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Purpose: To assess the clinical outcomes in idiopathic epiretinal membrane (ERM) patients after vitrectomy and
ERM removal with or without additional indocyanine green (ICG)-assisted internal limiting membrane (ILM)

peeling.

Methods: The medical records of 43 patients with an idiopathic ERM that underwent vitrectomy and ERM
removal between July 2007 and April 2010 were reviewed. The patients were divided into two groups:
triamcinolone-assisted simple ERM peeling only (group A, n = 23) and triamcinolone-assisted ERM peeling
followed by ICG staining and peeling of the remaining internal ILM (group B, n = 20).

Results: No difference was found between the two groups in terms of visual acuity, macular thickness, P1
amplitude or implicit time on multifocal-electroretinogram (MfERG) at six and 12 months postoperatively. In
group B, ICG staining after ERM peeling demonstrated that the ILM had been removed together with the ERM
in 12 eyes (60%), and all 12 eyes showed punctate retinal hemorrhages during ERM peeling. There was no

recurrence of an ERM in either group.

Conclusions: Additional procedures involving ICG staining and ILM peeling during ERM surgery do not appear
to have an additive effect on the clinical outcomes in terms of visual acuity, retinal function based on mfERG,

or recurrence rate.
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An epiretinal membrane (ERM) is a relatively common
retinal disorder with a prevalence of 3.5% to 6.9% [1-3].
It can be caused secondarily in various ocular conditions,
such as uveitis, trauma, retinal detachment, or retinal
vascular diseases. However, causative abnormalities are
not found and are considered to be idiopathic in many
cases. In these cases, internal limiting membrane (ILM)
disruption following posterior vitreous detachment is
thought to play an important role in ERM development
[4].

Vitrectomy is usually performed to remove the ERM in
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symptomatic cases. Recurrence after successful surgery
has been reported to occur in 10% to 16.3% of cases [5,6].
ILM removal can be performed to reduce the recurrence
rate [6], but mechanical trauma to the sensory retina and
toxicity by the staining dye is a concern [7].

In the present study, we aimed to compare the clinical
results of triamcinolone-assisted simple ERM removal
and additional ILM peeling using indocyanine green
(ICG) staining in patients with an idiopathic ERM.

Materials and Methods
Study design

This study followed the ethical standards established
in the Declaration of Helsinki and was approved by the
institutional review board of Inje University Busan Paik

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses
/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Hospital. We retrospectively reviewed the medical re-
cords of consecutive patients who underwent vitrectomy
for idiopathic ERM between July 2007 and April 2010.

Patients were included in the study if they were fol-
lowed-up for at least 12 months. The patients with previ-
ous history of vitrectomy, other accompanying macular
diseases, retinal detachment, retinal vascular disease,
endophthalmitis, or diabetic retinopathy were excluded
from this study. Initially, 103 eyes of 99 patients who
underwent vitrectomy for ERM during the study period
were reviewed. Finally, 43 eyes of 43 patients who met
the criteria were included for data analysis.

Surgical technique

All procedures were performed by a single surgeon
(IHY) at the Inje University Busan Paik Hospital, Busan,
Korea. A standard 20-gauge pars plan vitrectomy was
performed. Phacoemulsification and intraocular lens
implantation through a 3.0 mm temporal clear corneal
incision was performed before vitrectomy, if indicated.

After core vitrectomy, triamcinolone acetonide (TA)
was injected into the vitreous cavity to determine if pos-
terior vitreous detachment had occurred. For cases with-
out posterior vitreous detachment, a pick or a vitreous
cutter switched to the vacuum mode was used to induce
posterior vitreous detachment. Then, TA was injected
onto the ERM to better visualize the boundary of the
peeled ERM. Intraocular forceps were used to grasp and
remove the ERM.

Since November 2009, we began to use a double stain-
ing technique using ICG dye (Diagnogreen; Daiichi
Pharmaceutical, Tokyo, Japan) to completely peel the
ILM from underneath the ERM. This technique involved
injecting 0.5% ICG dye onto the macula right after the
previously described procedure to determine if any re-
sidual ILM remained. In the cases that it was present,
we removed the residual ILM, which was about two disc
diameters in size.

Data collection

Best-corrected Snellen visual acuity and optical coher-
ence tomography (OCT) data were collected at baseline
and postoperative 3, 6, and 12 months. Stratus OCT (Carl-
Zeiss Meditec, Dublin, CA, USA) or Cirrus HD-OCT
(Carl-Zeiss Meditec) was used to acquire central macular
thickness.

Preoperative and postoperative multifocal ERG data
were also compared. Multifocal ERG was performed
using RETIscan (Roland Consult Elektrophysiologische
Diagnostik Systeme, Wiesbaden, Germany) following the
manufacturer’s instructions. Briefly, pupils were maxi-

mally dilated, and an ERG jet was used as an electrode.
The stimulus consisted of an array of 61 hexagons scaled
with eccentricity. The viewing distance was 28 cm,
which covers approximately 30° of visual angle. Signals
were band pass filtered (5-100 Hz) and amplified (gain,
100,000). The mean simultaneous response component
for the first-order kernel was recorded. The averages of
responses recorded during eight cycles were calculated
for each subject with 61 hexagons and analyzed using the
RETIscan software, version 3.15. The amplitude and the
latency of the first positive peak (P1) of the ring 1 area
were collected for comparison. Perioperative and postop-
erative complications including punctate retinal hemor-
rhages during ERM peeling were reviewed.

Statistical analysis

Patients were divided into two groups. Group A con-
sisted of patients where simple ERM removal using only
triamcinolone was performed. Group B consisted of
patients where the double staining technique using ICG
dye after the TA-assisted ERM peeling and complete
ILM peeling was performed. Wilcoxon’s signed rank test
was used to compare the baseline and the postoperative
data at each time point. Mann-Whitney’s U-test was used
to compare numerical data between the two groups. A
p-value of <0.05 was considered statistically significant.

Results

Patient characteristics

Of the 43 patients included in this study, 17 were male
(39.5%) and 26 were female (60.5%). The average age of
the patients was 64.6 years (range, 51 to 75 years). Nine
eyes (20.9%) were pseudophakic at baseline (Table 1).
Vitrectomy alone was performed in five pseudophakic
eyes and in 18 eyes with a clear lens in group A and in
four and 16 such eyes, respectively, in group B. Com-
bined vitrectomy and cataract surgery was performed in
one eye with lens opacity in group A.

Visual acuity changes

Overall, the mean best-corrected Snellen visual acuity
improved from 0.35 logMAR at baseline to 0.52 loga-
rithm of minimum angle resolution (logMAR) at postop-
erative month 12. This change was significant (p = 0.001).
In group A, visual acuity changed from 0.35 logMAR at
baseline to 0.40, 0.43, and 0.50 logMAR at postoperative
months 3, 6, and 12, respectively, and in group B from 0.44
to 0.56, 0.46, and 0.54 logM AR, respectively. Postoper-
ative visual acuity improvement at postoperative month
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Table 1. Preoperative patient demographic data

Total (n = 43) Group A (n = 23) Group B (n =20) p-value
Age (yr) 64.6 (51-75) 64.0 (51-73) 65.3 (54-75) 0.565
Sex (M : F) 17 :26 10:13 7:13 0.571
Preoperative visual acuity 0.39+0.19 0.35+0.16 0.44 +0.21 0.157
(mean + SD)
Pseudophakia 9 (20.9%) 5(22.7%) 4 (20.0%) 0.645

Table 2. Visual acuity changes over time

Table 3. Central retinal thickness changes over time

Best-corrected Snellen acuity

Central macular thickness (um)

Baseline Month 3 Month 6 Month 12 Baseline Month 3 Month 6 Month 12
GroupA 035+0.16 0.40+0.18 0.43+024 0.50+0.28 Group A 461.0+£99.7 310.4+71.2 293.2+56.2 285.4+51.4
p-value’ - 0.095 0.026 0.011 p-value' - 0.000 0.000 0.000
GroupB 0.44+021 056026 0.46+026 0.54+0.28 Group B 483.7 £103.7 304.8 = 71.0 303.8 + 63.7 294.9 + 64.8
p-value’ - 0.009 0.171 0.017 p-value’ - 0.000 0.001 0.000
p-value' 0.157 0.027 0.667 0.740 p-value' 0.273 0.519 0.725 0.918

“Compared to baseline, Wilcoxon’s signed rank test; ‘Comparison
between the two groups at each time point, Mann-Whitney’s U-
test.

12 was statistically significant in both groups (Wilcoxon’s
signed rank test, p = 0.011 in group A and 0.017 in group
B). The difference between the groups at postoperative
month 12 was not significant (Mann-Whitney’s U-test, p
= 0.740) (Table 2).

Decrease in the visual acuity at postoperative month 12
was observed in four patients (two in group A and two in
group B). The cause of the decrease in visual acuity was
attributed to the development of a cataract. Of the four
patients, three received cataract operation and showed
an increase in visual acuity of more than two lines com-
pared to the baseline acuity.

Central retinal thickness changes

Overall, central macular thickness measured by OCT
changed from 471.5 + 101.0 um at baseline to 307.8 + 70.3
um, 298.0 £ 59.1 um, and 289.6 £ 57.2 um at postoperative
months 3, 6, and 12, respectively. In group A, it changed
from 461.0 £ 99.7 um at the baseline to 310.4 £+ 71.2 um,
293.2 + 56.2 um, and 285.4 £+ 51.4 pm at postoperative
months 3, 6, and 12, respectively. In group B, it changed
from 483.7 £ 103.7 pum at baseline to 304.8 + 71.0 pm,
303.8 £ 63.7 um, and 294.9 + 64.8 um at postoperative
months 3, 6, and 12, respectively (Table 3). The change
from baseline to postoperative month 12 was statistically
significant in both groups (p = 0.000 in group A and 0.000
in group B). However, the difference between the groups
at each time point was not statistically significant.
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“Compared to baseline, Wilcoxon’s signed rank test; ‘Comparison
between the two groups at each time point, Mann-Whitney’s U-

test.

Multifocal electroretinogram data

Multofocal-electroretinogram (mfERG) data were
available for 23, 12, and 13 patients at baseline and post-
operative months 6 and 12, respectively, in group A. In
group B, data was available for 19, 8, and 9 patients at
baseline and postoperative months 6 and 12, respectively.
In group A, the P1 amplitude (nV/deg’) at ring 1 changed
from 112.6 £ 38.8 to 122.3 + 34.2 and 123.7 + 46.2 at post-
operative months 6 and 12, respectively. In group B, it
changed from 106.8 + 40.6 to 139.5 + 55.2 and 121.1 + 38.5
at postoperative months 6 and 12, respectively. Compar-
ison of the P1 amplitude within the group at each time
point and between the groups did not show any significant
differences (Table 4).

Overall, in group A, the P1 latency (ms) at ring 1
changed from 40.1 + 3.5 to 41.5 £ 47 and 41.5 £ 2.9 at
postoperative months 6 and 12, respectively. In group
B, it changed from 39.9 + 6.9 to 43.6 += 4.6 and 39.8 + 5.7,
respectively. Comparison of the P1 latency within the
group at each time point and between the groups did not
show any significant differences (Table 5).

Rate of simultaneous internal limiting membrane
during epiretinal membrane peeling

In the 20 eyes from group B in which ICG staining
was used to determine if any residual ILM existed after
removal of the ERM, 12 eyes (60%) demonstrated no
staining of ICG at the site of ERM peeling. This was
highlighted by the surrounding ICG stained area.
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Table 4. Changes in P1 amplitude at ring 1 over time

Table 7. Postoperative complications

P1 amplitude (nV/deg’)

Baseline Month 6 Month 12
Group A 1126 +£38.8  1223+£342  123.7+46.2
(n"=23) (n=12) (n=13)
p-value’ - 0.807 0.507
Group B 106.8+40.6  139.5+552  121.1+385
(n=19) (n=29) (n=9)
p-value’ - 0.091 1.00
p-value! 0.781 0.405 0.764

"Number of patients with available multifocal electroretino-
gram data; ‘Compared to baseline, Wilcoxon’s signed rank test;
*Comparison between the two groups at each time point, Mann-
Whitney’s U-test.

Table 5. Changes in P1 latency at ring 1 over time

P1 latency (ms)

Baseline Month 6 Month 12

Group A 40.1+3.5 415+4.7 415+29

(n"=23) (n=12) (n=13)

p-value' - 0.463 0.195

Group B 39.9+6.9 43.6+4.6 39.8+5.7
(n=19) (n=28) (n=9)

p-value' - 0.075 0.484
p-valuet 0.919 0.275 0.116

"Number of patients with available multifocal electroretino-
gram data; ‘Compared to baseline, Wilcoxon’s signed rank test;
*Comparison between the two groups at each time point, Mann-
Whitney’s U-test.

Table 6. Correlation of punctate retinal hemorrhage and the state
of the ILM in group B, as confirmed by indocyanine green double
staining technique

No ILM staining at ILM remaining at
the ERM peeled area the ERM peeled area
(n=12) (n=238)
Punctate retinal 12 (100.0) 1(12.5)

hemorrhage (%)

ILM = internal limiting membrane; ERM = epiretinal membrane.

Rate of punctate retinal hemorrhage

Overall, punctate retinal hemorrhage was observed
right after ERM peeling in 27 eyes (62.8%); 14 eyes
(60.9%) in group A and 13 eyes (65.0%) in group B. In
group B, all 12 eyes in which the ILM had already been
removed together with the ERM, as confirmed by ICG
double staining, showed punctate retinal hemorrhage
(Table 6).

GroupA  Group B Total
(n=23) (n=20) (n=43)
Cataract 521.7%) 6(30.0%) 11 (25.6%)
Punctate retinal 14 (60.9%) 13 (65.0%) 27 (62.8%)
hemorrhage
Vitreous hemorrhage 0 1 (5.0%) 1(2.3%)
Cystoid macular edlema 0 0 0
Recurrent epiretinal 0 0 0
membrane
Retinal detachment 0 0 0

Perioperative and postoperative complications

Serious complications including retinal detachment
were not observed in either of the groups (Table 7). Vit-
reous hemorrhage occurred in one patient in group B
and was absorbed without sequelae during the first week
after surgery. A cataract developed in five and six eyes in
groups A and B, respectively. None of the patients in this
study exhibited recurrence of the ERM.

Discussion

Symptomatic ERM is mainly treated by surgical in-
tervention involving vitrectomy and membrane peeling.
With advancements in surgical techniques and instru-
mentation including vital dye that can stain the ILM,
many studies have been performed to determine if ILM
removal can result in better clinical outcomes [6,8].

Some authors advocate that removal of the ILM can
reduce the recurrence rate, because the ILM can act as a
scaffold for glial proliferation after successful removal
of the ERM [6]. However, long term effects of internal
limiting membrane removal are not known, and mechan-
ical injury to the neurosensory retina during ILM peeling
has been a concern [9-12]. Toxicity of the vital dye used
during the procedure is another concern [7]. Although
less toxic and safer dyes have recently been introduced,
they are not currently available in many regions [6,13,14].

During removal of the ERM, the internal limiting
membrane can be removed together with the ERM in
about 40% of cases [6]. The rate of simultaneous removal
of both the ERM and the ILM was 60% in the present
study.

Here, we aimed to compare the clinical outcomes in
two groups: one in which triamcinolone-assisted simple
ERM peeling was performed, and the other in which
double staining using ICG dye was used to complete-
ly peel the ILM from underneath the ERM. Although
group A showed significantly better visual acuity at three
months, both groups showed comparable results in terms
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of visual acuity, mfERG change, and complications
including recurrence rate at one year. Comparable out-
comes between the two groups shown in this study can
be explained by the high simultanecous ERM and ILM
peeling rate demonstrated in group B, which is likely to
be similar in group A. The reason for better visual acuity
transiently shown in group A at month 3 is unclear. How-
ever, it could be due to better baseline visual acuity that
therefore possesses greater visual improvement potential.

Interestingly, punctate retinal hemorrhage was ob-
served during ERM peeling in all patients in group B in
which ILM was confirmed to have been removed togeth-
er with the ERM by the double staining technique. This
result shows that punctate retinal hemorrhage can be a
good indicator that the ILM beneath the ERM is simulta-
neously being peeled. Thus, double staining using poten-
tially toxic vital dyes can be reserved only for cases that
do not show punctate retinal hemorrhages during ERM
peeling.

In conclusion, based on our results, an additional pro-
cedure involving ICG staining and ILM peeling does not
seem to have additive beneficial effects, at least for the
first postoperative year. However, the present study has
an inherent weakness because it is a retrospective study,
and it has a small number of patients. mfERG data were
not available for all the patients during the follow-up
period. Only 13 patients in group A and nine patients in
group B had available mfERG data at 12 months. There-
fore, the results regarding the mfERG data comparison
might have not reflected the true outcomes. Also, a fol-
low-up period of 12 months is relatively short to assess
the recurrence rate of ERM after vitrectomy and ERM
removal. A prospective study on a larger scale and with
longer follow-up is warranted.
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