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ABSTRACT 

Background: Surgical intervention for an idiopathic epiretinal membrane (iERM) could alleviate metamorphopsia or 

improve vision. We evaluated changes in vision in patients undergoing treatment for monocular iERMs during a 6-month 

period. We investigated the rate of posterior vitreous detachment (PVD) using optical coherence tomography (OCT) 

imaging in eyes with iERM and in normal fellow eyes. We also examined the intraoperative rate of PVD in iERM eyes 

following the administration of triamcinolone acetonide (TA). 

Methods: This prospective interventional case series recruited all eligible individuals with treatment-naive monocular 

iERM who were scheduled for pars plana vitrectomy (PPV) due to reduced best-corrected distance visual acuity (BCDVA) 

or metamorphopsia. OCT at baseline was used to determine the presence and stage of PVD in the eyes with iERM and the 

normal fellow eyes. Intraoperative TA-based PVD staging was performed for affected eyes.  

Results: Participants comprised 32 cases, with 32 eyes with iERM and 32 normal fellow eyes. The mean (standard 

deviation [SD]) age was 60.9 (9.7) years, and the majority were men (n = 18, 56.2%). The baseline mean (SD) of BCDVA in 

affected eyes was 0.50 (0.21) logarithm of the minimum angle of resolution (logMAR), which improved to 0.34 (0.20) 

logMAR at the 1-month visit, representing a significant mean difference of 0.15 (0.20) logMAR (P < 0.001). At the 6-months 

visit, the mean (SD) BCDVA had further improved to 0.26 (0.19) logMAR, representing a significant mean difference of 

0.23 (0.26) logMAR (P < 0.001) from the baseline value. The mean (SD) visual improvement between the 1- and 6-months 

follow-ups was 0.07 (0.14) logMAR, which was statistically significantly (P < 0.05). The mean changes in BCDVA were 

more pronounced in patients aged < 60 years than in those aged ≥ 60 years. The proportion of eyes at each stage of PVD 

detected by preoperative OCT in eyes with iERM differed from that detected by intraoperative TA staining. By both 

methods, the stages advanced significantly with increasing age (both P < 0.001). Similarly, the proportion of eyes at each 

stage of PVD detected by preoperative OCT in the normal fellow eyes was also higher and advanced significantly with 

increasing age (P < 0.001).  

Conclusions: Continuous visual improvement is anticipated up to 6 months after surgery in eyes with iERM, and this 

improvement is likely to be more significant in younger individuals. The incidences of each PVD stage varies depending 

on the use of preoperative OCT or intraoperative TA in these cases. A higher rate of PVD observed in fellow eyes may 

suggest that PVD progresses through its stages simultaneously and without complications in normal eyes. Further studies 

are needed to validate our preliminary results and confirm these conclusions.  
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INTRODUCTION 

The epiretinal membrane (ERM) is a semi-transparent, fibrocellular layer that forms on the inner surface of the retina, 

specifically along the internal limiting membrane (ILM) [1]. Its development could be idiopathic (iERM), following a 

disruption of the vitreoretinal interface that is associated with posterior vitreous detachment (PVD) [1], which is observed in 

95%–100% of iERM cases [2]. Alternatively, ERM develops secondary to various causes, such as vascular occlusion, uveitis, 

trauma, intraocular surgery, diabetic retinopathy, or retinal breaks [2, 3]. Structural optical coherence tomography (OCT) has 

significantly improved the characterization of iERM [4, 5]. 

While relatively common, iERM has no gender predilection [6, 7], and according to autopsy findings appears in 2% and 

20% of individuals over the age of 50 and 75 years, respectively [8]. ERM is bilateral in only 10%–20% of cases, indicating a 

high degree of asymmetry [6]. The most consistent risk factor for ERM development is increasing age. The majority of patients 

presenting with ERMs are aged over 50 years, with the highest prevalence observed in individuals in their seventies [2, 3, 9].  

Asymptomatic ERMs should be monitored as they often worsen, which may occur shortly after detection [10]. Mild cases 

do not require treatment, and in rare instances, the ERM may resolve spontaneously [11], leading to an improvement in 

symptoms. Indications for treatment include reduced vision or significant visual distortion. The goal of surgical intervention 

is to alleviate metamorphopsia or to improve vision [12].  

Herein, we evaluated changes in vision during a short-term follow-up in patients undergoing treatment for monocular 

iERMs. Additionally, we used OCT to investigate the rate of PVD in eyes with iERM and normal fellow eyes. We also 

examined the intraoperative rate of PVD in iERM eyes following the administration of triamcinolone acetonide (TA). 
 

METHODS 

This prospective interventional case series recruited all eligible individuals with treatment naive monocular iERM who were 

scheduled for pars plana vitrectomy (PPV) by a single vitreoretinal surgeon (M.B.) at Imam Khomeini Ophthalmology Center 

of Kermanshah, Iran, from September 2019 to September 2022. The study protocol was approved by the local Ethics 

Committee of Kermanshah University of Medical Sciences and adhered to the principles of the Declaration of Helsinki. 

Informed consent was obtained from all participants. 

All eligible patients diagnosed with treatment-requiring monocular iERMs [2, 4], who had a reduced best-corrected 

distance visual acuity (BCDVA) of 20/50 or worse or had intolerable metamorphopsia, were included. Patients diagnosed 

with secondary ERM or bilateral iERM; with vitreoretinal diseases or media opacities; with a history of any intraocular 

surgery; and lactating or pregnant women were excluded.  

Baseline clinical and demographic characteristics of the patients, including age, sex, and laterality of the affected eye, 

duration of symptoms, main surgery indication (reduced vision or metamorphopsia), systemic comorbidities, and history of 

smoking, were recorded. Participants underwent thorough ophthalmological examinations. These included BCDVA 

measurement with a Snellen visual acuity chart (Nikon Chart Projector NP-3S; Nikon Inc, Melville, NY, USA) and recorded 

in logarithm of the minimum angle of resolution (logMAR) notation. Additionally, slit-lamp biomicroscopy examination of 

the anterior and posterior segments (Photo-Slit-Lamp BX 900; Haag-Streit, Koeniz, Switzerland), and detailed posterior 

segment examination with indirect ophthalmoscopy (Heine Omega Indirect ophthalmoscope; Heine Optotechnik GmbH, 

Gilching, Germany) were performed using a 20-diopter condensing lens (Volk Optical, Inc., Mentor, OH, USA). Moreover, 

intraocular pressure was measured with Goldmann applanation tonometry (AT900, Haag-Streit, Koeniz, Switzerland). 

The diagnosis of ERM was made based on fundus examination by an expert medical and surgical retina subspecialist 

(B.M.) and was confirmed by OCT angiography (OCT-A; RTVue XR Avanti, OptoVue, Inc., Fremont, CA, USA) [4, 5]. All 

eyes were dilated with 1% tropicamide eye drops (Mydrax 1%, Sina Daru, Tehran, Iran) before acquiring OCT-A scanning. 

Furthermore, baseline OCT-A imaging was used to determine the presence and stage of the PVD in eyes with iERM and in 

the normal fellow eyes [13, 14]. Stage 0 of PVD indicates an absence of PVD. Stage 1 involves focal perifoveal PVD, with 

persistent attachment to the fovea, optic nerve head, and mid-peripheral retina. Stage 2 involves macular PVD, where 

attachment to the optic disc persists, but adhesion to the fovea is absent. In stage 3, PVD is nearly complete, with adhesion 

only at the vitreopapillary junction. Finally, stage 4 represents complete PVD [15, 16]. 

An expert medical and surgical retina subspecialist (B.M.) performed all surgeries under general anesthesia, using a 

standard three-port, 23-gauge PPV with a non-contact binocular indirect operating microscope system (Oculus Inc., Petaluma, 

CA, USA). Following trocar placement in the pars plana region (4 mm from the limbus), core vitrectomy was applied, TA 10 

mg/mL (Triamcinolone Acetonide, Sina Darou, Tehran, Iran) was injected into the vitreous cavity. The surgeon then 

determined the stage of PVD for each eye based on TA staining [14]. When PVD was absent, the posterior hyaloid membrane 

was detached around the optic disc using a vitrectomy probe, followed by removal of the peripheral vitreous. The ERM and 

ILM were stained with Trypan Blue (Vision Blue, 0.06%, DORC International BV, Zuidland, The Netherlands) and Brilliant 

Blue (Ocublue Plus, Brilliant Blue G solution, Aurolab, Madurai, India), respectively, before peeling. The surgery was further 

carried out as explained in depth elsewhere [17-20]. 

Postoperatively, eyes received ciprofloxacin hydrochloride 0.3% eye drops (Ciplex; Sina. Darou, Tehran, Iran) four times 

daily for 10 days and betamethasone 0.1% eye drops (Betasonit; Sina. Darou, Tehran, Iran) six times daily, tapered during the 
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4 weeks’ follow-up, using an individualized approach. Patients underwent frequent detailed ophthalmological examinations 

at postoperative follow-ups. BCDVA was recorded at the 1- and 6-months follow-up visits. 

Data were analyzed statistically using SPSS Statistics Software for Windows (version 25.0; IBM Corp., Armonk, NY, USA). 

The Kolmogorov–Smirnov test was used to assess the normality of data distribution. Data were summarized as mean 

(standard deviation [SD]) or frequency (percentage) as appropriate. The one-way analysis of variance (ANOVA), paired-

samples t-test, and independent samples t-test were used for comparison when applicable. A P-value < 0.05 indicated 

statistical significance. 
 

RESULTS 
 

The patient group comprised 32 cases with 32 eyes diagnosed as iERM and 32 fellow normal eyes. The mean (SD) age was 

60.9 (9.7) years (range: 39–80 years). Eighteen (56.2%) participants were men and 14 (43.8%) were women. In 17 (53.1%) 

patients, the right eye, and in 15 (46.9%) patients, the left eye had been diagnosed with iERM. The main surgery indication in 

29 (90.6%) eyes was reduced BCDVA, while in three (9.4%) eyes, the indication was metamorphopsia. Twenty (62.5%) patients 

had no systemic comorbidities, seven (21.9%) had systemic hypertension, four (12.5%) had diabetes mellitus without clinically 

evident retinopathy (3 [9.4%] patients with type II diabetes mellitus and 1 [3.1%] with type I diabetes), while one patient 

(3.1%) had both hypertension and type II diabetes mellitus. Ten patients (31.3%) had a history of smoking (Table 1).  

The mean (SD) of BCDVA at baseline in the affected eyes was 0.50 (0.21) logMAR (range: 0.15–1.0 logMAR) and 

improved to 0.34 (0.20) logMAR at the 1-month postoperative visit, representing a significant mean difference of 0.15 (0.20) 

logMAR (P < 0.001). At the 6-months postoperative visit, the mean (SD) BCDVA had further improved to 0.26 (0.19) logMAR, 

representing a significant mean difference of 0.23 (0.26) logMAR (P < 0.001) relative to baseline. The mean (SD) visual 

improvement between the 1-month and 6-months follow-ups was 0.07 (0.14) logMAR, which was statistically significant (P < 

0.05) (Table 2). Therefore, eyes with treated iERM demonstrated continuous visual improvement during the 6 months after 

surgery.  

In subgroup analysis, the mean changes in BCDVA were more pronounced in patients younger than 60 years than in 

those 60 years and older (Table 3), indicating greater visual improvement in younger patients. 

Preoperative OCT-based staging for PVD detected two eyes with iERM at stage 0, six eyes at stage 1, five eyes at stage 

2, eight eyes at stage 3, and 11 eyes at stage 4. Intraoperative TA-based PVD staging detected two eyes at stage 0, four eyes at 

stage 1, six eyes at stage 2, seven eyes at stage 3, and 13 eyes at stage 4. Both OCT-based preoperative and TA-based 

intraoperative staging of PVD in eyes with iERM demonstrated a significant advance in staging with increasing age (both P 

< 0.001) (Table 4).  

Preoperative OCT-based staging for PVD in the normal fellow eye detected no eye with stage 0, three eyes at stage 1, 

seven eyes at stage 2, six eyes at stage 3, and 16 eyes at stage 4. OCT-based staging for PVD in normal fellow eyes advanced 

significantly with increasing age (P < 0.001) (Table 4). The rate of PVD detected by OCT was higher in the normal fellow eyes 

than in the iERM eyes. 

No signs of recurrence were detected during clinical examinations conducted over 6-month follow-up period. 

 

Table 1. Demographic and clinical characteristics of the study participants  

Variable Value 

Age (y), Mean ± SD (Range) 60.9 ± 9.7 (39 to 80) 

Sex (Men / Women), n (%) 18 (56.2) / 14 (43.8) 

Laterality of iERM (OD / OS), n (%) 17 (53.1) / 15 (46.9) 

Main surgery indication (Reduced vision / Metamorphopsia), n (%) 29 (90.6) / 3 (9.4) 

History of smoking (Smoker/ Non-smoker), n (%) 10 (31.3) / 22 (68.7) 

Systemic comorbidities 

Type I diabetes mellitus, n (%) 1 (3.1) 

Type II diabetes mellitus, n (%) 3 (9.4) 

Systemic hypertension, n (%) 7 (21.9) 

Both hypertension and type II diabetes mellitus, n (%) 1 (3.1) 

None, n (%) 20 (62.5) 

Abbreviations: y, years; SD, standard deviation; n, number; %, percentage; iERM, idiopathic epiretinal membrane; OD, right eye; OS, left 

eye. 

 

Table 2. Comparison of mean difference in BCDVA between follow-up visits in eyes with iERM  

Changes in BCDVA (logMAR) Mean difference ± SD P-value 

Between baseline and 1-month postop visit 0.15 ± 0.20 < 0.001 

Between baseline and 6-month postop visit 0.23 ± 0.26 < 0.001 

Between 1- and 6-month postop visit 0.07 ± 0.14 0.007 

Abbreviations: BCDVA, best-corrected distance visual acuity; iERM, idiopathic epiretinal membrane; logMAR, logarithm of the 

minimum angle of resolution; SD, standard deviation; postop, postoperative. Note: P-value < 0.05 are shown in bold. 
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Table 3. Comparison of mean difference in BCDVA between follow-up visits in eyes with iERM, according to age groups  

Age group  Between baseline and 

1-month postop, Mean 

difference ± SD 

(logMAR) 

Between baseline and 

6-month postop, Mean 

difference ± SD 

(logMAR) 

Between 1- and 6-month 

follow-ups, Mean 

difference ± SD (logMAR) 
1 P-value 

< 60 y, (n =12) 0.23 ± 0.19 0.28 ± 0.26 0.05 ± 0.11 0.023 

 ≥ 60 y, (n =20) 0.08 ± 0.13 0.17 ± 0.20 0.09 ± 0.15 0.219 
2 P-value 0.117 0.451 0.362  

Abbreviations: BCDVA, best-corrected distance visual acuity; iERM, idiopathic epiretinal membrane; y, years; n, 

number of patients; logMAR, logarithm of the minimum angle of resolution; SD, standard deviation. Note: P-value < 

0.05 is shown in bold; 1 P-value, 1 P-value for comparing across follow-up visits within each age group; 2 P-value; 2 P-

value for comparing between two age groups at each follow-up visit. 

 

Table 4. Proportion of eyes with iERM and normal fellow eyes in each stage of PVD, with the corresponding mean age of 

participants 

Variable Mean ± SD of participants’ age in years in each stage P-value 

Stage 0 Stage 1 Stage 2 Stage 3 Stage 4  

OCT-based preoperative staging of 

PVD in eyes with iERM, n (%) 

2 (6.3) 

41.0 ± 2.8 

6 (18.8) 

51.5 ± 5.7 

5 (15.6) 

60.6 ± 6.7 

8 (25.0) 

64.5 ± 3.9 

11 (34.4) 

67.3 ± 7.7 

< 0.001 

Intraoperative TA-based staging of 

PVD in eyes with iERM, n (%) 

2 (6.3) 

41.0 ± 2.8 

4 (12.5) 

49.0 ± 4.9 

6 (18.8) 

58.7 ± 6.20 

7 (21.9) 

64.6 ± 4.2 

13 (40.6) 

66.8 ± 7.1 

< 0.001 

OCT-based preoperative staging of 

PVD in normal fellow eyes, n (%) 

0 (0.0) 

- 

3 (9.4) 

43.7 ± 5.0 

7 (21.9) 

54.6 ± 8.4 

6 (18.8) 

67.3 ± 7.5 

16 (50.0) 

64.6 ± 5.9 

< 0.001 

Abbreviations: PVD, posterior vitreous detachment; iERM, idiopathic epiretinal membrane; OCT, optical coherence tomography; n, 

number of eyes; %, percentage; SD, standard deviation; TA, triamcinolone acetonide 10 mg/mL (Sina Darou, Tehran, Iran). Note: P-value < 

0.05 are shown in bold; Stage 0, absence of PVD; Stage 1, focal perifoveal PVD, with persistent attachment to the fovea, optic nerve head, 

and mid-peripheral retina; Stage 2, macular PVD, with persistent attachment to the optic disc but no adhesion to the fovea; Stage 3, near-

complete PVD, with adhesion only at the vitreopapillary junction; Stage 4, complete PVD [15, 16]. 

 

 

DISCUSSION 
We studied 32 patients, each with one eye diagnosed with iERM and one fellow normal eye. Over a follow-up period of up 

to 6-months after surgery, eyes treated for iERM showed continuous improvement in vision. Notably, younger patients 

experienced greater visual improvement than did older patients. Additionally, the frequency of PVD varied between 

preoperative OCT-based staging and intraoperative TA-based PVD staging in eyes affected by iERM. The PVD stage 

advanced significantly with increasing age in both the affected and the normal fellow eyes. 

iERM surgery is both safe and effective in improving vision in most cases [21, 22] and resolves subjective symptoms, 

particularly in patients with considerable preoperative disturbance [23]. Monocular iERM eyes that are indicated for surgery 

may experience significant visual improvement postoperatively [8, 22, 24-26], as reported in both iERM and secondary ERM 

cases at a mean postoperative follow-up of 28.95 months in patients aged < 40 years [27]. In a 10-year follow-up study of 49 

patients with surgically treated iERM, Elhusseiny et al. [28] observed continuous visual improvement over the first 3 years, 

after which vision remained stable up to 10 years postoperatively [28]. Continuous visual improvement up to 6 months (short-

term) [29] and 41.6 months (long-term) [30] postoperative follow-up of surgically treated iERM have been reported. In 

contrast, Kim et al. [31] found that the majority of changes in the best-corrected visual acuity (BCVA) occurred during the 

first 3 months after surgery, and that BCVA had stabilized by the 12-months postoperative visit [31]. However, Konstantinidis 

et al. found that 84% of the total improvement in BCDVA occurred within the first week after surgery [32]. In a study by 

Donati et al. [33], 20 eyes from 20 patients with iERM were examined. The mean (SD) visual acuity at baseline was 0.55 (0.08) 

logMAR, which significantly improved to 0.33 (0.05) logMAR by day 180. Their results indicated that iERM surgery leads to 

a continuous improvement in visual function, not only by 1-month post-surgery but also beyond 6 months [33]. The current 

study observed a continuous improvement in vision over 6 months after surgery in eyes treated for iERM. 

A retrospective study of 114 patients with iERM revealed that those with preoperative inner retinal deformation had 

significantly improved long-term visual outcomes after iERM removal [34]. Akincioglu et al. recruited 45 eyes from 45 patients 

(36% men and 64% women) with a mean (SD) age of 69 (8.2) years, diagnosed with iERM, were followed for an average of 7 

months. The researchers observed a continuous improvement in visual acuity, with mean (SD) BCVA at baseline and at 

postoperative visits at 3, 6, and 12 months of 0.58 (0.32), 0.40 (0.31), 0.33 (0.33), and 0.28 (0.34) logMAR, respectively [35]. 

Likewise, Jiao et al. studied 75 eyes with iERM for 12 months. The researchers observed a continuous improvement in visual 

acuity after surgery, with mean (SD) BCVA at baseline and at postoperative visits at 1, 3, 6, and 12 months after surgery of 

0.59 (0.26), 0.63 (0.34), 0.46 (0.22), 0.45 (0.23), and 0.41 (0.23) logMAR, respectively [36]. 

Mao et al. [37] conducted a study involving 108 eyes from 106 patients, with a mean (SD) age of 66.87 (7.98) years, all 

diagnosed with iERM. Preoperatively, they categorized the patients into four stages based on the anatomical structure of the 

macula as observed in OCT B-scan images. They found a significant visual improvement at a minimum follow-up of 6 months 
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as compared to baseline values [37]. Sato et al. [38] reported significant visual improvement and a decrease in the area of 

paravascular abnormalities at the 6-months postoperative follow-up in 28 eyes with concurrent iERM and paravascular 

abnormalities [38]. Haseeb et al. [39] conducted a study involving 43 patients with a mean (SD) age of 59.98 (6.1) years who 

were diagnosed with iERM. The mean (SD) visual acuity improved significantly from 0.59 (0.21) logMAR at baseline to 0.33 

(0.21) logMAR at the final 6-months follow-up [39]. In our patients, the mean BCDVA had improved significantly by 1 and 6 

months after the surgery, as compared to the preoperative stage. Comparison of findings at the 1-month and 6-months follow-

up revealed a significant improvement in the patients’ BCDVA, which indicates that functional improvement proceeds for 

months postoperatively.  

Fang et al. [40] observed different clinical features of the ERMs in young patients compared with older individuals [40]. 

The mean baseline BCVA in young patients was 20/140 (range: 20/250–20/63) and improved significantly to 20/30 (range: 

20/40–20/20) at 14.6 months (range: 6–42 months) postoperative visit [40]. Benhamou et al. [41] conducted a study involving 

20 young patients, with a mean age of 16.3 years, who had either iERM or secondary ERM. They found clinical characteristics 

in these patients that differed from those typically seen in adults [41]. All eyes of the young patients showed a significant 

improvement in final BCDVA, with improvement from 20/112 to 20/50 logMAR, over a mean follow-up period of 21.2 months 

[41]. Follow-up at 12-months post-surgery for 44 eyes with surgically treated iERM showed that achieving a final visual acuity 

better than 0.5 logMAR was associated with younger age. The multifactorial analysis confirmed that age (odds ratio = 0.862, 

95% confidence interval = 0.745–0.099, P = 0.048) was one of the important factors affecting the visual outcome, after adjusting 

for other factors [42]. In contrast, Moisseiev et al. [43] conducted a retrospective chart review of patients aged ≥ 75 years who 

underwent surgery for iERM and found that the postoperative visual outcomes in older patients were comparable to those 

previously reported for younger patients with iERM. The authors suggested that age should not be a barrier to surgery for 

patients with iERM who wish to improve their vision and quality of life [43]. In the current study, the mean changes in 

BCDVA were more pronounced in patients who were younger than 60 years than in those aged 60 years or older. 

Tanikawa et al. [44] observed no significant correlation between BCDVA and the measurements of metamorphopsia and 

aniseikonia, taken both horizontally and vertically, in patients with treatment-naive iERM [44]. These findings suggested that 

metamorphopsia and aniseikonia may be independent of BCDVA in eyes with ERM. Therefore, quantitative assessments of 

these symptoms are necessary for a comprehensive evaluation of visual function, alongside BCDVA in patients with ERM 

[44]. In a prospective observational study involving 45 eyes with iERM from 45 patients, Takabatake et al. [45] reported a 

significant improvement in BCDVA and horizontal metamorphopsia at the 6-months postoperative visit. However, the 

reduction in aniseikonia was statistically significant only at the 12-months follow-up [45]. In our study, the primary indication 

for surgery was reduced vision, reported in 29 patients (90.6%), rather than metamorphopsia, which affected three patients 

(9.4%). All eyes experienced significant improvement in visual symptoms over the 6-months follow-up.  

Better preoperative vision predicts better postoperative vision in eyes with symptomatic iERM [30, 46-49]. At 6 months 

after iERM surgery, Byon et al. [50] found that patients with good vision maintained their visual acuity after a temporary 

worsening, while patients with poor vision achieved significant improvement in their visual acuity [50]. We did not analyze 

our data in this respect. 

Chang et al. [51] conducted a retrospective, consecutive, and comparative study involving 60 patients with iERM who 

were scheduled for one of three treatment options: traditional ERM peeling, ERM peeling combined with ILM peeling as a 

whole, or maculorrhexis ILM peeling. At the 12-months follow-up, the mean BCDVA in eyes treated with maculorrhexis ILM 

peeling was significantly better than that of the other two methods [51]. Cubuk et al. [52] compared visual outcomes of ERM 

peeling with or without ILM peeling over a mean follow-up of 14.1 months. They observed a significant and similar visual 

improvement in both groups, yet the recurrence rate was significantly higher in eyes with ERM peeling only [52].We 

performed Trypan Blue dye-assisted ERM removal within a fovea-centered circular area of 3 optic disc diameters, followed 

by Brilliant Blue dye-assisted ILM peeling from an area around the fovea with a size of 2 disc diameters. All eyes experienced 

significant visual improvement over the 6-months follow-up.  

The frequency of PVD was significantly higher in eyes with ERM [53], presenting in up to 90% of clinically significant 

ERMs [10]. Partial or complete PVD is found in 80–95% of eyes with iERM [54]. Yamashita et al. [55] evaluated the 

intraoperative characteristics of the posterior vitreous cortex in 15 patients with iERM who showed no signs of PVD during 

both slit-lamp and B-scan ultrasound examinations. During vitrectomy, the surgeon observed the relationship between the 

posterior vitreous cortex and the ERM membrane while inducing PVD using TA. They identified three distinct patterns: 1) In 

seven eyes (47%), a round defect in the posterior vitreous cortex was observed after surgical PVD, while an ERM remained 

attached to the macula. 2) In three eyes (20%), a complete detachment of the vitreous cortex along with the ERM were noted. 

3) In five eyes (33%), the posterior vitreous cortex was detached without forming a round defect, again leaving the ERM on 

the macula. Notably, four of these five eyes exhibited a discrete linear signal over the macular area on preoperative OCT 

imaging [55]. They concluded that the observation that the posterior vitreous cortex can split into lamellae during surgery 

supports the hypothesis that ERMs result from anomalous PVD, accompanied by vitreoschisis, which leaves the outermost 

layer of the posterior vitreous cortex attached to the macula [55]. In the current study, more than 93% of eyes with iERM 

showed some level of PVD, as detected through preoperative OCT-based and intraoperative TA-based staging. Notably, this 
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rate reached 100% in the normal fellow eyes based on preoperative OCT imaging. This observation may be due to anomalous 

PVD presence in eyes with ERM. Further studies are needed to validate this justification. 

During vitrectomy, an undetached posterior hyaloid membrane was observed in 82 (20.1%) of 408 eyes with iERM by 

Luc et al. [56]. Janknecht et al. studied the prevalence of PVD in patients with iERM during vitrectomy. They recruited 34 

patients, with a mean age of 72.9 years, who had been diagnosed with iERM and underwent 20-G vitrectomy. The ERM along 

with any remaining vitreous was stained using Membrane Blue. They found that PVD was present in 50% of the patients, 

and detected no correlation between age and the prevalence of PVD. Postoperatively, an improvement in visual acuity was 

observed [57]. The authors noted that, contrary to earlier literature, patients with an iERM typically did not exhibit a PVD. It 

is particularly important to conduct this check, which can be easily performed during surgery using Membrane Blue, as 

achieving PVD is more challenging with a 23-G vitrectomy than with a 20-G vitrectomy [57]. The frequency of PVD in eyes 

with iERM in the current study was higher.  

The study by Luc et al. also revealed that iERM can occur without preexisting PVD [56]. Thus, the induction of PVD is 

necessary to reach the surgical endpoint. This information is crucial, as the peeling of iERM can pose risks when the posterior 

hyaloid membrane is still attached [56]. In the present study, all patients had advanced stage ERM, requiring surgical 

intervention. However, the observed rate of PVD in eyes with iERM was lower than that in the normal fellow eyes. The 

frequency of preoperative PVD observed by OCT in each stage was different from that determined using TA during surgery 

in eyes with iERM. This observed discrepancy may have several explanations. First, the accuracy of preoperative OCT 

imaging for diagnosing PVD has a lower sensitivity and specificity than that of intraoperative TA staining [14]. Moreover, 

the diagnosis of complete PVD using macular OCT is less accurate and often requires the use of ultrasound for confirmation 

[13]. Additionally, the interval between diagnostic imaging and surgery could allow for PVD to develop. Lastly, PVD could 

possibly have been induced in the early stages of surgery after the core vitrectomy, since staining with TA is performed after 

core vitrectomy. Further studies are needed to verify these justifications. 

A deep-learning model, trained on preoperative OCT images—comprising 1392 images from 696 eyes with iERM—

demonstrated a high level of effectiveness in predicting the outcomes of iERM surgery. It also helped to clarify the structural 

mechanisms observed in the OCT images [58]. Among the tested models, ResNet-101 achieved the best overall performance, 

as indicated by various metrics: recall, specificity, precision, F1-score, accuracy, and the area under the receiver operating 

characteristic curve, all of which were greater than or equal to 0.90. This model outperformed general ophthalmologists and 

non-retina specialists, and it slightly surpassed the performance of retina specialists [58]. Jin et al. [1] developed and tested 

an integrated deep-learning model for iERM, using 4547 OCT B-scans collected from four different commercial OCT devices 

across nine international medical centers. This integrated network effectively improved grading performance by 1–5.9% as 

compared to traditional classification deep-learning models. It achieved high accuracy scores of 82.9%, 87.0%, and 79.4% in 

the internal test dataset and two external test datasets, respectively. These results were comparable to those of retinal 

specialists, whose average accuracy scores were 87.8% and 79.4% in the two external test datasets [1]. Although, we did not 

test a deep-learning model in the current study, further studies using big data and a deep-learning method could help to 

develop an optimal model for predicting functional and anatomical outcomes of iERM after surgery. 

The current study observed continued visual improvement in eyes that had been surgically treated for iERM, with 

greater enhancement noted in individuals younger than 60 years. Additionally, the rate of PVD identified in preoperative 

OCT was higher in the normal fellow eyes than in those affected by iERM. However, the study's short follow-up period, small 

sample size, and the absence of diagnostic accuracy tests to confirm the effectiveness of OCT-based and TA-based PVD 

staging may limit the generalizability of our findings. Therefore, further studies that focus on diagnostic accuracy are 

necessary to provide more conclusive results. 
 

CONCLUSIONS 

Continuous visual improvement can be anticipated in the short-term after surgery for eyes with iERM. This improvement is 

likely to be more significant in younger individuals. The rate of detection of different PVD stages varies depending on whether 

preoperative OCT or intraoperative TA staining is used. The higher rate of PVD observed in fellow eyes may suggest that 

PVD progresses through its stages in the fellow eye simultaneous with the iERM eye without conversion to anomalous PVD. 

Further studies are needed to validate these findings and confirm this hypothesis. 
 

ETHICAL DECLARATIONS 

Ethical approval: The study protocol was approved by the local Ethics Committee of Kermanshah University of Medical Sciences 

and adhered to the principles of the Declaration of Helsinki. Informed consent was obtained from all participants. 

Conflict of interests: None. 

 

FUNDING 

None. 



 
 

 Visual outcomes of monocular idiopathic epiretinal membrane removal 

ACKNOWLEDGMENTS 

We are grateful to the Clinical Research Development Center of Imam Khomeini and Mohammad Kermanshahi and Farabi Hospitals 

affiliated to Kermanshah University of Medical Sciences for their kind support 

REFERENCES 

1. Jin K, Yan Y, Wang S, Yang C, Chen M, Liu X, Terasaki H, Yeo TH, Singh NG, Wang Y, Ye J. iERM: An Interpretable Deep Learning 

System to Classify Epiretinal Membrane for Different Optical Coherence Tomography Devices: A Multi-Center Analysis. J Clin Med. 

2023 Jan 4;12(2):400. doi: 10.3390/jcm12020400. PMID: 36675327; PMCID: PMC9862104. 

2. Bu SC, Kuijer R, Li XR, Hooymans JM, Los LI. Idiopathic epiretinal membrane. Retina. 2014 Dec;34(12):2317-35. doi: 

10.1097/IAE.0000000000000349. PMID: 25360790. 

3. Cheung N, Tan SP, Lee SY, Cheung GCM, Tan G, Kumar N, Cheng CY, Wong TY. Prevalence and risk factors for epiretinal membrane: 

the Singapore Epidemiology of Eye Disease study. Br J Ophthalmol. 2017 Mar;101(3):371-376. doi: 10.1136/bjophthalmol-2016-308563. 

Epub 2016 Jun 24. PMID: 27343209. 

4. Gelormini F, Ricardi F, Parisi G, Vallino V, Ghezzo B, Cucciarelli C, Marolo P, Cicinelli MV, Govetto A, Romano MR, Borrelli E, Reibaldi 

M. Visual Performance and Predictive OCT Biomarkers in Epiretinal Membrane Assessment: Beyond Distance Visual Acuity. Invest 

Ophthalmol Vis Sci. 2025 Jan 2;66(1):31. doi: 10.1167/iovs.66.1.31. PMID: 39804627; PMCID: PMC11734757. 

5. Karasavvidou EM, Panos GD, Koronis S, Kozobolis VP, Tranos PG. Optical coherence tomography biomarkers for visual acuity in 

patients with idiopathic epiretinal membrane. Eur J Ophthalmol. 2021 Nov;31(6):3203-3213. doi: 10.1177/1120672120980951. Epub 2020 

Dec 14. PMID: 33307784. 

6. Kanukollu VM, Agarwal P. Epiretinal Membrane. 2023 Jul 24. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2025 

Jan–. PMID: 32809538. 

7. Chatzistergiou V, Papasavvas I, Ambresin A, Pournaras JC. Prediction of Postoperative Visual Outcome in Patients with Idiopathic 

Epiretinal Membrane. Ophthalmologica. 2021;244(6):535-542. doi: 10.1159/000517193. Epub 2021 Jun 1. PMID: 34062549. 

8. Pournaras CJ, Emarah A, Petropoulos IK. Idiopathic macular epiretinal membrane surgery and ILM peeling: anatomical and functional 

outcomes. Semin Ophthalmol. 2011 Mar;26(2):42-6. doi: 10.3109/08820538.2010.544237. PMID: 21469962. 

9. Kim JM, Lee H, Shin JP, Ahn J, Yoo JM, Song SJ, Kim SJ, Kang SW; Epidemiologic Survey Committee of the Korean Ophthalmologic 

Society. Epiretinal Membrane: Prevalence and Risk Factors from the Korea National Health and Nutrition Examination Survey, 2008 

through 2012. Korean J Ophthalmol. 2017 Dec;31(6):514-523. doi: 10.3341/kjo.2016.0098. Epub 2017 Aug 26. PMID: 29022294; PMCID: 

PMC5726986. 

10. Matoba R, Morizane Y. Surgical Treatment of Epiretinal Membrane. Acta Med Okayama. 2021 Aug;75(4):403-413. doi: 

10.18926/AMO/62378. PMID: 34511606. 

11. Lee J, Lee J, Lee CS, Kim M, Byeon SH, Kim SS, Kang HG. Clinical factors and predictors for spontaneous separation of epiretinal 

membranes. Graefes Arch Clin Exp Ophthalmol. 2024 Oct 2. doi: 10.1007/s00417-024-06646-z. Epub ahead of print. PMID: 39354154. 

12. Flaxel CJ, Adelman RA, Bailey ST, Fawzi A, Lim JI, Vemulakonda GA, Ying GS. Idiopathic Epiretinal Membrane and Vitreomacular 

Traction Preferred Practice Pattern®. Ophthalmology. 2020 Feb;127(2):P145-P183. doi: 10.1016/j.ophtha.2019.09.022. Epub 2019 Sep 25. 

Erratum in: Ophthalmology. 2020 Sep;127(9):1280. doi: 10.1016/j.ophtha.2020.06.045. PMID: 31757497. 

13. Hwang ES, Kraker JA, Griffin KJ, Sebag J, Weinberg DV, Kim JE. Accuracy of Spectral-Domain OCT of the Macula for Detection of 

Complete Posterior Vitreous Detachment. Ophthalmol Retina. 2020 Feb;4(2):148-153. doi: 10.1016/j.oret.2019.10.013. Epub 2019 Nov 2. 

PMID: 31864940; PMCID: PMC7008078. 

14. Albabtain B, Mura M, Schatz P, Alsulaiman SM, Alsakran WA, Semidey VA. Comparison of Posterior Hyaloid Assessment Using 

Preoperative Optical Coherence Tomography and Intraoperative Triamcinolone Acetonide Staining During Vitrectomy. Clin 

Ophthalmol. 2021 Sep 29;15:3939-3945. doi: 10.2147/OPTH.S331700. PMID: 34616138; PMCID: PMC8488048. 

15. Johnson MW. Perifoveal vitreous detachment and its macular complications. Trans Am Ophthalmol Soc. 2005;103:537-67. PMID: 

17057817; PMCID: PMC1447588. 

16. Uchino E, Uemura A, Ohba N. Initial stages of posterior vitreous detachment in healthy eyes of older persons evaluated by optical 

coherence tomography. Arch Ophthalmol. 2001 Oct;119(10):1475-9. doi: 10.1001/archopht.119.10.1475. PMID: 11594947. 

17. Christodoulou E, Batsos G, Galanis P, Kalogeropoulos C, Katsanos A, Alamanos Y, Stefaniotou M. Vitrectomy for the removal of 

idiopathic epiretinal membrane with or without internal limiting membrane peeling: a meta-analysis. Ther Adv Ophthalmol. 2020 Aug 

20;12:2515841420927133. doi: 10.1177/2515841420927133. PMID: 32923936; PMCID: PMC7446271. 

18. Manousaridis K, Peter S, Mennel S. 20 g PPV with indocyanine green-assisted ILM peeling versus 23 g PPV with brilliant blue G-assisted 

ILM peeling for epiretinal membrane. Int Ophthalmol. 2016 Jun;36(3):407-12. doi: 10.1007/s10792-015-0148-5. Epub 2015 Oct 23. PMID: 

26499510. 

19. Sella R, Gal-or O, Goh YW, Ahmad N, Polkinghorne P, Ehrlich R. Role of Concomitant Triamcinolone Acetonide Injection in Small-

Gauge Vitrectomy for Idiopathic Epiretinal Membrane Peel. Asia Pac J Ophthalmol (Phila). 2015 Jul-Aug;4(4):204-7. doi: 

10.1097/APO.0000000000000049. PMID: 26225778. 

20. Schumann RG, Gandorfer A, Eibl KH, Henrich PB, Kampik A, Haritoglou C. Sequential epiretinal membrane removal with internal 

limiting membrane peeling in brilliant blue G-assisted macular surgery. Br J Ophthalmol. 2010 Oct;94(10):1369-72. doi: 

10.1136/bjo.2010.183210. Epub 2010 Jul 31. PMID: 20675724. 

21. Shahzadi B, Rizvi SF, Latif K, Murtaza F, Naz S. Visual and Anatomical Outcomes Following Idiopathic Macular Epiretinal Membrane 

Surgery. J Coll Physicians Surg Pak. 2016 Dec;26(12):971-974. PMID: 28043309. 

22. Takeyama A, Imamura Y, Shibata M, Komiya Y, Ishida M. Inner retinal structure and visual function after idiopathic epiretinal 

membrane surgery with and without brilliant blue G. Jpn J Ophthalmol. 2021 Sep;65(5):689-697. doi: 10.1007/s10384-021-00851-7. Epub 

2021 Jul 1. Erratum in: Jpn J Ophthalmol. 2021 Sep;65(5):698. doi: 10.1007/s10384-021-00860-6. PMID: 34196835. 

23. Miliatos I, Lindgren G. Epiretinal membrane surgery evaluated by subjective outcome. Acta Ophthalmol. 2017 Feb;95(1):52-59. doi: 

10.1111/aos.13001. Epub 2016 Apr 4. PMID: 27041544. 

24. Kim JH, Kim YM, Chung EJ, Lee SY, Koh HJ. Structural and functional predictors of visual outcome of epiretinal membrane surgery. 

Am J Ophthalmol. 2012 Jan;153(1):103-10.e1. doi: 10.1016/j.ajo.2011.06.021. Epub 2011 Sep 19. PMID: 21937015. 

25. Lee PY, Cheng KC, Wu WC. Anatomic and functional outcome after surgical removal of idiopathic macular epiretinal membrane. 

Kaohsiung J Med Sci. 2011 Jul;27(7):268-75. doi: 10.1016/j.kjms.2011.02.001. Epub 2011 Apr 21. PMID: 21757144. 

https://www.mdpi.com/2077-0383/12/2/400
https://pubmed.ncbi.nlm.nih.gov/36675327/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9862104/
https://journals.lww.com/retinajournal/abstract/2014/12000/idiopathic_epiretinal_membrane.1.aspx
https://journals.lww.com/retinajournal/abstract/2014/12000/idiopathic_epiretinal_membrane.1.aspx
https://pubmed.ncbi.nlm.nih.gov/25360790/
10.1136/bjophthalmol-2016-308563
https://pubmed.ncbi.nlm.nih.gov/27343209/
https://iovs.arvojournals.org/article.aspx?articleid=2802457
https://pubmed.ncbi.nlm.nih.gov/39804627/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11734757/
https://journals.sagepub.com/doi/10.1177/1120672120980951
https://pubmed.ncbi.nlm.nih.gov/33307784/
https://pubmed.ncbi.nlm.nih.gov/32809538/
https://karger.com/oph/article-abstract/244/6/535/825808/Prediction-of-Postoperative-Visual-Outcome-in?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/34062549/
https://www.tandfonline.com/doi/full/10.3109/08820538.2010.544237
https://pubmed.ncbi.nlm.nih.gov/21469962/
https://chooser.crossref.org/?doi=10.3341%2Fkjo.2016.0098
https://pubmed.ncbi.nlm.nih.gov/29022294/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5726986/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5726986/
https://ousar.lib.okayama-u.ac.jp/en/62378
https://ousar.lib.okayama-u.ac.jp/en/62378
https://pubmed.ncbi.nlm.nih.gov/34511606/
https://link.springer.com/article/10.1007/s00417-024-06646-z
https://pubmed.ncbi.nlm.nih.gov/39354154/
https://www.aaojournal.org/article/S0161-6420(19)32089-5/fulltext
https://pubmed.ncbi.nlm.nih.gov/31757497/
https://www.sciencedirect.com/science/article/abs/pii/S2468653019306086?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31864940/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7008078/
https://www.dovepress.com/comparison-of-posterior-hyaloid-assessment-using-preoperative-optical--peer-reviewed-fulltext-article-OPTH
https://pubmed.ncbi.nlm.nih.gov/34616138/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8488048/
https://pubmed.ncbi.nlm.nih.gov/17057817/
https://pubmed.ncbi.nlm.nih.gov/17057817/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1447588/
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/268182
https://pubmed.ncbi.nlm.nih.gov/11594947/
https://journals.sagepub.com/doi/10.1177/2515841420927133
https://pubmed.ncbi.nlm.nih.gov/32923936/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7446271/
https://link.springer.com/article/10.1007/s10792-015-0148-5
https://pubmed.ncbi.nlm.nih.gov/26499510/
https://pubmed.ncbi.nlm.nih.gov/26499510/
https://www.sciencedirect.com/science/article/pii/S216209892300600X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S216209892300600X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/26225778/
https://core.ac.uk/reader/19450586?utm_source=linkout
https://core.ac.uk/reader/19450586?utm_source=linkout
https://pubmed.ncbi.nlm.nih.gov/20675724/
https://pubmed.ncbi.nlm.nih.gov/28043309/
https://link.springer.com/article/10.1007/s10384-021-00851-7
https://link.springer.com/article/10.1007/s10384-021-00860-6
https://pubmed.ncbi.nlm.nih.gov/34196835/
https://onlinelibrary.wiley.com/doi/10.1111/aos.13001
https://onlinelibrary.wiley.com/doi/10.1111/aos.13001
https://pubmed.ncbi.nlm.nih.gov/27041544/
https://www.ajo.com/article/S0002-9394(11)00548-4/abstract
https://pubmed.ncbi.nlm.nih.gov/21937015/
https://onlinelibrary.wiley.com/doi/10.1016/j.kjms.2011.02.001
https://pubmed.ncbi.nlm.nih.gov/21757144/


 Visual outcomes of monocular idiopathic epiretinal membrane removal 

 
 

26. Kwon SI, Ko SJ, Park IW. The clinical course of the idiopathic epiretinal membrane after surgery. Korean J Ophthalmol. 2009 

Dec;23(4):249-52. doi: 10.3341/kjo.2009.23.4.249. Epub 2009 Dec 4. PMID: 20046683; PMCID: PMC2789947. 

27. Chen W, Shen X, Zhang P, Xu G, Jiang R, Huang X, Zhang Y, Chang Q. CLINICAL CHARACTERISTICS, LONG-TERM SURGICAL 

OUTCOMES, AND PROGNOSTIC FACTORS OF EPIRETINAL MEMBRANE IN YOUNG PATIENTS. Retina. 2019 Aug;39(8):1478-

1487. doi: 10.1097/IAE.0000000000002202. PMID: 29746409. 

28. Elhusseiny AM, Flynn HW Jr, Smiddy WE. Long-Term Outcomes After Idiopathic Epiretinal Membrane Surgery. Clin Ophthalmol. 

2020 Mar 31;14:995-1002. doi: 10.2147/OPTH.S242681. PMID: 32280194; PMCID: PMC7127775. 

29. 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 Apr;251(4):1055-64. doi: 10.1007/s00417-012-2120-7. Epub 2012 Aug 9. PMID: 22875136. 

30. Drummond SC, Crosson JN, Mason JO 3rd. Long-Term Outcomes of Vitrectomy for Idiopathic Epiretinal Membrane With Internal 

Limiting Membrane Removal in Patients With Good Preoperative Visual Acuity. J Vitreoretin Dis. 2024 Feb 22;8(3):247-252. doi: 

10.1177/24741264241231091. PMID: 38770067; PMCID: PMC11102729. 

31. Kim J, Rhee KM, Woo SJ, Yu YS, Chung H, Park KH. Long-term temporal changes of macular thickness and visual outcome after 

vitrectomy for idiopathic epiretinal membrane. Am J Ophthalmol. 2010 Nov;150(5):701-709.e1. doi: 10.1016/j.ajo.2010.05.037. Epub 2010 

Aug 17. PMID: 20719296. 

32. Konstantinidis L, Berguiga M, Beknazar E, Wolfensberger TJ. Anatomic and functional outcome after 23-gauge vitrectomy, peeling, and 

intravitreal triamcinolone for idiopathic macular epiretinal membrane. Retina. 2009 Sep;29(8):1119-27. doi: 

10.1097/IAE.0b013e3181ac23da. PMID: 19734764. 

33. Donati S, Caprani SM, Semeraro F, Vinciguerra R, Virgili G, Testa F, Simonelli F, Azzolini C. Morphological and Functional Retinal 

Assessment in Epiretinal Membrane Surgery. Semin Ophthalmol. 2017;32(6):751-758. doi: 10.1080/08820538.2016.1177097. Epub 2016 

Aug 10. PMID: 27715374. 

34. Jeon S, Jung B, Lee WK. LONG-TERM PROGNOSTIC FACTORS FOR VISUAL IMPROVEMENT AFTER EPIRETINAL MEMBRANE 

REMOVAL. Retina. 2019 Sep;39(9):1786-1793. doi: 10.1097/IAE.0000000000002211. PMID: 29771728. 

35. Akıncıoğlu D, Özge G, Küçükevcilioğlu M, Erdurman FC, Durukan AH. Surgical Outcomes of Idiopathic Epiretinal Membrane: the 

Gülhane Experience. Turk J Ophthalmol. 2018 Apr;48(2):75-80. doi: 10.4274/tjo.00334. Epub 2018 Apr 25. PMID: 29755820; PMCID: 

PMC5938480. 

36. Jiao MF, Liu JP, Chen XT, Li XR. [Long term clinical observation on postoperative microstructural change of macula lutea in treatment 

of idiopathic macular epiretinal membrane]. Zhonghua Yan Ke Za Zhi. 2018 Apr 11;54(4):258-262. Chinese. doi: 10.3760/cma.j.issn.0412-

4081.2018.04.006. PMID: 29747354. 

37. Mao J, Wu H, Liu C, Zhu C, Lao J, Chen Y, Tao J, Zhang Y, Shen L. Changes in Metamorphopsia, Visual Acuity, and Central Macular 

Thickness after Epiretinal Membrane Surgery in Four Preoperative Stages Classified with OCT B-Scan Images. J Ophthalmol. 2019 Jun 

17;2019:7931654. doi: 10.1155/2019/7931654. PMID: 31316825; PMCID: PMC6604338. 

38. Sato T, Mori R, Takahashi S, Yoshimura K, Hirata A, Manabe SI, Hayashi K. Anatomical and functional changes in paravascular 

abnormalities after epiretinal membrane removal. Graefes Arch Clin Exp Ophthalmol. 2019 Sep;257(9):1823-1829. doi: 10.1007/s00417-

019-04376-1. Epub 2019 Jun 1. PMID: 31154470. 

39. Haseeb U, Rehman AU, Memon AF, Haseeb M, Memon N. Surgical Outcomes of Idiopathic Macular Epiretinal Membrane Peeling. J 

Coll Physicians Surg Pak. 2019 Mar;29(3):245-248. doi: 10.29271/jcpsp.2019.03.245. PMID: 30823951. 

40. Fang X, Chen Z, Weng Y, Shu Z, Ni H, Jiang J, Yao K. Surgical outcome after removal of idiopathic macular epiretinal membrane in 

young patients. Eye (Lond). 2008 Nov;22(11):1430-5. doi: 10.1038/sj.eye.6702963. Epub 2007 Aug 31. PMID: 17767144. 

41. Benhamou N, Massin P, Spolaore R, Paques M, Gaudric A. Surgical management of epiretinal membrane in young patients. Am J 

Ophthalmol. 2002 Mar;133(3):358-64. doi: 10.1016/s0002-9394(01)01422-2. PMID: 11860973. 

42. Chen SJ, Tsai FY, Liu HC, Chung YC, Lin TC. POSTOPERATIVE INNER NUCLEAR LAYER MICROCYSTS AFFECTING LONG-

TERM VISUAL OUTCOMES AFTER EPIRETINAL MEMBRANE SURGERY. Retina. 2016 Dec;36(12):2377-2383. doi: 

10.1097/IAE.0000000000001100. PMID: 27870800. 

43. Moisseiev E, Davidovitch Z, Kinori M, Loewenstein A, Moisseiev J, Barak A. Vitrectomy for idiopathic epiretinal membrane in elderly 

patients: surgical outcomes and visual prognosis. Curr Eye Res. 2012 Jan;37(1):50-4. doi: 10.3109/02713683.2011.614373. Epub 2011 Oct 

11. PMID: 21988485. 

44. Tanikawa A, Shimada Y, Horiguchi M. Comparison of visual acuity, metamorphopsia, and aniseikonia in patients with an idiopathic 

epiretinal membrane. Jpn J Ophthalmol. 2018 May;62(3):280-285. doi: 10.1007/s10384-018-0581-x. Epub 2018 Apr 6. PMID: 29623543. 

45. Takabatake M, Higashide T, Udagawa S, Sugiyama K. POSTOPERATIVE CHANGES AND PROGNOSTIC FACTORS OF VISUAL 

ACUITY, METAMORPHOPSIA, AND ANISEIKONIA AFTER VITRECTOMY FOR EPIRETINAL MEMBRANE. Retina. 2018 

Nov;38(11):2118-2127. doi: 10.1097/IAE.0000000000001831. PMID: 28858064. 

46. Sheales MP, Kingston ZS, Essex RW. Associations between preoperative OCT parameters and visual outcome 3 months postoperatively 

in patients undergoing vitrectomy for idiopathic epiretinal membrane. Graefes Arch Clin Exp Ophthalmol. 2016 Oct;254(10):1909-1917. 

doi: 10.1007/s00417-016-3326-x. Epub 2016 Mar 30. PMID: 27025926.  

47. Laban KG, Scheerlinck LM, van Leeuwen R. Prognostic Factors Associated with Visual Outcome after Pars Plana Vitrectomy with 

Internal Limiting Membrane Peeling for Idiopathic Epiretinal Membrane. Ophthalmologica. 2015;234(3):119-26. doi: 10.1159/000438677. 

Epub 2015 Aug 26. PMID: 26337486. 

48. Dawson SR, Shunmugam M, Williamson TH. Visual acuity outcomes following surgery for idiopathic epiretinal membrane: an analysis 

of data from 2001 to 2011. Eye (Lond). 2014 Feb;28(2):219-24. doi: 10.1038/eye.2013.253. Epub 2013 Dec 6. PMID: 24310238; PMCID: 

PMC3930265. 

49. Kunikata H, Abe T, Kinukawa J, Nishida K. Preoperative factors predictive of postoperative decimal visual acuity ≥ 1.0 following surgical 

treatment for idiopathic epiretinal membrane. Clin Ophthalmol. 2011;5:147-54. doi: 10.2147/OPTH.S15848. Epub 2011 Feb 4. PMID: 

21383940; PMCID: PMC3045061. 

50. Byon IS, Jo SH, Kwon HJ, Kim KH, Park SW, Lee JE. Changes in Visual Acuity after Idiopathic Epiretinal Membrane Removal: Good 

versus Poor Preoperative Visual Acuity. Ophthalmologica. 2015;234(3):127-34. doi: 10.1159/000437359. Epub 2015 Aug 21. PMID: 

26304635. 

51. Chang YC, Lee CL, Chen KJ, Chiu LY, Kao TE, Liu PK, Wu KY, Wu WC. Comparison of Visual Outcome and Morphologic Change 

between Different Surgical Techniques in Idiopathic Epiretinal Membrane Surgery. J Ophthalmol. 2018 Apr 16;2018:4595062. doi: 

10.1155/2018/4595062. PMID: 29850204; PMCID: PMC5926494.  

https://chooser.crossref.org/?doi=10.3341%2Fkjo.2009.23.4.249
https://pubmed.ncbi.nlm.nih.gov/20046683/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2789947/
https://journals.lww.com/retinajournal/abstract/2019/08000/clinical_characteristics,_long_term_surgical.5.aspx
https://pubmed.ncbi.nlm.nih.gov/29746409/
https://www.dovepress.com/long-term-outcomes-after-idiopathic-epiretinal-membrane-surgery-peer-reviewed-fulltext-article-OPTH
https://pubmed.ncbi.nlm.nih.gov/32280194/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7127775/
https://link.springer.com/article/10.1007/s00417-012-2120-7
https://pubmed.ncbi.nlm.nih.gov/22875136/
https://journals.sagepub.com/doi/10.1177/24741264241231091
https://journals.sagepub.com/doi/10.1177/24741264241231091
https://pubmed.ncbi.nlm.nih.gov/38770067/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11102729/
https://www.ajo.com/article/S0002-9394(10)00408-3/abstract
https://pubmed.ncbi.nlm.nih.gov/20719296/
https://journals.lww.com/retinajournal/abstract/2009/09000/anatomic_and_functional_outcome_after_23_gauge.10.aspx
https://journals.lww.com/retinajournal/abstract/2009/09000/anatomic_and_functional_outcome_after_23_gauge.10.aspx
https://pubmed.ncbi.nlm.nih.gov/19734764/
https://www.tandfonline.com/doi/full/10.1080/08820538.2016.1177097
https://pubmed.ncbi.nlm.nih.gov/27715374/
https://journals.lww.com/retinajournal/abstract/2019/09000/long_term_prognostic_factors_for_visual.18.aspx
https://pubmed.ncbi.nlm.nih.gov/29771728/
https://www.oftalmoloji.org/archives/archive-detail/article-preview/surgical-outcomes-of-diopathic-epiretinal-membrane/17060
https://pubmed.ncbi.nlm.nih.gov/29755820/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5938480/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5938480/
https://med.wanfangdata.com.cn/Paper/Detail?id=PeriodicalPaper_zhyk201804006
https://med.wanfangdata.com.cn/Paper/Detail?id=PeriodicalPaper_zhyk201804006
https://pubmed.ncbi.nlm.nih.gov/29747354/
https://onlinelibrary.wiley.com/doi/10.1155/2019/7931654
https://pubmed.ncbi.nlm.nih.gov/31316825/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6604338/
https://link.springer.com/article/10.1007/s00417-019-04376-1
https://link.springer.com/article/10.1007/s00417-019-04376-1
https://pubmed.ncbi.nlm.nih.gov/31154470/
https://www.jcpsp.pk/archive/2019/Mar2019/12.pdf
https://pubmed.ncbi.nlm.nih.gov/30823951/
https://www.nature.com/articles/6702963
https://pubmed.ncbi.nlm.nih.gov/17767144/
https://www.ajo.com/article/S0002-9394(01)01422-2/abstract
https://pubmed.ncbi.nlm.nih.gov/11860973/
https://journals.lww.com/retinajournal/abstract/2016/12000/postoperative_inner_nuclear_layer_microcysts.17.aspx
https://journals.lww.com/retinajournal/abstract/2016/12000/postoperative_inner_nuclear_layer_microcysts.17.aspx
https://pubmed.ncbi.nlm.nih.gov/27870800/
https://www.tandfonline.com/doi/full/10.3109/02713683.2011.614373
https://pubmed.ncbi.nlm.nih.gov/21988485/
https://link.springer.com/article/10.1007/s10384-018-0581-x
https://pubmed.ncbi.nlm.nih.gov/29623543/
https://journals.lww.com/retinajournal/abstract/2018/11000/postoperative_changes_and_prognostic_factors_of.2.aspx
https://pubmed.ncbi.nlm.nih.gov/28858064/
https://link.springer.com/article/10.1007/s00417-016-3326-x
https://pubmed.ncbi.nlm.nih.gov/27025926/
https://karger.com/oph/article-abstract/234/3/119/255652/Prognostic-Factors-Associated-with-Visual-Outcome?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/26337486/
https://www.nature.com/articles/eye2013253
https://pubmed.ncbi.nlm.nih.gov/24310238/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3930265/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3930265/
https://www.dovepress.com/preoperative-factors-predictive-of-postoperative-decimal-visual-acuity-peer-reviewed-fulltext-article-OPTH
https://pubmed.ncbi.nlm.nih.gov/21383940/
https://pubmed.ncbi.nlm.nih.gov/21383940/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3045061/
https://karger.com/oph/article-abstract/234/3/127/255651/Changes-in-Visual-Acuity-after-Idiopathic?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/26304635/
https://pubmed.ncbi.nlm.nih.gov/26304635/
https://onlinelibrary.wiley.com/doi/10.1155/2018/4595062
https://onlinelibrary.wiley.com/doi/10.1155/2018/4595062
https://pubmed.ncbi.nlm.nih.gov/29850204/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5926494/


 
 

 Visual outcomes of monocular idiopathic epiretinal membrane removal 

52. Cubuk MO, Unsal E. Anatomic and functional results of idiopathic macular epiretinal membrane surgery. Int J Ophthalmol. 2020 Apr 

18;13(4):614-619. doi: 10.18240/ijo.2020.04.13. PMID: 32399413; PMCID: PMC7137706. 

53. Yagi F, Takagi S, Tomita G. Incidence and causes of iatrogenic retinal breaks in idiopathic macular hole and epiretinal membrane. Semin 

Ophthalmol. 2014 Mar;29(2):66-9. doi: 10.3109/08820538.2012.760627. Epub 2014 Jan 10. PMID: 24409946. 

54. Romano MR, Comune C, Ferrara M, Cennamo G, De Cillà S, Toto L, Cennamo G. Retinal Changes Induced by Epiretinal Tangential 

Forces. J Ophthalmol. 2015;2015:372564. doi: 10.1155/2015/372564. Epub 2015 Sep 3. PMID: 26421183; PMCID: PMC4573429. 

55. Yamashita T, Uemura A, Sakamoto T. Intraoperative characteristics of the posterior vitreous cortex in patients with epiretinal membrane. 

Graefes Arch Clin Exp Ophthalmol. 2008 Mar;246(3):333-7. doi: 10.1007/s00417-007-0745-8. Epub 2008 Jan 12. PMID: 18193261. 

56. Luc MS, Luc A, Angioi-Duprez K, Thilly N, Berrod JP, Conart JB. Prevalence and predictive factors for posterior vitreous attachment in 

eyes undergoing epiretinal membrane surgery. Eye (Lond). 2022 Jun;36(6):1302-1307. doi: 10.1038/s41433-021-01636-5. Epub 2021 Jun 21. 

PMID: 34155364; PMCID: PMC9151910.  

57. Janknecht P. Intraoperativ festgestellte Häufigkeit der hinteren Glaskörperabhebung bei Patienten mit einer idiopathischen epiretinalen 

Membran [Frequency of posterior vitreous detachment as determined intraoperatively in patients with an idiopathic epiretinal 

membrane]. Klin Monbl Augenheilkd. 2010 Feb;227(2):135-7. German. doi: 10.1055/s-0028-1109734. Epub 2010 Feb 12. PMID: 20155657. 

58. Lin HL, Tseng PC, Hsu MH, Peng SJ. Using a Deep Learning Model to Predict Postoperative Visual Outcomes of Idiopathic Epiretinal 

Membrane Surgery. Am J Ophthalmol. 2025 Jan 13;272:67-78. doi: 10.1016/j.ajo.2025.01.003. Epub ahead of print. PMID: 39814096. 

 

https://www.ijo.cn/gjyken/article/abstract/20200413
https://pubmed.ncbi.nlm.nih.gov/32399413/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7137706/
https://www.tandfonline.com/doi/full/10.3109/08820538.2012.760627
https://pubmed.ncbi.nlm.nih.gov/24409946/
https://onlinelibrary.wiley.com/doi/10.1155/2015/372564
https://pubmed.ncbi.nlm.nih.gov/26421183/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4573429/
https://link.springer.com/article/10.1007/s00417-007-0745-8
https://pubmed.ncbi.nlm.nih.gov/18193261/
https://www.nature.com/articles/s41433-021-01636-5
https://pubmed.ncbi.nlm.nih.gov/34155364/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9151910/
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-0028-1109734
https://pubmed.ncbi.nlm.nih.gov/20155657/
https://www.ajo.com/article/S0002-9394(25)00022-4/fulltext
https://pubmed.ncbi.nlm.nih.gov/39814096/

	ABSTRACT
	KEYWORDS
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ETHICAL DECLARATIONS
	Ethical approval
	Conflict of interests

	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES

