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Abstract

Purpose—To evaluate the incidence, characteristics, and the progression of epiretinal membrane 

(ERM) remnant edge seen by optical coherence tomography (OCT) after ERM peeling.

Methods—A retrospective chart review was conducted for 86 eyes of 85 consecutive patients 

who diagnosed with ERM and underwent pars plana vitrectomy (PPV) for epiretinal membrane 

peeling between 2013 and 2014. Data collected and analyzed included age, gender, pre- and post-

operative visual acuity, use of indocyanine green (ICG) dye to stain internal limiting membrane 

(ILM), tamponade used after vitrectomy, ERM edge boundaries, presence of cystoid macular 

edema, and central foveal thickness.

Results—An ERM remnant edge was detected in 33/86 study eyes (38.4%) at the first post-

operative OCT scan. Compared to those without an ERM remnant, patients with an ERM remnant 

after surgery were significantly older at baseline and had a higher incidence of ERM recurrence at 

their last visit. They were not significantly different in terms of gender, pre- and post-operative 

visual acuity, reduction of central foveal thickness from baseline, proportion of eyes with pre-

operative ERM elevation on OCT, presence of macular edema before surgery, intra-operative use 

of ICG staining for ILM peeling, or tamponade used. Based on the edge morphology, we classified 

the ERM remnant into three types: type 1 was flat and blended with the retina (14/33 eyes, 

42.4%), type 2 was flat but stepped (17/33 eyes, 51.5%), and type 3 was elevated (2/33 eyes, 

6.0%). A significantly higher risk of ERM recurrence was seen in type 2 and type 3 ERM 

remnants (75% and 100%, respectively) than type 1 ERM remnants (10%).

Conclusion—An ERM remnant edge was detected by OCT after ERM peeling in 38.4% of eyes. 

The presence of a post-operative ERM edge was associated with a higher risk of ERM recurrence, 

particularly in type 2 and type 3 ERM remnants.
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INTRODUCTION

Epiretinal membrane (ERM) is a common cause of retinal pathology that may cause 

reduction in vision and metamorphopsia,1-3 , which may be treated by pars plana vitrectomy 

(PPV) with ERM peeling in symptomatic patients.4 However, ERM recurrence occurs in 

10% to 21% of cases and may require additional surgical intervention.4-9 Some surgeons 

advocate internal limiting membrane (ILM) peeling at the time of ERM removal to prevent 

ERM recurrence, while others advise against this because of histopathologic evidence of 

retinal damage associated with ILM removal and use of ICG dye.5-9

Spectral domain-OCT (SD-OCT) has an axial depth resolution of 3–7μm and a lateral 

resolution of 11μm 10-11, and has become an essential in the diagnosis and monitoring of 

ERMs12. Previous studies have demonstrated an association between the external limiting 

membrane, and ellipsoid zone with the post-operative visual acuity outcomes and 

metamorphosia.12-13 Post operative complications of ERM removal such as swelling of the 

arcuate nerve fiber layer, cystoid macular edema, delayed new-onset inner nuclear layer 

cystic changes, and extrafoveal macular holes after ERM surgery have been reported and can 

now be followed by OCT.14, 15,16

Interestingly, we have observed that the edge of an ERM may often be detected by SD-OCT 

after surgery. In this study, we reviewed the frequency at which this occurred, the 

characteristics of the ERM edge remnants, and its prognostic implications.

METHODS

A retrospective chart review study was conducted according to the Helsinki declaration and 

the Health Insurance Portability and Accountability Act of 1996. Written informed consent 

was obtained for each patient prior to surgery. Institutional Review Board (IRB) approval 

was acquired from University of California San Diego for the review and analysis of 

patients’ data.

A retrospective chart review was conducted for patients with a diagnosis of ERM who 

underwent pars plana vitrectomy between 2013 and 2014 at the Jacobs Retina Center Shiley 

Eye Institute, University of California, San Diego. We studied only idiopathic ERMs and 

excluded ERM secondary to retinal tear or detachment or associated with trauma, vitreous 

hemorrhage, retinovascular disease, or uveitis. Data collected and analyzed included gender, 

age, types of tamponade used after vitrectomy, usage of indocyanine green (ICG) staining, 

internal limiting membrane (ILM) peeling, and visual acuity at each visit. The pre-and post- 

operative SD-OCT images were analyzed for ERM characteristics, presence of macular 

edema, and central foveal thickness.

The ophthalmic examinations included ETDRS measurement of the visual acuity, 

applanation tonometry, slit-lamp biomicroscopy, indirect ophthalmoscopy, fundus 

photography, fluorescein angiography, and SD-OCT (Spectralis HRA+OCT, Heidelberg, 

Germany). The central foveal thickness was measured from the internal limiting membrane 

to the Bruch's membrane. The edge of an ERM remnant was measured from the center of the 
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fovea. ERM recurrence was defined as a regrowth of epiretinal membrane covering the 

fovea.

All patients underwent fluorescein angiography and SD-OCT using the Heidelberg 

Spectralis system. Both horizontal and vertical SD-OCT scans were performed with a 

scanning line length of 6mm. In some cases, a horizontal 49-line raster scan centered on the 

fovea was performed. Imaging was performed preoperatively and at all follow up visits.

The indication for the ERM surgery was a visual disturbance, including specifically a 

decrease in visual acuity or metamorphopsia. All of the surgery was performed by the same 

experienced vitreoretinal surgeon (WRF). Standard transconjunctival three-port pars plana 

vitrectomy with membrane peeling was performed using 25-gauge instruments. If a 

complete posterior vitreous detachment was not present, a posterior vitreous detachment was 

created using aspiration. With the assistance of decanted triamcinolone staining 40 mg/ml 

(Kenalog, Bristol-Myer squibb, NJ, USA), ERM was peeled circularly and tangentially to 

the retinal surface using end-gripping intraocular forceps. Special attention was paid to 

remove the membrane in a large sheet from the macular area. In all cases, the ERM was 

successfully removed from the fovea and macular area. The internal limiting membrane 

(ILM) was removed with indocyanine green (ICG) assisted staining 6.25/0.1ml (Akron, Inc, 

USA) with ILM forceps (Alcon, Forth worth, USA) if the ERM was patchy, or extremely 

adherent and/or appeared fused to the ILM on preoperative raster OCT scans, or in cases of 

recurrent ERM.17 In such cases, indocyanine green staining was used to facilitate ILM 

peeling as previously described.18 We use gas tamponade in cases of thin cystic retina or in 

cases of inner lamellar macular hole secondary to ERM. The retinal periphery was checked 

for breaks and peripheral laser photocoagulation was performed to any retinal breaks and in 

addition three rows of laser spots were placed anterior to the equator.19

Statistical analyses were conducted using SAS software version 9.4 (SAS Institute, Cary, 

North Carolina, USA). Descriptive statistics included mean, standard deviation (SD), 

median, range, and percentages where appropriate. The Student's T test for independent 

samples was used to compare mean vision and central foveal thickness between eyes with 

and without ERM remnants. The paired Student T test was used to compare mean vision and 

central foveal thickness at baseline and the final visit. Chi-square testing was used to 

compare the proportion of gender, ICG staining/ILM peeling, tamponade used and 

recurrence rate between eyes with and without ERM remnants after surgery. P-values 

represent results for 2-sided tests, with values less than 0.05 considered statistically 

significant.

RESULTS

Eighty-six eyes of 85 patients with ERM were reviewed, twenty-one of which (24%) were 

recurrent ERM. The mean follow-up period after surgery was 9.8 ± 6.8 months (range 1-30 

months). The mean age of the patients at baseline was 69.0±10.1 years (range 34-88) and 

55.8% of them were female. The mean visual acuity before surgery was logMAR 0.36 ±0.21 

(range 0.03-1.0, logMAR, median 0.32, logMAR) (Snellen equivalent: mean 20/63, range 

20/600- 20/20, median 20/63). On pre-operative OCT scanning, macular edema was 
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detected in 73.3% of eyes with ERM remnants after the surgery and in 85.1% of eyes 

without ERM remnants after the surgery (P=0.23). The mean central foveal thickness before 

surgery was 402±176 μm.

During surgery 34 of the 86 eyes (39.5%) required ICG staining and ILM peeling. Gas 

tamponade was used for 27/86 eyes, while 59/86 eyes were left with BSS fill after surgery 

without any tamponade

The first OCT scan was done on average at a mean of 3.3 months (range 2 weeks to 18 

months, median 3 month) after surgery. Eighty percent (69/86) of patients had the first scan 

in the first 2 months. Post-operatively, an ERM remnant edge was detected in 33 out of the 

86 (38.4%) operated eyes at the first OCT scan after surgery. Thirty-one out of the 33 ERM 

edges (94%) were located in the extrafoveal area, and only 2 (6%) of them had ERM edges 

located within the fovea, defined as within 1000 μm area of the foveola. Macular edema by 

OCT was present postoperatively in 9/33 eyes (27%) with an ERM remnant. There was no 

difference in central foveal thickness in the early postoperative period in eyes with ERM 

remnants compared to eyes without ERM remnants (290.0 ± 71.4 um versus 303.6 ± 127.6 

um, P=0.55).

Postoperative serial OCT scans were performed for 19 out of 33 eyes (57%) with ERM 

remnants, for which the dynamic changes of the ERM remnant edge was observed. Among 

these 19 eyes, ERM recurred centrally (recurrent ERM covered the entire macular area at the 

final visit) in 3 eyes (16%) (Figure 1). In 8 eyes (42%), the edge of the ERM progressed to 

the foveola on average 420 ± 393 μm (range 67-1074 μm, median 280 μm), 6 eyes (31.5%) 

remained stable, and 2 eye (10.5 %) regressed from foveola (Figure 2) on average 216 ± 7 

μm ( range 211-221 μm ) .

Eyes with a detectable ERM remnant in the early post operative period were significantly 

older at baseline (71.7±8.9 versus 67.3±10.5 years old, P=0.04) and had a higher incidence 

of recurrence (42.1 % versus 9.4%, P=0.003). There was no significant difference between 

the two groups in terms of gender, visual acuity and central foveal thickness before surgery 

or at the final visit, presence of ERM edge elevation before surgery, preoperative macular 

edema, ICG staining or ILM peeling, tamponade usage, follow-up period, or reduction of 

central foveal thickness from baseline at the final visit (Table 1), also there was no 

association between ILM peeling and ERM recurrence (P=0.59).

Based on the edge morphology, we further classified the ERM remnant into three types: type 

1 was flat and blended with the retina (42.4%), type 2 was flat but stepped (51.5%) and type 

3 was elevated (6.0%, Figure 3). A significantly higher risk of ERM recurrence (not 

necessarily requiring surgical intervention) was seen in type 2 and type 3 ERM remnants 

(75% and 100% of eyes, respectively) than those with a type 1 ERM remnant (10% of type 1 

eyes).

DISCUSSION

In this single center retrospective study, ERM remnant edges were detected in the post 

operative OCT scan in 38.4% of eyes after TPPV and ERM peeling. The OCT detected 
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ERM remnant edges were associated with a significantly higher incidence of ERM 

recurrence during a mean follow-up period of 10 months. Based on the edge morphology, 

we further classified the ERM remnant edges into three types: type 1 flat and edge blended 

with the retina, type 2 flat but edge stepped, type 3 elevated edge. We found a significantly 

higher incidence of ERM recurrence in eyes with type 2 and type 3 ERM remnants (75% 

and 100% of eyes, respectively) than those with a type 1 ERM remnant (10% of type 1 

eyes).

The clinical significance of ERM is related to its impact on visual function. 1-3 An ERM on 

the macular surface might cause macular edema and photoreceptor layer disruption, leading 

to visual symptoms such as visual acuity decrease or metamorphopsia, which are often 

indications for surgical removal. During surgery for ERM removal, it is important to remove 

the ERM over the entire macula including the foveal surface to improve macular anatomy 

and visual function. Extrafoveal or extramacular parts of the ERMs are clinically less 

significant as they may have a minimal effect on visual function. For this reason, and 

because it may be more difficult to remove a more peripheral ERM, it is common that some 

extra macular areas of ERM is allowed to remain after surgery. Our study shows that ERM 

remnants were detected in 38% of the eyes that underwent ERM removal. In addition, our 

results show that these extrafoveal ERM remnants appear to have no or minimal effect on 

fovea thickness and visual acuity.

Although extrafoveal ERM remnants may not affect visual acuity or distortion, the presence 

of these remnants are associated with a higher recurrence rate of ERM after surgery. In eyes 

with ERM remnants, the recurrence rate was significantly higher than those eyes without 

remnants (42% vs 9%, respectively). Although most of the recurrences were asymptomatic 

and did not require additional surgery, our study suggests that it may be beneficial to remove 

ERM as extensively as possible including outside of the macula.

ERM recurrence rates have been reported to vary from 2% to 21% in previous studies,4-9 

and it has been suggested that ILM peeling might reduce ERM recurrence.5-8 Our study 

suggests that examination of the morphology of the retina after ERM peel to look for ERM 

remnant is a definite new predictor of recurrence and indeed ICG use had a minimal 

predictive value. We note however that ICG use was not randomized in the current study so 

we do not have a good way to determine it's predictive value.

The limitations and strength of the study should be mentioned. As a retrospective study of a 

relatively small number of patients treated by a single surgeon, possible selection bias might 

exist. Future studies with a larger sample size from multiple centers should be performed to 

confirm our findings. The strength of our study is this is the first study discussing the 

presence, characteristics, classification and associations of ERM edge remnant detected by 

OCT after surgical removal.

In summary, ERM remnant edges can be seen by OCT in about one third of eyes after TPPV 

with ERM peeling. While the edge itself is not associated with post-operative foveal 

thickness or visual function, it does appear to be correlated with a significantly higher ERM 

recurrence rate. Based on the morphology of the ERM remnant edge, we can classify the 
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remnants into 3 categories, type 1 flat and blended with retina, type 2 flat and stepped and 

type 3 elevated, and we find that type 2 and 3 edges are associated with a higher recurrence 

than type 1 edge.
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Summary Statement

An ERM remnant edge was detected by OCT after ERM peeling in 38.4% of eyes and 

was associated with a higher risk of ERM recurrence, particularly when the edge is flat 

and stepped or elevated.
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Figure 1. 
Preoperative OCT of ERM (A), OCT two weeks postop (B), and OCT 18 months postop (C) 

demonstrating thin recurrent ERM (red arrow demonstrates recurrence with more confluent 

ERM, yellow arrow demonstrates early thin recurrence of ERM up to the fovea)
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Figure 2. 
Preoperative OCT of ERM (A), 2 months postop (B) , 4 months postop (C) demonstrating 

regression of ERM remnant.
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Figure 3. 
Classification of epiretinal membrane remnant edges: Type 1 flat and blended with retina 

(A), Type 2 flat and stepped (B), and Type 3 elevated (C).
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Table 1

Comparison of variables between eyes with and without ERM remnant after surgery.

Variables compared with ERM remnant without ERM remnant P value

Age before surgery (years) 71.7±8.9 67.3±10.5 0.04

Gender male/female) 20/13 28/25 0.48

Visual acuity before surgery (Log MAR) (Snellen) 0.55±0.34 (≈20/70) 0.53±0.31 (≈20/70) 0.81

Central foveal thickness before surgery (um) 374.7±127.6 418.9±199.6 0.29

Proportion of ERM edge elevated before surgery 13.3% 14.9% 0.56

Proportion of macular edema (IRF/SRF) before surgery 73.3% 85.1% 0.23

Proportion of ICG staining and ILM peeling 36.7% 43.4% 0.65

Proportion of temponade usage 34.4% 29.6% 0.81

Follow-up period (months) 10.6±6.5 9.3±7.0 0.43

Visual acuity at the final visit (Log MAR) (Snellen) 0.35±0.31 (≈20/40) 0.40±0.31 (20/50) 0.51

Central foveal thickness at the final visit (um) 274.8±89.3 288.6±95.4 0.51

Proportion of ERM recurrence 42.1% 9.4% 0.003

Reduction of central foveal thickness (um) 95.0 ±146.8 130.5 ± 155.4 0.33

ERM: epiretinal membrane; IRF/SRF: intraretinal fluid/subretinal fluid; ICG: indocyanine green; ILM: internal limiting membrane; continuous 
parameters are represented as mean value ± standard deviation
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