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Purpose: To investigate the tomographic structural changes in the retinal layers after internal limiting membrane
(ILM) peeling for idiopathic epiretinal membrane (ERM).

Methods: Sixty-nine eyes treated with vitrectomy and ILM peeling for idiopathic ERM were analyzed. Parafoveal
retinal thickness was measured at baseline and 6 months after surgery.

Results: Total retinal thickness decreased significantly in the nasal and temporal subfields after surgery (p <
0.001), whereas the inner nuclear layer and outer nuclear layer showed nasal thickening (all, p < 0.001). The
postoperative temporal/nasal subfield thickness ratio of each layer was significantly lower than that of fellow
eyes. Eyes with larger ILM peeling showed a significantly lower temporal/nasal subfield thickness ratio (p =
0.033) than those with smaller sizes.

Conclusions: The retinal thickness of each layer showed anatomical changes from ILM peeling and ERM
removal. Nasal parafoveal thickening and temporal thinning occurred in the inner retinal architecture, which
might be affected by ILM peeling size.
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Idiopathic epiretinal membrane (ERM) can cause visual
impairment when the macular or perimacular region is in-
volved; vitrectomy and ERM removal either with or with-
out internal limiting membrane (ILM) peeling are standard
treatment procedures for ERM [1]. ILM has been consid-
ered as a scaffold for cellular proliferation on which glial
cells may migrate to further create a tangential contractile
force [2]. ILM peeling has been suggested to be effective at
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reducing the risk of ERM recurrence by eliminating areas
where cells, including myofibroblasts, can proliferate [1,3].
ILM peeling is therefore widely accepted to be an effective
treatment option for eyes with ERM.

However, there are concerns that [ILM peeling may cause
retinal changes, including postoperative swelling of the ar-
cuate retinal nerve fiber layer (RNFL) [4], inner retinal
dimples [5], and reduction of the temporal peripapillary
RNFL thickness [6-9]. Thinning of the retina in the tem-
poral subfield and thickening of the nasal subfield of the
macula due to nasal displacement of the retina have also
been reported [10-17]. These processes have been suggest-
ed as secondary changes resulting from axonal transport
and contractility alterations in the RNFL due to apoptotic
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and atrophic degeneration in the peripapillary area [18];
however, the mechanism and related factors for these pro-
cesses are not definitively known.

Recent improvements in optical coherence tomography
(OCT) and automated image analysis have enabled inde-
pendent measurement of each retinal layer thickness, both
objectively and quantitatively [19-22]. In the present study,
we investigated tomographical structural changes of each
retinal layer in eyes undergoing ILM peeling for idiopathic
ERM. To the best of our knowledge, no studies have as-
sessed the changes in each individual retinal layer after
ILM peeling for idiopathic ERM. In particular, we focused
on thickening of the nasal subfield and thinning of the
temporal subfield and analyzed the factors affecting these
processes.

Materials and Methods

Ethics statement

This retrospective interventional case series study was
performed at a single center from October 2012 to June
2014. The research adhered to the tenets of the Declaration
of Helsinki, and approval for the study was granted by the
institutional review board/ethics committee of Yonsei Uni-
versity, Gangnam Severance Hospital (3-2014-0283). All
patients who participated provided written informed con-
sent.

Patients and surgeries

We analyzed patients who underwent successful ILM
peeling using indocyanine green dye for idiopathic ERM
and who had completed a minimum follow-up period of 6
months. The surgeries were performed by a single surgeon
(SHB) using the same 25-gauge, 3-port pars plana tech-
nique (Constellation; Alcon Surgical, Fort Worth, TX,
USA). We excluded 1) eyes with myopia >6 diopters or evi-
dence of pathological myopia, 2) patients with glaucoma or
optic nerve disorder, 3) eyes with any macular pathology
other than ERM that could affect retinal thickness, 4) pa-
tients who had previously undergone vitrectomy, 5) eyes
with postoperative complications, including elevated intra-
ocular pressure >21 mmHg during the follow-up, 6) pa-
tients with significant media opacity, and 7) eyes with any
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macular or optic nerve disease in the opposite eye that
might affect retinal thickness, including ERM or glauco-
ma. The ILM peeling size was measured using surgical
video images, and the eyes were divided into two groups
as follows: a smaller size (2-3 disc diameters [DDs] from
the fovea) and a larger size (ILM peeling size >3 DDs).

OCT measurements

The main outcome of this study involved possible chang-
es in each retinal layer’s thickness 6 months after vitrecto-
my with ILM peeling for idiopathic ERM. Spectral-do-
main OCT (Spectralis HRA+OCT; Heidelberg
Engineering, Franklin, MA, USA) was used to obtain
macular volume scans preoperatively and again 6 months
after surgery. The volume scans of more than 49 sections
(<20 um spacing) of 20° x 20° areas of the macula were
examined. The quality of the scans was assessed before the
analysis, and poor-quality images were excluded.

The retinal segmentation software that accompanied the
Spectralis OCT instrument was used to identify each reti-
nal layer and to quantitate its thickness. For the analysis,
the retinal layers were divided into RNFL, ganglion cell
layer (GCL), inner plexiform layer (IPL), inner nuclear lay-
er (INL), outer plexiform layer (OPL), outer nuclear layer
(ONL), and photoreceptor layer (PhR; from the external
limiting membrane to Bruch’s membrane). All segmenta-
tion images were reviewed, and significant segmentation
errors were manually modified. The software in the Spec-
tralis instrument automatically calculated the average reti-
nal thickness of each retinal layer in every standard retinal
subfield of the central, superior, temporal, inferior, and na-
sal quadrants of the inner and outer rings as defined in the
Early Treatment Diabetic Retinopathy Study [23]. The di-
ameter of the central ring was 1 mm; the inner ring’s di-
ameter was 3 mm, and that of the outer ring was 6 mm
(Fig. 1A, 1B). Our analysis focused on the retinal thickness
of the inner ring.

Statistical methods

Patient characteristics, including age, sex, spherical
equivalent (SE), and best-corrected visual acuity, were re-
trieved from the patients’ medical charts. Changes from
baseline to 6 months postoperatively in each retinal layer
were compared using the paired #-test. The temporal/nasal
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Fig. 1. Automated measurement of each retinal layer thickness
using the segmentation application accompanying the Spectralis
optical coherence tomography. (A) The software automatically
marked each retinal layer and calculated its thickness. This figure
shows ganglion cell layer thickness measurements using the seg-
mentation software. (B) A macular thickness map using standard
Early Treatment Diabetic Retinopathy Study (ETDRS) circles
of 1, 3, and 6 mm showing the mean thickness of the ganglion
cell layer in each of the nine subfields. In this study, the average
thicknesses of the inner subfields were included in the analysis.
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ratio (TNR) was defined as the thickness in the temporal
quadrant of the inner ring/nasal quadrants of the inner
ring. Postoperative TNRs were compared with preopera-
tive TNRs of affected eyes; for TNRs of the normal fellow
eye, a paired -test was used. Correlations between postop-
erative TNR of the entire retina and any other influencing
variables were evaluated using Pearson’s correlation. Sta-
tistical analyses were performed using the IBM SPSS Sta-
tistics ver. 20.0 (IBM Corp., Armonk, NY, USA), with a
value of p < 0.05 indicating statistical significance.

Results

Sixty-nine consecutive eyes in 69 patients were included
in the analysis. The mean age was 65.9 + 8.3 years, and 45
patients (65.2%) were female. The mean preoperative SE
was 0.08 + 1.56 diopters. The participants’ vision improved
from 0.28 + 0.21 to 0.11 + 0.11 logarithm of the minimum
angle of resolution after the surgery, and the mean retinal
thickness within the inner ring (3 mm in diameter) de-
creased from 420.6 + 56.7 to 362.9 + 27.8 um. The size of
the peeled ILM was 2-3 DDs in 52 eyes (75.4%) and >3
DDs in 17 eyes (24.6%).

Comparison between preoperative and postoperative
retinal thicknesses

Total retinal thickness significantly decreased both in
the nasal and temporal inner subfields after surgery (p <
0.001). In terms of each retinal layer, the RNFL, IPL, and
OPL showed thinning in both nasal (p < 0.001, 0.001, and
0.002, respectively) (Table 1) and temporal subfields (all,
p <0.001). The GCL thickness of the temporal subfield de-
creased significantly (p < 0.001), but the nasal subfield
showed borderline significance (p = 0.05). However, the
INL of the nasal subfield increased significantly from 49.7
+ 7.5 to 55.1 £ 8.9 um (p < 0.001), with temporal thinning
from 49.5 + 8.8 to 43.3 £ 74 pm (p < 0.001). The ONL also
demonstrated nasal thickening from 75.5 + 17.6 to 86.3 +
14.8 um (p < 0.001), but the amount of temporal thinning
was not significant (p = 0.81).

Comparison of the subfield TNRs in affected and fel-
low eyes
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The TNRs were compared using preoperative and post-
operative measurements in affected eyes and also between
postoperative measurements in the affected and fellow
eyes. Compared with the preoperative TNR, the postoper-
ative value was significantly lower in the total retina (p <
0.001), GCL (p < 0.001), IPL (p < 0.001), INL (p < 0.001),
and ONL (p = 0.002), while the RNFL (p = 0.10), OPL (p
= 0.30), and PhR (p = 0.17) showed no significant differ-
ence. The postoperative TNR was significantly lower in
the total retina (p < 0.001), RNFL (p = 0.005), GCL (p <
0.001), IPL (p < 0.001), INL (p < 0.001), and OPL (p =
0.047) compared with those of normal fellow eyes. Howev-

er, ONL (p = 0.09) and PhR showed no significant differ-
ence (p =0.17) (Table 2).

Factors associated with the TNR

No correlation was found between TNR and age (p =
0.77), sex (p = 0.38), SE (p = 0.85), duration of symptoms
(p = 0.61), preoperative retinal thickness (p = 0.970), or
changes in the visual acuity (p = 0.63). Eyes with a larger
ILM peeling size demonstrated a significantly lower TNR
(p = 0.033) than eyes with a smaller ILM peeling size (Ta-
ble 3).

Table 1. Comparison between preoperative and postoperative retinal thicknesses of each layer

Nasal Temporal

Preoperative Postoperative p-value Preoperative Postoperative p-value
Total 422.2+533 391.1+32.8 <0.001° 414.4 + 63.7 337.8+33.0 <0.001"
RNFL 67.3+43.5 29.4+21.2 <0.001" 56.6 £48.3 21.4+18.5 <0.001"
GCL 585+73 56.1£9.1 0.040° 57.3+11.6 42.8+8.3 <0.001"
IPL 49.0 6.8 454+£6.5 0.001" 50.2+ 8.6 36.0+6.1 <0.001"
INL 49.7+17.5 55.1+8.9 <0.001° 49.5+8.8 433+7.4 <0.001"
OPL 40.3+6.9 36.6+8.0 0.002° 38.5+5.8 33.5+4.4 <0.001"
ONL 75.5+17.6 86.3+14.8 <0.001° 80.7£23.9 80.0+13.3 0.810
PhR 824+32 82.5+3.0 0.760 81.9+29 82.6+4.0 0.080

RNFL = retinal nerve fiber layer; GCL = ganglion cell layer; IPL = inner plexiform layer; INL = inner nuclear layer; OPL = outer plexi-

form layer; ONL = outer nuclear layer; PhR = photoreceptor layer.

'p<0.05.

Table 2. Comparison of the temporal/nasal ratios in affected and fellow eyes

Pre-TNR Post-TNR FE-TNR (Ifr'(j_al‘)lg:t) ({)’(;‘S’f‘_ly;lg)
Retina 98.3+10.3 86.7+8.8 96.0+ 4.6 <0.001" <0.001"
RNFL 84.7+48.1 750+ 17.7 85.1+19.5 0.102 0.005
GCL 98.2 £ 16.9 773 +£15.8 90.0+9.7 <0.001° <0.001°
IPL 103.5+ 18.4 80.6 + 16.2 98.1+8.9 <0.001° <0.001"
INL 1004 +17.5 79.4 + 13.4 94.1+10.5 <0.001° <0.001"
OPL 98.8 +24.6 95.2+20.6 103.4 +25.9 0.297 0.047"
ONL 108.4 +23.5 95.6+24.6 101.4 +15.0 0.002" 0.090
PhR 99.4+23 1002 +4.2 994+23 0.174 0.170

TNR = temporal/nasal ratio; pre-TNR = preoperative TNR; post-TNR = postoperative TNR; FE-TNR = TNR of the fellow eye; pre-post
= preoperative and postoperative in affected eyes; post-FE = postoperative in the affected and fellow eyes; RNFL = retinal nerve fiber
layer; GCL = ganglion cell layer; IPL = inner plexiform layer; INL = inner nuclear layer; OPL = outer plexiform layer; ONL = outer nu-

clear layer; PhR = photoreceptor layer.
p<0.05.
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Table 3. Correlations between postop temporal/nasal ratios
and surgical variables

Correlation

coefficient DTS
Age 0.036 0.769
Sex 0.108 0.376
Spherical equivalent 0.023 0.851
Duration of symptoms 0.063 0.606
Preoperative VA 0.014 0.911
Postoperative VA 0.034 0.779
Changes in VA -0.060 0.627
Preoperative retinal thickness -0.005 0.970
Postoperative retinal thickness 0.040 0.744
ILM peeling size -0.258 0.033°

VA = visual acuity; ILM = internal limited membrane.
'p<0.05.

Discussion

In the present study, we used the automated segmenta-
tion software of the Spectralis OCT instrument to investi-
gate changes in thickness of each retinal layer in eyes that
underwent ILM peeling for idiopathic ERM. Nasal parafo-
veal thickening and temporal thinning of the inner retina
were observed, reflecting various anatomical changes re-
sulting from ILM peeling as well as changes due to ERM
removal. We also showed that nasal parafoveal thickening
and temporal thinning of the retina may be affected by
large ILM peeling size, whereas no correlation was found
between severity of ERM or visual improvement.

Analysis of each retinal layer thickness using automated
segmentation revealed different changes in each layer. Re-
ductions in RNFL, GCL, IPL, and OPL were observed in
both the nasal and temporal subfields, while INL and ONL
showed thickening of the nasal subfield and thinning of the
temporal subfield. These results might have been caused
by release of traction from the ERM after removal and in-
duction of nasal displacement to the inner retina from [LM
peeling [10-17].

Intraretinal changes can occur in the ERM due to retinal
traction and underlying anatomical disturbances. The in-
ner retina, especially the RNFL, GCL and IPL, were af-
fected most highly by an ERM in a previous study [24]. In
our results, reductions of RNFL, GCL, IPL, and OPL
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thicknesses were observed in both the nasal and temporal
subfields after surgery, which could be attributed to resolu-
tion of traction after ERM removal. In addition, ILM peel-
ing could induce thinning of the inner retina, as seen in
patients with macular holes [25,26]. The ILM is the base-
ment membrane of Miiller cells, so ILM removal has been
suggested to cause glial apoptosis due to removal of Miiller
cell plates and may be responsible for inner retinal thin-
ning [18].

The INL and ONL showed nasal retinal thickening and
temporal thinning after surgery, which suggests that the
effect of nasal displacement in these layers might be great-
er than that of retinal thinning after ERM removal. Post-
operative nasal parafoveal thickening and temporal thin-
ning of the inner retina have been reported in eyes
undergoing ILM peeling for ERM [10-14] and macular
holes [15-17]. The mechanisms responsible for these pro-
cesses have not been fully identified, but foveal displace-
ment toward the optic disc and shortening of the papillofo-
veal distance might be responsible [15]. Because ILM
contributes to the biochemical strength of the retina with-
out contractile properties, these changes might be caused
by retinal components, such as the RNFL, which is mainly
comprised of microtubules and actin filaments. Loss of
structural support from ILM peeling and RNFL thinning
or alteration in retinal contractility may cause nasal para-
foveal thickening and temporal parafoveal thinning after
surgery.

The PhR did not undergo thinning or nasal subfield
thickening after surgery, but changes in the inner retina
were still apparent. During normal retinal development,
the inner retina can slip along the outer plexiform layer
with regard to the outer retina, while ONL cells have
greater cohesiveness due to the tangential-lateral stiffness
imparted by zona adherens junctions between the PhR and
Miiller cells, which form the the external limiting mem-
brane [27]. Our results showed no significant difference in
the TNRs in the ONL and PhR compared with their nor-
mal fellow eyes. In addition, in cases where the boundary
between Henle’s fiber and the ONL was observed using
OCT (increased contrast between the edges of the PhR nu-
clei and the HFL axons) [28], thickening of the nasal ONL
was mainly observed in Henle’s fiber layer, while the actu-
al outer nuclear layer was less affected.

We analyzed the factors that influence TNR changes and
found that eyes with a larger ILM peeling size showed a
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lower TNR compared with eyes with a smaller ILM peel-
ing size. This result indicated that the larger was the [LM
peeling size, the greater was the tomographic change of the
inner retina. A previous report of patients with macular
holes showed that the size of the removed ILM area was
strongly associated with the number of postoperative
changes, including shortening of the disc-foveal distance
and extent of the dissociated optic nerve fiber layer [29],
which we also consistently found in eyes with idiopathic
ERM. However, there was no correlation between TNR
and other factors, including preoperative retinal thickness
or visual outcome. The clinical significance of TNR chang-
es or nasal displacement of the inner retina is not yet estab-
lished. Additional studies investigating retinal function us-
ing electroretinography and studies with a long-term
follow-up period and larger numbers of participants are
needed to clarify the clinical significance of such changes.

There were several limitations in our study, including
the small sample size, the short follow-up period, and the
lack of a control group. There was also the possibility that
some error in the outer retinal thickness measurements
could have occurred because of inner foveal displacement
regarding the outer foveal center. Preoperative foveal dis-
placement (due to ERM) may also have interfered with
measurements of the change resulting from ILM peeling.
However, the ERM is one of the most common indications
of ILM peeling, and the preoperative foveal microstructure
is difficult to measure in eyes with macular hole; thus, it
would also be helpful to evaluate the changes that result
from ILM peeling. Further studies of these issues could
have important implications for decisions regarding possi-
ble surgery in these patients.

In conclusion, retinal thickness measurements using au-
tomated segmentation software showed different changes
in each retinal layer after ILM peeling for ERM, which
might have resulted from various retinal alterations. Fur-
ther studies including more patients with various patholo-
gies will help to optimize customized treatments for [LM
peeling and will aid in developing minimally traumatic
techniques for ILM removal.
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