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This study retrospectively analyzed medical records of 354 epiretinal membrane (ERM) eyes of 
339 patients with 6-month postoperative follow-up to investigate the correlation between ectopic 
foveal inner layer (EIFL) and the EIFL-based ERM staging system with the anatomical and functional 
prognosis post pars plana vitrectomy (PPV) combined with cataract surgery. Our results showed 
preoperative ERM stage (tau-b = 0.196, P < 0.001), disorganization of the retinal inner layers (DRIL) 
severity (tau-b = 0.248, P < 0.001), central foveal thickness (CFT) (R = 0.387, P < 0.001) and EIFL thickness 
(R = 0.315, P < 0.001) were positively correlated with logMAR best corrected visual acuity (BCVA) at 
6-month follow-up. Preoperative ERM stage (tau-b = 0.285, P < 0.001) and DRIL severity (tau-b = 0.239, 
P < 0.001) were positively correlated with CFT at 6-month follow-up. No significant correlation was 
found between ERM staging (P = 0.054) with macular edema (ME) resolution at 6 months. More 
advanced ERM stage (R = 0.494, P < 0.001) and DRIL severity (R = 0.379, P = 0.005) were significantly 
correlated with persistent newly onset ME at 6 months. Our findings showed that ERM staging based 
on EIFL could be a simple and intuitive way to predict the short-term functional and anatomical 
outcomes post-PPV.
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Idiopathic epiretinal membrane (iERM) is a common vitreoretinal condition caused by the proliferation of glial 
cells and retinal pigment epithelial cells at the surface of the inner limiting membrane (ILM). The prevalence 
reported in previous literature ranges from 2.2 to 28.9%, which increases with age1,2. Early ERM usually 
presents with no obvious symptoms, but as the condition progresses, patients may report metamorphopsia and 
decreased vision. Govetto et al. first coined the concept of continuous ectopic inner foveal layer (EIFL) on optical 
coherence tomography (OCT), a continuous hypo- or hyper-reflective band at inner nuclear layer (INL) and 
inner plexiform layer (IPL), which is visible on all OCT scans centered on the fovea; they further developed a 
ERM staging system based on the presence of EIFL1. Currently, pars plana vitrectomy (PPV) combined with 
ERM with or without ILM peeling is a standard procedure for surgical treatment of ERM3, though post-surgery 
anatomical and functional improvement vary and there is no consensus on a satisfactory clinical marker for 
predicting the prognosis of ERM eye post-surgery. Previous studies have suggested that the presence of EIFL 
may suggest poor postoperative visual prognosis2,4. However, there are currently limited clinical studies on the 
clinical significance of this new ERM staging system for predicting the prognosis of patients post vitrectomy 
combined with ERM and ILM peeling. This study aimed to provide more insights for the clinical significance 
and prognosis predicting value of the ERM staging system based on EIFL.

Materials and methods
This was a retrospective longitudinal study. This retrospective study was approved by the Ethic Committee 
of Peking University People’s Hospital and adhered to the tenets of the Declaration of Helsinki. Due to the 
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retrospective nature of the study, the need to obtain the informed consent and approval was waived by the 
Ethic Committee of Peking University People’s Hospital. This study retrospectively enrolled 354 ERM eyes of 
339 patients that met the inclusion criteria and no exclusion criteria at Peking University People’s Hospital 
from January 1, 2020 to October 30, 2023. Inclusion criteria: (1) Clinical diagnosis of unilateral or bilateral 
ERM. All study eyes underwent combined cataract surgery and PPV with ERM and ILM peeling at our center; 
(2) Postoperative follow-up time was at least 6 months. Exclusion criteria: (1) Co-existing or previous eye 
conditions that may cause secondary ERM, such as uveitis, diabetic retinopathy, retinal vascular occlusion, 
retinal detachment, vitreomacular traction, choroidal neovascularization, age-related macular degeneration, 
etc.; (2) combined with full-thickness or lamellar macular holes; (3) any other eye conditions that affect vision 
except age-related cataracts, such as amblyopia, glaucoma, optic neuropathy or trauma; (5) previous PPV history 
for other eye conditions; (6) poor OCT image quality that affects the measurement of related parameters; (7) 
for eyes with peripheral retinal tears and retinal degenerations, intraoperative photocoagulation treatment 
was performed at the discretion of the surgeon; this study did not exclude eyes with peripheral retinal tears 
and retinal degeneration that were treated with photocoagulation alone during surgery, but eyes that received 
gas or silicone oil tamponade were excluded. As this was a retrospective study, the decision for the timing for 
intervention was at the discretion of the doctor with informed consent from the patients, with patient-reported 
metamorphopsia and decreased vision (no better than decimal visual acuity of 0.6/Snellen visual acuity of 20/32) 
as factors most weighed in in the decision making process. All post-operative eyes received topical levofloxacin 
(5 ml:24.4 mg) four times a day for one week; topical 1% prednisolone acetate four times a day for 1 week, then 
three times a day for 1 week, then twice a day for 1 week, then once a day for 1 week before discontinuation; 
tropicamide phenylephrine (5 mg/5 mg per 1mL) twice a day for four weeks.

All patients underwent best corrected visual acuity (BCVA), slit lamp microscopy, indirect ophthalmoscopy, 
fundus color photography, and OCT examinations before surgery, 1month and 6 months after surgery. BCVA 
was examined using a standard logarithmic visual acuity chart and converted to logarithm of minimal angle 
resolution (logMAR) visual acuity for statistical analysis. OCT radial scans centering on the fovea were performed 
with CIRRUS HD-OCT 5000 (Zeiss Meditec, Inc., Dublin, California, USA, software version 9.6.1.57321), Avanti 
RTVue XR 100-2 (Optovue, Fremont, California, USA, software version 2017.1.0.155) or VG200D (SVision 
Imaging, Ltd., Luoyang, China, software version Van Gogh 3.0). All study eyes received OCT scans with the 
same devices at the initial visit and all follow-up visits. Fundus color photography was performed using Optos 
200Tx (Optos plc, Dunfermline, Scotland, UK) or CLARUS 500 (Zeiss Meditec, Inc., Dublin, California, USA).

In this study, the OCT staging of ERM based on EIFL followed the system proposed by Govetto et al.1: stage 
1 included ERM eyes with minimal anatomical disruptions, clearly distinguishable retinal layers and preserved 
presence of foveal depression; stage 2 included ERM eyes with more progressive anatomical distortions, lost 
foveal depression but still clearly distinguishable retinal layers; stage 3 included ERM eyes with presence of 
continuous EIFL and still clearly defined retinal layers; stage 4 included ERM eyes with continuous EIFL, 
significant retinal thickening and disorganized retina. The thickness of the EIFL and ONL was measured using 
the caliper tool of the OCT softwares. The grading of disorganization of the retinal inner layers (DRIL) followed 
the scoring and grading system reported in the literature5: the border between the ganglion cell–inner plexiform 
layer complex (GCIPL) and INL as well as the border between INL and outer plexiform layer (OPL) were 
evaluated on OCT scans within the central 2000 μm. GCIPL-INL and INL-OPL boundaries were recorded as 
distinguishable (score 0) /indistinguishable (score 1) and regular (score 0)/irregular (score 1); grading score of 0 
was defined as no DRIL, 1–3 mild DRIL and 4 severe DRIL. Presence of macular edema (ME)/intraretinal cysts 
and ellipsoid zone (EZ) disruption were noted. Presence of the round or diffuse hyper-reflective area between 
EZ and interdigitation zone (IZ) at the fovea (Tsunoda sign or “cotton ball” sign), indicating increased traction 
of the photoreceptors6 was recorded. Before surgery and at each follow-up visit, BCVA, central foveal thickness 
(CFT), ONL thickness, ERM stage, DRIL severity, presence of EZ disruption, EIFL, and ME were recorded 
and analyzed. Postoperative BCVA, CFT and presence of ME were indicators used in assessing functional and 
anatomical prognosis of ERM after surgical intervention.

All surgical procedures were performed by three experienced surgeons (H.M., J.Q. and Y.S.). Surgical 
procedures were performed as follows: all included eyes underwent phacoemulsification with intraocular lens 
(IOL) implantation before receiving standard 25G 3-port PPV (CONSTELLATION Vision System, Alcon 
Laboratories, Inc, Fort Worth, Texas, USA); ERM and ILM were peeled under the assistance of indocyanine 
green staining. The ILM peeling area was determined at the discretion of the surgeon, which must extend beyond 
the area of peeled ERM but not beyond the vascular arcades; in cases with minimal ERM-retina adhesion, for 
example, ILM with 1 to 1.5 disc diameter area centering on the fovea would be removed, Postoperative OCT 
confirmed that the ERM of all eyes included had been completely removed during surgery.

Statistical analyses were performed with SPSS (version 26.0.0.0, IBM Corporation, Armonk, NY, ​h​t​t​p​s​:​/​/​w​
w​w​.​i​b​m​.​c​o​m​/​s​p​s​s​​​​​)​. Study eyes were divided into four groups according to their preoperative ERM stages based 
on presence of continuous EIFL for statistical analysis. The Shapiro-Wilk test was used for normality test of 
continuous variables, and the Levene test was used for variance homogeneity test. For nonparametric tests, 
Mann-Whitney U test was used to compare the two groups of continuous variables, and the Kruskal-Wallis H 
test was used to compare the multiple groups. Wilcoxon signed rank test was used to compare the paired samples 
of continuous variables. Fisher exact test was used for categorical variables. The Spearman correlation coefficient 
was used to analyze the correlation between nonparametric continuous variables; the Kendall Tau-b correlation 
coefficient was used to analyze the correlation between continuous variables and ordinal variables; Goodman-
Kruskal Gamma coefficient was used to analyze the correlation between two ordinal variables. Mantel-Haenszel 
chi-square test was used to test the correlation between ordinal categorical variables and dichotomous variables. 
P < 0.05 was considered to be statistically significant. Unless pointed out otherwise, all significance values used 
in this article have been adjusted by the Bonferroni correction for multiple tests.
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Results
This study included 354 eyes of 339 patients (113 male and 241 female) with ERM. At baseline, 13 (3.7%) eyes 
were stage 1 ERM, 89 (25.1%) were stage 2 ERM, 177 (50.0%) were stage 3 ERM and 75 (21.2%) were stage 4 
ERM (Fig. 1). Mean age was 66.8 ± 7.6 (43.0 ~ 89.0) years. Pairwise comparison across groups showed significant 
difference in age between patients with stage 2 and stage 4 ERM (P = 0.002) but not in other pairwise comparisons. 
Clinical characteristics of ERM eyes at baseline and 6-month follow-up were shown in Table 1. Age, preoperative 
BCVA, central foveal thickness (CFT), outer nuclear layer (ONL) thickness, EIFL thickness, presence of ME, 
presence of EZ disruption and presence of “cotton ball” sign all showed significant differences between groups. 
Stage 4 ERM eyes had worse preoperative logMAR BCVA than stage 1 (P = 0.002), stage 2 (P < 0.001) and stage 3 
(P < 0.001) eyes while stage 3 ERM eyes had worse preoperative than stage 1 eyes (P < 0.001). While CFT of stage 
2 eyes showed no significant difference compared with stage 1 eyes (P = 0.234), ERM with advanced stages had 
significantly greater CFT at baseline (P < 0.001 in all pairwise comparisons). ONL thickness was greater in stage 
2 (P < 0.001), stage 3 (P < 0.001) and stage 4 (P = 0.037) eyes than stage 1 eyes, but no significant difference was 
found in ONL thickness in other pairwise comparisons. Stage 4 eyes had greater preoperative EIFL thickness 
(P < 0.001, 95%CI [-175, -110]) than stage 3 eyes. Stage 4 eyes presented more preoperative ME than stage 1 
(P < 0.001 when P < 0.0083 was considered statistically significant), stage 2 (P < 0.001) and stage 3 (P < 0.001), 
though no significant difference was found between stage 1 and 2 (P = 0.751), stage 1 and 3 (P = 0.548) as well 
as stage 2 and 3 (P = 0.413) eyes. Interestingly, stage 2 eyes revealed more preoperative EZ disruption than stage 
1 (P = 0.008 when P < 0.0083 was considered statistically significant) and stage 4 (P = 0.005) eyes, though no 
significance difference was found in other pairwise comparisons. More “cotton ball” signs were found in stage 
4 eyes than stage 2 (P < 0.001 when P < 0.0083 was considered statistically significant) and stage 3 (P < 0.001) 
eyes; fewer “cotton ball” signs were found in stage 1 eyes than stage 2 (P = 0.001) and stage 3 (P = 0.005) eyes. All 
preoperative study eyes were evaluated according to the staging scheme based on presence of continuous EIFL 
and DRIL severity score, the two staging/scoring system results were positively correlated (G = 0.851, P < 0.001).

At 6-month postoperative follow-up, logMAR BCVA significantly improved (Z=-14.983, P < 0.001, Wilcoxon 
signed rank test), CFT decreased (Z=-14.568, P < 0.001), EIFL thickness decreased (Z=-9.185, P < 0.001) and 
ONL thickness decreased (Z=-8.561, P < 0.001). 150 eyes remained the same stage at 6 months while 16 eyes 
showed advanced stages (3 eyes advanced from stage 1 to 2, 7 eyes from stage 1 to 3, 6 eyes from stage 2 to 3) 
and 188 eyes showed stage regression (33 eyes regressed from stage 2 to 1, 28 eyes from stage 3 to 1, 55 eyes from 
stage 3 to 2, 19 eyes from stage 4 to 2, 53 eyes from stage 4 to 3). During follow-up, 94 (53.1%) of 177 stage 3 eyes 
while 59 (78.7%) of 75 stage 4 eyes had persistent continuous EIFL.

At 6-month follow-up, logMAR BCVA was significantly worse in stage 4 eyes than stage 2 (P < 0.001) and 
stage 3 (P = 0.007) eyes, but no statistically significance in other pairwise comparisons; CFT was significant 
greater in stage 4 eyes than stage 1 (P = 0.013) and stage 2 (P < 0.001) eyes, as well as stage 3 eyes than stage 2 eyes 
(P < 0.001); ONL thickness was greater in stage 3 eyes than stage 1 (P = 0.042) and stage 2 (P = 0.007) eyes. No 
significant difference was found in EIFL thickness between groups at 6-month follow-up.

At 6-month follow-up, logMAR BCVA change was significantly greater in stage 2 eyes than stage 4 eyes 
(adjusted P = 0.009), but no significant difference was found in other pairwise intergroup comparisons. Stage 4 
eyes showed greater CFT reduction than stage 1, 2 and 3 eyes (all adjusted P < 0.001) at 6 months. Stage 1 eyes 
showed less CFT reduction than stage 2 (adjusted P = 0.001) and stage 3 (adjusted P < 0.001) eyes. No significant 
difference was found in 6-month CFT reduction between stage 2 and 3 eyes (P = 0.089).

The correlation analyses between preoperative clinical characteristics and logMAR BCVA or CFT at 6-month 
follow-up were performed. Preoperative ERM stage (tau-b = 0.196, P < 0.001), DRIL severity (tau-b = 0.248, 
P < 0.001), CFT (R = 0.387, P < 0.001) and EIFL thickness (R = 0.315, P < 0.001) were positively correlated with 
logMAR BCVA at 6-month follow-up while ONL thickness showed no significant correlation (P = 0.647). 
Preoperative ERM stage (tau-b = 0.285, P < 0.001) and DRIL severity (tau-b = 0.239, P < 0.001) were positively 
correlated with CFT at 6-month follow-up. Multivariate linear regression was performed with 6-month logMAR 
BCVA and CFT as dependent variable respectively, and baseline age, sex, logMAR BCVA, CFT, ERM staging, 
ONL thickness, ME, EZ disruption, cotton ball sign, performing surgeon and OCT device as independent 
variables. Age (P = 0.030), preoperative CFT (P < 0.001), logMAR BCVA (P < 0.012) and ME (P < 0.001) were 
found to be correlated with 6-month CFT (model R2 = 0.314, F = 40.028, P < 0.001) (Supplementary Table 1). 
Male sex (P = 0.023), preoperative logMAR BCVA (P < 0.001), CFT (P < 0.011), ERM stage (P = 0.006), EZ 
disruption (P = 0.037) and cotton ball sign (P = 0.013) to be correlated with 6-month logMAR BCVA (model 
R2 = 0.390, F = 36.907, P < 0.001) (Supplementary Table 2).

Preoperatively, 155 eyes had ME, ME resolution was achieved in 33 eyes (21.3%) at 1-month post-surgery 
while ME resolution was achieved in 66 eyes (42.6%) at 6 months post-surgery. The 155 eyes with preoperative 
ME before surgery were divided into two groups according to whether ME disappeared at the 6-month follow-
up after surgery. There was no significant correlation between preoperative ERM staging (P = 0.054) or DRIL 
severity (P = 0.135) with ME resolution at 6 months. Older age was associated with persistent ME at 6 months 
(R = 0.248, P = 0.002). Clinical characteristics at baseline and 6-month follow-up in study eyes with or without 
ME resolution at 6 months were shown in Table 2.

During the follow-up, 57/199 (28.6%) eyes without ME before surgery developed ME 1 month after surgery. 
Among them, 12 eyes had stage 2 ERM, 42 eyes had stage 3 ERM and 3 had stage 4 ERM. Among these eyes, 
ME resolution was achieved in 33 eyes (57.9%) while and 24 eyes (42.1% ) had persistent ME 6 months after 
surgery. Eyes with newly onset ME 1 month after surgery were divided into two groups according to whether 
ME disappeared at 6 months after surgery for statistical analysis. There was no significant difference in age 
(P = 1.000), preoperative EIFL thickness (P = 0.250), ONL thickness (P = 0.279), EZ disruption (P = 0.416) and 
“cotton ball” sign (P = 1.000) between groups. However, preoperative CFT (P < 0.001,95% CI [57, 143]) was 
significantly greater in non-resolution group; more advanced ERM stage (R = 0.494, P < 0.001, Mantel-Haenszel 
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Fig. 1.  Preoperative and 6-month follow-up OCT B-scans of four ERM patients of different ERM stages. (a) 
Preoperative OCT B-scan of a stage 1 ERM of a 76-year-old male with a preoperative decimal BCVA of 0.3. All 
retinal layers were clearly defined and foveal depression was preserved. At 6-month follow-up (decimal BCVA 
0.3) OCT B-scan (b) showed retinal thickening, loss of foveal depression and appearance of continuous EIFL 
(progression to stage 3) after surgical intervention. (c) Preoperative OCT B-scan of a stage 2 ERM with ME of 
a 61-year-old female with a preoperative decimal BCVA of 0.3. All retinal layers were clearly distinguishable 
with loss of foveal depression. At 6-month follow-up (decimal BCVA 0.6) OCT B-scan (d) showed recovered 
foveal depression (regression to stage 1). (e) Preoperative OCT B-scan of a stage 3 ERM of a 77-year-old male 
with a preoperative decimal BCVA of 0.3. All retinal layers were clearly distinguishable with continuous EIFL 
(indicated with yellow arrow). At 6-month follow-up (decimal BCVA 0.4) OCT B-scan (f) showed persistent 
EIFL and retinal thickening. (g) Preoperative OCT B-scan of a stage 4 ERM of a 70-year-old female with a 
preoperative decimal BCVA of 0.05, showing advanced disorganization of all retinal layers. At 6-month follow-
up OCT B-scan (h) showed persistent EIFL and retinal thickening, visual acuity improvement was limited 
(decimal BCVA 0.25) despite partial recovery of retinal structure (regression to stage 3).
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ME resolution group (n = 66) ME non-resolution group (n = 89 ) P

Age (years) 62.8 ± 8.7 (43.0 ~ 75.0) 66.5 ± 5.9 (50.0 ~ 83.0) 0.05a

ERM stage

 Stage 1 0/66 (0.0%) 3/89 (3.4%)

0.012b
 Stage 2 18/66 (27.3%) 9/89 (10.1%)

 Stage 3 27/66 (40.9%) 36/89 (40.4%)

 Stage 4 21/66 (31.8%) 41/89 (46.1%)

DRIL severity

 No DRIL 6/66 (9.1%) 6/89 (6.7%)

0.280b Mild DRIL 42/66 (63.6%) 48/89 (53.9%)

 Severe DRIL 18/66 (27.3%) 35/89 (39.3%)

Preoperative CFT (µm) 542 ± 80 (371 ~ 665) 611 ± 93 (454 ~ 776) 0.001a

Preoperative EIFL thickness (µm) 272 ± 117 (65 ~ 503) 273 ± 124 (133 ~ 499) 0.192a

Preoperative ONL thickness (µm) 194 ± 57 (61 ~ 294) 257 ± 83 (136 ~ 426) 0.175a

Preoperative “cotton ball” sign 18/66 (27.3%) 32/89 (36.0%) 0.299b

Preoperative EZ disruption 15/66 (22.7%) 25/89 (28.1%) 0.466b

CFT at 6 months (µm) 394 ± 58 (223 ~ 530) 461 ± 104 (318 ~ 796) < 0.001a

logMAR BCVA at 6 months 0.30 ± 0.22 (0.00 ~ 1.00) 0.40 ± 0.31 (0.00 ~ 1.30) 0.104 a

BCVA at 6 months (decimal, for reference) 0.55 ± 0.22 (0.10 ~ 1.00) 0.49 ± 0.27 (0.05 ~ 1.00) –

EIFL thickness at 6 months (µm) 103 ± 46 (0 ~ 185) 151 ± 104 (80 ~ 535) 0.006a

ONL thickness at 6 months (µm) 194 ± 35 (118 ~ 250) 234 ± 37 (143 ~ 294) < 0.001a

Table 2.  Clinical characteristics of eyes with preoperative macular edema at baseline and at 6 months after 
surgery. ME macular edema, ERM epiretinal membrane, DRIL disorganization of the retinal inner layers, 
CFT central foveal thickness, EIFL ectopic inner foveal layer, ONL outer nuclear layer, EZ ellipsoid zone. 
aMann–Whitney U test; bFisher’s exact test.

 

Stage 1 ERM (n = 13) Stage 2 ERM (n = 89) Stage 3 ERM (n = 177) Stage 4 ERM (n = 75) P-value

Male/female 6/7 30/59 46/131 31/44 0.059a

Age (years) 66.9 ± 6.4 (59.0 ~ 76.0) 68.1 ± 6.9 (49.0 ~ 78.0) 67.1 ± 8.0 (50.0 ~ 89.0) 64.8 ± 7.6 (43.0 ~ 83.0) 0.004b

Pre-operative BCVA (logMAR) 0.50 ± 0.17 (0.22 ~ 0.70) 0.54 ± 0.26 (0.22 ~ 1.52) 0.66 ± 0.28 (0.22 ~ 1.40) 0.81 ± 0.27 (0.30 ~ 1.40) < 0.001b

Pre-operative BCVA (decimal, for reference) 0.34 ± 0.15 (0.20 ~ 0.60) 0.33 ± 0.14 (0.03 ~ 0.60) 0.26 ± 0.14 (0.04 ~ 0.60) 0.18 ± 0.10 (0.04 ~ 0.50) –

Pre-operative CFT (µm) 269 ± 85 (179 ~ 401) 391 ± 63 (253 ~ 520) 489 ± 77 (333 ~ 734) 616 ± 69 (454 ~ 776) < 0.001b

Pre-operative ONL thickness (µm) 162 ± 61 (90 ~ 233) 248 ± 57 (81 ~ 360) 253 ± 65 (139 ~ 475) 229 ± 82 (61 ~ 404) < 0.001b

Pre-operative EIFL thickness (µm) – – 160 ± 72 (60 ~ 397) 313 ± 119 (129 ~ 556) < 0.001c

Pre-operative ME 3/13 (23.1%) 27/89 (30.3%) 63/177 (35.6%) 62/75 (82.7%) < 0.001a

Pre-operative EZ disruption 0/13 (0.0%) 33/89 (37.1%) 42/177 (23.7%) 13/75 (17.3%) 0.003a

Pre-operative “cotton ball” sign 0/13 (0.0%) 41/89 (46.1%) 69/177 (39.0%) 8/75 (10.7%) < 0.001a

Baseline DRIL level

 No DRIL 10/13 (76.9%) 27/89 (30.3%) 28/177 (15.8%) 0/75 (0.0%)

 Mild DRIL 3/13 (23.1%) 62/89 (69.7%) 143/177 (80.8%) 12/75 (16.0%)

 Severe DRIL 0/13 (0.0%) 0/89 (0.0%) 6/177 (3.4%) 63/75 (84.0%)

6-month BCVA (logMAR) 0.40 ± 0.12 (0.30 ~ 0.52) 0.17 ± 0.14 (0.00 ~ 0.30) 0.40 ± 0.24 (0.09 ~ 1.00) 0.44 ± 0.30 (0.00 ~ 1.30) < 0.001b

6-month BCVA (decimal, for reference) 0.59 ± 0.26 (0.30 ~ 1.00) 0.60 ± 0.24 (0.06 ~ 1.00) 0.26 ± 0.14 (0.04 ~ 0.60) 0.18 ± 0.15 (0.04 ~ 0.50) –

6-month CFT (µm) 387 ± 20 (365 ~ 412) 378 ± 102 (243 ~ 468) 424 ± 68 (223 ~ 568) 429 ± 102 (318 ~ 796) < 0.001b

6-month ONL thickness (µm) 198 ± 18 (168 ~ 218) 217 ± 51(149 ~ 254) 220 ± 44 (118 ~ 295) 212 ± 38 (143 ~ 282) 0.001b

6-month EIFL thickness (µm) 102 ± 9 (92 ~ 115) 128 ± 89 (47 ~ 246) 111 ± 43 (0 ~ 222) 139 ± 95 (72 ~ 535) 0.291b

6-month logMAR BCVA decrease 0.24 ± 0.25 (0.00 ~ 0.60) 0.27 ± 0.21 (− 0.17 ~ 0.92) 0.34 ± 0.25 (− 0.30 ~ 1.18) 0.36 ± 0.29 (− 0.30 ~ 1.00) 0.008c

6-month CFT reduction (µm) − 57 ± 38 (− 196 ~ 10) 71 ± 80 (− 100 ~ 291) 106 ± 90 (− 88 ~ 343) 205 ± 84 (− 20 ~ 349) < 0.001c

Table 1.  Clinical characteristics of ERM eyes at baseline and 6-month follow-up. ERM epiretinal membrane; 
BCVA best corrected visual acuity, CFT central foveal thickness, ONL outer nuclear layer, EIFL ectopic inner 
foveal layer, ME macular edema, EZ ellipsoid zone, DRIL disorganization of the retinal inner layers. aFisher’s 
exact test; bKruskal–Wallis H test; cMann–Whitney U test.
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chi-square test) and DRIL severity (R = 0.379, P = 0.005, Mantel-Haenszel chi-square test) but not older age 
(P = 0.676) were significantly correlated with persistent newly-onset ME at 6 months.

A total of 199 eyes without preoperative ME were divided into two groups: newly onset ME (57 eyes) and 
no-ME (142 eyes) groups. Clinical characteristics of eyes without preoperative ME at baseline and at 6 months 
after surgery were shown in Table 3. Newly onset ME group revealed significantly greater preoperative CFT 
(P = 0.001, %95CI [-80, -24]) and EIFL (P = 0.020, 95%CI [-40, -3] ). Age was not associated with newly onset 
ME (P = 0.301). More advanced ERM stage (R = 0.177, P = 0.013) and DRIL severity (R = 0.211, P = 0.003) were 
correlated with newly onset ME.

In 88 eyes with preoperative EZ disruption, 72 eyes showed persistent EZ disruption and 16 eyes showed 
resolved EZ disruption at 6 months; 6-month logMAR BCVA showed significant difference between the two 
groups (P = 0.005, 95% CI [− 0.301, 0.000]). In 252 eyes with preoperative EIFL, 153 showed persistent EIFL 
and 99 eyes showed resolved EIFL at 6 months; 6-month logMAR BCVA showed significant difference between 
the two groups (P < 0.001, 95% CI [− 0.176, − 0.079]). In 118 eyes with preoperative cotton-ball sign, 57 showed 
persistent cotton-ball sign and 61 eyes showed resolved cotton-ball sign; 6-month logMAR BCVA showed no 
significant difference between the two groups (P = 0.086).

Dicussions
This study retrospectively analyzed the clinical characteristics of 354 ERM eyes before surgery and 6 months after 
PPV surgery, and analyzed the clinical feasibility of DRIL severity and ERM staging scheme based on continuous 
EIFL as predictors for anatomical and functional recovery of ERM eyes. Currently, pars plana vitrectomy (PPV) 
combined with ERM with or without ILM peeling is a standard procedure for surgical treatment of ERM3, 
though post-surgery anatomical and functional improvement vary and there is no consensus on a satisfactory 
clinical marker for predicting the prognosis of ERM eye post-surgery. In recent years, the ERM staging scheme 
based on ELFL proposed by Govetto et al. provided a possible clinical marker for predicting the prognosis of 
ERM.

The results of this study showed that the preoperative EIFL thickness was significantly correlated with 
logMAR BCVA at 6 months postoperatively; post-operative BCVA was significantly worse in stage 4 eyes than 
stage 2 (P < 0.001) and stage 3 (P = 0.007) eyes at 6 months. Eyes with persistent EIFL showed worse 6-month 
post-operative BCVA than eyes with resolved EIFL. It should be noted that in this study, due to the difference in 
preoperative severity of cataract in study eyes, the improvement of postoperative visual acuity cannot exclude the 
confounding factor of combined cataract surgery. As we deemed it difficult to evaluate how much lens opacity 
contributed to visual impairment in ERM eyes at baseline, especially for patients with cortical or subcapsular 
cataract for which not only the severity/grades of cataract but also the specific position of the lens opacity could 
significantly affect visual acuity, we therefore at the conception of the study design decided to exclude all eyes 
that did not receive combined phacoemulsification and IOL implantation, removing postoperative age-related or 
secondary cataracts confounding factors for BCVA. Hence, while improvement in BCVA for each case in our study 
could not absolutely be contributed to the surgery, the inter-group comparisons of postoperative BCVA, which 
excluded confounding factor of refractive media opacity caused by cataract, should be valid. Previous studies 
have shown that presence of EIFL and greater EIFL thickness is associated with poor visual and anatomical2,4,7–9, 
and improvement in BCVA could be associated with postoperative reduction in EIFL thickness8. A study by 
Gonzalez-Saldivar et al. showed that the visual outcomes of stage 2 ERM was better than that of stage 3 and 4; in 
their study, 91.7% of stage 2 eyes, 42.3% of stage 3 eyes and 5.2% of stage 4 eyes achieved Snellen visual acuity of 

Newly onset ME group (n = 57) No-ME group (n = 142) P

Age (years) 67.4 ± 5.0 (56.0 ~ 75.0) 68.6 ± 8.3 (49.0 ~ 89.0) 0.116a

ERM stage

 Stage 1 0 (0.0%) 10 (7.0%)

0.011b
 Stage 2 12 (21.1%) 50 (35.2%)

 Stage 3 42 (73.7%) 72 (50.7%)

 Stage 4 3 (5.3%) 10 (7.0%)

DRIL severity

 No DRIL 9 (15.8%) 44 (31.0%)

0.010b Mild DRIL 39 (68.4%) 91 (64.1%)

 Severe DRIL 9 (15.8%) 7 (4.9%)

Preoperative CFT (µm) 510 ± 73 (393 ~ 642) 476 ± 78 (333 ~ 702) 0.001a

Preoperative EIFL thickness (µm) 182 ± 93 (60 ~ 397) 146 ± 64 (77 ~ 400) 0.026a

Preoperative ONL thickness (µm) 257 ± 81 (139 ~ 475) 259 ± 53 (175 ~ 424) 0.842a

Preoperative “cotton ball” sign 21 (36.8%) 47 (33.1%) 0.623b

Preoperative EZ disruption 24 (42.1%) 24 (16.9%) < 0.001b

Table 3.  Clinical characteristics of eyes without preoperative macular edema at baseline and at 6 months 
after surgery. ME macular edema, ERM epiretinal membrane, DRIL disorganization of the retinal inner layers, 
CFT central foveal thickness, EIFL ectopic inner foveal layer, ONL outer nuclear layer, EZ ellipsoid zone. 
aMann–Whitney U test; bFisher’s exact test.
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20/40 at 12-month follow-up10, suggesting that the timing of surgical intervention for ERM could be as early as 
stage 2 to achieve better visual and anatomical outcomes11. Huang et al. further classified stage 3 ERM into two 
subtypes with type A or B EIFL, type A EIFL being EIFL limited to a hyper-reflective band of IPL while type B 
EIFL being made of a hyper-reflective band of IPL and a hypo-reflective band of INL, concluding that eyes with 
type B EIFL had significantly worse visual prognosis12. However, there were also studies suggesting that EIFL 
thickness or presence of EIFL has no significant correlation with long-term visual prognosis13, despite ERM 
staging based on EIFL being a relatively reliable indicator14. Coppola et al. also reported that in 58 ERM eyes 
(ranging from stage 1 to stage 3 eyes), BCVA of eyes with EIFL was better than that of eyes without EIFL at 3 
months after surgery with no statistically significant difference15, suggesting that ERM eyes with EIFL probably 
require a longer time to achieve functional recovery after surgery.

EIFL has also been indicated to be associated with metamorphopsia and could be an independent factor 
associated with postoperative metamorphopsia16–18. Since this study was a retrospective study, this study did 
not evaluate improvement of metamorphopsia at follow-ups. Mao et al. used M-CHARTS to evaluate the 
severity of visual distortion in patients with different stages of ERM before and after surgery; the horizontal and 
vertical metamorphopsia scores of stage 2 and 3 ERMs significantly decreases post-surgery, but not in stage 4 
eyes, further suggesting that the timing for surgical intervention ERM should be no later than stage 3 to better 
alleviate metamorphopsia in ERM eyes16.

Cicinelli et al. reported that ME in ERM eyes was associated with a more advanced ERM stage and older 
age19. In this study, eyes with preoperative ME that achieved ME resolution had greater baseline CFT (P = 0.001); 
and even though more advanced ERM stage and DRIL severity showed no significant correlation with ME 
resolution, they were significantly correlated with persistent newly onset ME at 6 months. Also consistent with 
previous reports19, this study also showed older age was associated with persistent ME at 6 months. More eyes 
with preoperative ME showed ME resolution at 6 months than at 1 month, indicating that the recovery time for 
ERM eyes with ME could be longer. Cases with newly onset ME in this study suggested that early intervention 
in mild ERM cases should be considered with caution, though the fact that eyes with newly onset ME had 
greater preoperative CFT values that no-ME group also suggested the timing for surgically intervention should 
probably precede significant retinal thickening to avoid further post-surgery anatomical complications. Kwon et 
al. divided ERM eyes with or without intraretinal cystoid spaces (IRC) into three groups, A, B and C (absence, 
IRC within 3  mm and 6 from the fovea) and found that widely distributed IRCs were associated with poor 
BCVA. Yang et al. classified ERM eyes with ME into those with cystoid ME (CME, IRCs located in the INL 
and OPL) and those with microcystic ME (MME, IRCs mainly located in the INL), and found that MME, 
primarily found in advanced stages ERM, was associated with poor visual prognosis20. In our study, we did not 
find significant difference in 6-month BCVA in eyes with or without resolved ME. More future studies focusing 
on morphological types of ME and quantification of ME and their relationship with postoperative parameters of 
ERM eyes may help in clarifying the effects of ME on functional changes of ERM eyes. It has also been observed 
that in most stage 3 and 4 eyes in this study, EIFL persisted after surgery despite the reduction of EIFL thickness. 
The persistence of EIFL could be one of the reasons for the limited anatomical and functional improvement in 
these patients.

In our study, 57/199 (28.6%) eyes without ME before surgery developed ME 1 month after surgery, of which 
24 eyes (12.1% of all eyes without preoperative ME) showed persistent ME at 6 months. We found that newly 
onset ME group showed greater preoperative CFT and EIFL, and that more advanced ERM stage and DRIL 
severity were associated with postoperative onset ME. It should be noted that in our study all eyes received 
combined cataract and PPV surgeries. Previous studies have shown a higher prevalence of postoperative onset 
ME in eyes that received combine cataract and PPV surgery or PPV with consecutive cataract surgery than eyes 
that received PPV surgery alone in ERM eyes21,22. Therefore, as more advanced ERM stage, greater preoperative 
CFT and EIFL might be indicators of higher risk for postoperative ME, it is possible that in ERM eyes with 
these characteristics might benefit more from PPV surgery alone when lens opacity does not affect surgical 
procedures, with cataract surgery at a second moment, preferably further away from the time of PPV.

The pathogenesis mechanism of formation of EIFL is still unclear. In this study, 13 eyes with stage 1 or 3 
ERMs before surgery developed EIFL during postoperative follow-ups. The formation of EIFL after the removal 
of ERM tractional force suggests that factors other than ERM traction contributes to the formation of EIFL. 
Previous studies suggested that activation of Müller cells after surgery might play a role4. Baek et al. found that 
the increased vitreous level of M2 macrophage markers in eyes with EIFL, suggesting that activation of glial cell 
proliferation by M2 macrophages may contribute to EIFL formation23.

Changes in ONL thickness have also been noted. Preoperatively, ONL thickness was greater in stage 2 
(P < 0.001), stage 3 (P < 0.001) and stage 4 (P = 0.037) eyes than stage 1 eyes; at 6-month follow-up, the ONL 
thickness was significantly decreased than that before surgery, which is consistent with previous report by 
Doguizi et al.24. Govetto et al. reported that the thickness of the ONL increased in ERM eyes that progressed 
from stage 1 to stage 2, while the thickness of the ONL decreased in eyes that progressed from stage 2 to stage 
31. Coppola et al. suggested that the ONL thickness was thinner in ERM eyes with continuous EIFL, indicating 
that progressive ONL thinning may imply centripetal displacement of the inner retinal layers and outer layers 
centrifugal shift to the perifoveal area15. Takage et al. reported the correlation between ONL changes with 
metamorphopsia25. Further studies are needed in the future to further clarify the impact of ONL thinning and 
ONL ectopia on metamorphopsia and visual prognosis in eyes with ERM.

DRIL has been identified as a biomarker for functional outcomes in eyes with diabetic macular edema 
(DME), suggesting the feasibility of application of DRIL scoring in eyes with ERM. The study by Zur et al. 
suggested that eyes with severe DRIL showed worse anatomical and visual outcomes over 12-month follow-up5. 
The results of this study showed that more advanced preoperative ERM stages and DRIL severity were correlated 
with greater CFT, persistent ME and worse BCVA at 6-month follow-up, suggesting that DRIL scoring system 
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and ERM staging scheme based on EIFL could be helpful in predicting the anatomical and visual outcomes of 
ERG eyes post-surgery, consistent with conclusions of previous studies. In this study all eyes were evaluated with 
both DRIL and ERM staging schemes, results from this study showed that the grading results of the two systems 
were consistent and correlated, suggesting predictive values of both methods. However, compared with DRIL 
scoring system, ERM staging scheme based on EIFL is simpler and more intuitive, and the EIFL thickness itself 
could be a potential predictor for prognosis of ERM eyes.

The strengths of this study include: relatively large sample size with representation from all four ERM stages; 
head-to-head comparison between EIFL-based ERM staging and DRIL severity; relatively comprehensive 
preoperative parameters analyzed in the study and exploration in possible risk factors for persistent ME and 
postoperative newly-onset ME. The limitations of this study include: (1) retrospective study design; (2) sample 
size difference across groups; (3) limited follow-up time. The conclusions drawn from this short-term study may 
not fully represent late visual or anatomical outcomes. Microvasculature such as vessel density (VD), perfusion 
density (PD) and foveal avascular zone (FAZ) parameters have also been previously indicated to be associated 
with visual prognosis of ERM26; as OCT angiography (OCT-A) was not standard investigative protocol for ERM 
at our center, OCT-A perimeters were not included in the analyses of this study. Due to the retrospective nature 
of the study design, study eyes were examined using three different devices, and possible inter-device difference 
might affect parameter measurement in this study. We did try to minimize the influence by using the same 
device for each study eye in follow-up visits, though future studies using single OCT device are needed to further 
validify our results. This study also did not factor in potential factors regarding surgical techniques, for example 
ILM peeling extent, or surgeon experience. It also should be noted that the small sample size for stage 1 ERM 
eyes (13 eyes) in our study limited power for inter-group comparisons. In the future, more prospective studies 
with larger samples and longer follow-up time are needed to further confirm the clinical and predictive values 
of ERM staging based on EIFL. In recent years, with the advent of artificial intelligence, machine learning has 
increasingly been used in predicting disease outcomes in ophthalmology. Machine learning models have been 
developed to predict postoperative visual acuity with preoperative OCT perimeters including EIFL thickness27,28. 
More future studies could focus on possible clinical diagnostic and predictive use of machine learning in ERM.

In conclusion, this study showed that the ERM staging scheme based on EIFL could be a simple and intuitive 
way to predict the short-term functional and anatomical outcomes after ERM surgery; more advanced ERM 
stages and DRIL severity were positively correlated with logMAR BCVA, greater CFT and persistent newly-onset 
ME at 6 months, while greater preoperative CFT and EIFL thickness were positively correlated with logMAR 
BCVA at 6 months.

Data availability
The data analyzed during the current study are not publicly available but are available from the corresponding 
author on reasonable request.
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