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ABSTRACT

Chromovitrectomy is a novel approach to visualise the
vitreous or retinal surface during vitreoretinal surgery and
was motivated by the difficulty in visualising several thin
and transparent tissues at the vitreoretinal interface such as
the internal limiting membrane (ILM), epiretinal membrane
(ERM) or vitreous, particularly the posterior hyaloid mem-
brane. Numerous vital dyes with high specific affinity for
the ILM have been applied in ILM peeling such as indocy-
anine green (ICG) and trypan blue (TB). Our results suggest
that intravitreal injection of Dual Blue dye is a simple, safe
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and effective technique that can facilitate the identification
of clinically undetectable retinal breaks in patients with pri-
mary retinal detachment and can result in high primary re-
attachment rate at 6 months follow up (in our case series we
had 100% success rate). The use of intravitreal Dual Blue
dye can be one additional option in vitreoretinal surgeons’
armamentarium of surgical techniques dealing with uniden-
tified retinal breaks.

Key words: Chromovitrectomy, undetected retinal breaks,
retinal break staining.
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In 1932, Lobeck' and coworkers were the first to perform
intravitreal injection of vital dyes; a pioneer report has been
released by Abrams et al.> demonstrating the first intraoper-
ative use of vital dye, with fluorescein as a good adjuvant for
vitreous identification. Since 2000 the application of dyes to
stain preretinal tissues during vitreoretinal surgery has be-
come a widespread technique among vitreoretinal surgeons.

Numerous vital dyes with high specific affinity for the
ILM have been applied in ILM peeling such as indocyanine
green (ICG) and trypan blue (TB). Intravitreal injection of
ICG facilitated the visualization of ILM?3. However, the use
of indocyanine green (ICG) has been associated with ad-
verse effects such as visual field defects, reduced visual acu-
ity, and persistent staining* which may be aggravated by low
osmolarity, bright endoillumination, and use of concentra-
tions greater than 0.05 mg/mL.> Later, TB was proposed as a
helpful tool to identify epiretinal membranes, and intravitre-
al triamcinolone acetonide (TA) was found to stain the vitre-
ous®. A few other dyes including infracyanine green, patent
blue, bromophenol blue, brilliant blue (BBG), and sodium
fluorescein have been proposed as alternative dyes during
chromovitrectomy™8,

Recently, extensive laboratory studies have yielded two
novel commercially available and CE-approved dye solu-
tions, MembraneBlue-Dual™ and ILM-Blue™, that may
have a higher efficacy as a result of the synergistic effect
through the use of two dyes within the same sample, com-
bined with polyethylene glycol (PEG) to increase the molec-

ular weight and viscosity. MembraneBlue Dual® tissue dye
is a sterile, non-inflammatory solution of Trypan Blue and
Brilliant Blue G, dissolved in a physiological sodium chlo-
ride phosphate buffer with 4% Polyetheylene Glykol.>!*!!
Future studies may explore the use of fluorophore-labeled
antibodies directed against specific macular tissue which, if
combined with selective illumination and barrier filters, may
lead to highly specific fluorescent staining of ocular tissues.!?

Each ml MembraneBlue Dual® contains (+5%).°

0.25 mg Brilliant Blue G purified

1.5 mg Trypan Blue, Purified

40 mg Polyethylene Glycol 3350

1.9 mg disodium hydrogen phosphate dihydrate
0.3 mg sodium dihydrogen phosphate dihydrate
8.2 mg sodium chloride

Balance to 1ml: water for injection

Advantages of Dual Blue dye:

1. stains both ERM and ILM (double stain as with Brilliant
Blue) to facilitate peeling

2. improves intraoperative visualisation of membranes of
interest and helps the discrimination of these membranes
from surrounding intraocular structures as it yields enhanced

Picture 1. Patchy staining of the posterior hyaloid membrane
with Dual Blue.

Picture 2. Posterior vitreous detachment with a 23-gauge cutter

assisted with Dual Blue staining.
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Picture 3. The intravitreal Dual Blue dye penetrated the periph-

eral detached subretinal space through the retinal break.

color-staining contrast against the orange-red attached retina
or the whitish detached retina

3. can be injected in a BSS filled vitreous cavity (no need
for additional air exchange as with membrane blue)

4. stains the posterior hyaloid membrane which can then
be grasped and elevated with the vitrectomy cutter (Pictures
1 and 2)

5. Has minimal toxicity or safety concerns

Properties of Dual Blue:

1. sinks immediately as a cohesive ball to the posterior
pole and provides a viscous and dense solution

2. only stains the targeted tissue

3. can be also diffuse throughout the whole globe and stain
the peripheral ILM (indented dispersion) °

Staining the ILM or epiretinal membranes allows sur-
geons to work more quickly and precisely, thereby poten-
tially improving surgical safety and anatomical outcomes.
There are four main target tissues for staining during chro-
movitrectomy. Vital dyes such as TB exhibit outstanding
affinity for ERMs because of the strong presence of dead
glial cells within those membranes. ILM staining with TB is
subtler than with ICG, and possibly TB stains the fine ERM
overlying the ILM rather than the ILM itself. The usefulness
of TA to highlight the vitreous has also been proposed. TA
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enables the visualisation of both prolapsed vitreous to the
anterior chamber or posterior vitreous remaining in the vit-
reous cavity.

The principles of surgery for managing primary rheg-
matogenous retinal detachment (RRD) are to precisely iden-
tify and treat all causative retinal breaks. Breaks responsible
for RRDs may not be seen preoperatively owing to opacities
in the media, pseudophakia, poor dilation or other causes.
Estimates regarding unidentified breaks complicating RRDs
vary from 2.2-22.5%'*13

Various strategies have been used to identify and manage
primary retinal breaks intraoperatively when they have not
been found before surgery, including circumferential buck-
ling, broad retinopexy, scleral buckling, and pars plana vit-
rectomy (PPV)'®2, When retinal breaks can be identified
intraoperatively, primary reattachment rates are significantly
higher than when retinal breaks cannot be identified before
or during surgery'¢-2.,

During recent years, advances in the PPV technique have
allowed the surgeon to conduct a detailed intraoperative
examination of the peripheral retina and, thereby, identify
small retinal breaks. A new application for dyes in chomov-
itrectomy consists of staining retinal break edges during vit-
rectomy for rhegmatogenous retinal detachment repair was
suggested in 2007. Jackson et al.”> demonstrated the success
of this technique to identify retinal breaks in 4 out of 5 pa-
tients and concluded TB-guided retinal break detection to
be a very useful surgical technique. In this technique, TB
0.15% is injected transretinally into the subretinal space us-
ing a 41-gauge cannula.

In order to evaluate the efficacy of MembraneBlue-Du-
al heavy dye solution for staining of retinal and iatrogenic
breaks we performed a prospective non-randomized inter-
ventional study using the high molecular weight dye Mem-
braneBlue-Dual (0.15% trypan blue, 0.025% brilliant blueG,
4% PEG) in 23 gauge vitrectomy surgeries for primary re-
pair of 10 patients with rhegmatogenous retinal detachment
(RRD) where no breaks where identified prior to surgery
despite meticulous pre-operative examination using binoc-
ular indirect ophthalmoscopy with indentation. In all cases
MembraneBlue-Dual enhanced staining, thus facilitating the
identification of undetectable retinal or iatrogenic breaks.
None of the surgeries required the use of perfluorocarbon
heavy liquid, fluid-air exchange to assist the dye application,
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or subretinal injection of dye. Subretinal fluid was stained
which enabled surgeons to identify and drain through the
break (Picture 3). A drainage retinotomy was not required in
any patient. No retinal adverse effects related to the surgery
or use of the dye were observed based on serial autofluores-
cence images up to 6 months after surgery.

Vitrectomy surgeries were performed during which a pos-
terior vitreous detachment was created. The surgeons per-
formed all scleral depression using a muscle hook which was
started at the most probable location of the retinal break and
then continued along the entire retinal periphery. Without
performing a prior fluid-air exchange 0.1 ml of Membrane-
Blue-Dual™ was applied into the vitreous cavity, while it
was completely filled with fluid, and all excess dye was as-
pirated with a blunt backflush instrument. In all cases, the
intention was to identify peripheral PVD-related retinal or
iatrogenic breaks and to treat them with cryotherapy or en-
dolaser. A retinal break was defined as primary when it was
judged from the contour of the detachment that this break
alone could account for the detachment. A break was defined
as secondary when the contour of the detachment could not
be accounted for by this break alone. In one case a parafo-
veal iatrogenic break was identified close to the area where
macular ERM peeling was performed. In all eyes with RRD,
the surgery was completed by gas tamponade (C2F6, C3F8
or SF6). After absorption of the gas tamponade all retinas
remained attached. We compared the number of breaks iden-
tified when examined intraoperative with internal peripheral
indentation before and after injection of the dye and found
that in all cases (100%) at least one more break was found
after injection of dye which was subsequently treated with
cryotherapy or endolaser. At last follow up six months after
surgery the success rate was 100% and none of them re-de-
tached. (Picture 4 a, b).

DISCUSSION

A number of management techniques and strategies are
available for treating retinal detachments in which the breaks
are undetected pre-operatively. An internal search for reti-
nal breaks using deep kinetic indentation of the sclera with
combined endoillumination was first described by McLeod,

using PPV and enables identification of retinal breaks in 95%
of RRD cases.? This has been further elaborated to a dye ex-

22.24 involving injection of sub retinal try-

trusion technique,
pan blue, using a 41-gauge needle, into the SRF. Extrusion
of the dye is encouraged through the presumed break using
perfluorocarbon liquid to fill the eye and systematic rotation
of the globe, with the aim of seeing a plume of dye venting
out of the break. The use of a dye provides color contrast
that aids detection and is an advantage over the use of heavy
liquid alone. In some instances, the dye stains the devitalized
tissue of the break itself. This was reported in the context of

both primary and repeat RD repair.*?* In small size retinal

breaks there is small amount of subretinal fluid streaming
out through the breaks even after the use of PFO thus, the

Picture 4 a, b. Serial color photos with Optos in a patient with
RRD. The retina remained attached after absorption of the gas

tamponade.
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Schlieren effect is difficult to identify. 18 Both these tech-
niques carry the potential risk of retinal toxicity, especially
as some dye may be left in the subretinal space.

Gupta D et al.® published a case series where Vision
Blue (0.006% version of Trypan Blue) has been injected
trans-sclerally into the subretinal fluid under the detached
retina to identify clinically undetected (occult) retinal breaks
in the setting of retinal re-detachments. This technique of-
fers the advantage that iatrogenic break creation is avoided
compared to trans-retinal injection. However, after injec-
tion of dye an air exchange is required to encourage the dye
posteriorly. Theoretically, possible complications of this
technique include hypotony, choroidal haemorrhage, retinal
haemorrhage and retinal and vitreous incarceration.?® Wu
et al.?”’ suggested the use of scleral buckling that extended
over the circumference of the RRD with cryotherapy in the
initial treatment of pseudophakic RRD with undetected reti-
nal breaks with 72% anatomic success increased to a higher
overall success rate after PPV with long-term tamponade for
recurrent RD after primary buckling. Martinez-Castillo V
et al.”® reported 98% and 100% primary and final success
rate respectively using pars plana vitrectomy alone with dif-
fuse illumination and extensive vitreous dissection in order
to identify and manage retinal breaks undetectable before
surgery.

CONCLUSION

The greatest advantage of use of this dye solution Mem-
braneBlue-Dual is improved intraoperative identification of
ILM at the edges of retinal breaks and the discrimination
of them from surrounding intraocular structures. Due to its
increased molecular weight and viscosity properties it elim-
inates the need for fluid-air exchange or subretinal injection.
The better the ILM can be identified the lower the chance
that further surgery due to undetectable retinal or iatrogenic
breaks will be needed.

Our results suggest that intravitreal injection of Dual
Blue dye is a simple, safe and effective technique that can
facilitate the identification of clinically undetectable retinal
breaks in patients with primary retinal detachment and can
result in high primary reattachment rate at 6 months follow
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up (in our case series we had 100% success rate). The use
of intravitreal Dual Blue dye can be one additional option
in vitreoretinal surgeons’ armamentarium of surgical tech-
niques dealing with unidentified retinal breaks.
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