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PURPOSE. We evaluated a series of fellow eyes (FEs) in patients affected by unilateral idio-
pathic epiretinal membrane (IERM) with spectral-domain optical coherence tomography
(SD-OCT) and OCT angiography (OCT-A) to determine if a previous defect in the inner
retina is present before the mechanical damage to the inner limiting membrane (ILM)
caused by posterior vitreous detachment.

METHODS. In patients with IERM (N = 39), ganglion cell layer (GCL) thickness in FEs was
assessed with SD-OCT; in a subgroup (N = 25) the vessel density (VD) at the superficial
(SCP) and deep capillary plexus (DCP) was assessed with swept-source OCT-A (SS-OCT-
A). These values were then compared with 30 age-matched healthy control eyes (CEs).
The statistical analyses used SPSS software version 15.0 (SPSS, Inc., Chicago, IL, USA).
Data collected underwent 1-way ANOVA. A level of P < 0.05 was accepted as statistically
significant.

RESULTS. The GCL thickness in the FEs was significantly lower than in CEs, with a signifi-
cant thinning in all sectors except temporal ones (mean P < 0.001, superior P = 0.0002,
superonasal P < 0.001, inferonasal P < 0.001, and inferior P = 0.002). The VD was signif-
icantly lower in the FEs in all sectors of SCP (mean P = 0.009, inner ring P = 0.028, and
outer ring P = 0.007).

CONCLUSIONS. GCL and SCP are significantly reduced in the FEs. These data suggest that a
vascular defect in the SCP could cause a cellular loss in the inner retina that may deter-
mine the cascade events leading to the IERM proliferation; the diagnosis in a preclinical
phase could provide a treatment strategy to prevent the progression of the disease.

Keywords: idiopathic epiretinal membrane (IERM), spectral domain optical coherence
tomography (SS-OCT), optical coherence tomography angiography (OCT-A), macular
vessel density, macular plexus, ganglion cells, astrocytes, fellow eye (FE)

Epiretinal membranes (ERMs) are characterized by non-
vascularized fibrocellular tissue, developing on the vitre-

oretinal interface and inducing a tangential traction on the
macular area. Depending on their etiology, the ERMs are
made of glial cells, retinal pigment epithelial (RPE) cells,
macrophages, fibrocytes, and collagen, in different propor-
tions.1

Idiopathic ERMs (IERMs) are the most common types of
ERMs and occur without association with ocular diseases,
such as retinal detachment, retinal vein occlusions, and
diabetic retinopathy,2 and previous cataract surgery.

The hypothesis that predisposing conditions for IERMs
are present in both eyes of patients is supported by the fact
that a prevalence of bilateral IERM of about 30% has been
observed.3,4

The development of the IERM after posterior vitre-
ous detachment, could be induced by growth factors and
cytokines that would elicit the glial cells migration (e.g.
Müller cells and astrocytes) into the vitreous through small
focal defects at the level of the internal limiting membrane

(ILM).5,6 The proliferation of these cells, or the existing
ILM, could be a scaffold for other cell type migration,
such as hyalocytes and macrophages, on the vitreoretinal
interface.7,8

A previous study of Ramirez has described an increased
frequency of IERMs in age-related macular degeneration
(AMD) eyes and a progressive reduction of number of astro-
cytes in the retinal ganglion cell layer (GCL) with aging.9

Astrocytes, like Müller cells, are connected to retinal blood
vessels and neurons and play a critical role in providing
energy substrates to neurons and regulating the production
of trophic factors and antioxidants.10 Vascular changes that
occur in aged patients, together with the loss of astroglial
cells, could cause a progressive degeneration of ganglion
cells.

Currently, spectral domain optical coherence tomography
(SD-OCT) imaging plays a key role in the diagnosis and
classification of vitreomacular interface diseases11 allowing
for the observation of preclinical changes. Optical coher-
ence tomography angiography (OCT-A) is a noninvasive,
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FIGURE 1. Histological images with overlayed localization of super-
ficial and deep capillary plexus (hand drawn in red) in the human
retina. NFL, nerve fiber layer; GCL, ganglion cell layer; IPL, inner
plexiform layer; INL, inner nuclear layer; OPL, outer plexiform
layer; ONL, outer nuclear layer; PR, photoreceptors; RPE, retinal
pigmented epithelium.

dye-less imaging technique. It is clinically useful for study-
ing foveal microvascular changes in different retinal vascu-
lar diseases12–16 and in uveitis17 providing high-resolution
scans of retinal and choroidal vasculature detecting erythro-
cyte movement in blood vessels18 and allowing for the visu-
alization of the superficial capillary plexus (SCP) and deep
capillary plexus (DCP). The SCP is composed of larger arter-
ies, arterioles, capillaries, venules, and veins vessels located
primarily in the GCL, whereas the DCP is composed of thin-
ner arterioles, capillaries, venules, and veins vessels located
in the inner plexiform, inner nuclear, and outer plexiform
layers19 (Fig. 1).

The aim of this study was to analyze and quantify the
thickness of GCL and the vessel density (VD) in the SCP and
DCP in the fellow eyes (FEs) of patients with unilateral IERM
versus a healthy age-matched control group.

MATERIALS AND METHODS

All procedures in this study adhered to the tenets of the
Declaration of Helsinki and were approved by the investiga-
tional review board of Central Ethic Committee IRCCS Lazio.
All subjects gave their informed consent after the aim of the
study had been fully explained.

Thirty-nine FEs of 39 consecutive patients (17 men and
22 women; mean age = 71.18 ± 10.91 years) with unilateral
IERM were enrolled. Thirty eyes of 30 age- and sex-matched

healthy subjects with no ocular disease were recruited as
controls (14 men and 16 women; mean age = 68.33 ± 12.45
years, P = 0.315 vs. FEs group). Only one eye randomly
selected was enrolled for inclusion in the control group.
Before imaging, all patients underwent ophthalmic examina-
tion, including best-corrected visual acuity and fundus exam-
ination, performed by a retina specialist using a 90 diopter
(D) indirect lens. Inclusion criteria were the presence of
IERM in only one eye, associated with absence of any alter-
ation detectable with SD-OCT in the FE. Exclusion criteria
were the presence of any retinal or choroidal disease, such
as retinal detachment, retino-vascular disease, AMD, diabetic
retinopathy, glaucoma or ocular hypertension, a history of
ocular laser or surgery, eyes with refractive errors >±3 D,
media opacities that prevented good visualization of the
fundus, any associated systematic disorders (e.g. systemic
corticosteroids intake, diabetes, or hypertension), or vascu-
lar diseases without retinopathy, which would affect the VD
independent of a FE ERM. SD-OCT imaging exclusion crite-
ria for unaffected FEs were: no changes of the normal foveal
profile, flat surface of the analyzed area, and no changes
in all the macular layers, including RPE. Mean demographic
data and clinical characteristics of patient and CEs are shown
in Table 1.

The macula in both FEs and CEs groups was assessed
using the SD-OCT (Cirrus 5000; Carl Zeiss Meditec, Inc.,
Dublin, CA, USA). The device performed each acquisition
at a speed of 100 kHz, 68.000 A-scans per second, using an
840-nm superluminescent diode; the macula was analyzed
by SD-OCT using the 512 × 128 scan pattern in which a 6
× 6 mm area centered on the fixation point is scanned with
128 B-scan composed by 512 A-scan. The software (version
6.5.0.772) computed the mean macular thickness in the 6 ×
6 mm area using a whole Early Treatment Diabetic Retinopa-
thy Study (ETDRS) grid centered on the fixation point, which
contains 3 concentric rings of diameters 1, 3, and 6 mm, and
2 reticules to divide the macula into 9 subfields, in each the
retinal thickness is separately measured (central: C1; inner
ring: S3, N3, I3, and T3 [parafovea]; outer ring: S6, N6, I6,
and T6 [perifovea]20; Fig. 2A).

Using the same 6 × 6 cube scan, the algorithm performed
the segmentation of mean thickness of the whole perifoveal
GCL, within a 14.13 mm2 elliptical annulus area (dimensions:
a vertical inner and outer diameter of 0.5 and 2.0mm and
a horizontal inner and outer diameter of 0.6 and 2.4 mm,
respectively) centered on the fovea (Fig. 2B). The size of the
inner ring in the annulus was chosen to exclude the foveal
area, where the GCL is too thin to be detected; the size and
shape of the outer ring was selected because it conforms
closely to the real anatomy of the normal retinal ganglion
cells distribution in the macular region.

TABLE 1. Demographic Data and Clinical Characteristics of Patient and Control Eyes

Control Group Study Group
(N = 30) (N = 39) P Value

Sex
M 14 17 –
F 16 22 –

Age (years) 71.18 ± 10.91 68.33 ± 12.45 0.315
IOP (mm Hg) 15.7 ± 1.9 15.3 ± 3.1 0.536
Best corrected visual acuity (LogMAR) 0.041 ± 0.035 0.056 ± 0.042 0.106

Data are reported as mean ± standard deviation; statistical difference between the two groups is also shown for comparison.
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FIGURE 2. (A) ETDRS grid centered on the fixation point containing 3 concentric rings with 1, 3, and 6 mm diameters, divided by 2 reticules
into 9 subfields: central (C1); inner superior ring (S3), temporal (T3), inferior (I3) and nasal (N3); outer superior ring (S6), temporal (T6),
inferior (I6), and nasal (N6). (B) Ganglion cell layer grid (GCL): 14.13mm2 elliptical annulus area (dimensions: a vertical inner and outer
radius of 0.5 and 2.0 mm and a horizontal inner and outer radius of 0.6 and 2.4 mm, respectively) centered on the fovea. Sectors: superior (S);
superonasal (SN); inferonasal (IN); inferior (I); inferotemporal (IT); and superotemporal (ST). (C) Comparison of retinal thickness between
FEs and CEs in each subfield. If the subfield is thicker in FEs as compared to CEs, it is displayed in red, if thinner in green. If the difference
is not statistically significant, it is displayed in white. (D) Comparison of GCL thickness between FEs and CEs in each subfield. If the subfield
is thicker in FEs as compared to CEs, it is displayed in red, if thinner in green. If the difference is not statistically significant, it is displayed
in white. (E) Overlayed representation of ETDRS and GCL grid.

The algorithm identifies the outer boundary of the nerve
fiber layer (NFL) and the outer boundary of the inner plex-
iform layer (IPL), so that the difference between the NFL
and the IPL outer boundary segmentations yields the GCL.21

The following GCL thickness measurements were analyzed:
mean and sectorial: superior (S); superonasal (SN); infer-
onasal (IN); inferior (I); inferotemporal (IT); and superotem-
poral (ST; see Fig. 2B).

Images with visible eye motion or blinking artefacts and
with poor image quality were excluded (defined as signal
strength lower than 5/10).

In a subgroup of 25 patients (14 women and 11 men),
and 25 controls (13 women and 12 men), the macula was
assessed using the split-spectrum amplitude-decorrelation
angiography with PLEX Elite 9000 (version 1.5.0.15909; Carl
Zeiss Meditec Inc.). It is a swept-source OCT angiography
(SS-OCT-A) that provides automated segmented enface OCT
of different plexus: SCP, DCP, avascular retina, choriocapil-
laris (CC), and choroid (Ch). OCT-A on the PLEX Elite 9000
is generated with the OMAG algorithm (optical microan-
giography),22,23 which utilizes the complete complex OCT

data signal, including both amplitude and phase, to detect
motion of red blood cells within sequential OCT B-scans
performed repeatedly at the same location.23–25 The device
performed each acquisition at a speed of 100,000 A-scans
per second, using as optical source a swept source tunable
laser, center wavelength between 1040 and 1060 nm; axial
resolution 6.3 μm, and transverse resolution 20 μm. A
6 × 6 mm cube scan was performed, 500 A-scan made
up a B-scan, 500 horizontal B-scan were sampled in the
scanning area to form a 6 × 6 mm 3-dimensional data
cube.

Images with visible eye motion or blinking artifacts and
with poor image quality were excluded (defined as signal
strength lower than 7/10). OCTs were visually assessed by
the same retina specialist (author A.M.C.) to ensure proper
segmentation of the GCL and the SCP and DCP.

The software, using an algorithm that is a prototype
provided by the manufacturer (ARI Network - Zeiss),
computed the VD in the 6 × 6 mm area using the ETDRS
grid centered on the fixation point, which contains 3 concen-
tric rings of diameters 1, 3, and 6 mm, and 2 reticules to
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TABLE 2. Retinal Thickness at the ETDRS Grid in 6 × 6 mm Scan of the Fellow (FEs) and Control (CEs) Eyes
Retinal
Thickness (µm) Mean S3 N3 I3 T3 S6 N6 I6 T6 C1
FEs N = 39 296.47 ± 11.6 327.10 ± 14.7 329.83 ± 15.5 325.50 ± 14.3 318.35 ± 14.0* 275.28 ± 11.1* 294.05 ± 12.3* 266.90 ± 12.4 264.13 ± 11.2 267.08 ± 18.4*

CEs N = 30 294.02 ± 12.8 323.60 ± 17.0 326.47 ± 13.8 319.60 ± 17.3 307.00 ± 24.4 280.57 ± 12.2 300.73 ± 13.0 267.77 ± 12.8 260.10 ± 14.4 258.70 ± 19.5
P value 0.527 0.367 0.314 0.159 0.013 0.015 0.014 0.505 0.438 0.033

* P < 0.05.
Data are expressed in micron, reported as mean ± standard deviation; thickness values are reported for the specific analyzed areas:

mean, inner ring superior (S3), temporal (T3), inferior (I3) and nasal (N3); outer ring superior (S6), temporal (T6), inferior (I6) and nasal
(N6); and central (C1). Statistical analysis between the two groups is also reported. Mean macular thickness is slightly increased in FEs as
compared to CEs, but the difference is not statistically significant. Subfield analysis shows a retinal thickness significantly higher in the FEs
in the central area (C1) and temporal inner ring (T3), lower in nasal outer ring (N6) and superior outer ring (S6). No statistically significant
differences were found in the other subfield.

FIGURE 3. Histograms showing the whole retinal thickness, expressed in micron, (according to the 6 mm ETDRS sectors, see Fig. 2A), of
FEs and CEs. Mean macular thickness (MMT) in FEs is slightly, but not significantly, increased as compared to CEs. Subfield analysis shows
in FEs a significant thickening in the central area (C1) and temporal inner ring (T3) and a thinning in nasal outer (N6) and superior outer
rings (S6). No statistically significant differences are found in the other subfields. Data are presented as mean ± SD, FEs n = 39, and CEs n
= 30. 1-way ANOVA, *P < 0.05.

divide the macula into 9 subfields, analogous to the previ-
ous described ETDRS grid (central = C1; inner ring = S3,
N3, I3, and T3; and outer ring = S6, N6, I6, and T6). As
the elliptical annulus area in which the thickness of GCL is
computed is not homologous to the ETDRS grid, we chose to
compare the VD of more than one perfusion area in FEs and
CEs, according to the concept that the analyzed area had to
overlap with the elliptical annulus area; therefore, the areas
studied were: inner ring (sectors S3, N3, I3, and T3), outer
ring (sectors S6, N6, I6, and T6), and 6 mm mean (sectors
C1, S3, N3, I3, T3, S6, N6, I6, and T6; see Fig. 2A). Data are
expressed as percentage VD.

The statistical analyses used SPSS software version 15.0
(SPSS, Inc., Chicago, IL, USA). The data obtained were
analyzed with frequency and descriptive statistics. Data
collected underwent 1-way ANOVA. A level of P < 0.05 was
accepted as statistically significant.

RESULTS

Mean macular thickness was slightly increased in FEs as
compared to CEs (296.47 ± 11.68 μm in FEs vs. 294.02 ±
12.81 μm in CEs) but the difference was not statistically
significant. However, subfield analysis showed that retinal
thickness was significantly higher in the FEs as compared to
CEs in the central area (C1 = 267.08 ± 18.49 μm in FEs
vs. 258.70 ± 19.52 μm in CEs, P = 0.033) and temporal
inner ring (T3 = 318.35 ± 14.03 μm in FEs vs. 307.00 ±

24.44 μm in CEs, P = 0.013) and significantly lower in nasal
outer ring (N6 = 294.05 ± 12.34 μm in FEs vs. 300.73 ±
13.04 μm in CEs, P = 0.014) and superior outer ring (S6 =
275.28 ± 11.10 μm in FEs vs. 280.57 ± 12.22 μm in CEs, P
= 0.015). No statistically significant differences were found
in the other subfields. Data are reported in Table 2 and
in Figure 3, subfield thickness in FEs are displayed in red
if thicker, and in green if thinner in Figure 2C.

Mean GCL thickness in the FEs was significantly lower
than in CEs (77.82 ± 6.18 vs. 81.94 ± 4.14, P = 0.0001). The
subfields analysis showed a significant thinning of CGL in
all sectors except temporal ones: (S = 72.79 ± 6.77 in FEs
vs. 82.59 ± 4.47 in CEs, P = 0.0002; SN = 77.74 ± 6.95 in
FEs vs. 83.59 ± 4.99 in CEs, P < 0.001; IN = 76.28 ± 7.16 in
FEs vs. 81.59 ± 5.14 in CEs, P < 0.001; I = 76.46 ± 6.89 in
FEs vs. 80.46 ± 4.86 in CEs, P = 0.002). GCL thickness data
are reported in Table 3 and in Figure 4, the thinner subfields
in FEs group are displayed in green in Figure 2D.

The 6 mm mean VD in SCP of FEs was significantly lower
than in CEs (0.377 ± 0.076 vs. 0.426 ± 0.048, P = 0.009). The
subfields analysis showed a statistically significant reduction
of VD in FEs versus CEs in all sectors (inner ring = 0.364
± 0.102 vs. 0.418 ± 0.064, P = 0.028; outer ring = 0.388 ±
0.068 vs. 0.434 ± 0.043, P = 0.007; Table 4, Fig. 5).

The 6 mm mean VD in DCP of FEs was reduced, but not
significantly, as compared to CEs (0.210 ± 0.065 vs. 0.233
± 0.055, P = 0.173). The subfields analysis also showed a
reduction, but not statistically significant in all sectors (inner
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TABLE 3. Ganglion Cell Layer Thickness (Mean ± SD) in 6 × 6 mm Scan of the Fellow (FEs) and Control (CEs) Eyes

GCL Thickness (µm) Mean ST S SN IN I IT

FEs N = 39 77.82 ± 6.18* 68.64 ± 6.19 72.79 ± 6.77* 77.74 ± 6.95* 76.28 ± 7.16* 76.46 ± 6.89* 79.97 ± 7.18
CEs N = 30 81.94 ± 4.14 80.88 ± 4.23 82.59 ± 4.47 83.59 ± 4.99 81.59 ± 5.14 80.46 ± 4.86 82.54 ± 4.54
P value <0.001 0.052 <0.001 <0.001 <0.001 0.002 0.052

* P < 0.05.
Data are expressed in micron, reported as mean ± standard deviation; thickness values are reported for the specific analyzed areas:

mean, sectors: superotemporal (ST), superior (S), superonasal (SN), inferonasal (IN), inferior (I), and inferotemporal (IT). Statistical analysis
between the two groups is also reported. The mean GCL thickness is significantly lower in the FEs as compared to CEs; the subfields analysis
shows a significant thinning of CGL in all sectors except temporal ones.

FIGURE 4. Histograms showing mean ganglion cell layer (GCL) thickness (expressed in micron) in FEs and CEs. GCL thickness according
to the elliptical 2.4 × 2.0 mm annulus area are divided in 6 radial sectors: superior (S); superonasal (SN); inferonasal (IN); inferior (I);
inferotemporal (IT); and superotemporal (ST; see Fig. 2B). The mean GCL thickness (M) in FEs is significantly reduced as compared to CEs.
Subfield analysis shows in FEs a significant thinning in all sectors (S, SN, IN, and I), except for the temporal ones (ST and IT). Data are
presented as mean ± SD, FEs n = 39, and CEs n = 30. 1-way ANOVA, *P < 0.05.

ring = 0.237 ± 0.072 vs. 0.255 ± 0.251, P = 0.337; outer ring
= 0.209 ± 0.069 vs. 0.236 ± 0.060, P = 0.159; see Table 4,
Fig. 5).

A deeper analysis of vitreo-retinal interface with the SS-
OCT showed the presence of small focal areas of hyper-
reflectivity, mainly located proximally to the superficial reti-
nal vessels in 19 of 25 (76%) FEs.

DISCUSSION

In the present study, we analyzed and quantified the thick-
ness of GCL by SD-OCT and analyzed the VD in the SCP
and DCP in the fellow eyes of patients with unilateral IERM
versus a healthy age-matched control group by SS-OCT-A.
We detected a statistically significant mean reduction of GCL

TABLE 4. Percentage Vessel Density (VD) in the Superficial (SCP) and Deep (DCP) Capillary Plexus in 6 × 6 mm Scan of the Fellow (FEs)
and Control (CEs) Eyes

SCP DCP

FEs vs. CEs N = 25 6 mm Mean Outer Ring Inner Ring 6 mm Mean Outer Ring Inner Ring

SCP (FEs) 0.377 ± 0.076* 0.388 ± 0.068* 0.364 ± 0.102* 0.210 ± 0.065 0.209 ± 0.069 0.237 ± 0.072
SCP (CEs) 0.426 ± 0.048 0.434 ± 0.043 0.418 ± 0.064 0.233 ± 0.055 0.236 ± 0.060 0.255 ± 0.251
P value 0.009 0.007 0.173 S0.173 0.159 0.337

* P < 0.05.
Data are reported as mean ± standard deviation. Percentage vessel density (VD) in the superficial (SCP) and deep (DCP) capillary plexus

in 6 × 6 mm scan of the fellow (FEs) and control (CEs) eyes. Statistical analysis between the two groups is also reported.
The 6 mm mean VD in SCP of FEs is significantly lower than in CEs; the subfields analysis shows a significant reduction of VD in FEs

also in the other sectors (inner ring and outer ring).
The 6 mm mean VD in DCP of FEs is reduced but not significantly as compared to CEs; the subfields analysis also shows a reduction,

but not significant in the other sectors (inner ring, outer ring).
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FIGURE 5. Histograms showing vessel density (VD) according to the 6 mm ETDRS sectors in superficial capillary plexus (SCP) (A) and deep
capillary plexus (DCP) (B) in FEs and CEs. Data are shown as percentage VD. A VD is significantly reduced in FEs as compared to CEs in
the whole ETDRS area (Mean) and in the inner and outer ring. B VD is reduced in FEs, as compared to CEs, in all sectors, although not
reaching a statistical significance. Data are shown as mean ± SD, FEs n = 25, and CEs n = 30. 1-way ANOVA, *P < 0.05.

thickness and a mean reduction of VD, although statistical
significance was only found in the SCP in FEs as compared
to CEs.

As previously described, the algorithm used by the Cirrus
OCT to calculate the GCL measures the thickness of the
tissue located between the NFL and the IPL. GCL contains
astrocytes, ganglion cells, portions of Mu¨ller cells body, and
blood vessels of SCP. Astrocytes distribution has been stud-
ied in anti-GFAP stained whole-mount human retina prepa-
rations; they are mainly located in the NFL and GCL, in the
same regions of capillary blood vessels.26 Astrocytes have
a chamber honeycomb structure surrounding the capillar-
ies in the retinal GCL and, therefore, they are absent in
the avascular zone. With aging, the chambers become larger
because of the loss of astrocytes from the vessel walls and
from the astroglial bundles subdividing the astroglial cham-
bers. This reduction in the number of astrocytes in the GCL
increases progressively over time. Furthermore, the astro-
cytes in older people exhibit a more reactive phenotype than
in younger people, with higher density of intermediate fila-
ments but reduced total cell volume in an attempt to protect
the ganglion cells from ischemia.9 A mechanism similar to
that observed in retinal ischemia in AMD could lead to the
loss of astrocytes in aging, causing the death of the ganglion
cells as a consequence of the reduced protection given by
the astrocytes from oxidative damage. This hypothesis is
supported by the finding of the significant reduction of VD in
SCP of FEs (see Table 4, Fig. 5), the capillary plexus located
in the GCL19 (see Fig. 1). The loss of astrocytes could play a
key role in the thinning of the parafoveal sectors observed
in our study, determining consequently the ganglion cells
reduction, the other principal cell-type represented in this
layer.

A mean macular thickening was observed in FEs
compared to CEs with variations among the different sectors.
A possible pathogenic explanation of the retinal thickening
may be related to the remodeling of the whole retina trig-
gered by the damage occurring in the inner retina, elicited
by the degenerative process in GCL. The observed thick-

ening is more significant in the central (C) and parafoveal
temporal inner ring (T3) sector (see Fig. 2C), although it
is not significant in the other parafoveal sectors (S3, I3, and
N3). These differences could be related to the distribution of
the ganglion cell bodies, which in healthy eyes are normally
fewer in the temporal than in the other sectors. Indeed, we
found the thinning of GCL in FEs only in the S, SN, N, IN,
and I sectors (see Fig. 2D). By overlapping the GCL and the
whole retina thickness maps (see Fig. 2E), consequently, it
can be hypothesized that the thickening of the macula is
limited only to the central and temporal sectors because the
S, SN, N, IN, and I sectors are thinner in the GCL.

Previous studies showed the presence of idiopathic glial
projections onto the vitreal side of the ILM in aged human
retinas27,28 and that glial projections are frequently present
in aged retinas and AMD.8 Preretinal glial structures are
glial projections of mainly Müller cells but also of astrocytes,
which were observed in all areas of the retina, but that are
most prominent near vascular areas where the ILM is most
attenuated. This observation suggests that with aging, these
cells normally extend their processes into the vitreous when
encountering areas of ILM attenuation by forming early and
mainly subclinical preretinal structures.

A previous personal study has observed an associa-
tion between ERM formation and AMD (Coppe AM et al.,
IOVS 2011; 52: ARVO E-Abstract 3687). The more frequent
presence of ERM in patients affected by diabetes, vascu-
lar diseases, or glaucoma,1–4 in which inflammation and
oxidative stress have been implicated in the pathogenesis
of the ERM development led us to hypothesize that a simi-
lar, subclinical, and slowly progressive, pathogenic mech-
anism could also be involved in the activation of Mu¨ller
cells occurring in eyes affected by IERM. Indeed, a process
of retinal remodeling could be elicited by a cellular loss
in the inner retina and a misguided attempt at repairing a
slowly progressive ischemic/oxidative damage occurring in
a preclinical stage of IERM formation. These data are also
supported by the reduced VD in FEs detected in this and in
a previous study29 where a significant VD reduction of both



Macular Changes Preceding Epimacular Membranes IOVS | August 2021 | Vol. 62 | No. 10 | Article 29 | 7

the SCP and DCP was found. The apparent discrepancy in
the DCP, that in this study is reduced but not significantly in
FEs, may be explained by the more sensitive OCT angiog-
raphy utilized in this study (swept source versus spectral
domain), which uses an infrared-based source and is more
accurate in the analysis of the deepest retinal layers. Never-
theless, the selective alteration of the SCP is consistent with
the reduction of the ganglion cells, located in the same reti-
nal layer. The reduction of VD could be related to a loss of
astrocytes, being the cause or the consequence of this event.
After a primary cellular insult resulting in cellular dysfunc-
tion, as previously personally reported (2019), death of cell
types located in the parafoveal inner retina in the S, SN,
IN, and I sector, occurs through bystander effects or loss
of trophic support. A protracted remodeling and reorgani-
zation of the remaining inner retina can subsequently lead
to the migration of Mu¨ller cells along the ILM, thus, predis-
posing the formation of an IERM. The high percentage (76%)
of focal areas of hyper-reflectivity on the vitreoretinal inter-
face in the FEs supports the hypothesis that an epiretinal
proliferation is associated with an inner retinal defect with-
out altering the normal macular morphology in early stages
of the pathogenesis.

A limitation of the study is represented by the small series
of patients. Regarding other potential limitations, it has been
reported that the segmentation of GCL,30 SCP, and DCP31 in
patients with macular disorders varies among the current
OCT instruments and could not be accurate; however, the
outcome of our study, a reduction of GCL thickness and
macular VD in SCP affecting FEs compared to CEs, is not
influenced by segmentation errors as there is no spatial
distortion of the subretinal layers. Moreover, FEs can be
considered structurally analogous to CEs, as no anatomic
modifications were present; therefore, possible segmenta-
tion errors and artifacts in SD-OCT and SS-OCT-A are iden-
tical in both groups and the comparison is not biased by
them. Finally, it is well known that the presence of projec-
tion artifacts can bias the evaluation of the VD in the DCP,
an intrinsic problem of the OCT-A technique; in the SS-OCT
Plex 9000 used in this study a new software significantly
reduced the interference of SCP in the evaluation of DCP.

In conclusion, this study documented that the FEs of
patients with unilateral IERM have a significant decrease of
the parafoveal ganglion cell layer associated with a decrease
of VD, significant at level of the superficial capillary plexus.
These findings, extending the evidence of our previous
paper,29 suggest that a primary alteration in the inner retina,
due to a progressive ischemic/oxidative damage caused by
decreased VD, is present in both eyes (affected and fellow
eye) of patients with unilateral idiopathic ERM. This condi-
tion might precede and influence the formation of micro-
breaks occurring at the time of posterior vitreous detach-
ment in the ILM that allow the migration of glial cells, astro-
cytes, fibroblasts, and the proliferation of an IERM. A better
knowledge of the mechanism, which causes the primary
cellular loss at the level of the inner retina that may deter-
mine the cascade events leading to the IERM proliferation,
could permit a diagnosis of the disease in preclinical phase
and provide a treatment strategy to prevent its formation.
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