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Introduction

In cataract surgery, the creation of the anterior capsulorhexis as 
one of the critical steps is of most importance for the surgical 
success. In challenging initial situations (e.g. in eyes with pseu
doexfoliation syndrome, mature, brunescent cataract, juvenile 
cataract, corneal opacities, or in post-traumatic and postuveitic 
cases), vital dyes are used as a routine to increase the visibility 
and plasticity of the ocular structures in the anterior chamber. 
The range of applications of the vital dye trypan blue (TB) has 
expanded considerably in recent years due to its excellent 
staining properties.1 However, its use in ophthalmology as an 
effective and useful tool requires that the dye has no adverse 
effects on the cell structures of the eye. As two laboratory 
studies on cell cultures showed, the time of exposure to TB 
plays an important role in addition to concentration.2,3 The 
in vitro studies by Chang et al. with rabbit corneal endothelial 
cell cultures, and van Dooren et al.3 demonstrated no toxicity 
of TB with a maximum concentration of 0.4% after 1 minute in 
cell cultures of human corneal fibroplasts. A significant toxicity 
of a TB concentration of 0.01% or higher after exposure was 
observed. At 24-hour exposure, a TB concentration of 0.005% 
was found to be the threshold for a significant cytotoxicity 
index. In principle, it is important to note that trypan blue 
can be cytotoxic at a certain concentration. Monoazo, the most 
toxic of known impurities found in trypan blue dyes can be 
carcinogenic. However, the TB concentrations used in eye 
surgery do not have undesirable effects on the cell structures 
of the eye and are therefore generally considered safe.3,4

However, a case report showed a transient retinal toxic 
reaction in the form of transient visual field defect following 
the entry of TB into the vitreous body space.5

In modern intraocular procedures viscoelastic substances 
(OVDs, ophthalmic viscoelastic devices) are widely used. 
Since their introduction in the 1970s, they have been routinely 
used in cataract surgery and serve to protect sensitive eye 
structures from mechanical injuries or to create and maintain 
anatomical spaces such as the anterior chamber or the capsular 
bag. They increase safety during the procedure and can also 
shorten overall surgery time by improving visibility and sim
plifying some surgical steps for the surgeon.6

A shorter surgery time is associated with a lower degree of 
trauma and a lower risk of complications, and may ultimately 
be associated with faster recovery and a better final outcome 
and satisfaction for the patient. In addition, from an economic 
point of view, the time saving factor is particularly important 
for high-volume facilities. After the introduction of Healon® in 
1979, sodium hyaluronate became the most widely used bio
polymer for OVDs in intraocular surgery. Since then, the 
pharmacological, physiological, and clinical aspects of sodium 
hyaluronate for ophthalmic applications have been assessed in 
a large number of studies.7,8

Recently, a combination of a viscoelastic with the vital dye 
TB has been introduced (Pe-Ha-Blue®PLUS, Albomed, 
Schwarzenbruck, Germany) and has already been clinically 
investigated in a prospective case series of 52 eyes with pseu
doexfoliation syndrome.6 In addition to a significantly shorter 
surgery time (due to fewer individual surgical steps) with 
cost- and safety-relevant advantages of Pe-Ha-Blue®PLUS 
compared to separate administration of OVD (POLY-HYL® 
1. 6%; Polytech Domilens GmbH) and TB (Vision Blue®; 
DORC, Holland/Blue Color Caps®), the surgeon gains better 
control over whether the OVD is removed completely at the 
end of surgery by using the blue OVD. This should also 
reduce postoperative complications such as hypertension 
due to OVD residues remaining in the eye. The aim of the 
present in vitro study was to determine by Raman spectro
scopy the amount of residue of the TB dye that remains on 
a slide during the routine application of two commercial 
products (TB dye Vision Blue® and Pe-Ha-Blue®PLUS). In 
Raman spectroscopy, the interaction of light and matter is 
used to investigate, for example, the properties of a material 
or to enable the microscopic examination of materials. 
Excited by monochromatic light, the sample emits scattered 
light with a specific frequency shift. The frequency shift (the 
so-called Raman shift) contain information about the vibra
tional states of the molecules and thus about the chemical 
composition and structure of the sample. This phenomenon 
was discovered by Sir C. V. Raman in the early 20th century. 
Since the beginning of the 20th century, the method, today 
mostly stimulated by a laser light source, is widely used in 
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fields such as industry, chemistry, archaeology or for the 
qualitative and quantitative analysis of products in the phar
maceutical industry.

Material and methods

Raman microscopy

Raman spectroscopy is based on the inelastic scattering of light to 
matter, the so-called Raman scattering. Unlike elastic scattering, in 
which the photon scattering occurs mostly without energy loss 
(Rayleigh scattering), a very small part of the photons is scattered 
at a different frequency (Raman scattering). All Raman measure
ments in our evaluation were performed with the LabRam 800 HR 
spectrometer (Horiba Jobin Yvon GmbH, Bensheim, Germany) 
equipped with a 1024 × 256 CCD camera (Peltier-cooled) adapted 
to an Olympus BX41 microscope. All measurements were carried 
out with a laser wavelength of 532 nm (5 mW), an integration time 
of 1 s per sweep and an Olympus x10 MPlanN (NA = 0. 25) lens. 
Each spectral image that scans pixel by pixel and has a full spec
trum per pixel has a total size of 7200 × 6800 μm with a step width 
of 50 μm and uses the DuoScanTM imaging system to map the 
laser focus to the pixel size.

Product information

Pe-Ha-Blue®PLUS (Albomed, Germany) is a combination of 
biofermented sodium hyaluronate (1.7%) and trypan blue 
(0.020 mg/ml). The CE approved product is available pre- 
mixed in a disposable syringe (containing 1. 0 ml) and allows 
the administration of OVD and TB in one step. VisionBlue® 
(DORC, The Netherlands) is available as a 0.06% trypane blue 
dye in a disposable syringe (contents 2.25 ml) and has FDA 
approval for the anterior segment.

Experimental set-up

The upper part of Figure 1 shows the prepared samples for 
both investigated substances. A drop of Vision Blue and Pe-Ha 
-Blue®PLUS were applied within a marking on a slide. Two 
samples were taken for each product: a reference sample, which 
creates a significantly contaminated area by drying the sub
stances, and a test sample. Similar to the procedure in clinical 
practice, the test sample of the Vision Blue Group was rinsed 
with water for a maximum of 30 seconds after application of 
the substances. Five milliliter of water from an injection needle 
was used at even pressure and from the same distance. In the 
end, no residues were visible (Figure 1). In the Pe-Ha- 
Blue®PLUS group, the substance was first aspirated after the 
maximum residing time had expired and then rinsed in exactly 
the same way. The prepared samples of both substances were 
then imaged with the Raman spectroscope. To demonstrate 
reproducibility, the entire test procedure was repeated 3 times.

Results

Figure 2 shows the results of spectroscopy measurement of the 
reference samples of both substances. Clear TB residues can be 
seen in both the light microscopic image and the false color 
image. The false color representation was created by integrat
ing over the band typical of TB (Figure 3) from 1547 to 
1589 cm−1. This band was chosen because the substrate does 
not show any Raman signal in this region. (No residue of Pe- 
Ha-Blue®PLUS is visible on the rinsed samples after mapping; 
a drop-like residue is visible when mapping Vision Blue®) 
(Figure 3). The signal-to-noise ratio in the individual spectra 
of the mappingin particular, the Vision Blue® test sample, was 
found to be insufficient for the identification of TB. Therefore, 
the spectra of the individual pixels collected in the center of the 

Figure 1. Schematic sketch of the experimental setup for Pe-Ha-Blue®PLUS and Vision Blue®.
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Figure 2. Light microscopy images of the reference samples for Pe-Ha-Blue®PLUS (top left) and Vision Blue® (top right) with marked mapping area of the Raman 
measurement (blue line). The false-color plots show the distribution of TB as an integral over the Raman band 1547–1589 cm−1 for the Pe-Ha-Blue®PLUS reference 
sample (bottom left) and the Vision Blue® reference sample (bottom right).

Figure 3. The light microscopic images of the test samples of Pe-Ha-Blue®PLUS (top left) and Vision Blue (bottom right) show no visible TB residues within the mapping 
area marked (blue line). The false color display does not show any TB residues for Pe-Ha-Blue®PLUS (left bottom), the Vision Blue test sample (right bottom) shows 
a light, drop-like area from the darker edge area.
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drop were averaged over an area of 2 × 2 mm to achieve an 
improvement in the signal-to-noise ratio (Figure 4). The 
Raman bands of TB are clearly visible in the mean spectrum 
of the Vision Blue® test specimen at a Raman shift of 1200– 
1600 cm−1, indicating residues on the test specimen. The test 
sample of Pe-Ha-Blue®PLUS does not show any Raman bands 
in the typical TB Raman Shift.

Discussion

In cases of compromised fundus reflex due to corneal opacities 
or very advanced lens opacities (cataracta provecta, brunes
cens, matura) as well as in difficult, challenging situations (e.g. 
Pseudoexfoliation syndrome, uveitis, post-traumatic cases with 
phacodonesis and zonule weakness), dye-assisted surgery is 
preferred to increase the safety of the procedure and achieve 
a better workflow. The current technique of dyeing is based on 
a multi-stage process. To stain the anterior lens capsule, the dye 
(TB) is introduced into the anterior chamber (AC) in a first 
step. Usually, the surgeon injects a small amount of air into the 
anterior chamber. This air bubble is used to protect the 
endothelium from the dye. In a further step, the dye (TB) is 
removed from the VK by rinsing. The final step is to fill the 
anterior chamber with a viscoelastic agent (OVD). Good mix
ing and homogeneous concentration of OVD and dye in the 
eye or on the scene cannot be controlled in this way. Methods 
have been described in the past to mix TB and viscoelastic 
substances before introducing them into the anterior chamber, 
for example, to limit the contact of the vital dye to the relevant 
ocular structures. Kayikiçioğlu et al.9 used a combination of TB 
with sodium hyaluronate to increase the visibility of the ante
rior lens capsule. In vitreoretinal surgery (peeling), a similar 
technique using indocyanine green to stain the inner limiting 
membrane (ILM) has also been described as safe and effective10 

However, the methods described carry the risk of 
contamination.

TB is a widely used vital dye whose efficacy in terms of 
staining properties and cytotoxicity on various structures of 
the anterior segment of the eye has been investigated in 
several in vitro studies2,3,11,12and clinical trials4,13–16 .TB 
showed no cytotoxic effects in clinical studies, but in vitro 
studies proved that TB is toxic to cultured human corneal 
endothelial cells,11 cultured rabbit corneal endothelial cells2 

or HeLa cells in a concentration- and/or time-dependent 
manner.12 Basically, the use of TB requires a rapid rinsing of 
stained areas and a complete removal from the eye, as the 
critical concentration might be exceeded due to the weak 
miscibility in the eye. In our opinion, the advantage of the 
investigated Pe-Ha-Blue®PLUS OVD is that the vital dye TB is 
present in a much lower concentration and bound in the 
matrix of a cohesive viscoelastic due to its mixing in the 
OVD and thus more even distribution in the eye. In the 
conventional, two-step method of injecting TB into the ante
rior chamber, a substantially higher dose must be applied to 
ensure adequate staining of intraocular structures in more 
remote areas. Cohesive viscoelastic products also have the 
property of leaving the eye as a whole (bolus) during aspira
tion. It was shown with our experimental setup based on 
Raman spectroscopy in the present in vitro study, that the 
incorporation of TB into such an OVD at the same time as the 
viscoelastic also enables an easier removal of the dye. This fact 
reduces the risk of toxic effects and a postoperative pressure 
rise. In the past, some studies found an effect of ophthalmic 
dyes on the mechanical properties like elasticity and stiffness 
of the anterior lens capsule.17,18 In another large clinical 
evaluation, capsule thickness was positively correlated with 
increasing age in all groups and the anterior lens capsules of 
patients with pseudoexfoliation syndrome had more elasticity 
and less stiffness than the other groups. However, intracam
eral trypan blue application had no effect on capsule elasticity 
and stiffness.19 Therefore, studies have not generated 
a uniform result by now.

Figure 4. Extracted average spectrum over an area of 2 × 2 mm from the test samples of Pe-Ha-Blue®PLUS (top left) and Vision Blue® (top right). The mean spectrum of 
the Pe-Ha-Blue®PLUS test specimen (lower left) does not show any specific TB Raman bands; in the Vision Blue® test specimen the Raman bands are clearly visible in the 
TB-relevant range between 1200 and 1600 cm−1 (lower right).
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The use of a stained OVD may reduce the likelihood of 
residues of the dye remaining or being overlooked in hard-to- 
reach regions of the eye (iridocorneal angle). In addition, OVD 
remaining in the lens capsule or anterior chamber may cause 
complications postoperatively. If the drainage of the aqueous 
humor via the trabecular meshwork is reduced by residues of 
OVD, there, is a higher risk of a postoperative increase in 
intraocular pressure.20

Further benefits are to be expected with the implantation 
of toric intraocular lenses (IOLs), since incomplete OVD 
suction increases the risk of postoperative IOL rotations. It 
may act as a sliding film between IOL rear surface and 
posterior capsule), especially for IOLs with large diameter 
and/or plate-haptic design.21 Furthermore, it has been dis
cussed in the past in various studies whether remaining 
OVD behind the IOL could act as channels for lens epithelial 
cell growth (LEC) and thus for faster posterior capsule 
opacification (PCO) development.22 In addition, further 
advantages, such as an intraoperative increase in contrast 
(when using a suitable microscopy light source) and 
improved control of the amount of OVD injected, could be 
observed when using Pe-Ha-Blue®PLUS. A so-called 
“absorption effect” of the blue-stained OVD during larger 
surgery time may additionally protect the macula from 
potentially hazardous ultraviolet and blue light of the sur
gery microscope. Further experimental and clinical study are 
necessary to proof this effect.

In addition to the effectiveness of the surgical workflow, Pe- 
Ha-Blue®PLUS may increase the safety of dye-supported eye 
surgeries. The safe and complete removal of a potentially toxic 
and carcinogenic substance from the eye is essential. As the 
concentration of TB in Pe-Ha-Blue®PLUS is lower and the dye 
is bound in the matrix of the OVD, there is a certain additional 
safety aspect. Further studies regarding a possible protective 
effect on the macula as well as investigation on the protective 
effect for toric lens rotation or refractive stability and post
operative intraocular pressure behavior are necessary to 
address these issues. Clinical results have shown in a previous 
study on additional safety benefits in a variety of surgical 
situations.6 Although this in vitro study is an experimental 
setup, the findings may support clinical observations. For 
example, it has been observed in everyday clinical practice 
that blue OVD (PeHaBlue Plus) can be removed from the 
anterior chamber more easily and faster using iris hooks or 
Malyugin rings. The same arrangement with the trypan blue 
(standard) results in some bluish remnants (like clouds or 
swaths) on the ring.

In this in-silico experiment we ignored the effect of disper
sion of TB in the entire anterior chamber. In fact, in a clinical 
setting we often see that the TB injected into the anterior 
chamber does not show a homogeneous distribution, and 
therefore we feel that our experiment is at least describing 
how TB which is not in compound with the viscoelastics is 
washed-out with BSS. The benefit of such an experiment is, 
that the results are highly repeatable. With experiments in vitro 
or in vivo the repeatability will be much lower. We feel that 
Raman spectroscopy is a very powerful tool for measuring the 
washout effect of TB in this experiment. The measurement 
technique is well established and offers a good performance, 

and it allows for a good performance in identification of rem
nants of TB on our glass plate. Of course, further studies will 
have to follow to confirm the results.

Conclusion

The results of our in-silico experiment show that a drop of 
a combination of a vital dye with a viscoelastic could be 
washed-out more easily with BSS compared to a dye itself 
without viscoelastics. This suggests that at least in an in silico 
experiment the removal of both, the viscoelastics and the TB is 
easier compared to the removal of the TB alone. Further, in- 
vitro experiment in pig cadaver eyes are planned to prove this 
washout effect. If this concept can be demonstrated, this could 
further increase the safety of dye-assisted ophthalmic 
procedures.
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