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Abstract
Purpose To analyze the influence of spectral-domain optical
coherence tomography (SD-OCT) features on visual acuity
changes in patients with idiopathic epiretinal membranes
(ERMs).
Methods Seventy-nine eyes of 71 patients were included in
this study. SD-OCTwas performed for all patients; data were
collected upon ERM diagnosis and at the final visit. The pa-
tients were divided into subgroups based on their SD-OCT
features. The initial best corrected visual acuity (BCVA) and
changes in BCVA for each subgroup were compared. A mul-
tivariate analysis was performed to assess the factors associ-
ated with changes in BCVA.
Results During a mean follow-up period of 20.78 months, the
mean change in logMAR visual acuity was 0.052±0.089.
Eyes with inner segment/outer segment (IS/OS) junction dis-
ruption and cystoid macular edema (CME) had a significantly
lower mean initial BCVA than those without disruption and
CME (P=0.036 and P=0.012, respectively). However, only
eyes with CME had significant changes in BCVA (P=.034).
Multivariate analysis revealed the presence of CME as the
only factor that had a significant correlation with VA changes.
Conclusions In patients with idiopathic ERMs, the presence
of CME and IS/OS disruption detected by OCT correlated
with a poorer initial BCVA. Most patients’ visual acuity
remained stable during follow-up. The presence of CME with

OCT represented a predictor of the progression of visual acu-
ity. These results may provide valuable clinical information
regarding the management of patients with idiopathic ERMs.
Specific note on abstract We demonstrated that the presence
of CME and IS/OS disruption detected with OCT correlated
with a poorer BCVA in idiopathic ERMs. The visual acuity of
most patients was stable during the follow-up period. The
presence of CME in OCT represented a predictor of vision
deterioration for patients with idiopathic ERMs.

Keywords Cystoid macular edema . Idiopathic epiretinal
membrane . Optical coherent tomography

Introduction

An epiretinal membrane (ERM) is a retinal disease in which
the vitreomacular interface induces a tangential tractional
force on the retina, leading to deformation of the retinal archi-
tecture [1]. Epidemiological studies showed that ERM is a
common retinal disease, with a prevalence rate ranging from
2.2 to 18.5 % among different ethnic groups [2–5]. It has been
associated with a variety of ocular diseases such as diabetic
retinopathy and retinal vein occlusion, or secondary to inflam-
mation and retinal surgery [6–8]. However, most cases with-
out antecedent ocular pathology are termed idiopathic ERMs.

The clinical course of an ERM may be stable or progress
slowly. The initial presentation of idiopathic ERM formation
does not usually cause any clinically important reduction in
vision; however, in some cases, this disease will progress,
leading to a significant reduction in visual acuity, necessitating
surgical intervention [9, 10]. Previous studies have reported
the longitudinal analysis of visual acuity and OCT features in
ERM patients with uveitis [11, 12]. However, to our knowl-
edge, no data have evaluated the natural course of idiopathic
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ERMs and whether morphological OCT findings have influ-
ence on the visual acuity changes in idiopathic ERMs.

Spectral-domain OCT (SD-OCT) is a non-invasive imag-
ing technique that provides high-resolution cross-section im-
ages of the retinal structure, and is particularly useful in ex-
amining the macula [13]. For ERMs, SD-OCT facilitates the
visualization of not only retinal thickness, but also the patho-
logic features of the ERM and associated retinal changes
[14–16]. Furthermore, SD-OCT is a sensitive approach for
the detection of an ERM and has become an integral part of
the assessment and follow-up for ERMs [15, 17, 18].

In this study, we first analyzed the influence of the mor-
phological OCT findings and central subfoveal thickness
(CST) on visual acuity. Furthermore, we evaluated the influ-
ence of the morphological OCT findings on visual acuity
changes during follow-up in patients with idiopathic ERMs.

Materials and methods

We conducted a retrospective chart review of 133 consecutive
patients who were diagnosed with idiopathic ERM using SD-
OCT from Jan 2, 2011 to June 30, 2014 in the Department of
Ophthalmology at Taipei City Hospital Zhongxiao Branch.
Patients were excluded from this study for the following: eyes
with secondary ERM (diabetic retinopathy, venous occlusion,
retinal tear, retinal detachment, uveitis, trauma, etc.); eyes with
myopia of >6 diopters; and eyes with other ocular pathologic
features that could have interfered with functional results,
such as glaucoma, visually significant cataract, or age-
related macular degeneration. In addition, patients with
follow-up periods of <6 months were also excluded from this
study.

All patients underwent thorough ophthalmologic examina-
tions including best-corrected visual acuity (BCVA; Snellen
visual acuity chart), biomicroscopy of the anterior and poste-
rior segments, indirect ophthalmoscopy, fundus photography,
and SD-OCT (RTVue, Optovue Inc, Fremont, USA) that were
performed at diagnosis and at each follow-up visit. Patients
with poor SD-OCT images that prevented the evaluation and
quantification of the SD-OCT data were excluded. The eyes
were divided into OCTmorphological subgroups according to
whether the photoreceptor IS/OS junction was disrupted or
intact (Fig. 1a and b), presence or absence of macular edema
(Fig. 1c and d), presence or loss of foveal concavity (Fig. 1e
and f), or whether the external limiting membranes (Fig. 1g
and h) were disrupted or intact [19]. The OCT patterns were
interpreted by two independent retinal specialists (F.I.M. and
H.C.C.). To analyze central retinal thickness, an BMM5^ grid-
scanning mode was used. In this mode, 17 horizontal line
scans and 17 vertical line scans were performed with each
set of scans including 11 lines with a 5-mm scan length and
6 lines with a 3-mm scan length. After scanning in MM5

mode, the RTVue-100 device automatically calculates the
mean retinal thickness at the diameter (1, 3, or 5 mm) of the
macular area. Central subfoveal thickness (CST) is the mean
retinal thickness in the 1-mm diameter circle centered on the
fovea.

The initial BCVA, final BCVA, BCVA changes, initial
CST, final CST, CST changes, and follow-up periods for each
OCT morphological subgroup were compared. A multivariate
analysis was used to evaluate the relationship between initial
BCVA or BCVA changes and other parameters including sex,
age, and OCT morphology.

Statistical analysis

Descriptive and comparative statistics were performed using
SPSS version 10.0 (SPSS Inc., Chicago, IL, USA). Visual
acuity measurements with Snellen charts were converted to a
logarithm of the minimal angle of resolution (log MAR) for
statistical analysis. Continuous variables were compared
using a student’s t test. Categorical variables were compared
using Pearson’s chi-square test. P values<0.05 were consid-
ered statistically significant.

Results

In this study, 79 eyes of 71 consecutive patients with an SD-
OCT–supported ERM diagnosis were included. The average
patient age at the time of data collection was 65.1±9.66 years
(range, 42 to 84 years); 33 patients (46.48%) were female. For
8 patients, both eyes had a documented ERM and were in-
cluded in the study. TheOCTmorphological subgroup had the
following: 73 eyes were intact and 6 eyes had a disrupted IS/
OS junction; 23 eyes had CME presence and 56 had CME
absence; 74 eyes had an intact ELM and 5 eyes had a
disrupted ELM; and 25 eyes had a normal foveal contour
and 54 had a decreased foveal contour. The demographic data
and clinical characteristics for all patients and each subgroup
are shown in Tables 1 and 2. The mean follow-up period was
20.78 months (range, 7 to 46 months), and the mean initial
visual acuity was 0.39±0.32. The mean change in visual acu-
ity was 0.052±0.089. Scatter plots of the initial and final vi-
sual acuities for all patients and each subgroup are shown in
Fig. 2.

The visual acuity and CST during follow-up for each sub-
group are shown in Table 3. Themean initial visual acuity was
0.54±0.38 for patients with CME, whereas the mean initial
visual acuity was 0.31±0.27 for patients without CME. ERM
patients with CME had statistically significant poorer visual
acuity upon diagnosis than those without CME (P=0.034).
No significant difference in mean follow-up period was noted
between the 2 subgroups (21.09±10.11 for patients with CME
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versus 20.82±9.65 for patients without CME; P=0.91). The
mean final visual acuity was significantly different between
patients with and without CME (0.61±0.38 for patients with
CME versus 0.33±0.27 for patients without CME; P=0.036).
Similarly, we also found statistically significant differences in
the mean BCVA change between the 2 subgroups during
follow-up (0.068±0.011 for patients with CME versus 0.017
±0.089 for patients without CME; P=0.034).

The mean initial visual acuity was 0.64±0.21 for patients
with IS/OS disruption and 0.36±0.32 in patients with an intact
IS/OS junction. There was a significant difference in mean
initial visual acuity between patients with and without IS/OS
disruption (P=0.036). The mean follow-up period was not
significantly different between the 2 subgroups (20.58±9.46
for patients with an intact IS/OS junction versus 24.83±12.89
for patients with IS/OS disruption; P=0.31). The mean final
visual acuity was significantly different between patients with
an intact and disrupted IS/OS junction (0.39±0.33 for patients
with an intact IS/OS junction versus 0.69±0.17 for patients
with IS/OS disruption; P=0.028). However, there were no
significant differences in the mean BCVA change between

the 2 subgroups during follow-up (0.03±0.097 for patients
with an intact IS/OS junction versus 0.05±0.12 for patients
with IS/OS disruption; P=0.63).

As for an intact or disrupted ELM, in the foveal subgroups,
there were no significant differences in the mean initial
BCVA, final BCVA, change in BCVA, or follow-up periods
between the two subgroups. Similarity, there were no signifi-
cant differences in mean initial BCVA, final BCVA, change in
BCVA, or follow-up periods between the normal and de-
creased foveal contour subgroups.

The mean initial CST was 401.70±84.65 for patients with
CME and 332.85±66.34 for patients without CME. There was
a significant difference in the mean initial CST between pa-
tients with and without CME (P=0.001). The mean final CST
was significantly different between patients with and without
CME (405.91±80.86 for patients with CME versus 338.95±
68.63 for patients without CME; P=0.001). However, there
were no significant differences in the mean CST change be-
tween the 2 subgroups during follow-up (4.22±14.66 for pa-
tients with CME versus 6.05±22.28 for patients without
CME; P=0.72).

Fig. 1 Spectral-domain optical
coherence tomography (SD-
OCT) features of patients with an
epiretinal membrane (ERM). a
Disruption of the inner segment
and outer segment (IS/OS)
junction (arrow); b integrity of
the IS/OS junction; c Presence of
cystoid macular edema (CME); d
absence of CME; e Disruption of
the external limiting membrane
(ELM); f integrity of the ELM; g
Loss of foveal concavity; h
presence of foveal concavity
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Themean initial CSTwas 376.09±75.98 for patients with a
decreased foveal contour, whereas the mean initial CST was
302.88±57.48 for patients with a normal foveal contour. The
ERM patients with a decreased foveal contour had a statisti-
cally significant increase in CST upon diagnosis, as compared
with those patients who had a normal foveal contour (P=
0.001). The mean final CST was significantly different be-
tween patients with decreased and normal foveal contours
(383.39±73.36 for patients with decreased foveal contours

versus 304.56±59.35 for patients with normal foveal con-
tours; P=0.001). However, there were no significant differ-
ences in the mean CST change between the 2 subgroups dur-
ing follow-up (7.30±22.49 for patients with decreased foveal
contours versus 1.68±14.05 for patients with normal foveal
contours; P=0.26).

There were no significant differences in the mean initial
CST, final CST, change in CST, and the follow-up periods
between subgroups with an intact ELM and a disrupted
ELM. Further, there were no significant differences in mean
initial CST, final CST, and change in CST between the normal
and decreased foveal contour subgroups.

A multivariate analysis using a backward stepwise selec-
tion considering all variables revealed the presence of CME as
the only factor with a significant correlation with a visual
acuity change during the follow-up period (Table 4).

Discussion

In this study, we demonstrated that the visual acuity of ERM
patients is relatively stable with a mean change of 0.034 dur-
ing a mean follow-up of 20.78 months. In addition, disruption
of the IS/OS junction and the presence of CME are factors
associated with poorer initial vision for patients with idiopath-
ic ERMs. However, the presence of CME was the only factor
that had a significant correlation with a change in visual acuity
during the follow-up period. As progressive deterioration in
visual acuity is the principle indication and as the preoperative
visual acuity is a significant prognostic factor for ERM surgery,
our findings implied that early surgery should be considered
for ERM patients with the presence of CME detected by OCT.

Table 2 Demographic and clinical characteristics of the idiopathic epiretinal membrane patients in each subgroup (n=79)

Patients
features

IS/OS junction Cystoid macular edema ELM at fovea Foveal contour

Intact
(n=73)

Disrupted
(n=6)

P No
(n=56)

Yes
(n=23)

P Intact
(n=74)

Disrupted
(n=5)

P Normal
(n=25)

Decreased
(n=54)

P

Age (yrs)
mean±SD

65.33±9.64 65.33±10.56 0.99 65.09±10.26 65.91±8.11 0.73 65.18±9.67 67.60±10.04 0.59 65.04±9.83 65.46±9.65 0.86

No. of women
(%)

45.2 50 % 0.82 44.64 % 47.82 % 0.79 44.59 % 60 % 0.50 40.7 % 56 % 0.21

Diopter (SE) −0.17±1.72 0±1.53 0.82 0.04±1.77 −0.63±1.46 0.11 −0.18±1.71 0.2±1.62 0.63 0.14±1.81 −0.29±1.64 0.29

BCVA (Snellen equivalent), n (%)

<20/20–20/40 39 0 0.04* 31 8 0.10 39 0 0.07 13 26 0.77

<20/40 to 20/
200

33 6 25 14 34 5 12 27

<20/200 1 0 0 1 1 0 0 1

Central macular thickness, n%, μm

225 to 299 21 2 0.10 21 2 0.02* 21 2 0.35 16 7 0.001*

300 to 399 37 1 28 10 37 1 7 31

400 to 499 10 3 6 7 11 2 2 11

≥500 5 1 4 5 5

yrs years, SD standard deviation, SE spherical equilibrium, BCVA best-corrected visual acuity

Table 1 Demographic and clinical characteristics of the idiopathic
epiretinal membrane patients (n=79)

Patients features

Age (yrs) mean±SD (range) 65.01±9.99 (42 to 84)

No. of women (%) 33 (46.48 %)

Diopter (SE) (range) −0.11±1.71 (−3.25 to +2.75)
Follow-up (mos) (range) 20.78±9.52 ( 7 to 46)

BCVA (Snellen equivalent), n (%)

<20/20 to 20/40 39

<20/40 to 20/200 39

<20/200 1

BCVA (log MAR), mean±SD (range) 0.39±0.32 (0 to 1.3)

Central macular thickness, n%, μm

225 to 299 23

300 to 399 38

400 to 499 13

≥500 5

Central macular thickness (mean±SD)
(range)

352.92±78.19 (226 to 562)

yrs years, SD standard deviation, SE spheric equilibrium, mos months,
BCVA best-corrected visual acuity
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The influence of the central retinal thickness on visual acu-
ity for patients with ERM is still controversial [9, 20–22].
Michalewski et al. found a negative correlation between fove-
al thickness and visual acuity [23]. In contrast, Suzuki et al.
found no relationship between foveal thickness and visual
acuity for patients with an ERM and pseudoholes [24]. In this

study, we showed that eyes with a disrupted IS/OS junction
tended to have a poorer initial visual acuity than those without
disruption. However, the central foveal thickness was not sig-
nificant between the two groups. Similarity, although central
foveal thickness was significantly thicker in eyes with a de-
creased foveal contour than those with a normal one, no

Fig. 2 Scatter plots of initial visual acuity with final visual acuity in: a all
patients; b subgroup of patients with a disrupted or intact photoreceptor
IS/OS junction; c subgroup with the presence or absence of macular

edema; d subgroup with a disrupted or intact external limiting membrane;
and e subgroup with the loss or presence of a foveal concavity
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difference was noted between the two groups. Considering
these ideas, our findings indicated that OCT morphological
features are more important than central retinal thickness re-
garding the influence of visual acuity. Several mechanisms
have been proposed to account for ERM-induced retinal dam-
age such as direct damage to the neurons in the inner retinal
layers, reduced perfusion of the macular capillaries, and pho-
toreceptor impairment [25–27]. Therefore, it is reasonable that
visual acuity could not be only attributable to central macular
thickness for patients with idiopathic ERMs.

The natural course of an ERM is generally good with the
preservation of visual acuity. Wise demonstrated that the ma-
jority of ERM patients have a benign natural course that leads
to a visual acuity of ≤0.1 in <5 % of patients [28]. Nazari et al.
reported that the visual acuity of eyes with ERM and uveitis
remains stable over 1 to 2 years of follow-up [11]. In this
study, we also showed that the visual acuity in idiopathic
ERMs was relative stable, with a mean change in logMAR
acuity of 0.052±0.089 during a mean follow-up of
20.78 months. However, subgroup and multivariate analyses
showed that the presence of CME detected by OCT is a pre-
dictor of visual acuity progression during the follow-up peri-
od. Our finding is similar to Poliner et al. who demonstrated
that the presence of CME was significantly related to a poor
visual outcome for ERM patients receiving pars plana vitrec-
tomy [29]. Several studies indicated that the presence of CME
in OCT was found to be associated with the deterioration of
visual acuity in several eye diseases such as diabetic retinop-
athy and uveitis [30, 31]. Kim et al. showed that the mere
presence of CME corresponded to a mean reduction in
logMAR acuity of 0.40, as compared with 0.16 for other pa-
tients with diabetic retinopathy [32]. Tanikawa et al. demon-
strated that the focal macular electroretinograms for eyes with
ERM were similar to those of eyes with CME [33]. They
suggested that the ERM probably caused damage to the neu-
rons in the inner retinal layers and that dysfunction of the
retinal neurons played an important role in reducing vision.
A recent study analyzing the impact of OCT on surgical
decision-making for ERMs demonstrated that the presence
of macular edema influenced surgeons to recommend patientsT
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Table 4 Multivariate analysis of the correlations of morphological and
clinical features with visual acuity changes during follow-up periods in
patients with an epiretinal membrane

Variables Pearson coefficient P

Presence of CME 0.23 0.029*

IS/OS disruption 0.065 0.29

ELM disruption 0.094 0.22

Initial CST 0.15 0.12

Initial visual acuity (Log MAR) −0.089 0.24

Age −0.14 0.12
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with ERMs to undergo surgical intervention [34]. Our results
supported this notion and provided evidence by showing that
the presence of CME detected by OCT is a predictor of visual
deterioration in ERMs.

There were several limitations in this study. Because of the
retrospective study design, the follow-up periods were vari-
able, which may influence the final visual acuity and change
in visual acuity. However, no statistically significant differ-
ences in mean follow-up period were noted among all the
subgroups, which may have reduced the confounding of this
factor. Second, as idiopathic ERM is a slow progressive dis-
ease, the follow-up period in this study was too short. The
patients were followed from 7 to 46 months, with a mean of
20.78 months. Third, the sample size was relatively small. In
this study, 73 eyes were intact while only 6 eyes had a
disrupted IS/OS junction. Results should be interpreted with
caution due to the limited number of patients with IS/OS dis-
ruption. Further prospective study with regular and longer-
term follow-up periods and large sample sizes are necessary
to clarify the issue.

In conclusion, our results showed that the presence of CME
and IS/OS disruption detected with OCT correlated with a
poorer BCVA in idiopathic ERMs. The visual acuity of most
patients was relative stable during the follow-up period. The
presence of CME in OCT represented a predictor of vision
deterioration for patients with idiopathic ERMs. These results
may provide valuable clinical information for the manage-
ment of patients with idiopathic ERMs.
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