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We aimed to identify prognostic risk factors for visual deterioration in eyes with epiretinal membrane 
(ERM) and open-angle glaucoma (OAG) through long-term follow-up. In this retrospective 
observational case series, we examined consecutive eyes with ERM and OAG over a minimum follow-
up of 2 years. Visual outcomes and prognostic factors were analyzed in patients’ eyes undergoing ERM 
peeling with pars plana vitrectomy (PPV) (peeling group) and only observation (observation group). 
Eyes followed for less than 2 years after PPV were excluded. Among 100 eyes from 84 patients, 31 
and 69 eyes were classified into peeling and observation groups, respectively. Over the follow-up 
period, best-corrected visual acuity (BCVA) in the observation group worsened from 0.03 ± 0.19 to 
0.14 ± 0.33 (P = 0.0003), whereas that in the peeling group remained stable. Multivariate analysis 
revealed microcystic macular edema (MME) (odds ratio: 4.97; 95% confidence interval [CI]: 1.52 to 16.2; 
P = 0.008) and thin central foveal thickness (CFT) (odds ratio: 0.99; 95% CI: 0.98 to 1.00; P = 0.033) as 
risk factors for visual acuity decay. The presence of MME and thin CFT were risk factors for long-term 
visual deterioration in eyes with ERM and concomitant OAG. Vitrectomy with ERM peeling for eyes 
with OAG may be considered to preserve BCVA.
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The epiretinal membrane (ERM) involves fibrocellular proliferation composed of glial cells, retinal pigment 
epithelial cells, or hyalocytes on the internal limiting membrane (ILM)1. Most ERMs are idiopathic, whereas 
intraocular surgery, retinal vascular disease, and uveitis are considered secondary risk factors. The prevalence 
of ERM varies among ethnic groups and increases with age2. Contraction of ERM leads to visual deterioration, 
metamorphopsia, or aniseikonia, and membrane peeling with pars plana vitrectomy (PPV) is the only treatment 
approach for visually impaired eyes3.

Glaucoma is one of the most common diseases leading to blindness, characterized by slow progressive 
degeneration of retinal ganglion cell axons at the lamina cribrosa4,5. Glaucoma can coexist in eyes with ERM6. 
Furthermore, eyes with pseudoexfoliation glaucoma are likely to develop ERM7. A previous study identified 
the presence of ERM as a potential risk factor for glaucoma progression in8. However, the surgical indication of 
ERM with glaucoma remains controversial, although it differs from that of idiopathic ERM.

Postoperative visual field (VF) deterioration after PPV for ERM with glaucoma has been reported9–11. Recent 
reports revealed that postoperative improvement of visual acuity was not evident12,13. Furthermore, some studies 
with several years of follow-up identified microcystic macular edema (MME), worse mean deviation (MD) of 
the VF test, thinner ganglion cell complex (GCC; retinal nerve fiber layer + ganglion cell layer + inner plexiform 
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layer), advanced disc cupping, central VF defect, and longer axial length as poor prognostic factors for PPV 
for ERM with glaucoma9,11–13. Surgical procedures such as ILM removal or staining of ILM with indocyanine 
green (ICG) may also be risk factors for decreasing VF sensitivity10,14,15. This effect may be attributed to the 
dissociated optic nerve fiber layer (DONFL) caused by ILM removal, which may deteriorate postoperative visual 
function16–18. Distinguishing MME in ERM from macular edema, also referred to as retrograde maculopathy, 
which implies advanced optic neuropathy, is challenging19–21. Govetto et al. reported that MME is frequent in 
eyes with ERM concomitant with glaucoma and is less likely to resolve even following membrane peeling22.

However, the observation period in these studies was limited to a couple of years. Long-term safety after 
PPV for eyes with ERM concomitant with glaucoma is not guaranteed; however, decay in the glaucomatous 
VF progresses slowly. PPV with ILM peeling for eyes with ERM concomitant with glaucoma may accelerate 
glaucoma progression11. In eyes with ERM and glaucoma, surgical intervention can lead to critical deterioration 
of visual acuity. Moreover, an observation strategy may be better over the long term; however, the optimum 
strategy remains unclear. In this study, we aimed to identify risk factors for the deterioration of visual acuity in 
eyes with ERM concomitant with open-angle glaucoma (OAG) over a long follow-up, comparing eyes with or 
without surgical intervention.

Results
In total, 100 eyes from 84 patients were included in this study (31 eyes in the peeling group and 69 eyes in the 
observation group) (Table 1). The mean follow-up period was 65.9 ± 32.8 months (64.5 ± 27.6 months in the 
peeling group and 66.6 ± 35.0 months in the observation group; P = 0.764). Of note, 87 eyes from 73 patients 

Parameter Overall Peeling Observation P-value

No. of eyes (patients) 100 (84) 31 (26) 69 (59)

Age (years) 74.2 ± 9.6 76.8 ± 8.7 73.0 ± 9.8 0.067

Female sex (%) 58 (58) 14 (45) 44 (64) 0.127

Right eye (%) 54 (54) 14 (45) 40 (58) 0.331

BCVA (LogMAR) at baseline 0.10 ± 0.25 0.25 ± 0.31 0.03 ± 0.19 < 0.0001

BCVA (LogMAR) at final visit 0.16 ± 0.32 0.19 ± 0.29 0.14 ± 0.33 0.479

Change in BCVA (LogMAR) 0.06 ± 0.33 −0.05 ± 0.35 0.11 ± 0.31 0.018

LogMAR worsened (%) 50 (50) 12 (39) 38 (55) 0.130

CFT (µm) at baseline 290.8 ± 101.1 348.8 ± 124.4 264.8 ± 76.3 < 0.0001

CFT (µm) at final visit 267.8 ± 94.0 236.3 ± 60.6 282.0 ± 102.9 0.024

GCC (µm) at baseline 123.5 ± 35.0 127.4 ± 35.5 121.8 ± 34.8 0.459

GCC (µm) at final visit 110.3 ± 27.4 99.7 ± 22.5 115.0 ± 28.3 0.009

EZ disruption (+) (%) at baseline 8 (8) 6 (19) 2 (3) 0.010

EZ disruption (+) (%) at final visit 8 (8) 3 (10) 5 (3) 0.700

MME at baseline (%) 24 (24) 10 (32) 14 (20) 0.297

MME at final visit (%) 26 (26) 4 (13) 22 (32) 0.052

ERM stage at baseline

 1 31 (31) 6 (19) 25 (36)

 2 48 (48) 10 (32) 38 (55)

 3 16 (16) 10 (32) 6 (9)

 4 5 (5) 5 (16) 0 (0) < 0.0001

 Central visual field defect within 10 degrees at baseline (%) 57 (57) 14 (45) 43 (62) 0.109

Cup: disc ratio at baseline

 0.1–0.4 16 (16) 8 (26) 8 (12)

 0.5–0.7 36 (36) 13 (42) 23 (33)

 0.8–0.99 48 (48) 10 (32) 38 (55) 0.019

 Presence of PE at baseline (%) 8 (8) 4 (13) 4 (6) 0.249

 Cataract extraction during the period (%) 53 (53) 23 (74) 30 (43) 0.009

 Glaucoma surgery during the period (%) 20 (20) 5 (16) 15 (22) 0.598

 Follow-up period (months) 65.9 ± 32.8 64.5 ± 27.6 66.6 ± 35.0 0.764

 VF at baseline (MD, dB) −9.3 ± 6.3 −7.3 ± 5.5 −10.2 ± 6.4 0.035

 Number of eye drops at baseline 1.6 ± 1.1 1.2 ± 1.0 1.8 ± 1.0 0.006

 Intraocular pressure at baseline 15.7 ± 4.6 14.2 ± 3.8 16.4 ± 4.8 0.026

Table 1.  Patient characteristics. BCVA = best-corrected visual acuity; CFT = central foveal thickness; 
ERM = epiretinal membrane; EZ = ellipsoid zone; GCC = ganglion cell complex; LogMAR = logarithm 
of the minimum angle of resolution; MD = mean deviation; MME = microcystic macular edema; 
PE = pseudoexfoliation; VF = visual field.
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were treated with topical intraocular pressure (IOP)-reducing agents (mean 1.6 ± 1.1 medications) at baseline. 
The mean IOP was 15.7 ± 4.6 mmHg at baseline. The peeling group had worse best-corrected visual acuity 
(BCVA), thicker central foveal thickness (CFT), more frequent ellipsoid zone (EZ) disruption, higher ERM 
stage, milder cup-to-disc (C/D) ratio, and better MD at baseline compared to the observation group. The mean 
BCVA in all eyes worsened from 0.10 ± 0.25 to 0.16 ± 0.32 (P = 0.067). Additional glaucoma surgery, including 
trabeculectomy (in 12 eyes) and trabeculotomy (in 10 eyes), was performed by glaucoma specialists when 
required. No significant intraoperative and postoperative complications were observed. Emery–Little cataract 
grades at baseline were grades 1, 2, and 3 in 6, 14, and 3 eyes in the peeling group and 24, 22, and 4 eyes in the 
observation group, respectively.

Optical coherence tomography (OCT) parameters
BCVA at baseline was significantly worse in higher ERM stages (P = 0.002), but it was not associated with the 
presence of MME (P = 0.8). Eyes with MME were more common in higher ERM stages at baseline (stages 1, 
2, 3, and 4: eight, six, seven, and three eyes, respectively). MME at baseline was not related to the grade of 
disc cupping (P = 0.303) and defect of central VF (P = 0.88). The presence of MME was not associated with age 
either at baseline (P = 0.571) or at the final visit (P = 0.83). Additionally, in six of 24 (25%) eyes with MME at 
baseline, MME disappeared at the final visit, whereas eight of 76 (11%) eyes without MME at baseline developed 
MME at the final visit. EZ disruption was significantly associated with BCVA at baseline (P = 0.006), whereas no 
significant difference was observed at the final visit (P = 0.139). Pseudoexfoliation was not related to the ERM 
stage (P = 0.532).

Comparison between the peeling and observation groups
Over the follow-up period, BCVA in the observation group worsened from 0.03 ± 0.19 to 0.14 ± 0.33 (P = 0.0003), 
whereas it remained unchanged in the peeling group (0.25 ± 0.31 to 0.19 ± 0.29, P = 0.397) (Fig. 1). The change 
observed in the BCVA was better in the peeling group than in the observation group (P = 0.018). CFT (P < 0.001) 
and GCC (P < 0.001) decreased in the peeling group. MME improved in the peeling group (P = 0.04), whereas 
MME increased in the observation group (P = 0.01). No change was observed in EZ disruption in either group. 
The two representative cases are presented in Fig. 2.

Fig. 1.  The logarithm of the minimum angle of resolution (LogMAR), mean central foveal thickness (CFT) 
(µm), rate of microcystic macular edema (MME) (%), and mean ganglion cell complex (GCC) thickness 
(µm) throughout the follow-up period in the peeling (epiretinal membrane [ERM] removal with pars plana 
vitrectomy) and observation (without vitrectomy) groups. The asterisks represent a P value < 0.05.
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Risk factors in the peeling group
Twelve eyes exhibited worsened BCVA postoperatively in the peeling group (Table 2). The postoperative follow-
up period was not associated with worsened BCVA (P = 0.166). Intentional ILM peeling (P = 0.948) and ICG 
usage (P = 0.841) were not risk factors for visual acuity deterioration. Furthermore, 23 of 24 phakic eyes received 
cataract surgery. Cataract extraction improved BCVA (P = 0.007). Postoperatively, the presence of DONFL and 
ERM recurrence were not related to visual acuity decay (P = 0.948 and P = 0.546, respectively). CFT thickness 
(P = 0.087), GCC thickness (P = 0.063), and the presence of MME (P = 0.376) at baseline were not related to 
worsened visual acuity. The presence of DONFL was not associated with postoperative visual acuity (P = 0.948).

Prognostic risk factors for visual acuity
Logistic regression analyses revealed a relationship between visual acuity decay and clinical factors (Table 3). 
MME (odds ratio [OR]: 4.97; 95% confidence interval [CI]: 1.52 to 16.2; P = 0.008) and thin CFT (OR: 0.99; 
95% CI: 0.98 to 1.00; P = 0.033) were considered risk factors for visual acuity deterioration; however, cataract 
extraction and GCC at baseline were not identified as risk factors (P = 0.674 and P = 0.108, respectively). In the 
univariate analysis, VF at baseline and surgical factors such as ERM peeling, intentional ILM peeling, or ICG 
dying were not associated with BCVA worsening (P = 0.17, P = 0.214, P = 0.588, respectively). Further, within the 
observation group, the stage of ERM at baseline was not related to BCVA worsening (P = 0.545).

Fig. 2.  Representative cases with epiretinal membrane (ERM) and concurrent open-angle glaucoma in each 
group. In the peeling group, a 67-year-old male underwent ERM removal with a vitrectomy in the right eye. 
His visual acuity (VA) was increased from 0.2 to 0.6. His mean deviation (MD) worsened from − 9.80 dB to − 
11.65 dB. The ERM and ILM were removed completely without recurrence, and microcystic macular edema 
(MME) improved. In the observation Group, a 64-year-old woman was observed without vitrectomy over 
the follow-up period. VA in her left eye worsened from 1.2 to 0.8, with an expansion of the central visual field 
defect. Her MD changed from − 15.72 dB to −15.33 dB. The ERM and MME were not resolved.
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Univariate analysis Multivariate analysis

Variable Odds ratio 95% CI P-value Odds ratio 95% CI P-value

Age 1.03 0.985–1.07 0.208

Sex 0.653 0.294–1.45 0.297

PPV with ERM peeling 0.546 0.23–1.3 0.17

Intentional ILM peeling during PPV 0.561 0.225–1.4 0.214

Cataract extraction 0.445 0.2–0.993 0.048 0.820 0.326–2.07 0.674

EZ disruption at baseline 1.04 0.246–4.43 0.953

MME at baseline 3.34 1.24–9.0 0.017 4.970 1.520–16.20 0.008

ERM stage at baseline 0.758 0.465–1.24 0.268

Central visual field defect within 10º at baseline 1.4 0.634–3.11 0.404

CFT at baseline 0.994 0.989–0.998 0.006 0.994 0.989–1.00 0.033

GCC at baseline 0.984 0.971–0.997 0.016 0.988 0.974–1.00 0.108

Cup: disc ratio at baseline 1.28 0.747–2.2 0.366

Presence of PE at baseline 0.6 0.135–2.66 0.501

ICG dyeing during ILM peeling 0.51 0.0448–5.82 0.588

VF at baseline (MD, dB) 0.949 0.889–1.01 0.118

Table 3.  Logistic regression analysis of clinical factors associated with visual deterioration in eyes with 
epiretinal membrane concomitant with open-angle glaucoma.CFT = central foveal thickness; CI = confidence 
interval; ERM = epiretinal membrane; EZ = ellipsoid zone; GCC = ganglion cell complex, ICG = indocyanine 
green; ILM = internal limiting membrane; MD = mean deviation; MME = microcystic macular edema; 
PE = pseudoexfoliation; PPV = pars plana vitrectomy; VF = visual field.

Parameter Improved or stable (n = 19) Worsened (n = 12) P-value

ERM stage at baseline

 1 4 (21) 2 (17)

 2 7 (37) 3 (25)

 3 4 (21) 6 (50)

 4 4 (21) 1 (8) 0.488

Surgical procedure during PPV

 25-gauge (%) 12 (63) 9 (75)

 27-gauge (%) 7 (37) 3 (25) 0.697

 Preoperative PVD (%) 15 (79) 9 (75) 0.798

 Phakic (%) 18 (95) 6 (50) 0.007

 Cataract surgery (%) 18 (95) 5 (42) 0.002

 Intentional ILM peeling (%) 16 (84) 10 (83) 0.948

ILM visualization

 TA (%) 15 (78) 10 (84)

 ICG (%) 2 (11) 1 (8)

 BBG (%) 2 (11) 1 (8) 0.956

 DONFL (%) 3 (16) 2 (17) 0.948

 Intravitreal air tamponade during PPV (%) 0 (0) 1 (8) 0.201

 Presence of macular pucker (%) 3 (16) 1 (8) 0.546

 Postoperative follow-up period (months) 49.05 ± 20.01 39.92 ± 12.02 0.166

 Central visual field defect within 10 degrees at baseline 9 (47) 5 (42) 0.756

 CFT at baseline 379.2 ± 122.9 300.7 ± 115.7 0.087

 CFT at final visit 244.6 ± 70.6 223.2 ± 39.5 0.347

 GCC at baseline 136.8 ± 36.9 112.5 ± 28.5 0.063

 GCC at final visit 99.0 ± 24.7 100.9 ± 19.5 0.818

 MME at baseline (%) 5 (26) 5 (42) 0.376

 MME at final visit (%) 2 (11) 2 (17) 0.630

Table 2.  Parameters related to final BCVA in the peeling group. BBG = Brilliant Blue-G; BCVA = best-corrected 
visual acuity; CFT = central foveal thickness; DONFL = dissociated optic nerve fiber layer; ERM = epiretinal 
membrane; GCC = ganglion cell complex; ICG = indocyanine green; ILM = internal limiting membrane; 
MME = microcystic macular edema; PPV = pars plana vitrectomy; PVD = posterior vitreous detachment; 
TA = triamcinolone acetonide.
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Discussion
In this retrospective study, we identified prognostic risk factors for visual acuity decline in 100 eyes with ERM 
concomitant with OAG over a long-term follow-up by comparing the peeling and observation groups. In the 
observation group, BCVA worsened considerably over the follow-up period; however, it did not deteriorate in the 
peeling group. Cataract surgery, or surgical procedures such as ILM peeling or ICG usage can have a profound 
effect on the visual outcomes. Accordingly, we utilized multivariate analysis, which revealed the presence of 
MME and thinner CFT as poor prognostic factors for visual acuity outcomes. The observation group included a 
higher proportion of early-stage ERM cases compared to that in the peeling group. This suggests that factors like 
cataract and glaucomatous visual field loss might have had a greater impact on visual outcomes than ERM itself. 
On the other hand, many eyes in the peeling group underwent cataract surgery, often for significant cataracts 
(E-2 and above). Approximately half of the eyes in the observation group had advanced cataracts (E-2 and 
above), but only 43% underwent surgery during the follow-up period. This suggests that cataract and glaucoma 
progression, rather than ERM, significantly affected visual acuity at the end of the two-year follow-up period. 
Since the comparison is not between equivalent stages of ERM, caution should be taken when interpreting the 
visual acuity results after 2 years.

MME was identified as an independent prognostic risk factor12,13and was reported in 2.8–7.9% of glaucoma 
cases21,23,24], 19.9–27.0% of idiopathic ERM without glaucoma cases25,26, and 57–61% of ERM and concomitant 
glaucoma cases12,13. Vitreoretinal traction, inflammatory reaction, and retrograde degeneration may cause 
MME22. The pathophysiology of MME remains unclear; however, in eyes with ERM concomitant with glaucoma, 
mechanical stresses exerted by ERM traction and transsynaptic (retrograde) degeneration of Müller cells caused 
by glaucoma seem to result in MME. Govetto et al. reported that MME was less likely to resolve following 
ERM removal in eyes with both ERM and glaucoma22. However, another study showed that MME in eyes with 
ERM concomitant with glaucoma decreased considerably postoperatively13. This difference may be related to 
the severity of glaucoma. Membrane peeling can release the tractional force of ERM; however, it cannot improve 
retrograde degeneration induced by glaucoma. In this long-term follow-up study, the number of eyes with MME 
decreased notably in the peeling group, whereas it increased notably in the observation group (Fig. 1), implying 
that the tractional factor was released in the peeling group but persisted in the observation group. However, 
MME at baseline and the final visit were not associated with postoperative BCVA in the peeling group (Table 2). 
MME is included in the diverse clinical spectrum of cystic macular edema (CME). Postoperative persistent 
CME after ERM removal may indicate inflammation and is often treated with steroids or nonsteroidal anti-
inflammatory drugs27. However, in cases of ERM concomitant with glaucoma, postoperative persistence of CME 
can be related to retrograde maculopathy caused by glaucoma. However, it seems worthwhile to resolve MME by 
releasing the tractional factor. MME may not contraindicate PPV with ERM peeling in eyes with ERM and OAG.

A systematic review revealed a thicker CFT and thicker ganglion cell inner plexiform layer as prognostic risk 
factors in ERM surgery28. However, in this study, thinner CFT was a factor for poor prognosis. Macular thickness 
may be reduced in eyes with severe glaucoma29,30. Thinning of the macula has been associated with retinal nerve 
fiber layer thinning30. Asrani et al. showed that retinal thickness was lower in eyes with deeper cupping of the 
optic disc or worse, VF29. In cases of severe glaucoma, CFT thinning caused by glaucomatous retinal ganglion 
cell degeneration may overcome CFT thickening induced by ERM traction. Disproportionately preserved 
macular volume in severe glaucoma was associated with MME in some studies31. Thick macula in eyes with 
ERM concomitant with severe glaucoma may imply MME due to dysfunction of Müller cells or degeneration 
of bipolar cells. In the peeling group, CFT and GCC thickness at baseline were not related to postoperative 
worsening of BCVA. However, CFT and GCC thickness decreased significantly after membrane peeling (Fig. 1). 
Thinner GCC may indicate a poor prognosis of VF in eyes with ERM concomitant with glaucoma11. Thinning 
of the macular volume may imply fragility of the macular structure; however, the evidence remains inconclusive. 
Surgical intervention may need to be avoided in eyes with lower CFT. In cases of ERM, CFT generally increases, 
so thinner CFT (while still thicker than normal) might indicate milder ERM that has less impact on vision. 
Additionally, this result could be driven by the greater influence of glaucoma or cataract progression on vision 
rather than ERM severity. Thus, caution should be exercised when considering CFT as a prognostic factor for 
surgical outcomes in cases of ERM with concurrent glaucoma.

ILM removal prevents ERM recurrence32. However, most of the ERM recurrences are not clinically notable, 
and the long-term effects of ILM peeling remain unclear32. ILM removal can result in DONFL appearance, 
which reflects damage to Müller cells16,18, and Müller cell debris adhered to peeled ILM in the DONFL area18. 
Decreased retinal sensitivity after ILM removal was observed15. VF defects after ILM peeling may be related to 
ICG toxicity14. Moreover, central retinal sensitivity, particularly on the nasal side, is more likely to deteriorate 
after ERM and ILM removal in cases with glaucoma9–11. Starting membrane peeling from the area with complete 
loss of VF sensitivity, avoiding ICG usage, and sparing ILM are recommended in eyes with glaucoma33. Herein, 
ILM removal, ICG dyeing, and DONFL did not affect outcomes.

This study had certain limitations, including its small sample size and retrospective nature. Further, PPV 
was not performed by a single surgeon. During the period, only the Goldmann perimeter began to be utilized 
from the middle instead of the Humphrey VF Analyzer, especially in severe glaucoma with central VF defect. 
Therefore, changes in VF after long-term observation could not be evaluated. Moreover, baseline characteristics 
including ERM stage, glaucoma severity, or visual functions varied between the groups, likely because retinal 
surgeons tend to be reluctant to perform PPV in patients with severe glaucoma despite ongoing controversy 
about indications in cases with ERM concomitant with OAG. In the peeling group, triamcinolone acetonide 
(TA)-assisted ILM peeling was performed in 25 eyes. Unlike ICG or Brilliant Blue G, TA cannot stain ILM 
directly. Limited visual function tests were conducted, although axial length was not measured. Fluorescein 
angiography was not performed, and prostaglandin eye drops, which could cause CME, were not discontinued 
in the follow-up period.

Scientific Reports |        (2024) 14:28660 6| https://doi.org/10.1038/s41598-024-80020-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


In conclusion, we identified MME and thinner CFT as risk factors for long-term visual deterioration in eyes 
with ERM concomitant with OAG. PPV with ERM peeling for eyes with OAG did not lead to critical visual 
deterioration over the long term; however, it improved MME. Long-term observation may help assess the visual 
outcomes of ERM concomitant with glaucoma because glaucomatous VF deterioration progresses slowly. Larger 
prospective studies are required to validate our results and examine the long-term effects on VF.

Methods
Participants
This retrospective observational study included consecutive cases with ERM concomitant with OAG who visited 
Osaka University Hospital between August 2017 and August 2022, with more than 2 years of follow-up since 
the disease diagnosis (baseline). Eyes undergoing membrane peeling with PPV in the follow-up period were 
assigned to the peeling group, and those without PPV were grouped into the observation group. The study 
protocol was approved by the Institutional Review Board of Osaka University Hospital (approval number: 09260) 
and adhered to the tenets of the Declaration of Helsinki. The requirement for informed consent was waived 
because this study was retrospective. The exclusion criteria were patients with diabetic retinopathy, retinal vein 
occlusion, uveitis, corneal disease, retinal detachment, age-related macular degeneration, macular hole, lamellar 
macular hole, optic neuropathy, multiple sclerosis, and any previous history of PPV. In the peeling group, cases 
followed up for less than 2 years after PPV were excluded. Eyes that underwent cataract or glaucoma surgery 
within 3 months were also excluded.

Diagnosis and treatment of OAG
A VF test (Humphrey VF Analyzer II, 30 − 2 Swedish interactive threshold algorithm, Humphrey–Zeiss 
instrument, Dublin, CA, USA) was performed on all eyes at baseline. Glaucomatous optic neuropathy was 
defined as partial or diffuse neuro-retinal rim thinning with or without a retinal nerve fiber defect. OAG was 
diagnosed based on the presence of glaucomatous optic neuropathy and its responsible VF defect in eyes with 
elevated IOP and without angle-closure4. Therefore, OAG can be diagnosed in patients with low C/D ratio if 
they have a partial neuro-retinal rim thinning and its responsible VF defect. OAG was diagnosed by glaucoma 
specialists. Central VF defect was defined as a VF defect within 10º of fixation in the 30 − 2 VF test with at least 
one point at P< 1% in the pattern deviation plot12,34.

Ophthalmic examinations
The medical and surgical records of all patients were reviewed retrospectively for the following parameters: age, 
sex, bilaterality, BCVA, MD in the VF test, CFT, EZ disruption, DONFL appearance, C/D ratio, cataract surgery, 
size of sclerotomy, fluid-air-exchange, agent to visualize ILM and follow-up period. BCVA was measured using 
the Landolt C acuity chart and converted to the logarithm of the minimum angle of resolution. Retinal and 
glaucoma conditions were assessed using swept-source OCT (Deep Range Imaging OCT Triton Swept Source 
OCT, Topcon, Japan 8 eyes), spectral-domain OCT (Cirrus HD-OCT, Carl Zeiss Meditec Inc, Germany 54 
eyes), or RS-3000 (Nidek Co., Ltd., Gamagōri, Japan 38 eyes). Vertical and horizontal cross-sectional scans were 
acquired for each eye. ERM was staged according to the classification proposed by Govetto et al.35MME was 
defined as a hyporeflective cystic area with clear boundaries in the inner nuclear layer around macula area19,20. 
Gelfand identified MME using two adjacent B-scans19. However, because this study is retrospective and several 
OCT devices were utilized, we identified MME in some eyes using only one B-scan as described in a previous 
report20. The appearance of DONFL was evaluated using postoperative OCT16. All eyes were classified into three 
groups based on the C/D ratio in fundus photographs as follows: 0.1–0.4 (mild), 0.5–0.7 (moderate), and over 
0.8 (advanced)13. EZ disruption was defined as the discontinuation of EZ. ERM stage, MME, EZ disruption, 
DONFL, and C/D ratio were assessed by two masked graders (M.K. and T.O.), and discrepancies were resolved 
by S.S. CFT and GCC thickness were measured by a single observer (M.K.) who was blinded to patients’ clinical 
information using the ImageJ software (National Institutes of Health) to delete segmentation errors.

Procedures of PPV with membrane peeling
In total, 31 eyes of 26 patients underwent PPV with a 25-gauge or 27-gauge vitrectomy system (CONSTELLATION, 
Alcon Inc., Germany) under retrobulbar anesthesia by surgical retina specialists. Sclerotomy ports were made 
in the pars plana, and core vitrectomy was performed after the vitreous gel was visualized by injecting TA into 
the vitreous cavity. Posterior vitreous detachment was created when it was not present. The peripheral vitreous 
was shaved with scleral indentation. ERM was peeled using micro forceps with TA. The peeling began from 
the area with the VF defect in severe glaucoma. After ERM peeling, ILM was confirmed and peeled using TA, 
Brilliant Blue G, or ICG to prevent recurrent ERM. Fluid-air exchange and maintenance of a postoperative 
facedown position for a couple of days were recommended in only one case where retinal tears were observed 
during surgery. Combined phacoemulsification and intraocular lens implantation were performed on patients 
with cataracts.

Statistical analysis
Independent or paired t-tests and Mann–Whitney U tests were used to compare the averages of continuous 
variables. The chi-squared, Fisher exact, and McNemar tests were used to compare the proportions of categorical 
variables between groups. Univariate and multivariate logistic regression analyses assessed prognostic risk 
factors associated with visual acuity worsening. R (R Foundation, version 4.1.2) and Statcel software (Statcel, 
version 4, OMS Ltd.) were used for all statistical analyses. A two-sided P value < 0.05 was statistically significant.
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