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Staining Solutions

Part three of a three-part series in which surgeons share pointers on the optimal

use of vital dyes in retina surgery.

The Ideal Dye for Posterior
Staining
By Andreas M. Mohr, MD

n selecting a vital dye for posterior staining, the most
important characteristic that vitreoretinal surgeons
look for is the ability to differentiate among thin,
translucent intraocular tissues to allow delineation
and removal of target membranes. In the past, surgeons
may have focused on identifying and removing the
epiretinal membrane (ERM), but other tissues such as
the internal limiting membrane (ILM) and posterior
hyaloid have become bigger focuses with regard to
obtaining good final visual outcomes in certain macular
diseases, as these membranes may coexist in certain
pathologies. All of these key intraocular structures must
be visually differentiated with an effective vital staining
procedure. This article reviews the characteristics of
commonly used dyes, describes the qualities that an
ideal dye for use in vitreoretinal surgeries would pos-
sess, and examines the benefits of combination dyes.

THE USUAL SUSPECTS

Trypan blue; 0.025% brilliant blue G (BBG) plus 4%
polyethylene glycol (PEG; ILM-Blue, DORC International);
and indocyanine green (ICG; IC-Green, Akorn) are the dye
preparations most often used for posterior staining (Table).

Trypan Blue

Trypan blue has a high affinity for the ERM, whereas BBG
and other dye formulations focus more on the ILM. Trypan
blue is a useful staining agent in vitreoretinal surgery, but it
has toxic effects if left in the eye for long periods (> 30 min-
utes)." Purification to remove potential contaminants arising
from the production process helps to maximize its safety.

Indocyanine Green
Although ICG has a good staining effect in vitreoretinal

At a Glance

The most important characteristic of a
vital dye is its ability to differentiate among
intraocular tissues to allow delineation and
removal of target membranes.

« The ideal posterior segment dye would address
all intraocular tissue structures of relevance in
vitreoretinal surgery.

- Use of a combination dye can simplify
chromovitrectomy staining overall.

surgery, there are phototoxicity concerns associated
with certain concentrations, staining time, duration
on the posterior pole, and osmolarity.>* ICG should
be considered for use only by experienced surgeons;
however, its staining effect may be useful for beginners.

Brilliant Blue G

BBG is more translucent than trypan blue. The latter,
depending on the manufacturer, can have a purity level
between 80% and 97%. Impurities can cause serious
inflammation in the eye membranes.

A study by Williamson and Lee evaluating visual
outcomes of idiopathic macular hole surgeries
using different staining solutions found that better
outcomes were achieved with BBG (0.25 mg/L) for
ILM peel than with ICG (0.5 mg/mL).

A multicenter clinical assessment of two high
molecular weight dyes—BBG and the combination
of 0.15% trypan blue, 0.025% BBG, and 4% PEG
(MembraneBlue-Dual, DORC International)—for
membrane staining during macular surgery showed
that either dye can be injected into a fluid-filled
vitreous cavity to facilitate staining and removal
of the ILM and ERM without additional air-fluid
exchange.®”
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TABLE. INTRAOCULAR VITAL DYES
COMMONLY USED IN VITRECTOMY

Dye

Features

ICG

Commonly used surgical dye for ILM
staining, Reports of retinal damage and
poor visual function outcome.

Infracyanine
green

Similar to ICG but synthesized without
sodium iodine.

Trypan blue Water-soluble acid dye with preferential
affinity for the ERM; exhibits better
biocompatibility than ICG.

Bromophenol | An acid-based indicator for staining during

blue vitrectomy; stains both ERM and ILM.

BBG Stains the ILM with a favorable safety
profile.

BBG plus Combined dye solution for staining the

polyethylene ILM in vitreoretinal surgery.

glycol

Patent blue Moderate affinity for the ERM and low
affinity for the ILM.

Trypan blue Combined dye solution for staining the

plus BBG ERM and ILM simultaneously.

Abbreviations: BBG, brilliant blue G; ERM, epiretinal membrane;
ICG, indocyanine green; ILM, internal limiting membrane.
Adapted in part from Morales MC, Freire V, Asumendi A, et al?

THE IDEAL DYE

The ideal posterior segment dye would address all
intraocular tissue structures of relevance in vitreoretinal
surgery, allowing consistent identification and visualiza-
tion of tissue layers throughout the delayering or peeling
procedure. It would be ready to use not only for beginners
who may need more time for tissue identification during
vitreoretinal surgery but also for experienced surgeons.
Another key feature of the ideal posterior staining solution
would be the ability to adequately delineate different
ocular structures (see “Characteristics of the Ideal Liquid
Staining Solution for Vitreoretinal Surgery”).

COMBINED USE OF DYES

Assessments using thin layer chromatography have shown
that combining trypan blue and BBG did not result in a
consolidated staining effect.’ The two dyes did not interact
chemically with one another; rather, each dye maintained
differential structures, demonstrating that trypan blue has a
completely different chemical action from that of BBG.

A combined solution that contains trypan blue, BBG,
and PEG offers a more viscous and denser solution.
Additionally, in vitro studies evaluating the influence
of combination dyes on cell damage demonstrate that
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Characteristics of the Ideal
Liquid Staining Solution for
Vitreoretinal Surgery

- Enables consistent identification and visualization
throughout the delayering or peeling procedure

- Easy to use for experienced and inexperienced surgeons

« Provides a viscous and dense solution to avoid
unwanted dispersion

- Allows simultaneous staining of the ERM and ILM
without additional air-fluid exchange

- Has minimal toxicity or safety concerns

- Yields enhanced color-staining contrast

BBG protects against trypan blue toxicity, while a com-
bination of trypan blue, BBG, and PEG is less toxic to
retinal pigment epithelial cells than trypan blue alone.!

CONCLUSION

In my surgical experience, using a combination dye
simplifies chromovitrectomy staining overall. In at least
50% of cases, when you remove the ERM you partially
remove some of the ILM, but it is difficult to identify
which part has been removed using trypan blue alone.
With a dual dye that contains BBG, you achieve good
visualization throughout the vitreous surgery procedure
and avoid the need for an additional fluid-air exchange.
For these reasons, combination staining is the future for
simultaneous staining of the ERM and ILM.

Developments in ophthalmic vitreoretinal liquids are likely
to focus on additional vital dye agents that offer enhanced
color contrast against an orange-red retina, perhaps with a
more greenish tint for maximum visible contrast. ®
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