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1. Introduction
Phacoemulsification has become the 

recommended surgical procedure for treating 
cataracts(1,2,3). Performing an adequate anterior 
capsulotomy is a crucial step in this technique(2,4,5,6,7,8).
However, the proper visibility of the anterior lens 
capsule to create an ideal capsulorhexis may be 
compromised in eyes with mature cataracts(4,8,9,10,11,12,13).

In ophthalmic surgeries, the use of vital dyes has 
become an effective and useful tool for the visualisation 
of target tissues(2). The application of these products for 
the selective staining of the anterior capsule of the lens 

enables the proper identification of this structure(8,11,14), 
allowing greater control in capsulorhexis. Furthermore, 
easy capsular identification is important for surgeons 
who are on the learning curve of this technique(4,15).

Continuous curvilinear capsulotomy (CCC) is 
among the most technically challenging manoeuvres to 
master during phacoemulsification(16). A poorly 
performed capsulotomy can lead to serious intra and 
postoperative complications(2,4,5,6,7,8). In human 
ophthalmology, several studies have been carried out 
with the aim of evaluating different vital dyes for 
staining the anterior capsule of the lens, exploring a 
wide range of concentrations and analysing their 
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harmful effects on intraocular structures(8,15,20,21). 
To the authors’ knowledge, there are no studies 

evaluating gentian violet for staining the anterior 
capsule of the lens in horses. Thus, aiming to facilitate 
the identification of the anterior capsule of the lens for 
CCC training, the efficacy of three concentrations of 
gentian violet (0.5%, 0.1% and 0.05%) in horse eyes 
was investigated ex vivo.

2.Materials and methods
 Thirty-six eyes of 18 male or female horses 

(Equus caballus) of different ages and breeds, obtained 
from a slaughterhouse (Foresta, São Gabriel, RS, 
Brazil), were used. The animals were slaughtered for 
reasons unrelated to this study. The research was 
approved by the Research Committee of the College of 
Veterinary of the Federal University of Rio Grande do 
Sul. The eyes were enucleated immediately after 
slaughter and kept in a humid chamber for 2 h until the 
experiment was carried out. All eyes underwent 
ophthalmic examination, which included slit-lamp 
biomicroscopy (Portable slit lamp, Kowa SL 15, 
Nagoya, Japan) and a fluorescein test (1% sodium 
fluorescein, Allergan®). All equine eyes used in this 
study had a transparent crystalline lens and showed no 
noteworthy ocular alterations. 

Three concentrations (0.5%, 0.1% and 0.05%) of 
gentian violet (gentian violet, ethyl alcohol, purified 
water; Gentian Violet 2% solution, Needs® 30 mL) 
were used for staining the anterior capsule of the lens. 
The concentrations were prepared as follows: 0.5%: 
dilution of 1 mL of dye in 3 mL of Ringer lactate; 0.1%: 
1 mL dye in 19 mL lactated Ringer's solution; 0.05%: 1 
mL dye in 39 mL lactated Ringer's solution.

The eyes were randomly assigned to three 
groups, consisting of 12 eyes on each, based on the dye 
concentration: Group A (0.5%), Group B (0.1%) and 
Group C (0.05%). Each eye was fixed on Styrofoam 
with the aid of pins, under a surgical microscope 
(DFVasconcellos MU-M19, Rio de Janeiro, Brazil). All 
staining and CCC executions were performed by the 
same surgeon. Under the operating microscope, an 
incision in the clear cornea, with a 2.75-mm corneal 
scalpel, was performed to access the anterior chamber. 
Through the incision, a large air bubble was injected, 
using a 27-gauge (G) cannula connected to a 3-mL 
syringe, to reconstruct the anterior chamber. With the 
27-G cannula connected to a syringe containing dye, 
0.4 mL of the respective gentian violet concentration 
was gently injected below the air bubble on the surface 
of the capsule. One minute was allowed for dye 
impregnation; subsequently, the anterior chamber was 
irrigated with lactated Ringer's solution to remove the 
remaining dye. Afterwards, the cornea was dissected 

through a 360-degree limbic incision 2 mm from the 
sclera, and the iris was removed to facilitate the 
visualisation of the capsule and the execution of the 
CCC (Figure 1).

Figure 1. Staining of the anterior capsule of the equine lens 
with gentian violet solution at 0.05% concentration. (A) 
incision in the clear cornea with a 2.75-mm scalpel; (B) 
injection of a large air bubble into the anterior chamber; (C) 
0.4 mL of dye injected into the anterior chamber between the 
anterior capsule and the air bubble; (D) excision of the 
corneoscleral button; (E) removal of the iris; (F) 
impregnation of the anterior capsule with 0.05% gentian 
violet dye.

Continuous curvilinear capsulotomy was 
performed after excision of the corneoscleral button 
(D) and the removal of the iris (E) in the open 
configuration (without the anterior chamber), using the 
magnification of the surgical microscope and a 
cystotome. This instrument was equipped with a 26-G 
bent needle. The manoeuvre started with a perforation 
in the centre of the anterior capsule with the cystotome 
to raise a capsular flap. Afterwards, the edge of this flap 
was held, tearing the capsule clockwise or counter-
clockwise until reaching the opposite side of the initial 
incision (Figure 2).

Figure 2. Continuous curvilinear capsulotomy technique after 
staining the anterior capsule with a 0.05% gentian violet 
solution and removing the corneoscleral button and the iris. (A) 
perforation in the centre of the anterior capsule with the help of 
a cystotome; (B) raised capsular flap, tearing it counter-
clockwise until reaching the initial incision on the opposite side; 
(C) completion of the continuous curvilinear capsulotomy. 

The CCC was performed with the three prepared 
gentian violet concentrations (Figure 3). 
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Figure 3. Continuous curvilinear capsulotomy with three 
concentrations of gentian violet. (A) 0.5%, (B) 0.1%, (C) 0.05%.

The samples consisted of capsular flaps obtained 
right after the staining technique and CCC preparation. 
These anterior capsulotomies were placed under a glass 
slide and positioned on a lined paper, with the respective 
solution beside it, and then photographed with a digital 
camera (Canon EOS REBEL T3i digital SLR, exposure 
time 1/60s and ISO 400) (Figure 4). The lined paper 
served as an adjuvant for the examiners' analysis. The 
white background of the paper created contrast for the 
dye, and the lines contributed to differentiating the degree 
of intensity of the samples through their visibility.

Figure 4. Macroscopic evaluation of the capsular flap with 
different concentrations of gentian violet. (A) 0.5%, (B) 0.1%. 
(C) 0.05%.

The effectiveness of staining the anterior lens 
capsule with different concentrations of gentian violet 
(0.05%, 0.1% and 0.5%) was graded according to an 
empirical evaluation system, by two examiners 
experienced in surgery of phacoemulsification, in 
adequate or inadequate staining. This analysis took place 
after all samples had been photographed. The evaluators 
analysed the images randomly and blindly. The images 
were manually shuffled. After being identified with 
numerals from 1 to 36, the subtitles of the samples and 
their respective concentrations were added to a Microsoft-
Excel 2013 software table. Afterwards, the concentration 
of the samples of all the photographs was hidden. Thus, 
the examiners did not know to which group the sample 
belonged. The analyses were performed using IBM-SPSS 
for Windows version 22.0 software and tabulated using 
Microsoft-Excel 2013 software, and the tests were 
performed with a significance level of 5%.

3. Results
All concentrations of gentian violet (0.5%, 0.1% 

and 0.05%) were able to stain the anterior lens capsule, 
making it possible to perform an anterior capsulotomy in 

all 36 eyes. However, only 25 capsular flaps were 
adequately classified by the examiners. From the cross-
data between the evaluators, the percentage of agreement 
was 98.2%, with only one divergent sample, with the 
reproducibility/agreement between them being almost 
perfect (Kappa = 0.936) (Table 1).

Table 1. Description of the results of the classification of 
staining, inadequate or adequate, among the examiners, and 
results of the coefficient of reproducibility/agreement between 
them.

Table 2 demonstrates the statistically significant 
association between the dye concentrations and the 
adequacy of staining the capsular flaps for both examiners 
(p < 0.001), with the 0.5% concentration of gentian violet 
being the only one that yielded inadequate results for both 
examiners.

Table 2. Description of the adequacy of the results according to 
the dye concentration for each examiner and the results of the 
association tests.

All samples from anterior capsulotomies stained 
with 0.1% and 0.05% gentian violet were classified as 
adequately stained for surgical practice by both 
examiners. The 0.5% concentration had only one sample 
categorised by Examiner 1 as adequate, not representing 
a significant percentage.

4. Discussion
Vital stains have become essential tools to improve 

the visualisation of the anterior lens capsule, and their use 
is now well-established and widespread(2). Different types 
of dyes, including trypan blue, indocyanine green, 

Examiner 1 Examiner 2 Kappa (CI: 95%)

Inadequate 11 (30.6) 12 (33.3) 0.936

Adequate 25 (69.4) 24 (66.67) (0.813; 1.000)

Total 36 (100) 36 (100)

Values are expressed as n (%)

Result
Concentration P

0.05 0.1 0.5
Examiner 1 <0.001

Inadequate 0 (0) 0 (0) 11 (91.7)
Adequate 12 (100) 12 (100) 1 (8.3)
Examiner 2 <0.001

Inadequate 0 (0) 0 (0) 12 (100)
Adequate 12 (100) 12 (100) 0 (0)
Total 12 (100) 12 (100) 12 (100)

Values are expressed as n (%); Likelihood ratio test 
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fluorescein sodium, gentian violet(8,15,20), methylene 
blue(20) and brilliant blue(21), have been proposed and 
tested. However, for safety reasons, only trypan blue is 
approved for in vivo use(2,20). In the present study, the 
choice of gentian violet vital dye was justified by the ex 
vivo use in animals, and therefore, its toxicity was not 
taken into account.

Gentian violet is a dye with an extensive and 
diverse history as a medicinal agent(24,25), mainly due to its 
antiseptic action(26). In ophthalmology, there are reports of 
its use as a marker for the cornea, conjunctiva and anterior 
lens capsule(11). We chose to use this dye for this study 
because it is an easily obtainable solution that is 
commercially available in drugstores, with a low cost, 
simple to dilute and an intense colour.

The use of dyes in the anterior capsule of the lens 
is also beneficial, and the CCC technique is employed in 
wet laboratories (wet lab). Wet labs are surgical training 
models that use animal eyes, in vivo or ex vivo, or human 
cadavers. Although there are different models of CCC 
surgical practice, Pujari et al.(19) defend the wet lab
training model as it helps the learning curve and increases 
the operative skills and safety of surgeons. In agreement, 
Moharana et al.(27) classify the use of wet labs associated 
with vital staining as a highly reliable method to mimic 
the surgical procedure. In addition, this approach is a 
cheap, applicable and reproducible model of surgical 
practice. Thus, we evaluated three concentrations of 
gentian violet (0.5%, 0.01% and 0.05%) on the anterior 
capsule of the post-mortem equine lens to demonstrate 
adequate concentrations of this dye for carrying out the 
surgical practice of CCC in an experimental laboratory.

Different techniques for staining the lens capsule 
are described. Fernández et al.(28) injected the dye under 
an air bubble, as originally described by Melles et al.(10). 
In the present study, we opted for the air bubble staining 
technique as this method has previously been described in 
phacoemulsification training studies(10,28). In addition, it is 
an easy, economical, reproducible technique that 
facilitates the homogeneous staining of the capsule. The 
adequate exposure time of the anterior capsule to the vital 
dye has not yet been established. In previous studies, 
exposure periods of 10 s(14), 30 s(28) and 60 s(11,20) were 
established. In our study, the contact time between the dye 
and the anterior capsule was 60 s. The divergence 
between the exposure duration published in previous 
studies may be due to the staining method used or the vital 
dye chosen.

In the study carried out by Dong et al.(18) the groups 
and subgroups were divided according to the experience 
in manipulating the capsulorhexis and the increasing 
difficulty in training the device, respectively. In subgroup 
01, the device had no cover, which represented the cornea 
in the system. Dong et al.(18) state that this condition is 
suitable for surgeons without any experience as it 

facilitates the perception of performing a continuous 
curvilinear capsulotomy, as well as the acquisition of fine 
motor coordination. In our experiment, as training was 
performed in post-mortem eyes, we chose to prepare the 
CCC without the presence of the cornea and iris. This 
choice was made due to the lack of mydriasis in the eyes 
and to facilitate the training of the inexperienced surgeon. 
This methodology has already been used in another study 
and proved to be effective(11).

The capsulotomy was performed with a cystotome 
made from a 26-G bent needle. The use of this instrument 
is not universal; however, it is a simple, cheap and easy-
to-prepare alternative and has successfully been used in 
other experiments and in surgical routine(29). In addition, 
Plummer(30) comments that because horses have a larger 
eyeball, a shallow anterior chamber and a small corneal 
incision for access, the standard Utrata forceps or the 
elongated ones do not allow the execution of the 
technique. This makes the use of suitable capsulorhexis 
forceps for horses necessary, which makes training more 
expensive.

Trypan blue is the only dye approved for in vivo 
use because it is effective and safe and reliably and 
selectively stains the anterior capsule(2,20). When its use is 
directed towards surgical training, cost-effectiveness is 
not advantageous: it is a material for hospital use, which 
makes acquisition difficult, in addition to existing solely 
in bottles of only 1 mL and being sold only in boxes of 10 
bottles, rendering training more expensive.

The use of gentian violet to stain the capsule was 
proposed in 1998. Since then, studies have been carried 
out to evaluate the efficacy of the dye and its safety for 
intraocular use. However, in the present study, we did not 
take into account the dye toxicity as the purpose of the 
experiment was to identify adequate concentrations of the 
dye under the anterior capsule of the lens to assist in 
surgical training for CCC in wet labs. We therefore opted 
for the 2% gentian violet solution, sold in drugstores for 
topical antiseptic use, due to the easy availability of this 
product.

Eldin et al.(9) evaluated concentrations of 0.05% to 
2% in an ex vivo study in rabbits, obtaining satisfactory 
results with all concentrations. Other investigators used 
0.01% and 0.001% concentrations to stain rat and human 
anterior capsules and concluded that the 0.01% 
concentration provided a better visualisation of the 
capsule. Chang et al.(20) examined the staining potential of 
different types of dyes, including gentian violet at 
concentrations of 0.001%, 0.01%, 0.1% and 1% for 1 
min, to stain the rabbit anterior capsule and concluded 
that the minimum concentration required to produce 
effective staining was 0.01%. Another in vitro study 
compared 13 vital dyes for capsule staining, including 
gentian violet at concentrations of 0.5% and 0.05%. The 
authors reported that the 0.5% concentration produced 
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moderate staining, and the 0.05% concentration produced 
light staining(11).

In the present study, in contrast to these results, 
adequate staining for surgical practice was found with 
concentrations of 0.1% and 0.05%, and staining classified 
as inappropriate was observed for the 0.5% concentration 
because it caused excessive staining, which may make it 
difficult to clearly differentiate the capsule and cortex 
during capsulorhexis. An inadequate classification of high 
concentrations of gentian violet has already been 
described in another study(20), which corroborates the 
results of the present study.

Some explanations for the divergent results 
observed in the literature include the time of exposure of 
the capsule to the dye in each experiment; the technique 
used to apply the dye; different existing purities of the 
gentian violet products used, since some studies use 
powder dye; and anatomical differences of the anterior 
capsules of different species used as models in the studies. 
Therefore, clinical studies that standardise staining 
methods and exposure times are needed.

Methods for analysing and classifying the 
intensity of staining of the anterior lens capsule are not 
pre-established. Macroscopic and subjective evaluations 
to assess whether the staining is adequate have been made 
in previous studies(11,14). In the study by Wilinska et al.(14), 
in addition to evaluating the toxicity of the solutions, the 
analysis of the staining of the samples by 
photodocumentation, evaluating the contrast between the 
stained capsule and the cortex, was one of the criteria 
taken into account to determine an effective staining. 
Chang et al.(20), in turn, used a semi-quantitative scoring 
system to assess staining effectiveness, where zero 
represented low contrast between capsule and cortex and 
four represented excellent contrast. Evaluators were 
represented by surgeons experienced in cataract surgery. 
Fernández- Bueneo(28) evaluated the colour 
macroscopically and microscopically and stated that 
macroscopic evaluation is a quick and useful method for 
surgeons to choose a product to use during daily surgeries.
In the present study, we opted for the macroscopic and 
subjective evaluation of two examiners with surgical 
experience. The analysis was performed blindly and at 
random, and after that, the data were crossed. The choice 
of the number of examiners was made to increase the 
fidelity of the study. The choice of method was based on 
the intention of an analysis that reproduced the real 
surgical environment.

5. Conclusions
Based on the results, the gentian violet 

concentrations of 0.1% and 0.05% were adequate for 
staining the anterior capsule of the lens in horses. The 
present study contributes to training in cataract surgery in 

equines.
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