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ABSTRACT

Epiretinal membrane (ERM) is a common retinal disease characterized by cellular proliferation and metaplasia that lead to the formation 
of a pathological fibrocellular membrane immediately superjacent to the inner retinal surface. The prevalence of epiretinal membrane 
(ERM) is 7% to 11.8%, with increasing age being the most important risk factor. Although most ERM is idiopathic, common secondary 
causes include cataract surgery, retinal vascular disease, uveitis, and retinal tears. The myofibroblastic pre-retinal cells are thought 
to transdifferentiate from glial and retinal pigment epithelial cells that reach the retinal surface via defects in the internal limiting 
membrane (ILM) or from the vitreous cavity. Grading schemes have evolved from clinical signs to ocular coherence tomography 
(OCT) based classification with associated features such as the cotton ball sign. Features predictive of better prognosis include the 
absence of ectopic inner foveal layers, cystoid macular edema, acquired vitelliform lesions, ellipsoid zone, and cone outer segment 
termination defects. OCT angiography shows the reduced size of the foveal avascular zone. Vitrectomy with membrane peeling remains 
the mainstay of treatment for symptomatic ERMs. Additional ILM peeling reduces recurrence but is associated with anatomical changes 
including inner retinal dimpling
Keywords: Epiretinal membrane, Ectopic inner foveal layers, Pars plana vitrectomy, Internal limiting membrane.

hypertension and hypercholesterolemia. In two large 
population studies, Blue Mountains Eye Study (BMES)1 
and Beaver Dam Eye Study (BDES)2, the prevalence 
of idiopathic ERM (iERM) was reported as 7.0% and 
11.8%, respectively, based on color fundus images with 
5-years cumulative incidence of 5.3%. In these studies, 
it was found that iERM was bilateral in 19.5% and 31% 
of the cases, respectively. In the BDES study, optical 
coherence tomography (OCT) was used to detect ERM 
and prevalence was reported as 34.1%, which was higher 
than the prevalence found using color fundus images3 
Advanced age is the most important risk factor for ERM. 
ERM is diagnosed above 50 years of age in most patients 
while ERM prevalence reaches peak at seventh decade. 
Based on previous studies, gender does not seem as an 
important risk factor. There is no gender preponderance 
but it may be slightly more common among women. There 
are great variations in ERM prevalences reported from 

1. INTRODUCTION

Epiretinal membrane (ERM), previously termed as 
epimacular membrane, macular pucker, cellophane 
maculopathy or preretinal macular fibrosis, is a common 
retinal disorder characterized by formation of pathological 
fibrocellular membrane just over inner retinal layer as a 
result of proliferation and metaplasia of myofibroblasts. 
The recent technological advances enabling retinal imaging 
have added a new dimension to ERM grading, improving 
surgical success substantially. In this review, we aim to 
provide a general definition of ERM as well as up-to-date 
data about classification and surgical treatment of ERM. 

2. EPIDEMIOLOGY

Many different risk factors have been identified for 
the development of ERM, including ethnicity, age, 
gender, smoking, refractive disorders, diabetes mellitus, 
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different ethnicities and countries. It is possible that any 
ethnic difference in ERM prevalence may be due to either 
genetics or lifestyle variations; however, epidemiological 
evidence are insufficient to draw a conclusion . No 
consistent associations have been shown between ERM 
and refractive disorders with some studies reporting 
an association between ERM and myopia while others 
reporting with hypermetropia.4 Secondary ERM was 
reported up to 41% in patients with uveitis as being more 
common in patients with intermediate uveitis, panuveitis 
and those with posterior involvement.5 It is known that 
prevalence of secondary RM is higher in cases with retinal 
artery or vein occlusions, diabetes, vitreous hemorrhage, 
retinal detachment and those underwent laser procedures.

3. ETIOLOGY AND RISK FACTORS

The ERMs are generally classified based on etiology. 
The term idiopathic ERM denotes the ERM which occurs 
without relevant ocular pathology or in the presence of 
posterior vitreal detachment (PVD) alone. Some others 
prefer "primary ERM" rather than "idiopathic ERM". The 
presence of PVD in 78-95% of iERMs suggests that PVD 
has an important role in the pathophysiology.6 The term 
secondary ERM denotes the ERM thought to be related 
with previous or current ocular disease. In large series, 
secondary ERM was detected at a rate up to 32.3%.4 The 
most common causes include previous cataract surgery, 
diabetic retinopathy and retinal vein occlusion.4, 7 Table 1 
summarizes causes of secondary ERM.

4. HISTOPATHOLOGY AND PATHOGENEIS 

The ERM formation process includes a series of events 
leading impairment in normal tissue morphology and 
function due to fibrotic contractions resulting from 
substantial production of extracellular matrix (ECM) 

proteins by myofibroblasts. The ERMs generally consist of 
two layers covering inner limiting membrane (ILM). The 
outermost layer overlays on top of ILM and consists of ECM 
proteins (collagen, fibronectin) containing fibril bundles 
with random orientation. Overlaying this is a single- or 
multi-layer or epiretinal cells.8 Non-cellular ECM forms 
a primary, structural skeleton which facilitates adhesion 
and proliferation of epiretinal cells. ECM is synthesized by 
several cells including glial cells from inner cellular layer 
of ERM, RPE and miyofibroblasts. The major component 
of ECM is extracellular collagen fibrils containing ILM 
fragments; it is found that the extracellular collagen 
fibrils are largely type I, II, III, IV and VI.9 In iERM, it 
is considered that differentiation of several precursor cells 
into myofibroblasts is key pathogenic process. It may be 
difficult to identify precursor cell types as they drop their 
characteristic features when they undergo differentiation. 
Immunohistochemical studies showed that retinal glial 
cells, hyalocytes, retinal pigment epithelium (RPE) 
cells, fibroblasts, myofibroblasts and inflammatory 
cells (macrophage, lymphocyte, neutrophil) are 
often present.10 In ERM, predominant cell types varies 
across studies. This may be due to presence of different 
etiological factors involved in ERM development as well 
as methodological difference used to identify cell types.

All types of retinal glial cells, including microglias, Müller 
cells and astrocytes, play role in ERM formation. These 
cells are involved in the development of fibroproliferative 
structure of ERM and proliferative vitreoretinopathy 
(PVR) by responding with reactive gliosis against injury.

The cells undergo proliferation, serving as a skeleton 
for extracellular collagen production an myofibroblast 
differentiation. In ERM and PVR, they release “TGF-β1” 
which induces differentiation of epithelial cells into 

Table 1: Etiological classification of epiretinal membrane
1. Primary or idiopathic ERM
•	 No pathology other than posterior vitreous 

detachment (PVD)
2. Secondary ERM
•	 Iatrogenic 

▪	Cataract surgery
▪	Vitrectomy
▪	Retinopexy 

•	 Retinal vascular diseases
▪	Diabetic retinopathy
▪	Vascular occlusive disorders
▪	Coats disease
▪	Retinal arterial macro-aneurysm

•	 Age-related macular degeneration
•	 Retinal tear or detachment
•	 Macular hole and vitreomacular traction syndrome
•	 Pathological myopia
•	 Uveitis
•	 Trauma
•	 Retinal dystrophy
•	 Intraocular tumors 

▪	Retinal capillary hemangioblastoma
▪	Vasoproliferative tumors
▪	Choroidal melanoma
▪	Hamartoma of retinal pigment epithelium



myofibroblasts. The TGF-β is the key cytokine playing 
crucial role in proliferation, myofibroblastic differentiation, 
fibrosis and apoptosis in ERM.11 It is suggested that retinal 
astrocytes serve as a skeleton for collagen production 
through differentiation into fibroblasts. The Müller 
cells can be activated by different pathological factors 
such as mechanical traction, retinal trauma, ischemia 
or hyperglycemia, and growth factors. The Müller cell 
differentiation into myofibroblasts and reactive gliosis are 
significant factors in the formation of fibroproliferative 
membrane related to PVR, ODR and iERMs. Glial cells 
undergo mitosis and migrate to retinal surface through ILM 
cracks, spreading in a single-layer manner over surface of 
ILM. 

The RPE cells may access to inner retina through retinal 
cracks. The RPE cells are the dominant cells in retinal 
detachment-related PVR and ERM; however, they are 
typically lacking in iERM or tractional vitreomaculopathy. 
Although there are studies indicating preponderance of the 
RPE cells in iERMs, this wasn't supported in additional 
studies.12 As similar to glial cells over retinal surface and 
hyalocytes, the RPE cells may undergo myofibroblastic 
differentiation via TGF-β2 stimulation. Another possibility 
is that the retinal cell may transform into pigment 
epithelium.

Macrophages were shown to be present in the iERMs; 
however, they seem to be more prominent in secondary 
cases related to vitreous hemorrhage.13 Macrophages, 
including microglia, hyalocytes and peripheral monocytes, 
originates from monocytes. Their role in ERM formation 
is unknown but it is known that they release cytokines and 
growth factors contributing myofibroblastic differentiation 
such as TGF-β, insulin-like growth facto and platelet-
derived growth factor. 

Hyalocytes are mononuclear phagocytes embedded 
into vitreal cortex, which originate from monocytes or 
macrophages, and are more intensively located at posterior 
pole and base of vitreous. In vitro studies suggest showed 
that hyalocytes produce more potent contractile response 
by TGF-β2 stimulation when compared to remaining 
epiretinal cells; suggesting that hyalocytes play an 
important role in the increase of contractility in ERM.14 
It was reported that ERM may develop due to premacular 
layer retained in posterior vitreal cortex following AVD.15 
Many studies have provided evidence that hyalocytes 
undergo myofibroblastic differentiation in vitreomacular 
traction (VMT), lamellar macular hole (LMH) and other 
proliferative vitreoretinal diseases.8

Three main theory have been proposed about how 
precursor cells initially migrates to inner retinal surface. 
In classical theory, it is proposed that retinal glial cells 
migrate to and proliferates at retinal surface through ILM 
cracks developed after AVD. A similar theory proposes 
the differentiation of RPE cells which, then, migrate 
through micro-cracks at ILM and are involved in iERM.12 
In another widely accepted theory , it is proposed that 
residual hyalocytes at retinal surface following abnormal 
AVD undergo metaplasia and leads ERM.16 However, 
ERM development in the lack of AVD cannot be clearly 
explained in the theory. Although each theory has its own 
limitations, there is no consensus in the pathogenesis of 
ERM.

5. CLINICAL FINDINGS AND SYMPTOMS

The ERMs are often asymptomatic. There may be various 
symptoms based on macular location, duration, severity 
and type of ERM. Visual symptoms may be presented 
in the involvement of macular or peri-macular region 
and in the presence of thick membrane leading retinal 
traction or edema. Common symptoms include decreased 
visual acuity, blurred vision, metamorphopsia, micropsia, 
macropsia, loss of depth perception and anisocoria. 
Another symptoms is need to cover one eye to improve 
vision despite lack of diplopia or strabismus.17

The diagnosis of ERM is made by OCT findings and 
clinical examination. Early ERMs can be incidentally 
detected as a reflex at fundus. As ERM advanced, it leads 
distortion of inner retina and can be seen at various form 
ranging from superficial radial wrinkle to a form causing 
the flattening or tortuosity of retinal vascularity. Comorbid 
AVD may be present up to 95% of ERM eyes.18 In addition, 
findings such as ERM-related cystoid macular edema 
(CME), foveal ectopia, lamellar or full-thickness macular 
hole and small retinal hemorrhages may also be present 
concomitantly. Before diagnosis of ERM is established, 
potential underlying abnormalities such as retinal vascular 
disorders, uveitis and retinal tear etc. should be carefully 
assessed. It is also important to examine contralateral eye 
as the ERM may be bilateral in 10-12% of patients.

6. ERM CLASSIFICATION

Gass proposed a classification system to define clinical 
severity of ERM, which became a reference for ERM (Table 
2).19 However, it is less commonly used after imaging 
techniques introduced by OCT technology. Several OCT 
classifications have been proposed for ERM; however, there 
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is no sufficient evidence to suggest superiority of one to 
other. Many studies defined a morphological grading system 
involving there grades, normal, mild distortion and severe 
distortion, when classifying foveal contour abnormality. 
In these studies, different results were reported, revealing 
the relationship between postoperative visual acuity and 
foveal contour. Stevenson et al. proposed a morphological 
OCT classification based on foveal involvement and the 
presence or absence of AVD presence.6 Mathews et al. 
described a quantitative classification by foveal contour 
status and ratio of foveal thickness to perifoveal macular 
retina thickness20 Kinoshita et al.21 defined ERM as diffuse 
type, cystoid macular edema type, pseudolamellar hole type 

and vitreomacular traction type by macular contour status. 
Konidaris et al. developed a 9-category ERM classification 
schema based on comprehensive categorization of retinal 
morphology including presence or absence of AVD.22 
However, this is solely anatomical work and descriptive. 
In recent years, Govetto et al. has proposed a novel, OCT-
based, staging scheme which assess presence of ectopic 
inner foveal layers (EIFL).(23) They classified ERMs into 
4 stages (Figure 1).

Stage 1; early stage where all retinal layers can be 
described with slight morphological changes; foveal cup 
is preserved. 

Table 2: Different terminologies according to fundoscopic classification and stages by Gass based on colored infrared 
images

Stage 0 
•	 Cellophane maculopathy 
•	 Early, semi-transparent form of ERM, no retinal abnormality 

Stage 1 
•	 Wrinkled cellophane maculopathy /primary retinal fold 
•	 Surface wrinkling maculopathy/retinopathy 
•	 Internal limiting membrane wrinkle 
•	 Intermediate, semi-transparent form of ERM with retinal impairment.

Stage 2
•	 Macular Pucker
•	 Epiretinal pucker/gliosis
•	 Pre-macular/pre-retinal fibrosis
•	 Idiopathic preretinal gliosis
•	 Preretinal connective tissue proliferation
•	 Internal retinal fibrosis/fibroplasia
•	 Late opaque form of ERM with inner retina distortion



Stage 2; foveal depression is lost but retinal layers can 
be identified; there is retinal distortion accompanied by 
stretch or enlargement of outer nuclear layer.

Stage 3; EIFL development throughout central fovea with 
loss of foveal depression. 

Stage 4; Marked macula thickening with EIFL and 
anatomical disruption with retinal disorganization not 
allowing identification of retinal layers .

7. MULTIMODAL IMAGING AND DIAGNOSIS

A. Optical Coherence Tomography (OCT and ERM-
related 

OCT is most useful test in the diagnosis of ERM; in 
addition, it is more sensitive than clinical examination 
alone. It is also more advantageous than descriptive 
classification systems as it allows quantitative analysis. By 
high-resolution OCT, novel definitions are introduced in 
retinal diseases which can be difficult to distinguish using 
biomicroscopy. 

Classical ERM is defined as an irregular, hyper-reflective 
layer characterized by retinal wrinkles over ILM on retinal 

surface and hypo-reflective gaps ILM and retina (Figure 
2a).

Epiretinal Proliferation (EP) is defined as a thick 
material with homogeneous reflectivity. Occasionally, it 
appears as a thin, hyper-reflective layer and hypo-reflective 
gaps between ILM are lacking. EP related to degenerative 
lamellar macular hole is less contractive characteristic 
compared to ERM (Figure e2b).24

Lamellar Macular Hole (LMH) is partial-thickness tissue 
defect resulting from dehiscence of inner layers from deeper 
layers due to traction. On OCT, it is diagnosed with certain 
characteristics including irregular foveal contour, loss of 
inner foveal tissue, intraretinal detachment, absence of full-
thickness foveal defect and intact foveal photoreceptors. 
On OCT, detachment in the form of cavitation, ellipsoid 
zone damage and epiretinal proliferation are seen in cases 
with "degenerative lamellar macular hole" while schisis-
like detachment and classical ERM in cases with "tractional 
lamellar macular hole" (Figure 2).25

Pseudohole is the pseudo-hole appearance caused by 
well-defined, steep foveal depression related to ERM with 
central gap. On OCT, central foveal thickness is almost 
normal and outer retinal layers are intact (Figure 4a). 

Full-thickness macular hole is an anatomical defect in 
fovea where all neural retinal layers from ILM to RPE are 
disrupted.26

Foveoschisis is dehiscence of retinal layer at the level of 
outer nuclear layer (ONL) and outer plexiform layer (OPL) 
due to traction (Figure 4b). In the presence of contractile 
ERM, the foveoschisis at the level of Henle layer is defined 
as ERM-derived foveoschisis. 
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Figure 1: Govetto et al. with his OCT classification They 
divided ERMs into four different stages.

Figure 2: The lamellar holes are divided into two groups: 
Tractional and Degenerative lamellar holes.
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Vitreomacular traction syndrome (VMTS) is a disorder 
of vitreoretinal interface characterized by incomplete 
posterior vitreous detachment which leads, in part, 
dehiscence between vitreous and retina and morphological 
changes via traction on retinal surface; thus, resultant 
visual dysfunction (Figure 5). 

Ectopic Inner Foveal Layers

EIFL is defined as a hypo- or hyper-reflective band 
extending from inner nuclear layer (NL) to inner 

plexiform layer (IPL) along with fovea. It is thought 
that EIFL develops as a result of damaged retina due to 
gliosis and Müller cell proliferation caused by tractional 
forces induced by ERM. Govetta et al.23 first described an 
OCT-based ERM classification system involving 4 stages 
according to lack of foveal pit, presence of EIFL and 
irregularity of retinal layers on OCT (Figure 1). Based on 
this classification system, advanced ERMs are associated 
with decreased visual acuity, higher CMT, increased CME 
prevalence, ellipsoid zone (EZ) disruption and decreased 
fovea avascular zone (FAZ) size. In many studies using 
this staging system as reference, it was shown that visual 
prognosis and metamorphopsia were associated to presence 
and thickness of EIFL. (27) Mavi Yildiz et al.28 investigated 
correlation between pre- and post-operative EIFL and 
visual acuity on 147 ERM patients and reported that stage 
3 and 4 ERMs were associated with worst visual outcomes. 
In a study including 216 eyes with iERM, Yang et al. 
found that presence of EIFL was an unfavorable factor for 
preoperative vision disorder and postoperative anatomical 
improvement but a minor factor for postoperative visual 
acuity.29

Cotton Ball Sign and Central Bouquet 

Cotton ball sign is defined as a round, diffuse hyper-
reflective area between EZ and cone outer segment tips 
(COST) line at central fovea.30 It was found that mean 
CMT was higher in eyes with cotton ball sign than those 
without. Authors suggested that chronic traction and cotton 
wool sign might be correlated with severity of ERM.

Based on cotton ball sign, Govetto et al. suggested that 
an areas (100 µm in diameter), termed as central bouquet, 
is most sensitive region to tractional injury in ERM. 

Figure 3: This picture shows a stage 3 ERM. A decrease 
in retinal thickness is observed at 1 month and 1 year after 
ERM peeling. Also, recurrent ERM is seen in the late stage.

Figure 4: Pseudohole and foveaschisis are observed in a 
case with ERM.

Figure 5: Preoperative and postoperative OCT images are 
shown in a case with ERM and VMTS.



•	 Presence of preoperative thinner CMT,

•	 No EIFL on OCT, 

•	 No irregular inner retinal layers, 

•	 No CME or acquired vitelliform lesions, 

•	 Preserved photoreceptor outer segment length and EZ 
and COTS integrity, 

•	 Thinner GCL-IPL was considered as predictors for 
better prognosis.

•	 Increased inner nuclear layer thickness and central 
foveal thickness were linked to metamorphopsia.

Several studies have emphasized the importance of outer 
retinal layers, particularly integrity of EZ and COST line, 
in the prediction of postoperative visual acuity (VA).34 
However, the presence of traction at inner retinal layers 
has indicated that assessment of outer retinal layers alone 
is inadequate in prediction of postoperative prognosis. 
The area and depth of traction is positively correlated 
with severity of intraretinal changes while negatively 
correlated with visual acuity. In different studies including 
patients underwent surgery for ERM, it was shown that 
the presence and thickness of preoperative EIFL were 
associated with markedly poorer prognosis when compared 
to control groups without EIFL.35 These studies indicate 
that optimal timing for surgery is before development of 
EIFL. In addition, Okamato et al. reported that higher 
INL thickness showed better correlation with preoperative 
and postoperative metamorphopsia in iERM.36 Although 
higher GCL-IPL thickness is associated to poorer surgical 
outcomes, postoperative thinning of GCL-IPL is associated 
to decreased visual acuity. This may be due to iatrogenic 
damage caused by ERM traction and/or ERM peeling. In 
2016, Cho et al.37 proposed an "inner retinal irregularity 
index" as measured by ratio of IPL length to RPE in a 
fovea-centered circular area (3 mm in diameter). This ratio 
can be calculated more readily than measurement of GCL-
IPL thickness. It was found that inner retinal irregularity 
index was significantly correlated with VA at baseline and 
on postoperative month 6. 

B. Fundus Autofluorescence 

Fundus autoflorescence may show irregular hypo-
autofluorescent area at macula, increased tortuosity of 
retinal vascularity or presence of acquired vitelliform 
lesion. (38) It can be helpful to detect foveal displacement 
following ERM surgery and macular hole surgery.39

It is proposed that central bouquet abnormalities lead 
transduction of mechanical force to Müller cells via Müller 
cells and manifest in three distinct forms, namely "cotton 
ball sign, foveolar detachment or acquired vitelliform 
lesions", on OCT. Tractional pathology was detected in 
58 of 263 eyes with ERM with most being cotton ball 
sign (62%). It was found that visual acuity was better in 
the presence of cotton ball sign while it was worse in the 
presence of acquired vitelliform lesions. In a smaller series, 
it was reported that central bouquet abnormalities were 
drastically disappeared after surgery with no adverse effect 
on visual prognosis.31 Although no ERM classification 
system including these findings has been developed yet, it 
is thought that they play role important in ERM. 

 Prognostic Markers on OCT

Although pars plana vitrectomy (PPV) plus 
membranectomy is considered as primary treatment for 
ERM, timing of surgery is controversial. Many studies 
have been performed to identify OCT biomarkers in order 
to assess EZ and outer photoreceptor segments, ganglion 
cell layer-inner plexiform layer (GCL-IPL) and choroidal 
thickness.32 It is advocated that these biomarkers should be 
integrated ERM classification systems by demonstrating 
their relationship with visual acuity. 

In a systematic review by Miguel and Legris,33 various 
factors were demonstrated about visual gain following 
ERM surgery. The OCT biomarkers indicating better 
visual outcomes include:33
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Figure 6: In the early stages of FFA, vascular tortuosity 
becomes clearly visible (a)  Vascular leakage increases in 
the late stages. (b) Also, many hyperreflective foci are ob-
served within the retina. (c)
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8. TREATMENT AND APPROACH

A. Conservative Approach

ERM is a chronic, slowly progressing disease not requiring 
emergent intervention. Available treatment modalities 
include close follow-up or surgery. The dilemma faced 
when employing conservative approach is the risk for 
progression and decrease in likelihood of therapeutic 
benefit in advanced ERM patients with no or minor 
symptoms. The ERM progression must be followed by 
assessing retinal morphology and functional vision. 

Anatomical Features and Progression in ERM

In BMES study in which ERM eyes were followed over 
5 years using color fundus images, it was reported that 
there was no progression in majority of eyes and ERM was 
regressed or recovered in one-fourth, with progression from 
cellophane maculopathy to preretinal fibrosis in only 10% 
of eyes. ERM can lead LMH due to traction over retina. 
LMH development is generally translated as stability due 
to reduced tangential forces over retina. ERMs do not 
require surgery in most cases unless VA reduction and 
progressive retinal thickening are present.

Byon et al.46 classified iERMs in 62 eyes with minimum 
follow-up of 24 months and VA 20/40 into two categories 
as total and partial macular involvement. Authors found 
that 11 of 33 eyes (33% progressed from total macular 
involvement to partial involvement. In addition, it was seen 
that vitreoretinal attachment affected iERM progression. 
Progression and VA loss was observed in 4 of 10 eyes 
(40%) without AVD at presentation and in only 2 of 52 
eyes (3.8%) with AVD at presentation. It was proposed that 
the progression observed in eyes with vitreomacular and 
vitreopapillary adhesion may be secondary to increased 
pro-inflammatory factors. 

In another study by Lee et al.,47 it was reported that there was 
visual acuity loss of ≥2 letters in 15 of 112 patients (13%) 
with VA>20/40 during mean follow-up of 31 months. When 
iERM patients with worse progression, changes in ERM 
configuration was noted from total macular involvement 
towards partial involvement. These results showed that 
iERM starts with total macular involvement; followed 
by gradual progression to unstable partial involvement. 
In addition, authors measured the disc-fovea vascularity 
(DFV) length to assess tangential traction in iERM patients 
and found that DFV length was decreased in 15 patients 
with vision loss.

In summary, morphological progression is anticipated in 
17-39% of iERM cases followed minimum 24 months. 

C. Angiography: Fluorescein and OCT Angiography 

Fundus fluorescein angiography (FFA) or OCT 
angiography (OCTA) can be used to define comorbid 
retinal vascular disorders, retinal vasculitis, age-related 
macular degeneration or tumors in ERM before surgery. 
The ERMs may alter macular micro-vascularity or lead 
vascular damage by exerting tangential and anteroposterior 
forces over retina. The OCTA analysis of ERM showed 
FAZ narrowing or loss due to stretch and displacement 
of vessels in both superficial capillary plexus (SSCP) and 
deep capillary plexus (DCP).28 In addition, foveal vascular 
density was increased while parafoveal vascular density 
was significantly increased when compared to healthy 
eyes.40 A decrease in vascular density was decreased in 
SCP while parafoveal vascular density was increased 
following ERM peeling.41 

D. Microperimetry 

Microperimetry allows assessment of dysfunction 
which cannot be detected in VA or visual field but may 
explain visual disorder reported by ERM patients. In 
microperimetry, decreased mean retinal sensitivity is 
associated to ONL thickening due to ERM. Preferential 
hyperacuity perimetry (PHP) is a distinct psychophysical 
perimeter testing used to detect and measure visual 
abnormalities including metamorphopsia and scotoma. 
M-charts can also be used for quantitative assessment 
of metamorphopsia. It was reported that postoperative 
improvements in metamorphopsia as measured by PHP 
were correlated to postoperative improvements in VA and 
CMT. (42) However, in some studies, it was reported that 
ILM peeling might lead reduction in retinal sensitivity and 
micro-scotoma at region where ILM was engaged by the 
forceps.43

E. Electroretinography (ERG)

In ERMs, a decrease was shown in multi-focal 
electroretinography (mfERG) responses at both fovea and 
perifovea. Low responses (particularly P1 amplitude density 
in central ring) are associated to foveal thickness and best-
corrected visual acuity. although, double peeling in ERM 
surgery is linked to micro-scotoma on microperimetry, 
it was shown to be improve ERG responses. In mfERG, 
delayed P1 implicit time is an important predictor for 
poorer recovery in vision after ERM surgery.44 However, 
mfERG isn't routinely used in many clinics due to limited 
access and longer test duration. In a study using mfERG 
Hwang et al.45 reported that ERMs with foveal adhesion 
and inner retinal thickening significantly impaired retinal 
function when compared to those not involving fovea. 
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future and has favorable cost-effectiveness and safety 
profile.52

Suture-free, transconjunctival 3-port pars plana Micro-
incision (23-, 25- or 27-gauge) Vitrectomy Surgery 
(MIVS) is the standard procedure for ERM peeling. Many 
studies reported no surgical superiority for certain gauge 
for vitrectomy; however, some studies suggested early 
improvement in VA and more effective CMT reduction 
in surgeries performed using 27 gauge when compared to 
those performed using 25 gauge.53

ILM Peeling During Surgery

Typically, iERM is strongly adhered to ILM. In patients 
underwent ERM peeling alone, ILM fragments at varying 
degrees were observed in vitreous specimens isolated 
during vitrectomy. Park et al.54 published a case series 
including patients underwent double peeling and those 
underwent ERM peeling alone. Authors concluded that 
ILM peeling was not associated with harmful effects with 
decrease in recurrence rate. However, many randomized-
controlled meta-analyses showed no significant benefit 
on visual acuity with ILM peeling. In a controlled study 
by Tranos et al.55 no significant improvement was shown 
in metamorphopsia in patients underwent double peeling. 
In meta-analyses, only consistent result is that ILM 
peeling decreases ERM recurrence. Somewhat Müller cell 
dysfunction can be expected as Müller cell fragments at 
varying amounts are also removed during ILM peeling.56 
Based on damage induced, foveal thickness was increased 
while FAZ area was narrowed.41 In addition, a characteristic 
appearance resembling dissociated optic nerve fiber layer 
(DONFL) can be detected due to swelling of arcuate nerve 
fiber layer in eyes underwent ILM. 

In summary, available evidence showed that ILM peeling 
during iERM surgery has no positive effect on final visual 
acuity and metamorphopsia. However, recurrence rate 
is lower in eyes underwent ILM peeling. In most cases, 
en bloc ILM peeling occurs spontaneously during ERM 
peeling and the question whether additional ILM peeling 
will be performed isn't taken into account. However, 
attempting to peel ILM in cases where ERM is readily 
removed with clear and regular ILM surface confers risk 
for retinal trauma. 

Secondary iERMs generally occur in younger patients. 
Surgical removal of secondary ERM has no difference 
but underlying etiology should be taken into account 
in order to prevent recurrence. They tend to have worse 
postoperative VA due to frequent occurrence of optic disc 

Rapid progression and need for surgery are less likely in 
asymptomatic eyes with good vision (≥20/40). The factors 
predicting anatomical progression include total macular 
involvement by ERM, no AVD at presentation, decreased 
DFV length during follow-up and early stages without 
EIFL. There is a consensus that the cases with above-
mentioned findings will show progression.

Functional Progression in ERM

The functional progression of ERM is generally assessed 
by visual acuity. In a previous study, it was reported that 
visual acuity remained unchanged over 24 months follow-
up despite anatomical changes in one-third of patients 
with iERM. It was reported that VA was decreased in 
10% during follow-up while it was improved in 7% of 
patients due to spontaneous resolution of iERM. The 
factors associated with rapid visual deterioration include 
presence of metamorphopsia and cysts in INL at baseline 
and lamellar hole formation.48

B. Medical Approach

Currently, there is no available medical treatment effective 
in ERM, although macular edema in secondary ERMs 
(diabetic retinopathy, retinal vein occlusion, uveitis) can 
respond to intravitreal anti-VGEF agents, steroids or non-
steroidal anti-inflammatory agents. Vitreopharmacolysis 
investigates benefits of biological enzymes in resolution of 
ERM. Intravitreal ocriplasmin was studied in ERM-related 
VMT; however, no data was provided regarding membrane 
degradation.49 No significant effect was observed when 
ocriplasmin was used in ERM subjects with VMT. 

C. Surgical Approach

In ERM, surgery is generally performed in the presence of 
vision loss or symptoms affecting daily living activities. 
To prevent irreversible damage, optimal timing for surgery 
remains to be unclear; however, recent studies concluded 
that surgery should be performed before onset of EIFL on 
OCT imaging. In surgery, the goal is to remove membrane 
and eliminate retinal traction. Given the cell proliferation 
function of ILM, ERM/ILM double peeling has become a 
widely adopted procedure. The ILM peeling allows more 
complete ERM removal, decreasing need for re-operation. 
However, it was seen that ILM peeling was associated with 
substantial number of micro-scotoma and did not improve 
VA outcomes. Thus, some authors recommended double 
only in cases with recurrent ERM.50, 51 some surgeons 
routinely prefer phacoemulsification plus vitrectomy as 
it abolishes need for a second surgery for cataract in the 
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E. Visual Outcomes After Surgery

In ERM cases, vitreoretinal surgery is a safe and effective 
procedure with good visual outcomes. Patients with better 
VA at baseline have better postoperative VA; however, the 
extent of postoperative visual gain is greater in patients 
with poorer preoperative VA.64 It was reported that 
postoperative VA is similar in patients underwent single or 
double membran peeling with mean 2 lines of improvement 
in VA. It is known that metamorphopsia was recovered in 
many patients without improvement in VA.65 Postoperative 
OCT imaging revealed findings suggestive of improvement 
in retinal micro-structure such as gradual restoration of 
foveal structures, recovery of epiretinal contour and partial 
restoration of outer retinal configuration. (Figure 3). It 
was found that VA can continue to improve up to 3 years 
following resolution of intraretinal edema and restoration 
of retina after surgery.66

9. CONCLUSION

Current histopathological studies and advances in imaging 
techniques enable us to better understand ERM pathology. In 
recent studies, significant decrease in VA, metamorphopsia 
and lack of anisocoria were taken as reference when 
considering surgery in ERM patients. Current classification 
using OCT and careful assessment of prognostic factors 
on OCT can provide valuable information on ERM 
progression, surgical timing and postoperative visual gain. 
Although it was reported that visual outcomes are better 
when baseline visual acuity is higher, it is known that 
the extent of visual gain is greater in patients with poorer 
baseline vision. There is no consensus on optimal timing 
of surgery. AI systems integrated into OCT devices have 
potential to help identifying patients who will have benefit 
from surgery by automatic assessment of prognostic factors 
for each patient. Based on these data, surgical indication 
relies on clinician's judgment and subjective symptoms of 
a patient. 
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