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Summary  
Thorough cleaning of the vitreous base is an important step to 
prevent vitrectomy related complications. In phakic patients 
this is difficult to achieve without touching the lens and 
consequent rapid cataract formation. Therefore, vitrectomy is 
often combined with Phaco-emulsification. In pediatric and 
young adult patients, however, it may desirable to preserve 
their accommodating lens; also, with a preserved lens, the 
contour of a silicone oil tamponade has a larger arc of 
contact and is thereby more effective.  
We describe a method to shallow the anterior chamber during 
vitrectomy, by inserting a wedge in a paracentesis opening to 
allow continuing drainage of the anterior chamber, while 
protecting the endothelium with a layer of viscoelastic. This 
way, sclerotomies and vitreous base are perfectly accessible 
without lens touch. Available data from an aborted RCT suggest 
that endothelial loss is limited. 
  
 
 
Introduction 
Vitrectomy in phakic patients is a procedure intrinsically 
complicated by vitreous incarceration. In phakic patients 
complete removal of vitreous near the sclerotomies without 
touching the lens is difficult to perform. Vitreous 
incarcerated in sclerotomies may give rise to sclerotomy 



related complications such as recurrent hemorrhage due to 
anterior hyaloid fibrovascular proliferation in diabetic 
patient, and postoperative recurrent retinal detachment due to 
anterior loop contraction. This may be one the explanations 
why surgical outcome  of retinal detachment in phakic patients 
was shown to be better with buckle surgery compared to 
vitrectomy [1].  
There are several situations, however, where it would be of 
clinical benefit to be able to perform a complete vitrectomy 
in phakic patients: in pediatric patients to increase chances 
to prevent amblyopia; in younger adult patients to preserve an 
accommodating lens as long as possible; preserving the natural 
lens during silicone oil tamponade to obtain a more effective 
tamponade by silicone oil [2]. 
We describe a new method to shallow the anterior chamber and 
deepen the vitreous space effectively during surgery. This 
intentional continuous shallowing of the anterior chamber 
carries the acronym ICSAC. 

Method  
We insert a wedge (cut out with scissors from a silicone tube 
or a 30 gauge polyamide canula) in a paracentesis after 
injecting some curls of a dispersive viscoelastic to protect 
the endothelium [figure A, B]. Though easily observable 
through the microscope, we documented the shallowing of the 
anterior chamber by axial immersion ultrasonography in four 
patients [Table 1]. The anterior chamber shallowed by a mean 
of 1.84 mm and  the vitreous cavity axis was elongated by a 
mean of 1.79 mm. 
With the shallowed anterior chamber, we are able shave 
vitreous over the pars plana and remove incarcerated vitreous 
from the canula [figure C, D]. We only apply ICSAC when 
working on the vitreous base, rarely longer than 20 minutes. 

Comment 
Other methods have been suggested for shaving the vitreous 
base in a phakic patient. By deep indentation and shaving or 
manipulating from the ipsilateral side, instruments do not 
cross the posterior pole of the lens and thus avoid lens touch 
[3]. However, a crossing instrument has a more effective angle 
of approach to the contralateral vitreous base. Another 
(unpublished) method is to place the sclerotomies as far 



posterior as possible onto the ora serrata and then use deep 
indentation. This manoeuver is most acceptable in patients 
with a giant retinal tear when cleaning the contralateral 
vitreous base. The latter approach would certainly not be 
possible in pediatric ROP vitrectomy, where the pars plana is 
not yet formed.  
Although the ICSAC technique has obvious practical benefits, 
shallowing of the anterior chamber during vitrectomy may be 
potentially harmful to endothelial cells due to iris 
apposition. The corneal endothelium is a monolayer of 
specialized cells lining the posterior surface of the cornea 
and facing the anterior chamber of the eye and is required for 
optical transparency. Progressive endothelial cell loss is a 
physiological phenomenon of aging that continues throughout 
life. The normal rate of endothelial cell loss is 0.5-0.6% per 
year. Any corneal insult, whether surgical or nonsurgical, can 
increase the rate of cell loss. In most cases, a trauma of the 
cornea (caused for example by intraocular surgery) will 
increase the loss of endothelial cells in 2 stages: a rapid 
loss of endothelial cells in the first weeks after surgery 
followed by a gradual long-term (often life-long) decline of 
endothelial cell density (ECD) exceeding the physiological 
cell loss.   
Increased endothelial cell loss has been described after 
cataract surgery [4], corneal transplant surgery, phakic IOL 
implantation and glaucoma surgery[5]. Most studies measured 
ECD after 1, 3 and 6 months postop to assess whether it was 
significantly decreased compared to preop or not; a few 
studies describe a follow up of 10 years [4]. After shallowing 
of the anterior chamber in trabeculectomy (generally for 
considerably longer duration than during ICSAC) no endothelial 
damage has been reported [5]. Very few publications have 
addressed endothelial cell loss after vitreoretinal surgery 
[6-9]. 
We started a prospective trial in which patients undergoing 
vitrectomy were randomized to intentional continuous 
shallowing of the anterior chamber (ICSAC) in combination with 
an ophthalmic viscoelastic device (OVD)or not(NTR 3046). To 
have a predictable and comparable difficulty of surgical 
intervention, we restricted the inclusion to phakic patients 
undergoing vitrectomy for vitreous floaters, macular pucker 
and macular hole. Pre- and post-operative ECD at 6 weeks and 6 
months were evaluated [table 2]. 



Unfortunately, inclusion of patients proved to be much slower 
than anticipated and we had to abort the study after inclusion 
of only 11 patients. 
In these patients, endothelial cell loss was limited and not 
noticeably different between patients with or without ICSAC 
[Table 2]. 
Therefore, with the caveats associated with conclusions drawn 
from small datasets, but with our own clinical experience over 
10 years of having no corneal decompensation after ICSAC, we 
conclude that when clinical circumstances warrant the 
preservation of the patients’ lens, intentional shallowing of 
the anterior chamber is a feasible option. 
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Figure A: wedge (black arrow) cut out of silicone tube. B: curls 
of viscoelastic in the not yet shallowed anterior chamber with 
wedge in paracentesis.  C: Shaving of vitreous over the pars 
plana.  D: Pars plana canula being cleaned. 



 
 
 
 
 
 
Table 1. Axial biometry data in mm. ICSAC: intentional continuous 
shallowing of the anterior chamber; AC: anterior chamber; VC: 
vitreous cavity 
 
 

Axial biometry (mean of 4 patients) 

before after  

ICSAC ICSAC 

AC 3.21 1.37 Δ 1.84 
Lens 5.13 5.07 

VC 14.76 16.55 Δ 1.79 

nr 

Age  
(year
s) 

Gende
r Indication 

ICSA
C 

duration 
ICSAC 

(minutes
) 

ECD 
baseline 
(cells/mm

2) 

ECD  
6 weeks 

(cells/mm
2) 

ECD 6 
months 
(cells/
mm2) 

Difference 
6months - 
baseline 

(cells/mm2
) 

catarac
t at 6 
months 

1 75 F Macular hole no - 2529 2601 2647 118 yes 

2 66 F 
Macular 
Pucker no - 2367 2360 2389 22 yes 

3 69 F Macular hole no - 2372 2345 2419 47 yes 

4 60 M 
Macular 
Pucker yes 21 2840 2821 2817 -23 yes 

5* 67 F Macular hole yes 9 2662 2615 2703 41 yes 

6 63 F Floaters yes 6 2259 2188 2275 15 no 

7 61 M Macular hole yes 9 2756 2903 2903 147 no 

8 64 F Macular hole yes 5 2429 2383 2408 -21 no 

9 63 F Macular hole yes 11 2325 2235 2279 -46 yes 

10 46 F Floaters yes 7 2664 2606 2599 -65 no 

11 64 F Floaters yes 15 2428 2412 2420 -9 yes 
 

Table 2. Mean Endothelial cell densities (ECD) in patients with and 
without ICSAC. ECD  was measured five times per visit and 
averaged(Tomey EM 3000 specular microscope). One patient (*) was 
reoperated 6 weeks after initial surgery due to persistent macular 
hole and retinal detachment.  
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Abstract
Purpose This study sought to investigate whether, in patients
with retinal detachment complicated by proliferative
vitreoretinopathy, we can re-attach the retina with a posterior
relaxing retinotomy and silicone oil tamponade while post-
poning laser retinopexy for several months.
Methods In 13 consecutive patients we applied laser coagu-
lation of the retinotomy edge 15±12 weeks after surgery.
Silicone oil was removed 9±6 weeks after laser application.
Results After the retinotomy without laser, some degree of
central shifting was seen in all patients, followed by obvious
curling in 10 patients. The total follow-up was 24±7 months
after retinotomy and 13±9 months after oil removal. The
retina was attached in 12 patients at the last visit, with the
oil still in situ in three patients. Seven patients, however,
required additional surgery. Function remained stable with
a mean preoperative and postoperative Snellen visual acuity
of 0.09.
Conclusions Not anchoring retinotomy edges with a laser at
the time of surgery allows inward curling and central slippage
of retinal edges under silicone oil. This appears to compensate
for the retinal fibrosis occurring in the weeks following sur-
gery and may result in less macula-off re-detachments under
oil, and potentially, in better visual outcome.

Keywords Inferior retinotomy . Laser photocoagulation .

Retinal detachment . Vitreoretinopathy

Introduction

Proliferative vitreoretinopathy (PVR) can be defined as vitreo-
retinal wound healing in response to a retinal break and
consists of inflammation, cellular proliferation, and extracel-
lular matrix remodeling. Following breakdown of the blood-
retina barrier, a proinflammatory and fibrotic milieu (cells,
cytokines, and growth factors) develops in the vitreous cavity
and the subretinal fluid that ultimately may lead to epiretinal,
intra-retinal, and subretinal fibrosis, causing (recurrent) retinal
detachment (RD) [1]. Therapeutic strategies to prevent PVR
or to temper its severity include pharmacological agents and
endotamponades [2–8]. Endotamponades, apart from closing
retinal breaks, can compartmentalize the hydrophilic PVR
milieu away from the wound healing site [9].

In established PVR, surgery remains the mainstay of treat-
ment, with meticulous surgical removal of epiretinal (and
sometimes subretinal) tissue, relaxing retinotomies with or
without a broad buckle in the case of retinal shortening due
to peri- and intra-retinal fibrosis, and the closure of retinal
breaks by an endotamponade. Endolaser photocoagulation
would be applied around retinal tears and retinotomy edges.
A recurrent retinal detachment, however, may develop in
some patients after relaxing retinotomies under silicone oil,
necessitating a series of repeat surgeries.

The application of a laser or cryocoagulation to the edges
of retinal breaks is an important ingredient of successful
treatment of uncomplicated rhegmatogenous retinal detach-
ment (RRD) surgery. The scars seal the retinal breaks effec-
tively, closing off the subretinal space and thereby preventing
re-detachment. In cases of RRD complicated by PVR, how-
ever, the effect of immediate retinopexy may not be unequiv-
ocally beneficial. In inferior re-detachments that necessitate
relaxing retinotomies, the retina is usually diffusely thickened
and tense, even after meticulous membrane peeling. This is
demonstrated by the often quite marked central displacement
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of the retina that can be observed immediately after
performing the retinotomy. Inspection of the edge of the
retinotomy usually shows a tense and shortened inner retinal
surface, while the outer surface appears corrugated and redun-
dant, resulting in a poor apposition between the outer retina
and the retinal pigment epithelium (RPE), even under heavy
(perfluoro carbon) liquids. Consequently, inducing laser burns
at the retinotomy edge usually requires high energy. Extensive
use of a laser can cause increased breakdown of the blood-
retinal barrier and activate cell proliferation [10, 11]. The
resulting scars could, rather than seal the retinotomy, increase
epi- and/or intra-retinal fibrosis, promoting secondary short-
ening and traction. Traditional intraoperative laser application
performed simultaneously with the retinotomies may then be a
factor in the subsequent recurrent RD under silicone oil. We
hypothesized that postponing laser photocoagulation along
the retinotomy edges could allow central slippage of the
remaining retina as well as inward curling of its edges,
avoiding traction over the laser scars and limiting consequent
recurrent retinal detachment. Once PVR fibrosis would have
run its course and the retina is relocated to an unchallenged
position, the postoperative laser would create retinochoroidal
adhesion in that position and allow a relatively safe silicone oil
removal.

We report here the results on the first case series of patients
treated in this manner.

Patient and methods

A retrospective analysis of a series of 13 patients (13 eyes)
was performed at the Rotterdam Eye Hospital, in whom we
did not apply intra-operative laser retinopexy along the
retinotomy edge (“the retinotomy procedure”). The first pa-
tient was operated on in January 2011, and the censoring date
was January 2014. Patients were eligible if they previously
underwent one or more vitreoretinal surgeries for retinal de-
tachment repair, after which they developed a re-detachment
of the inferior retina that was related to obvious PVR. The
nature of the procedure and the need for additional laser
application later was discussed with the patient by the surgeon
and all patients consented to this treatment. Patients in whom
we removed the silicone oil and performed laser surgery of the
retinotomy edges in combination with a gas tamponade were
excluded.

Preoperative data collected for each patient included age,
gender, visual acuity (VA), intraocular pressure (IOP), lens
status, and number and indication of previous vitreoretinal
surgeries. Variables noted during surgery were the position
and clock-hours of the retinotomy. Postoperatively, we ana-
lyzed the interval between the retinotomy procedure and slit
lamp laser retinopexy, and between the slit lamp laser and
silicone oil removal. In addition, postoperative VA, IOP,

retinal status, number and indication of re-operations and
presence of oil at the last visit were recorded.

Surgery

We used a 23-gauge standard three-port pars plana Baush &
Lomb Stellaris vitrectomy system (Bausch & Lomb,
Rochester, NY, US), a chandelier illumination, as well as a
hand-held light pipe and intraocular forceps (Dutch
Ophthalmic Research Center (DORC), Zuidland, the
Netherlands). After the removal of the silicone oil, surgery
entailed the removal of the inner limiting membrane (ILM) (if
not previously removed) and all visible and/or graspable
epiretinal tissue, identification of which was facilitated by
Membrane Blue-Dual® vital staining (DORC). A relaxing
retinotomy without intra-operative laser retinopexy followed
by a silicone oil tamponade was performed in all patients. The
vitreous cutter was used to create the retinotomy and to
remove the retina peripheral to the retinotomy site
(retinectomy). Injection of oil was preceded by a fluid-air
exchange in all cases. Lensectomy and insertion of an intra-
ocular lens was performed at time of the silicone oil removal
in phakic patients. All surgeries were performed by one sur-
geon (JvM).

Laser coagulation along the retinotomy edge was applied
postoperatively with a slit-lamp laser before eventual silicone
oil removal.

Results

Baseline characteristics

The age of the patients (four females and nine males) was 63±
17 (mean±SD) years (range 19–84) (Table 1). The number of
previous vitreoretinal surgeries ranged from one to four (mean
2). All patients had one or more vitrectomies before the
retinotomy procedure. Three patients also underwent one
scleral buckle procedure.

The original diagnosis was a rhegmatogenous retinal de-
tachment in 12 patients (two of them after a blunt trauma and
another patient also had a history of a central retina vein
occlusion). One patient had an RPE-tear after intravitreal
anti-VEGF injections for exudative age-related macular de-
generation. This patient was treated with an autologous RPE-
choroid graft translocation that was subsequently complicated
by an inferior retinal detachment due to PVR. In seven pa-
tients the macula was attached before the retinotomy proce-
dure, but in all but one (the patient with a preoperative VA of
0.6) had been detached at least once before. In the other six
patients the macula was detached. Eight patients were
pseudophakic and two aphakic at time of the retinotomy
procedure.



At the time of analysis, the patients had a total follow-up of
24±7 months (range 11–36) after the retinotomy procedure.
The follow-up after oil removal was 13±9 months (range 2.5-
31 months).

Surgery and postoperative laser slit-lamp retinopexy

The ILM was still present and peeled in three patients. We
performed epiretinal membranectomy in 12 patients and the
removal of subretinal membranes in two. Perfluoro carbon
liquid to flatten the retina was additionally used in two pa-
tients. The total retinotomy size was 5.2±1.4 clock hours
(range 3–8) and always located in the inferior quadrants. In
all patients, a fluid-air exchange preceded the insertion of the
silicone oil tamponade. There were no significant complica-
tions encountered during surgery.

The interval between the retinotomy procedure and slit-
lamp laser retinopexy was 15±12 weeks (range 4–46).
Subsequently, we removed the oil 9±6 weeks (range 3–24)
after the laser in all patients. Curling of the retinotomy edge
was left intact during silicone oil removal.

Anatomical and functional results

Mean VAwas 0.09 (range 1/300 to 0.6) before the retinotomy
procedure and remained unchanged upon the last examination
(mean 0.09 with a range of 1/300 to 0.5). Five patients showed
an increased intraocular pressure (≥ 25 mmHg). Four of them
could be medically controlled and one patient needed trans-
scleral cyclophotocoagulation to normalize the intraocular
pressure. No cases of hypotony (< 7 mmHg) were recorded.

Initial retinal re-attachment after the retinotomy procedure
was achieved in all patients (Table 1).

In most patients, a central shifting of the retina adjacent to
the retinotomy site could already be observed at 1 day after
surgery (Fig. 1). Curling of the retinotomy edge took more
time to develop (Fig. 2).

In 11 patients, a postoperative slit-lamp laser could be
applied to the attached retina just central to the curled
retinotomy edge (Fig. 3). In one patient, the slit-lamp laser
was incomplete due to poor visualization of the anterior retina
and the laser surgery was completed at the time of oil removal
using scleral depression. In two patients, the retina detached in
the inferior quadrants under oil before the slit-lamp laser
procedure could be performed, while their macula remained
attached (Fig. 4). Re-detachment occurred in five more pa-
tients after the oil had been removed, with the macula off in
three. Re-detachment occurred in total in 54 % of eyes (n=7).

Table 1 Patient demographics

Sb scleral buckling, ppv pars
plana vitrectomy, VA visual acu-
ity, preoperative means before the
retinotomy procedure without
peroperative laser retinopexy

Patient Age
(years)

Previous
surgery
(number)

Preoperative
macula on/off

Preoperative
VA

Last
VA

Follow-up
(months)

Postoperative
re-detachment
surgery
(number)

1 66 2 ppv off 2/300 0.5 11 –

2 51 2 ppv off 1/60 2/60 28 2

3 19 2 ppv/ 1 sb on 0.05 0.05 34 3

4 61 3 ppv on 0.1 0.05 36 –

5 67 1 ppv/ 1 sb on 0.2 0.05 13 2

6 81 3 ppv off 0.05 0.05 24 –

7 69 1 ppv/ 1 sb off 1/300 0.5/60 25 –

8 65 1 ppv off 1/300 1/60 25 –

9 77 1 ppv off 1/300 0.1 23 1

10 73 4 ppv on 0.6 0.3 27 –

11 84 1 ppv on 0.05 1/60 27 1

12 49 2 ppv on 0.05 1/60 16 1

13 51 1 ppv on 1/300 0.05 19 2

Fig. 1 Central shift of the retinotomy edge without curling (arrows)
observed at 1 day after surgery (patient 5)



Four patients of the re-detachment group needed 2–3 addi-
tional surgeries. The retina was attached in 12 patients at the
last visit with the oil still in situ in three patients. Figure 5
shows a case of a curled retinotomy edge intact 8 months after
silicone oil removal.

Discussion

In PVR surgery, epiretinal tissue is recognized as an important
cause of re-detachment, much more often than subretinal
membranes. Stiffness of the retina itself, persisting after mem-
brane peeling, is clinically recognized and retinectomy was
introduced as a means of treating this. This approach to
established PVR has remained largely unchanged since it
was popularized in the early 1980s by Zivojnovic [12].
Although this surgical technique meant a major breakthrough
for previously intractable cases, the overall anatomical and
functional outcome of RRD complicated by PVR remains
disappointing, particularly when disease severity necessitates
a relaxing retinotomy. A review of the literature by de Silva
et al. revealed an ultimate anatomical success rate ranging

between 52 and 93 %, whereas mean functional outcome
was worse than 20/400 in 26 % of eyes [13].

Recent insights through imaging and histology have
prompted us to modify our surgical approach of cases with a
particularly high risk of re-detachment.

Histopathological confirmation of intra-retinal fibrosis was
obtained from excised retinectomy tissue, showing a predom-
inantly glial cell activation and proliferation replacing the
neuronal elements [14]. Retinal curling in the absence of
obvious PVR, as can be seen at the edge of a horseshoe tear
or along a giant retinal tear, is probably caused by a combi-
nation of the inherent stiffness of the inner retinal surface on
one hand, and by some degree of swelling of the outer retina
that occurs after detachment as seen on OCT [15, 16].
Contraction of epiretinal membranes in PVR can add
to this phenomenon, causing extreme folding of the
inferior retina after retinotomy [17]. Consequently, the po-
sition where the posterior retina settles immediately after the
retinotomy, under perfluoro carbon liquid, should not be

Fig. 2 Inward curling of the retinotomy edge (arrow) at 6 weeks after
surgery (patient 1)

Fig. 3 Fresh postoperative laser applied at the slit lamp through oil to the
flat retina near the retinotomy edge, 8 weeks after retinotomy (patient 8)

Fig. 4 Curling with significant re-detachment under oil, making laser
surgery impossible. Therefore, a reoperation was needed in this patient
before the oil was removed (patient 11)

Fig. 5 Eighteen months after retinotomy under oil, 10 months after laser
use at the slit lamp and 8 months after oil removal: pronounced curling of
the retinotomy edge is seen, but with a completely flat central retina
(patient 4)



considered unchallenged and thus, intra-operative anchoring
of the retina in this position may not be optimal. Several issues
may have bearing on this.

1. The time course of PVR remains unpredictable and iden-
tification of the phase of the disease based on clinical
signs is almost impossible. The timing of surgery is usu-
ally based on (impending) macular detachment. A
retinotomy may thus be performed when the PVR re-
sponse is not in a quiescent phase [18].

2. The trauma of cutting the retina, although immediately
releasing traction, may (re-)activate the scarring process.

3. Re-attaching the retina, while essential for functional
recovery and ultimately inhibiting the PVR response
may, according to the feline model, initially activates
Muller cell outgrowth [19].

4. Intra-operative (often heavy) laser burns increase the
blood-ocular breakdown and cellular proliferation
[10, 11].

We hypothesized that intra-operative anchoring of
retinotomy edges would not only prevent settling of the short-
ening retina into an unchallenged position, but would also
promote further traction and detachment through reactive
fibrosis. The end result would be either an anterior relocation
of the retina central to the retinectomy when sufficiently
elastic, or in retinal re-detachment in the case that it was not
elastic.

It is unknown for how long a period PVR changes occur,
but clinically, 2–16 (median 8) weeks are thought to be a
reasonable estimate [18]. Typically, recurrent retinal detach-
ment after retinectomies are slow to develop, suggesting that
retinal fibrosis becomes manifest after the laser scars have
healed and have reconstituted chorioretinal adhesion at the
laser site, a much faster process than the spontaneously occur-
ring slow recovery of adhesion elsewhere [20].

Patients included in this series were judged to be at high
risk of recurrent retinal shortening and re-detachment. In
comparison, in patients where this risk is estimated to be
low, we usually choose a gas tamponade even when a
retinotomy is performed and rely in these cases on laser scar
adhesion to form while the breaks are temporarily closed by
the gas bubble. The 13 patients in this series were given
lighter-than-water silicone oil, rather than a gas tamponade.
Avoiding retinopexy could theoretically increase the likeli-
hood of re-detachment, as fluid could gain access to the
subretinal space that is not occluded by laser scars. We have
previously demonstrated that a buckle without intra-operative
retinopexy can sufficiently occlude the retinal breaks, leading
to successful re-attachment in conventional buckling surgery
[21]. Similarly, an intra-ocular tamponade can displace fluid
away from a retinal break, allowing the retina to re-attach as
can be observed in pneumatic retinopexy. Postponing laser

surgery under silicone oil has been described before the era of
routine availability of endolaser procedures. It has also been
suggested as a strategy to reduce reproliferation in inflamed
eyes [22]. In this series, the silicone oil bubble in itself seemed
to sufficiently tamponade the retinotomy and prevented resid-
ual vitreous fluid from gaining access to the subretinal space.
Lighter-than-water silicone oil does not provide an actual
closure of inferior retinotomies but would decrease the risk
of recurrent retinal detachment by decreasing fluid currents
around the retinotomy edge [23]. Recurrent RD is thought to
be more common in the inferior quadrants because cells
gravitate there in a watery milieu, which also contains the
hydrophilic growth factors and cytokines. The use of heavy
silicone oil was thought to result in a lower tendency for PVR
by shifting this PVRmilieu away from the inferior retina. This
hypothesis, however, was not fully realized in practice in two
clinical studies. In an observational study, 39 patients with a
lighter-than-water silicone oil tamponade with an inferior
chorioretinal wound in contact with the watery milieu did
not develop PVR more frequently than 170 patients with a
similar wound in the superior quadrants tamponaded by the
same silicone oil [24].

In the HSO (heavy silicone oil) study, heavier-than-water
silicone oil was compared to lighter-than-water silicone oil,
but no difference in the rate of recurrent retinal detachment
was found. However, recurrent retinal detachment did develop
in the quadrants where an aqueous compartment was left [8].
A large inferior retinotomy without retinopexy may
therefore be an interesting indication for HSO
tamponade, as it may prevent the excessive curling we have
seen in some of our patients (Fig. 5) and may reduce the re-
detachment rate under oil. We intend to investigate whether
HSO tamponade could indeed reduce the recurrence rate
under such circumstances.

Scleral buckling in addition to vitrectomy is another well-
accepted technique for dealing inferior retinal shortening and
possibly reducing the need for relaxing retinotomies. Initial
experience with combined vitrectomy and external scleral
buckle for proliferative vitreoretinopathy often had modest
anatomical outcomes, but no comparative trials of the two
techniques have been undertaken, however, and the choice of
technique remains governed by surgeon personal preference
[25–27]. The added value of a buckle was not investigated in
this study.

To allow central relocation of the shortening retina, we
delayed laser surgery until several weeks after the procedure.
We performed slit-lamp laser photocoagulation of the
retinotomy edges, central to the curled areas, and assumed
that the retina would by then be in a position no longer under
contraction. In addition, some recovery of the physiological
adhesion between the retina and RPE would have occurred
and the retinal swelling subsided, reducing the need for ex-
tensive and heavy laser use. This modified surgical approach



to PVR could theoretically improve functional outcomes by a
reduced incidence of macula-off re-detachments under oil.

In 10 patients we have observed signs of curling or central
slippage, confirming our assessment of residual fibrosis. In
two patients, with their macula still on, we did not apply
deferred laser use, as the recurrent detachment was too exten-
sive, but proceeded to surgery, again with deferred lasering.
Eventually, postponed lasering allowed oil removal in all 13
patients. Recurrent detachment, however, developed in five
(three with their macula off) after some weeks.

Hence, the overall anatomical outcome is not significantly
superior to previous reports. Nevertheless, as we only includ-
ed challenging cases with poor prognosis in this series, the
hypothesized mechanism of recurrent RD after relaxing
retinotomy in relation to intra-operative laser photocoagula-
tion may be realistic, and postponing laser use may merit
consideration in selected patients suspected of future inferior
recurrent RD under silicone oil.
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ABSTRACT.
Purpose: To evaluate the feasibility of two novel ‘heavy’ dye solutions for staining
the internal limiting membrane (ILM) and epiretinal membranes (ERMs), without
the need for a prior fluid-air exchange, during macular surgery.
Methods: In this prospective nonrandomized multicenter cohort study, the high
molecular weight dyes ILM-Blue� [0.025% brilliant blue G, 4% polyethylene gly-
col (PEG)] and MembraneBlue-Dual� (0.15% trypan blue, 0.025% brilliant blue
G, 4% PEG) were randomly used in vitrectomy surgeries for macular disease in
127 eyes of 127 patients. Dye enhanced membrane visualization of the ILM and
ERMs, ‘ease of membrane peeling’, visually detectable perioperative retinal dam-
age, postoperative best-corrected visual acuity (BCVA), dye remnants and other
unexpected clinical events were documented by 21 surgeons.
Results: All surgeries were uneventful, and a clear bluish staining, facilitating the
identification, delineation and removal of the ILM and ERMs, was reported in all
but five cases. None of the surgeries required a fluid-air exchange to assist the dye
application. BCVA at 1 month after surgery improved in 83% of the eyes in the
MembraneBlue-Dual� group and in 88% in the ILM-Blue� group. No dye rem-
nants were detected by ophthalmoscopy, and no retinal adverse effects related to
the surgery or use of the dyes were observed.
Conclusion: The ‘heavy’ dye solutions ILM-Blue� and MembraneBlue-Dual� can
be injected into a fluid-filled vitreous cavity and may facilitate staining and removal of
the ILM and ⁄or ERMs in macular surgery without an additional fluid-air exchange.

Key words: brilliant blue G – epiretinal membrane – internal limiting membrane – macular sur-

gery – polyethylene glycol (PEG) – trypan blue
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Introduction
As epiretinal membranes (ERMs), the
internal limiting membrane (ILM) and
the vitreous cortex are essentially
transparent tissues, nontraumatic
removal may be challenging in various
types of macular surgery. In 1998,
Melles et al. introduced the use of
vital dyes for staining (the capsulorh-
exis and) epiretinal membranes, allow-
ing for better visualization of these
tissues during vitrectomy, and selec-
tive ‘membrane peeling’ from the
underlying retina (Melles 1999; Melles
et al. 1999).
Veckeneer, Feron, Stalmans and

Teba et al. pioneered the use of try-
pan blue (TB) for selective staining
of ERMs and the ILM (Feron et al.
2002; Teba et al. 2003; Veckeneer
et al. 2001). However, while awaiting
FDA approval for trypan blue for
use in ‘chromovitrectomy’, surgeons
started using off-label indocyanine
green (ICG) in macular hole surgery,
indicating the demand for tissue
staining in removal of the ILM
(Burk et al. 2000; Da Mata et al.



2001; Gandorfer et al. 2001a; Kadon-
osono et al. 2000; Kusaka et al.
2001; Kwok et al. 2001; Stalmans
et al. 2001). Clinical observation
showed that ICG was more effective
in staining the ILM than TB, while
TB had better affinity for epiretinal
membranes (Teba et al. 2003; Enaida
et al. 2006a,b). Alternative dyes such
as brilliant blue G (BBG) were later
preferred over ICG because of the
potential toxicity of the latter dye
(Engelbrecht et al. 2002; Gandorfer
et al. 2001b; Sippy et al. 2001;
Weinberger et al. 2001). To further
improve the staining effect of TB and
BBG, a fluid-air exchange is com-
monly performed. This limits swirling
of the dye within the fluid-filled vitre-
ous cavity and achieves a more con-
centrated dye near the target tissue.
However, a fluid-air exchange may
jeopardize subsequent visualization of
the macula during peeling due to
clouding of the posterior lens capsule
and may relate to postoperative
visual field defects (Hasumura et al.
2000; Hirata et al. 2000; Yang et al.
2006).
To overcome these problems,

sequential ‘double’ staining (Stalmans
et al. 2003) and addition of glucose
(Lesnik Oberstein et al. 2007) or deu-
terium oxide (D2O) (Gerding et al.
2011) to increase the viscosity and ⁄or
density of the dye solution have been
evaluated. Preferably, these com-
bined, ‘heavy’ dyes should come as
premixed, ‘ready-to-use’ dye solutions
with acceptable shelf-life, good bio-
compatibility and CE and ⁄or FDA
approval. Recently, extensive labora-
tory studies have yielded two novel
commercially available and CE-
approved dye solutions, Membrane-
Blue-Dual� and ILM-Blue�, that
may have a higher efficacy as a result
of the synergenic effect through the
use of two dyes within the same sam-
ple, combined with polyethylene gly-
col (PEG) to increase the molecular
weight and viscosity, potentially elim-
inating the need for fluid-air
exchange. The purpose of our study
was to prospectively evaluate whether
these novel, polyethylene glycol
(PEG)-enriched, ‘heavy’ dye solutions
(Membrane Blue-Dual� and ILM-
Blue�) effectively stained ERM’s as
well as ILM without prior fluid-air
exchange.

Materials and Methods
A total of 127 eyes of 127 patients
enrolled in this prospective study and
were randomly assigned into two
groups: Group I had macular surgery
performed with the intra-operative use
of MembraneBlue-Dual�, a solution
with 0.15% trypan blue + 0.025%
brilliant blue G + 4% polyethylene
glycol (D.O.R.C. International, Zuid-
land, the Netherlands) (63 eyes, 35
male and 28 female, mean patient age
68 ± 1.3 years); and Group II with
ILM-Blue�, a solution with 0.025%
brilliant blue G + 4% polyethylene
glycol (D.O.R.C. International) (64
eyes, 35 male and 29 female, mean
age 68 ± 1.3 years) (Table 1). The
study protocol was subjected to IRB
review and all patients signed an IRB-
approved informed consent. Patients
consented to prospective data collec-
tion, and the study was conducted
according to the declaration of Hel-
sinki.
Vitrectomy surgeries were per-

formed by 21 surgeons in 20 centres
(Fig. 1). In all cases, a 23- or 25-
Gauge valved cannula 3-port pars
plana vitrectomy was performed, dur-
ing which a posterior vitreous
detachment was created when
needed. Without performing a prior
fluid-air exchange, either 0.1 ml of
MembraneBlue-Dual� (Fig. 2A) or
of ILM-Blue� (Fig. 2B) was applied
onto the macula (while the vitreous
cavity was completely filled with
fluid), and all excess dye was imme-
diately aspirated with a blunt back-

flush instrument. In all cases, the
intention was to completely remove
epiretinal membranes as well as ILM
in the central macular area. The
stained ILM ⁄ERMs were removed
using routine surgical techniques, by
engaging the tissue with a pick or
hooked needle, peeling the tissue
from the underlying retina, and
removing it from the eye with an
intraocular forceps (Fig. 2C,D). In
eyes with a macular hole, the surgery
was completed by gas tamponade
(C3F8 or SF6). Simultaneous phaco-
emulsification with intraocular lens
implantation was performed in eyes
that also had a cataract (Group I:
n = 9, Group II: n = 20).

To evaluate the efficacy of both
dyes in the visualization of the ILM
and ⁄or ERMs, and the ‘ease of mem-
brane removal’ after staining, these
parameters were graded on a scale of
1 (poor) to 10 (excellent), by each sur-
geon for each individual intervention.
Patients were examined before sur-
gery, at the first postoperative day,
and 1, 6 and 12 months after surgery.
At each visit, the best-corrected visual
acuity (BCVA), intraocular pressure
(IOP), slit-lamp biomicroscopy and
funduscopy details were documented.
Particular attention was given to post-
operative dye remnants, and ⁄or unex-
pected clinical events possibly related
to the use of dye. Surgeons were
requested to report any signs of
mechanical trauma such as ‘pinch’
haemorrhages and local retinal tears.
The clinical outcome at 1 month was
used for comparison with the pre-

Table 1. Patient data.

MembraneBlue-Dual� ILM-Blue� p

Number of patients included 63 64

Age (mean ± SD) (years) 68 ± 1.3 68 ± 1.3 0.83

Male ⁄ female 35 ⁄ 28 35 ⁄ 29 0.92

OD ⁄OS 29 ⁄ 34 37 ⁄ 27
Lens status before surgery

Phakic 34 27

Pseudophakic 18 15

Cataract 9 20

Unknown 2 2

Indication 0.26

Macular hole 9 25

Macular pucker 45 28

Macular oedema 3 3

Retinal detachment 2 4

Proliferative vitreoretinopathy 1 0

Vitreomacular traction syndrome 0 4

ERM with central vein occlusion 3 0



operative data, because the use of gas
tamponade in macular hole cases did
not allow for reliable visual acuity
measurements on the first postopera-
tive day.

Statistical analysis

A total of 21 patients with incomplete
follow-up or data collection were
excluded from the study.
For statistical analysis, a t-test was

conducted to detect differences regard-
ing age, gender, indication for surgery,
and pre-operative and postoperative
BCVA, between Group I and II. Pear-
son correlation analysis was per-
formed to assess the correlation
between the efficacy of tissue staining
and the ‘ease of membrane peeling’,

the indication for surgery and efficacy
of staining, and the indication for sur-
gery and the ‘ease of membrane peel-
ing’. Linear regression analysis was
conducted to evaluate whether the
dye-choice or the indication for sur-
gery related to the postoperative
visual acuity. p < 0.05 was consid-
ered significant.

Results

Efficacy of staining and ‘ease of mem-

brane peeling’

In Group I (MembraneBlue-Dual�),
efficacy of tissue staining was graded
8 (±2), and membrane removal 7
(±2), and in Group II, (ILM-Blue�)
were graded 6 (±3) for both parame-

ters (Table 2). Hence, the ‘ease of
membrane peeling’ correlated with
the density of staining achieved
(Pearson correlation analysis;
p < 0.001).
In both Group I and II, no correla-

tion was found between the indication
for surgery (Table 1) and the efficacy
of staining (p = 0.35), or between the
indication for surgery (Table 1) and
‘ease of peeling’ (p = 0.72). A second
dye application was required in 25
(40%) cases in Group I and 21 (33%)
cases in Group II (Table 2). In one
centre, a secondary ICG application
was performed after unsatisfactory
staining with MembraneBlue-Dual�
(two cases) or ILM-Blue� (three
cases). After surgery, none of the eyes
showed residual staining or dye rem-
nants. No side-effects related to the
intra-operative use of the dyes were
observed. No signs of mechanical
trauma related to membrane peeling
were reported.

BCVA and IOP

In Group I, BCVA averaged 0.2
(±0.4) before, and 0.4 (±0.5) at
1 month after surgery (Table 3):
BCVA improved in 52 eyes (83%)
was stable in nine eyes (14%) and
worsened one line in two eyes (3%).
In Group II, BCVA averaged 0.15
(±0.5) pre-operatively, and 0.3
(±0.5) at 1 month (Table 3): BCVA
improved in 55 eyes (88%) was stable
in six eyes (9%), and worsened one
line in three eyes (3%).
All patients had a normal IOP

(Table 3), except for two eyes in
Group I and one eye in Group II
(Table 3), which showed a transient
rise in IOP that returned to normal
after topical treatment.
Between Group I and II, no differ-

ences were found in pre-operative
BCVA (p = 0.94), postoperative
BCVA (p = 0.4), pre-operative IOP
(p = 0.64), postoperative IOP (p =
0.32), age (p = 0.83), gender
(p = 0.92) or indication for surgery
(p = 0.26). Postoperative BCVA did
not correlate with the dye-choice or
the indication for surgery.
Complete data files were available

of 35 eyes reaching 6 months of fol-
low-up and 28 eyes with 12 months
follow-up. No complications or side-
effects related to the intra-operative
use of the dye solutions were found.

Fig. 1. World map of participating surgeons and their location. (1) Marc Veckeneer, M.D.,

Oog ziekenhuis Rotterdam, the Netherlands; (2) Andreas Mohr, M.D., St. Joseph Stift, Bre-

men, Germany; (3) Essam Alharthi, M.D., Alhokama Eye Specialist Centre, Riyadh, Saudi

Arabia; (4) Rajvardhan Azad, M.D., FRCSed., Dr. Rajendra Prasad Centre for Ophthalmic

Sciences, All India Institute of Medical Sciences, Ansari Nagar, New Delhi, India; (5) Ziad F.

Bashshur, M.D., American University of Beirut, Lebanon; (6) Enrico Bertelli, M.D., Div. Ocu-

listica, Azienda Sanitaria dell’Alto Adige-Südtirol, Bolzano, Italy; (7) Riad A. Bejjani, M.D.,

Lebanese American University, Lebanon and Saint Joseph University, Beirut, Lebanon; (8)

Brahim Bouassida, M.D., Clinique Ophthalmologique et O.R.L. De Tunis, Tunesia; (9) Dan

Bourla, M.D., Rabin Medical Centre, Petah Tikva, Israel; (10) Iñigo Corcóstegui Crespo,

M.D., Instituto Clı́nico Quirúrgico de Oftalmologı́a, Bilbao, Spain; (11) Charbel Fahed, M.D.,
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Amman, Jordan; (13) Marco Mura M.D., Academic Medical Centre, University of Amsterdam,
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rocki, M.D., Ph.D., Klinika Okulistyczna, Okulistyczna ‘Jasne Blonia’, Lodz, Poland; (15) Kel-

vin Rivett, M.D., Medivision, Beacon Bay, South Africa; (16) Gabor B. Scharioth, M.D.,

Ph.D., Aurelios Augenzentrum, Recklinghausen, Germany; (17) Dmitry O. Shkvorchenko,

M.D., S. Fyodorov Eye Microsurgery State Institution, Moscow, Russia; (18) Peter Szurman,

M.D., Ph.D., Knappschafts krankenhaus Sulzbach, Sulzbach, Germany; (19) Hein Van Wijck,

M.D., Keravision, Johannesburg, South Africa; (20) Ian Y. Wong, FHKAM and David S.H.
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(NIIOS), Rotterdam, the Netherlands.



Discussion
In the past decade, the use of vital
dyes during vitrectomy has become
standard practice for most surgeons.
The currently available dye solutions,
however, require application ‘under
air’, show variable staining capacities
and may sometimes have a question-
able safety record. We therefore con-
ducted extensive laboratory studies to
determine which dyes can be com-
bined to broaden the staining profile
without the risk of chemical interac-
tion between the dyes (NIIOS, unpub-
lished). Furthermore, we investigated
which high molecular weight additives

would be most suitable for use in such
a combined dye solution, to facilitate
the application of the dye in balanced
salt solution, that is, without perform-
ing a fluid-air exchange. Finally, it
would be preferable that a solution is
subjected to CE and ⁄or FDA
approval, to avoid variation in shelf-
life and ⁄or contamination of the dye
solution, as has been reported with
off-label use products (Centres for
Disease Control and Prevention 2012).
In the current study, two ‘novel’

compound ‘heavy’ dye solutions,
MembraneBlue-Dual� and ILM-
Blue�, were evaluated by a panel of
experienced vitreo-retinal surgeons

(Fig. 1). Our study showed that these
solutions met a first objective, as none
of the surgeries required a fluid-air
exchange to obtain effective staining
of the targeted area. If so, these
‘heavy’ dyes may be easier to use dur-
ing vitrectomy than earlier solutions,
while fluid-air exchange-related com-
plications are avoided.
So far, the dyes commercially avail-

able were dissolved in balanced salt
solution resulting in a density of the
dye solutions similar to that in the
infusion system. To facilitate the
application, and to obtain sufficient
intensity of staining, ‘swirling’ of the
dye throughout the vitreous cavity
was commonly avoided by performing
a fluid-air exchange before injecting
the dye (Engelbrecht et al. 2002; Gan-
dorfer et al. 2001a; Sippy et al. 2001;
Weinberger et al. 2001). However,
because a fluid-air exchange may
interfere with media clarity and may
hold the risk of postoperative visual
field defects, surgeons would want to
avoid this manoeuvre (Hasumura
et al. 2000; Hirata et al. 2000; Yang
et al. 2006).
To increase viscosity and density of

the dye solution, glucose (Lesnik
Oberstein et al. 2007) or deuterium
oxide (D2O) (Gerding et al. 2011) has
been added to the dye solution, to
promote immediate settling of the dye
onto the macula and to minimize dis-
persion throughout the vitreous cav-
ity. With D2O, the density of the dye
solution is increased, but not its vis-
cosity, so that the dye is dispersed
throughout the vitreous cavity when
the infusion line is opened. Alterna-
tively, the addition of glucose to the
dye solution improves both the viscos-
ity and the density of the solution but
the osmolarity may be increased to
toxic levels (Costa et al. 2009). Also,
most ‘short-chain sugars’ (glucose,
maltose, etc.) show poor stability of
the solution, rendering them less suit-
able for ‘ready-to-use’ dye solutions
(Frank et al., unpublished).
From a panel of high molecular

weight compounds, PEG was chosen
as an additive to the dye solution to
obtain effective tissue staining, but
without the need for a prior fluid-air
exchange. A good biocompatibility
and chemical stability (for acceptable
shelf-life) of the PEG enriched dyes
should make them suitable as ‘ready-
to-use’ product, as PEG is an additive

(A) (B)

(C) (D)

Fig. 2. Intra-operative images of (A) MembraneBlue-Dual� and (B) ILM-Blue� staining of

the ERM and ⁄ or ILM. Before staining, the epiretinal tissue can hardly be visualized. After a

core vitrectomy, a posterior vitreous detachment was induced. With the vitreous cavity filled

with fluid, MembraneBlue-Dual� (A) or ILM-Blue� (B) was gently injected into the fluid-filled

vitreous cavity, over the macular area. Note that these dyes immediately sink to the posterior

pole without dispersing throughout the vitreous cavity. After the excess dye is aspirated, the size

and extent of the ERM and ILM are clearly visible, following staining with MembraneBlue-

Dual� (C) or ILM-Blue� (D).

Table 2. Staining and injection characteristics.

MembraneBlue-Dual�
(n = 63)

ILM-Blue�
(n = 64)

Scoring 1–10: poor-excellent

Staining result

Mean ± SD 8 ± 2 6 ± 3

Range 4–10 1–10

Ease of membrane peeling

Mean ± SD 7 ± 2 6 ± 3

Range 3–10 1–10

Second dye application 25 21



commonly used in human pharmacol-
ogy products. PEG 3350 (as used in
MembraneBlue-Dual� and ILM-
Blue�) has a molecular weight of
3350 Dalton resulting in an osmolar-
ity of 0.012Osm for a 4% solution, 18
times lower than the osmolarity of a
4% glucose solution (0.22Osm). Thus,
adding PEG 3350 increases the viscos-
ity and density of the solution without
significant impact on its osmolarity
(Money 1989).
PEG also has several other advan-

tages. First, PEG reduces the potential
toxicity of a dye solution (Awad et al.
2011). A recent study on cytotoxicity
in retinal pigment epithelial cell cul-
ture reported that dye solutions con-
taining 4% PEG 3350 showed lower
toxicity than those without PEG. Fur-
thermore, using electrophysiological
evaluation, good biocompatibility of
MembraneBlue-Dual� and ILM-
Blue� has been found with applica-
tion times up to 5 min (Januschowski
et al. 2012).
Our study showed that both dyes

investigated effectively stained
(epi)retinal membranes during surgery
in all eyes, except for five all oper-
ated on by the same surgeon, who
used ICG as a back-up stain in these
cases. Most surgeons reported that
both dyes showed effective staining
within approximately 15 seconds
(although some cases required
repeated injections) and that they
could be injected into and aspirated
from the fluid-filled vitreous cavity
while the infusion line remained

open. Swirling of the dye may also
have been limited by the use of the
valved cannula system.
As the tissue composition of various

ocular structures such as the vitreous
cortex, epiretinal membranes or the
ILM may differ greatly, it may be
expected that staining patterns also
differ among these tissues, and
between disease entities, severity and
stage. With regard to PVR, the cellu-
larity of the membrane as compared
to the fibrous extracellular matrix
components depends on the phase of
the wound healing and with the pro-
gression of the disease, the affinity of
a specific dye will also vary. Oberstein
et al. (2011) reported that cellularity
and active proliferation is particularly
pronounced in ‘fresh’ PVR, whereas
‘older’ membranes are much less
active. Intra-operative application of
trypan blue selectively stains degener-
ating cells which are usually present in
PVR membranes but particularly
common in ‘older’ membranes. This
agrees with the fact that TB usually
stains these membranes more intensely
at the time of oil removal (Feron
et al. 2002). However, the efficacy of
TB may vary with the fibrotic compo-
nent of ERM, showing less intense
staining with less cellular or reactive
tissue elements. Hence, the ‘naked’
ILM, essentially an a-cellular matrix,
is better visualized with ICG or BBG.
In most macular diseases, however,
ILM contains some degree of ERM as
was demonstrated by Kenawy et al.
(2010), and Gandorfer et al. (2005,

2012). These observations have added
to the debate about whether a ‘naked’
ILM that does not contain any ERM
(and would stain poorly with TB)
should be removed to begin with.
To improve the overall staining

effect, a combination of several dyes
has been suggested. Stalmans et al.
(2003) reported the technique of
sequential ‘double’ staining using TB
for ERM peeling, followed by ICG
to visualize ILM. More recently, the
combination of TB with BBG has
been investigated (Awad et al. 2011).
The aim of the current study was to
expand on a mixed dye solution that
would provide a broader range of
tissue staining, while allowing dis-
crimination between the various tis-
sues. Although overlapping to some
extent, both dye solutions investi-
gated may have a different use in
application. ILM-Blue� may be pri-
marily indicated for retinal disease
with a minor fibrotic component,
such as ILM removal in macular
hole surgery. MembraneBlue-Dual�
was found to have a broader scope
of application, rendering it suitable
for more complex retinal disease,
with either variable disease stages,
different types of (fibrotic) mem-
branes or a more extensive surface
area of pathology. However, our
study also showed that Membrane-
Blue-Dual� may better facilitate
macular membrane peeling. Owing to
the addition of trypan blue, the area
of ILM covered with ERM does not
demonstrate the ‘negative’ staining as
is usually seen with the use of ICG
or BBG alone (Park et al. 2008;
Schumann et al. 2010).
Although the long-term studies are

warranted to determine the safety of
the dyes investigated, no intra- or
postoperative complications or side-
effects related to the use of the dyes
were reported up to 12 months after
surgery. With an improved BCVA at
1 month after surgery in 80–90% of
cases, both novel dyes solutions
appeared effective and user-friendly in
vitreo-retinal macular surgery.
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Table 3. Pre-operative and 1 month postoperative evaluation results.

MembraneBlue-Dual�
(n = 63)

ILM-Blue�
(n = 64)

p

BCVA pre-op

Mean ± SD 20 ⁄ 100 (0.2 ± 0.4) 20 ⁄ 100 (0.15 ± 0.5) 0.94

Range HM -20 ⁄ 25 (HM-0.7) HM -20 ⁄ 40 (HM-0.5)

BCVA 1 month postop

Mean ± SD 20 ⁄ 50 (0.4 ± 0.5) 20 ⁄ 60 (0.3 ± 0.5) 0.40

Range CF -20 ⁄ 25 (CF-0.8) 20 ⁄ 200-20 ⁄ 20 (0.1–1)

AT pre-op

Mean ± SD 15 ± 3.5 15 ± 3.4 0.64

Range 9–24 8–22

AT 1 month postop

Mean ± SD 15 ± 3.7 14 ± 2.8 0.32

Range 8–24 11–24

Changes in BCVA

Improved 52 55

Stable 9 6

Worsened 2 3

CF = Counting fingers, HM = Hand movements.
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Vital Stains for Vitreoretinal Surgery

Since the introduction of vital dyes in posterior
segment surgery, our capacity to comfortably and

completely remove tissues that were previously diffi-
cult to visualize, such as the vitreous cortex, the epi-
retinal membranes, and the internal limiting membrane
(ILM), has increased radically, as has our inclination to
do so.
However, what has been gained through all of the

membrane staining and peeling in the macular area? A
large amount of research and publications? Most
certainly. Better anatomical results? Very likely. Better
functional results? Unfortunately, even after 12 years
of the staining era, the jury is still out on this question.
Hence, before we discuss the issue of staining, we

must ask why and when we should really peel
a membrane. After the introduction of indocyanine
green (ICG) for ILM staining by Kadonosono et al1 in
2000, the focus of the debate on this unresolved matter
unfortunately shifted from “to peel or not to peel”
toward “which is the most effective and safe dye.”
How effective is membrane peeling, truly? When

we consider the surgical repair of a rhegmatogenous
retinal detachment complicated by proliferative vitre-
oretinopathy, the foremost goal of our intervention is
anatomical success. To achieve this goal, the meticu-
lous removal of epiretinal and, sometimes, subretinal
membranes (which should be as atraumatic as possible
and followed by relaxing retinotomy, if necessary)
allows us to reattach the retina. Using a dye, such as
trypan blue, in these cases, undeniably increases the
visualization of the membrane and, more importantly,
of its full extent. In addition, peeling all of the
epiretinal membranes made visible by the dye appli-
cation at the time of silicone oil removal has been
reported to reduce the incidence of redetachment.2

However, our main indication for membrane peeling
is not traction related to proliferative vitreoretinopathy
but traction at the vitreomacular interface. The goal of
surgery in these macular diseases is typically to
improve function. Patients can present with good
visual acuity, complaining only of metamorphopsia.

As a result, the margin for error in these cases
is minimal, and our decision to peel a membrane in
the macular area should be based on a very high
likelihood that the membrane peeling will resolve the
symptoms with a very low risk of adverse effects.
Internal limiting membrane peeling has been studied

for macular edema in diseases such as Irvine-Gass
syndrome, uveitis, vascular occlusions, diabetes, and
retinitis pigmentosa and for idiopathic or secondary
epimacular membranes, vitreomacular traction, and
full-thickness macular holes.3–6 Although numerous
studies have demonstrated an improved anatomical
outcome (often highly significant) after ILM peeling,
only one study, on macular hole surgery, found a sig-
nificantly greater mean improvement in vision in the
peel versus no peel group. No functional benefit of
ILM peeling has been demonstrated in cases of mac-
ular pucker or macular edema related to diabetes or
vein occlusion. An important common result in the
majority of reports is the absence of epiretinal mem-
brane recurrence in the area where the ILM was
peeled. This finding in conjunction with the fact that
no prospective comparative study has shown an infe-
rior functional outcome after ILM peeling may be
considered a strong argument in favor as was sug-
gested by Almony et al7 in a recent review article on
the rationale for ILM peeling. An overview of the
studies that have prospectively compared peeling ver-
sus no peeling are listed in Table 1.8–13

Complications associated with the peeling itself,
phototrauma, or dye-related toxicity have been
reported abundantly.14–16 A crucial issue in the discus-
sion on safety of ILM peeling (with or without dye) is
the choice of outcome measures and how they are
studied. We know that anatomical success, as mea-
sured by optical coherence tomography, correlates
poorly with distance visual acuity. In addition, dis-
tance visual acuity may not be the best outcome mea-
sure for macular visual function. Tadayoni et al17

recently reported absolute paracentral microscotomas
as measured with scanning laser ophthalmoscopy
(SLO) microperimerty in five of eight cases after
ILM peeling compared with zero of eight without
peeling.17 Yet another concern is whether improved
visual function in the operated eye of a patient with
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another good eye is a good outcome measure for qual-
ity of life. Ternent et al,18 in a prospective randomized
trial, found no statistically significant difference in
either costs or quality-adjusted life years between mac-
ular hole surgery with or without ILM peeling.18

The question of whether to peel should conse-
quently be raised in each separate case. However,
once we have decided that we really must peel
a membrane, a technique to improve the visibility
of that membrane would significantly facilitate the
procedure. Indeed, most surgeons will agree that
peeling an unstained (semi)transparent membrane,
particularly the ILM, is challenging, often incomplete
and seldom atraumatic. To be applicable on a large
scale, such a technique should be certified, safe and
highly effective in the majority of cases, and easy
to use.
At present, how far have we progressed in devel-

oping such a technique, and does it comply with all of
our demands?
We have been aware of the possibility of staining

the ILM using ICG since 2000. Although this dye is
highly effective in staining the ILM, early publications
reported damage to the retinal pigment epithelium
(RPE) after its use.19 This observation urged the intro-
duction of other, safer alternatives. In the past 12
years, trypan blue, brilliant blue green, and (even

though not a dye, as such, but rather a light-reflecting
and light-scattering granule) triamcinolone acetonide
have been widely used. Preservative-free triamcino-
lone (Triesence, Alcon Laboratories Inc., Fort Worth,
TX) is registered for use in vitrectomy in the United
States, whereas FDA-approved trypan blue (Membrane-
Blue, Dutch Ophthalmic Research Center [DORC],
Zuidland, The Netherlands) and brilliant blue green
(Brilliant Peel, Geuder AG, Heidelberg, Germany, and
ILM-Blue, Dutch Ophthalmic Research Center) are
commercially available in Europe for the staining of
fibrotic tissue and the ILM, respectively. More recently,
a combined dye has become available (MembraneBlue-
Dual�).
Nevertheless, a number of concerns regarding

chromovitrectomy remain.

Safety

Much research has focused on the aspect of dye-
related toxicity. One of the reasons that considerable
debate still exists on this subject is the fact that
a myriad of different analyses are used to investigate
this issue, which range from (many different types of)
cell culture, tissue culture, and in vivo animal models
to clinical trials in patients.20–23 Unfortunately, most

Table 1. Published Prospective Studies Comparing Peel Versus No Peel

Author Indication Intervention Adjuvant
Study
Design

Anatomical
Results (%)

Functional
Results

Lois et al8 Macular
hole

Peel (67) vs.
no peel (64)

TB Prospective +
randomized

Hole closure
84 (peel),

48 (no peel);
P , 0.001

No significant
difference

Christensen
et al10

Macular
hole

Peel ICG (35) vs.
Peel TB (18) vs.
no peel (25)

ICG, TB Prospective +
randomized

Hole closure
94 (ICG peel),
89 (TB peel),
44 (no peel);
P , 0.001

No significant
difference

Kwok
et al9

Macular
hole

Peel (26) vs.
no peel (25)

ICG Prospective +
randomized

Hole closure
92.3 (peel),
32 (no peel);
P , 0.001

Mean BCVA
lines gained
3.7 (peel), 1.5
(no peel);
P = 0.002

Shimada
et al11

Macular
pucker

Peel ERM
only (104) vs.

peel
ERM+ILM (142)

ICG, TB,
BBG, TA

Prospective
nonrandom

ERM recurrence
16.3 (ERM only),
0 (ERM+ILM);
P , 0.001

No significant
difference

Odrobina
et al12

PVR Peel (33) vs.
no peel (51)

TB Prospective
nonrandom

Macular ERM
recurrence
0 (peel),

17.6 (no peel);
P = 0.008

No significant
difference

Patel
et al13

DME Peel (10) vs.
no peel (8)

Not
disclosed

Prospective
nonrandom

No significant
difference

No significant
difference

TB, trypan blue; TA, triamcinolone acetonide; ERM, epiretinal membrane; PVR, proliferative vitreoretinopathy.



of the work is performed by different research groups,
each with its own focus on one type of analysis, rather
than working according to a systematic, step-by-step
approach to the evaluation of intraocular dyes, with
preliminary ex vivo safety testing before animal and
then human studies. The results are often contradictory
and should be interpreted with care. Let us attempt to
distinguish the facts that this research has demon-
strated from the further questions that it has raised.
Publications on the toxic potential of ICG demon-

strate the previous point adequately. ICG was sus-
pected early on to be the cause of poor postoperative
visual recovery, visual field defects, and RPE atrophy
in patients treated for macular holes.15,19,24 Increasing
toxicity with exposure time was later confirmed in cell
culture studies. In contrast, infracyanine green,
although it uses the exact same chromophore as
ICG, involves different additives (iodine in ICG) and
a different solvent (water in ICG and glucose in infra-
cyanine green) and was not toxic in RPE culture com-
pared with ICG.25 More recently, infracyanine green
was reported to be the least toxic dye compared with
brilliant blue G (BBG), bromophenol blue, and ICG
when tested in RPE and retinal ganglion cell cul-
tures.20 This finding indicates that different aspects
of the dye, such as the osmolarity, additives, and
solvent, require optimization. The use of a solvent
with minimal impact on osmolarity, such as poly-
ethylene glycol, can reduce the toxic potential of
a dye, as a recent study on cytotoxicity in RPE culture
has shown.26

Another strongly debated topic is the cleavage
plane of the membrane peel. In particular, ICG
seems to alter the surgical plane, thereby potentially
causing significant sub-ILM damage.27 The tissue-
modifying abilities of ICG in relation to the photo-
sensitization-dependent crosslinking of collagen
could have a bearing on this effect. Conversely,
Kenawy et al28 have shown that rather than the
dye, the type of disease and thus the membrane that
is peeled determine the cleavage plane and the asso-
ciated collateral damage.28

Yet another source of potential dye-related toxicity
is the use of off-label products. These products can be
purchased as powders and need to be dissolved
(without granules remaining in the fluid), diluted to
the correct concentration, and continuously maintained
under sterile conditions. Apart from the purity of the
powder (presence of the active substance in the raw
compound can range from 60% to 95% between
batches and is mentioned on the certificate of analysis)
(internal communication, Thomas De Rijdt, Pharmacy
UZLeuven, 2006), the manipulations needed to com-
pound the product are susceptible to error, potentially

leading to incorrect (hence toxic) concentrations or
endophthalmitis.

Effectiveness

Ideally, one dye should stain all of the different
tissues that we want to target during our surgical
intervention. Unfortunately, different dyes have dif-
ferent affinities toward our target tissues. If we want to
stain the vitreous cortex and an epiretinal membrane
and the ILM, we will need to apply more than one dye,
as has been described by Stalmans et al.29

Both color contrast and luminance are major fac-
tors in the visualization of the ILM. In this issue,
Kadonosono et al demonstrate that the color contrast
between the stained and nonstained areas of the ILM
was significantly higher when stained with ICG
compared with BBG.
We recently conducted a multicenter trial evaluating

the staining efficacy of two novel polyethylene glycol-
enriched dye preparations and found a strong correla-
tion between the recorded density of staining and the
reported “ease of membrane peeling” (Veckeneer M,
Mohr A, Alharti E, et al. Novel ‘heavy’ dyes for retinal
membrane staining during macular surgery: multicen-
ter clinical assessment. Submitted to Acta Ophthalmo-
logica.). The mixture of trypan blue with BBG was not
shown to be superior to the preparation of BBG alone
with respect to its ability to stain the ILM.

User-Friendliness

Ready-to-use, prefilled syringes containing trypan
blue (MembraneBlue) and BBG (Brilliant Peel) have
been available in Europe for some time, and Mem-
braneBlue has more recently been marketed in the
United States (FDA approved as drug).
So far, the available dyes were dissolved in balanced

salt solutions, resulting in a density and viscosity
similar to that of the infusion fluid used during
surgery. To optimize the intensity of staining and to
avoid “swirling” of the dye throughout the vitreous
cavity, a fluid-air exchange needs to be performed
before injecting the dye. This procedure also increases
the contact between the staining agent and the tissue.
Because a fluid-air exchange may interfere with
medium clarity and to limit the risk of postoperative
visual field defects, several authors have experimented
with dye formulas with increased density (glucose and
deuterium).30,31 Cooling the dye has also been recom-
mended.32 More recently, solutions of trypan blue and/
or BBG dissolved in polyethylene glycol to increase
the specific gravity and cohesivity of the substance



became commercially available with CE-approval
(MembraneBlue-Dual and ILM-Blue, respectively).
In a recent trial investigating the staining efficacy of
these polyethylene glycol-enriched dyes straight from
the syringe at room temperature, satisfactory staining
was obtained in 125 of 127 patients without fluid-air
exchange (Veckeneer M, Mohr A, Alharti E, et al.
Novel ‘heavy’ dyes for retinal membrane staining dur-
ing macular surgery: multicenter clinical assessment.
Submitted to Ophthalmology.).

Conclusion

Approximately 12 years ago, chromovitrectomy
started with the off-label use of ICG. Several subsequent
improvements have led to the availability of better, safer,
user-friendlier on-label products, bringing safe and reli-
able membrane and ILM removal within the reach of
every vitreoretinal surgeon. Eventually, resolving the
dye safety issue can bring us back to where we left off:
why and when should we peel and when should we
stop? What is the true pathophysiological effect of ILM
peeling? Should we only remove the ILM when there is
clear evidence that it plays a role in the disease for which
we are operating? Or should we even consider the
prophylactic removal of the ILM (if such a procedure
would be absolutely harmless) when there is a chance
that this procedure may be beneficial for the future
course of the disease, as in diabetic retinopathy, or in
surgery for retinal detachment to prevent pucker forma-
tion after surgery? Research trials that will try to answer
these questions should be performed in accordance to the
CONSORT guidelines and the outcome measures should
preferably also include quality-adjusted life years and
cost effectiveness. In the mean time, outside of the trials
and research, our decision on whether to peel should be
made with caution, and clinical results should always be
studied with great diligence.
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*Eye Hospital Rotterdam,

Rotterdam, The Netherlands
†Department of Ophthalmology, UZLeuven,

Leuven, Belgium
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Introduction 
After surgery for rhegmatogenous retinal detachment (RRD), 

although the retina appears fully attached by ophthalmoscopy, some 
subretinal fluid (SRF) may persist. The introduction of optical coherence 
tomography (OCT) resulted in multiple reports of persistent subretinal 
fluid (PSF) after RRD surgery [1-4]. 

It is currently difficult to link the incidence of PSF to any particular 
clinical characteristics. Both Wolfensberger and Benson et al. reported 
that PSF occurred more frequently after buckling than after vitrectomy 
[5-7]. They suggested that scleral buckling might disturb the choroidal 
circulation and, consequently, impair SRF absorption [8]. Others 
suggested that cryotherapy might break down the blood-ocular 
barrier. However, this seems unlikely, because various vitrectomy 
cases used cryotherapy and reported no blebs; but, in contrast, we 
avoided cryotherapy in scleral buckling surgery and, nevertheless, 
observed PSF in several cases. Finally, it is possible that intraocular 
gas bubbles might displace any SRF away from the macula; however, 
neither Wolfensberger nor Benson found any relationship between 
postoperative posturing and incidence of PSF. 

We  generated  a  new  hypotheses  based   on   the   observation 
that PSF tended to occur in patients with long-standing retinal 
detachment and viscous SRF. Upon examining these SRF samples 
by immunohistochemistry and electron microscopy, we found high 
levels of cellular debris, particularly photoreceptor outer segments 
[9]. We therefore hypothesised that the viscous nature of the SRF 
interfered with its spontaneous, complete absorption by the retinal 
pigment epithelium, and this could lead to postoperative blebs. The 
aim of this interventional study was to test this hypothesis by 
determining whether 

subretinal lavage could prevent persistent subretinal blebs, and to 
establish the feasibility and safety of this novel technique. 

Materials and Methods 
This study included non-consecutive patients with primary 

macula-off RRD that were scheduled for vitrectomy surgery. Selection 
criteria included cases of RRD that arose from retinal breaks situated 
away from the deepest SRF, with estimated retinal detachment (RD) 
duration of at least 1 week. In these cases, SRF can be highly 
viscous and impossible to drain completely through the existing 
breaks. Rather than creating an extra retinal break near the posterior 
pole to complete the drainage of residual fluid, transscleral drainage 
was performed. Patients with previous ocular history, including 
cataract surgery, were excluded. This study was approved by the 
Institutional Research Board of the Rotterdam Eye Hospital. In 
accordance with the IDEAL recommendations on the stages of 
development of surgical innovation [10], this study was defined as 
stage 1. Although the combination of surgical techniques was not 
reported before, we had previous experience with this approach. No 
new instruments or pharmacological aids of an experimental nature 
were used. All surgical procedures were performed by one surgeon 
(MV). 

All patients underwent full ophthalmologic assessment, 
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Abstract 
Purpose: To report the proof of concept of a surgical innovation. 

Background: Optical coherence tomography often identifies persistent subretinal fluid (PSF) after apparently 
successful retinal detachment repair surgery. Based on the literature, we hypothesised that highly viscous PSF, 
which interferes with the normal function of the retinal pigment epithelium, can lead to these persistent blebs. We 
therefore devised a novel surgical manoeuvre of subretinal lavage to dilute the subretinal fluid (SRF) during 
surgery. We expected that this would reduce the incidence of PSF. 

Methods: We report our experience with a modified surgical drainage technique carried out in 12 eyes of  12 
patients with long standing retinal detachments. We implemented subretinal lavage combined with vitrectomy and 
gas. 

Results: None of the patients developed PSF. 

Conclusion: We concluded that the novel technique of subretinal lavage was safe and feasible. We propose that 
a controlled trial would be worthwhile. 



preoperatively and 4 weeks after surgery. The assessment included best- 
corrected visual acuity, anterior segment examination, fundoscopy 
with indirect ophthalmoscopy, and slit-lamp biomicroscopy with a 
Volk Super Quad contact lens. The extent of RD was expressed as 
the number of retinal quadrants that showed detachment. At the 4-
week postoperative visit, we performed a Stratus OCT scan with a 
6×6 mm radial line scan protocol. 

The surgical procedure comprised a 23-gauge 3-port pars plana 
vitrectomy. Bimanual manipulation was facilitated by chandelier 
illumination. Rather than flattening the retina with perfluorocarbon 
liquids, we performed modified transscleral drainage. Briefly, a 27 
gauge needle, fitted with an insertion tool (normally used for fluid 
drainage during conventional sclera buckling surgery) (Figure 1), was 
connected by tubing to a 3-way stopcock with two 5cc syringes, 
one filled with balanced salt solution . The needle was introduced 
into the subretinal space in the area of highest retinal elevation 
(Figure 2). The subretinal space was then inflated with BSS in 
order to dilute the viscous SRF. The intra-ocular pressure was 
normalised by venting vitreous fluid via a flute needle positioned in the 
mid-vitreous cavity (Figure 3). Then, after turning the stopcock, SRF 
was aspirated into the second syringe; this resulted in partial 
flattening of the RRD. At least 2 cycles of inflation and aspiration 
were performed. Finally, the needle was removed from the subretinal 
space as the retina re-attached itself. The evacuation of 

 

Age (yrs) 68(54-80) 
Gender (female, male) 3, 9 
Eye (right, left) 10, 2 
Duration of detachment (days) 12(7-60) 
Type of detachment 
(round hole, horseshoe tear) 3, 9 

Number of breaks 1(1-3) 
Clock hours detachment 6(4-12) 
BCVA, pre-op 0.033(0.003-0.16) 
BCVA, post-op 0.16(0.05-0.6) 
Follow up (wks) 14(6-28) 

Table 1: Demographic data and outcome of 12 Patients. 
 

any residual peripheral SRF was accelerated by raising the 
infusion bottle to increase the hydrostatic pressure in the vitreous 
cavity. For the surgeon not accustomed to transscleral drainage, 
alternatively, diluting the subretinal fluid could be performed by 
infusing fluid through a dual bore needle inserted into an existing 
break. The procedure is demonstrated in Video 1. The vitreous base 
was shaved as previously described [11]. 

Results 
Twelve patients were recruited from March through July 2008. 

Demographic data and functional outcome are shown in Table 1. In  
two cases, minor subretinal haemorrhages (not clinically elevated) 
occurred at the transscleral needle introduction site. The procedure 
was otherwise straightforward and uncomplicated in all cases. Four 
weeks after surgery, ophthalmoscopy showed re-attached retinas in all 
twelve patients. No patients exhibited subretinal blebs or subclinical 
detachment on the OCT. 

The values are the median(range) unless otherwise stated; BCVA: 
best corrected visual acuity, as tested on the Snellen chart (logMar 
converted); post-op: 4 weeks after surgery. 

Discussion 
Delayed or incomplete visual recovery after RD surgery remains 

an important problem involving many factors [12,13]. With OCT- 
facilitated diagnostics, PSF has become recognised as an additional 
factor. Although some visual improvement typically occurs with the 
disappearance of PSF, spontaneous resolution can take many months 
[4,6,7,16]. It is unknown whether a better outcome might be achieved 
by rapid fluid absorption. However,  longstanding  fluid  between 
the RPE and photoreceptor layer whether it be hyaluronic acid as in 
experimental RD or fluid originating from the choriocapillaris as in 
chronic central serous chorioretinopathy causes the photoreceptor 
layer to progressively atrophy over time [17]. 

In fresh detachments, when all retinal breaks are closed, an oncotic  
pressure gradient and an active retinal pigment epithelium pump favour 
rapid fluid absorption [18]. Similarly, after a fresh bullous detachment, 
pneumatic retinopexy can result in complete re-attachment within 24 
hours. 

Longstanding detachments have a different pathophysiology. They 
frequently occur in phakic eyes with small breaks, particularly at inferior 
locations [2,19]. Non-syneretic vitreous may slow the progression of 
RD by tamponading the retinal breaks. Similarly, these characteristics 
of “young” vitreous may play a role in PSF. The highly viscous, 
protein- rich SRF may show enhanced adherence to retinal pigment 
epithelium after the excess SRF is drained. 

Interestingly,  the  oncotic  pressure  in  SRF  increases  with  the 

 
 
 
 
 
 
 
 
 

 
 
Figure 1: The insertion tool for introduction of the needle during transscleral 
drainage is the same as used during buckling surgery. 

 
 
 
 
 
 
 
 
 
 
 

 
 
Figure  2:  Lavage  is  performed  through  a  27  gauge  needle  inserted 
transsclerally into the subretinal space in the area of highest retinal elevation. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 3: Maintaining stable intraocular pressure by venting vitreous fluid via 
a flute needle positioned in the mid-vitreous cavity. 



duration of detachment [20,21]. After detachment, the loss of microvilli 
and the presence of hyaluronic acid can inhibit the ability of the retinal 
pigment epithelium to phagocytose rod outer segments; this increases 
the concentration of large molecules and cellular debris in the SRF [22- 
24]. 

During RRD repair, subretinal lavage  may  effectively  lower 
oncotic pressure by removing most of the cellular debris and large 
molecules from the subretinal space. In this series, we demonstrated 
that subretinal lavage was feasible and safe. Also, transscleral 
drainage during vitrectomy allows remote SRF to be evacuated 
without creating an additional, often inferior, retinal break.  This  
study  improves our understanding of the pathogenesis of this 
relatively common condition and provides clues for improving 
surgical outcome. Further development of surgical technique is 
necessary. Lavage should preferably be isovolemic. A prototype of a 
dual bore cannula system to be used in non-vitrectomizing RRD 
repair is under development. This is particularly important since 
patients prone to develop PSF are mostly non-presbyopic and 
therefore cataract formation as a complication of RRD repair should 
be avoided. 
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Abstract
Background Persistent subretinal fluid after rhegmatoge-
nous retinal detachment (RRD) surgery is responsible for
delayed recovery, and may affect the final visual outcome.
Cause, consequences, and treatment remain elusive.
Design Literature review and case series.
Methods We reviewed the pathophysiological principles
and therapeutic options from the literature, and we report
the results from a subretinal fluid cytology study. Nine eyes
from nine patients with macula-involving RRD underwent
surgical repair. The cellular content of subretinal fluid (SRF)

was studied by electron microscopy and anti-rhodopsin
immunostaining. All eyes were assessed postoperatively
with optical coherence tomography for the detection of
persistent submacular fluid (PSF) (Ethics Committee Ghent
University Hospital, registration number B6702006169).
Results Certain patient characteristics as well as surgical
methods were implicated. PSF appears to occur more fre-
quently in patients with longstanding detachments treated
with buckling surgery. Several therapeutic options have
been suggested but safety and efficacy remain unclear. We
found PSF in three eyes on postoperative OCT scans, which
corresponded to the three cell-rich subretinal samples.
Conclusions PSF after successful RRD repair seems to be
related to fluid composition. We hypothesize, in the absence
of an effective treatment, that a modified surgical drainage,
including a washout of the subretinal space, could evacuate
the subretinal fluid more completely, and may prevent this
complication.

Keywords Rhegmatogenous retinal detachment . Subretinal
fluid composition . Persistent subretinal fluid .

Photoreceptors

Introduction

After RRD surgery, shallow subretinal fluid (SRF) may
persist even when the retina appears fully attached on oph-
thalmoscopy. Machemer was probably the first to report this
entity when he described small collections of subretinal
fluid after resolution of experimental retinal detachment in
owl monkeys [1]. In 1978 Robertson [2], later Lobes Jr and
Grand [3] and Avins and Hilton [4] described subretinal
precipitates occurring after delayed absorption of subretinal
fluid following scleral buckling procedures. The lesions
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were reported to be not evident on fluorescein angiography
(FA). The introduction of optical coherence tomography
(OCT) resulted in multiple reports of persistent fluid after
RRD surgery. OCT images show shallow subretinal fluid
remnants, even when all retinal breaks are closed and the
retina appears fully attached on ophthalmoscopy [5–8]. PSF
seems to occur frequently but the incidence of PSF varies
widely depending on the reported series. In a recent study,
Ricker et al. found PSF in 94% of cases 1 month postopera-
tively. [9]

PSF may slow visual recovery, with poor central vision,
metamorphopsia, and loss of depth perception. It remains
unclear whether the final outcome is affected [8–12].

Based on selected case series, several authors have sug-
gested possible causes for persistent subretinal fluid, with-
out, however, conclusive evidence for either vitrectomy
versus buckling surgery, cryotherapy, the use of or omission
of tamponades, or completeness of subretinal fluid drainage.

Studying patient characteristics from reported case series as
well as from our observations, we speculated that the higher
incidence of PSF after buckling may be related to selection
bias. Patients with the common characteristic of having long-
standing retinal detachment and viscous subretinal fluid are
more likely to be treated with a buckle . Moreover, using
immunohistochemistry and electron microscopy we found
an increased cellularity, photoreceptor (PR) outer segment
(fragments) in particular, in the SRF from patients with
long-standing RRD and PSF on OCT postoperatively.

We hypothesize that SRF composition combined with
RPE dysfunction may predispose to fluid persistence in
longstanding retinal detachments, and that decreasing fluid
cellularity and viscosity during drainage may reduce the
incidence of PSF.

Subretinal fluid cytology: materials and methods

Between September and December 2007, nine samples of SRF
were collected from nine eyes from nine consecutive patients
with macula-involving RD. Patients with a previous ocular
history other than cataract surgery were excluded. All interven-
tions were performed by one surgeon (Marc Veckeneer).

Surgical technique

A sharp 27-gauge needle connected to a 3 cm3 syringe
without a plunger was used to drain SRF transsclerally
during buckle surgery or 20-G pars plana vitrectomy. All
collected samples were immediately stored at minus 20°C.
Consent was covered by the opt-out procedure “Onderzoek
met uw medische gegevens of restmateriaal” that was imple-
mented at the Rotterdam Eye Hospital. This procedure is
based on the Code for Proper Secondary Use of Human

Tissue in the Netherlands (Federation of Medical Scientific
Societies; Federa).

Immunocytochemistry

SRF samples were thawed at 4°C overnight before use. Then,
the sample (150 μl) was spun down on a coated glass plate
using a cytospin for 10 min at 1,500 rpm.Weri-Rb1 retinoblas-
toma cells (250,000 cells) were spun down as a positive control.
Slides were fixed in cold methanol for 15 minutes followed by
washing with Tris-buffered saline (TBS) for 5 minutes. Non-
specific binding of the primary antibody was blocked by incu-
bation with 5%BSA/TBS for 30 minutes; subsequently, SRF
samples were incubated with anti-rhodopsin (1/100) (Sigma
Aldrich) for 1 hour at room temperature. An Envision + HRP
(DAB) kit was used (DAKO) to visualize the antibody binding.
Slides were mounted in aqueous medium and evaluated with a
microscope (Dialux 20, Leica, Germany), and photographs
were taken using a digital camera (Leica).

Electron microscopy

Another 150-μl sample was fixed in 2% glutaraldehyde buff-
ered at pH 7.4 and subsequently post-fixed in 1% osmium
tetroxide (OsO4) in phosphate buffer (Merck, Darmstadt,
Germany), dehydrated, and embedded in epoxy resin.
Ultra-thin 60 nm sections were cut and examined with a
Jeol 1200 EX-II transmission electron microscope at 80 keV
(Jeol, Zaventem, Belgium).

Optical coherence tomography

All patients were assessed 6 weeks after surgery using a 6×
6-mm radial line scan protocol with the Stratus OCT Model
3000 (Zeiss Humphrey Instruments, Dublin, CA, USA).

Results

Nine SRF samples, obtained during surgery from nine
patients with macula-involving RRD, were analyzed. De-
mographic data and patient characteristics are summarized
in Table 1. Eight patients had RRD associated with horse-
shoe tears, and one patient presented with round holes and
no posterior vitreous detachment. Three patients underwent
20-G PPV, and six patients underwent scleral buckling sur-
gery. The samples were classified clinically by the surgeon
at the time of surgery as highly viscous when the consistency
resembled a visco-elastic material, or as serous when it resem-
bled balanced salt solution. Immunocytochemical analysis
and electron microscopy was performed in a blinded manner
on all samples. Analysis revealed rhodopsin immunopositive
cells and cell fragments, and rhodopsin immunonegative cells



such as retinal pigment epithelial cells and red blood cells in
all samples (Figs. 1 and 2). The number of rhodopsin immu-
nopositive cells was calculated for each sample, and was
high in three samples (9,092, 7,304, and 20,270 cells/mm2)
and low (<1,500 cells/mm2) in the other six samples. All
three cell-rich samples originated from cases graded highly
viscous during drainage, and the OCT images showed PSF
in the macula postoperatively.

Discussion

Delayed or incomplete visual recovery after RRD surgery
remains an important problem. While most authors report
good or very good primary anatomical success rates (up to
91%), depending on the series functional results are often
disappointing, with only between 28 and 42% of macula-off
patients achieving 20/50 or better [13–16].

Many factors are involved in visual recovery. Preopera-
tive visual acuity, duration of macular detachment and
height of the macular detachment have been shown to be
of importance. Postoperative cystoid macular edema, epire-
tinal membranes, macular holes and retinal folds are obvi-
ous and easily diagnosed causes of poor function after the
retina has been reattached. More recently, with the introduc-
tion of OCT technology, PSF has been added to the list.

The pathophysiology of PSF remains poorly understood.
Research [17] as well as clinical practice demonstrates that
fluid absorption is favored by strong forces including
oncotic pressure gradients, hydrostatic pressure, and an active
retinal pigment epithelial (RPE) pump. In many cases of
RRD, fluid absorption proceeds very rapidly when the retinal
breaks are closed, even without drainage of fluid, as in pneu-
matic retinopexy. Why then would small fluid remnants take
months to reabsorb?

Possible causes of PSF

More frequent after buckling surgery than after vitrectomy?

Wolfensberger [18] studied the macular recovery in 33
patients after RRD surgery, (24 patients treated with vitrec-
tomy and nine with scleral buckling). He noted subfoveal
fluid in six of the scleral buckling cases but in none of the
vitrectomy cases, and concluded that surgical technique

Table 1 Patient characteristics

Sample Age
(years)

Gender Eye Duration
detachment

PVD Lens Surgery SRF
consis-tency

Pre-op
BCVA

Post-op
BCVA

Rh
cells/mm2

PSF

1 88 Female Right 6 yes Ps PPV Serous 2.48 2.48 <1500 No

2 52 Female Right 21 yes Ph Buckle Viscous 0.80 0.52 9092 Yes

3 49 Male Right 4 yes Ph PPV Viscous 1.30 1.0 7304 Yes

4 78 Male Left 7 yes Ps PPV Serous 2.47 1.0 <1500 No

5 62 Female Left 3 yes Ph Buckle Serous 1.0 0.80 <1500 No

6 77 Male Right 5 yes Ph Buckle Serous 1.30 0.52 <1500 No

7 67 Female Right 1 yes Ph Buckle Serous 1.30 0.70 <1500 No

8 70 Male Left 1 yes Ph Buckle Serous 1.30 0.52 <1500 No

9 43 Male Left 16 no Ph Buckle Viscous 0.80 0.70 20270 Yes

BCVA: best-corrected visual acuity in LogMar duration of detachment (days); Ph: phakic eye Ps: pseudo phakic eye; Rh: rhodopsin immuno-
positive cells; PPV: pars plana vitrectomy; PVD: posterior vitreous detachment assessed by slit-lamp-assisted ophthalmoscopy; PSF: persistent
submacular fluid on OCT

Fig. 1 Cytospin and anti-rhodopsin immunostaining of submacular
fluid samples. a Cell-rich sample (sample 9) and b a scantily cellular
sample (sample 4)



could contribute to PSF formation. Benson et al. [10, 11]
reported that in 98 patients treated with a scleral buckle, 54
(55%) had PSF on OCT 6 weeks after surgery, as compared
to 15 out of 100 (15%) patients treated with vitrectomy.

Ischaemia caused by buckles?

It is unknown how a particular surgical procedure could
predispose to PSF occurring. Encircling elements could
potentially cause choroidal ischemia, with subsequent fluid
leakage [19]. No leakage is seen on FA in any of the
reported cases, however, and persistent SRF can occur with-
out the use of any buckling element.

Cryocoagulation?

Breakdown of the blood–ocular barrier by cryotherapy
has also been implicated [19, 20]. This is unlikely, as
Wolfensberger used cryotherapy in all his vitrectomy cases
and no PSF were found, whereas we avoid cryotherapy even
during buckling surgery by performing laser postoperative
retinopexy [21, 22], with PSF occurring nevertheless.

Tamponade?

A gas bubble, particularly in vitrectomized eyes, could
displace subfoveal fluid. We have observed multiple cases

a b

c d

Fig. 2 Transmission electron
micrographs of submacular fluid
samples. a Well-preserved
photoreceptor outer segments
in sample 9 (magnification ×
8,000). b Photoreceptor outer
segment with fragmented
saccules and ruptured cytoplas-
mic membrane in sample 2
(magnification × 12,000). c
In-progress phagocytosis of a
photoreceptor outer segment by
a macrophage-like cell containing
pigment in sample 2 (magnifica-
tion × 5,000). d Sample 3
contaminated with red blood
cells, most likely a consequence
of transscleral drainage
(magnification × 2,500)



of PSF after vitrectomy with gas and postoperative posturing.
In the study by Wolfensberger, foveal reattachment was inde-
pendent of whether the fovea was compressed with the gas
bubble (in case of complete fluid–air exchange) or not (in case
of partial exchange). Moreover, Theodossiades et al. [23]
found fluid under the fovea postoperatively on OCT in
patients with an attached macula preoperatively, without
the use of a tamponade.

Drainage of SRF?

Incomplete drainage of SRF is another factor to be considered.
Pars plana vitrectomy and fluid–air exchange probably result
in a more complete drainage of SRF. Conversely, in scleral
buckle series, Benson et al. found no influence of drainage of
fluid on the incidence of PSF.

Physical and biochemical properties of subretinal fluid?

Most reported patients in the buckling groups were phakic
(Wolfensberger: all nine as compared to seven out of 24 in
vitrectomy group), retinal breaks were often inferior and a
large number were round holes or oral dialysis (Benson et
al. series: 79 out of 98) as compared to the vitrectomy group
(two out of 100). In practice, many surgeons will buckle
small breaks in phakic patients, particularly in the absence
of an obvious posterior vitreous detachment (PVD).

Retinal detachments in phakic eyes with small breaks,
particularly when located inferiorly, can be slowly progres-
sive and the detachment can be longstanding, becoming
symptomatic only when the macula is detached or threat-
ened. This delay in symptoms could explain why no rela-
tionship between duration of detachment and incidence of
postoperative SRF was found in Benson’s series. Hagimura
et al. [6] noted the absence of clinical PVD in their patients
with PSF, and Abouzeid et al. [24] have recently reported
that younger age and longer standing detachments were
predisposing factors.

In fresh detachments, oncotic pressure gradient and an
active RPE pump favor rapid fluid absorption when all
retinal breaks are closed. Experiments with cynomolgus
monkeys have demonstrated that RPE can pump up to
100 μl/h, 2.4 ml/day [25]. This is consistent with the obser-
vation that pneumatic retinopexy for a fresh bullous detach-
ment can result in complete re-attachment within 24 hours.
Negi and Marmor [17] demonstrated that breakdown of the
blood–retinal barrier, caused by RPE damage, facilitates
SRF absorption due to the greater oncotic pressure in the
choroid.

The pathophysiology of longstanding detachments, how-
ever, is very different. Non-syneretic vitreous may slow the
progression of RD by tamponading retinal breaks. The same

characteristics of the composition of “young” vitreous suggest
that slow progression detachment may be of importance in the
persistence of SRF once the retina has been re-attached.

The high viscosity of the SRF may cause it to stick to the
RPEwhen the SRF is drained. Furthermore, higher hyaluronic
acid levels in the vitreous, and consequently in the SRF, would
slow fluid absorption. Hyaluronic acid is a preferred substance
for experimental RD, because it maintains the detachment
over long periods of time, possibly by inhibiting RPE phago-
cytotic activity [26, 27].

In addition, in longstanding detachments the higher
oncotic pressure of the fluid remnants may act against
fluid absorption. Indeed, it has been shown that oncotic
pressure of the SRF increases with duration of detachment
[28, 29].

RPE malfunction?

A recent report of three patients with PSF treated with
selective retina therapy (SRT) laser highlights the role of
RPE [30]. It was noted that in the first days after laser
treatment the SRF increased on OCT, followed by a gradual
decrease after 1 or more months. Histopathological findings
of the effect of SRT on RPE have been reported by Roider et
al. [31]. The early effect from SRT laser is to destroy RPE.
This would cause a breakdown of brain–ophthalmic barrier
(B-O B) and allow passive fluid movement guided by
oncotic pressure, as was demonstrated by Negi and Marmor
[32]. In the weeks following the laser application, RPE
reproliferation occurs, reconstituting the B-OB as well as
the RPE’s phagocytic capacity.

Decreased phagocytotic activity of the RPE in chronic
detachments may be a contributing factor in the slowed ab-
sorption of SRF. Immel et al. [33] demonstrated a progressive
loss of microvilli in RPE after detachment. Experiments by
Gregory et al. [27] showed that glycosaminoglycans (GAG),
such as hyaluronic acid, strongly inhibit the ability of RPE
to phagocytose rod outer segments. Indirect evidence indi-
cating an accumulation of shed outer segments in persistent
SRF comes from studies on autofluorescence that show
hyperautofluorescent material in the subretinal space [34].
We have found highly reflective material in cases with PSF
using spectral domain OCT (Fig. 3) (Heidelberg Spectralis,
Heidelberg Engineering, Germany). Biochemical and histo-
logical analyses have furthermore shown that large mole-
cules such as proteins and GAG, as well as cells and cellular
debris, are concentrated in longstanding SRF [35, 36].
These compounds cannot be removed through ion or water
channels, resulting in an imbalance between the decreased
capability of and the increased need for phagocytosis by
RPE cells. We studied SRF samples collected during RD
repair surgery, and found photoreceptors, photoreceptor



fragments, retinal pigment epithelial cells, and red blood
cells. Three cytospin samples were particularly cell-rich,
which correlated with the highly viscous samples during
surgery and the PSF on postoperative OCT.

Similarly, Matsuo [37] described a syndrome where RRD
is complicated by glaucoma. He found PR outer segments in
the aqueous humor of patients with longstanding detach-
ment caused by oral dialysis and proposed a clogging of the
trabecular meshwork to be the cause of elevated intraocular
pressure.

Consequences of PSF

Although most reports agree that persistent fluid may slow
visual recovery, with resolution of fluid usually coinciding
with an improved visual acuity, final outcome may not be
affected [8–12]. Patients suffering from persistent foveal
detachment, however, can complain bitterly about poor cen-
tral vision. Metamorphopsia and loss of depth perception
can persevere for more than 1 year after “successful” RD
surgery.

In addition, further damage to PR is very well possible
when fluid persists under the macula. As shown in chronic
central serous chorioretinopathy (CSC), irreversible loss of
vision can occur due to progressive atrophy of the PR layer
[38]. The fluid in CSC originates from the choroid, and thus
contains a high concentration of substrates, allowing for a

long survival of PR [39]. Thus, atrophic changes in CSC can
take several months to develop [40]. In contrast, in experi-
mental detachments using hyaluronic acid, photoreceptor
apoptosis is observed within weeks [41]. Irreversible PR
damage could consequently occur sooner in persistent SRF
after RD.

Therapeutic options

Several interventions have been considered for this
condition.

Laser?

Koinzer et al. [30] experimented with laser therapy that
selectively affected RPE cells. A frequency-doubled Q-
switched Nd:YLF laser emitting at a wavelength of
527 nm in a 100-Hz pulsed mode appeared to be effective
in three cases.

Stimulate RPE pump?

Sheldon Miller (Invest Ophthalmol Vis Sci 2002 43: E-
Abstract 4541) showed rapid clearance of experimentally
induced subretinal space blebs in rats treated with somato-
statin (SST14). Somatostatin analogs have been delivered
systemically in patients with uveitis and cystoid macular
edema and in patients with diabetic macular edema [42,
43]. An effect on PSF after longstanding RRD is unlikely,
since somatostatin would not promote phagocystosis of
macromolecules and cellular debris. Similarly, PSF does
not respond to acetazolamide administration.

Surgery?

Surgical re-intervention with drainage of the submacular
fluid through a small-gauge cannula, although technically
conceivable, seems overly invasive for a relatively benign
condition.

In the absence of a safe and effective treatment, preven-
tion should be considered. We have shown that SRF from
patients with PSF on post-operative OCT contains high
levels of photoreceptor fragments. These findings may sug-
gest a clogging phenomenon of the RPE and blood–retinal
barrier as a contributing factor in the development of PSF.
Therefore, we speculate that altering the composition of
SRF by rinsing the SR space before draining the fluid may
achieve a more complete removal of subretinal fluid and
earlier re-apposition of photoreceptor outer segments to the
RPE. In a recent pilot study, we demonstrated that a sub-
retinal space washout with basic salt solution is feasible and
appears safe. In 12 eyes of 12 patients, subretinal lavage was
carried out in combination with pars plana vitrectomy. None

Fig. 3 SD-OCT image acquired 6 weeks after surgery for macula-
involving RRD. a Horizontal cut through the fovea showing foveal
PSF and disturbance of the photoreceptor-RPE interface throughout the
macula. b C-scan image suggesting the presence of photoreceptor
debris



of the patients developed PSF, as demonstrated by OCT
4 weeks after surgery [44].

In conclusion, PSF after RD surgery is seen more often
after buckling than vitrectomy. This seems related to selec-
tion bias. Case characteristics such as phakic lens status,
absence of PVD, and small breaks predispose a patient to be
treated with a buckle rather than vitrectomy. The same
characteristics are known to slow the progression of a retinal
detachment. We hypothesize that patients with longstanding
detachments are at increased risk of PSF and are most likely
to benefit from a modified surgical drainage technique
aimed at preventing this complication. Since these patients
are often phakic patients with no PVD, further research will
be aimed at investigating the possibility of combining sub-
retinal lavage with non-vitrectomizing surgery.
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Dear Editor
Despite the recent trend towards primary vitrectomy, scleral
buckling, either alone or in combination with vitrectomy,
remains a successful technique in the repair of retinal
detachment. Suturing an encircling band, however, can
cause a scleral perforation, with possible complications
including hypotony, retinal incarceration, and subretinal, or
choroidal hemorrhage at the perforation site [1].

An alternative and safer method for securing encircling
bands and local episcleral explants would be desirable.

Given the reports on the use of butyl-cyanoacrylate
(Histoacryl®) to secure scleral explants, and the reported
advantages of octyl-cyanoacrylate (Dermabond®) (better
elasticity and less tissue reaction, both in animals and
patient studies) over its butyl sibling, we decided to use
octyl-cyanoacrylate in a pilot study in patients undergoing
external buckling retinal detachment surgery [2–9].

When we used 2-octyl cyanoacrylate, we were pleased
with its relative ease of application, the resulting fixation of
the encircling band and the uneventful postoperative
findings. We were not aware at that time, however, that
butyl-cyanoacrylate carried an ophthalmic use approval,
whereas 2-octyl cyanoacrylate, the newer formulation with
advantageous properties, did not have this approval.
Therefore, on learning this, we decided to recall our
patients to study their longer-term results, to ensure that
no untoward late effect would be observed after this off-
label use of 2-octyl cyanoacrylate.

From December 2005 to March 2006, one surgeon
(JvM) used 2-octyl cyanoacrylate for securing encircling
bands in a consecutive cohort of 25 patients (26 eyes) with
a primary rhegmatogenous retinal detachment.

Forty-eight control patients were randomly chosen from
patients undergoing retinal detachment surgery by other
surgeons in the same period.

Two-year appraisal:
All patients were evaluated by an investigator (RR), who

was masked for the type of encircling band fixation.
Major outcome criteria were position of the explant (pre-

equatorial, equatorial or post-equatorial) and whether or not
the explant was covered by the conjunctiva (yes or no).

Minor outcome criteria were visual acuity, intraocular
pressure, conjunctival redness using a standard grading
series of pictures of conjunctival redness [10], number of
post operative visits, foreign body sensation (subjective
analogue scale) and whether the retina was attached or not.
SPS Software 15 (SPSS Inc., Chicago, IL, USA) was used
to analyse the data.

The 2-octyl cyanoacrylate group consisted of 25 patients
(26 eyes). In 19 eyes an encircling band had been placed
followed by conventional retinal detachment surgery with a
segmental buckle. In seven eyes, a primary vitrectomy with
a gas tamponade was performed.

Of these 25 patients, two patients were lost to follow-up:
one died, one moved to Norway.

The control group consisted of 48 patients (48 eyes) with
a primary rhegmatogenous retinal detachment. (Table 1)

We could not detect any difference in most of the
outcome measures between 2-octyl cyanoacrylate-treated
patients and controls. However, conjunctival redness was
significantly more marked in 2-octyl cyanoacrylate-treated
patients (p=0.005).
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As there were only slightly more reoperations in the 2-
octyl cyanoacrylate group, it cannot be excluded that there
is a relation to toxicity of 2-octyl cyanoacrylate, or its
breakdown product formaldehyde. The effect did not
appear to be clinically harmful, though.

Although our study does not have sufficient power to
prove non-inferiority of 2-octyl cyanoacrylate to scleral
sutures, it documents the feasibility of using 2-octyl
cyanoacrylate when surgeons consider the use of glue
instead of suture in a patient with a thin sclera.
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Type of procedure Dermabond Control Total

EB+buckle 19 37 56

EB+PPV+gas 7 10 17

EB+PPV+oil 0 1 1

Totals 26 48 74

(EB: encircling band; PPV: pars plana vitrectomy)
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Abstract
Background Blood–retinal barrier breakdown secondary to
retinal detachment and retinal detachment repair is a factor
in the pathogenesis of proliferative vitreoretinopathy
(PVR). We wished to investigate whether an estimated
700 to 1000 ng/ml subretinal dexamethasone concentration
at the time of surgery would decrease the blood–retinal
barrier breakdown postoperatively.
Methods Prospective, placebo-controlled, double blind
clinical trial. In 34 patients with rhegmatogenous retinal
detachment scheduled for conventional scleral buckling

retinal detachment surgery, a subconjunctival injection of
0.5 ml dexamethasone diphosphate (10 mg) or 0.5 ml
placebo was given 5–6 hours before surgery. Differences in
laser flare photometry (KOWA) measurements taken 1, 3
and 6 weeks after randomisation between dexamethasone
and placebo were analysed using mixed model ANOVA,
while correcting for the preoperative flare measurement.
Results Six patients did not complete the study, one
because of recurrent detachment within 1 week, and five
because they missed their postoperative laser flare visits.
The use of dexamethasone resulted in a statistically
significant decrease in laser flare measurements at the 1-
week postoperative visit.
Conclusion The use of a preoperative subconjunctival
injection of dexamethasone decreased 1-week postoperative
blood–retina barrier breakdown in patients undergoing
conventional scleral buckling retinal detachment surgery.
This steroid priming could be useful as a part of a peri-
operative regime that would aim at decreasing the incidence
of PVR.

Keywords Preoperative . Subconjuctival injection .

Dexamethasone . PVR . Blood–retina barrier . Breakdown

Introduction

Proliferative vitreoretinopathy (PVR) remains the major
cause of ultimate surgical failure in patients with rhegma-
togenous retinal detachment [9, 19]. Retinal pigment
epithelium (RPE) cell dispersion and inflammatory changes
secondary to breakdown of the blood–retinal barrier (BRB)
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have been implicated as important pathogenetic mecha-
nisms in the development of PVR [4, 6, 7, 17].

Studies in animals [5, 18] have reported that intravitreal
corticosteroids may be useful in the prevention of prolifer-
ative vitreoretinopathy. Clinical reports have suggested the
same effect using either systemic [15] or intravitreal [31]
steroids. This was mainly attributed to their attenuating
effect on blood–retinal barrier breakdown and their inhibit-
ing effect on proliferation of RPE cells and fibroblasts,
which are thought to be transformed RPE cells, and as
myofibroblasts responsible for the contractile properties of
PVR membranes.

Studies in animals have suggested that pretreating with
steroids was more effective in PVR prevention than
treatment started at the time of injury or later [5]. Adequate
intraocular concentrations of corticosteroids at the time of
surgery might reduce the blood–retina barrier breakdown
induced by the surgical trauma during cryotherapy, drain-
age of subretinal fluid, or intravitreal gas injection, and
thereby decrease the incidence of PVR.

Weijtens et al. showed in patients that among external
routes of administration, a subconjunctival injection of
dexamethasone resulted in the highest intravitreal and
subretinal fluid concentrations [25, 26, 28–30].

Therefore we wished to study, in patients undergoing
conventional scleral buckling retinal detachment surgery,
whether a subconjunctival injection of dexamethasone prior
to surgery would decrease postoperative blood–retinal
barrier breakdown as measured by laser flare photometry.

Materials and methods

Consecutive patients admitted to the Rotterdam Eye
Hospital with a rhegmatogenous retinal detachment sched-
uled for scleral buckling were included in the study.

Exclusion criteria were therapy with systemic or local
steroids, glaucoma, diabetes, and other vascular retinopa-
thies. This prospective, randomized, placebo-controlled,
double blind study had been approved by the Institutional
Review Board (NRT 194, ISRCTN31308983).

Preoperative investigation All patients underwent a com-
prehensive ophthalmological examination, including best-
corrected visual acuity tested with an EDTRS chart.
Specific items were noted and entered into a database: lens
status (phakic or pseudophakic), the presence of vitreous
blood, number of quadrants of detached retina, presence
and number of horseshoe tears, presence of PVR according
to 1983 classification [1], as well as aqueous laser flare
meter measurements (Kowa Company, Ltd, Tokyo, Japan).
Patients were examined 30 minutes after mydriasis with 5%
phenylephrine and 1% tropicamide, and always before the

application of fluorescein for intraocular pressure measure-
ment. For each eye, five measurements were averaged.

Surgical Technique Six hours before the planned surgery,
all patients received under topical anaesthesia (cocaine
and oxybuprocaine eye drops) a subconjunctival injection
0.5 ml placebo NaCl (Delftse Apotheek, Apotheek
Westblaak), or 0.5 ml dexamethasone diphosfate 20 mg/ml
(Delftse Apotheek, Apotheek Westblaak). A 30-gauge
needle was used, 4 mm from the limbus, with closure of
the injection site by a cottonwool tip for 10 seconds.
Randomization had been performed by opening an
envelope with study medication that contained either
verum or placebo, of which our trial-pharmacist held the
code; therefore, surgeons and technicians alike were
blinded to the nature of the subconjunctival injection.
All patients underwent a standard scleral buckling
procedure as described before [22, 23]. A silicone band
was placed under the four rectus muscles at the presumed
area of the vitreous base, and the sclera under retinal tears
and breaks was indented with either a circumferential
(278, 277, 287 Mira Silastic) or radial (7.5 mm sponge)
buckle. Subretinal fluid was drained in all patients.
Retinopexy of the tears or breaks was done by cryocoa-
gulation during surgery, or with an argon laser mounted on
a slit lamp between 2 and 6 weeks after the surgery,
according to the surgeons’ preference. In some patients, an
air or gas (air/SF6) tamponade was used. All patients
received a 2 mg dexamethasone and 1 mg gentamycin
subconjunctival injection at the end of the surgery.

Follow-up All patients received the same postoperative
treatment, prednisolone acetate 1% eyedrops in a tapering
dose over 6 weeks. ETDRS vision, a fundus exam and laser
flare measurements were taken at 1, 3 and 6 weeks.

The treatment effects of dexamethasone versus place-
bo on flare were analyzed after logarithmic transforma-
tion of flare (photon counts/ms). Hence, effects were
specified as percentage differences in photon counts/ms.
Mixed model ANOVA was used to estimate and test for
statistical significance the effects on flare of week
(weeks 1, 3 and 6), treatment (dexamethasone, placebo),
and their interaction. The baseline measurement of flare
at week 0 was entered as covariable in the model, along
with its interaction with week. No structure was imposed
on the (co)variances of the three repeated measurement
of flare.

Results

A total of 34 patients (19 males/ 15 females) were included
from 1 February 2003 to 1 February 2004. The age of the



patients ranged from 18 to 76 years (mean 54 years).
Follow-up ranged from 6 to 8 months. Six patients did not
complete the study as planned. One patient had a redetach-
ment due to an undetected tear within the first weeks, and
five patients missed two or more of their laser flare follow-
up visits; none of these five patients suffered new breaks or
a redetachment.

Of the remaining patients, 15 were in the placebo group
and 13 in the dexamethasone group. The various baseline
characteristics, such as preop vision, macula on or off,
quadrants involved, type of breaks, or variables depending
on the surgical procedure such as cryocoagulation or

postoperative laser, were equally distributed between the
dexamethasone-treated patients and the placebo group
(Table 1). At the last examination, two patients given
placebo and two patients given dexamethasone had an
intraocular pressure between 20 and 25 mmHg.

In the placebo group, laser flare measurements on
average increased during the first week and decreased
thereafter. In the dexamethasone group, there was a steady
decrease as from week 0 (Table 2, summary raw data). The
mixed model ANOVA yielded the following results. The
treatment effect on flare of dexamethasone versus placebo
differed significantly between the three weeks (P=0.007).

Table 1 Baseline characteristics of the two groups

Age Refr IOL Preop vision Preop PVR Macula Quadrants Holes Horseshoe tears Surgeon Laser Cryo

Dexa patients

1 65 plan 0.016 off 3 1 E x

2 21 plan 1.6 on 2 1 C x

3 44 nn 0.1 off 2 2 B x

4 72 plan 0.003 off 2 2 C x

5 60 -5 0.25 off 1 1 D

6 56 -5 0.016 off 2 1 D x

7 66 plan 0.016 off 2 1 D x

8 40 -3 0.016 off 2 2 C x

9 47 -10 1.0 on 1 1 D x

10 71 -3 + 0.003 off 3 2 B x

11 49 -9 0.15 off 1 1 E x

12 65 nn 0.25 off 2 1 D x

13 81 plan 0.7 A on 2 1 C x

Placebo patients

1 77 -2 0.003 off 3 E x

2 55 plan 0.016 off 3 1 C x

3 61 -4 1.0 on 1 1 D x

4 47 -6 1.0 on 1 1 E x

5 29 -3 0.25 A off 1 2 C x

6 59 -8 1.0 on 1 1 B x

7 40 -.7 0.7 part 2 1 D x

8 64 plan 0.003 C1 off 2 1 B x

9 56 -5 0.003 off 2 1 C x

10 62 -6 0.003 off 2 1 C x

11 17 plan 0.6 part 1 dialysis D x

12 30 +2 0.5 part 1 1 B x

13 59 -7 1.0 on 1 1 B x

14 71 nn 0.1 off 2 2 x

15 22 -6 1.0 on 1 1 A x

refr: refractive error

plan: plano refraction

IOL: intraocular lens

nn: not noted

part: partially off/partially attached



The effect of baseline flare on flare during treatment also
decreased significantly across the 3 weeks (P=0.019). Only
at week 1 was a significant reduction of dexamethasone
relatively to placebo seen: flare was 48.3% lower under
dexamethasone, adjusted for baseline flare (95% CI: 72.1%
lower to 4.4% lower; P=0.037); see the mixed model
ANOVA estimates in Table 2.

Discussion

Intravitreal dexamethasone has been shown to reduce the
number of tractional detachments in experimental animal
models of PVR by cell-injection [18, 20]. Studies in
animals and patient have suggested that pretreating with
steroids was more effective in PVR prevention than
treatment started at the time of injury or later [5]. It was
speculated that the decrease of BRB breakdown and
inhibition of the proliferation of RPE cells accounted for
this effect. Dexamethasone has a biphasic effect on RPE
cell proliferation in vitro, i.e. rather a stimulatory effect
with lower concentrations (ng per ml) [12, 32, 33], and an
inhibitory effect on proliferation of RPE in vitro at
relatively high concentrations (mg per ml, not reached by
peribulbar or systemic administration, only by intravitreal
injection).

Corticosteroids bind to intracellular receptors and act on
inflammation by inhibiting the synthesis of immunoregula-
tory proteins such as cytokines. The magnitude of this
response is directly proportional to the number of occupied
steroid receptors and is therefore dose-dependant [3]. Given
the studies by Weijtens et al. in patients with rhegmotog-
enous retinal detachments, macular puckers and macular
holes, which showed that a subconjunctival dexamethasone
injection would result in optimal concentrations in the
vitreous (72.5 ng/ml after 2.5 mg dexamethasone [25]) and
the subretinal fluid (367 ng/ml after 2.5 mg dexamethasone

[27]) between 3 and 6 hours after injection; and assuming
that the time interval between binding to the steroid
receptor and transcription of effector proteins would take
less than 2 hours, we timed the subconjunctival injection 5
to 6 hours before surgery. It may well be that only direct
steroid-receptor ligand prevention of nuclear factor kappa B
pro-inflammatory effect is acting within this time interval
[8]. The estimated dexamethasone concentration levels of
700 to 1000 ng/ml reached with our injection would be
effective in decreasing BRB by inducing tight-junction
formation [2] and the modulation of cytokine release[11],
but not for cell growth inhibition [12, 16, 32, 33].

The disadvantage of using dexamethasone is its short
half-life, limiting the time interval in which the drug can
be used to minimize the surgically induced inflammation.
For clinical purposes, a longer-acting steroid would
allow a more flexible preoperative administration treat-
ment moment, as well as a longer treatment effect, but it
would be at the price of a higher incidence of raised
intraocular pressure and a lower subretinal and vitreous
concentration at the time of surgery. To ensure a
continuous affective steroid concentration following
preoperative priming by a subconjunctival dexametha-
sone injection, pre-operative intravitreal injection of
longer-acting triamcinolone, or a sustained release im-
plant might be an feasible option [14, 34].

A drawback of our study was the small number of
patients enrolled. By changes in admission policy right at
the start of our study, patients were no longer admitted the
day before surgery but were treated on an ambulatory basis.
Potential study patients were asked to come in at least 6
hours earlier then the normal admission time, which was a
significant inconvenience and reduced the number of
patients willing to participate in the study. Therefore, we
could only use a quantitative surrogate marker, i.e. laser
flare, as a measurement of BRB breakdown, instead of the
originally intended rate of PVR.

Table 2 Laser flare measurements (counts per seconds) at four visits, and their relative percentage in patients treated with dexamethasone when
compared to patients treated with placebo

Week Treatment Summary raw data Mixed model ANOVA estimates

N Median Min. Max. % dexa vs placebo 95% CI P-value

0 Placebo 16 10.2 2.4 94.0

Dexa 13 10.4 7.7 95.6

1 Placebo 16 16.7 3.1 56.9

Dexa 12 8.1 1.0 58.6 -48.3% -72.1% to -4.4% 0.017

3 Placebo 15 9.6 2.2 16.1

Dexa 12 7.1 3.1 48.9 +2% -37.8% to +67.2% 0.94

6 Placebo 15 5.7 0.9 14.0

Dexa 12 6.2 1.6 12.4 +17.6% -35.1% to +113% 0.58



Laser flare photometry, however, allows precise and
non-invasve quantification of the aqueous protein content.
Although laser flare photometry has been used mainly to
study anterior segment inflammation, it has been shown to
be useful in monitoring posterior segment disease [10, 13,
21, 23, 24].

This study showed that a single injection of dexa-
methasone, injected at an estimated optimized time
interval preoperatively, significantly decreased blood–
retinal barrier breakdown at 1 week induced by a scleral
buckling procedure. We cannot exclude, however, that a
similar effect would have been achieved by supplying the
same dose at the time of surgery or with a longer
interval before surgery. To answer that comprehensively,
a four-armed study would have been necessary. Never-
theless, our findings may help in designing a feasible,
optimal perioperative steroid regime, which might include
a sustained release device or intravitreal injection at the
end of conventional surgery or, in the case that
vitrectomy is chosen to treat the retinal detachment,
steroids in the peroperative intravitreal infusion. However,
surgically induced inflammation is only one risk factor
among others in the development of PVR. Larger studies
including greater numbers of patients, a more sustained
dexamethasone regime, and longer follow-up are needed to
demonstrate whether pharmacologically decreasing the
blood–retina barrier breakdown ultimately may lead to a
lower incidence of PVR.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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ABSTRACT
Background: A new technique for visualisation of the
vitreous base is described. It uses a standard lightpipe for
scleral indentation and transillumination. Visualisation of
the vitreous using low light levels can be achieved by
enhancing the Tyndall effect.
Discussion: Perfluorocarbon liquid (PFCL) is used to
confine the aqueous environment to the anterior vitreous
cavity and triamcinolone is added to increase light scatter.
The technique clearly differentiates vitreous from PFCL
and infusion fluid, and facilitates trimming of the vitreous
base, draining of subretinal fluid and air/fluid exchange.

The vitreous is transparent by design and is
normally best seen by light scatter or the Tyndall
effect.1 2 As such, the illumination ideally should
come from the side. For the posterior vitreous, we
are reliant on a divergent beam emerging from a
fibre-optic light pipe. This increases the angle
between illumination and viewing. For the anterior
vitreous and the vitreous base, visualisation pre-
sents further challenges. Even with indirect view-
ing systems and wide-angle lenses, it is necessary
to indent the sclera in order to bring the pre-
equatorial retina, ora serrata and the pars plana
into view. It is possible for an assistant to perform
this indentation, but the control is less than ideal.
An additional difficulty is obtaining optimal
illumination. This could be from the co-axial
illumination from the operating microscope.
Because the angle between illumination and view-
ing is small (virtually co-axial), the vitreous is not
well seen, and the view is subjected to interfering
specular reflections from the tear film, cornea and
lens. Alternatively, one or more 25-gauge (or
smaller) light pipes could be secured at the pars
plana via extra sclerotomies.3 With this means, the
surgeon can then perform the indentation and
carry out the vitrectomy in a bimanual fashion.
Despite the small gauge, vitreous incarceration into
these ports is inevitable and may give rise to
complications.4–6 Strong chandelier fibre probes
have been reported to cause thermal damage.7 We
describe a technique that improves visualisation of
the vitreous base using transillumination.
Diaphanoscopy or transillumination is a simple

and effective technique for illuminating a body
cavity and determining the translucency of its
walls. Diaphanoscopy was an important tool to
investigate maxillary sinuses before x ray inven-
tion. Forensic diaphanoscopy is used to determine
the presence or absence of subcutaneous invisible
haematomas. It is also still considered helpful for
breast cancer screening. Transillumination has been
used in ophthalmology for fundus examination,

diagnosis and treatment of choroidal melanoma
delineating tumour for plaque radiotherapy and
peroperatively to help locate the posterior border of
the ciliary body and to aid sulcus intraocular lens
suturing.8–10

When the principle of transillumination is
applied during vitrectomy, the light that is
transmitted through the sclera, choroid and retinal
pigment epithelium is used to visualise the
vitreous.11 The transmission of light from a
standard 20-gauge light-pipe is, however, substan-
tially reduced by the eye wall. It is most likely
because of this limitation that the ‘‘diaphanoscopic
illuminator’’ described by Schmidt et al12 for
visualisation in pars plana vitrectomy was not
widely adopted.
Our technique improves visualisation of the

vitreous base by amplifying this low transillumi-
nated light.

METHODS
We have applied the technique on a consecutive
series of cases and audited the results of our surgery
for the treatment of rhegmatogenous retinal
detachment. We also present the experience of a
surgeon newly adopting the technique of using
triamcinolone.

Description of surgical technique
The method consists of three essential steps:
1. Filling the vitreous cavity with PFCL up to and

beyond the retinal breaks.

2. Injecting triamcinolone acetonide crystals at
both sclerotomy ports. As the PFCL bubble
displaces the remaining vitreous upwards, the
crystals are concentrated in the peripheral
vitreous. In addition, the PFCL bubble prevents
triamcinolone crystals gaining access to the
subretinal space and stabilises the retina during
vitreous cutting.

3. Scleral indentation using a conventional light
pipe. As the crystals settle in the vitreous base,
they greatly amplify the light transmitted
through the sclera by increasing the Tyndall
scattering. An extra refinement is to use a
sleeve over the conventional light probe. An
example of such a sleeve is that produced by
DORC (Zuidland, The Netherlands) (figs 1, 2).

Applying triamcinolone crystals to visualise
vitreous during surgery was first suggested by
Peyman et al.13 We have found that diluting
triamcinolone acetonide (Kenalog) with balanced
salt solution by one to one reduces the size of the
crystals, and this promotes a more diffuse spread of
the triamcinolone throughout the vitreous cortex.



Others have also found that dilution can alter steroid particle
size.14 15

RESULTS
One of us (MV) performs over 500 vitreoretinal interventions
annually (fellowship trained 1999). When vitrectomy is
performed to treat a rhegmatogenous retinal detachment, the
standard approach involves three-port pars plana vitrectomy
(PPV) using 20-gauge instruments, heavy liquid to reattach the
retina, 360u endolaser, fluid/air exchange and, depending on
location, number and size of breaks, SF6 gas tamponade.
The modified transillumination technique was adopted mid

2005. Prior to this, visualisation of the peripheral fundus was
routinely done by using the light from the operating microscope
and performing a peripheral scleral indentation. From mid 2005
onwards, transillumination using the light pipe to indent the
eye as a bimanual technique was combined with the use of
triamcinolone to enhance the visualisation of the vitreous base.
The fundus was visualised with the indirect wide-angle viewing
system (EIBOS, Möller-Wedel, Wedel, Germany)

With a follow-up of at least 6 months, 5.8% failures occurred
in 2007 as compared with 9.8% in 2004. These results seem to
indicate that a good anatomical outcome can be achieved using
the novel method for vitreous base visualisation and removal.
In our experience, indenting with the lightpipe did not cause

any more discomfort than with a standard scleral depressor and
can be achieved under general or local anaesthesia. The height of
the required indentation to achieve good visualisation is greatly
reduced with transillumination when combined with wide-
angle viewing. Indentation using the direct viewing through the

Figure 1 DORC ‘‘Lightindentor’’. This device is a disposable sleeve that
can be applied over a conventional 20- or 23-gauge light probe
(developed by DORC in collaboration with Dr Gabor Scharioth). The
smooth surface is designed to reduce the abrasion of conjunctiva and
sclera. The sleeve also increases the stiffness of the light pipe to
facilitate the indentation process.

Figure 2 Maximising the Tyndall effect. The vitreous base with
enmeshed triamcinolone can be clearly visualised with the
transilluminated light.

Figure 3 Double light reflexes. This image shows the presence of two
strong light reflexes, one from the transilluminated light coming through
the full thickness of the eye wall (A) and the other its reflection from the
interface between the vitreous and the perfluorocarbon liquid (PFCL) (B).
The residual vitreous base occupies the space between the PFCL and the
eye wall. The distance between the two light reflexes therefore gave
some indication of the extent of vitreous base trimming.

Figure 4 Uncrossed indentation. Indenting near the cutter port allows
incarcerated vitreous to be removed without lens touch.



operating microscope and its illumination generally needed to
be higher, as the viewing angle was smaller. The cover sleeve
‘‘Lightindentor’’ (fig 1) is designed to provide a smooth and
rounded surface to minimise trauma to the conjunctiva and to
reduce discomfort. The sleeve also adds stiffness such that
indentation can also be achieved using smaller-gauge light pipes.
The coauthor (DW) has been using transillumination with a

light pipe for over 10 years. He found that the use of PFCL and
triamcinolone significantly enhanced the view of the peripheral
vitreous. The adoption of this new technique showed two
additional advantages over simple transillumination:
1. A double light reflex (one from transmitted light and one

from bubble surface) was often seen, and this increased our
perception of depth. The distance between both reflexes
gave an idea of the extent of vitreous trimming (fig 3).

2. The movement of the crystals also gave useful feedback.
Crystals in the vitreous moved en masse because they were
enmeshed in a gel-like structure. Triamcinolone on the
surface of the PFCL swirled like debris riding on a current.
This information enabled the surgeon to know whether he
was using the vitreous cutter to remove vitreous gel or
merely to aspirate PFCL or BSS. During the surgical step of
air/PFCL exchange, the aim was to completely remove the
subretinal fluid through a break in the retina before
aspirating the heavy liquid. The presence of the triamcino-
lone on the surface of the PFCL bubble highlighted the
interface between the heavy liquid and preretinal fluid.
Aspiration of the PFCL was easily recognised by a rush of
the crystals towards the cutter.

The triamcinolone also highlighted the incarcerated vitreous
at the slerotomy sites. Even in the phakic eye, using careful
indentation (light indenting near the cutter port), we were able
to deal with the incarcerated vitreous without lens touch (fig 4).
Between January 2004 and December 2007, a total of 260

cases of rhegmatogenous retinal detachment were treated with

vitrectomy. Results from the audit of the anatomical success
rate for primary vitrectomy to treat RRD are shown in fig 5.

DISCUSSION
The Tyndall effect allows us to visualise vitreous, which by
nature is transparent. The effect is augmented by increasing the
angle between illumination and observation axes up to 90u. It is
also enhanced by increasing the size of the light-scattering
elements within the vitreous, which in this case is achieved by
the addition of triamcinolone. The transilluminated light is
reflected off the convex upper surface of the PFCL bubble,
which acts as a mirror. That means the vitreous is illuminated
from different angles maximising the scatter of light.
Our technique involves maximising the low amount of

illumination afforded by transillumination not only to identify
relatively transparent vitreous tissue, but also to differentiate it
from PFCL and infusion fluid. We recommend its use in all cases
for which tight trimming of the vitreous base is considered
important especially in retinal detachment and proliferative
diabetic retinopathy.
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