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Purpose: To report anatomic and logMAR best-corrected visual acuity (BCVA) outcomes with

long-term follow-up after pars-plana vitrectomy and epiretinal membrane peeling (PPV-MP).

Design: A retrospective case-series.

Participants: Patients with epiretinal membrane (ERM) who underwent PPV-MP performed

by one surgeon.

Methods: Best-corrected visual acuity (BCVA) was recorded as a logMAR preoperatively

and, when available, at 1, 2, 3, 5, 8, 10 years after surgery. The integrity of outer retinal

layers was evaluated using spectral domain optical coherence tomography (SD-OCT).

Main Outcome Measures: Postoperative BCVA at different follow-up visits and its

correlation with different OCT parameters.

Results: Fifty-five eyes of 49 patients were followed postoperatively with a mean of 8.6± 2.6

years (median: 9 years, range 5–16 years). The mean BCVA improved from 0.56±0.29 (20/72)

preoperatively to 0.33±0.25 (20/42) at 1 year, 0.29±0.27 (20/38) at 2 years, 0.25±0.28 (20/35)

at 3 years, 0.29±0.32 (20/38) at 5 years, 0.28±0.31 (20/38) at 8 years, and 0.28±0.25 (20/38) at

10 years (p<0.001). The BCVA improved at each of the first 3 years postoperatively and

remained stable at 5, 8, and 10 years. Postoperative improvement in the integrity of ELM, and

EZ, on SD-OCT correlated with improved BCVA.

Conclusion: BCVA continues to improve after PPV-MP during the first 3 years postopera-

tively and remains stable. Improved anatomic integrity of outer retinal layers correlated with

improved BCVA.

Keywords: idiopathic epiretinal membrane, outer retinal layer integrity, optical coherence

tomography, visual outcomes

Introduction
Idiopathic epiretinal membrane (iERM) is a common cause of visual disturbance.1

The pathogenesis is not fully understood, but is likely initiated during posterior

vitreous detachment (PVD),2 but some occur without PVD.3–6 Various component

cell types have been identified by histopathological analysis suggesting the potential

of multiple pathogenetic mechanisms.7 Causes of visual loss include varied degree of

cell layer disruption/dysfunction and cystoid macular edema (CME).8–10 Spectral

domain optical coherence tomography (SD-OCT) has made these findings more

discernable in vivo, but apparent paradoxes have been observed.11 For example,

marked inner retinal abnormalities have less visual impact than outer retinal layers

despite looking more abnormal.

Idiopathic ERMs are usually non-progressive, cause few or no visual symptoms,

and are usually managed by observation.12 However with moderate or severe visual
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loss, timely pars-plana vitrectomy with epiretinal mem-

brane peeling (PPV-MP) restores much of the visual loss

in a majority of eyes.13,14 Several studies report a mean of

2 or 3 lines improvement, but most include follow-up

information for 1–3 years postoperatively13,15-18 The two

studies reporting the longest follow-up information are

Bouwens (5 years in 57 of 107 enrolled in a prospective

study) and Pesin (3–5 years in 81 of 270 retrospectively

studied) who evaluated visual improvement postoperatively

of ERMs from a wide variety of diagnostic subsets.15,17

Published follow-up Information beyond 5 years is lacking,

hence the long-term surgical outcome has not been exten-

sively studied. Moreover, while there have been several

studies correlating BCVA and its improvement to anatomic

features, as defined by SD-OCT, these studies also have

predominantly been confined to short-term visual results,

which might underlie why there are inconsistent findings

between some studies.19–22

The purpose of the current study is to report the long-

term anatomic and visual outcomes of PPV-MP.

Methods
The institutional review board of the University of Miami,

Miller School of Medicine approved the study protocol.

The study and data collection were compliant with the

principles of the Declaration of Helsinki. Written informed

surgical consents were signed by all patients included in

the study, but informed consent for inclusion in the current

study was waived.

A retrospective chart review of patients who underwent

PPV-MP for iERM by one surgeon (WES) at Bascom

Palmer Eye Institute was conducted. Patients were identi-

fied by searching the electronic medical record (in use

since May 2014) for follow-up examinations on eyes that

appeared on the surgical logs for one surgeon (WES) from

2003 until April 2014. In this way patients with

a minimum of 5 years follow-up information were identi-

fied (defined as “long term” follow-up). Visits within

1 year of the anniversary of the surgical date were tabu-

lated as the whole number follow-up year (e.g. 8± 1 years

was tabulated as 8 years) for the 5-year visits and after,

and within 6 months for the 1-,2-, and 3-year visits. BCVA

on a standard Snellen chart was recorded preoperatively

and, when available, at 1, 2, 3, 5, 8, 10 years after surgery,

but converted to log MAR for analyses. Patients with

history of retinal detachment, retinal break, proliferative

diabetic retinopathy, or any other cause of secondary ERM

were excluded.

There were two sub-analyses performed. Patients were

sub-stratified into 2 groups according to their preoperative

BCVA (group 1 had better than 20/60 [0.47 log MAR];

group 2 had worse) to compare the postoperative BCVA

improvement between groups. The pseudophakic subset

was also analyzed separately to exclude the confounding

effect of cataract formation.

The surgical procedure included a 3-port PPV with core

vitrectomy, removal of posterior hyaloid (if not separated),

and peeling of the ERM usually with the intent of peeling

internal limiting membrane (ILM). Chromovitrectomy was

not used.

Patient Characteristics
Data obtained included age, gender, duration of follow-up,

preoperative lens status ((phakic or pseudophakic), past

ocular history, preoperative BCVA), preoperative glau-

coma drop regimen, any complications such as retinal

detachment, and BCVA at various follow-up examination

time points (1, 2, 3, 5, 8, and 10 years).

SD-OCT Parameters
There was not a standardized protocol for imaging, but

preoperative OCT was usually performed, although in

some earlier cases, it entailed time-domain OCT, so could

not be correlated. Some patients brought a recent OCTstudy

from elsewhere and, therefore, it was not repeated preopera-

tively. Moreover, some of the earlier preoperative SD-OCTs

were not digitally retrievable due to the evolution of the

storage systems in our institution. Postoperative OCT data

for correlation with BCVA were collected from the latest

postoperative time point available. Preoperative central

foveal thickness (CFT), external limiting membrane

(ELM) integrity, ellipsoid zone (EZ) integrity, foveal con-

tour, and presence of cystoid spaces were evaluated and

compared. ELM and EZ integrity were defined and graded

by two of the authors as either intact (presence of

a continuous hyperreflective line) or disrupted on SD-

OCT corresponding to ELM or EZ, respectively. Cystoid

spaces were graded either absent (grade 0), barely present

(grade 1), mild to moderate (grade 2), severe (grade 3). The

SD-OCT graders were masked to the BCVA.

Statistical analysis
Data were coded and entered using SPSS (Statistical

Package for the Social Science) (SPSS Inc, Chicago, IL,

USA) version 24. Quantitative data were summarized

using minimum, maximum, mean, median and standard
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deviation. Categorical data were summarized using fre-

quency (count) and relative frequency (percentage).

Comparisons between quantitative variables were done

using the student t test for 2 variables, ANOVA for

more than 2 variables, and paired t test for comparing

pre and post BCVA during follow-up examinations.

Bonferroni post hoc test was used if ANOVA result was

statistically significant. While comparisons between qua-

litative variables were done using the McNemar test. All

tests were two-tailed, and results were considered statis-

tically significant when p-value is less than 0.05, and

highly statistically significant when p-value is less than

0.01. Pearson correlation was used to evaluate the rela-

tionship between variables. Correlation is considered of

high value if r is more than or equal to ± 0.65 with p-value

< 0.05, of moderate level if ±0.2 ≤ r ≤±0.65 with p-value

<0.05, and of low-level correlation if r<±0.2 and

p-value<0.05.

Results
The study cohort consisted of 55 eyes of 49 patients. The

mean postoperative follow-up duration was 8.6± 2.6 years

(median: 9 years, range: 5–16 years). During the study period

from 2003 until May 2014, a total number of 497 ERM

surgeries were performed by one surgeon (WES); 301 of

these eyes were not idiopathic in etiology; 141 were excluded

since they were not seen during the acquisition interval (that

is, they did not have at least 5 years of follow-up information).

Patient demographics are listed in Table 1. Primary

open-angle glaucoma (POAG) preexisted in 6 eyes (2

had a trabeculectomy and one a tube shunt; 2 POAG

patients underwent trabeculectomy 10 months and 7

years after PPV-MP) and developed in 1 eye postopera-

tively. There was no change in the number of drops

(although there were substitutions and temporary

increases) used after PPV-MP. Dry age-related macular

degeneration (AMD) and wet AMD had been developed

by last examination in 6 and 2 eyes, respectively.

The mean BCVA improved from 0.56±0.29 (20/72) pre-

operatively to 0.33±0.25 (20/42) at 1 year, 0.29±0.27 (20/38)

at 2 years, 0.25±0.28 (20/35) at 3 years, 0.29±0.32 (20/38) at

5 years, 0.28±0.31 (20/38) at 8 years, 0.28±0.25 (20/38) at

10 years and 0.33±0.31 (20/42) at the latest follow-up exam-

ination (p<0.001) (Figure 1). There was a statistically sig-

nificant difference when comparing BCVA at 1 year to

2 years (p=0.046) and 2 years to 3 years (p<0.001), but

remained stable at 5, 8, and 10 years.

There was no statistically significant difference in the

mean postoperative BCVA between preoperatively phakic

patients compared to pseudophakic patients at 1, 2, 3, 5, 8,

and 10 years follow-up visits. Twenty-eight (97% of the

initially 29 phakic eyes) eyes underwent cataract extrac-

tion with intraocular lens implantation (CE/IOL); these

were operated in the first year in 11 (39%) eyes, in

the second year in 13 (46%) eyes, in the third year in 4

(14%) eyes after PPV-MP; one (3.4%) eye remained

phakic despite having a visually significant cataract

because the patient declined CE/IOL. The mean duration

from PPV-MP to CE/IOL was 12.6±7.4 months (med-

ian: 12 months, range: 2–31 months).

In the subgroup of baseline pseudophakic patients,

BCVA was improved from the baseline to the 1-year

follow-up examination (p=0.016), remained stable

from year 1 to year 2 (p =0.217), and improved further

from year 2 to year 3 postoperatively (p =0.007). (Table 2)

(Figure 1). A representative case is depicted in Figure 2.

The subgroup of patients with poorer preoperative

BCVA (group 2) yielded a larger magnitude (percentage)

of BCVA improvement from the baseline to 1 year than for

patients with better preoperative BCVA (group 1)

(p=0.013). In group 2, the mean BCVA was improved

from 0.24±0.09 preoperatively to 0.53±0.25 at 1 year,

while in group 1, the mean BCVA was improved from

0.5±0.13 preoperatively to 0.55±0.25 at 1 year. However,

there was no difference in the magnitude (percentage) of

Table 1 Baseline Characteristics of Epiretinal Membrane (ERM)

Patients Who Underwent Pars-Plana Vitrectomy and Membrane

Peeling (PPV-MP)

Age (Years)(SD) 70.2±6.8 years

Range 55–84 years

Gender

Male 30 eyes (54.5%)

Female 25 eyes (45.5%)

Side

Right 27 eyes (49.1%)

Left 28 eyes (50.9%)

Preoperative Lens status

Phakic 29 eyes (53%)

Pseudophakic 26 eyes (47%)

Preoperative logMAR mean best corrected

visual acuity (±SD)

0.56 (±0.29)

Mean follow-up duration (±SD) 8.6 (± 2.6) years

Abbreviation: SD, Standard deviation.
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visual improvement during the rest of the follow-up visits.

The absolute, mean postoperative BCVA, was the same for

both preoperative BCVA groups at 1, 2, 3, 5, 8 and

10 years.

Postoperative OCT data were collected from the long-

est postoperative time point available (mean 6.2±3.4 years

postoperatively). ELM disruption preoperatively in 20

(36%) eyes; improved in 11 (55%) eyes postoperatively

(Table 3). EZ disruption preoperatively in 19 (35%) eyes

improved in 11 (58%) eyes postoperatively (Table 4). The

normal, foveal contour, absent preoperatively in 53 (96%)

eyes was partially restored in only 5 (9.4%) postopera-

tively. Severe cystoid spaces (grade 3) pin 24 eyes (44%),

improved at least 2 grades in 22 (92%) postoperatively, but

the pattern of improvement could be identified to correlate

with improved BCVA.

Postoperative BCVA in eyes with improved ELM and EZ

integrity was greater than for those with persistent disruption

at almost all postoperative time points (Tables 3 and 4). The

CFT was reduced from 453±109 μm (range: 252–686 μm)

preoperatively to 318±65 μm (range: 156–478 μm) at a mean

of 6±3.4 years postoperatively (p <0.001). However, CFT

reduction was only associated with improvement in BCVA at

8 years (p=0.04).

Three eyes (5.5%) had recurrent, visually significant

ERM after PPV-MP and underwent reoperation 5, 7, and 8

years after the first ERM surgery. Each patient had initial

BCVA improvement, but loss commensurate with the

recurrence, which occurred 5–8 years after initial surgery.

BVCA improved to the same initially improved level after

reoperation in all 3 eyes.

Two eyes developed full-thickness macular hole

(FTMH) during the postoperative course: One developed 2

years after PPV-MP; the BCVA 5 years after macular hole

surgery (MHS), was 20/30 (0.17 log MAR). In the other

patient, the FTMH developed 6 months after PPV-MP; the

BCVA 12 years after MHS was 20/100 (0.69 log MAR).
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Figure 1 Best-corrected visual acuity (BCVA) of the whole cohort (interrupted black line) up to 10 years postoperatively and the pseudophakic cohort (solid black line) up

to 3 years postoperatively. LogMAR: Logarithm of the Minimum Angle of Resolution.

Table 2 Comparison Between Best-Corrected Visual Acuity

(BCVA) in logMAR at the First 3 Years in Pseudophakic Patients

Best Corrected Visual Acuity (BCVA) Mean ±SD p-value

BCVA in preoperatively pseudophakic patients compared to that at 1,

2 and 3 years. (N=19)

Preoperative BCVA 0.55±0.26 0.016

BCVA at 1 year 0.35±0.30

BCVA at 1 year 0.34±0.30 0.217

BCVA at 2 years 0.31±0.29

BCVA at 2 years 0.31±0.29 0.007

BCVA at 3 years 0.27±0.30

BCVA in patients who were pseudophakic at 1 year time point

compared to 2 and 3 years (N=29)

BCVA at 1 year 0.33±0.26 0.041

BCVA at 2 years 0.30±0.25

BCVA at 2 years 0.30±0.25 0.006

BCVA at 3 years 0.26±0.26

BCVA at 1 year 0.33±0.26 0.006

BCVA at 3 years 0.26±0.26

BCVA in patients who were pseudophakic at the 2 year time point

compared to that at 3 years (N=40)

BCVA at 2 years 0.28±0.25 <0.001

BCVA at 3 years 0.23±0.26

Abbreviations: N, Number of eyes; SD, standard deviation.
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Two eyes developed wet AMD, 7 and 11 years after

PPV-MP, and received multiple intravitreal anti–vascular

endothelial growth factors (anti-VEGF) injections with

decreased CFT and resolution of intraretinal cystic spaces.

The BCVA at latest follow-up visit was 20/80 (0.6 log

MAR) and 20/40 (0.3 log MAR), 5 years and 1 year,

respectively.

Intraoperative retinal breaks were identified in 2 eyes

and cryotherapy was applied. No patients in this cohort

developed postoperative retinal detachment.

Discussion
The current study included a cohort of patients operated

for idiopathic ERM and followed for a minimum of

5 years postoperatively. This study cohort represents

the longest follow-up reported in the literature and is

the only study with long-term follow-up correlated to

OCT features. One principal finding was that BCVA

continued to improve up to 3 years after PPV-MP and

stabilized thereafter. No other reports have identified

such continued improvements over that longer period

of time, possibly due to the difficulties in assembling

a large enough cohort with longer follow-up durations.

This result was independent of the preoperative lens

status and was not fully attributable to the timing of

cataract surgery. The second principal finding was that

improvement in ELM, EZ integrity, and CFT was asso-

ciated with improved BCVA, but improvement in foveal

contour and CME resolution was not. This suggests the

outer retina that is more important in determining post-

operative (and likely preoperative) BCVA. While the

final BCVA was not related to preoperative BCVA, the

proportional magnitude (percent) was greater for the

group with poorer BCVA in the first year, but not con-

tinue thereafter.

Most reports improved BCVA in 66–90% of cases but

have been limited to a year of follow-up information.13,23-25

PPV-MPmay improve metamorphopsia even if BCVA is not

improved, an important subjective symptom factoring into

a surgical decision particularly if the BCVA is relatively

good.15,25 Very few reports 5-year postoperative information

in even a small proportion of cases and, as in this study, are

Figure 2 (A) A 76-year-old female had loss of vision to 20/80 due to an epiretinal membrane, left eye. There was only mild, central attenuation of the ellipsoid

zone (blue arrow) and a discontinuity of the external limiting membrane (red arrow). (B) The visual acuity improved to 20/40 at 1 year and 20/30 by 3 years

postoperatively, and at 6.3 years postoperatively has remained stable at 20/30 with improvement in the ellipsoid (blue arrow) and external limiting membrane

contours (red arrow).

Table 3 Best Corrected Visual Acuity (BCVA) in Patients with

Improved Postoperative External Limiting Membrane (ELM)

Integrity Compared to Those with Persistent Disruption of ELM

Different

Follow-Up

Time

Points

ELM Integrity Mean Best

Corrected

Visual Acuitya

±SD

p-value

At 1 year Improved (N=9) 0.23±0.18 0.005

Not Improved (N=7) 0.67±0.34

At 2 years Improved (N=9) 0.24±0.30 0.043

Not improved (N=7) 0.62±0.39

At 3 years Improved (N=9) 0.18±0.32 0.038

Not Improved (N=7) 0.59±0.38

At 5 years Improved (N=11) 0.23±0.28 0.004

Not Improved (N=9) 0.71±0.36

At 8 years Improved (N=10) 0.26±0.31 0.074

Not Improved (N=7) 0.61±0.44

Note: aPostoperative best-corrected visual acuity (BCVA) was measured in

LogMAR at different follow-up time points.

Abbreviations: N, Number of eyes; SD, Standard deviation.
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compromised from low retention rates, a problem that inher-

ent to long follow-up. Bouwens reported improved BCVA in

57 eyes from the 1- to 5-year time point postoperatively of

0.96±2.37 lines.15 This was a prospective study, yet still only

57 of 107 incident patients returned for the 5-year follow-up

examination, no information between 1 and 5 years was

collected, and OCT data were not available. The authors

hypothesized that the 47% rate of loss to follow-up was

largely due to disappointment in the postoperative BCVA

since it was lower at 1 year than in patients who ultimately

returned at 5 years. Pesin reported 3–5-year follow-up infor-

mation in 81 (30%) of 270 patients with either iERM (68%)

or secondary ERM, finding no statistically significant differ-

ence in the postoperative visual outcomes between both

groups (idiopathic vs secondary) with ≥ 2 lines improvement

in 58% of patients at 3–5 years. The mean time to achieve

BCVA postoperatively was 0.8–0.9 years except in the group

which underwent CE/IOL (1.9 years).17 No OCT data were

presented. Thus, our 28% retention rate with an average of

almost 10 years follow-up duration is at least as high as

previous studies.

Several studies have demonstrated a correlation

between preoperative and postoperative BCVA,26,27 but

Koutsandrea did not.28 The current authors were surprised

not to better preoperative BCVA as a prognostic factor, but

eyes with poorer preoperative vision gained a larger

proportional magnitude, but only within the first year

postoperatively.

The recurrence rate after ERM surgery varies broadly

among different studies (1–21%), perhaps due to variable

or short follow-up information.25,29-31 In the current study,

recurrent ERM sufficient to prompt repeat PPV-MP

occurred in 5.5%, and all recurrences were at least 5

years after the initial surgery. ILM peeling has been

reported to reduce the risk of ERM recurrence,30,31 but

was not systematically evaluated.

Prognostic SD-OCT factors reported include EZ

integrity,19,32,33 cone outer segment integrity,34 degree of

metamorphopsia35 and foveal autofluorescence.36 However,

EZ integrity37 and ELM integrity36 were not correlated to

BVCA in other reports. The current study confirms the general

principle that the outer retinal layers are more visually impor-

tant than inner layers despite the more deranged appearance

caused by inner retinal features. Hence, the morphology of the

inner retina may be deceivingly worse than the effect on

BCVA. This apparently counterintuitive observation may be

important when evaluating a patient for surgery (ie, in attribut-

ing visual loss to the ERM). More rigorous, quantitative OCT

studies have identified a possible role for some inner retinal

layers (e.g. macular GC-IPL thinning) in limiting visual

recovery.38–40 which might reflect glaucomatous damage

since decreased visual field mean deviation has also been

reported.22 The current study did not find a tendency for

worsening or new-onset glaucoma.

The current study is inherently limited by its retrospective

nature, as have all studies seeking long-term follow-up infor-

mation; concern for a bias in favor of patients with good

results continuing in longer follow-up has been reported.41

Data regarding other factors that may improve after PPV-MP

such as metamorphopsia are lacking.

In conclusion, the current study demonstrates pro-

gressive visual improvement during the first 3 years

after PPV-MP and stable vision thereafter with very

long-term monitoring. While this finding could reflect

a bias towards longer follow-up in patients satisfied by

better visual results,41 this information could be useful to

counsel patients considering PPV-MP as well as during

their preoperative and postoperative course. While other

conditions such as recurrent ERM, MH formation, AMD

development, and glaucoma may occur in the postopera-

tive course, the frequency of these events was relatively

low. Improvement in outer retinal OCT parameters post-

operatively was correlated with better visual outcome of

patients after PPV-MP, seeming to reflect the importance

Table 4 Best Corrected Visual Acuity (BCVA) in Patients with

Improved Postoperative Ellipsoid Zone (EZ) Integrity Compared

with BCVA in Patients with Persistent Postoperative Disruption

of EZ

Different

Follow-Up

Time

Points

EZ Integrity Mean Best

Corrected

Visual Acuitya

±SD

p-value

At 1 year Improved (N=9) 0.17±0.14 <0.001

Not Improved (N=6) 0.74±0.30

At 2 year Improved (N=9) 0.17±0.11 0.001

Not Improved (N=6) 0.70±0.37

At 3 years Improved (N=9) 0.11±0.12 0.001

Not Improved (N=6) 0.66±0.37

At 5 years Improved (N=11) 0.15±0.13 <0.001

Not Improved (N=8) 0.78±0.30

At 8 years Improved (N=11) 0.18±0.18 0.002

Not Improved (N=6) 0.7±0.41

Note: aPostoperative best-corrected visual acuity (BCVA) was measured in

LogMAR at different follow-up time points.

Abbreviation: N, Number of eyes; SD, standard deviation.
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of the outer retinal layers in determining the degree of

visual improvement following PPV-ERM.
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