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Clinical science

Pros and cons of internal limiting membrane peeling
during epiretinal membrane surgery: a randomised
clinical trial with microperimetry (PEELING)

Jean-Baptiste Ducloyer

® "% Yannick Eude,' Christelle Volteau,’ Olivier Lebreton,’

Alexandre Bonissent,' Paul Fossum,' Ramin Tadayoni,* Catherine P Creuzot-Garcher,
Yannick Le Mer,® Julien Perol,” June Fortin,* Alexandra Jobert,? Fanny Billaud, "
Catherine Ivan, " Alexandra Poinas,” Michel Weber,'? for the CFSR Research Net

ABSTRACT

Background After idiopathic epiretinal membrane
(IERM) removal, it is unclear whether the internal limiting
membrane (ILM) should be removed. The objective was
to assess if active ILM peeling after iERM removal could
induce microscotomas.

Methods The PEELING study is a national randomised
clinical trial. When no spontaneous ILM peeling occurred,
patients were randomised either to the ILM peeling or no
ILM peeling group. Groups were compared at the month
1 (M1), M6 and M12 visits in terms of microperimetry,
best-corrected visual acuity (BCVA) and optical
coherence tomography findings. The primary outcome
was the difference in microscotoma number between
baseline and M6.

Results 213 patients were included, 101 experienced
spontaneous ILM peeling and 100 were randomised to
the ILM peeling (n=51) or no ILM peeling group (n=49).
The difference in microscotoma number between both
groups was significant at M1 (3.9 more microscotomas
in ILM peeling group, (0.8;7.0) p=0.0155) but not at
M6 (2.1 more microscotomas in ILM peeling group
(—0.5;4.7) p=0.1155). Only in the no ILM peeling group,
the number of microscotomas significantly decreased
and the mean retinal sensitivity significantly improved.
The ERM recurred in nine patients in the no ILM

peeling group (19.6%) versus zero in the ILM peeling
group (p=0.0008): two of them underwent revision
surgery. There was no difference in mean BCVA and
microperimetry between patients experiencing or not a
recurrence at M12.

Conclusion Spontaneous ILM peeling is very common.
Active ILM peeling prevents anatomical ERM recurrence
but may induce retinal impairments and delay visual
recovery.

Trial Registration NCT02146144.

INTRODUCTION

Idiopathic epiretinal membrane (ERM) is a common
age-related degenerative condition that can result
in visual impairment.! Symptomatic ERM may be
surgically removed by vitrectomy and ERM peeling
using a microforceps. As the internal limiting
membrane (ILM) is adherent to the ERM, sponta-
neous ILM peeling may occur. When the ILM is not

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Internal limiting membrane (ILM) peeling
decreases the risk of postoperative epiretinal
membrane (ERM) recurrence, does not modify
the postoperative best-corrected visual acuity
(BCVA) and alters the retinal anatomy. Very
few microperimetry data are available and
spontaneous ILM cases were not taken into
account in previous randomised clinical trial.

WHAT THIS STUDY ADDS

= During ERM peeling with Eckardt microforceps,
spontaneous ILM peeling was very common
(50%). Anatomical ERM recurrence was
drastically lower with active ILM peeling (0%)
than without any ILM peeling (19.6%): the
rate of surgical revision was 4% and visual
outcomes with or without recurrent ERM
were similar. Besides, active ILM peeling was
associated with anatomical retinal damages
and a delayed visual recovery in terms of BCVA
and microperimetry.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= After ILM peeling with Eckardt microforceps,
microscotomas can appear, linked or not to
the point of ILM pinch. To peel or not to peel
the ILM after ERM removal remains an open
question, and every surgeon needs to keep the
pros and cons in mind.

spontaneously peeled off, whether or not surgeons
should deliberately remove it remains controversial.
As active ILM peeling does not improve the post-
operative visual acuity, its only expected benefit is
to decrease the risk of postoperative ERM recur-
rence.”’ However, active ILM peeling is associated
with adverse effects, including an extended oper-
ating time, increased surgical risks,** a histological
disorganisation of the retina® and an alteration of
the fibre layer on optical coherence tomography
(OCT).”” Some retrospective studies have found
that active ILM peeling can induce microsco-
tomas detected on microperimetry.'” ' These
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Vitreoretinal surgery

microscotomas may explain the postoperative visual discomfort
reported by some patients that is not detected when assessing the
visual acuity and/or visual field.

The aim of the PEELING study was to assess if active ILM
peeling could induce microscotomas by comparing the differ-
ence in microscotoma number between patients undergoing
active ILM peeling versus no ILM peeling between baseline and
6 months after surgery.

METHODS

Design and intervention

The PEELING study was a prospective, randomised, two-arm,
controlled, single-blind, multicentric clinical trial. The study
design and methodology have been previously described in detail
(online supplemental file 13).'? On the day of surgery (D0), the
interventions were performed by experimented senior surgeons
as follows: phacoemulsification for all phakic eyes, central and
peripheral vitrectomy (25 gauge), ERM dissection. Staining with
MembraneBlue-Dual for 1min was performed before ERM
peeling and was performed a second time after ERM peeling to
stain the ILM. If the ILM spontaneously peeled off on a surface
with a diameter of at least two optic disc diameters, patients
were not randomised and were included in an ancillary study.
Otherwise, patients were randomised intraoperatively to the
no ILM peeling group or to the ILM peeling group. In this last
group, [ILM peeling was performed only with Eckardt microfor-
ceps over an area of at least two optic disc diameters around the
fovea, corresponding to a ‘disc’ of four optic disc diameters. At
the end of the surgery, a periphery search for retinal breaks was
performed. After surgery, three follow-up visits were performed
at 1month (M1), 6months (M6) and 12 months (M12) by
ophthalmologists and orthoptists who were blinded to the group
assignment. The operative report did not mention whether the
ILM was peeled off or not in order not to influence the orthop-
tists who performed the functional assessment and the patients.
Patients were informed of the assigned group at the end of the
study.

This clinical study was approved by a ethics committee on 02
April 2014 and by the French Health Authority (Agence Natio-
nale de Sécurité du Médicament et des produits de santé) on 21
February 2014. The study was conducted in accordance with the
good clinical practices, the tenets of the Declaration of Helsinki
and the Consolidated Standards of Reporting Trials guidelines.*?
All participants provided their written informed consent.Online
supplemental file 13

Participants and sample size

Patients were enrolled in the five ophthalmology departments
of Nantes University Hospital, Lariboisiere University Hospital,
Dijon University Hospital, Adolphe de Rothschild Eye Founda-
tion, Saint Herblain private hospital (polyclinic of the Atlantic).
The main inclusion criteria were: symptomatic idiopathic ERM
resulting in a decrease in visual acuity and/or metamorphopsia,
age =18 years. If both eyes required surgery, only the most
affected eye was included in the study. Main exclusion criteria
were: ocular comorbidity (age-related macular degeneration,
retinal vein occlusion, diabetic retinopathy, glaucoma with
macular visual field defect, uveitis or history of uveitis), any eye
injury or eye surgery <6 months before the study.

The sample size was set at 100 patients'? with a power of 80%
and a type I error of 5%, to highlight a halving of the number of
microscotomas in the no ILM peeling group compared with the
ILM peeling group (eg, mean number of 66 microscotomas in

the ILM peeling group compared with 324.6 microscotomas in
the no ILM peeling).

Randomisation

An open-label randomisation was performed and patients were
stratified according to the centre, using a 1:1 ratio and balanced
by blocks, using SAS software V.9.4. The randomisation key was
known only to the biostatistician and data managers.

Examinations and outcomes

The primary outcome was the difference in microscotoma
number assessed by microperimetry (OPKO/OTI, Miami, USA)
between before (baseline) and 6 months (M6) after surgery. The
‘Ivana’ protocol supervised by the ophthalmology department
of Lariboisiere hospital was used: retinal sensitivity is assessed at
each of the 29 measurement points in the central 9° (centred on
the fovea). Retinal sensitivity is better within 3° around the fixing
point, with a mean foveal threshold of 20dB and a 0.275dB
mean decrement for each 10°. Scotomas are defined as absolute
(if the patient does not perceive the maximum stimulation, the
sensitivity is 0 dB) or relative (retinal sensitivity <10 dB).'*'?

As for microperimetry, the secondary outcome measures were
assessed at each visit and included the best-corrected visual
acuity (BCVA, ETDRS (Early Treatment Diabetic Retinopathy
Study) scale), microscotoma number and types on microper-
imetry, the mean retinal sensitivity on microperimetry, a visual
discomfort questionnaire completed by the patient, OCT find-
ings (central macular thickness in the central 1000 um diam-
eter area (CMT), pericentral macular thickness, peripapillary
retinal nerve fibre layer thickness (pRNFL), swelling of the
arcuate fibre layer (SANFL), dissociated optic nerve fibre
layer (DONFL) and recurrence of ERM). If microscotomas
appeared between baseline and M6, the surgical videos were
reviewed by two independent ophthalmologists to determine
whether the location of the new microscotomas correlated
with a gripping area of the ERM or ILM.

Statistical analysis
Analyses were performed in the intention-to-treat popu-
lation. The primary endpoint was compared between the
two groups using a linear regression model adjusted for
the preoperative number of microscotomas (the stratifi-
cation according to the centre was not taken into account
due to the insufficient number of patients in some centres).
Multiple imputation was used for missing data with the
predictive mean matching method on 20 imputed data sets.
Mixed linear regression models (taking into account
repeated data measured over time) were used to compare
the change in microscotoma number, mean retinal sensitivity,
BCVA, CMT and RNFL between baseline and M12. Explor-
atory analyses were performed for the temporal, nasal, infe-
rior and superior perifoveal sectors. The changes in visual
symptoms, SANFL and DONFL were compared between
both groups using logistic generalised linear mixed models
for repeated measurements. The rate of ERM recurrence was
compared between both groups using a Fisher’s exact test.
A p value<0.05 was considered statistically significant.
Statistical analyses were performed using SAS software,
V.9.4 (SAS Institute).

RESULTS

Study population

Between September 2014 and January 2021, 213 patients were
enrolled: 113 were not randomised (including 101 cases of
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Assessed for eligibility
(n=213)

Not Randomized (n=113)

* Not meeting inclusion criteria
(n=4)

+ Declined to participate (n=6)

* Other reasons (n=2)

+ Spontaneous ILM peeling
(n=101)

Randomized
(n=100)

|
[ Allocation ]

No ILM peeling (n=49)
+Peeling not performed (n=48)
+Peeling performed (error) (n=1)

ILM peeling (n=51)
+ Peeling effectively performed (n=50)
+ Peeling not performed (error) (n=1)

[ Follow-up ]

* Lost to follow-up (n=5)
* Declined to participate before Mé «Lost to follow-up (n=4)

(n=2} +Declined to participate before
* Discontinued follow-up (initial M6 (n=1)

microperimetry missing, AMD, prostate

cancer) (n=3)

[ Analysis ]
«Intention to treat (n=49)
*Per protocol (n=39)

Figure 1  Study flowchart. AMD, age-related macular degeneration;
ILM, internal limiting membrane.

sIntention to treat (n=51)
*Per protocol (n=46)

spontaneous ILM peeling) and 100 were randomised intraoper-
atively (figure 1). Patients’ mean age was 71+7.6 years (table 1).

Microperimetry

Between baseline and M1, the difference in microscotoma
number was significantly higher in the ILM peeling group than
in the no ILM peeling group (mean difference: +3.9 (0.8; 7.0),
p=0.0155) but the difference between the two groups was not
significant at M6 (4+2.1 (=0.5; 4.7), p=0.1155). Similarly,
the difference in absolute microscotoma number baseline and
M1 was significantly higher in the ILM peeling group (+1.3
(0.2; 2.5), p=0.0210) while it was not significant at M6 (+0.8
(—0.3; 1.8), p=0.1653) (figure 2). A significant reduction in the
number of pre-existing microscotomas was observed in the no
ILM peeling group between baseline and M12 (—=3.5 (—6.5;
—0.6), p=0.0176) while it was not observed in the ILM peeling
group (—2.1 (—4.7; 0.4), p=0.1) (figure 2).

Similarly, the mean retinal sensitivity was significantly higher in
the no ILM peeling group than in the ILM peeling group only at
M1 (+1.6 (0.1; 3.1), p=0.0357) and a significant improvement
in mean retinal sensitivity was observed in the no ILM peeling

Table 1 Baseline characteristics of randomised patients
ILM peeling No ILM peeling
Characteristics group (N=51) group (N=49) Total (N=100)
Female N (%) 34 (66.66) 25 (51.02) 59 (59)
Age mean (SD) 71.63 (8.37) 70.57 (6.68) 71.11 (7.57)
Right included eye N (%) 22 (43.14) 26 (53.06) 48 (48)
Patient’s history N (%)
Included eye’s glaucoma 3 (5.88) 2 (4.08) 5(5)
Diabetes 4(7.84) 5(10.20) 9(9)
BCVA mean (SD) 69.25 (8.51) 70.00 (9.58) 69.62 (9.01)
Eye status
Phakic 32 (62.75%) 39 (79.59%) 71 (71%)
Posterior vitreous 24 (48.00%) 27 (56.25%) 51 (52.04%)
detachment
Intraretinal oedema 13 (25.49%) 12 (24.49%) 25 (25%)
Pseudo macular hole 5 (9.80%) 8(16.33%) 13 (13%)
Cystoid macular oedema 6 (11.76%) 4 (8.16%) 10 (10%)
Serous retinal 2 (3.92%) 2 (4.08%) 4 (4%)
detachment
Patient discomfort
(moderate/severe)
Blurry vision 39 (76.47%) 43 (89.58%) 82 (82.83%)
Metamorphopsia 26 (50.98%) 25 (52.08%) 51 (51.51%)
Relative scotoma 8 (15.68%) 8 (16.66%) 16 (16.16%)
Diplopia 7(13.72%) 5(10.41%) 12 (12.12%)
Micropsia 3 (5.88%) 4 (8.33%) 7 (7.07%)

BCVA, best-corrected visual acuity; ILM, internal limiting membrane.

group between baseline and M12 while it was not observed in
the ILM peeling group (figure 3).

In the subgroup analysis of the temporal, nasal, inferior and
superior perifoveal sectors, no significant difference in microsco-
toma number or in mean retinal sensitivity was found between
both groups or between the different sectors.

New microscotomas appeared between baseline and M6
in 20 patients in the ILM peeling group and in 8 patients in
the no ILM peeling group: these microscotomas correlated
with gripping areas of the ERM or ILM in 40% (8/20) and
509% (4/8) of cases, respectively.

BCVA and patient visual discomfort

A progressive improvement in BCVA was observed in
both groups after surgery (figure 3). While the postopera-
tive BCVA was already significantly improved from M1 in
the no ILM peeling group (+4.7 letters p<0.0001 at M1,
+6.8 letters p<0.001 at M6 and +7.3 letters p=0.0003 at
M12), it was significantly improved only from M6 in the
ILM peeling group (+2.1 letters p=0.2277 at M1, +8.41
letters p<0.0001 at M6 and +9.4 letters p<0.001 at M12).
However, there was no significant difference between both
groups and the percentage of patients with a 10-letter
improvement was similar between both groups (online
supplemental e-tables 1,2).

The overall prevalence of patient-reported blurred
vision decreased from 82% at baseline to 49% at M1 and
29% at M12. Metamorphopsia, relative scotoma, diplopia
and micropsia tended to stabilise or improve during the
follow-up and rarely worsened. These changes were similar
between both groups (table 2).
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Figure 2 Change in total (A) and absolute (B) numbers of
microscotomas between the ILM peeling group and no ILM peeling
group Nb: number; M1: 1-month follow-up visit; M6: 6-month follow-
up visit; M12: 12-month follow-up visit; p1 #: significant difference
between both groups; p2 @ significant difference compared with
baseline in the 'no peeling’ group; p3 *: significant difference compared
with baseline in the "active peeling’ group. ILM, internal limiting
membrane.

OCT findings

In both groups, the mean CMT decreased between baseline
and M12 (from 470.5+91.0 uM to 375.4+47.8 uM in the ILM
peeling group, from 473.5+80.4 uM to 402.7+93.2uM in the
no ILM peeling group). The final CMT tended to be higher in
the no ILM peeling group but there was no significant differ-
ence between both groups and this trend was reduced after
the exclusion of patients with ERM recurrence from the anal-
ysis (online supplemental e-tables 3,4). In the additional anal-
ysis of the macular pericentral sectors after excluding patients
with ERM recurrence, the mean superior and temporal macular
retinal thicknesses were significantly lower at M12 in the ILM
peeling group than in the no ILM peeling group (—21.5um
p=0.0013and —25.7pum p=0.0024, respectively) (online
supplemental e-table 5).

The mean pRNFL thickness in the temporal sector was signifi-
cantly lower at M12 in the ILM peeling group than in the no
ILM peeling group (—10.4um p=0.0135) while the difference
was not significant in the temporal superior sector (—7.1pum
p=0.0729) and absent in the temporal inferior sector (+1.34 um
p=0.7642) (online supplemental e-table 6).

A
p1 |
2 o o a
p3 .
854 - ILM Peeling
= —— NolLM Peeling
8
2 80
o
=
3
= 7=
i
3 704
=
2
E &5
8
&
80
T T T T
Do M1 M& M12
B
et #
p2 o o L]
p3
ILM Peeling
& dd— No ILM Peeling
-
£
B
m
§ 12
=
B o]
[i:]
5
(14
8-
Do M1 ME M1z

Figure 3  Change in best-corrected visual acuity (A) and retinal
sensitivity (B) between the ILM peeling group and no ILM peeling
group M1: 1-month follow-up visit; M6: 6-month follow-up visit; M12:
12-month follow-up visit; p1 #: significant difference between both
groups; p2 & significant difference compared with baseline in the 'no
peeling’ group; p3 *: significant difference compared with baseline in
the "active peeling’ group. ILM, internal limiting membrane.

During the 12-month follow-up, the number of patients with
DONFLs gradually increased in both groups and was signifi-
cantly higher in the ILM peeling group than in the no ILM
peeling group at all time points (table 2). Conversely, the rate of
SANFLs was similar in both groups.

Recurrence of ERM

The ERM recurred in nine patients (19.6%) in the no ILM
peeling group versus zero patient in the ILM peeling group
(p=0.0008). Two of them underwent revision surgery at M8
and M10, because of an insufficient improvement in BCVA. The
comparison of relapsing and non-relapsing patients in the no
ILM peeling group at M12 did not show any significant differ-
ence in mean BCVA, mean number of microscotomas and mean
retinal sensitivity (online supplemental e-table 7). However, the
decrease in CMT between baseline and M12 was lower in the
relapsing patients (—33.0+137.9 um) than in the non-relapsing
patients (—94.9%90.6 um, p=0.3080): this difference was
significant when considering the superior (=20.3+65.4um vs
—78.9+56 um, p=0.0324) and temporal macular thicknesses
(—=30.0£69.6um vs —94.5+70.2um, p=0.0443) (online
supplemental e-table 8).
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Table 2 Functional and anatomical outcomes between the ILM
peeling group and no ILM peeling group

ILM peeling group

No ILM peeling

(N=51) group (N=49) P value
Microscotomas - mean+SD
(nmiss)
DO 8.22+9.75 9.19+10.23 (2)
M1 9.84+9.38 6.27+7.89 (5) 0.0155
M6 6.69+7.79 (6) 4.18+7.40 (10) 0.1155
M12 6.16+7.92 (7) 5.10+6.98 (18) 0.1701
Absolute microscotomas -
mean=+SD (nmiss)
DO 1.73+4.64 0.96+2.95 (2)
M1 2.04+3.69 0.61+1.59 (5) 0.0210
M6 1.49+3.69 (6) 0.54+1.25 (10) 0.1653
M12 1.16+2.82 (7) 0.61£1.31 (18) 0.3194
Relative microscotomas -
mean=SD (nmiss)
DO 6.49+7.62 8.23+£9.24 (2)
M1 7.80+8.05 5.66+7.12 (5) 0.0608
M6 5.20+5.70 (6) 3.64+6.57 (10) 0.1270
M12 5.00+6.48 (7) 4.48+6.62 (18) 0.5001
BCVA - mean=SD (nmiss)
DO 69.25+8.51 70.00+9.58
M1 71.35+10.36 74.78+11.05(3)  0.1186
M6 77.67+8.33 (3) 77.35+9.96 (9) 0.4916
M12 78.53+8.61 (6) 77.711£10.98 (15)  0.3927
Retinal sensitivity (dB) -
mean=+SD (nmiss)
DO 10.67+4.29 9.64+3.94 (2)
M1 10.53+3.99 (1) 11.83+3.34 (6) 0.0357
M6 11.32+3.81 (6) 12.46+3.03 (11)  0.0877
M12 11.99+3.55 (9) 12.46+£3.12 (19)  0.2098
Blurry vision - n (%) (nmiss)
Stable or improvement DO/M1 41 (83.67) (2) 40 (88.89) (4) 0.4734
Stable or improvement DO/M6 41 (95.35) (8) 37(94.87) (10) 0.9182
Stable or improvement DO/ 38 (90.48) (9) 30 (88.24) (15) 0.8130
M12
Metamorphopsia - n (%) (nmiss)
Stable or improvement DO/M1 46 (93.88) (2) 42 (93.33) (4) 0.9153
Stable or improvement DO/M6 41 (95.35) (8) 35 (89.74) (10) 0.3542
Stable or improvement DO/ 41 (97.62) (9) 31(91.18) (15) 0.2770
M12
Relative scotomia - n (%) (nmiss)
Stable or improvement DO/M1 43 (87.76) (2) 42 (93.33) (4) 0.3662
Stable or improvement DO/M6 40 (93.02) (8) 37 (94.87) (10) 0.7281
Stable or improvement DO/ 36 (85.71) (9) 34 (100.0) (15) 0.9733
M12
Diplopia - n (%) (nmiss)
Stable or improvement DO/M1 46 (93.88) (2) 42 (93.33) (4) 0.9142
Stable or improvement DO/M6 39 (90.70) (8) 37 (94.87) (10) 0.4753
Stable or improvement DO/ 40 (95.24) (9) 34 (100.0) (15) 0.9757
M12
Micropsia - n (%) (nmiss)
Stable or improvement DO/M1 43 (87.76) (2) 44 (97.78) (4) 0.1064
Stable or improvement DO/M6 38 (90.48) (8) 38(97.44) (10) 0.2065
Stable or improvementt DO/ 37 (92.50) (9) 33 (97.06) (15) 0.4091
M12
PRNFL temporal+superior
temporal+inferior temporal (um)
- mean=+SD (nmiss)
DO 115.42+28.94 118.57+16.49 (1)
M1 116.69+26.22 (1) 119.76+20.32 (6) 0.8382
Continued

Table 2 Continued

ILM peeling group  No ILM peeling
(N=51) group (N=49) P value
M6 103.45+24.58 (6) 111.86+£19.88 (9) 0.0119
M12 100.02+24.21 (12) 109.75+20.32 (16) 0.0311
DONFL - n (%) (nmiss)
M1 19 (38.00) (1) 7 (15.56) (4) 0.0028
M6 24 (50.00) (3) 8(20.00) (9) 0.0003
M12 27 (61.36) (7) 13 (38.24) (15) 0.0132
SANFL - n (%) (nmiss)
M1 4(8.00) (1) 4(8.70) 3) 0.8735
M6 6(12.77) (4) 6 (15.00) (9) 0.8221
M12 5(11.36) (7) 4(11.76) (15) 0.7634
ERM recurrence - n (%) (nmiss)
M12 0(0.00) (1) 9(19.57) 3) 0.0008

*Statistically significant, p<0.05.

BCVA, best-corrected visual acuity; DONFL, dissociation of the optic nerve fiber layer; ERM,
epiretinal membrane; ILM, internal limiting membrane; pRNFL, peripapillary retinal nerve
fiber layer; SANFL, swelling of the arcuate nerve fiber layer.

Adverse events

There were respectively 1 and 7 severe surgery-related adverse
event in the no ILM peeling group (post-traumatic choroidal
neovascularisation) and in the ILM peeling group (metamorph-
opsia, visual field defects, blurred vision, visual discomfort,
scotoma) affecting a single patient. There were no cases of
retinal detachment or endophthalmitis.

Enrolment data and other outcome measurements were
overall similar between inclusion centre (online supplemental
e-table 9,10). A difference in the initial rates of pseudomacular
holes and intraretinal oedema was observed in centres 3 and 4
(online supplemental e-table 9): a further comparison between
centre 3 and centre 4 revealed no significant difference in the
evolution of microscotomas (online supplemental e-table 11).
Patients with intraretinal oedema at baseline tended to have
more microscotomas at baseline than patients without intra-
retinal oedema (11.96+10.8 vs 7.56+9.45, p=0.08): a further
comparison revealed no significant difference in the evolution of
microscotomas (online supplemental e-table 12).

DISCUSSION

Active ILM peeling was associated with a delayed improvement
in BCVA, an increased microscotoma number and a decreased
mean retinal sensitivity at M1, a decreased superior and temporal
macular thicknesses, an increased loss in RNFL thickness, an
increased rate of DONFL and prevented an improvement in
mean retinal sensitivity during the 12-month follow-up.

The similar BCVA found at M12 in the ILM peeling group and
no ILM peeling group is consistent with the results of the most
recent meta-analysis.'* ' The delayed improvement in BCVA
is consistent with a previous retrospective study in which addi-
tional ILM peeling was associated with a poorer BCVA and a
higher number of photoreceptor defects on OCT only 1month
after surgery.'® Microperimetry provides refined quantitative
data about the retinal sensitivity of the central retina. Therefore,
microperimetry of the included patients with ERM associated
with decrease in BCVA found some pre-existing visual defects:
microscotomas were absolute (sensitivity=0dB) or relative
(sensitivity <10dB) (table 2). After ERM peeling, a significant
increase in mean retinal sensitivity was observed only in the no
ILM peeling group in correlation with the increase in BCVA
(figure 3). This increase in mean retinal sensitivity explains the
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significant reduction in the number of microscotomas observed
in the no ILM peeling group (figure 2).

The use of scanning laser ophthalmoscope microperimetry
with eye tracking was the main strength of our study because it
highlighted visual impairments that were not detectable based on
the BCVA assessment.

As the decibel scale used in microperimetry is a logarithmic
scale, a loss of three decibels in retinal sensitivity means that
a doubling of the amount of light is required to see the spot.
Case series of patients who underwent macular hole surgery
have found an increase in microscotoma number after ILM
peeling,'’ a decrease in retinal sensitivity in the perifoveal
temporal sector!” and an increase in mean retinal sensitivity in
the normal retina surrounding the macular hole."® During ERM
surgery, a retrospective study has found a significant increase in
microscotoma number after active ILM peeling compared with
spontaneous ILM peeling.'" A randomised clinical trial (RCT)
has found a slight drop in foveal sensitivity after ‘complete’
ILM peeling compared with a significant improvement in foveal
sensitivity after ‘foveal sparing’ ILM peeling.”” Another RCT
has found an increase in absolute microscotoma number and
a poorer improvement in mean central retinal sensitivity after
ILM peeling compared with no ILM peeling.?’ However, no
ILM staining was performed in the ‘no ILM peeling’ group so
that spontaneous ILM peeling was neither diagnosed nor taken
into account.

The other strength of our study was that patients were
randomised in the operating room just after ERM peeling and
ILM staining, allowing randomising only patients whose ILM
was still attached. Indeed, spontaneous ILM peeling is common:
50% of spontaneous ILM peeling >4 optic disc diameters in
our study and 31% of spontaneous ILM peeling >50% of
the macular area in a previous retrospective study.!' Similarly,
Tranos et al have reported 80% of spontancous ILM peeling
on all-size areas and 50% of spontaneous ILM peeling >50%
of the peeled ERM area.”' Randomising in the operating room
was therefore particularly relevant and unusual: in other RCTs
comparing ERM surgery with and without ILM peeling, patients
were randomised before surgery and cases with spontaneous
peeling were not taken into account.?’ >4

In our study, active ILM peeling was associated with a signifi-
cant decrease in pRNFL thickness and an increase in DONFL rate.
These findings had never been reported before and the pRNFL
thickness had not been assessed in previous RCTs." 2° 222 These
findings are consistent with cases series of patients who under-
went ERM and macular hole surgery.” * 2 2° We also showed
the presence of DONFL in the no ILM peeling group and there
was no difference in the rate of SANFL with and without ILM
peeling. These data suggest that the qualitative alterations of the
RNFL are not as specific to [LM peeling as retrospective studies
had asserted.

We observed a protective effect of active ILM peeling on
ERM recurrence. These data are valuable because the data avail-
able were not conclusive: the most recent meta-analyse study
has found a significant reduction in recurrence rate after ILM
peeling during idiopathic ERM surgery (OR: 0.26 (0.19-0.37),
respectively),’® but a meta-analysis of only prospective studies
has failed to show any significant difference (OR: 0.21 (0.04—
1.05))."* This discrepancy could be due to undiagnosed cases
of spontaneous ILM peeling in the ‘no peeling’ groups, which
could have artificially decreased the recurrence rate. In case of
ERM recurrence, a visual impairment has been reported in only
half of the patients and ERM surgery might be repeated in these
cases.”” In our study, the proportion of patients with a visual

impairment for whom second ERM surgery was needed was
lower and patients experiencing ERM recurrence had similar
visual outcomes to those of patients experiencing no recurrence.

The main limitation in interpreting the results was that the
increase in microscotoma number in the ILM peeling group was
not significant at M6. Similarly, the decrease in mean retinal
sensitivity was only significant at M1. It could be explained
either by the regenerative capacity of the retina or by the lack
of study power due to the small sample size and patients lost to
follow-up. To standardise the surgical procedure, the study only
allowed the use of Eckardt microforceps to pinch the ILM, so we
do not know whether using another device could make a differ-
ence in the induction of microscotomas. No microperimetry
data is available about the use of other devices such as flex loop
of diamond dusted scraper but the few anatomical data available
show that they also induce retinal damages.**™"

In summary, spontaneous ILM peeling was very common.
Active ILM peeling prevented anatomical ERM recurrence
but ERM recurrences were not associated with a significant
visual impairment and a surgical revision was rarely needed at
1 year. Active ILM peeling induced anatomic retinal damages,
delayed visual recovery in terms of BCVA and microscotomas
and prevented improvement in mean retinal sensitivity. As the
increase in microscotomas found at M1 recovered throughout
the follow-up, the PEELING study does not settle the debate of
active ILM peeling during idiopathic ERM surgery. To peel or
not to peel the ILM remains an open question. Every surgeon
needs to keep the pros and cons in mind to determine for each
patient whether the risk of microscotomas outweighs the 20%
risk of anatomical ERM recurrence at 1 year and the 49 risk of
revision surgery at 1 year. Longer follow-up data could help to
answer this question.
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