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Abstract

Purpose To evaluate and compare the rate and characteristics of vitreoretinal disorders in fellow eyes of lamellar macular holes
(LMH) versus epiretinal membrane foveoschisis (ERMF).

Methods Included patients in this retrospective study were divided into two groups based on spectral-domain optical coherence
tomography (SD-OCT) features of their primary eye: LMH (group A) and ERMF (group B).

Results Ninety-four patients were enrolled: 59 (62.8%) in group A and 35 (37.2%) in group B. Fellow eyes in group A had a
higher rate of retinal detachment (8/59 [13.6%] vs. 0/35 [0%], P=0.024), and full-thickness macular hole (FTMH) (11/59
[18.6%] vs. 2/35 [5.7%], P = 0.079), compared with fellow eyes in group B. In group A, 4/59 patients (6.8%) showed a bilateral
LMH while none from group B had a LMH in their fellow eye (0/35 [0%]), P =0.293. Additionally, epiretinal proliferation was
noted in 30/59 (50.8%) fellow eyes in group A versus 3/35 (8.6%) fellow eyes in group B, P<0.001. Longitudinal data were
available for 80/94 patients. Over a mean follow-up of 37.4+29.9 months, 1/48 (2.1%) fellow eyes from group A developed a
FTMH and 2/48 (4.2%) developed a LMH, while no FTMH or LMH occurred in fellow eyes of group B.

Conclusions Fellow eyes of LMH showed a high rate of macular and peripheral vitreoretinal disorders. In addition, epiretinal
proliferation was detected in a higher number of fellow eyes of LMH versus ERMF. These findings suggest a bilateral process in
eyes of patients with LMH.

Keywords Epiretinal membrane foveoschisis - Epiretinal proliferation - Lamellar macular hole - Miiller glial cells -
Spectral-domain optical coherence tomography

Introduction

Lamellar macular hole (LMH) is a macular lesion charac-
terized by a partial thickness foveal defect but its true
definition is debated and its pathogenesis still remains
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poorly understood. The study and classification of LMH
have been hampered by the lack of universal consensus
on a definition, which has resulted in the conflation of
several different macular diseases over the past several
years [1-3]. Various propositions have been made regard-
ing the pathophysiology of LMH including partial avul-
sion of the inner retinal layer during posterior vitreous
detachment, sustained contraction of an epiretinal mem-
brane (ERM), rupture of the inner cystic wall in eyes with
chronic cystoid macular edema, and progressive retinal
degenerative processes [3-5].

Recent advances in retinal imaging have provided new
insights into our understanding of LMH. An international pan-
el of vitreoretinal experts recently proposed an OCT-based
definition of LMH [6]. This classification proposed three
OCT-based clinical entities: lamellar macular hole, epiretinal
membrane foveoschisis, and macular pseudohole. The re-
quired criteria for LMH were the presence of an irregular
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Key messages

( Recent publications distinguished lamellar macular holes from other tractional-related macular diseases such as

epiretinal membrane foveoschisis.

( The present paper reports a higher rate of macular and peripheral diseases in fellow eyes of lamellar macular
holes than in fellow eyes of epiretinal membrane foveoschisis, and showed the presence of isolated epiretinal
proliferation in fellow eyes of lamellar macular holes without visible retinal defect.

foveal contour, a foveal cavitation, and a true loss of retinal
tissue. By contrast, the macular diseases characterized by the
presence of intraretinal cleavage due to the contraction of an
ERM were named “epiretinal membrane foveoschisis”
(ERMF). While outer retinal layers (i.e., external limiting
membrane and ellipsoidal zone) are usually preserved in
ERMF, LMH are often associated with early ellipsoidal
zone disruption and subsequent vision loss. Macular
pseudohole was defined by the presence of a foveal spar-
ring ERM and a steepened foveal profile. In this new clas-
sification, LMH 1is notably distinguished from other
tractional-related macular diseases, while in the past
LMH and ERMF were usually considered different sub-
types of “lamellar macular holes” [3, 6].

In eyes with LMH, Pang and colleagues first described on
OCT the presence of a thick and isoreflective epiretinal tissue,
which they initially termed “lamellar hole—associated
epiretinal proliferation” (LHEP) [7]. Further histopathological
analyses differentiated it from ERM by the lack of contractile
properties [8, 9]. More recently, this proliferation has been
described in association with other retinal conditions than
LMH, such as full-thickness macular hole and ERM forma-
tion [6, 10—12], and therefore, the more inclusive term
“epiretinal proliferation” (ERP) was preferred to refer to this
material [6]. The initial trigger leading to this proliferation
remains unknown, and it is unclear if this ERP is the primary
cause or a consequence of LMH.

Despite extensive investigation and research, the rate
and characteristics of vitreoretinal disorders in fellow eyes
of patients diagnosed with LMH have been minimally
studied [13]. Such information may improve our under-
standing of LMH and ERP pathogenesis [14]. Thus, this
study was designed to perform a retrospective fellow eye
analysis, with the aim to characterize and compare the
occurrence of vitreoretinal abnormalities in the fellow
eyes of patients with LMH versus ERMF. We separately
studied and compared fellow eyes of LMH and ERMF to
evaluate the recent theories that these are separate clinical
entities with potentially different clinical development,
progression, and pathophysiology.
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Methods
Design

This was a retrospective, consecutive, and observational study
that adhered to the principles of the Declaration of Helsinki
and to the regulations of the Health Insurance Portability and
Accountability Act. This study was approved by the
University of California Los Angeles Office of Human
Research Protection (IRB#16-000574).

The clinical charts and spectral-domain optical coherence
tomography (SD-OCT) scans of consecutive patients with a
diagnosis of “lamellar macular hole”, between January 2014
and December 2018, at the Stein Eye Institute, University of
California Los Angeles, were carefully reviewed and ana-
lyzed. Due to the lack of clear OCT definition of lamellar
macular holes in the past, only patients under the care of one
retina specialist (JPH) were included to get an accurate data
collection. During the period under review, patients with a
lamellar macular hole and an epiretinal membrane
foveoschisis were respectively classified as “degenerative la-
mellar macular hole” and “tractional lamellar macular hole,”
and both retrieved by searching patients with a diagnosis of
“lamellar macular hole.”

Inclusion criteria were the presence of lamellar macular
hole (LMH) or epiretinal membrane foveoschisis (ERMF) in
at least one eye. The specific criteria for the definition of these
two lesions subtypes were based on the “optical coherence
tomography-based consensus definition for lamellar macular
hole” and are described below [6]. Exclusion criteria were the
presence in any eye of active choroidal neovascularization,
active retinal vascular disease, and uninterpretable or poor-
quality SD-OCT scans.

Study population
Included patients were retrospectively divided into two groups

depending on the SD-OCT imaging features affecting the pri-
mary eye at baseline: group A (LMH) and group B (ERMF),
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LAMELLAR MACULAR HOLE

EPIRETINAL MEMBRANE FOVEOSCHISIS

Fig. 1 Classification of the primary eyes at baseline. Lamellar macular
hole (left). Optical coherence tomography scan shows a foveal cavity
characterized by an apparent loss of foveal tissue with a foveal cavity
with undermined edges open to the vitreous cavity. Epiretinal
proliferation is visible on the edges of the hole (solid arrowheads).

as illustrated in Fig. 1. In case of bilateral lesions, the first
symptomatic eye was the one considered the primary eye.

Group A lesions (LMH) were defined by the presence of the
following major inclusion criteria: (1) an irregular foveal con-
tour, (2) the presence of foveal cavitation, and (3) an apparent
loss of foveal tissue. Minor criteria for the diagnosis of LMH
were (1) the presence of epiretinal proliferation, (2) the presence
of a foveal bump, and (3) the presence of EZ disruption [6].
Group B included cases of epiretinal membrane foveoschisis
(ERMF) illustrating an epiretinal membrane (ERM) and a
cleavage at the level of the Henle fiber layer [2, 6].

The term “epiretinal proliferation” was defined on SD-
OCT as a thick homogeneous layer of isoreflective and non-
contractile epiretinal material typically bounded by a thin
hyperreflective band [6, 7]. The term “epiretinal membrane”
(ERM) corresponded to a thin hyperreflective line over the
internal limiting membrane, with tractional properties, and
frequently separated from the underlying retina by small
hyporeflective spaces [6].

Baseline and last follow-up data

The patient’s presenting visit to the senior author (JPH) was
deemed the baseline evaluation. History of vitreomacular sur-
gery, thegmatogenous retinal detachment (RRD), and retinal
tear were collected. Examination at presentation and at the
end of the follow-up period included best-corrected visual acu-
ity (BCVA), intraocular pressure, and lens status assessment.
Characteristics at baseline were studied for all included patients,
while longitudinal data were analyzed for patients who had
been evaluated by the senior author (JPH) at two different times
with OCT examination between January 2014 and December
2018. Best-corrected visual acuity was measured on a Snellen
chart and converted to a logarithm of the minimum angle of
resolution (LogMAR) for statistical analysis.

Spectral-domain OCT imaging
In all cases, eye-tracked OCT images were obtained with the

Spectralis SD-OCT device (Heidelberg Engineering GmbH,
Heidelberg, Germany) at baseline and at the end of the follow-

Epiretinal membrane foveoschisis (right). Optical coherence
tomography image shows a macular thickening and intraretinal
cleavage at the level of the Henle fiber layer resulting from the
contraction of an epiretinal membrane (empty arrowheads). Cystic
spaces are visible between the membrane and the retina (white arrow)

up and reviewed with the Heidelberg Eye Explorer (version
1.8.6.0) using the HRA/Spectralis Viewing Module (version
5.8.3.0). The Spectralis OCT imaging protocol included a
20 x 15-degree volume scan with 19 B-scans spaced 242 um
apart and a single high-definition 30-degree horizontal line. A
high-density 15 % 10 degrees with 97 B-scans spaced 30 pm
apart was also performed in selected eyes. Additionally, some
patients were imaged with the RS-3000 Advance OCT (Nidek
Co, Gamagori, Japan).

SD-OCT characteristics recorded in both eyes included the
presence of macular posterior vitreous detachment (PVD), ERP,
ERM, and disruption of EZ. Central foveal thickness (CFT) (de-
fined as the thinnest vertical height from the bottom of the lesions
to the inner retinal pigment epithelium [RPE] boundary) was
measured using the caliper function of the Heidelberg device.

In fellow eyes, the presence of vitreomacular abnormalities
including vitreomacular traction (VMT), ERMF, LMH, and
FTMH was analyzed and recorded. In addition to the CFT, the
central macular thickness (CMT), corresponding to the mean
retinal thickness within the central 100-pum diameter area, was
measured using the Spectralis Software, and boundary lines
were manually adjusted when necessary.

CMT values were measured in fellow eyes, while not used
in primary eyes analysis since this value was not consistent in
LMH eyes due to their irregular foveal profile. Of note, full-
thickness macular hole eyes were excluded from CFT and
CMT measurements. All SD-OCT scans were carefully
reviewed independently by two examiners (IC, NM).
Discordant cases were adjudicated by a third retina specialist
(JPH) until a consensus was reached.

Main outcome

The main outcome measurement was the fellow eye’s rate of
vitreoretinal pathologies and macular SD-OCT abnormalities
in group A versus group B.

Statistical analysis

Quantitative values were presented as mean =+ standard devi-
ation (SD), while qualitative values were listed as ratio and
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percentage. Normality of variable distribution was assessed
through visual inspection (e.g., histograms and quantile-
quantile plots) and with the Shapiro-Wilk test. The Mann-
Whitney U test or the Student ¢ test was used to compare
continuous data between the two groups. The paired ¢ test or
the Wilcoxon’s signed-rank test was used to compare contin-
uous variable changes. Qualitative variables were compared
using the chi-square test or the Fisher exact test. A P value of
less than 0.05 was considered statistically significant. All sta-
tistical analyses were performed using the XLSTAT software
version 2018.1.49572 (Assinsoft, Paris, France).

Results
Population
After a comprehensive chart review of 123 patients, 94 patients

(188 eyes), of which 65 (69.1%) were female and 29 (30.9%)
were male, met the inclusion criteria and were enrolled in this

Table 1  Characteristics of the study eyes at baseline

study. Follow-up data were available for 80 of these 94 patients
with a mean interval follow-up of 37.4 +29.9 months.

Primary eyes at baseline

Characteristics of the primary eyes at baseline are reported in
Table 1. Degenerative LMH (group A) was diagnosed in 59
out of 94 (62.8%) eyes. Five out of 59 (8.5%) primary eyes in
group A were noted to have a history of retinal detachment
and 8 out of 59 (13.6%) eyes had a history of laser retinopexy
treatment for retinal tear formation. History of pars plana vit-
rectomy for FTMH (1/59) or VMT (1/59) was noted in two
out of 59 (3.4%) primary eyes.

Epiretinal membrane foveoschisis (group B) was noted in
35 out 0f 94 (37.2%) primary eyes, of which three (8.6%) eyes
were previously treated by laser for retinal tear and no cases
had a history of RRD or macular surgery.

Mean BCVA at baseline was significantly lower in primary
eyes from group A (0.32 +0.33 LogMAR [20/41 Snellen equiv-
alent]) versus group B (0.20+£0.29 LogMAR [20/31 Snellen

Group A (LMH) Group B (ERMF) All P value

N, patients 59 (62.8%) 35(37.2%) 94 (100%)
Mean age, years 71.1+£94 69.7+10.2 70.6+£9.7 0.502*
Sex F 40 (67.8%) 25 (71.4%) 65 (69.1%) 0.712°
History

Macular surgery 2" (3.4%) 0 (0%) 2 (2.1%) 0.528°¢

Retinal detachment 57 (8.5%) 0 (0%) 5(5.3%) 0.153¢

Retinal tear 8 (13.6%) 3 (8.6%) 11 (11.7%) 0.529°¢
Clinical data

Right eye 34 (57.6%) 16 (45.7%) 50 (53.2%) 0.263°

BCVA, LogMAR (Snellen equivalent) 0.324+0.33 (20/41) 0.204+0.29 (20/31) 0.28 +£0.33 (20/38) 0.013¢
PCIOL 34 (57.6%) 12 (34.3%) 46 (48.9%) 0.029°
OCT features

Macular PVD 45 (90.0%) 27 (93.1%) 72 (91.4%) 1.00°

Epiretinal membrane 4 (6.8%) 35 (100.0%) 39 (41.50%) <0.001°

Epiretinal proliferation 43 (72.9%) 6 (17.1%) 49 (52.1%) <0.001°

EZ disruption 35(59.3%) 2 (5.7%) 37 (39.4%) <0.001¢

CFT, um 130.7+£37.1 172.1+34.4 146.1+41.2 <0.001¢

LMH, lamellar macular hole; ERMF, epiretinal membrane foveoschisis; N, number; F, female; BCVA, best-corrected visual acuity; PCIOL, posterior
chamber intraocular lens; OCT, optical coherence tomography; PVD, posterior vitreous detachment; £Z, ellipsoidal zone; CFT, central foveal thickness

*One eye had a vitrectomy for a full-thickness macular hole 30 months before the diagnosis of lamellar macular hole and one eye had the surgery for a

vitreomacular traction before baseline

T Three eyes had been treated by scleral buckle, one by combined buckle-vitrectomy, and one by pneumatic cryopexy. The mean duration between the
surgery for retinal detachment and the first diagnosis of lamellar macular hole was 21.1 +16.5 years (range: 3.5-47.7 years)

¢ test

® Chi-square test

¢ Fisher exact test

9 Mann-Whitney test
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equivalent], P=0.013). An ERM was significantly more fre-
quent in group B (35/35 equivalent to 100.0%) compared with
group A (4/59 equivalent to 6.8%), P < 0.001, whereas ERP was
significantly more frequent in group A (43/59 equivalent to
72.9%) versus group B (6/35, equivalent to 17.1%), P <0.001.
The primary eyes in group A also exhibited a higher rate of EZ
disruption (P<0.001), and a higher inner/outer hole diameter
ratio (P < 0.001) versus primary eyes in group B.

Fellow eyes baseline data

The clinical characteristics of fellow eyes are summarized in
Table 2. In group A, 8 out of 59 (13.6%) fellow eyes had a

history of RRD and 6 out of 59 (10.2%) had a history of laser
treatment for retinal tear. Remarkably, there were no cases of
retinal detachment reported in fellow eyes from group B while
3 out of 35 (8.6%) fellow eyes in group B had laser retinopexy
for retinal tear. This higher rate of fellow eye RRD in group A
versus group B was statistically significant (P =0.024).

In group A, 11 out of 59 (18.6%) fellow eyes had a FTMH,
of which five were diagnosed at baseline and six underwent a
surgery before baseline, whereas two out of 35 (5.7%) fellow
eyes in group B were diagnosed with a FTMH at baseline
(P=0.079). At baseline, four out of 59 (6.8%) patients exhib-
ited a bilateral LMH in group A while no case of LMH was
reported in fellow eyes of group B (P =0.293). In addition, a

Table 2  Characteristics of the fellow eyes at baseline
Group A (LMH) Group B (ERMF) All P value
N, patients 59 (62.8%) 35(37.2%) 94 (100%)
Mean age, years 71.1+£9.4 69.7+10.2 70.6+9.7 0.502*
Sex F 40 (67.8%) 25 (71.4%) 65 (69.1%) 0.712°
Clinical data
Right eye 25 (42.4%) 19 (543%) 44 (46.8%) 0.263°
BCVA, LogMAR (Snellen equivalent) 0.29+0.37 (20/38) 0.17+0.23 (20/29) 0.24+0.33 (20/34) 0.099¢
PCIOL 38 (64.4%) 13 (37.1%) 51 (54.3%) 0.010°
Vitreoretinal diseases
Retinal detachment 8 (13.6%) 0 (0%) 8 (8.5%) 0.024°
Retinal tear 6 (10.2%) 3 (8.6%) 9 (9.6%) 1.00°
FTMH" 11 (18.7%) 2 (5.7%) 13 (13.8%) 0.079°
LMH 4 (6.8%) 0 (0%) 4 (4.3%) 0.293°
VMT 1 (1.7%) 1 (2.9%) 2 (2.1%) 1.00°
ERMF 2 (3.4%) 27 (5.7%) 4 (4.3%) 0.627¢
ERM peeling? 1 (1.7%) 1 (2.9%) 2 (2.1%) 1.00°
OCT features
Macular PVD 29 (74.4%) 24 (75.0%) 53 (74.6%) 0.951°
Epiretinal membrane 7 (11.9%) 7 (20.0%) 14 (14.9%) 0.284°
Epiretinal proliferation 30 (50.8%) 3 (8.6%) 33 (35.1%) <0.001°
EZ disruption 14 (26.4%) 0 (0%) 14 (16.3%) 0.001°
CFT, um 189.2+£57.8 217.3+56.0 200.1+£58.5 0.250¢
CMT, um 280.1+£39.2 289.9+£52.5 284.0+449 0.780¢

LMH, lamellar macular hole; ERMF, epiretinal membrane foveoschisis; N, number; F, female; BCVA, best-corrected visual acuity; PCIOL, posterior
chamber intraocular lens; FTMH, full-thickness macular hole; LMH, lamellar macular hole; VMT, vitreomacular traction; ERMF, epiretinal membrane
foveoschisis; ERM, epiretinal membrane; OCT, optical coherence tomography; PVD, posterior vitreous detachment; £Z, ellipsoidal zone disruption;

CFT, central foveal thickness; CMT, central macular thickness

*Two eyes had a retinal detachment and developed a FTMH 3 months and 14 years after. One other eye had a history of FTMH and a retinal detachment

5 years later. These three eyes are reported in both groups

T One eye with an ERMF at baseline examination had also a history of retinal detachment treated by scleral buckle 32 years before

¥ One eye with a FTMH at baseline had undergone membrane peeling surgery one year before

¢ test

® Chi-square test

¢ Fisher exact test

9 Mann-Whitney test
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PRIMARY EYES

FELLOW EYES

Fig. 2 Epiretinal proliferation in fellow eyes of lamellar macular holes.
Every row shows spectral-domain optical coherence tomography scans of
both eyes from the same patient. Optical coherence tomography scans of

ERMF was noticed in two out of 59 (3.4%) fellow eyes in
group A and in two out of 35 (5.7%) fellow eyes in group B,
without significant difference (P = 0.627). Interestingly, ERP
was identified in 30 out of 59 (50.8%) fellow eyes in group A
versus 3 out of 35 (8.6%) fellow eyes in group B (P <0.001)
(Fig. 2).

Longitudinal data

Longitudinal data were available for 48 out of 59 (81.4%)
patients in group A and 32 out of 35 (91.4%) patients in group

the fellow eyes (left panel) show additional isoreflective material (white
arrows) over the fovea, typically bounded by a thin hyperreflective line

B. No difference in follow-up duration between patients with-
in the group A (40.2+32.8 months; [range: 1.7-
120.4 months]) and patients within the group B (33.1+
24.9 months [range: 2.8—114.5 months]) was found (P =
0.353). Longitudinal data of primary and fellow eyes are re-
ported in Table 3.

Over the follow-up period, four out of 48 (8.3%) primary
eyes in group A showed spontaneous conversion from LMH
to FTMH while no case of FTMH occurred in primary eyes of
group B. Two out of the 48 (4.2%) fellow eyes in group A
developed a LMH during the follow-up period. Both of them

PRIMARY EYE

03/2016

FELLOW EYE

Fig.3 Development of a bilateral lamellar macular hole. Spectral-domain
optical coherence tomography images showing the development of a
lamellar macular hole (LMH) in the fellow eye of a patient with LMH.
In the primary eye (left column), SD-OCT scans show a LMH with
epiretinal proliferation (white arrowheads) and progressive increase of
retinal cavitation (white arrows) over the follow-up. Optical coherence
image (right column) of the fellow eye from January 2013 shows a

@ Springer

discreet additional isoreflective material (white arrowhead), surrounded
by a thin hyperreflective line, in the nasal side of the foveal area (top
right). Twenty-eight months later, a LMH was visible with apparent loss
of retinal tissue (white arrow), and an increase of epiretinal proliferation
(white arrowhead) over the nasal surface of the fovea (middle right). After
38 months of follow-up, the retinal defect (white arrow) reached the
external limiting membrane (bottom right)
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Table 3 Occurrence of vitreoretinal pathologies over the follow-up period

Group A (LMH) Group B (ERMF) All
N patients 48 (60.0%) 32 (40.0%) 80 (100%)

Primary eyes Fellow eyes Primary eyes Fellow eyes Primary eyes Fellow eyes
Retinal detachment 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%) 0 (0%)
Retinal tear 1 (2.1%) 0 (0%) 1 (3.1%) 1 (3.1%) 2 (2.5%) 1 (1.3%)
FTMH 4 (8.3%) 1 (2.1%) 0 (0%) 0 (0%) 4 (5.0%) 1 (1.3%)
LMH - 2 (4.2%) - 0 (0%) - 2 (2.5%)
ERMF - 0 (0%) - 1 (3.1%) - 1 (1.3%)

LMH, lamellar macular hole; ERMF, epiretinal membrane foveoschisis; N, number; F7TMH, full-thickness macular hole

had a complete posterior vitreous detachment and displayed
ERP at baseline (Fig. 3). One out of 48 (2.1%) fellow eyes in
group A with a history of vitrectomy for RRD developed a
FTMH. No cases of LMH or FTMH occurred in fellow eyes
of group B, and no cases of VMT were recorded in fellow eyes
of groups A and B.

Overall, at the last follow-up, 12 of 59 (20.3%) fellow eyes
in group A had a FTMH versus two of 35 (5.7%) fellow eyes
in group B (P =0.054). Six of 59 (10.2%) patients had a bi-
lateral LMH in group A, whereas no cases of LMH were
identified in the 35 fellow eyes in group B (P =0.081).

Discussion

Even though our ability to define the morphological features
of LMH has tremendously improved during the past few
years, our understanding of its pathogenesis and initial trigger
has not yet been elucidated [2, 3, 6].

To aid our understanding of its pathogenesis, so far only
one study has focused on the fellow eyes of LMH [13]. Nava
and colleagues reported the presence of ERM in 74% of LMH
fellow eyes, a bilateral LMH in three cases (9%) and the oc-
currence of one LMH in the fellow eye after 3 years of follow-
up [13]. The authors concluded that the presence of LMH in
one eye does not significantly increase the risk of developing
the same disease in the fellow eye. However, they did not
distinguish LMH from other tractional-related vitreomacular
diseases (i.e., epiretinal membrane foveoschisis). Most of the
presented cases in this report displayed, in their primary eyes,
an ERM with intraretinal schisis more than a true loss of
retinal tissue as seen in LMH. In the present study, LMH
and ERMF eyes have been sorted within two different groups,
in the light of the recent OCT-based consensus definition for
LMH, to specifically study the rate of vitreoretinal disorders in
the fellow eyes of LMH and to compare it with those of
ERMF [6]. Our results demonstrated a high rate of
vitreoretinal disorders in both eyes of patients with LMH,

supporting the idea of a bilateral vitreoretinal condition in
these patients.

Epiretinal proliferation has been studied in eyes with LMH
and FTMH. On OCT, ERP appears as a thick, homogenous,
isoreflective material over the ILM and often bounded by a
thin hyperreflective line [6, 7]. Histological analysis in LMH
demonstrated that this proliferation contains retinal glial cells,
and especially Miiller cells [9]. However, the exact pathogen-
esis of this proliferation remains poorly understood. Our cur-
rent understanding is that this proliferation develops in LMH
as a consequence of Miiller cell activation and migration in
response to the loss of retinal tissue [9, 15]. However, using
SD-OCT, we found similar isoreflective material, in half of
fellow eyes of LMH, without any other apparent retinal struc-
tural change (Fig. 3). Therefore, it may be speculated that
Miiller cell dysregulation and migration could actually be
present in both eyes of some patients with LMH [10, 16].

Consistently with previous reports [3, 17], we noted that
72.9% of LMH (primary eyes) displayed ERP, but we also
observed the presence of an additional isoreflective material
over the fovea in 50.8% of their fellow eyes. Based on blue-
light fundus autofluorescence (B-FAF) and SD-OCT imaging,
Dell’Omo and colleagues described recently similar foveal
abnormalities that they termed FATIAS, for “Foveal
Abnormality associated with epiretinal Tissue of medium re-
flectivity and Increased blue-light fundus Autofluorescence
Signal,” in 47 eyes without other significant retinal condition
[18]. They defined FATIAS by the presence of an abnormal
foveal contour and the presence of an additional tissue of
medium reflectivity on SD-OCT, and an increase B-FAF sig-
nal at the fovea [18]. They hypothesized that this lesion might
be secondary to a true loss of retinal tissue arising from the
PVD, or a displacement of retinal tissue due to age-related
vitreous change and an inherent weakness of the retina. We
classified this additional medium reflectivity on SD-OCT tis-
sue as ERP. Of note, B-FAF was not routinely performed in
our practice, and therefore, we were not able to ensure that
similar B-FAF changes were retrieved in fellow eyes with
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additional isoreflective material. Interestingly, Dell’Omo and
colleagues also reported a high rate of vitreoretinal interface
disorders in the fellow eyes of patients with the so-called
FATIAS, including 11 FTMH and 3 LMH, supporting our
observations.

The fellow eyes of LMH showed a high rate of severe
vitreomacular diseases. In fact, out of 59 fellow eyes, 12 had
a FTMH (20.3%) and six had a LMH (10.2%). This suggests
that LMH patients likely present bilateral abnormal
vitreomacular interface and/or an inherent foveal weakness.
Thus, the ERP that we noted in fellow eyes of LMH may
participate in the development of such macular lesions by
modification of the posterior hyaloid adherence, or may reflect
a dysfunction of Miiller cells [19]. The glial cells and notably
Miiller cells are known to provide essential structural support
and tensile strength to the retinal tissue [20, 21]. As a conse-
quence, dysfunction of glial Miiller cells may lead to a higher
risk of LMH and/or FTMH due to a lack of retinal adhesive-
ness [20, 22]. This latter hypothesis is reinforced by the pro-
gression, over the follow-up period, of four LMH (in the pri-
mary eyes) to a FTMH, despite a previous posterior vitreous
detachment, suggesting an inherent weakness of the retina
[23-25].

Patients with LMH also showed a high rate of RRD and
retinal tear in both eyes. Retinal detachment and retinal tear
formation may cause a mechanical stimulus leading to dys-
regulation of astrocytes and activation of Miiller cells [26, 27].
This Miiller cell dysregulation might lead to ERP and/or LMH
formation [26, 27]. Alternatively, it is possible that LMH pa-
tients have a primary dysregulation of Miiller cells leading to
ERP as well as an altered peripheral vitreoretinal interface
predisposing to the development of retinal tear and RRD
[20, 22]. The mean visual acuity of the LMH eyes was signif-
icantly lower compared with ERMF eyes. This may be ex-
plained by the higher rate of outer retinal layers disruption
(e.g., EZ disruption) which has been reported to be one of
the typical features of LMH [6, 17, 21]. However, the greater
proportion of LMH eyes which had a history of RRD surgery
or macular peeling surgery compared with ERMF eyes may
also have contributed to this difference.

The limitations of this study included the retrospective na-
ture of the analysis and the possibility of selection bias. Thus,
the high rate of RRD we noted in patients with LMH may
have been the result of ascertainment bias due to the selection
of patients from an academic tertiary care clinic managed by a
highly specialized vitreoretinal surgeon. However, no cases of
RRD were reported in group B from the same population. Of
note, the SD-OCT identification of ERP in the fellow eye was
admittedly challenging and required high-quality imaging, as
the abnormality was subtle to detect in certain cases.
However, similar observations have recently been reported
and correlated with B-FAF abnormalities [15, 18], and each
SD-OCT scan has been carefully analyzed by at least two

@ Springer

readers. The strengths of this study include the clear distinc-
tion between patients with LMH and patients with ERMF, the
relatively large number of included patients, and the long
follow-up period of time.

In conclusion, fellow eyes of LMH had a higher rate of
macular and peripheral vitreoretinal abnormalities compared
with fellow eyes of ERMF and illustrated isolated ERP with
SD-OCT analysis. These findings reinforce the idea that LMH
imply different pathogenesis than ERMF and provide evi-
dence that patients with LMH may be predisposed to develop
bilateral macular and peripheral vitreoretinal conditions.
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