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Abstract

Background/Objectives To evaluate the relationship between the presence of ectopic inner foveal layers (EIFL), choroidal
thickness, and visual acuity (VA) in patients with epiretinal membranes (ERM) staged by spectral-domain optical coherence
tomography (SD-OCT).

Subjects/Methods A total of 242 eyes of 121 patients with unilateral idiopathic ERM were prospectively evaluated. ERM
stages were defined based on the SD-OCT staging system as stage 1: negligible morphological or anatomical disruption,
retinal layers, and foveal pit are identified; stage 2: characteristic stretching of the outer nuclear layer, absence of foveal
depression, retinal layers are identified; stage 3: continuous EIFL crossing the central foveal area, absence of foveal
depression, retinal layers are identified; and stage 4: anatomical disruption of the fovea, continuous EIFL crossing the entire
foveal area, retinal layers are distorted.

Results Of 121 eyes with ERM, 23.1% had stage 1, 26.5% had stage 2, 39.7% had stage 3, and 10.7% had stage 4 disease.
VA was better in eyes with stage 1 or 2 ERM than stage 3 or 4 ERM (p <0.001). VA in logMAR was positively correlated
with central foveal thickness (r = 0.557, p <0.001) and EIFL thickness (r = 0.526, p <0.001), but not with an outer nuclear
layer thickness (r = 0.233, p = 0.123). In multivariate analysis, the presence of EIFL was an independent predictor of VA in
eyes with ERM (p <0.001). The presence and stage of ERM did not have a significant effect on choroidal thickness (p >
0.05).

Conclusions The SD-OCT staging system according to the presence of EIFL is effective for grading retinal damage and
visual loss in eyes with ERM.

Introduction

Epiretinal membranes (ERMs) are avascular fibrous layers
characterized by abnormal fibrocellular proliferation on
the inner retinal surface with a prevalence ranging from
2.2 to 28.9%, and they are more common in elderly
people [1-4]. ERM involving the macular or peri-macular
regions can cause visual impairment, metamorphopsia,
micropsia, and occasionally monocular diplopia.
Although ERMs may develop secondary to cataract sur-
gery, retinal detachment, retinal vein occlusions, diabetic
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retinopathy, or uveitis and retinal tearing, most cases are
idiopathic [5-7].

ERMs were initially diagnosed and classified based on
clinical findings alone [8]. More recently, imaging techni-
ques, such as spectral-domain optical coherence tomo-
graphy (SD-OCT) with three-dimensional reconstruction,
have been introduced for this purpose. With the introduction
of SD-OCT, clinicians can also evaluate microstructural
changes of the macula region both qualitatively and quan-
titatively, which is needed to assess the severity of ERM
and to predict possible vision loss [9-11]. Many reports
have demonstrated a relationship between vision loss
associated with ERM and disruption of the ellipsoid zone
and outer photoreceptor segments [12—15]. The visual loss
associated with ERM has also been suggested to be
caused by retinal ganglion or inner nuclear layer cell
damage due to the inner retinal layer wrinkling, which is
represented as an increase in inner-retinal thickness or
ganglion cell-inner plexiform layer thickness [16-19]. A


http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-018-0153-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-018-0153-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-018-0153-9&domain=pdf
mailto:eryigits@yahoo.com

Clinical significance of ectopic inner foveal layers in patients with idiopathic epiretinal membranes 1653

role of the choroid in the development and prognosis of
ERM has also been proposed by some studies, but has not
yet been clarified [20, 21].

In order to fully harness SD-OCT in diagnosing and
assessing the severity of ERM, a globally accepted OCT-
based staging system that takes into account findings related
to vision loss is lacking. Govetto et al. [22] recently sug-
gested that the presence of continuous ectopic inner foveal
layers (EIFL) in ERMs in OCT is associated with sig-
nificant vision loss and is thus an essential element of a
novel OCT-based staging scheme of ERMs. However, the
practical use of this novel staging system has not yet been
evaluated by other studies.

In this study, we aimed to investigate this new OCT-
based staging system in our ERM patients and to evaluate
the microstructural SD-OCT findings of the macula, chor-
oidal thickness, and visual acuity in different stages of
ERM.

Methods
Study population

This was a prospective cross-sectional study in which 242
consecutive eyes of 121 patients (mean age: 69.7+7.3
years, male to female ratio: 62:59) with unilateral idiopathic
ERM were evaluated in a single institution between
December 2016 and December 2017. The exclusion criteria
were secondary ERM (due to diabetic retinopathy, venous
occlusion, retinal tear, retinal detachment, uveitis, trauma);
eyes with pseudoholes, lamellar holes, or opaque media;
glaucoma; history of intraocular surgery (except uncom-
plicated cataract surgery); uncontrolled diabetes or hyper-
tension; coexisting age-related macular degeneration;
nicotine abuse; and refractive errors above —2 and +2
diopters.

This study was approved by the Institutional Review
Board of the Numune Eye Training and Research Hospital
(No. E-17-1685) and conducted according to the tenets of
the Declaration of Helsinki. Patients gave written informed
consent before the study procedures.

Ophthalmologic evaluation

All patients underwent a comprehensive ophthalmologic
examination, including measurement of best corrected
visual acuity (BCVA) using a Snellen chart, indirect slit-
lamp biomicroscopy and intraocular pressure measurements
using a non-contact tonometer (Nidek NT-530P, Nidek Co.
Ltd., Aichi, Japan). BCVA was recorded in terms of Snellen
fractions and converted into logarithm of the minimal angle
of resolution (logMAR) values.

Fig. 1 OCT images of epiretinal membranes according to the staging
system by Govetto et al. [22]. Stage 1: negligible morphological or
anatomical disruption, retinal layers, and foveal pit are identified;
Stage 2: characteristic stretching of the outer nuclear layer, absence of
foveal depression, retinal layers are identified; Stage 3: continuous
ectopic inner foveal layers crossing the central foveal area, absence of
foveal depression, retinal layers are identified; Stage 4: significant
retinal thickening, remarkable anatomical disruption of the macula,
continuous ectopic inner foveal layers crossing the entire foveal area,
retinal layers are significantly distorted, and foveal pit is absent

SD-OCT imaging and quantitative measurements

OCT images were obtained with the Spectralis OCT with
eye-tracking dual-beam technology (Heidelberg Engineer-
ing GmbH, Heidelberg, Germany), and SD-OCT images
were generated using the horizontal spectral-domain OCT
cross-section (25 lines spaced 240 mm apart; 20° x 20°).

Spectralis OCT scan patterns were used for all quanti-
tative measurements. We classified our patients according to
the OCT-based staging system devised by Govetto et al.
[22] (Fig. 1). The microstructural SD-OCT findings of the
macula including microcystoid retinal changes, presence of
the cotton ball sign, and disruption of the ellipsoid zone
were also evaluated.

Continuous EIFL was defined on OCT as the presence of
a continuous hypo- or hyper-reflective band, extending from
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the inner nuclear layer and inner plexiform layer across the
foveal region, as described before by Govetto et al. [22].
Disruption of the inner segment ellipsoid zone was defined
as a discontinuous ellipsoid band in the foveal region, and
the presence of the cotton ball sign was defined as a round
or diffuse hyper-reflective area between the ellipsoid zone
and the cone outer segment tip line at the central fovea, as
described by Tsunoda et al. [23]. The microcystoid retinal
changes were described as the presence of multiple, small
hypo-reflective roundish-elliptical cystoid spaces in retinal
layers.

The central foveal thickness was measured with the
automated thickness function of the Heidelberg Eye
Explorer, and the thicknesses of EIFL and the outer nuclear
layer in the foveal region were measured manually with the
“caliper” function of the Heidelberg instrument.

The thickness of EIFL could be measured only in 48 eyes
with ERM, since EIFL was present in eyes with stage 3 or
stage 4 ERM, and the retinal layers in stage 4 could not be
distinguished. Outer nuclear layer thickness was measured
in eyes with stage 1, 2, or 3 ERM, but not in eyes with stage
4 ERM.

EDI-OCT imaging and choroidal thickness
measurements

For choroidal thickness measurements, choroidal imaging
was performed using the enhanced depth imaging (EDI)
mode of the SD-OCT (Heidelberg Engineering GmbH,
Heidelberg, Germany), which automatically reinverts the
inverted images and enables EDI-OCT images to be
captured directly. The imaging was performed while the
patient was seated in a resting position at the same time of
the day between 3 p.m. and 6 p.m. Subfoveal choroidal
thickness was measured from the outer surface of the
hyper-reflective line ascribed to the retinal pigment epi-
thelium to the hyper-reflective line of the inner sclera
border. The section going directly through the center of
the fovea was selected for this measurement. The chor-
oidal thickness was manually measured at five points
(subfoveal, temporal and nasal at 1000 and 2000 pm) with
the “caliper” function of the Heidelberg instrument. The
measurement was performed three times, and the average
was used as the result. The choroidal thicknesses of eyes
with ERM were determined with respect to stage of ERM
and were also compared with the measurements of healthy
fellow eyes.

For precise qualitative and quantitative analyses, all
parameters were measured separately and independently by
two retina specialists (SD, MAS) who were masked to the
patients’ clinical details. If there were any discrepancies in
the measurement of qualitative parameters, another inves-
tigator (PY) was consulted for the final decision.

SPRINGER NATURE

Statistical analysis

All patients who met the study criteria were included in the
study during the recruitment period. Descriptive statistics
are expressed as mean + standard deviation or median
(minimum-maximum) for continuous variables and as fre-
quency and percentage for categorical variables. The normal
distribution of the continuous variables was tested using the
Kolmogorov—Smirnov test, and the homogeneity of var-
iance was tested using the Levene test. The data show a
non-normal distribution, and the variance between groups
of ERM stages was not similar. Therefore, non-parametric
tests were used for the analysis. The significance of the
difference between the independent groups was examined
with the Mann—Whitney U test for two groups and with the
Kruskal-Wallis test for more than two groups. The analysis
of categorical data in cross tables was performed using the
likelihood ratio test or the Fisher’s exact test if any expected
count was less than 5; otherwise, it was performed using the
Pearson’s Chi-square test. The choroidal thicknesses of the
eyes with ERM and those of healthy fellow eyes were
compared using the Wilcoxon sign test. The significance of
the relationship between continuous variables was investi-
gated using the Spearman’s rank correlation test. The
multivariate linear regression analysis was used to deter-
mine the most significant independent predictor of visual
acuity in the ERM eyes. All the variables with p <0.10 in
univariate analyses were included in the multivariable linear
regression model.

Analysis of the data was performed using IBM SPSS
Statistics 17.0 software (IBM Corporation, Armonk, NY,
USA). The results were considered statistically significant
when p was less than 0.05.

Results

According to the SD-OCT-based staging system, out of 121
eyes, 28 (23.1%) had stage 1, 32 (26.5%) had stage 2, 48
(39.7%) had stage 3, and 13 (10.7%) had stage 4 ERM
(Tables 1 and 2). ERM was localized in the right eye in 66
patients (54.5%). The median BCVA of all eyes with ERM
was 0.4 logMAR (range: 0.0-1.3 logMAR). The BCVA
was significantly better in eyes with stage 1 or stage 2 ERM
than in eyes with stage 3 or stage 4 ERM (p<0.001,
Table 1). The intraocular pressures of 121 eyes with ERM
were within normal limits (mean: 14.0 2.3 mmHg, range:
8-20 mmHg).

SD-OCT findings

On SD-OCT, microcystoid retinal changes were recorded in
30 out of 121 eyes (24.7%), the cotton ball sign in 23 eyes
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Table 1 SD-OCT findings with
respect to the stage of epiretinal

Stage 1 (n=28) Stage 2 (n=32) Stage 3 (n=48) Stage 4 (n=13) p Value

membranes

BCVA (logMAR) 0.2 0.2 0.4 0.6 <0.001*
(0.0-0.5) (0-1.0) (0.1-1.3) (0.3-1.3)

Microcystoid retinal 4 (14.2%) 7 (21.8%) 12 (25%) 7 (53.8%) 0.395°

changes

Cotton ball sign 2 (7.1%) 9 (28.1%) 12 (25%) 0 (0.0) 0.004¢

Disruption of ellipsoid 1 (3.5%) 3(9.3%) 10 (20.8%) 8 (61.5%) <0.001°¢

zone

Central foveal thickness 236 339.5 459.5 565 <0.001*

(um) (203-287) (221-530) (302-692) (305-678)

Outer nuclear layer 117.5 204 177.5 - <0.001*

thickness (um) (53-190) (101-347) (84-323)

Ectopic inner foveal layer — - 152.5 - -

(um) (41-368)

Data are presented as median (min—-max) or n (%)

*Kruskal-Wallis test
®Pearson’s Chi-square test
‘Likelihood ratio test

(19.0%), and disruption of the ellipsoid zone in 22 eyes
(18.1%). There was no statistically significant difference in
terms of the rates of cystoid changes among ERM stages
(p =0.395). However, as the stages advanced, the rate of
cystoid changes increased remarkably (Table 1). There was
a statistically significant difference between the ERM stages
in terms of the incidence of the cotton ball sign (p = 0.004,
Table 1). The cotton ball sign was significantly more
common in eyes with stage 2 and stage 3 ERM than in those
with stage 1 ERM (p =0.021 and 0.01, respectively). There
was no evidence of the cotton ball sign in eyes with stage 4
ERM (Table 1). The disruption of the ellipsoid zone was
significantly more prevalent in eyes with stage 3 and par-
ticularly stage 4 ERM than in eyes with earlier stages of the
disease (p <0.001, Table 1).

The median central foveal thickness, outer nuclear layer
thickness, and EIFL thickness of eyes with ERM were
measured as 389, 170, and 152.5 um, respectively. The
median central foveal thickness in the healthy fellow
eyes of patients with ERM was 228 um (range: 206-282).
The median central foveal thickness of eyes with ERM
was significantly higher than that of healthy fellow
eyes without ERM (389 vs. 228 um, p<0.001). The
median central foveal thickness of healthy fellow eyes
without ERM in patients with stage 1 ERM was measured
as 226 um (range: 208-265); stage 2 ERM was measured as
230 um (range: 206-276); stage 3 ERM was measured as
231 pm (range: 210-271); and stage 4 ERM was measured
as 225 um (range: 211-282). The median central foveal
thickness of eyes with ERM was significantly higher than
that of healthy fellow eyes without ERM in patients
with stage 1 (236 vs. 226 um, p = 0.03), stage 2 (339.5 vs.

228 um, p <0.001), stage 3 (459.5 vs. 231 um, p <0.001),
and stage 4 ERM (565 vs. 225 um, p <0.001).

Significant increases were noted in central foveal
thickness as the stage of ERM progressed (p <0.001
for all, Table 1). The central foveal thickness of eyes
with stage 3 or 4 ERM was statistically higher than that
of eyes with stage 1 or 2 ERM (p<0.001). The outer
nuclear layer thickness of eyes with stage 2 or stage 3
ERM was statistically higher than that of eyes with stage 1
ERM (p<0.001, Table 1). There was no statistically
significant  difference between the outer nuclear
layer thicknesses of eyes with stage 2 and stage 3 ERM
(p=0.071).

BCVA with respect to SD-OCT findings

The presence of microcystoid retinal changes or the cotton
ball sign had no significant effect on BCVA (p = 0.548 and
0.861, respectively). However, eyes with EIFL or disruption
of the ellipsoid zone were associated with significantly
higher BCVA values in logMAR (p <0.001 and p = 0.009,
respectively) (Table 2).

BCVA in logMAR was positively correlated with the
central foveal thickness of all eyes (r=0.557, p<0.001)
and the EIFL thickness of eyes with stage 3 ERM
(r = 0.526, p<0.001), but not with outer nuclear layer
thickness (r = 0.233, p =0.123) (Fig. 2).

In multivariate linear regression analysis, controlling for
other possible causes of reduced BCVA, central foveal
thickness, and the presence of EIFL were independent
predictive factors for lower visual acuity in eyes with ERM
(p <0.001, for both).
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Table 2 Best corrected visual
acuity (BCVA) with respect to
SD-OCT findings

n BCVA )4
(logMAR) Value®
Microcystoid retinal changes Not present 75 0.3 (0.0-1.3) 0.548
Present 46 0.4 (0.1-0.7)
Ectopic inner foveal layer Not present 60 0.3 (0.0-0.7) <0.001
Present 61 0.5 (0.3-1.3)
Cotton ball sign Not present 98 0.4 (0.0-1.3) 0.861
Present 23 0.2 (0.1-0.7)
Disruption of ellipsoid zone Not present 99 0.3 (0.0-1.3) 0.009
Present 22 0.5 (0.2-1.3)

Data are presented as median (min—max)

“Mann—Whitney U test
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Fig. 2 Scattered diagrams showing a positive correlation between
central foveal thickness and BCVA (r=0.557, p<0.001) (a) and
between ectopic inner foveal layer thickness and BCVA (r =0.526, p
<0.001) (b), but no correlation between outer nuclear layer thickness
and BCVA (r=0.233, p=0.123) (¢)
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Choroidal thickness with respect to the presence
and stage of ERM

There was no statistically significant difference between
eyes with ERM and healthy fellow eyes without ERM in
terms of choroidal thickness obtained from the nasal, tem-
poral, and subfoveal regions of eyes (p>0.05, Table 3).
Similarly, there was no significant difference between
stages of ERM in terms of the choroidal thicknesses of the
N2000, N1000, subfoveal, T1000, and T2000 regions (p >
0.05, for all, Table 3).

Discussion

ERMs are common ocular abnormalities causing vision loss
with a general prevalence of 1.1-18.5%, which is sig-
nificantly higher in the elderly population [2, 24]. Staging
and understanding which layer’s thickening is correlated
with visual impairment is important to determine the indi-
cations and timing of vitrectomy for the treatment of eyes
with ERM. In the present study, we primarily found that the
SD-OCT-based staging system recently developed by
Govetto et al. [22] is practical and effective for grading
macular microstructural changes and visual loss in eyes
with ERM.

Various staging systems have been proposed, on which
no common consensus has been determined. Hwang et al.
[25] classified idiopathic ERM into five subtypes according
to the characteristics of foveal morphology on SD-OCT:
outer retinal thickening with minimal inner retinal change,
outer retinal inward projection with inner retinal thickening,
prominent inner retinal thickening, formation of a macular
pseudohole, and fovea-sparing ERM with schisis-like
intraretinal ~ splitting. They used multifocal electro-
retinography for the assessment of the functional differ-
ences and pathophysiology of different stages of ERM.
Kinoshita et al. [26] categorized eyes with ERM into four
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Table 3 Comp anson t?etween Eyes with  Eyes p Value® Stage 1 Stage 2 Stage 3 Stage 4 p Value®
subfoveal choroidal thickness .
ERM without (n=26) (n=32) (n=48) (n=13)
(um) of nasal, temporal, and -
. . (n=121) ERM
subfoveal regions of eyes with (n=121)
ERM and healthy fellow eyes _
without ERM, and according o Npogp 1725 167 0332 1625 176 175.5 172.1 0.953
the stage of ERM (46-403)  (59-345) (106-369) (65-342)  (46-403)  (49-413)
N1000 199 223 0.052 197 203.5 196 204 0.738
(89-444)  (75-434) (117—441) (89-378)  (98—444) (89-387)
Subfoveal 229.4 243 0.091 236 242 221 239 0.529
(114-475) (88-457) (120-465) (114-457) (122-475) (122-468)
T1000 221.7 231.5 0.412 238.5 227 217.5 222 0.418
(120-542) (80-444) (120-451) (131-418) (127-542) (138-428)
T2000 204.5 211 0.530 225 208 197 221 0.687
(105-528)  (69-367) (113-419) (137-355) (105-528) (103-417)

Data are presented as median (min—-max)

N nasal, T temporal

*Wilcoxon sign test

types on the basis of preoperative OCT findings: globally
adherent membrane with diffuse edema, globally adherent
membrane with intraretinal cystoid space, steepened foveal
pit and/or lamellar split within the substance of the retina,
and vitreomacular traction through a focal and adherent
ERM. They suggested that postoperative outcome could be
predicted according to this classification. Uji et al. [27]
proposed that parallelism, which is the orientation of seg-
mented lines in the SD-OCT image, is a novel marker for
the diminishing structural integrity of retinal layers in eyes
with ERM and an effective means of predicting visual
acuity. Joe et al. [17] reported that the inner retinal layer
thickness was the main predictor of visual acuity in eyes
with ERM and classified ERM into three types according to
the thickness of retinal layers. As a pathological mechanism
of ERM-induced visual loss, they suggested that contractile
forces induced by ERM cause inward movement of the
outer nuclear layer, resulting in attachment of the adjacent
parafoveal inner retinal layer that leads to disarrangement of
the cells in each retinal layer and disturbance of normal
neural transmission. Like other researchers who have con-
ducted studies that support this pathological mechanism
[25, 28], they found that the degree of inner retinal layer
restoration with surgery was correlated with positive post-
surgical visual outcome [17].

The latest staging system has been proposed by Govetto
et al. [22]. It is a novel SD-OCT-based staging scheme for
ERM, which takes into account the presence of continuous
EIFL as a key finding associated with lower visual acuity in
eyes with ERM. In this system, ERM is divided into four
stages based on the findings on SD-OCT. As the stage of
ERM increases, visual acuity significantly decreases. The
presence of EIFL, a continuous hypo- or hyper-reflective
band extending from the inner nuclear and inner plexiform
layers across the foveal region, has been shown to be an

independent risk factor for lower visual acuity [22]. Simi-
larly, in our series, the visual acuity of eyes worsened with
increasing stage of ERM, and on multivariate linear
regression analysis, central foveal thickness and the pre-
sence of EIFL were independent predictors of visual acuity
in eyes with ERM.

The development of EIFL has been suggested to result
from the physical displacement of the inner retinal layers
combined with Muller cell-driven proliferation due to
tractional forces [29]. The correlation between the thickness
of EIFL and visual acuity has been recently evaluated by
Govetto et al. [30], who reported a negative correlation
between the presence and thickness of EIFL and pre-
operative visual acuity. Similarly, in our study, eyes with
EIFL were associated with significantly higher BCVA
values. We also recorded that BCVA in logMAR was
positively correlated with central foveal thickness (r=
0.557, p <0.001) and EIFL thickness (r = 0.526, p < 0.001),
but not with outer nuclear layer thickness (r=0.233, p =
0.123), which means that the visual acuity of eyes with
ERM is negatively correlated with central foveal thickness
and EIFL thickness. Therefore, we suggest that in addition
to the presence of EIFL, its thickness may be evaluated for
extent of ERM and timing of surgery.

In addition to EIFL, frequency of cystoid macular
changes, ellipsoid disruption, and the cotton ball sign sig-
nificantly increased from stage 1 through stage 4 in the
study by Govetto et al. [22]. Similarly, in our study, the rate
of cystoid changes, cotton ball sign, and disruption of the
ellipsoid zone increased with increasing stage of ERM.
However, whereas neither the presence of cystoid changes
nor the cotton ball sign had a significant effect on BCVA,
disruption of the ellipsoid zone was associated with sig-
nificantly higher BCVA values in logMAR. On the other
hand, none of these SD-OCT findings were found to be an
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independent predictor of visual acuity in a multivariate
linear regression model. In eyes with ERM, disruption of
the ellipsoid zone has been reported to be negatively cor-
related with visual outcomes in multiple studies [14, 31].
However, in our study, we did not find a correlation
between disruption of the ellipsoid zone and visual acuity,
probably due to the small number of patients with ellipsoid
zone disruption.

Arichika et al. [11] showed that although foveal retinal
thickening was significantly greater at the inner than in the
outer layer in ERM, only outer retinal thickening was sig-
nificantly correlated with visual acuity. On the contrary,
although outer nuclear layer thickness changed as the stage
of ERM progressed in our study, it was not correlated with
visual acuity and was not a significant predictive factor for
visual acuity in eyes with ERM in the multivariate linear
regression in our study. This difference may be due to the
automated segmentation performed by the SD-OCT
instrument pointed out by Arichika et al. [11], which pre-
vents the optimal measurement of retinal layers.

Lower central foveal thickness, a thinner ganglion cell-
inner plexiform layer, and a higher central foveal thickness/
ganglion cell layer ratio were reported as significant prog-
nostic factors for visual improvement after ERM surgery
[31, 32]. Decreased vision in eyes with ERM has been
attributed to the thickening of the inner foveal retinal layer
and central foveal thickness, which have also been found to
be predictors of poor visual outcome and metamorphopsia
after ERM surgery [33, 34]. Other prognostic factors for
surgical outcome in eyes with ERM include age, duration of
disease, baseline BCVA, inner and outer segment junction
disruption, and inner-retinal irregularity [35, 36]. Govetto
et al. [30] recently suggested that the presence of EIFL is a
negative prognostic factor for postoperative anatomical and
functional recovery. We did not evaluate the timing and
indication for surgical treatment of ERM or the post-
operative visual outcome in our patients. To confirm the
results of Govetto et al. [30], further studies should address
the predictive value of staging of eyes with ERM and the
value of measuring the presence and thickness of EIFL to
predict the postoperative visual outcome.

There are limited and conflicting studies on the choroidal
thickness and structure in eyes with ERM [20, 21, 37].
Because choroidal abnormalities play a key role in major
posterior segment ocular diseases, choridal thickness and
structure may be expected to change in eyes with ERM.
Due to tractional forces in eyes with ERM, retinal arteries
become dilated and tortuous, which may affect the hemo-
dynamics and thickness of the choroid [38, 39]. Some
studies have indicated a temporary change in choroidal
thickness after vitrectomy of eyes with ERM and suggested
that there is a relationship between choroidal thickness and
the presence of ERM [37, 38]. On the other hand, Casini
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et al. [39] recently reported that choroidal thickness
reduction is probably due to the exposition of ocular tissues
to a more highly oxygenated environment (vitrectomy
effect) and constriction of the choroidal vessels after
vitrectomy of eyes with ERM. Several studies have also
revealed that eyes with ERM and fellow eyes without ERM
did not show any significant difference in terms of choroidal
thickness at baseline [37-40]. In our study, we found
similar results: no significant difference in terms of chor-
oidal thickness between eyes with ERM and fellow unaf-
fected eyes. In addition, we are the first researchers to reveal
that with increasing stage of ERM and increasing level of
contraction, choroidal thickness did not change significantly
between different stages of ERM within eyes. Therefore,
our findings imply that choroidal structure was not influ-
enced by the development and progression of ERM.

The main limitation of the present study was its cross-
sectional design, which prevents the evaluation of the
postoperative visual outcome of ERM and prognostic fac-
tors. Furthermore, subjective interpretation of SD-OCT
findings is a drawback that needs to be noted, which may
limit the standard use of the SD-OCT-based staging system.
Nevertheless, this study offers important insights into the
novel SD-OCT-based staging system of ERM in clinical
practice, and it demonstrates that the presence and thickness
of EIFL are inversely correlated with the visual acuity of
eyes with ERM.

In conclusion, staging of ERM by SD-OCT according
to the presence of EIFL is effective for grading retinal
damage and visual loss in eyes with ERM. The presence
and thickness of EIFL and central foveal thickness are
key indicators of visual acuity loss in eyes with ERM. In
addition, our study revealed that the development
and progression of ERM are not associated with choroidal
thickness. Further prospective clinical studies with
larger sample sizes should address the criteria for indi-
cations and timing of surgery and the relationship between
different stages of ERM and visual prognosis. Addition-
ally, clinicopathological and electrophysiological
investigations are needed to better understand the patho-
physiology of EIFL.

Summary
What was known before

* We aimed to evaluate the relationship between the
presence of ectopic inner foveal layers (EIFL), micro-
structural changes of the macula, choroidal thicknesses,
and visual acuity in patients with epiretinal membranes
(ERM) in different stages defined by spectral-domain
optical coherence tomography (SD-OCT).
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What this study adds

* The SD-OCT staging according to the presence of EIFL
is effective for grading retinal damage, macular micro-
structural changes, and visual loss in eyes with ERM.

e Presence and thickness of EIFL, and central
foveal thickness are key indicators of visual acuity loss
in ERM.
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