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ABSTRACT

Introduction: To evaluate the anatomical and
functional outcomes of pars plana vitrectomy
(PPV) and epiretinal membrane (ERM) peeling
in patients with retinal vein occlusion (RVO)
and secondary ERM.

Methods: Retrospective, multicenter study
including patients with RVO and ERM who
underwent PPV and ERM peeling with or with-
out phacoemulsification. Demographic, clini-
cal, surgical, and optical coherence tomography
(OCT) features were recorded at the time of ERM
peeling (baseline). Best-corrected visual acuity
(BCVA) and central macular thickness (CMT)
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France
e-mail: sara.touhami@aphp.fr

A. Smaoui
e-mail: smaoui.anissa@yahoo.fr

M. Nassisi
Ophthalmological Unit, Fondazione IRCCS Ca’
Granda, Ospedale Maggiore Policlinico, Milan, Italy

M. Nassisi
Department of Clinical Sciences and Community
Health, University of Milan, Milan, Italy
e-mail: m.nassisi@gmail.com

Ophthalmol Ther (2022) 11:661–675

https://doi.org/10.1007/s40123-022-00461-7

http://orcid.org/0000-0003-2938-0409
https://doi.org/10.1007/s40123-022-00461-7
https://doi.org/10.1007/s40123-022-00461-7
http://crossmark.crossref.org/dialog/?doi=10.1007/s40123-022-00461-7&amp;domain=pdf
https://doi.org/10.1007/s40123-022-00461-7


were longitudinally collected up to 36 months
after surgery. Clinical factors associated with
BCVA and CMT and disappearance of macular
edema during follow-up were investigated.
Results: Twenty-one eyes of 21 patients with a
median follow-up of 18 months were included.
The BCVA improved significantly after ERM
peeling (baseline vs. 24 months, p = 0.01).
Absence of the external liming membrane/el-
lipsoid zone on OCT was associated with worse
visual outcomes (regression estimate [95%
confidence interval, CI] = 0.93 [0.39–1.48] log-
MAR, p = 0.004). Eyes with disorganization of
the inner retinal layers at baseline had higher
CMT values at each visit (regression estimate
[95% CI] = 114.1 [78.9–219.4] lm, p = 0.004).
Older age at the time of RVO (p = 0.03) and
branch RVO (p = 0.04) were risk factors for
persistent macular edema after ERM removal.
Conclusion: PPV and ERM removal provided
encouraging functional and morphological
results in eyes with RVO, with disappearance of
macular edema in most eyes. The integrity of
the outer retina and preservation of inner reti-
nal segmentation were associated with better
visual and anatomical outcomes after ERM
removal, respectively.

Keywords: Anti-vascular endothelial growth
factor; Cystoid macular edema;
Dexamethasone; Epiretinal membrane;
Intravitreal corticosteroids; Retinal vein
occlusion

Key Summary Points

Why carry out this study?

Epiretinal membrane (ERM) may
exacerbate macular edema in patients
with retinal vein occlusion (RVO) and
may reduce drug penetration of
intravitreal antiangiogenic agents.
Therefore, patients with RVO may
potentially benefit from surgical removal
of ERM.

This study evaluated the anatomical and
functional outcomes of pars plana
vitrectomy (PPV) and membrane peeling
in patients with RVO and secondary ERM.

What was learned from the study?

PPV and ERM removal provided
functional and morphological
improvements in eyes with RVO, with
disappearance of macular edema in most
eyes.

Irreversible damage to the retinal layers
was associated with poorer outcomes.
Older age and branch RVO were risk
factors for persistent macular edema after
ERM removal.

INTRODUCTION

Epiretinal membrane (ERM) refers to a sheet-
like fibroglial cellular tissue proliferation over
the internal limiting membrane (ILM) in the
macular area [1]. ERM is most commonly idio-
pathic, developing after posterior vitreous
detachment (PVD) and migration of retinal glial
and retinal pigment epithelial cells into the
anterior retinal surface. Secondary ERM has
been described in retinal vasculopathies,
intraocular inflammation, retinal detachment,
retinal surgeries, and ocular trauma [2]. Sec-
ondary ERM may be an additive cause of visual
loss in eyes with underlying ocular diseases.

Retinal vein occlusion (RVO), either central
RVO (CRVO) or branch RVO (BRVO), is the
second most common retinal vascular disease
after diabetic retinopathy, and it may lead to
irreversible visual loss if left untreated [3]. The
prevalence of ERMs in patients with RVO ranges
between 14 and 16%, but it is likely underesti-
mated [4–6]. ERM may exacerbate macular
edema in patients with RVO, may reduce drug
penetration of intravitreal antiangiogenic
agents, and may eventually progress to a pseu-
dohole, or more rarely, a macular hole.
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Therefore, patients with RVO may potentially
benefit from surgical removal of ERM.

Previous studies have examined the out-
comes of secondary ERM surgical removal in
eyes with tractional diabetic macular edema,
reporting good anatomical and variable func-
tional results [7, 8]. In addition, pars plana vit-
rectomy (PPV) has been proven effective in ERM
due to uveitis or trauma [9, 10]. Limited data
exist on eyes with RVO and coexistent ERM
undergoing PPV and ERM peeling; these studies
had a relatively short follow-up and included
eyes with either CRVO or BRVO [11, 12].

Based on these observations, the purpose of
this study was to evaluate the anatomical and
functional outcomes of PPV and ERM peeling in
patients with CRVO and BRVO and secondary
ERM.

METHODS

This study is a retrospective, multicenter,
observational study of patients with RVO and
ERM who underwent PPV and ERM peeling with
or without cataract phacoemulsification
between July 2012 and January 2021. Patients
were included from the San Raffaele Scientific
Institute (Milano, Italy), the Second Depart-
ment of Ophthalmology, the University of
Athens (Athens, Greece), the Ospedale Mag-
giore Policlinico (Milano, Italy), and the Lari-
boisière University Hospital, Université de Paris
(Paris, France). The study adhered to the tenets
of the Declaration of Helsinki (1964) and
received the approval of the local institutional
review boards.

The decision to pursue PPV and ERM
removal was made on a personal basis, consid-
ering each patient’s history of macular edema,
response to previous intravitreal therapies,
expectations, and compliance to visits and
treatments. Overall, ERM peeling was per-
formed in patients with RVO and history of
macular edema with a suboptimal response to
previous therapeutic strategies, non-improving
visual acuity, or persistence/recurrence of mac-
ular thickening despite treatments. All the eyes

had evident ERM on optical coherence tomog-
raphy (OCT) scans encompassing the fovea and
obliterating the foveal depression. Patients with
retinal diseases other than RVO (e.g., age-re-
lated macular degeneration, diabetic retinopa-
thy), those with RVO-related complications
causing irreversible visual loss (e.g., retinal
detachment or neovascular glaucoma), and
those with a history of intraocular surgery
except for uncomplicated phacoemulsification
before ERM peeling were excluded.

Patients’ charts were reviewed at the time of
ERM peeling (baseline) and 3, 6, 12, 24, and
36 months after surgery; a range of 2 months for
each time point was allowed due to the study’s
retrospective nature. The following variables
were recorded at baseline: age, gender, history
of glaucoma, diabetes mellitus, and cardiovas-
cular comorbidities (systemic hypertension,
deep vein thrombosis, arterial occlusive dis-
ease), interval between RVO diagnosis and PPV,
previous intravitreal treatments (both anti-vas-
cular endothelial growth factor [VEGF] agents
and dexamethasone [DEX] implants), and
presence of macular edema. Regarding surgery,
parameters collected included the date of the
surgery, phacoemulsification at the time of PPV,
induction of PVD, inner limiting membrane
(ILM) peeling, tamponade agent at the end of
PPV, and occurrence of peri- or postoperative
complications. History of intravitreal injections
after the surgical procedure was also recorded.

Best-corrected visual acuity (BCVA) values,
measured on decimal charts, and spectral-do-
main OCT (SD-OCT, Spectralis HRA?OCT,
Heidelberg, Germany) scans were recorded at
each visit. The OCT software automatically
calculated the central macular thickness (CMT).
The SD-OCT scans were scrutinized by four
trained graders (MVC, IC, MN, AS) for external
limiting membrane (ELM)/ellipsoid zone (EZ)
damage under the fovea (in case the two outer
hyperreflective bands corresponding to the ELM
and EZ were interrupted or absent) and the
presence of disorganization of the retinal inner
layers (DRIL), defined as the loss of clear
tomographic boundaries between the four
innermost retinal layers [13–15].

Ophthalmol Ther (2022) 11:661–675 663



Statistical Analysis

Statistical calculations were carried out with the
open-source R programming language. Contin-
uous variables were reported as the median and
interquartile range (IQR) or mean ± standard
deviation (SD), and categorical variables as fre-
quency and proportions. The BCVA was con-
verted into logMAR and used as a continuous
variable; a value of 2.0 logMAR was given to
counting fingers, and a value of 2.3 logMAR was
given to hand motion [16].

As the primary outcome, the clinical factors
associated with the longitudinal BCVA and
CMT variation after ERM removal were investi-
gated. For this purpose, linear mixed models
with a repeated-measures design were used, in
which the eye identification number was the
random factor to account for multiple measures
performed in the same eye, and the explored
covariate was the main effect variable. The
interaction between the visit and the main
effect variable was included in each model.
Regression estimates and 95% confidence
intervals (CI) were computed. The estimated
marginal means at different time points were
compared with a Bonferroni correction. The
analyses were repeated separately evaluating
eyes with CRVO and BRVO.

For the secondary outcome, improvement in
BCVA of at least one line (i.e., reduction in
BCVA of 0.1 logMAR) and disappearance of
macular edema on SD-OCT after ERM removal
(i.e., OCT not showing any sign of intraretinal
or subretinal fluid) were considered as events,
and the date on which the event was first
recorded in the patients’ charts was collected.
Kaplan–Meier survival curves were plotted, and
median survival time was estimated. Since
improvement in BCVA of at least one line was
recorded in 95% of eyes, risk factor analysis was
not performed. On the other hand, the clinical
factors associated with disappearance of macu-
lar edema on SD-OCT after ERM removal were
investigated with univariable Cox proportional
hazard models. For each variable, the hazard
ratio (HR) and 95% CI were reported. The
patients who presented without macular edema
at the time of ERM removal were excluded from
survival regression models.

As the tertiary outcome, the presence of
macular edema, the need for and the number of
intravitreal injections (either anti-VEGF or
steroids), and the rate of ELM/EZ and DRIL on
OCT were compared between before and after
ERM removal between paired t test or chi-square
tests.

The cutoff point for statistical significance
was set at p\0.05 (two-sided).

RESULTS

Patients’ and Eyes’ Characteristics

A total of 21 eyes of 21 patients were included;
most of the patients were male (62%), older
than 50 years, with cardiovascular comorbidi-
ties (67%). Two-thirds (67%) of the eyes had
CRVO. Eight eyes (38%) had received peripheral
laser photocoagulation prior to ERM removal.
The median interval from RVO to ERM peeling
was 32 months, while the median available
follow-up after ERM removal was 18 months.
Table 1 shows the baseline demographic and
surgical characteristics of the study sample.

All eyes had a history of macular edema
secondary to RVO. Sixteen eyes (76%) had
received intravitreal treatments, namely anti-
VEGF agents (10 eyes, 48%) and DEX implants
(12 eyes, 57%), before undergoing ERM peeling
(Table 2). In 18 eyes (86%), the OCT closest to
the surgery date showed persistence of
intraretinal fluid. Ten eyes (48%) had DRIL, and
six eyes (29%) had subfoveal ELM/EZ layers loss
on SD-OCT.

Surgery Characteristics

All eyes underwent complete vitrectomy. Of the
16 phakic eyes at the time of ERM removal, 11
(69%) underwent combined PPV with pha-
coemulsification and intraocular lens implan-
tation. Vitrectomy was mostly performed with a
25-gauge technique (67%), with PVD induction
(71%); the ILM was peeled in 86% of cases.
None of the included eyes received intraopera-
tive intravitreal triamcinolone. The surgery was
uneventful in 86% of eyes; one case of
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intraoperative peripheral retinal tear, one pos-
terior capsule tear, and one case of macular hole
were recorded. Macular hole was repaired

during PPV. The eyes were filled with gas in four
(19%) cases, with either SF6 (three eyes) or C2F6
(one eye) (Table 1).

Table 1 Baseline demographic and surgical characteristics of patients with retinal vein occlusion (RVO) undergoing
epiretinal membrane (ERM) peeling

Summary statistics (median, IQR or %)

Patients’ and eyes’ characteristics

Age at RVO (years) 63 (60–69)

Age at peeling (years) 67 (64–72)

Gender

Male 13 (62%)

Female 8 (38%)

Diabetes 3 (14%)

Cardiovascular risk factors 14 (67%)

Glaucoma 6 (29%)

Pseudophakia 5 (24%)

Type of RVO

Central RVO 14 (67%)

Branch RVO 7 (33%)

Peripheral laser photocoagulation 8 (38%)

Interval RVO to ERM peeling (months) 32 (23–53)

Duration of follow-up after ERM peeling (months) 18 (7–34)

Surgery characteristics

Concurrent phacoemulsification 11 (69%)*

Gauge

23 6 (29%)

25 14 (67%)

27 1 (4%)

PVD induction 15 (71%)

ILM peeling 18 (86%)

Gas tamponade 4 (19%)

Summary statistics are presented as median (interquartile range, IQR) or frequencies (proportions)
PVD posterior vitreous detachment, ILM inner limiting membrane
*Of phakic eyes before vitrectomy (i.e., 16 eyes)
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Visual Outcomes after ERM Removal

The BCVA before ERM peeling was 0.87 ± 0.62
logMAR, ranging between hand motion and
0.22 logMAR (Table 1S). The BCVA improved
after ERM removal (Fig. 1a); multiple compar-
isons revealed significant change from baseline
to month 6 (p = 0.02) and month 24 (p = 0.01).
Improvement of at least one line occurred in 20
eyes (95%) and was recorded after a median of
1 month (range 1–6 months) (Fig. 2a).

Globally, longitudinal visual outcomes were
worse in eyes with ELM/EZ loss at baseline
(p\0.001) and those with persistent ELM/EZ
damage after peeling (p\0.001). Eyes with DRIL
afterERMremovalalsohadworsevisionafterERM
removal (p = 0.009) (Table 3). When these vari-
ables were combined in a multivariable model,
onlyELM/EZ losswas significantly associatedwith
a worse visual outcome (regression estimate =
0.93 logMAR, 95%CI 0.39–1.48, p = 0.004). ELM/
EZ loss post-ERM removal was not included in the
multivariablemodeldue tocollinearitywithouter
retinal damage before ERM removal. None of the
tested interactions was significant.

Similar associations were observed separately
analyzing CRVO eyes (Table 2S). None of the
investigated variables was statistically associ-
ated with visual acuity in BRVO cases (Table 3S).

Morphologic Outcomes after ERM
Removal

The CMT before ERM peeling was
494 ± 126.5 lm (Table 1S). The retinal thick-
ness decreased progressively after ERM peeling
(Fig. 1b), being statistically significant at 6
(p = 0.03) and 24 months (p = 0.02) compared
to before surgery. Eyes with DRIL at baseline
(regression estimate = 114.1 lm, 95% CI
078.9–219.4, p = 0.04) and those with DRIL
after surgery (regression estimate = 217.5 lm,
95% CI 91.7–342.7, p = 0.002) had higher CMT
values (Table 3). The presence of DRIL after
surgery was confirmed as a negative anatomical
prognostic factor analyzing CRVO and BRVO
eyes separately (Tables 2S and 3S).

Of the 18 eyes with macular edema at the
time of the surgery, 14 eyes (78%) achieved a
dry macula after ERM peeling (p\ 0.001). The
median time for macular edema disappearance
was 6 months (range 1–24), while the median
survival time (i.e., macular edema disappeared
in half of the group) was 12 months (range 1–-
24 months) (Fig. 2b). Older age at the time of
RVO (HR = 0.88, 95% CI 0.79–0.99, p = 0.03)
and BRVO (HR = 0.12, 95% CI 0.01–0.92,
p = 0.04) were risk factors for persistent macular
edema after ERM removal (Table 4).

Table 2 Summary of intravitreal treatment received before and after epiretinal membrane (ERM) peeling

Summary statistics p values

Before ERM peeling After ERM peeling

Patients receiving anti-VEGF injections 10 (48%) 6 (29%) 0.3

Anti-VEGF doses administered 6 (4–9) 1 (1–2) 0.02*

Patients receiving DEX injections 12 (57%) 12 (57%) 0.9

DEX implants administered 3 (1–3) 2 (1–6) 0.5

Macular edema 18 (86%) 4 (19%) \ 0.001*

DRIL 10 (48%) 4 (19%) 0.1

ELM/EZ loss 6 (29%) 6 (29%) 0.9

Summary statistics are presented as median (interquartile range) or frequencies (proportions) and compared with paired
t test or chi-square tests, respectively
VEGF vascular endothelial growth factor, DEX dexamethasone, DRIL disorganization of the retinal inner layers, ELM
external limiting membrane, EZ ellipsoid zone
*statistically significant value
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Multivariable analyses were not performed due
to low numbers.

Additional anti-VEGF agents were adminis-
tered in six cases (29%); the median number of
injections was 1, statistically significantly lower
than before PPV (p\0.02). Additional DEX
implants were administered in 12 eyes (57%,
median injection number was 2). The number
of treatments given after ERM removal was not
associated with the probability of macular
edema disappearance after surgery (Table 3).

Longitudinal Safety

Two eyes underwent cataract extraction after
PPV. Recurrent ERM was seen in four eyes
(19%), but none underwent a second surgery
during the follow-up. ERM recurrence was not
visually impairing (p = 0.2, Table 2), was not
associated with significant retinal thickening
(p = 0.8, Table 3), and was not a risk factor for
persistent macular edema after primary ERM
removal (p = 0.3, Table 4).

DISCUSSION

In the present study, PPV ? membrane removal
in eyes with ERM secondary to RVO led to sig-
nificant improvement in visual acuity and
macular thickening, with disappearance of
macular edema in most eyes. Disruption the of

Fig. 1 Best-corrected visual acuity (BCVA, expressed as logMAR, a) and central macular thickness (CMT, expressed as lm,
b) change as a function of the follow-up visit after epiretinal membrane removal

Fig. 2 Kaplan–Meier survival curves showing the proba-
bility of one-line improvement in best-corrected visual
acuity (BCVA) and disappearance of cystoid macular
edema (CME) after epiretinal membrane removal.
a Cumulative probability of one-line BCVA improvement.
The time at which the Kaplan–Meier survival curve
crossed the 50% probability line (i.e., the median survival
time) was 1 month. b Cumulative probability of CME
disappearance. The median survival time was 12 months
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Table 3 Results of univariable analysis of factors associated with the longitudinal change in best-corrected visual acuity
(BCVA) and central macular thickness (CMT) after epiretinal membrane (ERM) removal in eyes with retinal vein
occlusion (RVO)

Variable BCVA change CMT change

Regression estimate
(95% CI) [logMAR]

p value Regression estimate (95%
CI) [lm]

p value

Patient characteristics

Age at RVO (for each year) -0.01 (-0.04 to 0.01) 0.4 3.5 (-2.5 to 9.4) 0.3

Male gender (ref: female) -0.01 (-0.43 to 0.41) 0.9 -21.2 (-135.4 to 93.2) 0.7

Diabetes -0.03 (-0.67 to 0.62) 0.9 -29.7 (-192.6 to 132.8) 0.7

Cardiovascular risk factors 0.28 (-0.15 to 0.70) 0.2 42.3 (-74.3 to 159.4) 0.2

Glaucoma -0.49 (-0.90 to 0.06) 0.05 -121.9 (-239.2 to 4.8) 0.06

Surgery characteristics

Cataract extraction^ 0.34 (-0.09 to 0.76) 0.1 -76.4 (-189.4 to 36.8) 0.2

PVD induction -0.07 (-0.58 to 0.39) 0.8 106.5 (-11.1 to 224.2) 0.1

ILM peeling -0.37 (-0.95 to 0.20) 0.2 91 (-67.5 to 249.7) 0.3

Gas tamponade 0.15 (-0.37 to 0.69) 0.6 78.8 (-64.1 to 221.3) 0.3

Eye characteristics

BRVO (ref: CRVO) -0.29 (-0.71 to 0.14) 0.2 74.1 (-42.5 to 191.1) 0.2

Interval RVO to ERM peeling (for each

12 months)

-0.03 (-0.08 to 0.02) 0.2 2.3 (-11.6 to 16.2) 0.8

ELM/EZ loss before ERM removal 0.87 (0.53 to 1.22) \ 0.001* 128.3 (-4.19 to 252.5) 0.06

ELM/EZ loss after ERM removal 0.99 (0.62 to 1.35) \ 0.001* 69.9 (-58.1 to 197.9) 0.3

DRIL before ERM removal 0.09 (-0.34 to 0.50) 0.7 114.1 (78.9 to 219.4) 0.04*

DRIL after ERM removal 0.68 (0.22 to 1.14) 0.009* 217.5 (91.7 to 342.7) 0.002*

Peripheral laser photocoagulation -0.02 (-0.44 to 0.40) 0.9 59.3 (-58.4 to 177.9) 0.3

Number of anti-VEGF doses administered

before ERM removal (for each injection)

-0.01 (-0.50 to 0.03) 0.7 -5.8 (-15.1 to 3.40) 0.3

Number of anti-VEGF doses administered

after ERM removal (for each injection)

-0.01 (-0.14 to 0.17) 0.9 -40.7 (-60.8 to -21.5) 0.08

Number of DEX implants administered

before ERM removal (for each injection)

-0.12 (-0.30 to 0.05) 0.2 -24.5 (-64.1 to 14.9) 0.2

Number of DEX implants administered after

ERM removal (for each injection)

-0.08 (-0.23 to 0.05) 0.3 -27.7 (-67.2 to 12.5) 0.2
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EZ/ELM and persistence of DRIL after ERM
peeling were associated with worse visual out-
comes, while the presence of DRIL at baseline
and persistence of DRIL on follow-up were
associated with worse anatomical results. Older
patients and those with BRVO had a higher risk
of persistent macular thickening after surgery
(Fig. 3).

Both primary and secondary ERMs have two
main components: an extracellular matrix
(consisting of collagen, laminin, and fibro-
nectin) and cells of retinal and extraretinal ori-
gin, such as glial cells, neurites, retinal pigment
epithelium, immune cells, and fibrocytes
[2, 17, 18]. The relative abundance of these
components within each ERM case reflects the
underlying etiology and the severity of the dis-
ease or its duration. In retinal ischemia or
inflammation, such as in diabetic retinopathy
or RVO, activation of Müller cells induces the
upregulation of glial fibrillary acidic protein and
vimentin, with reactive gliosis and ERM for-
mation [19, 20]. As platelet-derived growth
factor A (PDGF A) and VEGF receptors are
expressed within ERM cells, intravitreal pro-
angiogenic cytokines may accelerate ERM pro-
gression [21]. Contractile fibrils eventually exert
traction on the underlying retina and distort
the retinal tissue and the retinal vasculature,
causing visual loss [22]. Removal of ERM may
revert these processes, provided that inner and
outer retinal integrity is preserved.

In our study, nearly 80% of eyes had a his-
tory of previous intravitreal injections. Intrav-
itreal injections have been hypothesized to

contribute to ERM formation. A higher number
of intravitreal injections of anti-VEGF and the
use of DEX implants have been associated with
higher odds of ERM in patients with diabetic
macular edema [23]. Possible effects of intrav-
itreal VEGF inhibition include an increase of
retinal ischemia, an imbalance towards the
effect of pigment epithelium-derived factor, or
an indirect increase in the expression of con-
nective tissue growth factor, which stimulates
tissue fibrosis and ERM formation [24]. On the
other hand, intravitreal DEX implant has been
thought to induce mechanical stress into the
vitreous cavity, leading to alteration in the vit-
reomacular interface homeostasis and epiretinal
tissue proliferation [25]. We cannot exclude the
possibility that intravitreal therapies con-
tributed to the pathogenesis of ERM in our RVO
patients. Nevertheless, we did not include a
control group of RVO patients without ERM,
and we were not able to verify this hypothesis.

The improvement in visual acuity after PPV
and ERM peeling was rapid and sustained over
time. It might be argued that spontaneous
visual recovery is likely to occur in the natural
history of RVO [26]. In the SCORE study, up to
26% of eyes in the sham group experienced a
visual gain ranging from 5 to 15 letters,
although no data were provided specifically
about eyes with ERM [27]. However, visual
acuity gains tend to stabilize between the sec-
ond and fifth year of treatment [28]. Since the
median interval between RVO diagnosis and
PPV was 3 years, our data may support an actual
advantage of ERM peeling on the visual

Table 3 continued

Variable BCVA change CMT change

Regression estimate
(95% CI) [logMAR]

p value Regression estimate (95%
CI) [lm]

p value

ERM recurrence 0.39 (-0.19 to 0.93) 0.2 12.9 (-132.8 to 158.3) 0.8

Regression estimates and the 95% confidence interval (CI) are presented
PVD posterior vitreous detachment, ILM inner limiting membrane, BRVO branch retinal vein occlusion, CRVO central
retinal vein occlusion, ELM/EZ external limiting membrane/ellipsoid zone, DRIL disorganization of the retinal inner
layers, VEGF vascular endothelial growth factor, DEX dexamethasone
^Refers to eyes that were phakic at the time of the surgery
*statistically significant value (p\ 0.05)
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outcomes. The benefits of PPV with ERMmay be
attributed to the following mechanisms: the
elimination of vitreous traction on the macular
area, the increase of oxygen diffusion into the
retina, and the removal of pro-angiogenic
mediators from the vitreous chamber [29].

Moreover, the removal of ERM may increase the
drug penetration into the retina after intravit-
real injections [7, 8]. A beneficial effect of ILM
peeling during vitrectomy for RVO has also
been correlated with decompression of the
edematous retina [30], even though ILM peeling

Table 4 Factors associated with macular edema disappearance after epiretinal membrane (ERM) removal in eyes with
retinal vein occlusion (RVO)

HR (95% CI) p value

Age at RVO (for each year) 0.88 (0.79 to 0.99) 0.03*

Male gender (ref: female) 4.44 (0.92 to 21.5) 0.06

Diabetes 0.82 (0.10 to 6.58) 0.8

Cardiovascular risk factors 0.61 (0.15 to 2.46) 0.5

Glaucoma 0.8 (0.17 to 4.04) 0.8

Surgery characteristics

Cataract extraction^ 0.34 (0.09 to 0.76) 0.3

PVD induction 0.71 (0.18 to 2.88) 0.6

ILM peeling 1.31 (0.16 to 10.53) 0.7

Gas tamponade 1.50 (0.31 to 7.21) 0.6

Eye characteristics

BRVO (ref: CRVO) 0.12 (0.01 to 0.92) 0.04*

Interval RVO to ERM peeling (for each 12 months) 1.00 (0.98 to 1.02) 0.7

Peripheral laser photocoagulation 1.82 (0.54 to 6.60) 0.3

ELM/EZ loss before ERM removal 0.69 (0.17 to 2.75) 0.2

ELM/EZ loss after ERM removal 0.17 (0.02 to 1.41) 0.1

DRIL before ERM removal 0.66 (1.19 to 2.34) 0.5

DRIL after ERM removal 0.58 (0.12 to 2.77) 0.5

Number of anti-VEGF doses administered before ERM removal (for each injection) 1.02 (0.86 to 1.21) 0.8

Number of anti-VEGF doses administered after ERM removal (for each injection) 1.51 (0.75 to 3.05) 0.8

Number of DEX implants administered before ERM removal (for each injection) 0.95 (0.58 to 1.57) 0.2

Number of DEX implants administered after ERM removal (for each injection) 0.91 (0.60 to 1.39) 0.7

ERM recurrence 0.40 (0.08 to 2.06) 0.3

Hazard ratio and the 95% confidence interval (CI) are presented from univariable analysis
PVD posterior vitreous detachment, ILM inner limiting membrane, BRVO branch retinal vein occlusion, CRVO central
retinal vein occlusion, ELM/EZ external limiting membrane/ellipsoid zone, DRIL disorganization of the retinal inner
layers, VEGF vascular endothelial growth factor, DEX dexamethasone
^Refers to eyes that were phakic at the time of the surgery
*statistically significant value (p value\0.05)
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was not found to be significantly associated
with treatment outcomes in our cohort.

The state of the EZ and ELM is an indepen-
dent prognostic factor for visual outcome after
intravitreal injections in patients with RVO
[31, 32]. Moreover, EZ/ELM integrity has been
associated with better visual outcomes in
patients with idiopathic ERM after PPV and
ERM removal [33]. Kang et al. investigated the
factors correlating with visual acuity after sur-
gery and ERM peeling in 33 eyes with BRVO.
The authors identified integrity of photorecep-
tors at baseline as a predictor of the visual out-
come in these patients [12]. In keeping with

this, our study showed that disruption of the
EZ/ELM at the time of ERM removal was asso-
ciated with worse visual acuity for the entire
follow-up after the surgery, up to 36 months.
Persistent DRIL after ERM removal was also
associated with worse anatomical and visual
outcomes. The presence of DRIL indirectly
suggests disruption of the visual transmission
pathway, which may have multiple interpreta-
tions in eyes with RVO [15]. It may be caused by
poor macular perfusion or by tractional distor-
tion of the retinal layers. Of note, DRIL has been
identified as an adverse prognostic factor after
idiopathic ERM removal [13, 34]. Our study

Fig. 3 Clinical follow-up of a patient with central retinal
vein occlusion before and after epiretinal membrane
(ERM) removal. a Fluorescein angiography (FA) showed
marked vascular tortuosity and vessel dragging temporally
to the fovea, as well as enlargement of the foveal avascular
zone and temporal non-perfusion. b Optical coherence
tomography (OCT) corresponding to the same visit as
a showing macular edema, intraretinal cysts, disruption of

the external limiting membrane/ellipsoid zone complex
(arrowhead), and a thick ERM (arrow). c FA performed 3
months after ERM peeling, showing partial normalization
of the vascular network. There was persistence of foveal
avascular zone enlargement and mild leakage temporally to
the fovea. d OCT disclosed a flat macula, with restoration
of the foveal depression. External limiting membrane/
ellipsoid zone complex defects persisted (arrowhead)
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supports the negative impact of DRIL on visual
recovery in eyes with ischemic retinopathies.

The visual outcome after ERM peeling was
similar between CRVO and BRVO. However,
eyes with BRVO had persistent macular edema
after surgery. Higher levels of inflammatory
markers and VEGF-A have been found in eyes
with CRVO by comparing the undiluted vitre-
ous samples of these eyes with those diagnosed
with BRVO [35]. It is plausible that removing
the vitreous scaffold and its cytokines would
have a greater impact on CRVO eyes than BRVO
ones. On the other hand, BRVO eyes might
have a tighter ERM due to the presence of
epiretinal neovascularization, much more
prevalent in BRVO than CRVO eyes [36]. Due to
the lack of fluorescein angiography data, we
were not able to include the presence of
epiretinal neovascularization in our models.

Limitations of this study include the small
study sample and its retrospective design. As the
patients were included from different centers
and they were treated by different physicians,
we acknowledge possible heterogeneity in
treatments’ regimens, preference in choosing
the intravitreal drugs, and criteria to send
patients to retinal surgery. We did not include
other imaging modalities, such as OCT angiog-
raphy and widefield fluorescein angiography,
which differentiate between ischemic and non-
ischemic RVOs. The study patients underwent a
slightly lower number of anti-VEGF injections
compared to other real-life series. Some eyes
with evident ERM might have received less
intense treatment, given the tractional nature
of the retinal thickening. Our study patients
also underwent DEX injections; this could be an
additional factor explaining the low number of
anti-VEGF injections administered before ERM
peeling. We did not assess other vitreomacular
disorders, such as vitreomacular traction, which
are important factors in the decisional algo-
rithm of vitreoretinal surgeons. Due to the low
numbers, we acknowledge the risk of overfitting
our models and underpowering the explanatory
variables; larger studies are needed to confirm
our associations. Finally, a control group of eyes
that did not require pharmacological treatment
post-ERM peeling could throw light on the
effect of ERM peeling on macular edema

resolution. Nevertheless, ERM peeling in RVO
eyes is uncommon, and controlled retrospective
studies are barely feasible.

CONCLUSIONS

PPV and ERM removal provided encouraging
functional and morphological results in eyes
with RVO. Integrity of the outer retina and
preservation of inner retinal segmentation were
associated with better visual and anatomical
outcomes after ERM removal, respectively. His-
tory of CRVO was associated with a higher
chance of macular anatomical restoration. Fur-
ther prospective, controlled studies with a larger
study sample are needed to validate our
findings.
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