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Abstract

Purpose We introduce selective internal limiting membrane (ILM) peeling, a guideline procedure to determine whether to
remove the ILM during vitrectomy for rhegmatogenous retinal detachment (RRD).

Study design Retrospective case series

Methods Patients who underwent pars plana vitrectomy for RRD and were followed up for 12 months or longer were
included. When vitreous cortex remnants (VCRs) were detected with triamcinolone acetonide, the ILM was removed; oth-
erwise, the ILM was preserved (“selective ILM peeling”). The factors associated with the presence of VCRs and incidence
of secondary epiretinal membrane (ERM) were analyzed.

Results VCRs were detected in 87 of 133 eyes (65.4%) in which the ILM was removed. Younger age, better preoperative
visual acuity, and vitreous hemorrhage were negatively correlated with the presence of VCRs. No ERM occurred in the eyes
after ILM peeling. Among the eyes with ILM preservation, subclinical ERM was noticed in 4 eyes (8.7%), and 1 eye (2.1%)
required additional surgery owing to ERM. ERM occurred more commonly in eyes with the ILM preserved (P = .004).
However, no differences in the rate of additional surgeries were found between the 2 groups.

Conclusion Selective ILM peeling offers an alternative option to reduce the burden of ILM peeling or additional surgery.

Keywords Epiretinal membrane - Internal limiting membrane peeling - Retinal detachment - Vitrectomy - Vitreous cortex
remnants

Introduction

Secondary epiretinal membrane (ERM) often occurs after
vitrectomy for rhegmatogenous retinal detachment (RRD).
Fast-progressing secondary ERM after vitrectomy for RRD,
or macular pucker [1], may cause metamorphopsia or dis-
turb visual recovery. Macular pucker is a known type of
proliferative vitreoretinopathy (PVR), of which the main
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pathologic component is thought to be retinal pigment epi-
thelium dispersed through retinal breaks that settles on the
macular surface [2] and subsequently transdifferentiates into
myofibroblasts [3].

The outermost lamella of the vitreous cortex, posterior
to the liquefied vitreous, may remain on the macular sur-
face when posterior vitreous detachment (PVD) occurs, a
condition known as vitreous cortex remnants (VCRs) [4].
VCRs can act as a scaffold for myofibroblast proliferation
in the process of ERM formation [5]. VCRs can be detected
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intraoperatively with biostaining with triamcinolone aceto-
nide (TA) [6, 7].

The internal limiting membrane (ILM) is the outermost
layer of the retina, and removal of the ILM around the macu-
lar area is a common procedure in macular surgery. ILM
removal is the best way to prevent secondary ERM forma-
tion, as it can guarantee complete removal of the VCRs and
the ILM itself, which act as a scaffold for ERM formation
[8]. A series of studies showed that ILM removal during vit-
rectomy for RRD repair significantly lowers the incidence of
secondary ERM formation [9-11]. However, many surgeons
think that ILM removal is not essential unless preoperative
ERM is distinct, given that ILM removal in a detached retina
is difficult and time-consuming, especially for inexperienced
surgeons [12]. Additionally, ILM removal may cause struc-
tural deformity of the macula [13], and severe ERM requir-
ing additional surgery does not commonly occur even if the
ILM is not removed [14, 15]. Whether prophylactic ILM
removal improves visual outcomes after RRD repair remains
to be established [9—11]. Thus, the necessity of ILM removal
is still a matter of debate.

We expected that if ILM removal were performed only in
eyes with intraoperatively detected VCRs, it would reduce
the burden of the procedure, as well as that of the second-
ary surgery related to postoperative ERMs. We refer to this
procedure as “selective ILM peeling.” Here, we attempted to
determine the factors related to VCRs among RRD patients
and analyzed the incidence of secondary ERM after selec-
tive ILM peeling.

Methods
Ethical approval and patient selection

This retrospective, interventional, comparative study
adhered to all the tenets of the Declaration of Helsinki. Eth-
ical approval was obtained from the Institutional Review
Board of Pusan National University Hospital (approval no:
2112-003-109) before the study was started.

Patients who underwent pars plana vitrectomy for RRD
sometime between January 2017 and July 2020 and who
were followed up for 12 months or more were included.
Eyes with proliferative diabetic retinopathy, tractional reti-
nal detachment, diabetic macular edema, retinal detachment
(RD) with macular hole, uveitis, retinal vascular occlusions,
or age-related macular degeneration were excluded. Myopic
eyes with vision-threatening macular disease such as lac-
quer cracks, myopic choroidal neovascularization, Fuchs
spot, myopic retinoschisis, macular hole, and macular atro-
phy were also excluded. Those with a history of vitrectomy
or penetrating trauma were also excluded. Eyes with PVR
of more than grade B, PVR involving the macula, or ERM

noted preoperatively and intraoperatively were excluded.
The first eye was included if the patient had undergone vit-
rectomy for RRD in both eyes. Eyes requiring additional
surgery owing to redetachment were excluded.

All the patients were diagnosed with RRD and underwent
comprehensive ophthalmologic examinations, including
best-corrected visual acuity (BCVA) assessment, slit-lamp
examination, tonometry, fundus examination, fundus pho-
tography (Optos Ultra-widefield Retinal Imaging; Optos),
and optical coherence tomography (OCT; Triton, Topcon
Medical Systems) at baseline and at 1, 3, 6, and 12 months
postoperatively. BCVA was measured with a Snellen chart
and converted to logarithm of the minimal angle of resolu-
tion (logMAR) units for statistical analysis.

Demographic data, duration of symptoms, comorbidities
(diabetes, hypertension), ocular characteristics (BCVA, axial
length, previous cataract surgery, previous scleral buckling,
previous retinal photocoagulation, vitreous hemorrhage, or
choroidal detachment), RD status (extent of RD, foveal sta-
tus, presence of giant retinal tear, size, location, and number
of retinal breaks, and presence of lattice degenerations), and
the surgical method (concurrent scleral buckling, concurrent
cataract surgery, ILM peeling, 360° barrier laser photoco-
agulation, or intravitreal tamponade with air or silicone oil)
were retrieved from the medical records.

Surgical method

Vitrectomy was performed in all eyes with the Constellation
Vitrectomy System (Alcon Laboratories) and a noncontact
viewing system (Resight 700; Carl Zeiss Meditec). Cataract
surgery was performed at the surgeon’s discretion through a
2.8-mm superior clear corneal incision.

We determined the presence of VCRs under a wide-
field lens. After core vitrectomy, 0.2 mL of TA (40 mg/
mL; Dong Kwang Pharmaceutical) was applied to the
vitreous cavity. It was then washed out by means of gen-
tle flushing with a backflush needle. When a TA parti-
cle adhered to the macula, we defined it as the presence
of VCRs. If the TA was just sedimented on the ILM, it
was readily washed out from the macula. When some of
the TA remained on the surface of the macula, it was
considered an indication of the presence of VCRs and
the ILM was removed within a 4 disc-diameter of the
foveal center and stained with 0.025% Brilliant Blue G
solution (Sigma-Aldrich); these eyes were assigned to
the VCR group (ILM peeled). If TA did not remain on
the macula after washing out, the ILM was preserved;
these eyes were assigned to the no-VCR group (ILM pre-
served) [6] (Fig. 1). Peripheral vitreous was removed and
the vitreous base was shaved as much as possible. Per-
fluorocarbon liquid (PFCL) was routinely applied to drain
the subretinal fluid. Fluid-air exchange was performed.
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Fig. 1 Method to detect vitreous cortex remnants (VCRs) on the
macula during vitrectomy. a and b After core vitrectomy, 0.2 mL of
triamcinolone acetonide (TA) is applied into the vitreous cavity. ¢ and
d The TA is then washed out by use of a backflush needle. e When

Prophylactic 360° barrier photocoagulation was done at
the surgeon’s discretion. An air tamponade was routinely
used as a temporary tamponade; a long-acting gas was not
used, in line with our previous reports [16]. Silicone oil
(1300 centistokes) was applied as the tamponade at the
surgeon’s discretion, on the basis of the risk assessment
for postoperative PVR. All surgeries were performed by
a single surgeon (S.W.P.).
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some of the TA remains on the macular surface, it is considered to be
VCR. f When the TA seems not to remain on the macula, it is consid-
ered as no VCR

Outcome measures and statistical analysis

To find factors associated with VCRs, univariate logistic
regression was performed between the presence of VCRs
and variables including age, preoperative BCVA, duration
of symptoms, age, sex assigned at birth, comorbidities, axial
length, lens status, previous retinal photocoagulation, vitre-
ous hemorrhage, choroidal detachment, area of RD, whether
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to invade the foveal center, size of retinal tears, number of
retinal tears, and presence of lattice degeneration. Variables
with probability values below .20 in the univariate analysis
were entered into the multivariate logistic regression analy-
sis to calculate the odds ratios (ORs) for significant param-
eters. IBM SPSS software (version 22.0; IBM) was used for
all statistical analyses. In all analyses, significance was set
at P <.50.

The incidence of postoperative ERM was analyzed until
12 months after the vitrectomy. The ERM was diagnosed
through fundus photography and OCT. It was graded accord-
ing to the Gass classification [17] as follows: grade 0 =
early, translucent form of the ERM without distortion of
the inner retina; grade 1 = intermediate, translucent form of
the ERM with mild distortion of the inner retina; grade 2 =
late opaque form of the ERM with severe distortion of the
inner retina, which was suspected of causing metamorphop-
sia and decreased vision and ultimately needed secondary
vitrectomy for ERM removal. The incidences of ERMs for
each grade were compared between the VCR group and the
no-VCR group at 12 months after vitrectomy. The central
macular thickness (CMT) in the 2 groups was compared at
postoperative 12 months.

Descriptive statistics, ie, means and standard deviations
(SDs), were calculated for the continuous variables. The
Kolmogorov-Smirnov test and Shapiro-Wilk test were per-
formed to test for normal distribution of the variables. The
Levene test was used to evaluate variations. Differences in
means and distributions of variables between the groups
were analyzed by use of the independent # test and the Mann-
Whitney U test for continuous variables and the Fisher exact
test for nonnumeric variables. The changes in BCVA before
and after the surgery were evaluated by use of the Wilcoxon
signed rank test.

Results

From a total of 175 eyes that underwent primary vitrectomy
for RRD, 42 (24%) were excluded: 21 eyes had either pre-
operative ERM or advanced PVR (>grade B), 14 were not
followed up until 12 months, 4 were second eyes of bilateral
RRD cases, and 3 eyes required additional surgery owing to
redetachment. Thus, 133 eyes of 133 patients were included.
The mean age of the 133 patients was 54.6 + 12.9 years
(range: 12-80 years) and 80 patients (60.2%) were male.
Vitreous cortex remnants were noticed during vitrectomy
in 87 eyes (65.4%) of the VCR group in which the ILM
was removed. The ILM was preserved in the other 46 eyes
(34.6%), which were assigned to the no-VCR group in which
the ILM was preserved.

During vitrectomy for RRD, scleral buckling was con-
currently performed in 27 eyes (16.3%) and combined

cataract surgery was done in 114 eyes (68.7%) (20 eyes
underwent concurrent buckling, cataract surgery, or vit-
rectomy). Prophylactic 360° barrier photocoagulation was
performed in 125 eyes (75.3%) during vitrectomy. Tam-
ponade was done with air in 143 eyes (86.1%) and with
silicone oil (1000 centistokes) in 21 eyes (12.7%).

The mean preoperative and postoperative BCVAs were
better in the no-VCR group than in the VCR group (pre-
operative BCVA: 1.045 + 0.820 vs 0.772 + 0.845 [P =
.043]; postoperative BCVA: 0.311 + 0.473 vs 0.228 +
0.698 [P = .016]). The patients in the VCR group (57.41
+ 10.79 years, range: 25-80 years) were older than
those in the no-VCR group (49.26 + 14.86 years, range:
12-74 years) (P = .002).

The results of the univariate and multivariate logistic
regression analyses for the detection of VCRs are listed in
Table 1. A 1-year increase in age was related to an approxi-
mately 5% increase in the OR (OR = 1.05, 95% CI =
1.02-1.09, P = .001). Axial length >26.0 mm (OR = 0.31,
95% CI = 0.14-0.68, P = .003), previous scleral buckling
(OR = 0.27, 95% CI = 0.07-0.97, P = .045) and vitreous
hemorrhage (OR = 0.27, 95% CI = 0.09-0.79, P = .017)
were negatively correlated with VCR detection. An increase
in BCVA of 1.0 in logMAR (ie, worse BCVA) was related to
an approximately 1.5-fold increase in the incidence of VCRs,
although the significance was borderline in the univariate
analysis (OR = 1.52, 95% CI = 0.96-2.41, P = .075). The
ORs of the significant variables in the multivariate logis-
tic analysis are listed in Table 1. An increase in BCVA of
1.0 in logMAR (ie, worse BCVA) was related to a 2-fold
increase in the incidence of VCRs (OR = 2.00, 95% CI =
1.17-3.41, P = .011). A 1-year increase in age was related
to a 6% increase in the odds of VCRs (OR = 1.06, 95% CI =
1.03-1.09, P <.001). The presence of vitreous hemorrhage
with RRD was associated with a reduction in the odds of
VCR detection of approximately 83% (OR = 0.17, 95% CI
= 0.05-0.59, P = .005).

VCRs were noticed during vitrectomy in 87 eyes (65.4%),
in which the ILM was removed. The ILM was preserved in
the other 46 eyes (34.6%) in which VCRs were not detected.
The mean postoperative CMT (um) was 275.13 + 41.58 in
the VCR group and 272.65 + 31.62 in the no-VCR group;
the difference was not significant (P = .725). Among 46
eyes, grade 0-2 ERMs were noticed in 3 eyes (6.5%), 1
eye (0.75%), and 1 eye (0.75%) in the no-VCR group. The
eye with grade-2 ERM in the no-VCR group underwent
additional vitrectomy. On the other hand, among 87 eyes,
none showed postoperative ERM in the VCR group until
12 months. No significant difference was found between the
2 groups in terms of the incidence of grade-2 ERM (requir-
ing additional surgery) (0% vs 0.75%, P = .346), but a sig-
nificant difference in the incidence of ERMs was found (0%
vs 10.9%, P = .004)
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Table 1 Results of univariate and multivariate logistic regression analyses for the detection of vitreous cortex remnants (= dependent variable)
according to the preoperative factors

Variables in the univariate analysis Total eyes, N Eyes with OR 95% C1 P value
VCR, n (%)
Preoperative BCVA (increment: 1.0 133 87 (65.4) 1.52 0.96-2.41 .075
in logMAR)*
Duration of symptoms 133 87 (65.4) 1.01 0.97-1.05 740
Demographic characteristics
Age (increment: 1 year)* 133 87 (65.4) 1.05 1.02-1.09 .001
Sex assigned at birth* Male 80 48 (55.2)
Female 53 39 (44.8) 1.86 0.87-3.96 .109
Comorbidities No 124 79 (90.8)
Diabetes* Yes 9 8(9.2) 4.56 0.55-37.62 159
Hypertension* No 105 65 (74.7)
Yes 28 22 (25.3) 2.26 0.84-6.04 .105
Ocular characteristics
Axial length, mm* <26.0 94 69 (79.3)
>26.0 39 18 (20.7) 0.31 0.14-0.68 .003
Pseudophakia* No 96 66 (75.9)
Yes 37 21 (24.1) 0.60 0.27-1.30 195
Previous scleral buckling* No 122 80 (92.0)
Yes 11 7 (8.0) 0.27 0.07-0.97 .045
Previous retinal photocoagulation No 113 74 (85.1)
Yes 20 13 (14.9) 0.99 0.40-2.48 982
Vitreous hemorrhage* No 117 81 (93.1)
Yes 16 6 (6.9) 0.27 0.09-0.79 .017
Choroidal detachment No 128 84 (96.6)
Yes 5 334 0.79 0.13-4.88 796
State of retinal detachment
Area of RD >2 quadrants* No 71 42 (48.3)
Yes 62 45 (51.7) 1.83 0.88-3.80 .106
Fovea-off RD* No 57 32 (36.8)
Yes 76 55(63.2) 2.05 0.99-4.23 .053
Giant retinal tear No 127 84 (96.6)
Yes 6 334 0.51 0.10-2.64 424
Retinal tear area >3 DA No 104 67 (77.0)
Yes 29 20 (23.0) 1.23 0.51-2.97 .650
Presence of superior break(s) No 18 12 (13.8)
Yes 115 75 (86.2) 0.94 0.33-2.69 904
Multiple breaks* No 96 78 (89.7)
Yes 37 9 (10.3) 0.52 0.25-1.08 .080
Lattice degeneration No 76 53 (60.9)
Yes 57 34 (39.1) 0.64 0.31-1.32 227
Variables in the multivariate analysis
Preoperative BCVA (increment: logMAR 1.0) 2.00 1.17-3.41 011
Age (increment: 1 year) 1.06 1.03-1.09 <.001
Vitreous hemorrhage (reference: no vitreous hemorrhage) 0.17 0.05-0.59 .005

VCR vitreous cortex remnants, OR odds ratio, BCVA best-corrected visual acuity, logMAR logarithm of the minimal angle of resolution, RD reti-
nal detachment, DA disc area

*Variables with P values <.20 were entered into the multivariate logistic regression analysis. Only significant variables in the multivariate analy-
sis are shown.
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Fig.2 a Wide fundus photograph of the right eye of a 57-year-old
woman with rhegmatogenous retinal detachment (RRD) caused by
multiple atrophic holes in the lattice degeneration at the superotem-
poral retina. b Optical coherence tomography (OCT) of the right eye
with RRD shows a normal foveal contour and attachment. ¢ Wide
fundus photography at postoperative 3 months shows the reattached

Figure 2 illustrates a case of secondary ERM in a
57-year-old woman who needed additional surgery.

R ————

retina, but with macular pucker. d OCT shows a thick epiretinal mem-
brane (ERM) with thickening and deformation of the sensory retina
at 3 months postoperatively. The best-corrected visual acuity (BCVA)
was 20/100. e Wide fundus photography at 9 months after vitrectomy
for peeling of the ERM and internal limiting membrane. f OCT with
no ERM at 9 months after ERM peeling when the BCVA was 20/20

Figure 3 shows the OCT findings of 5 eyes with postop-
erative ERM.
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Fig.3 Optical coherence tomography findings of 5 eyes with postop-
erative epiretinal membrane (ERM) (red arrows). a, b, and ¢ Grade-0
ERM at 3—4 months postoperatively. d Grade-1 ERM at 3.5 months
postoperatively. e Grade-2 ERM at 3 months postoperatively that
postoperatively needed secondary vitrectomy

Discussion

In the present study of 133 eyes, whether to remove the ILM
was decided on the basis of the intraoperative detection of

@ Springer

VCRs, guided by a TA bio-stain. We named this method
“selective ILM peeling.” The ILM was removed in 87 eyes
(65.4%) in which VCR was detected, whereas the ILM was
preserved in the other 46 eyes (34.6%). Older age and lower
preoperative visual acuity were associated with VCRs, and
vitreous hemorrhage was negatively correlated with VCRs.
Secondary ERM did not occur within 12 months in the [LM-
peeled eyes. On the other hand, in the ILM-preserved eyes
(no-VCR), the incidence of ERM was 11.0% (5 eyes) under
the guidance of selective ILM peeling, and the incidence of
severe ERM requiring an additional surgery was 2.2% (only
1 eye). When compared with the ILM-peeled eyes, ERM
occurred more frequently (P = .004), but no significant dif-
ference was found in the incidence of severe ERM requiring
an additional surgery (P = .346).

In previous studies, the incidence of postoperative ERMs
after vitrectomy for RRD that needed a secondary vitrec-
tomy varied widely, from 2.8% to 33.3% [18-20]. In 2009,
Aras and colleagues [9] proposed ILM peeling for RRD
to prevent secondary ERM; since then, many studies have
proven the effectiveness of this approach. A meta-analysis
of 9 studies showed that the incidence of secondary ERM
was 3% in ILM-peeled eyes, which was lower than the rate
of 29% in the other eyes [21]. In the present study, the inci-
dence of secondary ERM was 11.0% in eyes in which the
ILM was preserved under the guidance of selective ILM
peeling, thus lower than the incidence of 29% in the meta-
analysis. This implies that selective ILM peeling is a reason-
able guidance to reduce the incidence of secondary ERM.

That VCRs are highly associated with postoperative ERM
is not disputed; however, how to detect or manage VCRs
remains a matter of debate. Kato and colleagues [22] showed
that the method used to detect VCRs affected the detection
rate: the incidence of VCRs was 15.4% with a wide-field
lens, but 41.5% with a floating lens during vitrectomy for
RRD. Cho and colleagues [23] classified VCRs into frag-
mented and membranous types (41.03% vs 23.81%). We
determined the presence of VCRs under a wide-field lens
and differentiated sedimented TA from TA adhered to VCRs
by flushing it with a backflush needle. TA entangled with
the cortical vitreous moved but did not go away during the
washout. The best way for detecting or defining VCRs has
yet to be established. More studies are needed to derive a
standard detection method.

In the present study, VCRs were found in 65.4% of the
patients, which is comparable to the rate of 41.5-75%
reported previously [20, 23-25]. Unlike in the present study,
in which the ILM was removed in cases with VCR detec-
tion, Cho and colleagues [23] attempted to remove the VCRs
without ILM peeling in such cases and reported postopera-
tive ERM in 35% of eyes with VCRs and in 15% of eyes
without VCRs [23]. Although the incidence of postoperative
ERM in the eyes without VCRs in their study was similar to
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that in ours (15% vs 11%), there was a considerable differ-
ence in that of the eyes with VCRs (35% vs 0%). An indi-
rect comparison of these results indicated that ILM removal
is better, as compared with VCR removal, in terms of the
incidence of secondary ERMs. However, large prospective
studies are required for further clarification.

In this study, the mean preoperative and postoperative
BCVAs of the no-VCR group were better than those of the
VCR group. We do not think the VCRs themselves influence
preoperative visual acuity, given that VCRs are translucent
and not thick. We rather theorize that VCRs were likely
formed in eyes with worse preoperative visual acuity. Visual
acuity can be affected by multiple factors such as stage of
macular detachment, age, duration of retinal detachment, or
vitreous hemorrhage, thus making it hard to analyze which
one was a major factor in the formation of VCRs. We think
poor postoperative visual acuity resulted from a poor pre-
operative visual acuity. In the multivariate analysis, older
age and worse preoperative visual acuity were positively
correlated with VCR detection. A 1-year increase in age
was associated with a 6% greater risk of VCRs (OR = 1.06,
95% CI =1.03-1.09, P <.001), which may be related to the
higher prevalence of vitreoschisis in ageing eyes [26]. Vitre-
ous hemorrhage had a negative correlation with the detec-
tion of VCRs (OR = 0.17, 95% CI = 0.05-0.59, P = .005).
We explain this correlation as follows: First, eyes without
VCRs may have stronger vitreous traction than do eyes with
VCRs, thus making vitreous hemorrhage more likely. Sec-
ond, the vitreous hemorrhage that occurs at the time of PVD
development contains iron, which makes hyaluronic acid
depolymerized [27, 28], which can facilitate degradation of
VCRs on the macula. To the best of our knowledge, a study
by Assi and colleagues [29] has been the only one to analyze
the factors associated with VCRs. Their findings regarding
ageing were similar to our findings; however, they did not
analyze vitreous hemorrhage or preoperative visual acuity.

ILM peeling did not have a beneficial effect on anatomic
and functional outcomes in macula-off RRD with preop-
erative PVR in a large-sized, multicenter study performed
in Japan [30]. Our study differs in that we evaluated the
incidence of postoperative ERM and excluded every patient
who already had ERMs or advanced PVR before surgery.
Some other studies did not exclude such patients [14, 18,
19, 31]. In addition, our study differs from those of previ-
ous studies [20, 23, 24] in terms of the method for detecting
VCRs. Our study has limitations in that it was retrospective
and recruited only a small number of patients from a single
hospital. Further prospective studies including more patients
with longer follow-up are warranted to validate this study’s
results.

In conclusion, VCRs were detected in 65.4% of eyes
during vitrectomy for RRD. Younger age, better preopera-
tive visual acuity, and vitreous hemorrhage were negatively

related to VCRs. ILM peeling was done only in eyes with
VCRs, using selective ILM peeling. Only 1 eye (0.8%)
required secondary surgery for secondary ERM. Selective
ILM peeling could be an alternative option to reduce the
burden of ILM peeling or additional surgery.
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