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v Grade 0 cellophane maculopathy, which is a 
translucent membrane without distortion of the 
inner retina with no symptoms. 

v Grade 1 crinkled cellophane maculopathy, 
characterized by fine retinal folds, wrinkling of the 
inner retina, and symptoms of metamorphopsia. 

v Grade 2 macular pucker of thick opaque 
membranes with full-thickness retinal distortion.



Group 1: fovea-involving ERM 

1A Outer retinal thickening and minimal inner retinal change 
1B Outer retinal inward projection and inner retinal thickening 
1C Prominent thickening of the inner retinal layer 

Group 2: fovea-sparing ERM

2A Formation of a macular pseudohole 
2B Schisis-like intraretinal splitting 

Clinical Ophthalmology 2016:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

533

Epiretinal membrane classification

 26. Bringmann A, Wiedemann P. Involvement of Muller glial cells in 
epiretinal membrane formation. Graefes Arch Clin Exp Ophthalmol. 
2009;247(7):865–883.

 27. Kase S, Saito W, Yokoi M, et al. Expression of glutamine synthetase 
and cell proliferation in human idiopathic epiretinal membrane.  
Br J Ophthalmol. 2006;90(1):96–98.

 28. Kohno RI, Hata Y, Kawahara S, et al. Possible contribution of hyalo-
cytes to idiopathic epiretinal membrane formation and its contraction. 
Br J Ophthalmol. 2009;93(8):1020–1026.

 29. Qiao H, Hisatomi T, Sonoda KH, et al. The characterization of hyalo-
cytes: the origin, phenotype, and turnover. Br J Ophthalmol. 2005; 
89(4):513–517.

 30. Ohsawa K, Imai Y, Sasaki Y, Kohsaka S. Microglia/macrophage-
specific protein Iba1 binds to fimbrin and enhances its actin-bundling 
activity. J Neurochem. 2004;88(4):844–856.

 31. Smiddy WE, Maguire AM, Green WR, et al. Idiopathic epiretinal 
membranes. Ultrastructural characteristics and clinicopathologic cor-
relation. Ophthalmology. 1989;96(6):811–820.

 32. Kampik A, Kenyon WR, Michels RG, Green WR, de la Cruz ZC. 
Epiretinal and vitreous membranes. Comparative study of 56 cases. 
Arch Ophthalmol. 1981;99(8):1445–1454.

 33. Michels RG. A clinical and histopathologic study of epiretinal mem-
branes affecting the macula and removed by vitreous surgery. Trans 
Am Ophthalmol Soc. 1982;80:580–656.

 34. Guidry C, Bradley KM, King JL. Tractional force generation by human 
Muller cells: growth factor responsiveness and integrin receptor involve-
ment. Invest Ophthalmol Vis Sci. 2003;44(3):1355–1363.

 35. Parapuram SK, Chang B, Li L, et al. Differential effects of TGFbeta 
and vitreous on the transformation of retinal pigment epithelial cells. 
Invest Ophthalmol Vis Sci. 2009;50(12):5965–5974.

 36. Kritzenberger M, Junglas B, Framme C, et al. Different collagen types 
define two types of idiopathic epiretinal membranes. Histopathology. 
2011;58(6):953–965.

 37. Okada M, Ogino N, Matsumura M, Honda Y, Nagai Y. Histological 
and immunohistochemical study of idiopathic epiretinal membrane. 
Ophthalmic Res. 1995;27(2):118–128.

 38. George B, Chen S, Chaudhary V, Gonder J, Chakrabarti S. Extracellular 
matrix proteins in epiretinal membranes and in diabetic retinopathy. 
Curr Eye Res. 2009;34(2):134–144.

 39. Yazici AT, Alagöz N, Celik HU, et al. Idiopathic and secondary 
epiretinal membranes: do they differ in terms of morphology? An optical 
coherence tomography-based study. Retina. 2011;31(4):779–784.

 40. Asato R, Yoshida S, Ogura A, et al. Comparison of gene expression 
profile of epiretinal membranes obtained from eyes with proliferative 
vitreoretinopathy to that of secondary epiretinal membranes. PLoS One. 
2013;8(1):e54191.

 41. Yoshimura T, Sonoda KH, Sugahara M, et al. Comprehensive analysis 
of inflammatory immune mediators in vitreoretinal diseases. PLoS One. 
2009;4(12):e8158.

 42. Tang S, Scheiffarth OF, Wildner G, Thurau SR, Lund OE. Lympho-
cytes, macrophages and HLA-DR expression in vitreal and epiretinal 
membranes of proliferative vitreoretinopathy. An immunohistochemical 
study. Ger J Ophthalmol. 1992;1(3–4):176–179.

 43. Tamura K, Yokoyama T, Ebihara N, Murakami A. Histopathologic 
analysis of the internal limiting membrane surgically peeled from eyes 
with diffuse diabetic macular edema. Jpn J Ophthalmol. 2012;56(3): 
280–287.

 44. Tilgner J, Volk B, Kaltschmidt C. Continuous interleukin-6 application 
in vivo via macroencapsulation of interleukin-6-expressing COS-7 cells 
induces massive gliosis. Glia. 2001;35(3):234–245.

 45. Chen YS, Hackett SF, Schoenfeld CL, Vinores MA, Vinores SA, 
Campochiaro PA. Localisation of vascular endothelial growth factor 
and its receptors to cells of vascular and avascular epiretinal membranes. 
Br J Ophthalmol. 1997;81(10):919–926.

 46. Hsu YR, Yang CM, Yeh PT. Clinical and histological features of 
epiretinal membrane after diabetic vitrectomy. Graefes Arch Clin Exp 
Ophthalmol. 2014;252(3):401–410.

 47. McLeod D, Hiscott PS, Grierson I. Age-related cellular proliferation 
at the vitreoretinal juncture. Eye (Lond). 1987;1:263–281.

 48. Wise GN. Clinical features of idiopathic preretinal macular fibrosis. 
Schoenberg Lecture. Am J Ophthalmol. 1975;79(3):347–349.

 49. Ryan SJ. Epiretinal membrane. In: Ryan SJ, Schachat AP, Wilkinson CP, 
Hinton DR, Sadda SR, Wiedemann P, editors. Retina – 5th ed. Philadelphia, 
PA: Saunders (Imprint) Elselvier; 2013:1955–1957.

 50. Do DV, Cho M, Nguyen QD, et al. The impact of optical coherence 
tomography on surgical decision making in epiretinal membrane and vit-
reomacular traction. Trans Am Ophthalmol Soc. 2006;104:161–166.

 51. Choma M, Sarunic M, Yang C, Izatt J. Sensitivity advantage of swept 
source and Fourier domain optical coherence tomography. Opt Express. 
2003;11(18):2183–2189.

 52. Gabriele ML, Wollstein G, Ishikawa H, et al. Optical coherence tomog-
raphy: history, current status, and laboratory work. Invest Ophthalmol 
Vis Sci. 2011;52(5):2425–2436.

 53. Drexler W, Morgner U, Ghanta RK, Kärtner FX, Schuman JS, 
Fujimoto JG. Ultrahigh-resolution ophthalmic optical coherence 
tomography. Nat Med. 2001;7(4):502–507.

 54. Wojtkowski M, Leitgeb R, Kowalczyk A, Bajraszewski T, Fercher AF. 
In vivo human retinal imaging by Fourier domain optical coherence 
tomography. J Biomed Opt. 2002;7(3):457–463.

 55. Duker JS, Kaiser PK, Binder S, et al. The International Vitreomacular 
Traction Study Group classification of vitreomacular adhesion, traction, 
and macular hole. Ophthalmology. 2013;120(12):2611–2619.

 56. Wilkins JR, Puliafito CA, Hee MR, et al. Characterization of epiretinal 
membranes using optical coherence tomography. Ophthalmology. 
1996;103(12):2142–2151.

 57. Mori K, Gehlbach PL, Sano A, Deguchi T, Yoneya S. Comparison of 
epiretinal membranes of differing pathogenesis using optical coherence 
tomography. Retina. 2004;24(1):57–62.

 58. Hwang JU, Sohn J, Moon BG, et al. Assessment of macular function 
for idiopathic epiretinal membranes classified by spectral-domain 
optical coherence tomography. Invest Ophthalmol Vis Sci. 2012;53(7): 
3562–3569.

 59. Konidaris V, Androudi S, Alexandridis A, Dastiridou A, Brazitikos P. 
Optical coherence tomography-guided classification of epiretinal mem-
branes. Int Ophthalmol. 2015;35(4):495–501.

 60. Suh MH, Seo JM, Park KH, Yu HG. Associations between macular find-
ings by optical coherence tomography and visual outcomes after epireti-
nal membrane removal. Am J Ophthalmol. 2009;147(3):473.e–480.e.

 61. Mitamura Y, Hirano K, Baba T, Yamamoto S. Correlation of visual 
recovery with presence of photoreceptor inner/outer segment junction 
in optical coherence images after epiretinal membrane surgery. Br J 
Ophthalmol. 2009;93(2):171–175.

 62. Falkner-Radler CI, Glittenberg C, Hagen S, Benesch T, Binder S. 
Spectral-domain optical coherence tomography for monitoring epireti-
nal membrane surgery. Ophthalmology. 2010;117(4):798–805.

 63. Inoue M, Morita S, Watanabe Y, et al. Preoperative inner segment/
outer segment junction in spectral-domain optical coherence tomog-
raphy as a prognostic factor in epiretinal membrane surgery. Retina. 
2011;31(7):1366–1372.

 64. Shimozono M, Oishi A, Hata M, et al. The significance of cone outer 
segment tips as a prognostic factor in epiretinal membrane surgery. Am 
J Ophthalmol. 2012;153(4):698–704;704.e1.

 65. Kinoshita T, Imaizumi H, Okushiba U, Miyamoto H, Ogino T, 
Mitamura Y. Time course of changes in metamorphopsia, visual acu-
ity, and OCT parameters after successful epiretinal membrane surgery. 
Invest Ophthalmol Vis Sci. 2012;53(7):3592–3597.

 66. Itoh Y, Inoue M, Rii T, Hirota K, Hirakata A. Correlation between foveal 
cone outer segment tips line and visual recovery after epiretinal mem-
brane surgery. Invest Ophthalmol Vis Sci. 2013;54(12):7302–7308.

 67. Kim JH, Kang SW, Kong MG, Ha HS. Assessment of retinal layers 
and visual rehabilitation after epiretinal membrane removal. Graefes 
Arch Clin Exp Ophthalmol. 2013;251(4):1055–1064.

 68. Brito PN, Gomes NL, Vieira MP, et al. Possible role for fundus 
autofluorescence as a predictive factor for visual acuity recovery after 
epiretinal membrane surgery. Retina. 2014;34(2):273–280.



Clinical Ophthalmology 2016:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

533

Epiretinal membrane classification

 26. Bringmann A, Wiedemann P. Involvement of Muller glial cells in 
epiretinal membrane formation. Graefes Arch Clin Exp Ophthalmol. 
2009;247(7):865–883.

 27. Kase S, Saito W, Yokoi M, et al. Expression of glutamine synthetase 
and cell proliferation in human idiopathic epiretinal membrane.  
Br J Ophthalmol. 2006;90(1):96–98.

 28. Kohno RI, Hata Y, Kawahara S, et al. Possible contribution of hyalo-
cytes to idiopathic epiretinal membrane formation and its contraction. 
Br J Ophthalmol. 2009;93(8):1020–1026.

 29. Qiao H, Hisatomi T, Sonoda KH, et al. The characterization of hyalo-
cytes: the origin, phenotype, and turnover. Br J Ophthalmol. 2005; 
89(4):513–517.

 30. Ohsawa K, Imai Y, Sasaki Y, Kohsaka S. Microglia/macrophage-
specific protein Iba1 binds to fimbrin and enhances its actin-bundling 
activity. J Neurochem. 2004;88(4):844–856.

 31. Smiddy WE, Maguire AM, Green WR, et al. Idiopathic epiretinal 
membranes. Ultrastructural characteristics and clinicopathologic cor-
relation. Ophthalmology. 1989;96(6):811–820.

 32. Kampik A, Kenyon WR, Michels RG, Green WR, de la Cruz ZC. 
Epiretinal and vitreous membranes. Comparative study of 56 cases. 
Arch Ophthalmol. 1981;99(8):1445–1454.

 33. Michels RG. A clinical and histopathologic study of epiretinal mem-
branes affecting the macula and removed by vitreous surgery. Trans 
Am Ophthalmol Soc. 1982;80:580–656.

 34. Guidry C, Bradley KM, King JL. Tractional force generation by human 
Muller cells: growth factor responsiveness and integrin receptor involve-
ment. Invest Ophthalmol Vis Sci. 2003;44(3):1355–1363.

 35. Parapuram SK, Chang B, Li L, et al. Differential effects of TGFbeta 
and vitreous on the transformation of retinal pigment epithelial cells. 
Invest Ophthalmol Vis Sci. 2009;50(12):5965–5974.

 36. Kritzenberger M, Junglas B, Framme C, et al. Different collagen types 
define two types of idiopathic epiretinal membranes. Histopathology. 
2011;58(6):953–965.

 37. Okada M, Ogino N, Matsumura M, Honda Y, Nagai Y. Histological 
and immunohistochemical study of idiopathic epiretinal membrane. 
Ophthalmic Res. 1995;27(2):118–128.

 38. George B, Chen S, Chaudhary V, Gonder J, Chakrabarti S. Extracellular 
matrix proteins in epiretinal membranes and in diabetic retinopathy. 
Curr Eye Res. 2009;34(2):134–144.

 39. Yazici AT, Alagöz N, Celik HU, et al. Idiopathic and secondary 
epiretinal membranes: do they differ in terms of morphology? An optical 
coherence tomography-based study. Retina. 2011;31(4):779–784.

 40. Asato R, Yoshida S, Ogura A, et al. Comparison of gene expression 
profile of epiretinal membranes obtained from eyes with proliferative 
vitreoretinopathy to that of secondary epiretinal membranes. PLoS One. 
2013;8(1):e54191.

 41. Yoshimura T, Sonoda KH, Sugahara M, et al. Comprehensive analysis 
of inflammatory immune mediators in vitreoretinal diseases. PLoS One. 
2009;4(12):e8158.

 42. Tang S, Scheiffarth OF, Wildner G, Thurau SR, Lund OE. Lympho-
cytes, macrophages and HLA-DR expression in vitreal and epiretinal 
membranes of proliferative vitreoretinopathy. An immunohistochemical 
study. Ger J Ophthalmol. 1992;1(3–4):176–179.

 43. Tamura K, Yokoyama T, Ebihara N, Murakami A. Histopathologic 
analysis of the internal limiting membrane surgically peeled from eyes 
with diffuse diabetic macular edema. Jpn J Ophthalmol. 2012;56(3): 
280–287.

 44. Tilgner J, Volk B, Kaltschmidt C. Continuous interleukin-6 application 
in vivo via macroencapsulation of interleukin-6-expressing COS-7 cells 
induces massive gliosis. Glia. 2001;35(3):234–245.

 45. Chen YS, Hackett SF, Schoenfeld CL, Vinores MA, Vinores SA, 
Campochiaro PA. Localisation of vascular endothelial growth factor 
and its receptors to cells of vascular and avascular epiretinal membranes. 
Br J Ophthalmol. 1997;81(10):919–926.

 46. Hsu YR, Yang CM, Yeh PT. Clinical and histological features of 
epiretinal membrane after diabetic vitrectomy. Graefes Arch Clin Exp 
Ophthalmol. 2014;252(3):401–410.

 47. McLeod D, Hiscott PS, Grierson I. Age-related cellular proliferation 
at the vitreoretinal juncture. Eye (Lond). 1987;1:263–281.

 48. Wise GN. Clinical features of idiopathic preretinal macular fibrosis. 
Schoenberg Lecture. Am J Ophthalmol. 1975;79(3):347–349.

 49. Ryan SJ. Epiretinal membrane. In: Ryan SJ, Schachat AP, Wilkinson CP, 
Hinton DR, Sadda SR, Wiedemann P, editors. Retina – 5th ed. Philadelphia, 
PA: Saunders (Imprint) Elselvier; 2013:1955–1957.

 50. Do DV, Cho M, Nguyen QD, et al. The impact of optical coherence 
tomography on surgical decision making in epiretinal membrane and vit-
reomacular traction. Trans Am Ophthalmol Soc. 2006;104:161–166.

 51. Choma M, Sarunic M, Yang C, Izatt J. Sensitivity advantage of swept 
source and Fourier domain optical coherence tomography. Opt Express. 
2003;11(18):2183–2189.

 52. Gabriele ML, Wollstein G, Ishikawa H, et al. Optical coherence tomog-
raphy: history, current status, and laboratory work. Invest Ophthalmol 
Vis Sci. 2011;52(5):2425–2436.

 53. Drexler W, Morgner U, Ghanta RK, Kärtner FX, Schuman JS, 
Fujimoto JG. Ultrahigh-resolution ophthalmic optical coherence 
tomography. Nat Med. 2001;7(4):502–507.

 54. Wojtkowski M, Leitgeb R, Kowalczyk A, Bajraszewski T, Fercher AF. 
In vivo human retinal imaging by Fourier domain optical coherence 
tomography. J Biomed Opt. 2002;7(3):457–463.

 55. Duker JS, Kaiser PK, Binder S, et al. The International Vitreomacular 
Traction Study Group classification of vitreomacular adhesion, traction, 
and macular hole. Ophthalmology. 2013;120(12):2611–2619.

 56. Wilkins JR, Puliafito CA, Hee MR, et al. Characterization of epiretinal 
membranes using optical coherence tomography. Ophthalmology. 
1996;103(12):2142–2151.

 57. Mori K, Gehlbach PL, Sano A, Deguchi T, Yoneya S. Comparison of 
epiretinal membranes of differing pathogenesis using optical coherence 
tomography. Retina. 2004;24(1):57–62.

 58. Hwang JU, Sohn J, Moon BG, et al. Assessment of macular function 
for idiopathic epiretinal membranes classified by spectral-domain 
optical coherence tomography. Invest Ophthalmol Vis Sci. 2012;53(7): 
3562–3569.

 59. Konidaris V, Androudi S, Alexandridis A, Dastiridou A, Brazitikos P. 
Optical coherence tomography-guided classification of epiretinal mem-
branes. Int Ophthalmol. 2015;35(4):495–501.

 60. Suh MH, Seo JM, Park KH, Yu HG. Associations between macular find-
ings by optical coherence tomography and visual outcomes after epireti-
nal membrane removal. Am J Ophthalmol. 2009;147(3):473.e–480.e.

 61. Mitamura Y, Hirano K, Baba T, Yamamoto S. Correlation of visual 
recovery with presence of photoreceptor inner/outer segment junction 
in optical coherence images after epiretinal membrane surgery. Br J 
Ophthalmol. 2009;93(2):171–175.

 62. Falkner-Radler CI, Glittenberg C, Hagen S, Benesch T, Binder S. 
Spectral-domain optical coherence tomography for monitoring epireti-
nal membrane surgery. Ophthalmology. 2010;117(4):798–805.

 63. Inoue M, Morita S, Watanabe Y, et al. Preoperative inner segment/
outer segment junction in spectral-domain optical coherence tomog-
raphy as a prognostic factor in epiretinal membrane surgery. Retina. 
2011;31(7):1366–1372.

 64. Shimozono M, Oishi A, Hata M, et al. The significance of cone outer 
segment tips as a prognostic factor in epiretinal membrane surgery. Am 
J Ophthalmol. 2012;153(4):698–704;704.e1.

 65. Kinoshita T, Imaizumi H, Okushiba U, Miyamoto H, Ogino T, 
Mitamura Y. Time course of changes in metamorphopsia, visual acu-
ity, and OCT parameters after successful epiretinal membrane surgery. 
Invest Ophthalmol Vis Sci. 2012;53(7):3592–3597.

 66. Itoh Y, Inoue M, Rii T, Hirota K, Hirakata A. Correlation between foveal 
cone outer segment tips line and visual recovery after epiretinal mem-
brane surgery. Invest Ophthalmol Vis Sci. 2013;54(12):7302–7308.

 67. Kim JH, Kang SW, Kong MG, Ha HS. Assessment of retinal layers 
and visual rehabilitation after epiretinal membrane removal. Graefes 
Arch Clin Exp Ophthalmol. 2013;251(4):1055–1064.

 68. Brito PN, Gomes NL, Vieira MP, et al. Possible role for fundus 
autofluorescence as a predictive factor for visual acuity recovery after 
epiretinal membrane surgery. Retina. 2014;34(2):273–280.

Group 1: fovea-involving ERM 

1A Outer retinal thickening and minimal inner retinal change 
1B Outer retinal inward projection and inner retinal thickening 
1C Prominent thickening of the inner retinal layer 

Group 2: fovea-sparing ERM

2A Formation of a macular pseudohole 
2B Schisis-like intraretinal splitting 



Group A: with posterior vitreous detachment

v A1  no contraction
v A2  contraction

v A2.1 with retinal folding
v A2.2 with edema
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Classificazioni dal valore descrittivo basate sulle caratteristiche 
del quadro tomografico
Mancanza di consenso circa la loro reale validità clinica
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Kinoshita T, Kovacs KD, Wagley S, Arroyo JG. Morphologic differences in epiretinal membranes on ocular 
coherence tomography as a predictive factor for surgical outcome. Retina. 2011;31(8):1692-1698. 

Uji A, Murakami T, Unoki N, et al. Parallelism as a novel marker for structural integrity of retinal layers in 
optical coherence tomographic images in eyes with epiretinal membrane. Am J Ophthalmol. 
2014;157(1):227-236. 

Joe SG, Lee KS, Lee JY, Hwang JU, Kim JG, Yoon YH. Inner retinal layer thickness is the major determinant 
of visual acuity in patients with idiopathic epiretinal membrane. Acta Ophthalmol. 2013;91(3):242-243. 



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 Mar;175:99-113.

v Stage 1: ERMs were mild and thin. Foveal 
depression is present.

v Stage 2: ERMs with a widening of the outer 
nuclear layer and loss of the foveal depression.

v Stage 3: ERMs with continuous ectopic inner 
foveal layers crossing the entire foveal area.

v Stage 4: ERMs were thick with continuous ectopic 
inner foveal layers and disrupted retinal layers. 

the cotton ball sign. In half of the cases that underwent sur-
gery, the cotton ball sign disappeared within 6 months and
the CFT was significantly thinner than in eyes where the
cotton ball sign did not disappear. The authors speculate
the chronicity of the traction and development of the cotton
ball sign may be a predictor of ERM severity.

Building on the description of the cotton ball sign,
Govetto et al89 hypothesise that a 100-μm diameter zone
they call the “central bouquet” is the most susceptible to
tractional damage in ERM and displays the most impor-
tant pathology. The authors argue that the central bou-
quet abnormalities may comprise a continuous clinical
spectrum caused by force transmission through Müller
cells and are manifested on SD-OCT as one of three

appearances: the cotton ball sign, acquired vitelliform
lesions (Figure 6B) or foveolar detachment (Figure 6C).
In a retrospective case series, 58 of 263 eyes with ERM
were found to have tractional abnormalities of the central
bouquet, the majority (36/58 = 62.1%) of which had the
cotton ball sign.89 The cotton ball sign was associated
with better visual acuities, whereas acquired vitelliform
lesions were associated with worse visual acuities. Eyes
with EIFL were less likely to have central bouquet
pathology, for which it may be protective against.
Changes to the central bouquet are yet to be incorporated
into an ERM classification system.

7.1.5 | Prognostic markers on OCT

The optimal timing of surgical intervention for ERM has
been a topic of contentious debate. Objective findings on
SD-OCT may be able to provide the evidence for
predicting postoperative VA. Numerous studies have
reported OCT measurements which correlate to visual
prognosis, with attempts at incorporating such bio-
markers into newer ERM classification systems. Features
on OCT predicting a better prognosis include: absence of
EIFL,90-92 inner retinal irregularity, CMO93 or acquired
vitelliform lesions89; preserved integrity of the EZ83,93,94

and COST94; and thinner CFT and preoperative ganglion
cell layer-inner plexiform layer (GCL-IPL).95,96

Earlier studies demonstrated the importance of the
outer retinal layers, particularly the EZ and COST line
integrities in predicting postoperative VA.83,94,97 However,
the pathology of ERM involves tangential traction on the
inner retinal layers. Therefore, investigation of outer reti-
nal architecture alone is insufficient to predict postopera-
tive prognosis and more recent studies have shifted focus
to the inner retina. The area and depth of traction correlate
positively with the extent of intraretinal changes and nega-
tively with VA.98 Retrospective studies of patients undergo-
ing ERM surgery by Govetto et al.90 Sato et al91 and
Gonzalez-Saldivar et al92 demonstrated that the presence
and thickness of preoperative EIFL had a significantly
poorer postoperative visual prognosis than comparator
groups without EIFL. These studies suggest that the opti-
mal timeframe for surgery could be before the develop-
ment of EIFL. There may be a reversibility component to
the damage inflicted by ERM, with recovery less likely in
eyes with EIFL (ERM stages 3 and 4). Okamoto et al99

found greater INL thickness in iERM correlated well with
preoperative and postoperative metamorphopsia.

A systematic review by Miguel and Legris96 found a
thinner CFT, thinner GCL-IPL and retained integrity of
the EZ were all associated with better postoperative VA
improvements. Although a thicker preoperative GCL-IPL

FIGURE 5 Govetto et al84 optical coherence tomography
classification of epiretinal membrane. Stage 1: the foveal pit is
present and there are well-defined retinal layers. Stage 2: the foveal
pit is absent but there are well-defined retinal layers. Stage 3: the
foveal pit is absent, there is the addition of a continuous ectopic
inner foveal layer (EIFL) but the retinal layers are still well defined.
Stage 4: the foveal pit is absent, there is an EIFL and the retinal
layers are disrupted
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v «A higher ERM stage using this classification system correlated with poorer VA, greater central 
foveal thickness (CFT), an increased prevalence of CMO, ellipsoid zone (EZ) disruption, and a 
reduction in the size of the foveal avascular zone (FAZ).»

Altri autori hanno confermato la validità clinica di questa classificazione

Doguizi S, Sekeroglu MA, Ozkoyuncu D, Omay AE, Yilmazbas P. Clinical significance of ectopic inner 
foveal layers in patients with idiopathic epiretinal membranes. Eye (Lond). 2018;32:1652-1660. 
v «VA was found to decrease in an inverse linear relationship the higher the ERM stage. 

Furthermore, significant predictors of VA included the presence and thickness of the EIFL, as well 
as greater CFT.»

Alkabes M, Fogagnolo P, Vujosevic S, Rossetti L, Casini G, De Cilla S. Correlation between new OCT 
parameters and metamorphopsia in advanced stages of epiretinal membranes. Acta Ophthalmol. 
2020;98(8):780-786. 
v «the EIFL is a good predictor of metamorphopsia.»



González-Saldivar G, Berger A, Wong D, Juncal V, Chow DR. Ectopic inner foveal layer classificaFon scheme predicts visual 
outcomes aHer epireFnal membrane surgery. Re#na 2020;40(4):710-717. 

Terashima H, Okamoto F, Hasebe H, Matsuoka N, Ueda E, Yoshida H, Togano T, Fukuchi T. EvaluaFon of postoperaFve visual 
funcFon based on the preoperaFve inner layer structure in the epireFnal membrane. Graefes Arch Clin Exp Ophthalmol
2021;259(11):3251-3259. 

Karasu B, Celebi ARC. PredicFve value of ectopic inner foveal layer without internal limiFng membrane peeling for idiopathic 
epireFnal membrane surgery. Int Ophthalmol 2022;42(6):1885-1896. 

Mavi Yildiz A, Avci R, Yilmaz S. The predicFve value of ectopic inner reFnal layer staging scheme for idiopathic epireFnal 
membrane: surgical results at 12mo. Eye (Lond) 2021;35(8):2164-2172. 

Migliori risulta, in termini di AV e riduzione del CFT operando lo stadio II rispe9o al III e IV
Risulta, sta,s,camente simili tra stadio III e IV
Risulta, peggiori, come prevedibile, operando allo stadio I



OCT preoperatorio

v Il primo aspetto prognostico considerato: Spessore Foveale Centrale 
(Central Foveal Thickness, CFT)

v In seguito diversi Studi hanno dimostrato l’importanza dell’integrità degli 
strati retinici esterni come importante fattore prognostico (cone outer 
segment termina.on, COST; ellipsoide zone, EZ) 

v Tuttavia, la patogenesi delle membrane epiretiniche coinvolge la trazione 
tangenziale a carico degli strati retinici interni, per cui l’attenzione negli 
studi più recenti è shiftata verso questi ultimi, con i concetti di ectopia 
degli strati retinici interni (Ectopic Inner Foveal Layers, EIFL) e 
mantenimento dell’integrità delle cellule ganglionari e di Muller



Pichi F, Lembo A, Morara M, et al. Early and late inner 
retinal changes after inner limiting membrane peeling. 
Int Ophthalmol. 2014;34(2):437-446. 

Scupola A, Grimaldi G, Abed E, et al. Arcuate nerve 
fiber layer changes after internal limiting membrane 
peeling in idiopathic epiretinal membrane. Retina. 
2018;38(9):1777-1785. 

• Swelling of the arcuate nerve fibre layer (SANFL).
• This transient feature lasts up to 3 months and is seen 

as a hyper- reflectant swelling of the retinal nerve 
fibre layer (RNFL) in the papillomacular bundle on 
SD-OCT.

• It is thought to result from peeling of the ILM, either 
by direct surgical trauma to the RNFL or damage to 
the Muller cell endplates.

• Early SANFL has been correlated with late focal RNFL 
thinning of the temporal macula up to 1 year 
following surgery.

OCT postoperatorio



Tadayoni R, Paques M, Massin P, Mouki-Benani S, Mikol J, Gaudric A. Dissociated 
optic nerve fiber layer appearance of the fundus after idiopathic epiretinal 
membrane removal. Ophthalmology. 2001;108(12):2279-2283. 

Spaide RF. “Dissociated optic nerve fiber layer appearance” after internal limiting 
membrane removal is inner retinal dimpling. Retina. 2012;32(9):1719-1726. 

• Almost half of patients who undergo ERM peeling 
demonstrate postoperative dark arcuate striae along the 
RNFL visible with blue light filters, described as 
“dissociated optic nerve fibre layer” (DONFL) 
• One hypothesis is that it represents regeneration of 

traumatised Müller cell processes. Some authors claim 
it may actually represent a successful peel rather than 
a complication.



Hsieh MH, Chou YB, Huang YM, Hwang DK, Tsai FY, Chen SJ. Inner nuclear layer 
microcyst configuration, distri- bution, and visual prognosis in patients with 
epiretinal mem- brane after vitrectomy and membrane peeling. Sci Rep. 2019;9 
(1):11570. 

v INL microcystic macular oedema (MMO) can precede 
ERM surgery but is more common after combined 
ERM/ILM peeling
v The nasal quadrant is most commonly affected and the INL is 

thickened but the GCL thinned.
v Some studies have identified poorer visual outcomes with 

MMO, particularly when present in the central and temporal 
quad- rants.

v One hypothesis for MMO is that it is a non- vascular retrograde 
maculopathy caused by ganglion cell loss affecting Müller cell 
water pumping function. 



Loiudice P, Pellegrini M, Montesel A, et al. Negative correlation between retinal 
displacement and ganglion cell layer thickness changes in eyes with epiretinal 
membrane. Eur J Ophthalmol. 2019;30(6):1424-1431. 

v Retinal displacement of the fovea towards the optic 
disc after surgery has been described 
v Likely due to an imbalance of nasal and temporal 

biomechanical forces after the release of ERM traction.
v Stretching and thinning of the retina mostly occur 

temporal to the fovea, and the nasal subfield initially 
thickens 

v It seems to be related with persistent postoperative 
metamorphopsia





Gass JD. Idiopathic senile macular hole: its early stages and 
pathogenesis. 1988. Retina. 2003 Dec;23(6 Suppl):629-
39. [PubMed: 15035400]

v Stage 1 MH/impending MH: Loss of foveal depression. Stage 1A: 
detachment of foveola and yellow-colored spots in the center. Stage 
1B foveolar detachment and yellow-colored ring surrounding 
detachment. Nearly 50% of Stage 1 MH undergo spontaneous 
resolution after vitreoretinal separation.

v Stage 2 MH: full-thickness neurosensory retinal defect in fovea but 
less than 400 micrometers in size. Sometimes the attached posterior 
cortical vitreous is evident on OCT. Almost 100% of this stage 
progress into stage 3.

v Stage 3 MH: full-thickness neurosensory retinal defect in fovea but 
greater than 400 micrometers in size. They are sometimes 
associated with a grayish macular rim, which indicates a cuff of 
subretinal fluid. Usually, PVD is started in this stage with or without 
operculum (but complete PVD or separation of the posterior vitreous 
face from the optic disc is absent), and 100% will go into stage 4.

v Stage 4 MH: stage 3 MH with complete PVD indicated by Weiss ring.

https://pubmed.ncbi.nlm.nih.gov/15035400


Duker JS, Kaiser PK, Binder S, de Smet MD, Gaudric A, Reichel E, Sadda SR, 
Sebag J, Spaide RF, Stalmans P. The International Vitreomacular Traction Study 
Group classification of vitreomacular adhesion, traction, and macular 
hole. Ophthalmology. 2013 Dec;120(12):2611-2619. [PubMed: 24053995]

https://pubmed.ncbi.nlm.nih.gov/24053995




Macular hole size as a prognostic factor in macular hole surgery. S 
Ullrich, C Haritoglou, C Gass, M Schaumberger, M W Ulbig, A Kampik. 
Br J Ophthalmol 2002;86:390–393 

Frequently assessed and used prognostic factors for outcome after 
macular hole surgery.Roth et al. Ophthalmology (2021) 21:398

v The minimum linear diameter serves as an easily 
assessed prognostic factor with the best 
predictive properties. This result is of great 
importance for clinical practice, as it simplifies 
the postsurgical prognosis. 



Kusuhara S, Teraoka Escaño MF, Fujii S, Nakanishi Y, Tamura Y, Nagai A, Yamamoto H, 
Tsukahara Y, Negi A. Prediction of postoperative visual outcome based on hole configuration 
by optical coherence tomography in eyes with idiopathic macular holes. Am J 
Ophthalmol. 2004 Nov;138(5):709-16.

Ruiz-Moreno JM, Staicu C, Piñero DP, Montero J, Lugo F, Amat P. Optical coherence 
tomography predictive factors for macular hole surgery outcome. Br J Ophthalmol. 2008 
May;92(5):640-4.
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Hole Forming Factor (HFF)

v It is the ratio of the right and left arm length (measured to the minimum diameter of the hole from the 
base) to the base diameter of the MH. HFF greater than 0.9 carries a good prognosis, and less than 0.5 
carries a poor prognosis for anatomical closure.



Macular Hole Index (MHI)

v It indicates the ratio of MH height to MH base diameter. MHI greater than 0.5 carries a better prognosis



Diameter Hole Index (DHI)

v It is the ratio of the minimum diameter of the hole to the diameter of the hole base. It signifies tangential traction. 
DHI less than 0.5 carries a good prognosis.



Tractional Hole Index (THI)

v It indicates the ratio of maximum MH height to the minimum diameter of MH. It signifies vertical traction 
or retinal hydration. THI greater than 1.41 indicates a better prognosis.



Kang SW, Ahn K, Ham DI. Types of macular hole closure and their clinical 
implications. Br J Ophthalmol. 2003 Aug;87(8):1015-9. [PMC free article: 
PMC1771782] [PubMed: 12881347]

Postoperative Prognostic Factors

v The integrity of the inner segment: outer segment junction (IS: OS junction) or ellipsoid zone in OCT

v Type of closure: Type 1, i.e., without foveal neurosensory retinal (NSR) defect, carries a good prognosis, 
while type 2, i.e., with foveal NSR defect, carries a bad prognosis.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1771782/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1771782/
https://pubmed.ncbi.nlm.nih.gov/12881347
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