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Abstract: Background: Retinal nerve fiber layer (RNFL) and ganglion cell layer (GCL) measurements
can be influenced by many factors including the presence of concomitant retinal diseases. The aim
of this study it to assess the impact of epiretinal membrane (ERM) on RNFL and GCL assessment
using optical coherence tomography (OCT). Methods: GCL, peripapillary RNFL (pRNFL), and
Bruch’s Membrane Opening Minimum Rim Width (BMO-MRW) thicknesses were analysed using
an SD-OCT (Spectralis OCT) in eyes with idiopathic ERM and compared with a control group.
Results: 161 eyes were included, 73 eyes in the control group and 88 eyes with idiopathic ERM.
The pRNFL analysis revealed a statistically significant difference between the two groups in overall
and temporal sector thicknesses. For GCL thickness report, the percentage of scans in which the GCL
was erroneously segmented by automatic segmentation was assessed for each eye. A statistically
significant difference was found in all sectors (p < 0.001), with the exception of external nasal sector.
A statistically significant difference (p < 0.001) in the GCL total volume report was found in ERM
group compared to the control group. For MRW at BMO analysis, there was no statistically significant
difference in MRW thickness in any sector. Conclusion: In eyes with ERM, the GCL and pRNFL
analysis seemed affected by the morphological retinal layers’ modification. MRW-BMO did not
appear to be directly affected by the presence of ERM.

Keywords: epiretinal membrane (ERM); ganglion cell layer (GCL); peripapillary retinal nerve fiber
layer (pRNFL); Bruch’s Membrane Opening Minimum Rim Width; optical coherence tomography
(OCT); glaucoma

1. Introduction

The epiretinal membrane (ERM) is a fibrocellular tissue that forms on the surface of
the internal limiting membrane (ILM) of the retina, leading to the loss of the normal retinal
anatomy. The incidence of ERM reaches 20% of the population by the age of 70 years,
the prevalence of macular ERMs is estimated to be 2% in patients under 60 years, 12% in
patients over 70 years, and 22.5% in those aged 80 years or more [1]. The most common
clinical manifestations include metamorphopsia, micropsia, and decreased visual acuity [2].
These symptoms are related to the density, location, and contraction of the membrane
resulting in distortion of the retinal microstructure [3].

Glaucoma is a neurodegenerative disease, and it represents a leading cause of irre-
versible blindness worldwide. The disease is characterized by a loss of ganglion cell axons
that causes a progressive loss of the neural rim. Glaucoma diagnosis is complex, and
it generally includes the presence of an increased intraocular pressure, the presence of
optic disc changes (excavation of optic disc, loss of disc rim loss, increased pallor, vascular
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changes), and corresponding visual field defects [4]. The functional damage follows the
structural damage that is irreversible, and statistically significant visual field abnormalities
occur if neural losses at the corresponding retinal location exceed 25–35% [5]. Therefore,
eyes with structural damage should be identified as soon as possible to reduce the risk of
glaucomatous neuropathy progression.

Spectral-Domain Optical Coherence Tomography (SD-OCT) examination in glaucoma
disease shows a high sensitivity to discriminate between healthy and glaucoma patients [6].
It provides objective indexes and allows the identification of a pre-perimetric stage of the
disease [6–8]. Moreover, since reproducibility is crucial to assess glaucoma progression,
SD-OCT provides follow-up scans that are co-registered to baseline imaging, improving
repeatability and making measurement more precise [9].

The Ganglion Cell Layer (GCL) analysis, the peripapillary Retinal Nerve Fiber Layer
(pRNFL) examination, and the Bruch’s Membrane Opening Minimum Rim Width (BMO-
MRW) report are three useful tools used for the early detection and monitoring of glau-
coma [10,11].

During routine clinical practice, ERM and glaucoma may be found to coexist in the
same eye, due to the high prevalence of both diseases. Unfortunately, it has been reported
that pRNFL measurements can be affected by the presence of concomitant ERM [12–15].
Currently, there are no results published concerning the gold standard OCT measurements
for glaucoma diagnosis and follow-up in patients with ERM. This study aimed to evaluate
the impact of ERM on RNFL and GCL assessment in order to identify potential OCT tools
for the early detection and monitoring of glaucoma in patients with coexisting ERM.

2. Materials and Methods

The participants of this prospective observational study were recruited from the Eye
Clinic, Department of Medical, Surgical Sciences, and Health of the University of Trieste
between March 2020 and February 2021.

The Institutional Review Board of the University of Trieste approved the study, and
all procedures were carried out in accordance with the principles of the Declaration of
Helsinki. Written informed consent forms were distributed to all the participants before
the examinations.

The study aimed to compare objective parameters detected by SD-OCT between
subjects with idiopathic ERM and a control group of healthy eyes.

Inclusion criteria were age between 60 and 80 years, an axial length between 22.5 and
25.5 mm, a BMO area between 1.5–2.5 mm2, posterior vitreous detachment, and presence
of idiopathic ERM (stage 2–4) only for the second group [16].

Exclusion criteria were secondary ERM, primary open-angle glaucoma, maculopathy
or concurrent retinovascular disease, optic disc anomaly (tilted disc, peripapillary atrophy),
previous ocular surgery, except uncomplicated cataract surgery. Only one eye for each
participant was included.

For all patients, optical biometry (IOLMaster 700 SS-OCT, Carl Zeiss Meditec AG,
Jena, Germany) and measurements of the GCL, pRNFL, and BMO-MRW thicknesses
measurements were performed using an SD-OCT (Spectralis OCT, Heidelberg Engineering,
Heidelberg, Germany).

All OCT scans were acquired using the Glaucoma Module Premium Edition, which
offers scan patterns and an updated reference database [17]. This module includes the
patented Anatomic Positioning System. It creates an anatomical map of each patient’s eye
using two structural reference points: the fovea centre and the Bruch membrane opening
centre (Figure 1). Scans were performed on all eyes after dilating the pupil with one drop
of tropicamide 1%.
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Figure 1. Structural reference points for GCL analysis with the Glaucoma Module Premium 
Edition. (A) The first step identifies the fovea centre; (B) the second step identifies the BMOC. 
BMOC, Bruch membrane opening centre; GCL, Ganglion cell layer. 

A GCL thickness map was created and analysed using the early treatment of diabetic 
retinopathy study (ETDRS) retinal grid. The map was divided into nine ETDRS macular 
fields. The average thickness of each area was expressed in microns, and the total volume 
was expressed in mm3 (Figure 2). 

 
Figure 2. ETDRS macular field grid for GCL thickness analysis. The nine ETDRS fields are 
employed to create a retinal grid for GCL thickness analysis. ETDRS, Early treatment of diabetic 
retinopathy study; GCL, Ganglion cell layer. 

In the pRNFL analysis three circle-shaped scanning areas with 3.5 mm, 4.1 mm, and 
4.7 mm were centred on the optic disk (Figure 3). 

Figure 1. Structural reference points for GCL analysis with the Glaucoma Module Premium
Edition. (A) The first step identifies the fovea centre; (B) the second step identifies the BMOC. BMOC,
Bruch membrane opening centre; GCL, Ganglion cell layer.

A GCL thickness map was created and analysed using the early treatment of diabetic
retinopathy study (ETDRS) retinal grid. The map was divided into nine ETDRS macular
fields. The average thickness of each area was expressed in microns, and the total volume
was expressed in mm3 (Figure 2).
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Figure 2. ETDRS macular field grid for GCL thickness analysis. The nine ETDRS fields are em-
ployed to create a retinal grid for GCL thickness analysis. ETDRS, Early treatment of diabetic
retinopathy study; GCL, Ganglion cell layer.

In the pRNFL analysis three circle-shaped scanning areas with 3.5 mm, 4.1 mm, and
4.7 mm were centred on the optic disk (Figure 3).

BMO-MRW quantifies the neuroretinal rim from the inner edge of the Bruch’s Mem-
brane Opening (BMO) and accounts for the variable trajectory of RGC axons at the mea-
surement points (Figure 4) [18].
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Bruch‘s Membrane Opening Minimum Rim Width; ILM, Internal Limiting Membrane. 

The optic nerve head-radial and circle scans acquire 24 radial and three concentric 
circle scans, with diameters of 3.5, 4.1, and 4.7 mm, centred on the BMO. 

Mean pRNFL and BMO-MRW thicknesses were evaluated as global value and 
separately for the six sectors: temporal, inferotemporal, inferonasal, nasal, superonasal, 
superotemporal. 

Descriptive statistics were used to compare scans of healthy and ERM eyes. Statistical 
analyses were performed using SPSS statistical software V.20.0 (SPSS, Chicago, IL, USA). 
For statistical analysis, data were analysed by means of R language. To test the null 
hypothesis that the means of two groups are equal was used t-test for two independent 
samples. Α = 0.05 was set as the risk level in all statistical analyses, and p < 0.001 was 
considered to be statistically significant. 

3. Results 
3.1. Demographics and Ocular Characteristics 

The study included 161 eyes, 73 healthy eyes used as a control group, and 88 eyes 
with idiopathic ERM. The average age of the healthy patients and of the patients with 
ERM was 71.65 (±5.84) years and 72.82 (±5.37) years, respectively. The mean axial length 
was 23.69 (±0.66) mm in the control group and 23.75 (±0.79) mm in the subjects with 
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Figure 3. Circular scanning areas for pRNFL. (A) 3.5 mm; (B) 4.1 mm; (C) 4.7 mm. pRNFL, peripapil-
lary Retinal Nerve Fiber Layer examination.
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Figure 4. Neuroretinal rim analysis. (A) Infrared image of 24 radial scans of the optic nerve head
(B) BMO-MRW measures the minimum distance from BMO (disc margin) to ILM. BMO-MRW,
Bruch‘s Membrane Opening Minimum Rim Width; ILM, Internal Limiting Membrane.

The optic nerve head-radial and circle scans acquire 24 radial and three concentric
circle scans, with diameters of 3.5, 4.1, and 4.7 mm, centred on the BMO.

Mean pRNFL and BMO-MRW thicknesses were evaluated as global value and separately
for the six sectors: temporal, inferotemporal, inferonasal, nasal, superonasal, superotemporal.

Descriptive statistics were used to compare scans of healthy and ERM eyes. Statistical
analyses were performed using SPSS statistical software V.20.0 (SPSS, Chicago, IL, USA).
For statistical analysis, data were analysed by means of R language. To test the null
hypothesis that the means of two groups are equal was used t-test for two independent
samples. A = 0.05 was set as the risk level in all statistical analyses, and p < 0.001 was
considered to be statistically significant.

3. Results
3.1. Demographics and Ocular Characteristics

The study included 161 eyes, 73 healthy eyes used as a control group, and 88 eyes
with idiopathic ERM. The average age of the healthy patients and of the patients with
ERM was 71.65 (±5.84) years and 72.82 (±5.37) years, respectively. The mean axial length
was 23.69 (±0.66) mm in the control group and 23.75 (±0.79) mm in the subjects with idio-
pathic ERM. The descriptive characteristics of the two groups are summarized in Table 1.
No statistically significant differences for age (p = 0.190), axial length (p = 0.583) and BMO
area (p = 0.378) were found between the two groups. Of the 88 eyes with ERM, 48 (54.5%)
were classified as stage 2, 36 eyes (41%) were included in stage 3, and 4 (4.5%) in stage 4.
All parameters examined showed a normal distribution of values.
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Table 1. Demographic and ocular characteristics of the study cohort.

Control (n = 73) ERM (n = 88) p-Value

Mean Age (y ± SD) 71.65 (±5.84) 72.82 (±5.37) 0.190
Axial length (mm ± SD) 23.69 (±0.66) 23.75 (±0.79) 0.583
BMO-area (mm2 ± SD) 1.88 (±0.28) 1.84 (±0.31) 0.378

Sex (male:female) 39:34 50:38 -
Eye (right:left) 40:33 41:47 -

LensStatus
(Phakic:Pseudophakic) 62:38 56:44 -

ERM: Epiretinal Membrane.

3.2. Measurements of Peripapillary Retinal Nerve Fiber Layer Thickness

In the pRNFL analysis, three circle-shaped scanning areas with 3.5 mm, 4.1 mm,
and 4.7 mm diameter, respectively, centred on the optical disc, were compared between
the two groups. In all three acquisitions, a statistically significant difference between the
two groups was found in the analysis of the overall thickness and the comparison of
pRNFL thickness in the temporal sector. In the 3.5 mm and 4.1 mm diameter scans a
statistically significant difference between the two groups was observed in the thickness of
the inferonasal sector (p < 0.001 at 3.5 mm, and p < 0.001 at 4.1 mm), with a reduction of the
inferior nasal sector thickness in the eyes with ERM. No statistically significant difference
was recorded in the remaining sectors (Figure 5, Table 2).
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Figure 5. Peripapillary Retinal Nerve Fiber Layer. (pRNFL) thicknesses at 3.5 mm, 4.1 mm and 4.7 mm. Contr, Control
group; ERM, Epiretinal membrane group; pRNFL, Peripapillary Retinal Nerve Fiber Layer; T, Temporal sector; TS, Temporal
superior sector; TI; Temporal inferior sector; N, Nasal sector; NS, Nasal superior sector; NI; Nasal inferior sector.

Table 2. Peripapillary Retinal Nerve Fiber Layer thicknesses at 3.5 mm, at 4.1 mm and at 4.7 mm.

p-RNFL at 3.5 mm p-RNFL at 4.1 mm p-RNFL at 4.7 mm

Control Group ERM Group p-Value Control Group ERM Group p-Value Control Group ERM Group p-Value

Global 95.68 ± 9.94 101.67 ± 10.76 <0.001 82.49 ± 8.66 91.26 ± 9.98 <0.001 72.88 ± 7.44 83.39 ± 9.43 <0.001
Temporal 67.88 ± 10.46 108.67 ± 98.13 <0.001 61.32 ± 9.69 94.73 ± 20.71 <0.001 56.10 ±8.47 95.14 ± 24.39 <0.001
Superior
Temporal 126.22 ± 19.49 128.94 ± 21.68 0.40 114.68 ± 16.80 117.54 ± 18.75 0.31 104.81 ± 14.01 107.86 ± 18.26 0.23

Superior
Nasal 108.27 ± 22.71 103.26 ± 19.95 0.14 87.55 ± 17.41 88.18 ± 17.52 0.82 72.14 ± 16.43 74.31 ± 15.68 0.40

Nasal 79.60 ± 10.96 79.10 ± 12.62 0.79 66.71 ± 9.65 68.69 ± 11.40 0.23 58.40 ± 7.46 60.49 ± 9.41 0.12
Inferior
Nasal 112.99 ± 23.10 101.02 ± 17.81 <0.001 90.22 ± 18.42 82.55 ± 14.66 <0.001 73.73 ± 15.45 69.61 ± 12.58 0.07

Inferior
Temporal 142.36 ± 19.81 139.31 ± 19.22 0.33 128.86 ± 16.53 126.52 ± 18.23 0.38 117.11 ± 15.19 113.28 ± 17.64 0.14

pRNFL: Peripapillary Retinal Nerve Fiber Layer. ERM: Epiretinal membrane. All data are expressed as mean and standard deviation.
Bold is employed for statistical significant values with a p < 0.001.

3.3. Measurements of Ganglion Cell Layer Thickness

In a preliminary analysis of the ganglion cell layer thickness, the percentage of scans in
which the GCL had been erroneously segmented by automatic segmentation was assessed
for each eye. An average segmentation error rate of 1% (±2%) was detected in the healthy
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patients’ group. In the ERM group, the overall error rate was significantly higher and
corresponding to 30% of the scans. In detail, the average error rate found was 24% of scans
in patients with ERM stage 2, 33% in ERM stage 3, and 68% in ERM stage 4, with a direct
correlation between the error rate and the ERM stage (Figure 6, Table 3).
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Table 3. Automatic segmentation error in the GCL measurements for control and ERM group.

Group Automatic Segmentation Error (%±SD)

Control Group 0.01 ± 0.02
ERM Group overall 0.30 ± 0.21

ERM stage 2 0.24 ± 0.17
ERM stage 3 0.33 ± 0.21
ERM stage 4 0.68 ± 0.22

GCL: Ganglion Cell Layer; ERM: Epiretinal Membrane. All data are expressed as mean percentage and
standard deviation.

Scans with an automatic segmentation error rate greater than 20% were excluded
because not considered reliable. In the ERM group, 48 eyes (54.5%) were excluded. No eyes
were excluded from the healthy patients because no error rate greater than 20% was
detected. Out of 40 patients with ERM (45.5%), 27 eyes had ERM stage 2, 13 eyes had ERM
stage 3. No eyes with ERM stage 4 were included because of the high number of automatic
segmentation errors due to the complete distortion of the retinal architecture typical of this
stage. After the preliminary analysis, each ETDRS area was compared between the control
group and the ERM group’s remaining eyes. A statistically significant difference was found
in all sectors (p < 0.001) excluded for external nasal sector (Table 4). The analysis of the
total volume of the ganglion cell layer included in the ETDRS grid showed statistically
significantly different (p < 0.001) compared to the control group (Table 4).
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Table 4. Ganglion cell layer analysis.

Sector Control Group ERM Group p-Value

Central 14.37 ± 3.70 51.18 ± 12.56 <0.001
Inner Temporal 46.53 ± 5.23 64.00 ± 11.11 <0.001
Inner Superior 50.89 ± 4.29 59.40 ± 6.59 <0.001

Inner Nasal 49.44 ± 5.31 62.23 ± 6.89 <0.001
Inner Inferior 50.64 ± 4.99 59.23 ± 7.34 <0.001

Outer Temporal 33.60 ± 4.56 41.40 ± 8.57 <0.001
Outer Superior 32.85 ± 4.26 37.08 ± 6.17 <0.001

Outer Nasal 35.88 ± 3.58 37.58 ± 4.36 0.014
Outer Inferior 31.14 ± 3.06 34.83 ± 6.10 <0.001
Total Volume 1.03 ± 0.10 1.23 ± 0.15 <0.001

ERM: Epiretinal Membrane.

3.4. Measurements of Bruch’s Membrane Opening Minimum Rim Width

Finally, in the MRW at BMO analysis, there was no statistically significant difference in
MRW thickness in any sector between the ERM group and the control group. In particular,
the global averages of the MRW-BMO were 304.49 µm (±51.00) in the control group and
302.47 µm (±48.62) in the ERM group, with a p = 0.80 (Figure 7, Table 5).
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Table 5. Bruch’s Membrane Opening Minimum Rim Width thicknesses.

Sector Control Group ERM Group p-Value

Global 304.49 ± 51.00 302.47 ± 48.62 0.80
Temporal 216.40 ± 41.67 209.16 ± 41.23 0.27

Superior Temporal 287.71 ± 59.02 285.49 ± 62.65 0.82
Superior Nasal 339.26 ± 68.69 336.76 ± 63.79 0.81

Nasal 341.69 ± 65.49 332.81 ± 62.01 0.38
Inferior Nasal 370.74 ± 77.42 371.68 ± 69.61 0.94

Inferior Temporal 312.02 ± 58.97 325.91 ± 52.92 0.12
ERM: Epiretinal membrane. All data are expressed as mean and standard deviation.

4. Discussion

This study analysed the differences in the GCL, pRNFL, and BMO-MRW thicknesses
between healthy and ERM eyes.

Despite the large number of studies published about the relationship between glau-
coma and ERM [12,19], it has not yet been identified the OCT tool that is less influenced by
the presence of ERM, allowing an early diagnosis of glaucoma and monitoring of glaucoma
patients with ERM.

Glaucoma is an ocular disease with a significant impact on the quality of life. Generally,
patients with mild to moderate damage maintain a good visual function but, as severe and
bilateral functional loss occur, life quality can be significantly reduced [20].

Early diagnosis is essential for the irreversibility of functional damage and for a chance
of slowing the disease’s progression through pharmacological and surgical treatments.
Therefore, improving strategies to early identify glaucoma patients, even in the presence of
ERM, should be a priority.

It is well known that ERM causes tangential retinal traction, leading to changes in its
structure. The contractile force of ERM, due to fibrocellular proliferation on the internal
limiting membrane, can cause retinal deformation directly proportional to the ERM stage.

A delay in the diagnosis of glaucoma in the presence of ERM could be caused by the
thickening of pRNFL thus masking the RNFL loss caused by glaucoma. Moreover, the
presence of an ERM could hide the evolution of optic disc damage in those glaucomatous
patients with no signs of campimetry progression.

As shown by Asrnai et al., the presence of ERM is the main cause of error in the
measurement of macular thickness and RNFL [19]. In this retrospective cross-sectonal
study the Authors evaluated the frequency and the distribution of OCT artifacts in pRNFL
examination in glaucoma patients. The results about the pRNFL scan measurements along
a 12◦ peripapillary circle reported a 19.9% of scans contained artefact, identifying the ERM
as the primarily common cause. Similar results were found by Lee et al [13]. In these large
series of 134 patients with ERM, a significantly higher temporal and global pRNFL was
found, especially in eyes with a peripapillary ERM involvement.

Similarly, to previous reports [13,19,21] in our study, a statistically significant thick-
ening of the global pRNFL value in the eyes with ERM was detected, consistent with
Literature. Moreover, in Lee at al. analysis [21], an overestimation of the RNFL thickness
value in eyes with ERM was reported because the SD-OCT segmentation software erro-
neously identified the upper limit of hyperreflective ERM as the internal limit of RNFL.
A second reason for segmentation error could be caused by the ERM itself, which can
increase the RNFL thickness due to the contractile properties that can induce a tractional
tangential force on the retina [19,22–25].

In our report, the increased pRNFL thickness in the temporal sector was associated
with a statistically significant reduction of inferonasal pRNFL thickness in 3.5-mm and
4.1-mm scans of ERM eyes. This reduction should be correlated to the ERM traction that
causes a translation of the retinal nerve fibers towards the temporal sector to the inferonasal
sector’s detriment. Although not all peripapillary sectors are affected by the presence
of ERM, the involvement of the temporal one, which includes the interpapillomacular
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area, might represent a major limitation for the use of this parameter in the study of
glaucomatous damage.

In our study, a significant difference in GCL scans between the ERM and the control
group was also detected. Therefore, GCL analysis tool should be used with caution in
ERM patients [26]. A thickening of this layer was observed and strongly correlated to
the membrane’s detection and staging. A high impact of ERM on GCL outcomes has
been previously reported by several authors [22,23]. Lee et al., in a prospective study,
demonstrated the presence of altered GCL thickness and low OCT repeatability in patients
with ERM, due to the patient’s unstable gaze caused by decreased visual acuity and
auto-segmentation error [24].

Several previous studies suggested that the BMO-MRW was a better predictor of
visual field total deviation and visual sensitivity threshold than RNFL thickness in patients
with glaucoma [27,28]. Conversely, some Authors suggested that the BMO-MRW and
RNFL thickness were comparably helpful parameters for the discrimination of glaucoma-
tous eyes [29–31]. Recently, Nam et al [18] investigated the repeatability of BMO-MRW
in patient with ERM and peripapillary involvement. The result of this prospective study
demonstrated a better repeatability of BMO-MRW measurement compared to RNFL thick-
ness study.

Similarly, in our analysis, the most interesting result concerns the analysis of the BMO-
MRW. The results of our series show a no statistically significant differences in BMO-MRW
thickness in any sector between the ERM group and the control group Therefore, we could
state that MRW-BMO, the measure of the minimum thickness of nerve tissue at the BMO,
did not seem to be directly affected by the presence of ERM.

In conclusion, this analysis might suggest that, although the presence of ERM modifies
the architecture of the retina, BMO-MRW could be the only OCT tool less influenced by its
presence. These findings suggest that BMO-MRW might become a crucial parameter for
the diagnosis and management of patients affected by glaucoma and ERM.

The main limitation of this study was the low number of patients with ERM stage 4.
In addition, no manually revision of the automatic segmentation error in GCL, pRNFL,
and BMO-MRW thicknesses was performed. Additional reports comparing the auto-
segmatations measurements to manual segmentation could support and verify the consis-
tency of our results.

The BMO-MRW thickness could become a useful tool for early diagnosis and monitor-
ing of patients with concomitant glaucoma and ERM. Further studies including glaucoma
patients and ERM will be necessary to identify the best parameter for diagnosis and follow
up of glaucomatous patients with ERM. Analysis including eyes with different glaucoma
stage could be performed to corroborate our results.

Moreover, the quantitative measure of the optic nerve assessed by the BMO—MRW
analysis provides an objective differentiation between glaucoma and non-glaucomatous
optic neuropathies [32]. Thus, the identification of a useful OCT parameter to assess RNFL
status in patients with ERM could be an important not only for glaucoma, but also in
other optic neuropathies with coexisting ERM, including multiple sclerosis, ischemic or
traumatic optic neuropathy, and chiasmatic compression.

Author Contributions: Conceptualization, M.R.P., R.M. and D.T.; data curation, M.F.; formal analysis,
M.F.; investigation, R.M., C.D., L.B., G.C., C.D.G. and R.G.; supervision, M.R.P. and D.T.; writing—
original draft, M.R.P., R.M., C.D. and R.G.; writing—review and editing, M.R.P., L.B., M.F., G.C.,
C.D.G., R.G. and D.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board (19 October 2020,
n◦ 108/2020) of the University of Trieste.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Diagnostics 2021, 11, 2203 10 of 11

Data Availability Statement: The datasets generated during the current study are available from the
corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Tsotridou, E.; Loukovitis, E.; Zapsalis, K.; Pentara, I.; Asteriadis, S.; Tranos, P.; Zachariadis, Z.; Anogeianakis, G. A review of last

decade developments on epiretinal membrane pathogenesis. Med. Hypothesis Discov. Innov. Ophthalmol. 2020, 9, 91–110.
2. Bu, S.C.; Kuijer, R.; Li, X.R.; Hooymans, J.M.M.; Los, L.I. Idiopathic epiretinal membrane. Retina 2014, 34, 2317–2335. [CrossRef]
3. Rothman, A.L. Epiretinal membrane. In Handbook of Pediatric Retinal OCT and the Eye-Brain Connection; StatPearls Publishing:

Treasure Island, FL, USA, 2019; pp. 159–161. ISBN 9780323609845.
4. Weinreb, R.N.; Aung, T.; Medeiros, F.A. The pathophysiology and treatment of glaucoma: A review. J. Am. Med. Assoc. 2014, 311,

1901–1911. [CrossRef]
5. Harwerth, R.S.; Quigley, H.A. Visual field defects and retinal ganglion cell losses in patients with glaucoma. Arch. Ophthalmol.

2006, 124, 853–859. [CrossRef] [PubMed]
6. Bussel, I.I.; Wollstein, G.; Schuman, J.S. OCT for glaucoma diagnosis, screening and detection of glaucoma progression.

Br. J. Ophthalmol. 2014, 98, 15–19. [CrossRef]
7. Martucci, A.; Toschi, N.; Cesareo, M.; Giannini, C.; Pocobelli, G.; Garaci, F.; Mancino, R.; Nucci, C. Spectral Domain Optical

Coherence Tomography Assessment of Macular and Optic Nerve Alterations in Patients with Glaucoma and Correlation with
Visual Field Index. J. Ophthalmol. 2018, 2018, 6581846. [CrossRef] [PubMed]

8. Kim, K.E.; Park, K.H. Macular imaging by optical coherence tomography in the diagnosis and management of glaucoma.
Br. J. Ophthalmol. 2018, 102, 718–724. [CrossRef]

9. Renard, J.P.; Fénolland, J.R.; Giraud, J.M. Glaucoma progression analysis by Spectral-Domain Optical Coherence Tomography
(SD-OCT). J. Fr. Ophtalmol. 2019, 42, 499–516. [CrossRef]

10. Mwanza, J.C.; Budenz, D.L. New developments in optical coherence tomography imaging for glaucoma. Curr. Opin. Ophthalmol.
2018, 29, 121–129. [CrossRef] [PubMed]

11. Oddone, F.; Lucenteforte, E.; Michelessi, M.; Rizzo, S.; Donati, S.; Parravano, M.; Virgili, G. Macular versus Retinal Nerve Fiber
Layer Parameters for Diagnosing Manifest Glaucoma: A Systematic Review of Diagnostic Accuracy Studies. Ophthalmology 2016,
123, 939–949. [CrossRef]

12. Rüfer, F.; Bartsch, J.J.; Erb, C.; Riehl, A.; Zeitz, P.F. Epiretinal membrane as a source of errors during the measurement of peripapil-
lary nerve fibre thickness using spectral-domain optical coherence tomography (SD-OCT). Graefe’s Arch. Clin. Exp. Ophthalmol.
2016, 254, 2017–2023. [CrossRef]

13. Lee, Y.H.; Bae, H.W.; Seo, S.J.; Lee, S.Y.; Beon, S.H.; Kang, S.; Kim, C.Y. Influence of epiretinal membrane on the measurement
of peripapillary retinal nerve fibre layer thickness using spectral-domain coherence tomography. Br. J. Ophthalmol. 2016, 100,
1035–1040. [CrossRef]

14. Hong, E.H.; Ryu, S.J.; Kang, M.H.; Seong, M.; Cho, H.; Yeom, J.H.; Shin, Y.U. Comparison of repeatability of swept-source and
spectral-domain optical coherence tomography for measuring inner retinal thickness in retinal disease. PLoS ONE 2019, 14,
e0210729. [CrossRef]

15. Uchida, A.; Sasaki, M.; Motomura, K.; Yuki, K.; Kurihara, T.; Tomita, Y.; Ozawa, Y.; Yamagishi, K.; Kawasaki, R.; Hanyuda, A.; et al.
Relationship between nerve fiber layer defect and the presence of epiretinal membrane in a Japanese population: The JPHC-NEXT
Eye Study. Sci. Rep. 2020, 10, 779. [CrossRef]

16. Govetto, A.; Lalane, R.A.; Sarraf, D.; Figueroa, M.S.; Hubschman, J.P. Insights Into Epiretinal Membranes: Presence of Ectopic
Inner Foveal Layers and a New Optical Coherence Tomography Staging Scheme. Am. J. Ophthalmol. 2017, 175, 99–113. [CrossRef]
[PubMed]

17. Bambo, M.P.; Fuentemilla, E.; Cameo, B.; Fuertes, I.; Ferrandez, B.; Güerri, N.; Polo, V.; Larrosa, J.M.; Pablo, L.E.; Garcia-
Martin, E. Diagnostic capability of a linear discriminant function applied to a novel Spectralis OCT glaucoma-detection protocol.
BMC Ophthalmol. 2020, 20, 1–8. [CrossRef]

18. Nam, K.Y.; Kim, B.J.; Lee, W.H.; Han, Y.S. Repeatability of spectral domain optical coherence tomography measurements of
bruch’s membrane opening-minimum rim width in epiretinal membrane patients with peripapillary involvement. J. Clin. Med.
2021, 10, 2240. [CrossRef]

19. Asrani, S.; Essaid, L.; Alder, B.D.; Santiago-Turla, C. Artifacts in spectral-domain optical coherence tomography measurements in
glaucoma. JAMA Ophthalmol. 2014, 132, 396–402. [CrossRef]

20. Quaranta, L.; Riva, I.; Gerardi, C.; Oddone, F.; Floriano, I.; Konstas, A.G.P. Quality of Life in Glaucoma: A Review of the Literature.
Adv. Ther. 2016, 33, 959–981. [CrossRef] [PubMed]

21. Lee, H.J.; Kim, M.S.; Jo, Y.J.; Kim, J.Y. Thickness of the macula, retinal nerve fiber layer, and ganglion cell layer in the epiretinal
membrane: The repeatability study of optical coherence tomography. Investig. Ophthalmol. Vis. Sci. 2015, 56, 4554–4559. [CrossRef]
[PubMed]

22. Awadalla, M.S.; Andrew, N.H.; Zhou, T.; Marshall, H.; Qassim, A.; Hassall, M.; Casson, R.J.; Graham, S.L.; Healey, P.R.;
Agar, A.; et al. Prevalence and type of artefact with spectral domain optical coherence tomography macular ganglion cell imaging
in glaucoma surveillance. PLoS ONE 2018, 13, e0206684. [CrossRef] [PubMed]

http://doi.org/10.1097/IAE.0000000000000349
http://doi.org/10.1001/jama.2014.3192
http://doi.org/10.1001/archopht.124.6.853
http://www.ncbi.nlm.nih.gov/pubmed/16769839
http://doi.org/10.1136/bjophthalmol-2013-304326
http://doi.org/10.1155/2018/6581846
http://www.ncbi.nlm.nih.gov/pubmed/30402278
http://doi.org/10.1136/bjophthalmol-2017-310869
http://doi.org/10.1016/j.jfo.2019.03.001
http://doi.org/10.1097/ICU.0000000000000452
http://www.ncbi.nlm.nih.gov/pubmed/29140817
http://doi.org/10.1016/j.ophtha.2015.12.041
http://doi.org/10.1007/s00417-016-3453-4
http://doi.org/10.1136/bjophthalmol-2015-307313
http://doi.org/10.1371/journal.pone.0210729
http://doi.org/10.1038/s41598-019-57260-7
http://doi.org/10.1016/j.ajo.2016.12.006
http://www.ncbi.nlm.nih.gov/pubmed/27993592
http://doi.org/10.1186/s12886-020-1322-8
http://doi.org/10.3390/jcm10112240
http://doi.org/10.1001/jamaophthalmol.2013.7974
http://doi.org/10.1007/s12325-016-0333-6
http://www.ncbi.nlm.nih.gov/pubmed/27138604
http://doi.org/10.1167/iovs.15-16949
http://www.ncbi.nlm.nih.gov/pubmed/26200495
http://doi.org/10.1371/journal.pone.0206684
http://www.ncbi.nlm.nih.gov/pubmed/30517101


Diagnostics 2021, 11, 2203 11 of 11

23. Kim, J.M.; Kim, K.N.; Kim, W.-J.; Kim, C. Influence of Epiretinal Membranes on the Retinal Nerve Fiber Layer Thickness Measured
by Spectral Domain Optical Coherence Tomography in Glaucoma. Korean J. Ophthalmol. 2019, 33, 422. [CrossRef]

24. Lee, H.J.; Kim, M.S.; Jo, Y.J.; Kim, J.Y. Ganglion Cell-Inner Plexiform Layer Thickness in Retinal Diseases: Repeatability Study of
Spectral-Domain Optical Coherence Tomography. Am. J. Ophthalmol. 2015, 160, 283–289. [CrossRef] [PubMed]

25. Oh, J.; Oh, J.H.; Do, J.R.; Chang, M.; Park, C.Y. Retinal nerve fiber layer configuration in eyes with Epiretinal membrane.
Optom. Vis. Sci. 2014, 91, 1328–1334. [CrossRef]

26. Hwang, Y.H.; Kim, M.K.; Kim, D.W. Segmentation Errors in Macular Ganglion Cell Analysis as Determined by Optical Coherence
Tomography. Ophthalmology 2016, 123, 950–958. [CrossRef]

27. Uzair, N.; Shamim, M.; Mamoon, S.A.; Naz, S.; Feroz, L.; Kumari, K. Comparison of Retinal Nerve Fibre Layer versus Bruch
Membrane Opening-Minimum Rim Width as an Optical Coherence Tomography-based Marker for Glaucoma in Myopia.
J. Coll. Physicians Surg. Pak. 2021, 31, 162–165. [CrossRef] [PubMed]

28. Li, R.; Wang, X.; Wei, Y.; Fang, Y.; Tian, T.; Li, M.; Cai, Y.; Pan, Y. Structure–function relationship between Bruch’s membrane
opening-minimum rim width and perimetry in open-angle glaucoma subtypes. Graefe’s Arch. Clin. Exp. Ophthalmol. 2020, 258,
595–605. [CrossRef]

29. Pollet-Villard, F.; Chiquet, C.; Romanet, J.P.; Noel, C.; Aptel, F. Structure-function relationships with spectral-domain optical
coherence tomography retinal nerve fiber layer and optic nerve head measurements. Investig. Ophthalmol. Vis. Sci. 2014, 55,
2953–2962. [CrossRef]

30. Gmeiner, J.M.D.; Schrems, W.A.; Mardin, C.Y.; Laemmer, R.; Kruse, F.E.; Schrems-Hoesl, L.M. Comparison of bruch’s mem-
brane opening minimum rim width and peripapillary retinal nerve fiber layer thickness in early glaucoma assessment.
Investig. Ophthalmol. Vis. Sci. 2016, 57, OCT575–OCT584. [CrossRef]

31. Zheng, F.; Yu, M.; Leung, C.K.S. Diagnostic criteria for detection of retinal nerve fibre layer thickness and neuroretinal rim width
abnormalities in glaucoma. Br. J. Ophthalmol. 2020, 104, 270–275. [CrossRef]

32. Leaney, J.C.; Nguyen, V.; Miranda, E.; Barnett, Y.; Ahmad, K.; Wong, S.; Lawlor, M. Bruch’s Membrane Opening Minimum Rim
Width Provides Objective Differentiation between Glaucoma and Nonglaucomatous Optic Neuropathies. Am. J. Ophthalmol. 2020,
218, 164–172. [CrossRef] [PubMed]

http://doi.org/10.3341/kjo.2018.0105
http://doi.org/10.1016/j.ajo.2015.05.015
http://www.ncbi.nlm.nih.gov/pubmed/26004405
http://doi.org/10.1097/OPX.0000000000000401
http://doi.org/10.1016/j.ophtha.2015.12.032
http://doi.org/10.29271/JCPSP.2021.02.162
http://www.ncbi.nlm.nih.gov/pubmed/33645182
http://doi.org/10.1007/s00417-019-04557-y
http://doi.org/10.1167/iovs.13-13482
http://doi.org/10.1167/iovs.15-18906
http://doi.org/10.1136/bjophthalmol-2018-313581
http://doi.org/10.1016/j.ajo.2020.05.034
http://www.ncbi.nlm.nih.gov/pubmed/32574771

	Introduction 
	Materials and Methods 
	Results 
	Demographics and Ocular Characteristics 
	Measurements of Peripapillary Retinal Nerve Fiber Layer Thickness 
	Measurements of Ganglion Cell Layer Thickness 
	Measurements of Bruch’s Membrane Opening Minimum Rim Width 

	Discussion 
	References

