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Restoration of retinal layers after epiretinal membrane peeling

K. l. Hartmannl2 A. K. Schuster!, D.-U. Bartsch?, J. S. Kim1, J. Chhablanil, and W. R.
Freemanl

1Department of Ophthalmology, University of California San Diego, La Jolla, CA

2Department of Ophthalmology, Ludwig-Maximilians-University Munich, Germany

Abstract

Purpose—To evaluate the morphological restoration of retinal anatomy after surgery for
epiretinal membrane (ERM) peeling using spectral domain optical coherence tomography (SD-
OCT). Correlation of retinal structure with visual outcome.

Design—Retrospective consecutive case series

Methods—34 consecutive eyes with epiretinal membrane underwent surgery with one year
follow up examination. Spectral domain optical coherence tomography (SD-OCT) scans were
analyzed pre-operatively and 1 3, 6, 9 and 12 months post-operative. Best-corrected visual acuity
(BCVA) using ETDRS charts was measured at each visit.

Results—All eyes showed a significant improvement of BCVA after ERM-peeling (p=0.002).
The timepoint of BCVA and retinal restoration seen on SD-OCT occurred simultaneously and
varied between individuals (occurrence of BCVA: mean 4.82 months; retinal restoration: mean
4.24 months). At 3-months, the retinal anatomic restoration rate was 70% and 88% at 6-months.

Conclusion—Restoration of the retinal anatomic structure predominantly occurs within the first
three months post ERM peeling. An improvement of BCVA and anatomic retinal restoration after
ERM-removal varies in individuals. If retinal layers fully restore in their anatomic structure,
BCVA improves at the same time-point.

Introduction

Epiretinal membranes (ERM) commonly develop in the elderly.! The etiology of ERM is
often related to proliferative diseases, inflammation, uveitis or trauma, but also other factors
may cause ERM formation. However, the pathology is still not completely known. It is
believed that migration of glial cells through defects of the internal limiting membrane
(ILM) into the vitreous cavity causes ERM development on the surface of the ILM. This
proliferative process is mainly triggered by growth factors and cytokines.? As primary ERM
derive from migrated glial cells, secondary ERM may additionally consist of retinal pigment
epithelial cells, hyalocytes, myofibroblasts, fibrous astrocytes or vessels.3* ERM membranes
can cause tangential traction with retinal changes like thickening of retinal layers, surface
wrinkling or nerve fiber layer fibrillation. These changes lead to reduction of visual acuity
and metamorphopsia.

Advanced forms of ERM with decrease of visual acuity and progression of clinical
symptoms can be treated with pars plana vitrectomy and ERM peeling.® Surgery often
improves vision, but clinical symptoms such as metamorphopsia may persist. Prognostic
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factors have been studied and shown that the pre-operative visual acuity and the duration of
symptoms are the strongest factors.6 Other prognostic factors include macular thickness and
pre-operative changes of the neuro-sensory retina.” Two recent studies have shown that the
percentage of photoreceptor disruption is a strong predictive factor for visual acuity after
ERM peeling. 8 °

The use of optical coherence tomography (OCT) with high-speed and high-resolution
images has become an important tool to monitor macular diseases.1% 11 Spectral domain-
OCT (SD-OCT) has a 3—7-um axial depth resolution and an 11-um lateral resolution
allowing for very detailed information at inner and outer retinal layers. In patients with
ERM, the ability to distinguish retinal layers, may give new insight in the disease
concerning the retinal restoration process after ERM peeling.

Our goal was to evaluate the morphological restoration of retinal anatomy after ERM
peeling using SD-OCT and to correlate structure to visual outcome including an intense
subsequent series of follow-up visits post surgery. No prior studies have focused on
anatomic retinal restoration in short term post ERM-removal. Therefore, we combined our
study with a short term and a long term follow-up-series. The focus was on retinal anatomy
seen in SD-OCT to look for various changes during the first weeks after ERM peeling and
its evolution during a 12 months follow-up period.

All patients with typical ERM clinically examined at the Shiley Eye Center and Jacobs
Retina Center, University of California San Diego, were consented to study enrollment. This
study adhered to the tenets of the Declaration of Helsinki and was approved by the
Institutional Review Board of the University of California, San Diego.

Only patients with ERMs, predominantly of the diffuse type, were included in this study.
Pre-operative spectral domain OCT (SD-OCT) images showed intact photoreceptor layer
without any inner segment/outer segment (1S/OS) abnormalities, retinal distortion or
existence of cotton-wool spots. Patients with recurrent ERMs, any history of uveitis or prior
retinal detachment were excluded. Pre-operative fluorescein angiography (FA) was
performed to exclude retinal vein occlusion, proliferative diabetic retinopathy and macular
diseases such as age related macular degeneration or diabetic macular edema. Also patients
with severe media opacities affecting visual acuity were excluded from the study.

All patients underwent pre-operative SD-OCT scanning at the Jacobs Retina Center and
ERM removal using 25-gauge pars plana vitrectomy with or without triamcinolone staining
(40 mg/ml) or indocyanine green (1.25 mg/ml) as a negative stainl? by a single experienced
retinal surgeon (WRF). None of the patients had combined surgery with cataract extraction,
neither intraocular lens surgery during the follow-up-time. Additional peeling of internal
limiting membrane (ILM) was simultaneously performed in patients that appeared to have a
very adherent ERM without plications. No intraoperative complications were noted in our
study.

In total, we included 34 eyes with ERM from 34 patients (19 male, 15 female) that had
surgery and one year follow up. In these patients we recorded demographic data and best
corrected visual acuity (BCVA) of the involved eye. All visual acuity measurements were
performed using the ETDRS charts at 4 meters under standard illumination.
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Pre-operative and post-operative imaging was performed using an eye tracking spectral
domain optical coherence tomograph (SD-OCT, Heidelberg Engineering, Heidelberg,
Germany). All SD-OCT images were taken at maximal resolution of the ERM structure
along the vertical and horizontal meridians over the fovea. We confirmed the location and
position of the scans with the simultaneous real-time SLO infrared images of the retina. All
patients had follow-up SD-OCT images taken at month 1, 3, 6, 9 and 12. A small sub-group
of these patients (n=12) was imaged on a weekly basis after surgery to assess the change in
retinal anatomy in the early post-operative period. To perform follow-up SD-OCT scans, the
eye tracker of that device rejects any images where a lateral or rotational movement has
been detected. Only images that overlap to the baseline image were included in the scan.

Evaluation and quantification of retinal restoration

All SD-OCT images were taken with the follow-up-mode of the Heidelberg tomograph to
directly combine the parameters for retinal restoration after ERM-peeling. The parameters to
achieve best retinal restoration in SD-OCT consisted of reflectivity changes, fibrillation of
the nerve fiber layer (NFL), as well as restoration of the foveal contour. Best retinal
restoration was defined as homogenous reflectivity within every retinal layer, even when
restoration of the foveal contour was not observed. Therefore pre- and post-operative SD-
OCT images were evaluated side to side from two masked observers (KIH; AKS) and the
time-point of best anatomic restoration seen in SD-OCT was noted.

Statistical analysis

Results

All statistical analysis was performed using SPSS (Version 19.0, Chicago, IL). Values as
mean and standard deviation were calculated and paired and unpaired t-test was used for
analysis of time to BCVA and OCT restoration. Pearson’s correlation coefficient was
calculated to correlate anatomical retinal restoration with BCVA. A p<0.05 was considered
statistically significant.

Of the 34 eyes of 34 patients (19 male, 15 female; mean age 69 * 7.5 years) follow up was
one year with SD-OCT (Spectralis, Heidelberg Engineering) and measurement of BCVA.
The primary outcome was defined as best retinal restoration in SD-OCT. All images were
pre-operatively checked for changes in reflectivity of the photoreceptor layer. Also the
restoration of the foveal contour was observed, but not seen in every patient: 20 eyes (59%)
showed restoration of the foveal contour and 13 eyes (38%) showed persisting foveal
evagination even when all retinal layers already restored. Therefore, best retinal restoration
was achieved when outer and inner retinal layers showed similar reflectivity within every
retinal layer compared to pre-operative SD-OCT pictures.

Initially we imaged 12 patients (7 male, 5 female; mean age 68 + 9.7 years) weekly and
observed that the retina slowly changed within the first 4 weeks after surgery (data not
quantified). One month post-operatively and thereafter, we observed more anatomic
restoration of all retinal layers. Figure 1 gives an example for a patient being imaged 1 day
after ERM peeling and intensively followed with SD-OCT.

Out of 34 in our cohort, 33 eyes (97%) showed anatomic retinal restoration of both inner and
outer retinal layers during the 1 year observation period. One eye did not restore during that
time. The mean time for the anatomic retinal restoration was 4.2 + 2.5 months. Figure 2
shows an example for retinal restoration after ERM-peeling at month 3. Figure 3 is
demonstrating pre-operative fibrillation of the nerve fiber layer with restoration post-
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operatively. Eyes had a 3-month Kaplan-Meier retinal restoration rate of 70%, a 6-month
retinal restoration rate of 88% and a 9-month retinal restoration rate of 97% (figure 4A). In
the sub-group of 9 eyes with simultaneous ILM-peeling, mean time of retinal restoration
was 5.7 £ 3.2 months.

Mean pre-operative BCVA was 54 + 13 letters at ETDRS charts, post-operative BCVA was
62 + 9 letters. Table 1 gives detailed information on BCVA for each patient. All eyes
showed a significant improvement of BCVA with a mean of 8 letters after ERM-peeling
(p=0.002). The mean time to achieve BCVA was 4.82 + 3.5 months. Eyes had a 3-month
Kaplan-Meier BCVA rate of 58%, a 6-month BCVA rate of 76%, and a 9-month BCVA rate
of 94% (figure 4B). The sub-group that had simultaneous ILM-peeling showed a mean time
of 7.4 + 3.8 months to achieve BCVA after surgery.

The time to achieve BCVA (mean: 4.82 months) and anatomical retinal restoration (mean
4.24 months) were not statistically significant different (p=0.29) for all eyes.

BCVA and anatomic retinal restoration occurred simultaneously (mean 4.4 months) in 16
eyes (49%). In 7 eyes (21%) BCVA was seen 3.3 months prior to retinal restoration and in
10 eyes (30%) 3.6 months after retinal restoration (data is mean). In a next step, it was of
interest to evaluate if the time points, the time of BCVA and the time of best anatomic
retinal restoration, correlated. We found that the time of anatomic restoration correlated
significantly with the occurrence of BCVA (Pearson correlation coefficient: r=0.53,
p=0.001),

Discussion

Since the evolution of optical coherence tomography (OCT), there have been several
publications about the morphology of epiretinal membrane (ERM)13 and functional outcome
after surgery.14 15

Studies using multifocal electroretinogram (ERG) in patients with idiopathic ERM have
shown changes in both the inner and outer retinal layers leading to speculation that changes
in both inner and outer retinal layers may account for the decrease in visual function
associated with ERM.18 Many efforts have been made to correlate retinal thickness to visual
acuity in patients with ERM. Although a correlation between macular retinal thickness and
BCVA has been observed, there is a stronger correlation between foveal anatomic changes
and BCVA.17 In addition, recent studies have shown that good visual outcome after ERM
peeling is dependent on intact photoreceptor inner segment/outer segment junction seen in
pre-operative spectral domain OCT.8 9 18 This is true for tractional ERM involving the IS/
OS-junction. In our study, the photoreceptor layer was not affected by the idiopathic ERM’s
that we studied (which were mild to moderate in extent) and therefore did not need to be
analyzed.

There are patients that do not improve in visual function, but show normal appearance of the
photoreceptor layer in SD-OCT.19 It is hypothesized that there might be other factors
contributing to distorted vision and metamorphopsia after surgery. A study using adaptive
optics scanning laser ophthalmoscopy explains that phenomenon with microfolds detected in
the foveal photoreceptor layer.1® Another study, measuring inner retinal changes in patients
with ERM showed that metamorphopsia is related to the presence of an edematous inner
nerve fiber layer.20

Several attempts have been made to define changes of anatomic retinal structures due to
ERM as predictors for visual outcome post surgery. Suh et al. and Oster et al. described
distorted outer retinal structures as a predictor for functional outcome after ERM-removal.
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Watanabe et al. focused on the inner retinal structures being responsible for the functional
result post surgery. These studies examined anatomic changes of different retinal structures
predominantly outer retinal or inner retinal changes. They did not look at all retinal layers.
We in our study hypothesized that the restoration of both inner and outer retinal layer
contour is important for retinal function improvement after ERM peeling. Therefore, we
focused on the anatomic restoration of all retinal layers and correlated it to visual outcome.
We did not measure retinal thickness in this study as this was already performed in many
other studies focusing on thickness changes after ERM-peeling. In addition, we did not
evaluate the 1S/OS/-junction, because all patients had intact photoreceptor layer pre-
operatively. Our aim was to describe the changes of all retinal layers, as the rehabilitation
and demarcation of the high echogenic layers (nerve fiber layer, inner plexiform layer, outer
plexiform layer, external limiting membrane, 1S/OS-junction, retinal pigment
epithelium=RPE) from the low echogenic layers (ganglion cell layer, inner nuclear layer,
outer nuclear layer, interdigitation between outer photoreceptor segments and RPE).

The importance of the ILM-peeling in ERM-surgery and its influence on VA improvement
was evaluated in a previous study.2! This study suggests that the interpretation of the ILM
may be helpful to predict functional outcome. In our study, the analysis of the sub-group that
had simultaneous ILM-peeling showed a slower restoration of the retinal anatomy compared
to eyes that had ERM-peeling only. In addition, the recovery of BCVA was observed much
later (table 1). This difference was not statistically significant, but the trend of slower
restoration was obvious. Given the fact that we performed simultaneous peeling of ILM and
ERM in very adherent membranes, it is explainable that the mechanical stress and irritation
of the whole retina causes a longer retinal recovery compared to eyes without ILM-peeling.
We also observed that the improvement and restoration of the retinal layers is not dependent
on ILM-removal. Eyes that had ILM- with ERM-peeling showed as good results in retinal
and visual outcome as eyes that had ERM-peeling only. We therefore conclude that the
normalization of retinal anatomy and BCVA in eyes with simultaneous membrane removal
takes longer time to recover.

We found that the retinal layers restored in anatomy of outer and inner retinal layers in 97%
of all eyes after surgery. The focus of our study to analyze all retinal layers makes clear that
the process of retinal restoration leading to good vision is dependent on the rehabilitation of
all retinal layers. The SD-OCT images clearly show that distortion and fibrillation of the
nerve fiber layer or the restoration of the foveal contour alone does not explain retinal
restoration after ERM-removal. The rehabilitation of the plexiform layers as well as the
nuclear layers is also very important to state that the retinal anatomy fully restored after
surgery.

Kwon et al. demonstrated that visual acuity and retinal thickness improved until seven

months after surgery.22 In contrast, few studies reported faster recovery of BCVA by month
37,14

Our results make clear that the measurements of BCVA and SD-OCT are necessary to be
analyzed pre- and post-operatively. The mean time to achieve BCVA after surgery was 5
months whereas the retinal restoration occurred in a mean time of 4.2 months. There was an
association between the time of anatomic restoration and occurrence of BCVA. The Pearson
analysis found that the time of anatomic restoration correlated significantly with the
occurrence of BCVA. However, this observation can vary and BCVA may also occur prior
or after retinal restoration. We therefore conclude that retinal function and retinal
morphology are both very important factors to determine after ERM-peeling. Besides the
measurement of BCVA as a subjective factor, it is necessary to analyze the SD-OCT to get
an objective of success after ERM-peeling.
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orphological changes in OCT after ERM-peeling will help to better understand and predict
nctional outcome. As technical devices will progress in resolution in the future, even

smaller morphological changes will be detected and will give new insight in the pathology

an

d recovery of retinal diseases.
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Figurel.

Infrared picture (left), spectral domain optical coherence tomography (right): Example of a
patient imaged with an intense series of spectral domain optical coherence tomography (SD-
OCT). A Pre-operative OCT showing the ERM with fibrillation of the nerve fiber layer =
NFL (arrow), surface wrinkling (arrowhead) and retinal thickening with foveal evagination
(asterix). B Post-operative OCT at day 2, showing still irregulation of the NFL (arrow) and
the outer plexiform layer = OPL (arrowheads) . C OCT at week 2 with persisting of NFL
fibrillation. D OCT at 1 month showing for the first time normalization of the NFL (arrow)
and the reflectivity y of the OPL. Also note the retinal thinning of the fovea with
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amelioration of the foveal contour (asterix). The OCT images at 3 months (E), 6 months (F)
and 9 months (G) do not show any significant signs for retinal change after surgery
anymore. The foveal contour was not completely restored in this patient whereas BCVA was
already 60 letters at ETDRS charts at month 1.
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Figure2.

2A and 2B Example of retinal restoration after ERM-peeling. Infrared picture (left), spectral
domain optical coherence tomography (right): Figure 2A SD-OCT pre-operative (A)
showing tangential traction of the ERM with thickening of the retinal center. B Post-
operative OCT at 1 month with irregularity of the outer plexiform layer (arrow). C OCT at
month 3 demonstrating normalization of all retinal layers with recovery of the foveal
contour (aterix). Figure 2B SD-OCT pre-operative (A) with wrinkling of inner and outer
retinal layers (arrows). B Post-operative OCT at month 3 with restoration of the foveal
contour (asterix) and minimal irregularity of the outer plexiform layer (arrow). C OCT at
month 6 showing best reflectivity and restoration of retinal layers.
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Figure 3.

Example for the pre-operative fibrillation of the nerve fiber layer (arrow) caused by
tangential traction of the ERM that restored post-operatively. Infrared picture (left), spectral
domain optical coherence tomography (right): SD-OCT pre-operative (A) and post-operative
at month 9 (B).
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Figure4.

4A and 4B Kaplan-Meier-Curves for time to retinal restoration (3A) and for time to best
corrected visual acuity (3B). Eyes had a 3-month Kaplan-Meier retinal restoration rate of
70%, a 6-month retinal restoration rate of 88% and a 9-month retinal restoration rate of 97%.
Eyes had a 3-month Kaplan-Meier BCVA rate of 58%, a 6-month BCVA rate of 76% and a
9-month BCVA rate of 94%.
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Table 1

shows the evolution of BCVA of each patient after ERM-peeling or combined surgery with ILM-peeling. Best
post-operative BCVA was seen at different time-points (month of post-operative BCVA). BCVA was taken in
letters at ETDRS charts.

Name Preoperative Postoperative Month of post- Procedure
BCVA (ETDRS) BCVA (ETDRS) operative BCVA

Patient 1 38 43 1 ERM + ILM
Patient 2 43 58 1 ERM
Patient 3 57 69 1 ERM
Patient 4 61 69 1 ERM
Patient 5 62 60 1 ERM
Patient 6 63 64 1 ERM
Patient 7 65 65 1 ERM
Patient 8 65 58 1 ERM
Patient 9 66 65 1 ERM
Patient 10 46 58 3 ERM
Patient 11 50 50 3 ERM
Patient 12 56 60 3 ERM
Patient 13 57 69 3 ERM
Patient 14 60 69 3 ERM
Patient 15 61 59 3 ERM
Patient 16 63 65 3 ERM
Patient 17 64 61 3 ERM + ILM
Patient 18 70 65 3 ERM
Patient 19 55 55 6 ERM
Patient 20 61 73 6 ERM + ILM
Patient 21 64 65 6 ERM
Patient 22 64 73 6 ERM
Patient 23 64 54 6 ERM + ILM
Patient 24 68 69 6 ERM
Patient 25 20 58 9 ERM
Patient 26 28 29 9 ERM + ILM
Patient 27 44 55 9 ERM
Patient 28 47 70 9 ERM + ILM
Patient 29 52 60 9 ERM
Patient 30 57 58 9 ERM
Patient 31 57 70 9 ERM + ILM
Patient 32 20 66 12 ERM + ILM
Patient 33 43 70 12 ERM + ILM
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