defects in the inner fovea (with or without actual loss of tissue); (3)
separation of the inner and outer retinal layers in the fovea, and (4)
absence of a full-thickness foveal defect [9]. Patients with pre- and post-
LMH OCT records and had follow-up more than one year after LMH
formation were included. Patients with a history of retinal disease other
than myopic tractional maculopathy, vascular or inflammatory diseases,
major ocular trauma, or intraocular surgery other than cataract surgery
were excluded. The study was approved by the Institutional Review Board
of the National Taiwan University Hospital and followed the tenets of the
Declaration of Helsinki.

Clinical characteristics and ocular examinations
Best-corrected visual acuity (BCVA) was recorded at the initial visit, at the
time of LMH formation, and at the time of the last follow-up.
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Autorefraction (auto kerato-refractometer KR-8800, Topcon Inc., Tokyo,
Japan) and axial length (Lenstar LS 900, Haag-Streit, Koeniz, Switzerland)
were measured. Every patient underwent OCT (RTVue Model-RT 100 scan-
ner, version 3.5; Optovue Inc., Fremont, CA, USA) at 3- to 6-month intervals.
Standard 8mm or 10mm horizontal and vertical OCT scans, centred on the
fovea, were obtained. The following OCT parameters were documented or
measured using the manual calliper function of the built-in software:
central retinal thickness (CRT), maximal horizontal and vertical LMH
diameters, and minimal residual foveal thickness (RFT). The RFT was
measured as the shortest distance from the base of the LMH to the inner
layer of Bruch’s membrane at the fovea. The presence of an ERM, EP,
macular retinoschisis, VMT, foveal bump, integrity of the ellipsoid zone,
and the shape of LMH were recorded. EP was defined as a substantial
homogeneous mound with medium reflectivity at the hole edge and on
the epiretinal surface by OCT images. V-shaped LMHs had a smaller
diameter intraretinally than at the retinal surface in either the horizontal or
vertical section, while A-shaped LMHs had a larger diameter intraretinally
in both the horizontal and vertical sections. ERM foveoschisis was defined
as having a contractile ERM and foveoschisis at the level of the Henle fibre
layer confined to the parafoveal region [3]. Only eyes with extensive
retinoschisis involving the entire macula were considered as having
macular retinoschisis (or simply retinoschisis) [15]. Anatomical progression
was defined as retinoschisis progression (an increase in maximal
retinoschisis height >150 μm), development of foveal detachment,
impending full-thickness macular hole (MH), full-thickness MH, or MH with
retinal detachment.

Statistical analysis
All statistical analyses were performed using R software (version 4.0.3; R
Foundation for Statistical Computing, Vienna, Austria). The clinical
characteristics of different LMH developmental types were compared
using the Kruskal-Wallis test or chi-squared test. If the P-value of the
Kruskal-Wallis test was significant, Dunnett’s post-hoc analysis was
performed. The clinical characteristics at different time points were
compared using the paired Wilcoxon rank-sum test. Factors associated
with final visual acuity were analysed using univariable linear regression.
Factors associated with anatomical progression were analysed using
univariable Cox proportional hazards regression model. Variables with P <
0.1 in the univariable models were included in the multivariable models.
Statistical significance was set at P < 0.05.

RESULTS
Fifty eyes of from 8 men and 39 women (mean age: 61.0 ± 7.5
years) were enrolled. The mean axial length was 29.42 ± 2.13mm.
The median follow-up time before and after LMH formation was
35 months (range: 5–90 months) and 47 months (range:
13–94 months), respectively. Four types of LMH formation
processes were identified, including (1) type 1, LMH developed
after foveal avulsion induced by VMT (8 cases) (Fig. 1a, b); (2) type
2, LMH developed after the inner medial wall of a parafoveal cyst
or retinoschisis ruptured (32 cases) (Fig. 1c, d); (3) type 3, the
ruptured central foveal cysts induced by ERM led to LMH
formation (5 cases) (Fig. 1e, f); and (4) type 4, progressive foveal
thinning was induced by an ERM, and the LMH formed without an
intervening stage of cyst or retinoschisis (5 cases) (Fig. 1g, h).
Table 1 shows the clinical characteristics of LMH with different
formation processes. Type 2 LMH was the most common (64%).
Type 4 LMH had the highest rate (80%) of ellipsoid zone
disruption, but no EP. Sixty percent of type 3 LMHs were A-
shaped, while V-shaped LMH was the predominant form in other
types. In some patients, the LMH initially resembled a “tractional
type” LMH and evolved into a “degenerative type” configuration
later (Fig. 1i-l). Table 2 shows the changes in the clinical
characteristics of LMH during the follow-up. The BCVA of patients
with type 2 (P= 0.003, paired Wilcoxon rank-sum test) and type 4
LMHs (P= 0.029, paired Wilcoxon rank-sum test) decreased
significantly during follow-up. Among all types, patients with type
4 LMH had the most significant decline (1.03 ± 0.69) of visual
acuity (P= 0.024, Kruskal-Wallis test). The vertical depth of type 2
(P= 0.041, paired Wilcoxon rank-sum test) and type 4 (P= 0.017)

LMHs increased significantly. The type 4 LMHs had the more
significant increase in vertical depth than the type 3 LMHs (P=
0.032, post-hoc analysis of Kruskal-Wallis test). A significant
widening of the LMH was seen in type 3 LMHs (P= 0.001, paired
Wilcoxon rank-sum test). The RFT of type 2 (P= 0.040, paired
Wilcoxon rank-sum test) and type 4 LMHs (P= 0.024) decreased
significantly. The type 4 LMHs had the more significant decrease in
RFT than the type 1 LMHs (P= 0.015, post-hoc analysis of Kruskal-
Wallis test).
Half of the patients had macular retinoschisis. According to the

chronological sequence of the development of LMH and macular
retinoschisis, patients could be categorized into three groups: (1)
group 1 (10 eyes), in which the LMH developed first and
transformed into LMH with retinoschisis (Fig. 1m, n); (2) group 2
(6 eyes), in which the LMH and retinoschisis developed at the
same time (Fig. 1o, p); (3) group 3 (9 eyes), in which the
retinoschisis developed first, and the LMH developed later (Fig. 1q,
r). Table 1 shows the clinical characteristics of the three
groups (group 1–3) and the eyes without retinoschisis (group 0).
Fifty percent and 66% of patients with type 1 and 2 LMHs
developed retinoschisis, respectively. None of the type 3 or type 4
LMHs were associated with retinoschisis. Eyes in group 2 had
longer axial lengths than eyes in group 0 or 1 (P= 0.043). Other
clinical characteristics were not significantly different between the
groups. In Table 2, patients in group 1 had a significant decrease
in visual acuity (P= 0.047) and RFT (P= 0.002), and an increase in
vertical extension (P= 0.045) during the follow-up. The between-
group comparison of changes in clinical features were all non-
significant.
Table 3 shows the outcomes of LMH with different develop-

mental processes. The number of eyes with anatomical progres-
sion was 4 (50%), 17 (53%), 0 (0%), and 5 (100%) in types 1, 2, 3,
and 4, respectively (P= 0.015, chi-squared test). All eyes with type
4 LMH eventually developed full-thickness MH, while none of the
eyes with type 3 LMH had anatomical progression. Only 24% of
eyes without retinoschisis had anatomical progression, while
nearly all eyes in group 1 and 2 had anatomical progression.
Table 4 shows the factors associated with anatomical progres-

sion using Cox proportional hazards regression analysis. Worse
visual acuity at the time of LMH formation, more ellipsoid zone
disruption, and group 1 or 2 LMHs were associated with
anatomical progression, while greater RFT and the presence of
EP were protective factors. The multivariable model showed that
greater RFT remained a protective factor (P= 0.001, odds ratio=
0.22), while eyes with retinoschisis had a higher risk of anatomical
progression.
Table 4 shows the factors associated with visual outcomes.

Univariable linear regression showed that age, sex, visual acuity at
the time of LMH formation, RFT, the presence of ellipsoid zone
disruption and EP, and types of LMH were associated with final
visual acuity. Multivariable linear regression showed that visual
acuity at the time of LMH formation remained positively
associated with final visual acuity (P < 0.001, β= 0.74). Type 1–3
LMHs were associated with better final visual acuity than type
4 LMHs.

DISCUSSION
Although idiopathic LMH has been investigated extensively, most
studies have focused on the stages after LMH formation [4–
8, 13, 14, 16], with only a few studies examining the structural
changes both before and after LMH formation. With the multi-
layered, complicated traction on the weakened foveal tissue, the
development and evolution of LMH in HM eyes may be more
complicated than those in non-HM eyes. However, the discussion
on LMH in myopic eyes is even less in the literature. In this study,
the structural changes before and after LMH formation in eyes
with HM were specifically studied to determine the formation and
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evolution of this specific entity. These results may also have
clinical implications in idiopathic LMH formation.
Highly myopic eyes are more susceptible to abnormal posterior

vitreous detachment and ERMs [17–19]. The posterior hyaloid
firmly adheres to the retinal surface, and is connected to the
vitreous cortex. ERM can fuse with this membrane or exist
between this posterior hyaloid membrane and the retinal surface
[5]. The presence of retinoschisis also changes the foveal structure,
traction force, and its direction in HM eyes. In the present study,
we observed four types of LMH developmental processes. In short,
type 1 LMHs started from foveal tissue avulsion caused by
abnormal posterior vitreous detachment and mimicked the
abortive development of full-thickness MH; type 2 and type 3
LMHs originated from ruptured parafoveal cysts/schisis and
central foveal cysts, respectively. Type 4 LMHs were induced by
the persistent ERM traction causing progressive central foveal
thinning without going through the parafoveal or foveal cyst
stages. In the pre-LMH and the early LMH stages, tractional forces
from ERM or vitreous adhesion could be identified in all cases,
suggesting that traction, instead of degeneration, was the primary
mechanism of LMH formation in eyes with HM. Since macular
retinoschisis is a common clinical feature in HM, we specifically

examined the chronological sequence of LMH formation and the
development of retinoschisis. Retinoschisis could develop before,
after, or simultaneously with the LMH formation.
We found that LMHs had distinct evolutions and outcomes

according to the different developmental processes, and our
classification might have some clinical relevance. Patients with the
most common type 2 LMH had ERM with foveoschisis or myopic
retinoschisis as a pre-LMH condition. Subsequently, the medial
walls of parafoveal cysts ruptured and transformed into LMHs.
When combined with macular retinoschisis, LMHs deepened, and
the RFT decreased during follow-up, accompanied by visual
deterioration. Half of the patients experienced anatomical
worsening or progression. Type 3 LMHs developed from the
deroofing of foveal cysts induced by vitreous traction or ERM.
Subsequently, foveoschisis between the outer plexiform layer and
the outer nuclear layer might have occurred, and the horizontal
width of LMHs increased significantly. Therefore, type 3 LMHs
often acquired an A-shaped configuration, which was protective
against progression [14]. We postulated the wider base of
A-shaped LMH could dissipate the traction force, thus visual
function was more likely to be preserved in this type. Type 1 LMH
formed by avulsion of the foveal tissue owing to VMT, which was

Table 1. The clinical characteristics of lamellar macular hole in different types of formation processes and association with retinoschisis.

Type 1 Type 2 Type 3 Type 4 P-value

Number (%) 8 (16) 32 (64) 5 (10) 5 (10)

Age (years) 64.9 ± 5.1 58.8 ± 7.1 61.0 ± 4.2 69.0 ± 7.7 0.015c, d

Sex (male, %) 1 (13) 6 (19) 1 (20) 0 (0) 0.738e

Axial length (mm) 29.00 ± 2.10 29.45 ± 2.15 29.02 ± 3.03 30.50 ± 1.05 0.753c

Ellipsoid zone disruption (%)a 1 (13) 6 (19) 0 (0) 4 (80) 0.008e

Epiretinal proliferation (%) b 3 (38) 18 (56) 3 (60) 0 (0) 0.105e

Foveal bump (%)a 5 (63) 14 (44) 1 (20) 0 (0) 0.110e

V-shaped LMH (%)a 8 (100) 28 (88) 2 (40) 5 (100) 0.012e

Group 0 Group 1 Group 2 Group 3 P-value

Number (%) 25 (50) 10 (20) 6 (12) 9 (18)

LMH type 1:2:3:4 4:11:5:5 1:9:0:0 2:4:0:0 1:8:0:0 0.158e

Age (years) 61.6 ± 7.0 58.9 ± 8.8 62.2 ± 3.4 61.0 ± 9.0 0.878c

Sex (male, %) 4 (16) 3 (30) 1 (10) 0 (0) 0.373e

Axial length (mm) 29.14 ± 2.31 28.45 ± 1.84 31.15 ± 2.05 30.08 ± 1.11 0.043c, f

Ellipsoid zone disruption (%)a 5 (20) 5 (50) 4 (67) 5 (56) 0.052e

Epiretinal proliferation (%) b 12 (48) 5 (50) 3 (50) 4 (44) 0.999e

Foveal bump (%)a 7 (28) 2 (20) 2 (33) 6 (67) 0.150e

V-shaped LMH (%)a 18 (72) 8 (80) 6 (100) 9 (100) 0.215e

aAt the time of LMH formation bDuring the follow-up period.
cKruskal-Wallis test dDunnett’s post-hoc analysis: Age - Type 1 vs. Type 2, P= 0.027; Type 2 vs. Type 4, P= 0.007.
eChi-squared test fDunnett’s post-hoc analysis: Axial length – Group 0 vs. Group 2, P= 0.038; Group 1 vs. Group 2, P= 0.002.
Significant P-values are shown in bold.
Group 0: Eyes without retinoschisis. Group 1: Retinoschisis developed in the presence of LMH. Group 2: LMH and retinoschisis developed simultaneously.
Group 3: LMH developed in the presence of retinoschisis.

Fig. 1 Lamellar macular holes (LMHs) with different developmental processes and temporal relationship with retinoschisis. a–h Four
types of developmental processes of LMH (a, b) Type 1 LMH develops after the avulsion of foveal tissue induced by vitreomacular traction
(c, d) Type 2 LMH develops after the disruption of the medial wall of the parafoveal cyst (e, f) Type 3 LMH develops after the deroofing of the
central foveal cyst (g, h) Type 4 LMH develops from the progressive central foveal thinning induced by the epiretinal membrane. Intraretinal
cyst or schisis is not observed. i–l A representative case of LMH evolved from the “tractional configuration” into “degenerative configuration”.
i, j LMH develops from the disruption of the foveal cyst by vitreomacular traction (type 1). k It has the features of “tractional LMH” with
foveoschisis and a sharp edge. l Four years later, it has transformed into a “degenerative LMH” with a foveal bump and a round edge (asterisk).
m–r The different chronological sequences of the LMH and macular retinoschisis (m, n) Group 1: LMH formed before the development of
retinoschisis (o, p) Group 2: LMH and retinoschisis developed concurrently (q, r) Group 3: LMH developed in the presence of retinoschisis.
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regarded as the abortive form of full-thickness MH. The width of
LMHs and RFT remained stable since the traction had been
released. In types 1–3 LMHs, avulsion of foveal tissue and
disruption of cysts or schistic cavities were accompanied by the
partial reduction of traction. In contrast, type 4 LMHs were

induced by ERM without an intraretinal cyst stage. The persistent
ERM traction acted directly on the fovea, and caused foveal
thinning. Hence, the vertical depth of the LMH increased, and the
residual foveal tissue became thinner. This type of LMH was prone
to visual deterioration, and all progressed to full-thickness MHs.

Table 2. Changes in visual acuity and clinical characteristics of lamellar macular holes (LMHs) with different developmental processes.

Before LMH Final follow-up Differencea P-valuea Before LMH Final follow-up Differencea P-valuea

LogMAR visual acuity

Type 1 0.32 ± 0.38 0.36 ± 0.50 0.04 ± 0.23 0.580 Group 0 0.11 ± 0.14 0.33 ± 0.46 0.22 ± 0.47 0.055

Type 2 0.14 ± 0.18 0.31 ± 0.34 0.17 ± 0.30 0.003 Group 1 0.09 ± 0.06 0.45 ± 0.51 0.36 ± 0.49 0.047

Type 3 0.04 ± 0.10 0.12 ± 0.10 0.08 ± 0.13 0.225 Group 2 0.14 ± 0.13 0.32 ± 0.32 0.17 ± 0.33 0.239

Type 4 0.11 ± 0.07 1.14 ± 0.64 1.03 ± 0.69 0.029 Group 3 0.36 ± 0.41 0.51 ± 0.49 0.14 ± 0.25 0.125
bKruskal-Wallis test: P= 0.024; Post-hoc: Type 1 vs. 4, P= 0.026; Type 2 vs. 4, P= 0.016 bKruskal-Wallis test: P= 0.917

With LMH Final follow-up Differencea P-valuea With LMH Final follow-up Differencea P-valuea

Vertical extension of LMH (μm)

Type 1 191 ± 83 258 ± 109 67 ± 127 0.180 Group 0 150 ± 65 172 ± 56 22 ± 80 0.212

Type 2 199 ± 114 237 ± 110 38 ± 101 0.041 Group 1 163 ± 80 286 ± 77 123 ± 87 0.002

Type 3 175 ± 61 123 ± 23 −52 ± 65 0.146 Group 2 248 ± 50 250 ± 172 2 ± 161 0.975

Type 4 133 ± 54 232 ± 94 99 ± 56 0.017 Group 3 285 ± 149 307 ± 119 22 ± 102 0.531
bKruskal-Wallis test: P= 0.047; Post-hoc analysis: Type 3 vs. 4, P= 0.032 bKruskal-Wallis test: P= 0.085

Horizontal extension of LMH (μm)

Type 1 299 ± 125 374 ± 143 75 ± 127 0.138 Group 0 310 ± 117 276 ± 115 34 ± 106 0.307

Type 2 278 ± 133 275 ± 108 −3 ± 122 0.873 Group 1 270 ± 121 329 ± 157 59 ± 131 0.191

Type 3 255 ± 155 356 ± 150 100 ± 26 0.001 Group 2 338 ± 220 287 ± 111 −51 ± 174 0.504

Type 4 293 ± 56 327 ± 82 34 ± 96 0.457 Group 3 268 ± 78 271 ± 98 3 ± 87 0.917
bKruskal-Wallis test: P= 0.055 bKruskal-Wallis test: P= 0.712

Minimal residual foveal thickness of LMH (μm)

Type 1 122 ± 33 146 ± 27 24 ± 34 0.085 Group 0 149 ± 40 131 ± 47 −18 ± 49 0.149

Type 2 150 ± 42 134 ± 49 −16 ± 43 0.040 Group 1 138 ± 51 117 ± 66 −21 ± 29 0.045

Type 3 168 ± 23 154 ± 22 −13 ± 38 0.484 Group 2 119 ± 32 103 ± 27 −16 ± 42 0.388

Type 4 102 ± 54 54 ± 28 −48 ± 31 0.024 Group 3 147 ± 49 161 ± 34 14 ± 37 0.292
bKruskal-Wallis test: P= 0.020; Post-hoc analysis: Type 1 vs. 4, P= 0.015 bKruskal-Wallis test: P= 0.310
aThe within-type or group difference was compared using paired Wilcoxon rank-sum test.
bThe between-type and group difference were compared using Kruskal-Wallis test. Post-hoc analysis was performed if the P-value was less than 0.05.
Significant P-values are shown in bold.

Table 3. The anatomical outcomes of lamellar macular hole with different formation processes.

Type 1 Type 2 Type 3 Type 4 P-valuea

Number (%) 8 (16) 32 (64) 5 (10) 5 (10)

Retinoschisis progression (%) 3 (38) 9 (28) 0 (0) 0 (0) 0.309

Macular hole or impending
macular hole (%)

1 (13) 6 (19) 0 (0) 5 (100) 0.001

Macular hole retinal
detachment (%)

1 (13) 1 (3) 0 (0) 1 (20) 0.291

Foveal detachment (%) 0 (0) 3 (9) 0 (0) 0 (0) 0.999

Structural progression (%) 4 (50) 17 (53) 0 (0) 5 (100) 0.012

Group 0 Group 1 Group 2 Group 3 P-valuea

Number (%) 25 (50) 10 (20) 6 (12) 9 (18)

Retinoschisis progression (%) 0 (0) 5 (50) 3 (50) 4 (33) <0.001

Macular hole or impending
macular hole (%)

6 (24) 4 (40) 1 (17) 1 (11) 0.565

Macular hole retinal
detachment (%)

0 (0) 2 (20) 0 (0) 1 (11) 0.109

Foveal detachment (%) 0 (0) 1 (10) 2 (33) 0 (0) 0.026

Structural progression (%) 6 (24) 9 (90) 6 (100) 5 (56) <0.001
aFisher’s exact test.
Significant P values are shown in bold.
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LMHs without retinoschisis tended to be stable, except for type
4 LMHs. In contrast, our previous study showed that half of the
LMH with retinoschisis developed MH or foveal detachment [14].
The persistent traction from retinoschisis may contribute to the
progression of LMH. Rino et al. showed that LMHs with
retinoschisis were associated with worse visual acuity [6]. In the
present study, group 1 LMHs tended to deepen and be associated
with visual deterioration. The LMH was a weak point in the foveal
structure, and the tractional force from newly developed
retinoschisis caused further enlargement of the LMH and thinning
of the outer floor. Since most group 3 LMHs developed from the
disruption of the pre-existing schistic tissue, they usually remained
stable unless the macular retinoschisis progressed.
We further investigated the factors predicting visual outcomes

and anatomical progression. Thirty percent of LMHs were
associated with EP, and were characterized by a wider defect,
more ellipsoid zone disruption, and poor visual outcome
[3, 7, 10, 20, 21]. Despite its controversial origin, EP was considered
a Müller-cell-driven healing response to the retinal defect
[3, 21, 22]. Epiretinal proliferation was more frequently found in
LMHs (40–60%) in HM eyes, were more widespread due to larger
retinal defects [5, 6], and might have different clinical character-
istics and behaviours. Lai et al. found that EP in HM eyes did not
affect visual outcomes [5]. In the present study, EP were observed
in 40–60% of the type 1–3 LMHs. Type 4 LMHs were spared from
EP but had the worst outcomes. We speculated that EP may be a
repair process of the structural defect, or even act as a cushion
against tractional force [14]. Eyes with persistent traction that do
not develop EP may be vulnerable to progression. Moreover, LMHs
with thinner RFT had higher risk of progression. Our previous
study showed that the wide base and thicker residual fovea of
A-shaped LMH were protective against anatomical progression
[14]. In contrast, V-shaped LMHs were unstable, since the
tractional force was concentrated and acted directly on their
small floor [14]. In this study, a protective effect of A-shaped LMH
was not found, but that of a thicker residual foveal floor was
observed. The smaller number of cases and shorter follow-up time
may explain the difference. The presence of macular retinoschisis,
which indicated a persistent traction force on the macular area
[23], together with the thinner residual foveal floor, was found to
predispose to anatomical progression. However, visual outcomes
are not inevitably worse in LMHs with macular retinoschisis.
Contrarily, eyes with worse BCVA at the time of LMH formation or
type 4 LMHs tended to have poor final BCVA. LMHs exhibiting
these features should have closer follow-up to prompt timely
surgical intervention.
Recently, Parolini et al. proposed a new myopic traction

maculopathy staging system including those with LMH [23]. In
their staging system, tangential traction induced LMH (stage 1b) in
the presence of inner and/or outer retinoschisis (stage 1a) [23]. The
observation in the present study; however, showed that in those
with retinoschisis, 40% of them had LMH before the development
of retinoschisis. Further, our study showed that LMHs in HM eyes
could develop due to tangential, vertical, or even oblique traction.
In type 1 LMHs, the vertical traction from the vitreous adhesion
caused foveal tissue avulsion. In type 2 LMHs, the persistent vertical
traction caused the progression of retinoschisis and disruption of
the schistic column. Type 4 LMHs may be resulted from the
tangential traction from ERM. We thought that the tractional force
in HM eyes was too complicated to indicate that a certain clinical
feature was contributed to the force from single direction. Lastly,
not all of the eyes had progression by the proposed stage. For
example, those with outer retinoschisis (stage 2a) might down-
grade to stage 1b with the LMH formation possibly because the
traction was partially released. Therefore, we believed that the
present study may provide additional information regarding
the development of LMH in HM eyes.

The observation of the development and evolution of LMHs in
HM eyes may have implications in the formation of idiopathic
LMHs, of which the classification and definition have been revised
several times [2, 3, 10]. Govetto et al. classified this macular lesion
into “tractional LMH” and “degenerative LMH” [10]. Hubschman
et al. further redefined the LMH-related lesions into “ERM with
foveoschisis”, “LMH”, and “macular pseudohole”[3]. “ERM with
foveoschisis” corresponds to the “tractional LMH”. The newly-
defined “LMH”, comparable to the “degenerative LMH” has round-
edged intraretinal cavitation affecting all retinal layers, and is
associated with EP [10]. The classification implies the two different
pathways of LMH development. However, recent studies have
shown that tractional forces play a primary pathogenic role in
degenerative LMHs [24, 25]. The VMT or ERM disrupts the Müller
cells cone and induces outer retinoschisis. The damage of Henle
fibres is followed by the degeneration of photoreceptors and the
inner nuclear layer, which results in the formation of degenerative
LMH [24]. In our cohort of HM eyes, the tractional forces could be
identified in all cases. Different types of tractional forces, their
points of exertion, and the net traction direction could lead to
distinct formative and evolutionary processes. Clinical features of
degenerative type LMH would develop later (Fig. 1i–l). Whether
this observation could be applied to idiopathic conditions remains
to be determined.
This study has several limitations. It is difficult to collect a large

cohort with comprehensive records of LMH development, especially
for type 3 and 4 LMHs. Although a prospective studymay be ideal, it
may be difficult to set a time limitation. We performed OCT in
regular interval, but some evolutionary changes might have been
missed. However, this is the first report on the developmental
processes of LMH in patients with HM, and the clinical character-
istics and outcomes were significantly different between the types.
Therefore, the developmental processes of LMHs in HM eyes
proposed in the present study have clinical values.
In conclusion, we presented four different developmental

processes of LMHs in HM eyes. Tractional force, either vitreoretinal
traction or ERM, could be identified during the development of
every LMH. LMHs with different developmental processes have
distinct clinical characteristics and functional and anatomical
outcomes. Type 3 LMHs were at lower risk of anatomical
progression, whereas type 4 LMHs were susceptible to visual
deterioration and progression into full-thickness MHs. LMHs with
retinoschisis had a more unstable clinical course than those
without retinoschisis. Eyes with thinner RFT and poor visual acuity
at the time of LMH formation had worse outcomes. Frequent
follow-up and timely intervention are warranted in LMHs with a
higher risk.

SUMMARY

What was known before

● Idiopathic lamellar macular hole may exhibit a tractional or a
degenerative configuration.

● The staging system of myopic traction maculopathy including
lamellar macular hole had been proposed. However, the
formation process of lamellar macular hole in highly myopic
eyes had not been fully elucidated.

What this study adds

● Lamellar macular hole in highly myopic eyes may develop
through different formation processes and all of them have
the involvement of traction. Degenerative configuration may
occur in some stages during the evolution process.
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● Lamellar macular hole in highly myopic eyes formed by
epiretinal membrane induced progressive foveal thinning in
the absence of an intervening stage of cyst or retinoschisis
tended to progress into full-thickness macular hole and had
the worst visual outcome.

● Lamellar macular hole with retinoschisis were more suscep-
tible to anatomical progression than those with simple
lamellar macular hole in highly myopic eyes. Lamellar macular
hole may develop before, after, or simultaneously with the
retinoschisis.

DATA AVAILABILITY
The data are available upon reasonable request.
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