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ABSTRACT 
 

Prognostic factors for visual outcome after idiopathic epiretinal 

membrane surgery 

 

 

Ji Hyun Kim 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Hyoung Jun Koh) 

 
 

This study is to evaluate the role of preoperative optical coherence tomography 

(OCT) and multifocal electroretinogram (mERG) and their predictive values for 

visual outcome after idiopathic epiretinal membrane (ERM) removal surgery. 

The clinical records of 87 patients (87 eyes) with unilateral ERM who 

underwent vitrectomy from January 2005 to May 2008 were reviewed. The 

mfERG responses and central macular thickness (CMT) measured by OCT 

were evaluated before the surgery. Patients were categorized into the two 

groups. Group 1 consisted of the patients with 2 or more lines of visual recovery 

on Early Treatment Diabetic Retinopathy Study (ETDRS) chart, and the rest of 

them were placed in group 2. Comparative clinical, OCT, and mfERG 

characteristics were analyzed. 

The mean ETDRS score improved from 33.6±14.3 to 43.9±13.4 at six 

months after surgery (P < 0.05, paired t-test). Fifty-nine eyes were classified 

into group 1. Preoperative CMT showed a negative correlation with 
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postoperative ETDRS score (r= -0.536, p<0.05, Pearson correlation). While P1 

implicit time delay at an eccentricity of 0-5° was associated with postoperative 

ETDRS score (r= -0.318, p=0.017, Pearson correlation), relative amplitude was 

not correlated with visual outcome. In the logistic regression model, the 

duration of symptoms and CMT had the significant correlations with favorable 

visual recovery among other variables. (p=0.031, 0.038). 

In conclusion, the CMT had the prognostic value, while mfERG responses 

were limited to predict favorable visual outcome. The duration of symptoms 

was also found to be an important factor suggesting that early membrane 

removal is required to achieve better results. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

---------------------------------------------------------------------------------------- 
Key words : multifocal electroretinogram, optical coherence tomography, pars 
plana vitrectomy, epiretinal membrane 
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I. INTRODUCTION 
Idiopathic epiretinal membrane (ERM) is a common disorder, occurring in 

about 7% of the population.1 A fibrocellular growth in the form of an ERM 

induces tangential tractional force on the retina which leads to macular 

constriction and thickening.2 When patients have significant symptoms 

including metamorphopsia, reduced visual acuity (VA) and, occasionally, 

monocular diplopia, surgical removal of the membrane is performed as the 

standard treatment. It has been showed that the rate of visual improvement after 

surgery is up to 70 to 80 %.3-5 However, impaired quality of VA without 

significant complications is often reported after successful ERM removal.6 

Consequently, many authors have sought to evaluate the function and structure 

of macula before and after ERM removal using multifocal electroreitnogram 

(mfERG) and optical coherence tomography (OCT).7-11 

In this study, we evaluated the value of preoperative OCT and mfERG 

responses and attempted to correlate them with favorable visual outcome by 
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comparative method. 

 

II. MATERIALS AND METHODS 
One hundred patients with idiopathic unilateral ERM who had undergone 

ERM removal surgery at Yonsei University Eye & ENT Hospital Vitreoretinal 

Service between January 2004 and March 2008 were enrolled in this study. 

Eighty-seven eyes that met the eligibility criteria were included in the analysis. 

This retrospective study was approved by the Yonsei University College of 

Medicine Institutional Review Board, and procedures followed the tenets of the 

Declaration of Helsinki.  

Eligibility criteria included: (1) idiopathic unilateral epiretinal membranes as 

documented by 90 diopter non-contact lens biomicroscopy (Volk Optical, Inc., 

OH); (2) minimum follow-up period of 6 months; and (3) availability of results 

from a bilateral OCT and mfERG examination. Exclusion criteria were: (1) 

intraocular surgery including cataract extraction within the last 6 months of 

enrollment; (2) laser treatments including panretinal photocoagulation, posterior 

capsulotomy, or focal/grid macular photocoagulation within the last 6 months; 

and (3) presence of ocular pathologies that may affect visual acuity and mfERG 

(such as severe cataract, ocular hypertension or glaucoma, diabetic retinopathy, 

age-related macular disease, and other preexisting macular diseases.) 

Information collected from each patient included age, sex, duration of 

symptoms, comorbid medical conditions (including diabetes mellitus and 

hypertension), lens status (phakic or pseudophakic), and concomitant surgical 

procedures (if any) performed during surgery. Early Treatment Diabetic 

Retinopathy Study (ETDRS) score, slit-lamp biomicroscopy, and indirect 

ophthalmoscopy were assessed at baseline and 1, 3, and 6 months after surgery. 

OCT and mfERG examination were performed before the surgery. 

OCT was performed using OCT3 (Stratus Zeiss Humphrey, San Leandro, CA). 

The macula was scanned in the horizontal and vertical meridians using the 
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standard, linear, crosshair pattern, with a scan length of 6 mm centered through 

the fovea, as determined by simultaneous evaluation of the red-free image on 

the computer monitor of the OCT scanner. The central macular thickness 

(CMT) was measured manually in all scans, using the caliper tool built into the 

OCT software, by a single experienced examiner (HAL).  

Stimulation and recording of mfERG responses were performed using the 

m-sequence technique according to ISCEV guidelines.12 The first-order 

response component of mfERG was analyzed, with reference to the mean 

response density of P1 amplitude (amplitude per unit of retinal area [nV/deg2]) 

and mean implicit time (milliseconds [ms]). We defined the central seven 

hexagons, the first and second ring as Area 1 (fovea) and the first, second and 

third ring as Area 2 (perifovea). The normal fellow eyes were also measured as 

control. The average relative amplitude and implicit time delay of mfERG were 

used for the analysis. 

The surgical procedure was performed in all cases by the same surgeon (HJK), 

using a standard three-port pars plana vitrectomy with complete removal of 

ERM by retinal forceps with or without peeling of internal limiting membrane 

(ILM). No silicone oil or intraocular gas was introduced after vitrectomy in any 

of the eyes enrolled. Cataract extraction and intraocular lens implantation was 

combined during the surgery for some patients. Postoperative anatomical 

success was determined as removal of ERM and disappearance of macular 

wrinkling by indirect ophthalmoscope at the first postoperative month. 

Patients were categorized into two groups according to the degree of visual 

improvement at 6 months after surgery. The “Group 1: favorable outcome” 

contained those with a visual recovery of at least two lines on ETDRS chart, 

and “Group 2: unfavorable outcome” consisted of eyes with less than two lines 

of improvement or which had worsened. 

Paired t-test was used to compare the difference of variables before and after 

surgery and Pearson correlation was used to correlate visual function 
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parameters. Univariate analyses to determine the association of baseline 

demographics with visual improvement were performed using the 

Mann-Whitney test, Chi-square and Fisher exact test. Multiple logistic analysis 

was applied for finding significant factors related to visual improvement. All 

statistical analyses were performed using SPSS® version 17.0 (SPSS Inc., 

Chicago, IL) for Windows. The level of statistical significance was set at 

P<0.05 in all cases. 

 
III. RESULTS 
A total of 87 eyes of 87 patients were included in the analysis. All surgeries 

were successful in removing the membrane and improving the retinal structure 

as evidenced by clinically at the first postoperative visit. No serious 

intraoperative or postoperative complications were observed. Demographic data 

for the patients are shown in Table 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



13 

 

Table 1. Baseline characteristics (n=87) 

Variables  

Age, mean ± SD, year (range) 62.9±9.6 (18–78) 

Gender no. 

Male (%) 

Female (%) 

 

25 (28.7) 

62 (71.3) 

Duration of symptom, mean ± SD, months (range)  14.9±20.1 (1–120) 

Lens status no. 

Phakic (%)  

Pseudophakic (%)  

 

75 (86.2) 

12 (13.8) 

DM/ HTN (%) 19 (21.8)/ 25 (28.7) 

Central macular thickness, mean ± SD, µm (range) 414.4±126.5 (142-697) 

Preoperative ETDRS score, mean ± SD 33.6±14.3 

DM= diabetes mellitus; HTN= hypertension; ETDRS= Early Treatment Diabetic 

Retinopathy Study 
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The preoperative and postoperative ETDRS scores are shown in Table 2. The 

average VA improved significantly at the end of 6 months compared to baseline 

(P<0.05). The preoperative VA was positively correlated with postoperative VA 

(r=0.685, P<0.05). Fifty-nine of 87 eyes (68%) achieved visual recovery more 

than two lines on ETDRS chart and 8 eyes (9%) showed decreased VA at 6 

months after surgery. 
 

Table 2. Preoperative and postoperative ETDRS scores before and after the surgery  

 Baseline End point  p-value  

ETDRS score 33.6±14.3 43.9±13.4 P < 0.05 * 

ETDRS= Early Treatment Diabetic Retinopathy Study 

* Paired t-test 

 

The average preoperative CMT was 414.4±126.5 µm and eleven eyes (12.6%) 

showed less than 300 µm of CMT in which a thick ERM induced 

metamorphopsia and blurred vision. By linear regression analysis, CMT was 

correlated negatively with postoperative VA (r=-0.536, P < 0.05, Figure1).  
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Figure 1. Scattergram demonstrating the relationship between preoperative central 

macular thickness and end point Early Diabetic Retinopathy Study (ETDRS) scores (r = 

-0.536, P < 0.05, Pearson correlation). The Pearson correlation value shows that the 

preoperative central macular thickness was significantly related to the postoperative 

ETDRS score. 
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Table 3 summarizes the mfERG responses of affected and fellow eyes in area 

1 and 2. Mean preoperative P1 amplitude and implicit time of affected eyes for 

the normal fellow eyes were different significantly not only in area 1 but also in 

area 2 (p<0.05). The relative amplitude of the affected eyes versus fellow eyes 

was about 83%. The implicit time of the affected eyes were significantly longer 

than those of the fellow eyes and the difference was about 2.0 milliseconds.   
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Table 3. Multifocal electroretinogram responses of affected and fellow eyes in patients 

with idiopathic epiretinal membrane 

 

 Area 1 Area 2 

Amplitude (nV/deg2)   

affected eye 57.10±19.83 43.49±14.67 

fellow eye 68.91±18.67 51.69±14.36 

p-value < 0.05 * < 0.05 * 

Relative amplitude (AE/FE) 0.83±0.18 0.84±0.16 

Implicit time (ms)   

affected eye 41.45±2.66 40.46±2.41 

fellow eye 39.47±1.94 38.80±1.75 

p-value < 0.05 * < 0.05 * 

Implicit time delay (AE-FE) 1.98±2.70 1.67±2.24 

AE = affected eye; FE = fellow eye 

* paired t-test 
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Table 4 shows the correlation between postoperative ETDRS score at 6 

months and mfERG responses. There were no significant correlations between 

ETDRS score and the P1 relative amplitude in both area 1 and 2. However, P1 

implicit time delay was associated negatively with ETDRS score in area 1 

(r=-0.318, p=0.017). There was slight negative correlation between ETDRS 

score and implicit time delay in area 2, but it was not significant (r=-0.264, 

p=0.050).  
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Table 4. Correlation between final ETDRS score and the P1 relative amplitude and delayed 

implicit time in patients with idiopathic epiretinal membrane 

 Multifocal ERG responses 

 Relative amplitude (AE/FE) Implicit time delay (AE-FE) 

Area 1 
γ=-0.035 

(p=0.800) 

γ=-0.318 * 

(p=0.017) 

Area 2 
γ=0.111 

(p=0.417) 

γ=-0.264 

(p=0.050) 

AE = affected eye; FE = fellow eye 

* Pearson correlation (p<0.05) 
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Fifty-nine of 87 eyes (68%) experienced 2 or more lines of visual 

improvement, and were classified into group 1. The comparative analysis was 

performed between the two groups to identify factors that affect visual outcome 

after surgery. The results of each group are shown in Table 5. Age, gender, DM, 

HTN, lens status, preoperative VA, concomitant surgical procedures, 

preoperative OCT and mfERG responses were evaluated as variables. There 

were no statistically significant differences except duration of symptoms and 

CMT which were correlated well with a favorable visual outcome. The duration 

of symptoms was 9.3±9.0 and 27.5±30.3 months in each group, showing 

significantly longer duration of symptoms in group 2 (p=0.002). The CMT was 

395.3±127.1 and 448.4±122.6 in group 1 and 2 showing negative correlation 

with postoperative visual outcome (p=0.015). P1 relative amplitude and implicit 

time delay did not have significant differences between the two groups. 

Multiple logistic regression using variables that had been reported significant 

factors was performed. Table 6 shows logistic regression model summary for 

favorable visual outcome. The visual improvement was significant better in 

patients with a short duration of symptoms (OR=1.704, 95% CI=1.006–1.147) 

and decreased preoperative CMT (OR=1.010, 95% CI=1.001-1.019). P1 

implicit time delay either in area 1 or 2 was not associated with favorable visual 

outcome. 
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Table5. Univariate analysis between baseline demographics, concomitant surgical 
procedures, OCT, mfERG findings and final visual acuity after pars plana vitrectomy in 
eyes with idiopathic epiretinal membrane 
 

Baseline demographics 
Final visual outcome after surgery P value 

(2-sided) Group 1: Favorable 
outcome (n=59) 

Group 2: Unfavorable 
outcome (n=28) 

Patient age (yrs) * 62.4±10.3 63.9±7.82 0.512 † 
Gender 

Male (%) 
Female (%) 

 
18 (30.5) 
41 (69.5) 

 
7 (25.0) 

21 (75.0) 
0.596 ‡ 

DM/ HTN (%) 14 (23.7)/ 18 
(30.5) 5 (17.9 )/ 7 (25) 0.536 ‡/ 

0.596 ‡ 

Lens status  
Phakic (%) 
Pseudophakic (%) 

 
48 (81.4) 
11 (18.6) 

 
27 (96.4) 

1 (3.6) 
0.093 § 

Duration of symptoms 
(months) * 9.3±9.0 27.5±30.3 0.002 † 

Preoperative ETDRS score * 34.0±12.7 32.7±17.4 0.945 † 
Concomitant surgical procedures during pars plana vitrectomy 
Phacoemulsificationation 

Performed (%) 
Not performed (%) 

 
41 (69.5) 
18 (30.5) 

 
18 (64.3) 
10 (35.7) 

0.090 § 

ILM peeling  
Performed (%) 
Not performed (%) 

 
5 (8.5) 

54 (91.5) 

 
2 (7.1) 

26 (92.9) 
0.831 § 

Preoperative OCT and mfERG findings 

Central macular thickness (µm) 
* 395.3±127.1 448.4±122.6 0.015 † 

P1 relative amplitude in Area 1 
* 0.84±0.19 0.82±0.16 0.614 † 

P1 relative amplitude in Area 2 
* 0.85±0.17 0.83±0.16 0.420 † 

P1 implicit time delay in Area 1 
* 1.66±2.54 2.69±2.98 0.184 † 

P1 implicit time delay in Area 2 
* 1.55±2.14 1.93±2.51 0.425 † 

* Mean ± standard deviation, † Mann–Whitney U test, ‡ Chi-square test, § Fisher exact 
test. 
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Table 6. Logistic regression model summary for favorable final visual outcome after 
pars plana vitrectomy in eyes with idiopathic epiretinal membrane 
 

Dependent 
Variable 

Independent Variables Odds Ratio 95% CI P value 

Favorable visual 
outcome 

Duration of symptoms 1.074 1.006 – 
1.147 0.031 

Preoperative central 
macular thickness 1.010 1.001 – 

1.019 0.038 

P1 implicit time delay in 
Area 1 1.057 0.681 - 1.639 0.806 

P1 implicit time delay in 
Area 2 0.745 0.455 – 

1.220 0.242 

CI = confidence interval 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



23 

 

IV. DISCUSSION 
In our study, fifty-nine eyes of 87 eyes (68%) achieved visual recovery more 

than two lines, while 8 eyes (9%) showed decreased VA after ERM removal 

surgery. This is in agreement with other studies reporting 70% to 80% success 

rate of an improved VA after surgery.13–16 Improvement of VA seems to be 

related to the postoperative anatomical recovery of macular structure (i.e., 

disappearance of the epiretinal tissue, reduction of the macular edema, and 

partial restoration of normal retinal anatomy) and recovery of foveal sensitivity. 

There were several previous reports which investigated the status of macula in 

ERM before and after surgery by demonstrating the changes of mfERG 

responses and OCT findings.8-11 However, the prognostic factors that could 

affect postoperative visual outcome are not entirely understood and some 

controversy has existed concerning known prognostic factors such as 

preoperative VA or duration of symptoms. 

In the present study, macular function and morphology of ERM was assessed 

by mfERG and OCT examination. Additionaly, we categorized patients by the 

changes in VA and compared the characteristics of each group to identify 

predictive factors associated with favorable visual outcome. 

The most important finding was that the duration of symptoms and CMT 

measured by OCT. The longer duration of symptoms was significantly 

correlated with poor postoperative VA. The mean duration in favorable 

outcome group was 9.3 months, while unfavorable outcome group showed 27.5 

months. This indicates that eyes with a visual impairment of less than one year 

had better postoperative vision. However, the prognosis of surgery would be 

poor when the duration lasts more that two years. These results are similar with 

previous studies that revealed the duration with a visual impairment of less than 

2 years had better visual prognosis.17,18 Thus, early removal of ERM will be 

beneficial especially for patients who complained visual symptoms less than 

one year. Long-standing ERM would have chronic nature of degenerative 
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changes, which is substantial functional alteration or deterioration of 

architecture of retina underlying the ERM. Suh et al19 also demonstrated that 

photoreceptor disruption detected by OCT in ERM hardly recovers with time 

after surgery and prompt surgery is beneficial to prevent irreversible 

photoreceptor damage. Further controlled studies about the duration of 

symptoms and the morphologic changes of microstructure using ultra-high 

resolution OCT in patients with ERM are warranted. 

Opinions concerning the influence of preoperative CMT on VA after ERM 

removal surgery are still controversial. Massin et al20 reported that there was no 

correlation between preoperative macular thickness and VA. However, our 

study demonstrated that greater preoperative CMT was correlated with poor 

postoperative VA as well as it was a significant prognostic factor for 

unfavorable outcome by the comparative method. Few studies have evaluated 

the relationship between preoperative CMT and visual prognosis after ERM 

removal. Recently, Watanabe et al21 documented that metamorphopsia induced 

by ERM may be related to the thickening of inner nuclear layer (INL) detected 

with spectral domain OCT and INL thickness is a potentially useful indication 

for surgery. This result is consistent with our data, implying that the OCT 

evaluation can be a useful indicator to predict visual prognosis after ERM 

removal surgery. 

A comparison of mfERG responses of affected eyes to the normal fellow eyes 

showed significant difference in amplitude and implicit time in the fovea as 

well as in the perifovea. Moschos et al8 reported that the decrease in retinal 

electrophysiologic response was not limited to the fovea but also involved the 

perifoveal area in ERM. However, mfERG has somewhat limited prognostic 

value to predict postoperative VA. P1 implicit time in area 1 was associated 

with preoperative and postoperative VA, but there was no statistically 

significant correlation for favorable visual outcome between the two groups in 

univariate or multivariate analysis. Parisi et al11 postulated that the dysfunction 
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of the innermost macular layers may be a primary impairment caused by ERM 

and innermost layers may have the potential to determine partial functional 

recovery. In early diabetic retinal disease affecting the microvasculature 

supplying inner retinal neurons, Bearse et al22 reported similar findings that 

local retinal amplitude does not necessarily decrease, while the implicit time 

would be delayed. Therefore, mfERG which allows mapping of the outer retinal 

function with a high resolution on the basis of electrophysiological responses 

may have the limitation for the assessment of the inner retinal layers of the 

macular region. 

 It should be noted that the present study is inherently limited by the 

retrospective, nonrandomized nature and confounding factors that might have 

influenced the mfERG responses like cataract grade and refractive errors. 

However, our results were analyzed comparing the affected eyes with the 

normal fellow eyes to minimize inter-individual variation of mfERG23 and all 

surgeries were performed by the same surgeon to prevent surgeon based bias. 

Since the accurate lens grading before and after surgery was not properly 

performed, the difference in lens status may have affected the visual outcome 

and mfERG responses. However, eyes with severe cataract were excluded and 

there was no significant difference in postoperative VA between the phakic and 

pseudophakic group. In this study, we simply analyzed the CMT measured by 

OCT, but more meaningful results could be obtained when newly developed 

spectral domain OCT is applied for assessment of microstructure in ERM. 

 
V. CONCLUSION 
In conclusion, preoperative CMT was found to be an important prognostic 

factor to predict the visual outcome in eyes with idiopathic ERM, but mfERG 

responses had limited value. The duration of symptoms was also well correlated 

with postoperative VA, suggesting that early membrane removal surgery is 

beneficial to achieve better visual prognosis. 
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< ABSTRACT (IN KOREAN)> 

 
특발성 망막 전막에서의 시력 예후 인자  

 
<지도교수 고형준> 

 
연세대학교 대학원 의학과 

 
김 지 현 

 
특발성 망막 전막에서 유리체 절제술을 시행함에 있어 수술 

전에 시행한 광간섭 단층 촬영기와 다국소 망막전위도의 시력 

예후 인자로서의 능력을 평가해보고자 하였다.  

단안의 망막 전막으로 2005 년 1월부터 2008 년 5 월까지 

유리체 절제술을 시행받은 환자 87 명, 87 안의 의무기록을 

후향적으로 분석하였다. 수술을 시행받기 전에 광간섭 단층 

촬영기를 이용해 중심망막 두께를 측정하였고, 다국소 

망막전위도를 시행하여 망막 각 부위에서의 반응을 조사하였다. 

ETDRS 시력표로 2 줄 이상의 시력 호전을 보인 군과 그렇지 

않은 2 군으로 나누어 환자의 기본 특성, 중심 망막 두께 및 

다국소 망막 전위도의 반응을 비교 분석하였다.   

ETDRS score 로 측정하였을 때 술 전 시력 33.6±14.3 에서 

술 후 6 개월 때 시력 43.9±13.4 (P < 0.05, paired t-test) 으로 

호전되었다. 시력 호전 정도에 따라 2 군으로 나누었을 때 

49안이 1 군으로 분류되었고, 나머지 28 안이 2 군으로 

분류되었다. 술 전 중심 망막 두께는 최종 수술시력과 음의 

상관 관계를 보였다. (r= -0.536, p<0.05, Pearson correlation) 

망막 중심 0~5° 에서의 P1 implicit time 의 지연 정도는 최종 

시력과 상관 관계가 있었으나 (r= -0.318, p=0.017, Pearson 

correlation), 상대적인 amplitude 는 최종 시력과 상관관계를 

보이지 않았다. (p=0.031, 0.038) 로지스틱 회귀분석을 

시행하였을 때, 환자가 증상을 느낀 기간과 중심 망막 두께가 

최종시력 호전과 관련이 있었다. (p=0.031, 0.038). 

결론적으로 광간섭 단층 촬영기를 이용한 망막 중심 두께는 
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시력 예후 인자로서의 의미가 있었으나, 다국소 망막 전위도 

반응은 시력 예후 인자로서 제한적 의미를 갖는 것을 알 수 

있었다. 환자가 증상을 느낀 기간이 길수록 시력 예후가 좋지 

않을 수 있으므로, 보다 나은 시력 결과를 위해서는 망막 

전막의 조기 수술이 필요함을 알 수 있었다.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
---------------------------------------------------------------------------------------- 
핵심되는 말: 다국소망막전위도, 광간섭 단층 촬영기, 유리체 절

제술, 망막 전막  


