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Conclusions
• Anatomic alteration due to epiretinal membrane (ERM) formation after RRD 

repair is commonly severe (Stage 4 OCT characteristics), and leads to 
significant worsening of logMAR visual acuity. 

• ERM removal with vitrectomy and membrane peeling  resulted in a significant 
improvement in visual acuity in eyes with history of either macula on or 
macula off RRD.

• Ectopic inner foveal layer (EIFL) thickness, IS/OS disruption, and microcytic 
changes were associated with visual acuity at 6 months post ERM peel using 
regression analysis. Confirmation of these associations in larger series is 
warranted.



Epiretinal membrane after RRD Repair

• Epiretinal membrane (ERM) formation after primary rhegmatogenous retinal 
detachment (RRD) repair is common, with estimates ranging from 4-13%.[1-4]

• Several authors have described the utility of internal limiting membrane 
(ILM) peel during primary RRD repair to prevent later ERM formation.[5-9]

• Preservation of IS/OS band on SD-OCT has been correlated to visual 
acuity improvement after membrane peel surgery.[10] 

• Macular status at time of RRD repair may determine visual potential.



OCT Grading of ERM
• Govetto et al. described a new, SD-OCT based grading scheme for ERM in 

2017.[11,12]

• Utility of this grading system in guiding expectations for idiopathic epiretinal 
membrane,[13] but has not been studied in ERM following RRD repair.

Insights Into Epiretinal Membranes: Presence of
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! PURPOSE: To describe the presence of continuous
ectopic inner foveal layers associated with epiretinal
membranes (ERMs) and to present a new optical coher-
ence tomography (OCT) staging system of ERMs.
! DESIGN: Retrospective multicenter observational case
series.
! METHODS: Clinical charts and spectral-domain OCT
images of 194 eyes of 172 consecutive patients diagnosed
with ERMs were reviewed and analyzed.
! RESULTS: The presence of continuous ectopic inner
foveal layers was identified in 63 out of 194 eyes
(32.5%) and this morphology was significantly associated
with lower visual acuity. ERMs were divided into 4
stages. Stage 1 (43 out of 194 eyes, 22.1%) ERMs were
mild and thin and a foveal depression was present. Stage
2 (88 out of 194 eyes, 45.4%) ERMs were associated
with widening of the outer nuclear layer and loss of the
foveal depression. Stage 3 (51 out of 194 eyes, 26.3%)
ERMs were associated with continuous ectopic inner
foveal layers crossing the entire foveal area. In stages 1,
2, and 3 all retinal layers were clearly defined on OCT.
Stage 4 ERMs (12 out of 194 eyes, 6.2%) were thick
and associated with continuous ectopic inner foveal
layers. In addition, retinal layers were disrupted. Visual
acuity progressively declined from stage 1 through stage
4 (P < .001).
! CONCLUSIONS: The presence of continuous ectopic in-
ner foveal layers in ERMs is a newly described OCT
finding associated with significant vision loss and is an
essential element of a novel OCT-based grading scheme
of ERMs that may influence visual prognosis. (Am J
Ophthalmol 2017;175:99–113. ! 2016 Elsevier Inc.
All rights reserved.)

E PIRETINAL MEMBRANE (ERM) FORMATION IS A COM-

mon retinal condition characterized by fibrocellular
proliferation at the vitreoretinal interface, above the

internal limiting membrane, with a prevalence that ranges
between 2.2% and 28.9%, which increases with aging.1–3

ERMs are typically idiopathic, but can also be associated
with retinal vascular or inflammatory diseases, trauma,
tumors, intraocular surgery, or retinal detachment.4 The
precise pathophysiology of this clinical entity is not
completely defined, although the proliferation of hyalo-
cytes in the setting of anomalous posterior vitreous detach-
ment and vitreoschisis has been suggested as a possible
mechanism in the early development of idiopathic ERMs.4

Various classification schemes have been proposed,5–7

including the original categorization by Gass, the most
widely used.7 Owing to dramatic improvements in image
resolution and data acquisition speed, spectral-domain
optical coherence tomography (SDOCT) has driven a
transformative change in the study of ERMs, providing
rapid cross-sectional imaging of the retina with near-
histologic detail. OCT has become the gold standard in
the evaluation of ERMs, but despite its universal applica-
tion, a globally accepted OCT-based classification system
is still lacking.8

In recent years OCT studies of the foveal microstructure
associated with ERMs have flourished in order to identify
the anatomic changes that may cause loss in visual acu-
ity,9–17 including disruption of the inner segment
ellipsoid zone and photoreceptor outer segments.9–12

More recently attention has shifted to the study of the
inner retinal anatomy. In this regard, various reports have
shown a significant association of the thickness of the
inner retinal layers with vision loss in eyes with ERM.13–17

This study performed an in-depth SDOCT analysis of
the development and evolution of ERMs and identified
novel morphologic features that impacted visual acuity
prognosis and were critical in the development of a new
OCT-based staging system.

METHODS

A RETROSPECTIVE, OBSERVATIONAL, AND CONSECUTIVE

chart review of patients diagnosed with ERM and seen by
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• Stage 1: Mild ERM with preservation of foveal 
depression.

over a macular area of either 15 · 10° with 97 B-scan
each spaced 31 mm apart or 15 · 5° with 131 B-scan
spaced 11 mm apart.
On SD-OCT, all retinal layers were identified

according to the IN • OCT Consensus.20 Ectopic
inner foveal layers were identified with SD-OCT and
were defined according to Govetto et al19: presence of
continuous hyporeflective and hyperreflective bands
extending from the inner nuclear layer and inner plex-
iform layer across the foveal region and visible in all
SD-OCT scans centered in the fovea, as illustrated in
Figure 1.
The thickness of the EIFL in the central foveal

region was measured manually with the “caliper”
function of the Heidelberg Spectralis, adjusted to an
aspect ratio of 1:1 mm, by tracing a vertical line from
the outer margin of the inner nuclear layer to the inner
margin of the ILM (Figure 2).19 Mean central foveal
thickness (CFT) values were obtained automatically
by the Heidelberg software.

With SD-OCT, ERMs were defined as single,
irregular, and hyperreflective lines above the ILM,
often associated with underlying retinal wrinkling and
with the presence of hyporeflective spaces between the
ERM and ILM. All ERMs were classified according to
the 4-grade staging system by Govetto et al,19 as illus-
trated in Figure 1.
Cystoid macular edema (CME) was defined with

SD-OCT as the presence of multiple hyporeflective
intraretinal cystoid spaces. The presence of a discon-
tinuous ellipsoid band in the foveal region was
considered a sign of ellipsoid zone disruption, whereas
the appearance of a roundish or diffuse hyperreflective
area between the ellipsoid zone and the interdigitation
zone in the central fovea was defined as the Tsunoda
or “cotton ball” sign, representing tractional elevation
of the photoreceptors.20,21

All SD-OCT images were quantitatively and qual-
itatively evaluated by three independent and masked
observers (A.G., F.J.R., and M.S.F.), and disagree-
ments were resolved with the intervention of a fourth
observer (D.S. or J.P.H.).

Surgical Procedures

All patients underwent a standard, 3-port 23-gauge
PPV with ERM and ILM peeling performed by 3
vitreoretinal surgeons (J.P.H., F.J.R., and M.S.F.) with
the Constellation vision system (Alcon, Fort wort,
TX). Combined phacoemulsification and intraocular
lens implantation procedures were performed at the
discretion of the surgeon.
Core vitrectomy was performed in all cases, and

after the creation of posterior vitreous detachment,
Grieshaber ILM forceps (Alcon) were used to peel
both ERM and ILM up to the vascular arcades.
Depending on surgeons’ preferences, in some cases,
intraocular Kenalog (Bristol-Myers Squibb, Irvine, CA)
or Brillant blue G (DORC, Zuidland, the Netherlands)
was applied over the retinal surface to enhance retinal
surface visualization during ILM peeling. At the
end of the surgery, partial air–fluid exchange was
performed in all cases, and subconjunctival vanco-
mycin and dexamethasone were injected over

Fig. 1. SD-OCT staging scheme of ERMs. Stage 1. Mild ERM with
few anatomical modifications. The foveal depression is preserved, and
all retinal layers are well identified. Stage 2. ERM with more advanced
anatomical changes. The foveal depression is loss, but all retinal layers
are still well defined. Stage 3. Continuous EIFLs cover the whole foveal
floor (white arrows). Like in Stage 2 ERMs, the foveal depression is
lost, and all retinal layers are well defined. Stage 4. Advanced ERM
with complete foveal disorganization. Thick EIFLs cover the foveal area
(white arrows), there is no foveal depression, and all retinal layers are
disrupted.

Fig. 2. Manual measurement of the thickness of the EIFLs with the
caliper function. A straight vertical line is traced from the outer margin
of the inner nuclear layer to the inner margin of the ILM.

ECTOPIC INNER FOVEAL LAYERS ! GOVETTO ET AL 349

• Stage 2: Foveal depression is lost, but all retinal 
layers are easily identified.

• Stage 3: Presence of ectopic inner foveal layers 
(EIFL, white arrows) across the foveal floor. Foveal 
depression is lost, but all retinal layers remain identifiable.

• Stage 4: Severe alteration in anatomy with foveal 
disorganization. EIFL (white arrows) is present. 
Retinal layers are not identifiable. 

Image source: Govetto A, Lalane RA, Sarraf D, Figueroa MS, Hubschman JP. 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.



• Microcystic macular changes may be 
present in any stage

• Round, small, hypo-reflective spaces, 
typically in the inner nuclear layer

• Previously associated with concurrent 
glaucoma

glaucomatous optic neuropathy was graded according to
the Hodapp-Parrish-Anderson scale as mild, moderate,
and severe glaucoma.26

! SURGICAL PROCEDURES: In surgical cases, all surgeries
were performed by a single vitreoretinal surgeon (J.P.H.)
with the Constellation vision system (Alcon, Fort Worth,
Texas, USA). All patients underwent a standard, 3-port 23
gauge PPVwith ERM and ILM peel. Gieshaber ILM forceps
(Alcon, Fort Worth, Texas, USA) were used in all cases to
peel both ERM and ILM. No dyes were used, but in some
cases 0.1 mL of Kenalog (Bristol-Myers Squibb, Irvine,
California, USA) was applied over the retinal surface to
enhance retinal surface visualization during ILM peel. At
the end of the surgery, partial air–fluid exchange was
performed in all cases, and subconjunctival vancomycin
and dexamethasone were injected over the sclerotomy
sites.

All patients were evaluated at 1 month and 6 months
after surgery, and potential postoperative complications
were recorded during the follow-up period.

! STATISTICAL ANALYSIS: All the analyses were carried
out using the STATA 14 data analysis and statistical soft-
ware (StataCorp LLC, College Station, Texas, USA).
Descriptive statistics were first calculated for all variables
of interest. Mean and standard deviation (SD) values
were calculated for continuous variables, and frequency
and percentage were calculated for categorical variables.
Parametric and nonparametric tests (Mann-Whitney U,
Wilcoxon signed rank test) were used to compare quantita-
tive variables, and x2 test and Fisher exact test were used to
compare categorical variables. Univariate and multivariate
logistic regression was used to evaluate associations of
BCVA and the presence of microcystoid macular changes
with the variables of interest. Differences were reported
with 95% confidence intervals. A P value of <.05 was
considered statistically significant.

RESULTS

! BASELINE CHARACTERISTICS OF THE STUDY
POPULATION: We reviewed the clinical charts of 815 pa-
tients diagnosed with ERM, of which 581 were excluded
owing to the presence of 1 or more exclusion criteria. At
the end of the review process 264 eyes of 234 patients with
idiopathic ERM, 122 male (52.1%) and 112 female
(47.9%), were included in the study. Bilateral ERMwas diag-
nosed in 30 out of 234 patients (12.8%), andmean age of the
study population was 70 6 8.6 years (range 36–90 years).
Stage 1 ERM was diagnosed in 50 out of 264 eyes

(18.9%), stage 2 ERM in 126 out of 264 eyes (47.7%), stage
3 ERM in 71 out of 264 eyes (26.9%), and stage 4 ERM in
17 out of 264 eyes (6.4%). At baseline, mean central foveal
thickness was 437 6 90 mm (range 240–845 mm) and
significantly increased with ERMs of more advanced stages,
with stage 1 ERMs being the thinnest and stage 4 ERMs the
thickest (P < .001).
Glaucoma was present in 51 out of 264 eyes (19.3%) and

was classified as mild in 25 out of 51 eyes (49.0%), moder-
ate in 6 out of 51 eyes (10.8%), and severe in 20 out of 51
eyes (39.2%).
At baseline,microcystoidmacular changes predominantly

located in the INL were diagnosed in 52 out of 264 eyes
(19.7%), of which 28 (55.0%) had concomitant glaucoma.
In eyes with microcystoid macular changes, the mean num-
ber of pseudocysts was 61.86 77 at baseline. There were no
significant differences in the mean number of pseudocysts
between eyes with and without glaucomatous optic neurop-
athy (50 6 62 and 82 6 92, respectively, P ¼ .100).
At baseline, the morphology of microcystoid macular

changes in the INL was similar between eyes with and
without glaucomatous optic neuropathy, as shown in
Figure 2 (Top, Bottom). However, among the eyes with
microcystoid macular changes in the INL the presence of
isolated, not confluent cystoid spaces in the outer nuclear

FIGURE 1. Morphology of microcystoid macular changes in
epiretinal membranes. Microcystoid macular changes were
defined with optical coherence tomography as multiple, small,
hyporeflective, and roundish–elliptical spaces located in the
inner nuclear layer of eyes with epiretinal membranes, usually
located in the parafoveal area (white arrows). In some cases,
especially in thicker stage 3 and 4 epiretinal membranes,
pseudocysts in the outer nuclear layer were also present (black
arrow).
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Image source: Govetto A, Su D, Farajzadeh M, et al. Microcystoid Macular Changes in Association With Idiopathic Epiretinal 
Membranes in Eyes With and Without Glaucoma: Clinical Insights. Am J Ophthalmol. 2017;181:156-165.



Purpose
• To describe OCT features of ERM following prior RRD repair, and to report surgical 

outcomes of pars plana vitrectomy (PPV) and membrane peeling surgery in this 
patient population.

• Retrospective, single-center, consecutive case series of 57 eyes of 57 patients 

• Eyes were identified from surgical CPT coding data in years 2015-2018 and 
confirmed with review of surgical operative reports.

• Exclusion criteria: proliferative vitreoretinopathy or use of silicone oil at time 
of initial RRD repair; follow-up of less than 6 months; history of ERM prior to 
RRD repair; or history of wet AMD, vein occlusion, diabetic retinopathy, or 
cystoid macular edema.



Baseline characteristics
 Number Percentage 
Male 
Female 

37  
20  

64.9% 
35.1% 

Age 62 ± 8 years 
 

Right eye 
Left eye 

40  
17 

70.2% 
29.8% 

Follow-up:  
   Time interval between RRD repair     
   and ERM peel 

269 ± 199 days 
Range: 56-1162 days 

   Time interval from ERM peel to  
   final follow-up 

22 ± 12 months 
Range: 6-53 months 

Macular status at RRD repair: 
   Macula on 
   Macula off 

 
14 
43 

 
24.6% 
75.4% 

Method of RRD repair: 
   PPV 
   PPV/SBP 

 
30 
27 

 
52.6% 
47.4% 

Lens status at ERM peel: 
   PCIOL 
   ACIOL 
   Phakic 

 
53 
1 
3 

 
93.0% 
1.7% 
5.3% 

Characteristics of RRD: 
   3 or more retinal breaks 
   Vitreous hemorrhage 
   Chronic (>2 weeks duration) 
   RD involving >2 quadrants 
   Prior cryotherapy 
   Giant retinal tear 
   Choroidal detachment 
   History of uveitis 

 
17 
15 
11 
6 
2 
0 
0 
0 

 
32.1% 
26.3% 
19.3% 
1.2% 
3.5% 
0 
0 
0 

 
 
 
 
 
 
 
 
 
  

 Number Percentage 
ERM Stage: 
   Stage 1 3 5.3% 
   Stage 2 10 17.5% 
   Stage 3 8 14.0% 
   Stage 4 36 63.2% 
Microcystic changes:  
   Present 39 68.4% 
   Absent 18 31.6% 
IS/OS disruption:  
   Present 34 59.6% 
   Absent 23 40.4% 
EIFL thickness, mean 376.2 ± 145.1 microns 
CF thickness, mean 559.3 ± 168.4 microns 

 
  



Visual acuity outcomes
Timepoint Pre-op 

RRD repair 
3 months post 
RRD repair 

Visit prior to 
ERM removal 

6 months post 
ERM removal 

Final 
follow-up 
 

LogMar acuity, mean 1.32±0.93 0.84±0.50 0.99±0.51 0.46±0.41 0.42±0.40 
Snellen acuity, mean 20/418 20/138 20/195 20/58 20/53 
P value: 
   Post RD repair 

  
0.0005 

 

   Post RD repair to  
   Pre-op ERM 

  
0.0009 

 

   Post ERM, 6 months  <0.0001  
   Post ERM, final  <0.0001 
   Pre-op RD to Final <0.0001 
 

Percentage of eyes 
20/40 or better 

24.6% 10.5% 7% 38.6% 49.1% 

P value: 
   Post RD repair to  
   Pre-op ERM 

  
 
0.02 

  

   Post ERM, 6 months  0.0001  
   Post ERM, final  0.0001 
   Pre-op RD to Final 0.011 

 
 
  



Visual acuity outcomes

Timepoint Post RD repair Pre-op ERM peel Post ERM peel, final 
Macula on, visual acuity 
    P value 

0.82±0.52 0.96±0.40 
0.24 

0.29±0.14 
<0.0001 

Macula off, visual acuity 
    P value 

0.85±0.50 1.00±0.54 
0.02 

0.46±0.45 
<0.0001 

Macula on versus off, 
visual acuity 
    P value 

 
 
0.796 

 
 
0.071 

 
 
0.163 

    

EIFL thickness, mean  376.2±145.1 179.9±96.1 
<0.0001 

CF thickness, mean  559.3±168.4 359.8±82.0 
<0.0001 

 



Visual acuity outcomes
Timepoint Pre-op ERM peel Post ERM peel, 6 months Post ERM peel, final 
Stage 1 
    P value 

0.62±0.35 0.22±0.07 
0.14 

0.25±0.13 
0.12 

Stage 2 
   P value 

0.74±0.45 0.41±0.33 
0.029 

0.37±0.35 
0.017 

Stage 3 
   P value 

0.83±0.52 0.39±0.66 
0.008 

0.39±0.66 
0.007 

Stage 4 
   P value 

1.14±0.49 0.50±0.38 
<0.001 

0.45±0.36 
<0.001 

    

No microcystic changes 
   P value 

0.83±0.54 0.61±0.58 
0.022 

0.50±0.49 
0.0002 

Microcystic changes, any stage 
   P value 

1.07±0.48 0.39±0.28 
<0.0001 

0.38±0.36 
<0.0001 

P value, microcystic changes 
versus no microcystic changes 

0.11 0.06 0.311 

Microcystic changes, stage 1 or 2 
   P value 

0.80±0.48 0.40±0.41 
0.05 

0.39±0.43 
0.04 

Microcystic changes, stage 3 or 4 
   P value 

0.91±0.54 0.39±0.25 
<0.0001 

0.38 ±0.35 
<0.0001 

    

No IS/OS disruption 
   P value 

0.70±0.33 
 

0.29±0.17 
<0.0001 

0.25±0.15 
<0.0001 

IS/OS disruption, any stage 
   P value 

1.20±0.51 0.58±0.48 
<0.0001 

0.53±0.47 
<0.0001 

P value, IS/OS disruption versus no 
IS/OS disruption 

<0.001 0.007 0.008 

 
  



Regression analysis: visual acuity at 6 
months post ERM peel

OCT Feature P value, Regression  
CFT, pre-operative 0.20 
CFT, post-operative 0.015* 
EIFL thickness, pre-operative 0.056 
EIFL thickness, post-operative 0.007* 
Microcystic changes, presence 0.019* 
IS/OS disruption, pre-operative 0.002* 
Macular status at time of RRD repair 0.40 

 



Case examples

6 months post peel
VA: 20/40

Stage 4 ERM with 
EIFL, microcystic 
changes
VA: 20/400



Limitations
• Retrospective series of single center.

• Only eyes with ERM after primary RRD were assessed, and findings may not be 
applicable in recurrent RD or eyes with silicone oil.  All eyes had prior history 
of PPV, and thus results may not be applicable in setting of primary scleral 
buckle or pneumatic retinopexy.

• OCT measurements of EIFL are subjective and may be difficult in Stage 4 ERM.

• Strengths: Multiple OCT features assessed, and 94.7% of eyes were 
pseudophakic at time of ERM peel for visual acuity assessment.



Conclusions
• Anatomic alteration due to ERM formation after RRD repair is commonly 

severe (Stage 4 OCT characteristics), and leads to significant worsening of 
logMAR visual acuity. 

• ERM removal with PPV and membrane peeling  resulted in a significant 
improvement in visual acuity in eyes with history of either macula on or 
macula off RRD.

• EIFL thickness, IS/OS disruption, and microcytic changes were associated 
with visual acuity at 6 months post ERM peel using regression analysis. 
Confirmation of these associations in larger series is warranted.
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