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Chromovitrectomy: an Update
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Adequate visualization and identification of the posterior hyaloid, epiretinal membranes
and the internal limiting membrane are of paramount importance in modern vitreoretinal
surgery. “Chromovitrectomy” is a term used for describing the vital dyes use in order
to stain these transparent tissues and facilitate their manipulation during vitreous
surgery. This article reviews the indications, applications and characteristics of vital
dyes in vitreoretinal surgery. Various dyes are currently being used in routine clinical
procedures, however the ideal staining agent has not yet been found. Any dye which is
injected intravitreally has the potential to become toxic. Triamcinolone acetonide is used
to highlight the vitreous and is particularly beneficial in determining the attachment of
the posterior hyaloid to the underlying retina. Trypan blue stains epiretinal membranes
and facilitates their complete removal. Both indocyanine green and brilliant blue G
stain the internal limiting membrane properly, however concerns over indocyanine
green toxicity have made surgeons switch to brillliant blue G as a safer alternative.
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The vitreous is composed of 98% water with the
remainder consisting of macromolecules such
as collagen fibrils and hyaluronan. Through
aging, the vitrous undergoes several biochemical
changes leading to progressive liquefaction
of the vitreous gel which eventually results
in a posterior vitreous detachment (PVD).
An anomalous PVD may occur when there
is no clean separation along the vitreoretinal
interface.! Surgical, histopathological and
imaging advances over the past two decades
have demonstrated that traction along the
vitreoretinal interface induced by an anomalous
PVD plays an important role in several diseases.
Depending on the position of the strongest
vitreoretinal adhesion, an anomalous PVD
may evolve into several clinical conditions.!
For instance, a tear or detachment ensues from
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the strongest adhesions in the retinal periphery.
Epiretinal membranes (ERMs), macular holes
(MHs) and vitreomacular traction syndrome
(VMTS) may develop if strong adhesions are
present in the macula.!? Release of this traction
by removal of the offending tissues has been
advocated as a solution for these conditions.
The posterior hyaloid, ERM and internal
limiting membrane (ILM) are three tissues
which vitreoretinal surgeons encounter major
difficulties in dealing with, since these tissues
are usually thin, transparent and difficult to
visualize.

Staining of these transparent tissues with
vital dyes during vitrectomy greatly simplifies
the procedure. “Chromovitrectomy” is a term
employed to describe the use of vital dyes in
order to stain transparent tissues and facilitate
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their manipulation during vitreous surgery.?
Over the past decade, substances such as
indocyanine green (ICG), trypan blue (TB)
and brilliant blue G (BBG) have been used in
vitrectomy with confirmed staining capabilities,
but concerns over their retinal toxicity still
remain.*

The toxic effects of any vital dye depends on
its concentration, the osmolarity of the solution,
dye exposure time and illumination time. To
avoid toxicity a number of recommendations
should be considered: the lowest concentration
that will achieve staining should be used and
dilutions with physiological osmolarities must
rigorously be attained. The light pipe should
remain far from the macula to avoid light toxicity
and the photodynamic effect of the dye.* Since
the bare retinal pigment epithelium (RPE) in the
floor of an MH may get in contact with the dye
and sustain potential RPE toxicity, covering the
hole with blood, viscoeslastic or perfluorocarbon
liquid is suggested.

Posterior Hyaloid

Traction exerted by the posterior hyaloid has
been implicated in the pathogenesis of several
conditions such as proliferative vitreoretinopathy
(PVR), proliferative diabetic retinopathy (PDR),
penetrating eye trauma and macular holes.
Therefore the surgical goal of any vitrectomy
should be posterior hyaloid separation and
removal of the vitreous as much as possible.
Despite the development of surgical techniques,
at times the surgeon may not be confident that
the posterior hyaloid has actually been removed.

In conditions characterized by breakdown
of the blood retinal barrier such as PVR, uveitis,
retinal vein occlusions and diabetic retinopathy,
an intravenous injection of fluorescein sodium 1
to 2 days prior to the scheduled vitrectomy stains
the vitreous green facilitating its identification.”

Blood in the vitreous cavity coats the vitreous
by adhering to its collagen fibrils making the
normally transparent vitreous opaque and easier
to visualize for removal. In eyes with no pre-
existing vitreous hemorrhage, a small amount
of autologous blood may be injected into the
vitreous cavity to coat the vitreous.®

Triamcinolone acetonide (TA) is a well-
tolerated corticosteroid used for the treatment of
diseases such as uveitis, diabetic macular edema
(DME) and retinal vein occlusions. Once TA is
injected into the vitreous cavity, its particles
adhere to the vitreous gel facilitating visualization
and identification (Figures 1 and 2).” In addition,
using TA may improve vitrectomy outcomes by
reducing blood retinal barrier breakdown and
preretinal fibrosis. Currently this is the most
widely used technique to visualize the posterior
hyaloid.*® A comparative study of fluorescein,

Figure 1. Triamcinolone acetonide particles adhere to the
vitreous gel making its visualization and identification
easy.

Figure 2. The adherence of triamcinolone acetonide
particles demonstrates that the posterior hyaloid is still
attached at the posterior pole.
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ICG, TA and TB concluded that the vitreous
was best highlighted by TA.®

A recent study demonstrated that a 20%
solution containing the natural dyes lutein and
zeaxanthin, precipitates on the vitreous surface
staining it orange.’

Epiretinal Membranes

Over the past two decades owing to refinements
in instrumentation and surgical techniques,
ERM removal has been the typical indication
for macular surgery. Clinically significant
ERMs range from dense opaque tissues to
fine transparent membranes. The transparent
ERMs pose a challenge even to experienced
surgeons since incomplete removal of the ERM
is implicated in post-surgical recurrences'
which have been reported in up to 21% of
cases.!"® Staining of the transparent ERM allows
identification of its entire extent and facilitates
its visualization and complete removal.

ERMs may also occur in the context of
PVR. Surgical success depends on complete
removal of the ERMs. Staining of these ERMs
facilitates surgery by improving visualization,
characterization of the ERM as diffuse or focal,
and confirmation that the tissue requiring to
be peeled is indeed an ERM and not swollen
nerve fiber layer.!*

Among the commercially available agents,
TB is the dye of choice for ERM peeling.*'
This dye binds to degenerated cell elements
and does not stain live cells or tissues with
intact cell membranes since there is no uptake
of the dye. As ERMs are mostly composed of
dead glial cells, TB exhibits strong affinity for
them (Figure 3). Cataract surgeons have long
used TB to stain the anterior capsule during
phacoemulsification.!® ERMs stain prominently
with 0.15% TB which is a relatively safe
concentration.!”” Histopathological analysis
of excised ERM showed no retinal cells on
the retinal side of the ERM and no signs of
apoptosis. No RPE defects or signs of retinal
toxicity have been reported in most studies as
well.1>1718 Nevertheless, animal and in vitro
studies show that dose dependent toxicity may
appear with concentrations above 0.3%."

Figure 3. Intraoperative photograph of an epiretinal
membrane stained with trypan blue. (Courtesy of
Mauricio Maia, MD)

Internal Limiting Membrane

The ILM is made of the basement membrane of
Miiller cells representing an interface between
the retina and the vitreous. The significance of
ILM peeling is in achieving closure of large and
chronic idiopathic MHs.!” Tangential traction
from the ILM plays a key role in the pathogenesis
of MH. In a post-mortem examination, the eye
with successful MH closure was characterized
by an area of absent ILM surrounding the sealed
MH.? In contrast in another patient that had a
re-opened MH, histopathological examination
revealed an ERM with ILM surrounding the
open MH suggesting that traction from the ILM
was partly responsible for recurrence.?!

In other conditions such as DME and
ERM, ILM peeling has remained controversial.
Surgical specimens often show fragments of the
ILM interspersed among the ERM.?*?* Breaks
in the ILM may provide access to the macular
surface for cellular elements, thus ILM peeling
may reduce the risk of recurrence following
ERM removal. Even in cases with complete ERM
removal, recurrences may occur. Therfore by
removing the ILM as well, the surgeon can be
assured that the ERM has been entirely removed.
Thus ILM peeling has been proposed as a means
to ensure complete removal of the ERM and to
deter recurrence.®®

Visual improvement in 65% to 90% of eyes
following ERM removal and a low recurrence
rate of 5% with even fewer re-operations were
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reported and these results were achieved
without any ILM peeling.?*?® Sivalingam et al*
reported that long segments of ILM removal
led to a worse visual outcome compared to
less ILM removal. In contrast, more recently
Bovey et al® reported that the visual outcome
of eyes in which the ERM had ILM remnants
were significantly more satisfactory than eyes
without ILM remnants in ERM.

Since the ILM consists of footplates of
Miiller cells, it is reasonable to assume that
its removal may result in some type of injury.
Electron microscopic evaluation of surgically
removed ILM specimens revealed degenerated
and necrotic Miiller cell processes.’* Mild
damage to the vitreoretinal interface following
ICG stained ILM removal has also been
documented with electron microscopy.’! Given
that ICG has been reported to cause retinal
toxicity, it remains unclear whether this mild
damage to the vitreoretinal interface is due to
ICG or mechanical peeling of the ILM.* ILM
peeling causes a selective delay in the recovery
of focal macular ERG b wave even 6 months
after operation® suggesting that some type of
injury to the macular Miiller cells occurs after
ILM peeling, since these cells are responsible for
generating the b wave in the electroretinogram.
Tadayoni et al ** coined the term “dissociated
optic nerve fiber layer” to describe a peculiar
fundus appearance following ERM stripping.
In their series out of 100 eyes, 43% manifested
numerous arcuate striae slightly darker than
the surrounding retina in the direction of
optic nerve fibers appearing 1 to 3 months
postoperatively. They attributed these findings
to ILM peeling. Mitamura et al*** used optical
coherence tomography (OCT) to further
characterize these findings as dimples limited
to the retinal nerve fiber layer. More recently
Clark and colleagues® described 3 to 5 dark
striae radiating from the papilla to the macula in
an arcuate fashion as early as 1 week to 1 month
postoperatively on blue light autofluorescence
and infrared reflectance imaging. Simultaneous
OCT through the striae revealed focal areas of
swelling in the arcuate retinal nerve fiber layer.
These changes resolved spontaneously after a
mean period of 2 months not resulting in worse

post-operative visual acuity as compared to eyes
without such changes.* In some eyes, swelling
of the arcuate retinal nerve fiber layer evolved
into characteristic dimples of dissociated optic
nerve fiber layer suggesting that both of these
findings represent different time points on the
same spectrum.® It appears that both dissociated
optic nerve fiber layer and the arcuate swelling
of the nerve fiber layer do not affect visual
function. The exact cause of these phenomena is
currently unclear. A number of factors including
direct trauma by the surgical forceps as they
grasp the ILM, subclinical trauma to the inner
retina from Miiller cell damage, and Miiller cell
degeneration have been speculated.?*3” More
longitudinal studies are required to assess the
clinical implications of these changes.

Park et al"® showed that ILM peeling did
not have a detrimental effect on visual acuity.
They compared the outcomes between 24 eyes
that underwent pars plana vitrectomy with ERM
peeling but not ILM peeling, with 20 eyes that
had undergone pars plana vitrectomy with both
ERM and ILM peeling. Of note, no ILM staining
agent was used in their study. They reported
that visual outcomes were similar between the
two groups but that recurrence rate was much
higher in eyes without ILM peeling. More recent
studies have shown that ILM removal does
not improve or worsen postoperative visual
acuity.'>*® However, recurrence was reduced by
ILM peeling.!> Another purported advantage of
ILM peeling is a higher likelihood of resolution
of retinal striae.*

Selective stains such as ICG and BBG have
a high affinity for basal membranes such as
the ILM and a low affinity for collagen tissues
such as ERMs. When either dye is used to
stain both layers before removing any tissue
during surgery, the unstained ERM is clearly
depicted against the ILM, which is stained blue
or green (Figure 4). After ERM removal, accurate
visualization of the ILM during macular surgery
is difficult. Some surgeons re-stain the macula
to visualize the remaining ILM but others do
not. Even with a single BBG staining, up to two
thirds of eyes will have residual ILM remnants
after ERM.'?>4041 In a recent prospective study
conducted by the Pan American Collaborative
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Figure 4. Use of brilliant blue G (BBG) during epiretinal
membrane (ERM) removal. BBG only stains the internal
limiting membrane (ILM) blue, but the unstained ERM
is clearly depicted against the ILM. (Courtesy of Maria
H Berrocal, MD)

Retina Study Group, there was little correlation
between the surgeon’s un-aided observation and
the BBG stained observation of the ILM. Thus, if
the surgeon believes in the significance of ILM
peeling in ERM operation, staining should be
strongly encouraged.*

The first vital dye used for ILM staining was
ICG.® Since ICG binds to the ILM, biomechanical
stiffness of the ILM increases thus facilitating
its peeling (Figure 5).** However the initial
enthusiasm for the use of ICG has tempered
following numerous reports of toxicity.*#
A meta-analysis of chromovitrectomy with
ICG compared to peeling of the ILM without
staining in MH surgery showed similar anatomic

Figure 5. Intraoperative photograph of indocyanine
green assisted peeling of the internal limiting membrane
in an eye with idiopathic macular hole. (Courtesy of
Mauricio Maia, MD)

outcomes in both groups. However the functional
results in eyes in which the ILM was stained by
ICG were much worse.*

Several strategies can be used to minimize
potential ICG toxicity. The lowest concentration
of ICG which provides adequate visualization of
the ILM should be used; concentrations of 0.5%
or less are relatively safe. To avoid leaving excess
ICG in the eye is of high importance to limit
the area of ICG staining to the ILM that will be
peeled. To protect the bare RPE of the MH floor,
a small bubble of heavy perfluorocarbon liquid
or viscoelastic is placed over the MH. Following
partial fluid-air exchange, 1 to 2 drops of the
ICG solution are placed over the macula for 30
to 60 seconds. Then the ICG is washed out and
ILM peeling can be performed.

An alternative to ICG is infracyanine green
which, unlike ICG, does not contain sodiumiodide
allowing it to be dissolved in 5% glucose and to
generate an iso-osmotic solution. In vitro assays
have shown that infracyanine green induced
significantly less toxicity on RPE and retinal
ganglion cell lines in comparison to ICG.* This
toxicity was more time dependent rather than
concentration dependent. When the duration of
exposure approached 30 minutes, early apoptotic
changes were observed in both cell lines, with
no significant difference in apoptotic rates at 2
different concentrations (0.025% and 0.05%).%
Several clinical investigations have revealed
that infracyanine green assisted ILM peeling
during MH repair results in high anatomic and
functional success rates.**°

BBG also has high affinity for the ILM. In
animal and in vitro studies, BBG appears to be
relatively safe at doses up to 0.25 mg/ml.* BBG is
not a fluorescent dye (Figure 6). Therefore there is
remote possibility of light toxicity similar to ICG.
Contact with the RPE should be avoided since
RPE atrophy has been documented following
subretinal migration of BBG. In general, BBG
appears to be a safer alternative to ICG for ILM
peeling. Furthermore, BBG can be beneficial as
a neuroprotective agent.”! In vitro studies have
shown that photoreceptors undergo apoptotic
cell death when exposed to extracellular ATP
through the activation of P2RX7 purinergic
receptors. BBG is a P2RX7 antagonist and
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Figure 6. Intraoperative photograph of brilliant blue G
staining of the internal limiting membrane in an eye with
idiopathic macular hole.

prevents photoreceptor apoptosis as shown in
cell culture studies.”

Identification of Hidden Retinal Breaks

Identification of all retinal breaks is of paramount
importance for successful repair of a retinal
detachment. On occasion a retinal break is not
identified in an eye with a rhegmatogenous
retinal detachment. Transretinal injection of
TB into the subretinal space with a 41 gauge
needle followed by heavy perfluorocarbon
liquid injection into the vitreous cavity assists
the identification of previously unclear retinal
breaks.*

Future Outlooks

At the present time, none of the commercially
available staining agents is ideal. The research
is persevering and numerous dyes including
methyl violet, crystal violet, eosin Y, sudan
black B, methylene blue, toluidine blue, indigo
carmine, fast green, light green, congo red,
bromophenol blue, patent blue and evans
blue have been investigated.”® ** An ideal
dye should have excellent contrast and high
biocompatibility.”

German investigators have designed and
tested 3,3'-Di-(4-sulfobutyl)-1,1,1,1' tetramethyl-
di-1H-benz[e]indocarbocyanine (DSS) with
good biocompatibility which can be a proper
alternative for ILM staining.”® On the other
hand, Brazilian investigators argue that natural
dyes may be safer alternatives than synthetic
dyes.”® They have investigated several naturally
produced dyes and reported that acai fruit
(Euterpe oleracea), logwood (Haematoxylum
campechianum), cochineal (Dactylopius coccus)
and old fustic (Maclura tinctoria) extracts
facilitated posterior hyaloid visualization similar
to triamcinolone acetonide in cadaver eyes. Acai
fruit (Euterpe oleracea), chlorophyll extract
from alfalfa (Medicago sativa) and cochineal
(Dactylopius coccus) extracts stained the ILM
well in cadaver eyes.”® Time will tell if any of
these agents will end up in routine clinical use.

With the recent introduction of ocriplasmin,
pharmacological vitreolysis is a reality.”” The
greatest advantage of enzymatic vitreolysis is
that a cleaner cleavage plane between the retina
and other tissues of interest may be achieved
by enzymatic means as compared to mechanical
separation by vitrectomy. In the future it is
likely that enzymatic vitreolysis will play an
even more significant role in the management
of disorders of the vitreoretinal interface.

SUMMARY

Transparent tissues such as the posterior hyaloid,
ERMs and the ILM play an important role in
several diseases of the posterior pole. Surgical
removal of these tissues is a principal objective
which can be facilitated by staining with a
variety of vital dyes. Several dyes are currently
used in routine clinical procedures, however
the ideal staining agent has not yet been found
and any dye which is injected intravitreally
has the potential to become toxic. In general,
the lowest concentration of dye that will stain
the tissue of interest should be used. The dye
should also be placed for the shortest period of
time to result in minimal color change as a faint
stain is usually sufficient for peeling. Keeping
the light pipe as far away as possible from the
retinal surface should be encouraged particularly
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when fluorescent dyes such as ICG are used. TA
highlights the vitreous most ideally, and TB and
BBG best stain ERMs and the ILM, respectively.
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