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Abstract
Background Cellophane membranes are an early stage of
proliferative vitreoretinopathy (PVR) complicating retinal de-
tachment surgery. Our aim was to assess whether a prolonged
administration of systemic corticosteroids would attenuate
early stages of PVR such as cellophane membranes.
Design Prospective randomized placebo-controlled double-
blind clinical trial.
Patients and methods A total of 220 consecutive eyes (220
patients) were operated for primary rhegmatogenous retinal
detachment (RD), mainly by scleral buckling procedures.
Patients were randomized into two groups: 110 patients
(steroid group) received prednisone for 15 days starting with
100 mg at the day of surgery and being tapered to 12.5 mg.
The control group of 110 patients received placebo in a
comparable manner. Follow-up examinations were per-
formed at 1, 3 and 6 months postoperatively, and included
visual acuity and assessment of retinal findings.

Results Cellophane membranes occurred in 41.8%, 46.9%,
and 39.1% in the placebo group and 26.7%, 23.6%, and
19.8% in the steroid group at 1, 3 and 6 months postoper-
atively (p<0.05, 0 0.0005, and <0.005 respectively). The
application of five or more cryocoagulation spots was asso-
ciated with more cases developing cellophane membranes in
the placebo than the steroid group (p<0.05). A complete
reattachment of the retina was achieved in 95% steroid and
89% placebo group eyes, and a reattachment of the macula
in 98% of both groups. There was no significant difference
of the final visual outcome in both groups.
Conclusion Early stages of PVR such as cellophane mem-
branes after retinal detachment surgery can be reduced with
corticosteroids in oral doses.
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Introduction

Proliferative vitreoretinopathy (PVR) is a cicatrizing process
complicating retinal detachment surgery [1]. Cellophane
membranes are usually understood as presenting idiopathic
or secondary epiretinal fibrosis, i.e., as an early stage of
PVR [2, 3]. Glial material, pigment epithelial elements, and
laminocytes are found in membranes removed from eyes
with cellophane retinopathy [4]. Cellophane retinopathy or
macular pucker (Fig. 1) occurs in 4% to 8% after retinal
detachment surgery [5–7]. Surgical removal of epimacular
membranes is only indicated in cases where macular pucker
causes persisting metamorphopsia and reduced visual acu-
ity. Mild stages of cellophane retinopathy are usually
observed.

Data for this study were collected from patients at the Department of
Ophthalmology, University of Bern, Switzerland; former Director F.
Koerner.

The study was conducted in accordance with the Declaration of
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informed consent prior to entry into the study.
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While surgical interventions are the gold standard in
the treatment of PVR, various preventive pharmacolog-
ical approaches have been investigated in recent years
(see review [8]).

Local injections of triamcinolone acetonide and systemic
administration of steroids against PVR reactions have been
tested experimentally and in humans [9–13]. The combina-
tion of systemic methylprednisolone, sodium diclofenac and
colchicine reduced significantly the rate of PVR-induced
retinal detachment in rabbits [14]. In a pilot study of 20
patients with retinal and choroidal detachment oral steroids
given for 1 week resulted in better reattachment rates com-
pared to no steroids [15].

Assuming inflammatory reactions and a breakdown of
the blood–retinal barrier following retinal detachment sur-
gery as relevant factors for the development of PVR, we
were interested whether systemic corticosteroids would
modify this risk and reduce the incidence of cellophane
membranes. Therefore, we designed a randomized prospec-
tive placebo-controlled clinical trial to study the effect of
systemic corticosteroids on the development of membrane
formation after retinal detachment surgery. After taking note
of an increasing number of scientific reports appearing
between 2000 and 2010 showing that autoimmune mecha-
nisms and inflammatory processes are involved in the de-
velopment of PVR, we finally decided to submit our results
for publication, as they are clearly compatible with actual
cellular and clinical research.

Patients and methods

In this placebo-controlled double-blind randomized clinical
trial, 220 consecutive patients with rhegmatogenous retinal
detachment (RD) were included who were hospitalised for
surgery between January 1994 and April 1999. Exclusion
criteria were preoperative advanced stages of PVR C, pre-
vious vitreoretinal surgery, age younger than 18 or older
than 75 years, uveitis, glaucoma, pregnancy, and systemic
diseases such as diabetes, arterial hypertension, peptic ulcer,
and immune deficiency.

Patients were divided at random into two groups, i.e, a
steroid group (n0110) and a placebo group (n0110). The
grouping code of the individual patient was kept in a sealed
envelope that was not opened before termination of the
study, i.e., 6 months after the last detachment surgery (last
patient, last visit).

The majority of cases (87%) were operated by two vitre-
oretinal surgeons (FK 62%, JG 25%), and the remaining
cases by surgically trained senior residents. All surgeries
were performed at earliest possible convenience, at the latest
within 24 hours of referral.

All patients presented with rhegmatogenous RD of one
eye. The extent of RD, as well as the number and the
cumulative size of retinal tears, was comparable in both
study groups (see Table 1). The macula was detached in
41.8% of the steroid group and 50% of the placebo group.

A 2-mm encircling band was applied in the majority of
cases. In some eyes, it was combined with radial or circum-
ferential buckles. An external drainage of subretinal fluid
was usually done (see Table 1). Air or SF6 gas was injected
in 53.6% eyes of the steroid group and 47.3% eyes of the
placebo group. A primary vitrectomy was necessary in
14.6% and 12.7% respectively, and was always combined
with buckling procedures. The number of cryocoagulation
spots was slightly higher in the placebo group. The total area
of cryopexy was comparable in both study groups.

Surgery was generally done under local anesthesia with a
retrobulbar injection of 4 ml mepivacaine.

Classification of PVR was adopted from Machemer et al.
[16] and is shown in Table 2.

In the steroid group, the initial dosage of prednisone was
100 mg for 6 days, thereafter being tapered to 50 mg for
5 days, and 12.5 mg for another 4 days. Placebo was
administered in the control group in a way that was indis-
tinguishable from the dispense of prednisone in the steroid
group.

In the steroid group, 85 eyes (77.3 %) were phakic, 22
pseudophakic, and three aphakic. In the placebo group there
were 90 phakic (80.2 %), 18 pseudophakic, and two aphakic
eyes. Posterior Nd:Yag capsulotomy was performed in nine
eyes of the steroid and 11 eyes of the placebo group.

Fig. 1 Cellophane appearance
after retinal detachment surgery.
Epimacular membrane is
easily recognized on black
and white photo
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Preoperative and follow-up examinations after 1, 3, and
6 months that were done by one senior resident (UK) included
best-corrected Snellen decimal visual acuity measurement at a
distance of 5 meters, slit-lamp biomicroscopy, tonometry,
direct and indirect ophthalmoscopy, and fundus examination
with a Goldmann 3-mirror contact glass. OCT for an assess-
ment of the macular situation was not available at the time of
our study.

Data from preoperative and postoperative examinations
were recorded prospectively and entered into an electronic
database. Baseline data are listed in Table 1. After confir-
mation of a normal distribution, data of both groups were
compared with chi square statistics and, in the case of small
numbers of eyes, with two-tailed Fisher’s exact test.

The number of dropouts at given follow-up intervals are
shown in Table 1. Reasons for dropout were patient’s wish,
loss of patients to follow-up, or unplanned discontinuation
or change of medication.

Results

A total retinal attachment was achieved in 95% of eyes of
the steroid group and 89% of the placebo group eyes. The
macula was finally attached in 98% of both groups. More
than one reoperation was needed in 14 steroid and 22
placebo group eyes (Table 3). Postoperative PVR stage B
was present in 21% of 29 reoperated steroid group eyes, as
compared to 54% of 39 reoperated placebo group eyes
(p < 0.01).

Any PVR stages according to the classification of
Machemer et al. [16] were found in 121 of the total of 220
eyes of both groups, i.e., in 55%. The postoperative rates at
1, 3 and 6 months were comparable between placebo- and
steroid-treated eyes.

Postoperative advanced PVR signs (stage C, see Table 2)
were too rare to allow statistical calculations. Significant
differences were found especially for various appearances
of stage B. In the placebo group, the postoperative preva-
lence of cellophane membrane at the posterior pole and
elsewhere was twice that of the steroid group (Table 4,
Fig. 2).

Table 2 Classification of proliferative vitreoretinopathy (PVR)

Stage A: Pigment clusters

Pigment cells

Vitreous flare

Stage B: Wrinkling of inner retinal surface

Cellophane appearance

Retinal rigidity

Tortuosity of retinal vessels

Epiretinal membranes

Stage C: Single or multiple retinal star folds

Confluent star folds

Subretinal proliferation

Funnel detachment

Circumferential contraction

Anterior displacement

Table 1 Baseline data. Chi square statistics (Student’s t-test and Fisher’s
exact test)

Item Steroid Placebo P

No. of patients 110 110

Eye R/L 59 / 51 42 / 68 n.s.

Gender F/M 42 / 68 34 / 76 n.s.

Age mean/SD 54.5 ±13.8 54.1 ±14.4 n.s.

Lens

Phakic 85 (77.3%) 90 (80.2%) n.s.

Pseudophakic 22 (20.0%) 18 (16.4%) n.s.

Aphakic 3 (2.7%) 2 (1.8%) n.s.

Dropout 1 month 4 (3.6%) 11 (10%) n.s.

Dropout 3 months 3 (2.7%) 11 (10%) <0.05

Dropout 6 months 8 (7.3%) 16 (14.6%) n.s.

RD extension (clock hours) 4.74 ± 1.96 5.21 ± 2.7 n.s.

Number of tears

None 12 6 n.s.

1 56 52 n.s.

2–5 35 41 n.s.

>5 7 11 n.s.

Cumulative size of retinal breaks 1.17 ± 1.0 1.29 ± 1.2 n.s.

Macula detached 46 (41.8%) 55 (50.0%) n.s.

Duration of symptoms

1–3 days 31 (28.2%) 31 (28.2%) n.s.
4– 6 days 42 (38.2%) 41 (37.2%)

1–2 weeks 16 (14.5%) 20 (18.2%)

3–4 weeks 14 (12.7%) 7 (6.4%)

> 4 weeks 7 (6.4%) 11 (10%)

1st operation / buckling procedures

0 none 2 (1.8%) 3 (2.7%) n.s.
1 radial buckle 21 (19.1%) 24 (21.8%)

2 circumferential buckle 5 (4.5%) 10 (9.1%)

3 encircling band 66 (60.0%) 60 (54.5%)

1+3 11 (10.0%) 9 (8.2%)

2+3 5 (4.5%) 3 (2.7%)

1+2+3 0 1 (0.9%)

Intrascleral implant 1 (0.9%) 3 (2.7%)

External drainage 87 (79.1%) 83 (75.7%) n.s.

Primary vitrectomy 16 (14.5%) 14 (12.7%) n.s.

Air ± SF6 tamponade 59 (53.6%) 52 (47.3) n.s.

Cryopexy/no. of applications 5.7 ± 2.9 6.5 ± 3.0 <0.05

Cryopexy extension (clock hours) 3.1 ± 2.0 3.5 ± 2.6 n.s.
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The number of cryocoagulation spots correlated with the
incidence of cellophane membrane in the placebo group:
about 16% of eyes showed cellophane membrane in eyes
with less than five cryo spots, but nearly 30% in eyes with
more extensive cryocoagulation (Fig. 3). In eyes of the
steroid group, there was a slight non-significant tendency
of higher rates of cellophane membrane from 14 to 16%
with five or more cryocoagulation spots.

The preoperative as well as postoperative visual acuity
did not differ significantly between steroid and placebo
group eyes (Table 5, Fig. 4). Cellophane membranes did
not seem to cause additional vision loss in eyes with retinal
detachment.

We did not observe any unwanted side-effects due to the
administration of systemic corticosteroids.

Discussion

This is the first trial to assess the effect of oral prednisone on
the development of cellophane membranes as an early sign
of PVR in a placebo-controlled randomized double-blind
clinical study, in a population of 220 patients with primary
rhegmatogenous retinal detachment. In accordance with
published experimental and laboratory studies, oral anti-
inflammatory doses of prednisone, starting at the day of
surgery and continued for 15 days, had clearly a therapeutic
effect.

PVR is a pathological process complicating retinal de-
tachment, trauma, inflammatory diseases and retinal sur-
gery. Cellophane reflexes are an early clinical sign of the
formation of epiretinal membranes. These membranes con-
sist of glial cells, retinal pigmentary cells, myofibroblasts,

Table 3 Retina reattachment. Number of eyes and percentage of total
group

Item Steroid Placebo P

Reattachment after
1st operation

95/110 (86.4%) 94/110 (85.5%)

None 15 15 n.s.
End of 1st operation 81 72

After 24 hrs. 3 10

After 2–4 days 7 4

After 4–8 days 0 2

After >8 days 4 6

Re-operations

Total number 29 39 n.s.

PVR stage B 6/29 (20.7%) 21/39 (53.8%) <.0.01

Reattachment at 6 months *

Total reattachment 97/102 (95.1%) 84/94 (89.4%) n.s.

Macular reattachment 100/102 (98.0%) 92/94 (97.9%) n.s.

* Dropouts excluded

Table 4 Pre- and postoperative PVR signs

Item Steroid Placebo P

Cellophane appearance (total)

Preop 17/110 (15.5%) 21/109 (19.3%) n.s.

1 month 28/105 (26.7%) 41/98 (41.8%) <0.05

3 months 25/106 (23.6%) 46/98 (46.9%) 00.0005

6 months 20/101 (19.8%) 36/92 (39.1%) <0.005

Cellophane including posterior pole

Preop 10/110 (9.1%) 15/109 (13.8%) n.s.

1 month 23/105 (21.9%) 36/98 (36.7%) <0.05

3 months 23/106 (21.7%) 41/98 (41.8%) <0.005

6 months 17/102 (16.8%) 32/92 (34.8%) <0.005

Cellophane only posterior pole

preop 4/110 (3.6%) 6/109 (5.5%) n.s.

1 month 15/105 (14.3%) 26/98 (26.5%) <0.05

3 months 19/106 (17.9%) 32/98 (32.7%) <0.02

6 months 15/102 (14.9%) 24/92 (26.1%) 00.05

Retina rigidity

preop 28/110 (25.5%) 40/110 (36.4%) n.s.

1 month 14/105 (13.3%) 17/98 (17.3%) n.s.

3 months 9/107 (8.4%) 15/99 (15.2%) n.s.

6 months 6/102 (5.9%) 13/94 (13.8%) n.s.

Wrinkling inner retinal surface

preop 10/110 ( 9.1%) 14/110 (12.7%) n.s.

1 month 11/105 (10.5%) 12/98 (12.2%) n.s.

3 months 11/107 (10.3%) 13/99 (13.1%) n.s.

6 months 7/102 ( 6.9%) 14/94 (14.9%) 00.07

Epiretinal membranes

Preop 1/109 (0.9%) 1/110 (0.9%) n.s.

1 month 7/106 (6.6%) 3/98 (3.1%) n.s.

3 months 7/106 (6.6%) 6/99 (6.1%) n.s.

6 months 5/101 (5.0%) 12/94 (12.8%) 0.05

PVR stage A

Preop 16/110 (14.5%) 18/110 (16.4%) n.s.

1 month 5/106 (4.7%) 7/99 (7.1%) n.s.

3 months 6/107 (5.6%) 4/99 (4.0%) n.s.

6 months 1/102 (1.0%) 4/94 (4.3%) n.s.

PVR stage B *

Preop 38/110 (34.5%) 46/110 (41.8%) n.s.

1 month 28/106 (26.4%) 40/99 (40.4%) <0.05

3 months 27/107 (25.2%) 45/99 (45.5%) <0.005

6 months 23/102 (22.5%) 43/94 (45.7%) <0.0005

PVR stage C

Preop 1/110 (0.9%) 2/110 (3.0%) n.s.

1 month 5/106 (4.7%) 3/99 (3.0%) n.s.

3 months 3/107 (2.8%) 2/99 (2.0%) n.s.

6 months 2/102 (2.0%) 3/94 (3.2%) n.s.

PVR any stage (A,B,C)

Preop 55/110 (50.0%) 66/110 (60.0%) n.s.

1 month 38/106 (35.8%) 50/99 (50.5%) <0.05

3 months 36/107 (33.6%) 51/99 (51.5%) <0.02

6 months 26/102 (25.5%) 50/94 (53.2%) <0.0002

* Definition PVR stage B: cellophane membrane, retinal rigidity,
vascular tortuosity, wrinkling of inner retinal surface, epiretinal
membranes
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hyalocytes, laminocytes and Müller cells [4]. Multiple studies
indicate that inflammatory mechanisms are involved in the
development of periretinal membranes [17]. Immediately with

the onset of RD, Müller cells start to proliferate, migrate onto
the inner and outer surface of the retina and cause periretinal
fibrosis [18]. Increased levels of IL-8 and VEGF indicate an
inflammatory process associated with a breakdown of the
blood–retina barrier [19]. Müller cells were shown to express
IL-8 (CXCL8), a proinflammatory chemokine that adheres to
CXCL1 receptors. An upregulation of CXCL8 and CXCL1/
CXCL2 receptors inMüller cells and microglial cells has been
found in retinas and vitreous of human and rabbit PVR eyes
[20, 21]. Other cytokines were found to be elevated in PVR
eyes in a more recent study indicating an inflammatory mech-
anism in the development of PVR [23].

Postoperative autoimmune reactions against retina anti-
gens have been found to be much stronger in the presence of
vitreoretinal proliferation, and more frequent in eyes with
excessive cryocoagulation [22]. Autoimmune mechanisms
and inflammatory reactions are discussed in context with a
presumed breakdown of the blood–retina barrier in eyes
with RD [24]. Therefore, the effect of corticosteroids as an
adjuvant of retinal detachment surgery has been investigated
in several trials. In an experimental model of PVR in rabbits,
PVR-associated RD was induced by injection of macro-
phages. In this experiment, a single injection of 1 mg triam-
cinolone acetonide together with macrophages into the
vitreous reduced markedly the development of PVR from
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Table 5 Pre- and postoperative visual acuity. No significant difference
between study and control group at any interval. Missing values due to
dropouts

Steroid Placebo

N VA LogMar N VA LogMar

Preop 110 0.44 0.36 110 0.37 0.43

Month 1 106 0.56 0.25 99 0.54 0.27

Month 3 107 0.61 0.21 99 0.58 0.24

Month 6 102 0.63 0.20 94 0.61 0.21

VA 0 decimal; logMAR 0 log10(1/VA)
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77% in controls to 14% [11]. In humans, systemic steroids
starting at the day after scleral buckling surgery did not
reduce postoperative complications in a randomized
placebo-controlled study, but the study was not powered to
allow conclusions with regard to a steroid effect on the
development of PVR [12]. PVR rates of 4 % in the steroid
group and 11 % in the control group in this study are
apparently too small for reliable statistical evidence. Sub-
conjunctival injection of dexamethasone immediately before
retinal detachment surgery was claimed to reduce the leak-
age of the blood–retinal barrier and was discussed as a
potential means of reducing the incidence of PVR in a study
of Bali et al. [13]. Laser flare photometry of the anterior
segment was used in this study. Park [25] argued that this
method detected a blood–aqueous rather than a blood–reti-
nal barrier breakdown, but would in any event substantiate
an inflammatory process.

Assuming inflammatory reactions and a breakdown of the
blood–retinal barrier following retinal detachment surgery, we
wished to prove whether systemic corticosteroids may help to
prevent or reduce the development of early stages of PVR. In a
previous study of 141 patients with retinal detachment, we had
tested oral prednisone versus placebo, starting the therapy at
the 5th day after surgery. Mild grades of PVR were statisti-
cally less frequent in the steroid group [26].

Arguing that inflammatory reactions would start very early
in the process of retinal detachment according to an experi-
mental study of Chandler et al. [10] and augmented by reat-
tachment surgery, we decided to launch this trial with oral
administration of steroid or placebo starting at the day before
initiation of surgery. The assumption of an early PVR induc-
tion was later supported by showing early proliferation of
Müller cells starting immediately at the time of surgery [18].

Cellophane membranes occurred in our study more fre-
quently in the placebo than in the steroid group. Cellophane
membranes were more frequently detected in eyes that re-
ceived more extensive cryocoagulation, indicating surgical
trauma as an important risk factor for PVR. Reattachment
rates and visual outcomes were comparable in the steroid
and placebo groups. Due to the low number of cases devel-
oping advanced stages of PVR, we were not able to inves-
tigate the steroid effect on advanced PVR.

Weijtens et al. [27] found that dexamethasone concen-
trations in the subretinal fluid of eyes with RD were much
higher after subconjunctival or peribulbar injection of
2.5 mg than with oral administration of 7.5 mg. It is worth
mentioning that in our study much higher oral doses of
corticosteroids were used over a period of 2 weeks. We
did not measure serum steroid levels or concentrations of
dexamethasone in the vitreous.

It is conceivable that subconjunctival injections of depot
corticosteroids may have a similar or even stronger prophylactic
effect against PVR, with less risk of systemic side-effects than

oral doses. This hypothesis should be the subject of a large-scale
clinical trial.

In conclusion, our study demonstrates a relevant effect of
systemic steroids on the development of early stages of PVR.
Whether a comparably strong effect on advanced PVR stages
can be shown, and how locally applied and systemic steroids
compare, remains to be addressed in large-scale clinical trials.
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