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ABSTRACT

Idiopathic epiretinal membrane (ERM) is characterised 
by the growth of fibrocellular tissue on the internal limiting 
membrane (ILM). The ERM could range from a subtle cel-
lophane-like film not causing any visual disturbance to sig-
nificant contractile membranes with folds in the underlying 
and adjacent retina causing metamorphopsia and a decline in 
visual acuity. Vitrectomy with ERM removal is beneficial 
in improving visual acuity and foveal contour and is well 
accepted as the treatment for symptomatic macular pucker. 
However there is still debate whether the concurrent re-
moval of the ILM peeling affords any additional benefit. 
Overall a review of the literature suggests that there is no 

difference in final visual acuity between ILM peeling vs 
non-ILM peeling.  When comparing ERM recurrence ILM 
peeling may offer some benefit although many recurrences 
are not visually significant. While ILM peeling could en-
sure complete removal of the cortical vitreous and ERM, 
the use of ICG dye could have a deterious effect. There-
fore it still remains unclear whether removing the ILM 
during ERM surgery affords any additional benefit.

Keywords: macular pucker, epiretinal membrane, internal 
limiting membrane, pars plana vitrectomy.

Introduction

Idiopathic epiretinal membrane (ERM) is characterised 
by the growth of fibrocellular tissue on the internal limiting 
membrane (ILM). The ERM could range from a subtle cel-
lophane-like film not causing any visual disturbance to sig-
nificant contractile membranes with folds in the underlying 
and adjacent retina causing metamorphopsia and a decline 
in visual acuity. Although the exact pathogenesis of ERM 
formation is unclear it is known to be associated with pos-
terior vitreous detachment1 leading to hypertrophy of glial 
(Müller) cell processes and the accumulation of extracellular 
matrix components on the ILM (the ILM is the basement 
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membrane of the Müller cells.2,3 

Epiretinal membrane surgery

Pars plana vitrectomy

While there are rare cases where an ERM spontaneous-
ly separates from the retina and induces regression of the 
macular distortion4,5 in almost all cases it remains stable or 
slowly progresses. Progression of an ERM often results in 
underlying retinal changes with thickening and/or folds 
which could lead to a decline in visual acuity. Standard 
pars plana vitrectomy to remove the vitreous gel and the 
ERM has been the standard of therapy for visually signif-
icant ERM resulting in significant regression of the retinal 
thickening and/or folds. However reports show that the 
recurrence rate of ERM after surgery varies from 10% 
to 21% possibly due to remnants of cortical vitreous or 
incomplete removal of ERM.6-9

Internal limiting membrane peeling

As the ERM is adherent to the ILM varying degrees of 
ILM fragments were identified on histopathology after re-
moval of ERM. In some cases there was a positive corre-
lation between the amount of ILM removal and the visual 
prognosis.10-13 This started the debate whether the addition-
al removal of ILM may be beneficial during ERM removal 
with the presumption that the removal of ILM ensures com-
plete removal of cortical vitreous and epiretinal membrane 
from the macular surface and may also aid in the regression 
of the retina folds.14

To aid in visualisation and removal of the thin ILM vari-
ous dyes have been used including indocyanine green (ICG) 
Trypan Blue (TB) and Brilliant Blue G (BBG). With or with-
out the use of dyes to stain the ILM various instruments such 
as a pick bent micro vitreoretinal (MVR) blade or vitreor-
etinal forcep are used to remove the thin membrane. Some 
surgeons create a flap of ILM which is then grasped with 
forceps while others pinch a small portion of ILM and then 
peel a larger area using only forceps.

Controversies regarding ILM peeling

ILM peeling was initially performed during macular 
hole surgery to aid in complete removal of cortical vit-
reous and epiretinal membrane possibly leading to high-
er anatomical and functional success rates compared to 
results without ILM peeling.15,16 However the methods 

used in removing the ILM have raised some questions 
about possible mechanical and functional damage to the 
underlying retina. First the mechanical peeling of the 
ILM may lead to anatomic changes such as focal retinal 
haemorrhages17 swelling of the arcuate nerve fiber layer18 
and dissociated optic nerve fiber layer or inner retina 
dimpling19. In addition long term follow-up after ILM 
peeling demonstrates a progressive reduction in macular 
volume.20,21 These changes have been shown to be posi-
tively correlated with the shortening of the papillofoveal 
distance leading to foveal migration. Secondly there are 
concerns regarding the possible toxicity of various stain-
ing modalities used to visualise the ILM.20 Although 
the mechanism is unclear why ICG could be toxic it is 
postulated that the ICG could migrate to the sub retinal 
space causing damage to the retina and RPE21-24 visual 
defects25-27 and optic atrophy.28,29 Moreover a meta-analy-
sis of ICG-assisted ILM peeling in macular hole surgery 
showed no differences in the closure rate a worse VA 
and an increased risk of RPE changes. An additional me-
ta-analysis30,31 has also shown that there is no evidence 
of clinical superiority in outcomes for ICG-assisted ILM 
peeling in macular hole surgery compared to ILM peel-
ing without the use of ICG.

Surgical outcome comparing PPV with ILM peeling vs 
without ILM peeling

In theory ILM peeling for ERM would enable a more 
complete removal of the epiretinal membrane and 
might also inhibit reproliferation of the ERM.15 Howev-
er to date there is no evidence from randomised trials 
showing that peeling of the ILM leads to a better ana-
tomic and functional result or reduces the rate of ERM 
recurrence. Even with the lack of evidence peeling both 
ERM and ILM during ERM surgery is becoming more 
popular among surgeons. There are several histologic 
reports demonstrating remnants of ILM found in spec-
imens with intended ERM removal alone.11-13 Interest-
ingly a recent study showed that although portions of 
ILM could be identified within the ERM specimens in 
5 out of 17 cases (29%) a whole layer of ILM was pres-
ent and able to be peeled during a second surgery in 
these 5 cases. In the remaining cases isolated cells or 
small cellular foci were found on the ILM in six spec-
imens and portions of ERM were found in conjunction 
with ILM in over a third of specimens. These findings 
support the notion that removal of ILM in ERM sur-
gery leads to a more complete removal of epiretinal 
elements.

Literature review for surgical management of ERM 



49

Internal limiting membrane peeling during idiopathic epiretinal membrane removal: a systematic review

with and without ILM peeling

A PubMed search was undertaken using the following 
keywords: macular pucker, epiretinal membrane, internal 
limiting membrane and pars plana vitrectomy. Only articles 
describing primary research from peer-reviewed journals in 
English were collected. Only studies regarding vitrectomy 
for idiopathic ERM which provided initial and final visual 
acuity and/or categorised eyes with visual acuity that was the 
same better or worse using standard methods of reporting 

such as logarithm of minimal angle of resolution (logMAR) 
or Snellen acuity were included in the analysis. Studies with 
secondary ERM from uveitis, prior retinal detachment, vas-
cular occlusion, diabetic retinopathy, trauma or vitreomac-
ular traction were excluded as were those that included air 
gas or oil tamponade. The review identified 12 articles of 
sufficient quality to undergo review.

Data collection included 1) study design and study period; 
2) visual acuity before and after surgery or % of eyes with 
visual acuity that was the same better or worse after surgery; 
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3) whether or not the eyes underwent peeling of the ILM at 
the time of surgery and whether or not dye was used for vis-
ualization of ILM; 4) recurrence of ERM and postoperative 
complications such as visual filed defect optic atrophy and 
retinal detachment.

To analyse the visual outcome across studies individual 
and mean visual acuity data were converted into logMAR 
units. Among the 12 studies that were identified 3 studies 
were prospective and 9 were retrospective cases series.9,32-43 
Six were comparative studies between ILM peeling vs no 
ILM peeling for idiopathic ERM. A total of 411 eyes with 
idiopathic ERM were included from the 12 studies in which 
visual acuity was reported before and after the surgery (Ta-
ble 1 and 2).

Change in visual acuity after ILM peeling vs no ILM 
peeling

Among the 6 studies9,34-38 showing results after vitrectomy 
without ILM peeling for ERM the mean age ranged from 
41.9 to 75.7 years. In all the studies without ILM peeling 
the mean logMAR visual acuity showed improvement 
after surgery. Mean logMAR visual acuity before sur-
gery in the non-ILM peel group ranged from 0.44 to 0.9, 
with improved postoperative visual acuity which ranged 
from 0.24 to 0.67. In three of the studies9,37,38 visual acu-
ity changes were categorised into stable worse or im-
proved after surgery. It was noted that 73.3-100% of the 
eyes without ILM peeling showed either stable or im-
proved visual acuity at follow-up with 50-80% gaining 
lines or more.

In the ILM peeling group9,34-43 baseline mean logMAR 
visual acuity ranged from 0.4 to 0.9 which improved to a 
range of 0.19 to 0.65. In all the studies with ILM peeling 
the mean logMAR visual acuity improved after surgery. 
In nine of the studies9,37-43 visual acuity changes were 
categorised into stable worse or improved after surgery. 
Stable or improved visual acuity in eyes with ILM peel-
ing was noted in 79-100% with 40-75% gaining 2 or more 
lines. These studies suggest that improvement of visual 
acuity is achieved after vitrectomy for ERM regardless 
of ILM peeling may not add any visual acuity benefit.

Recurrence of ERM and foveal contour after ILM peel-
ing vs no ILM peeling

In the non-ILM peeling group 4 studies reported postop-
erative ERM recurrence (Table 1).9,34,36,37 The follow-up pe-
riod ranged from 3 to 77 months and ERM recurrence was 
0-52.5%. In the ILM peeling group 8 studies9,34,36,37,40,42,43 

reported postoperative ERM recurrence. Follow-up ranging 
from 3 to 88 months and ERM recurrence was 0-10%.

Park et al.9 reported that none of their eyes undergoing 
ILM peeling had recurrent ERM. In contrast 21% of eyes 
that did not undergo ILM peeling showed recurrence or 
persistant contraction of the ILM and distortion of mac-
ular retinal vessels. However many of these recurrent 
ERMs were not visually significant and the final visual 
acuity results were similar between the two groups. In ad-
dition Kwok et al.32 showed that there was biomicroscopic 
evidence of recurrence in 3 out of 15 eyes (20%) after 
ERM surgery without ILM peeling while 2 out of 20 eyes 
(10%) showed recurrence after ILM peeling. All of the re-
current membranes occurred within 12 months in the non-
ILM peel group. In the ILM peel group asymptomatic and 
faint ERM was noted at the edge of the peeled ILM. Lee 
et al.33 reported that none of the eyes showed recurrent 
ERM in both groups. In this study 16 eyes (84.2%) in the 
ERM peeling alone group had a normal foveal contour on 
postoperative OCT while nine eyes (42.9%) in the ERM 
with ILM peeling group had a normal foveal depression 
(p=0.01) suggesting that macular thickening with loss 
of the normal foveal contour was more common in the 
ERM with ILM peeling group. However regardless of the 
appearance of the fovea on OCT the visual outcome did 
not differ. Chang et al.34 reported that there was a greater 
decrease in the central macular thickness in the non-ILM 
peel group compared to the ILM peel group. The cause of 
this is unknown but it is possible that removing the ILM 
could result in Muller cell trauma.18,35 Regardless of OCT 
findings functional results remain unchanged by ILM 
peeling with no influence on postoperative visual acuity.36 
The development of spectral domain OCT may further 
clarify these findings.37 

Possible dye-associated retinal toxicity

A possible cause for the anatomic results after ILM peel-
ing is ICG toxicity. It is well known that ICG dye has a 
photosensitising effect on the retina and may induce photo 
toxicity.38,39 Experimental animal studies show that there are 
ICG-induced dose-dependent morphologic and functional 
changes in the retina and retinal pigment epithelium.40,41 In a 
clinical study Haritoglou et al.42 reported that eyes with ILM 
peeling without ICG experienced a significant improvement 
in visual acuity from 20/63 to 20/40; however there was no 
improvement in visual acuity in those with ICG- assisted 
peeling (p=0.013). Moreover in the group with ICG stain-
ing 7 out of 20 eyes showed large visual field defects. In 
follow-up study by the same group there was no significant 
change in the visual field defect after 7 years; however col-
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our vision changes and optic atrophy were additional find-
ings suggestive of long-term inner retinal damage caused by 
ICG-assisted ILM peeling.43 Histologic assessment showed 
that epiretinal cells lost their cellular integrity after ICG-as-
sisted vitrectomy. Because of the potential adverse effects of 
ICG various dyes including trepan blue (TB) and brilliant 
blue G (BBG) were introduced. Although clinical studies44,45 
have shown that TB has no toxic effect on the human reti-
na experimental reports are controversial.46,47 Moreover TB 
does not stain ILM as selectively as ICG. On the other hand 
BBG stains for ILM selectively with no known adverse ef-
fects at present.48-50

Conclusions

Vitrectomy with ERM removal is beneficial in improv-
ing visual acuity and foveal contour and is well accepted 
as the treatment for symptomatic macular pucker. Howev-
er there is still debate whether the concurrent removal of 
the ILM peeling affords any additional benefit. A recent 
American Society of Retina Specialists survey shows that 
72-91% of retina surgeons routinely peel the ILM while 
performing macular hole surgery. While ICG is the most 
commonly used dye for ILM peel in the United States BB 
is most commonly used in other parts of the world. To date 
there are only two prospective comparative studies44,51 ad-
dressing the functional and structural outcomes for ERM 
removal with and without ILM peeling. Overall a review 
of the literature suggests that there is no difference in final 
visual acuity between ILM peeling vs non-ILM peeling. 
Regardless of ILM peeling at least 70% of eyes included in 
these studies showed stable or improved visual acuity after 
surgery with 40-50% improving more than 2 lines in both 
groups. When comparing ERM recurrence ILM peeling 
may offer some benefit although many recurrences are not 
visually significant.

While ILM peeling could ensure complete removal of the 
cortical vitreous and ERM there is some suggestion that 
ILM peeling and the use of ICG dye could have a dete-
rious effect. These effects are most likely detectable by 
visual field testing and/or microperimetry retinal sensi-
tivity analysis. Therefore it still remains unclear whether 
removing the ILM during ERM surgery affords any addi-
tional benefit.51-53
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