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Abstract Purpose: To evaluate the
efficacy of inner limiting membrane
(ILM) peeling in persistent macular
edema. Methods: This retrospective
review analyzed a series of 23 eyes
from 23 patients with persistent
macular edema treated by pars plana
vitrectomy (PPV) with indocyanine
green (ICG)-assisted peeling of the
ILM. Thirteen female and 10 male
patients with a mean age of
57.2€15.6 (24–77) years underwent
operation between May 2000 and
October 2001. The main diagnoses
were uveitis (anterior, intermediate,
posterior and panuveitis) (n=9), cen-
tral retinal vein occlusion (CRVO)
(n=4), diabetic retinopathy (DR)
(n=5), vitreoretinal traction syndrome
(n=2), and Irvine–Gass syndrome
(n=3). Nine eyes had undergone
phacoemulsification (PE) previously
and two eyes had been subjected to
combined PE and ILM peeling. The
eyes were tamponaded with gas (3),
silicone oil (5) or air (11). In four
cases no endotamponade was used.
Improvement in visual acuity of 2
lines or more was regarded as sig-
nificant. Results: Visual acuity im-
proved after 3 months in 9 of the 23
patients. After 6 months and at the
follow-up, a significant improvement
was found in 6/21 and 7/21 patients.
This improvement was predominant-

ly seen in patients with uveitis (5/9),
or diabetic maculopathy (3/5); One
patient with Irvine–Gass syndrome
showed a significant reduction, one
with vitreoretinal traction an im-
provement in visual acuity. The
group of patients with CRVO showed
no significant change during the fol-
low-up. The choice of endotampon-
ade did not alter the visual acuity
outcome. Conclusions: Different pa-
tient groups respond differently to
ILM peeling. Although overall sig-
nificant visual acuity improvement
was observed in only one third of all
cases 12 months after ILM peeling
for persistent macular edema, patients
with uveitis and nonproliferative di-
abetic maculopathy demonstrated a
benefit. The lack of long-term im-
provement in the majority of cases is
in accordance with the hypothesis
that ILM peeling may reduce the
intraretinal edema, but does not affect
the underlying mechanism causing
macular edema. So far, only diabetics
have shown improvement (still un-
proven) from ILM peeling, and this
study provides no justification for
extending the treatment to macular
edema of other causes. Large-scale
investigations are needed to evaluate
the efficacy in certain diagnosis
groups.
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Introduction

Macular edema is a major cause of visual loss in a number
of ocular disorders, including diabetes, retinal vein
occlusion, postoperative edema (Irvine–Gass), uveitis,
vitreomacular traction syndrome, and retinitis pigmento-
sa. The reasons discussed for the development of persis-
tent macular edema are diverse. Breakdown of the blood–
retinal barrier (BRB) and vitreoretinal traction are prob-
ably the most relevant factors [25, 30].

Treatment of persistent macular edema remains a
major challenge. Best analyzed is the clinical course of
the macular edema in diabetes. The ETDRS study
demonstrated that early photocoagulation of a clinically
significant macular edema in diabetic patients reduces the
visual loss by half in a subgroup of eyes with mild to
moderate nonproliferative diabetic retinopathy [8]. Nev-
ertheless, in about 50% of the patients laser photocoag-
ulation fails to improve the functional and anatomical
outcome. Due to the limited success rate and associated
complications such as visual field defects, laser treatment,
especially macular grid laser photocoagulation, is cur-
rently controversial. Whereas nonischemic diabetic mac-
ular edema, which has emerged only recently, still may
prove to benefit from laser photocoagulation, there is no
such treatment option for persistent macular edema, in
which laser treatment has demonstrably failed to improve
the pathology [19].

For macular edema due to other underlying conditions,
potential treatment approaches are even more limited.
Central retinal vein occlusion (CRVO) leads to a poor
visual outcome in most cases, especially in ischemic types
or in eyes with persistent macular edema. The Central
Vein Occlusion Study Group reported a visual acuity of
20/100 or less after 3 years in 58% of the patients and an
improvement by 2 lines or more in only 20% of cases.
Treatment with laser photocoagulation or isovolemic
hemodilution has no significant impact on the visual
outcome of eyes with CRVO and macular edema [28].
Similar limited success is reported for treatment of
persistent macular edema in patients with uveitis. In 21–
52% of patients with uveitis a clinically significant
macular edema with decrease of the visual acuity is found
[33]. Long-term examination demonstrates a persistent
reduction in visual acuity in 74% of the patients despite
antiinflammatory treatment with topical NSAIDs, steroids
and systemic antiinflammatory and immunosuppressive
agents. Similarly, topical and systemic treatment with
CAI (carbonic anhydrase inhibitors) failed to reduce the
macular edema [7].

Previous publications demonstrated favorable results
after pars plana vitrectomy (PPV) in patients with macular
edema secondary to diabetes and CRVO with respect to
the visual outcome [1, 27]. Surgical detachment of the
posterior vitreous combined with gas or air tamponade
leads to morphologically reduced macular edema and

improved visual acuity [24]. Previous studies also showed
a significant role of vitreous surgery in the management
of chronic uveitis; a regression of the macular edema was
observed after vitrectomy [9, 14, 31]. In addition, the
treatment with systemic steroids or cytotoxic agents for
vision-impairing macular edema in uveitis could be
tapered and drug-related side effects reduced.

In order to further improve fluid diffusion from the
retinal tissue, a removal of the remaining barrier between
the vitreous cavity and the retina might be a promising
approach. The inner limiting membrane (ILM) is thought
to be formed by the footplates of the M�ller cells;
however, there is controversy as to whether the ILM can
be considered a real basement membrane [22]. Peeling of
the ILM has been performed previously to reduce
vitreoretinal traction and in combination with the removal
of macular epiretinal membranes [23]. Following the
description by Kadonosono et al. [18] of the use of ICG
for staining of the ILM, the advantages of the dye
visualization and the easier and more complete removal
of the ILM has led to several studies of ILM peeling in
macular disease [4, 5, 10]. However, to date there are no
long-term reports about the efficacy of ILM removal for
diabetic macular edema. ILM peeling for macular edema
associated with uveitis or CRVO has not been reported at
all.

In this retrospective case evaluation study we exam-
ined the effect of PPV with indocyanine green (ICG)-
assisted peeling of the ILM on the visual outcome in
macular edema in patients with uveitis, CRVO, diabetic
retinopathy, vitreoretinal traction forces, vasculitis and
Irvine–Gass syndrome.

Patients and methods

Patients

A series of 23 eyes from 23 patients (13 female and 10 male) with
diffuse macular edema which had persisted longer than 6 months
were treated in our department between May 2000 and October
2001. All therapeutic options, e.g., grid laser photocoagulation or
pharmacological treatments had been tried but had failed to have an
effect. The last treatment was performed at least 3 months prior to
surgery. Patients with ischemic maculopathy were excluded from
the study. The only indication for surgery was the macular edema.

The mean age (€SD) was 57.2€15.6 years, with a range of 24–
77 years. The patients’ diagnoses were uveitis (9 eyes), diabetic
retinopathy (5 eyes), CRVO (4 eyes), vitreoretinal traction (2 eyes)
and Irvine–Gass syndrome (3 eyes). Nine eyes had undergone
phacoemulsification previously and 2 eyes, combined phacoemul-
sification and ILM peeling. The preoperatively collected data
included age, sex, underlying disease, past medical history,
medication, previous intraocular surgery, best-corrected visual
acuity (ETDRS charts; Lighthouse, Long Island, USA), slit-lamp
examination and stereoscopic biomicroscopy. Visual acuity was
recorded in logMAR units, where a change of 1 line on the ETDRS
chart is equivalent to 0.1 logMAR unit. A change in visual acuity of
2 lines or more was regarded as significant. Intraocular pressure
was recorded pre- and postoperatively. Patients were followed up
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for between 3 and 23 months (mean 9.4€7.1 months). The follow-
up examination included best-corrected visual acuity, slit-lamp
examination and stereoscopic biomicroscopy. Fluorescein angiog-
raphy was performed in selected cases.

Endpoint criteria

The endpoint criteria for this retrospective evaluation included the
distance logMAR value and the anatomical result (e.g., assessment
by fluorescein angiography, or at least clinical observation, of
whether the macular edema resolved completely, partially or not at
all).

Surgical procedure

Surgery was performed solely to resolve macular edema. PPV was
performed under general anesthesia in a conventional three-port
approach. Removal of vitreous was performed as completely as
possible after surgical posterior vitreous detachment (PVD). ILM
peeling was performed after fluid–air exchange following visual-
ization of the ILM with ICG. Briefly, 3–5 drops of ICG (<0.2 ml,
25 mg/100 ml solvent) were applied to the macular area after fluid–
air exchange and were removed after a few seconds. After removal
of the ICG, ILM peeling was performed either after scraping with
the diamond-dusted scraper according to Tano or directly with a
fine end-gripping forceps according to the individual preferences of
the surgeon. ICG did not have direct contact to the pigment
epithelium in either case. Persisting autofluorescence of the
macular area or the optic nerve was observed 3 months after
surgery.

The ILM peeling included the macular area with all adjacent
zones of retinal swelling. Usually it extended to the vascular arcade
in a round shape with a radius minimally smaller than the distance
from the macula to the vascular arcades.

The eyes were filled with gas (n=3; 2�C3F8, 1�SF6), silicone oil
(n=5), or no endotamponade was used. Pre- and postoperative
intraocular hypertension was seen in one patient. No intraoperative
complications were observed in any of the patients.

Results

Postoperative visual acuity (3 months, 6 months and at the
follow-up visits) was compared to preoperative data.
Overall, the visual acuity improved by 2 lines or more in 7
of the 23 patients. A reduction in visual acuity compared
with the preoperative value was found in 3 cases, with no
significant change in the remaining 11 patients.

Three months after surgery, improvement in visual
acuity was seen in 8 of 23 patients, reduction in visual
acuity in 6 cases, and no significant change in 9 patients.
The eight cases of visual improvement were seen in five
uveitic eyes, two diabetic eyes, and one eye with
vitreoretinal traction. Six months after surgery we ob-
served an improvement in 6, a reduction in 5 eyes and no
change in 10 of 23 eyes.

At the last observation point three of five patients in
the diabetic group showed an improvement after ILM
peeling. These three patients were classified as having
nonproliferative diabetic retinopathy and had received
panretinal laser photocoagulation prior to surgery if

necessary according to the ETDRS criteria. In contrast,
a reduction or no change of visual acuity respectively was
found in the two remaining diabetic patients, who both
demonstrated a proliferative diabetic retinopathy. In these
two patients panretinal laser coagulation had been insuf-
ficient to stabilize the retinopathy and surgery was
performed to treat the macular edema. On this occasion
photocoagulation was simultaneously completed by en-
dolaser treatment.

In both the uveitis group and the diabetes group no
significant vitreous opacities from previous inflammation
or vitreous hemorrhages were observed preoperatively.

In the uveitis group, three of the nine patients
improved overall, three showed no change, and in one
case a reduction of the visual acuity was seen at the last
observation point.

No significant change of visual acuity was found in the
patients with CRVO. One patient with Irvine–Gass
syndrome showed significant reduction in visual acuity
and one patient with vitreoretinal traction showed im-
provement. The detailed data are shown in Table 1.

Endotamponade was used in complicated cases, em-
ploying either gas (mostly if peripheral holes became
apparent during surgery) or oil (in cases with high risk of
progressing proliferative retinopathy or PVR). The 15
eyes without tamponade showed improvement in 7 cases,
reduction in two cases, and with no change in 6 cases. Gas
tamponade led in one case each to an improvement, a
reduction, and no significant change in visual acuity. In
the five cases in which silicone oil was used as an
endotamponade, no significant change in visual acuity
over the observation period was noted in four patients,
while one patient demonstrated an improvement. Overall
the endotamponade did not influence visual outcome.

During the follow-up period no epiretinal membrane
was observed in any of the patients. There was no
correlation between the preoperative lens status and
improvement or deterioration of the visual acuity after
ILM peeling. Two patients underwent phacoemulsifica-
tion with intraocular lens implantation during the follow-
up period, which did not result in a significant change of
visual acuity in the observation period.

Progression of diabetic retinopathy, or a recurrent
inflammation in patients with uveitis, was not observed
after surgery with the exception of one patient who
demonstrated a mild uveitic episode without deterioration
of visual acuity, which was successfully treated with
topical steroids. Three patients required a surgical revi-
sion due to peripheral retinal detachment in the follow-up
period. In all these three cases the underlying disease was
CRVO with proliferative retinopathy. At the final exam-
ination these patients had at least the same visual acuity as
preoperatively. One of these CRVO patients demonstrated
an exudative swelling of the choroid at the last exami-
nation (17 months postoperatively), which was not
causally linked to the ILM peeling.
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Discussion

In this study 23 eyes of 23 patients with persistent (>6
months) diffuse macular edema were treated by PPV
combined with ILM peeling. We observed an overall
significant visual acuity improvement in 8 of 23 eyes at
the end of the follow-up period. A benefit from ILM
peeling with respect to visual acuity was found in five of
the nine patients with uveitis and in three of the five with
diabetic maculopathy.

How ILM peeling reduces diabetic macular edema is
unclear; however, it is likely that the peeling can only
increase diffusion of fluid from the retinal tissue by
eliminating the barrier function of the ILM, a pseudo-
membrane formed by the endplates of M�ller-cells, which
is thought to act as a diffusion barrier between the retina
and the vitreous. The blood–retinal barrier as evidenced
by fluorescein angiography, in contrast, seems to be
unaffected.

Blood–retinal barrier breakdown as seen in persistent
macular edema is the result of several pathophysiological
alterations which have been investigated clinically and
experimentally, including increased passive permeability,
structural defects of junction molecules, and increased

expression of permeability factors [3, 6, 25, 29, 30]. Our
results demonstrate an initial positive response but a less
beneficial effect in the long term. This indicates that the
ILM peeling does not influence the pathophysiological
changes such as growth factor expression or altered fluid
dynamics. It is much more likely that ILM peeling merely
reduces the diffusion barrier towards the vitreous and thus
is more efficient in patients with preexisting interface
alterations. Of the two patients with vitreomacular trac-
tion syndrome, one demonstrated an improvement in
visual acuity at the end of the follow-up, while the other
remained unchanged. The importance of the posterior
hyaloid on the development of diabetic macular edema is
underlined by the observation of Nasrallah and co-
workers that eyes with diabetic macular edema had a
significantly higher incidence of an attached posterior
vitreous than eyes without macular edema [21]. Several
authors have reported favorable anatomic and functional
results in patients with diabetic macular edema undergo-
ing vitrectomy combined with removal of the posterior
hyaloid and premacular hyaloid-associated traction forces
[13, 23, 26]. Gandorfer et al. [10] reported favorable
results with additional peeling of the ILM; visual im-
provement was obtained in 11 of 12 patients. These

Table 1 Patient data

No. Age Sex Disease Lens-statusa Tampo-nadeb Visual acuity (logMAR)c Preoperative
treatmentd

V/Ap V/A3 V/A6 V/Afu

1 67 M CRVO PS No 1.3 1.3 1.5 1.0 –
2 57 F CRVO PH No 1.3 1.3 2.0 1.3 –
3 24 F CRVO PH SO 1.5 1.3 1.3 1.3 SYe

4 30 F CRVO PH SO 1.7 2.0 2.0 2.0 –
5 72 M Irvine–Gass PS Gas1 1.0 1.0 1.3 1.3 SY
6 72 F Irvine–Gass PS Gas1 0.4 1.7 0.7 1.0 NSAID
7 51 F Irvine–Gass PS No 1.0 1.3 1.0 1.0 SY
8 45 M NPDR ICS Gas2 1.0 0.5 0.4 0.1 e

9 67 M NPDR PH No 2.0 1.5 1.5 1.5 e

10 69 F NPDR PH No 0.7 1.0 1.0 0.5 e

11 74 M PDR PS No 1.3 1.0 1.0 1.0 e

12 77 F PDR PS No 1.3 2.0 2.0 2.0 e

13 69 M Traction PH No 0.7 1.0 0.7 0.7 NSAID
14 62 M Traction PH No 0.7 0.3 0.3 0.3 e

15 39 F Uveitis (MS) PS No 0.4 0.2 0.2 0.1 SY
16 44 F Uveitis post. (idiopathic) PH No 0.8 0.5 0.5 0.5 –
17 50 F Uveitis interm. (Beh�et) PH No 1.0 0.7 IS
18 62 F Uveitis interm. (arthrosis) PS No 1.7 1.3 SY, NSAID
19 64 M Panuveitis (HLA-B27) AP SO 2.0 1.0 1.0 1.0 SY
20 64 M Uveitis interm.

(Yersinia enterocolica)
PH No 0.3 1.0 0.3 0.3 –

21 63 F Uveitis ant. (idiopathic) PS SO 0.6 0.5 0.5 0.5 –
22 27 F Uveitis interm. (idiopathic) PH No 0.5 0.9 0.9 0.9 SY, IS
23 66 M Uveitis (vascular occlusion) ICS SO 1.7 1.7 1.7 1.7 SY

a AP Aphacic, PH phacic, PS pseudophacic, ICS intraoperative cataract surgery
b SO Silicone oil, Gas1 C3F8 16%, Gas2 SF6 20%
c V/Ap Preoperative visual acuity, V/A3 visual acuity 3 months postoperatively, V/A6 visual acuity 6 months postoperatively, V/Afu visual
acuity at last follow-up (�6 months)
d SY Systemic steroids, NSAID nonsteroidal antiinflammatory drugs, IS immunosuppressive therapy
e All diabetic patients received panretinal and central laser coagulation >3 months prior to surgery; focal or panretinal laser coagulation
was usedfor patients without diabetes
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with respect to visual acuity in certain conditions,
justifying further investigations. These future studies
should include data on reading performance and retinal
thickness to better correlate anatomical with clinically
relevant alterations.
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