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I N T R O D U C T I O N

Cataract formation is more common in patients with
Fuchs’ dystrophy or in patients in whom inflamma-
tion or trauma has been a factor for corneal opacity.
In addition, visually significant corneal opacification
can prevent the evaluation of the lens opacities. To
coincide with cataract during penetrating keratoplasty

(PK) is not uncommon. In these situations, cataract
extraction and intraocular lens (IOL) implantation with
PK (triple pro c e d u re) can be performed (1, 2). The triple
p ro c e d u re is a well-established surgical pro c e d u re for
the single-stage treatment of cataracts and concur-
rent corneal opacity. This pro c e d u re allows faster vi-
sual rehabilitation without increasing the incidence of
complications or adversely affecting graft survival. 

Open-sky capsulorrhexis in triple pro c e d u re :
with or without trypan blue? 
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PU R P O S E. To establish the beneficial effects of trypan blue 0.1% capsule staining in open-
sky capsulorrhexis during triple procedure. 
ME T H O D S. Patients who underwent penetrating keratoplasty (PK) with phacoemulsification
and intraocular lens (IOL) implantation were divided into two groups. Group 1 consisted of
31 eyes of 26 patients with a mean age 64.4 ± 6.9 years and anterior lens capsule was
stained with trypan blue 0.1% to perform open-sky capsulorrhexis. In Group 2, capsulorhexis
was performed without staining of the anterior capsule in 19 eyes of 17 patients with a mean
age 60.6 ± 5.3 years. The rates of complete capsulorrhexis and intra- and postoperative
c a p s u l e - related complications were compared between the groups. 
RE S U LT S. The most common diagnosis before PK was corneal opacification in both groups.
Open-sky capsulorrhexis was not completed in 3 eyes (9.6%) in Group 1 and in 9 eyes
(47.3%) in Group 2. The rates of incomplete capsulorrhexis, posterior capsule tear, and
transscleral fixation IOL implantation were higher in Group 2 (for each, p < 0.05). The di-
ameters of capsulorrhexis were smaller than 4.5 mm in one eye in Group 1 and in two eyes
in Group 2, and larger than 6.5 mm in two eyes in Group 1 and in three eyes in Group 2.
Malposition of IOL, zonular dialysis, retinal detachment, and pupil capture were only ob-
s e rved in eyes in Group 2. In the follow-up period, there were no adverse reactions due to
application of trypan blue in Group 1.
CO N C L U S I O N S. Trypan blue staining of the anterior capsule during triple procedure helps the
surgeon perform open-sky capsulorrhexis more easily and safely and in proper dimensions,
provides positive effects on the other steps of the surgery, and decreases the rate of pos-
terior capsule tear formation. (Eur J Ophthalmol 2003; 13: 764-9)
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During triple pro c e d u re, performing of anterior cap-
sulorrhexis allows for better centration and stabil ity
of the IOL (3, 4). However, a capsulorrhexis may be
very difficult to perform in patients with mature cataract
due to absence of a red reflex. Staining of the ante-
rior capsule with trypan blue 0.1% is one of the meth-
ods to visualize the capsulorrhexis borders (5-7).

This study evaluated the beneficial effect of trypan
blue 0.1% on performing open-sky capsulorrhexis in
triple pro c e d u re and capsule-related complications
e n c o u n t e red during or after surg e r y. To our knowl-
edge, this is the first study to report the use of try-
pan blue 0.1% in open-sky capsulorrhexis.

M ATERIALS AND METHODS

Fifty eyes of 43 patients (25 men, 18 women) who
underwent triple pro c e d u re between March 1999 and
December 2002 were included in this prospective non-
randomized clinical trial. All patients had mature cataract,
which was determined before or during PK. The most
common indication for PK was corneal scarring. The
patients were divided into two groups. In Group 1 (n
= 31 eyes), anterior lens capsule was stained with try-
pan blue 0.1% and open-sky capsulorrhexis was per-
formed. In Group 2 (n = 19 eyes), open-sky capsu-
lorrhexis was performed without staining of anterior
capsule. 

P reoperative evaluation included assessment of vi-
sual acuity, slit-lamp biomicro s c o p y, measurement of
intraocular pre s s u re (IOP), and ultrasonographic (A and
B scan) examination. The emmetropic IOL power was
calculated with SRK-II formula. The fellow eyes were
c o n s i d e red for the preoperative keratometry re a d i n g s
of the eyes in which adequate readings could not be
obtained. Age, sex, diagnosis, and intra- and postop-
erative capsule-related complications were re c o rded. 

Operative technique

B e f o re surg e r y, all patients received IOP-lowering
t reatment including oral carbonic anhydrase in-
hibitors (acetazolamide, 250 mg) and intravenous hy-
p e rosmotic agents (Mannitol, 5 ml/kg). All operations
w e re performed under general anesthesia with 1 to
1.5% sevoflurane (Abbott Laboratories, Turkey) in 33
to 66% O2- N2O mixture and nondepolarizing muscle

relaxant (vecuronium 0.1 mg.kg- 1) by a single surg e o n
(O.A.). The keratoplasty pro c e d u re was started by se-
curing a Flieringa ring to the sclera. A 6 mm to 8 mm
H e s s b u rg - B a r ron vacuum trephine was used to make
a full-thickness incision, which was completed with
c o rneal scissors. In Group 1, the aqueous was aspi-
rated and 0.1 ml of trypan blue 0.1% was applied to
the anterior capsule. The anterior chamber was irri-
gated with balanced salt solution (BSS) after a few
seconds. In Group 2, open-sky capsulorrhexis was
performed without staining of anterior capsule. The
next steps of the pro c e d u re were the same in both
g roups. A high viscosity material (Healon GV, NY) was
injected into the anterior chamber. Using a cystotome
needle, a central linear cut and after that a continu-
ous curvilinear capsulorrhexis was performed (Fig. 1).
Following hydrodissection, phacoemulsification was
used when the nucleus was too large to pass thro u g h
the capsulorrhexis. All eyes were implanted with a
one-piece polymethyl methacrylate posterior cham-
ber IOL with 5.5 mm diameter biconvex optic. Car-
bachol was administered to maintain pupillary con-
striction through the rest of the pro c e d u re. The donor
c o rnea was sutured with 16 interrupted and one run-
ning 10-0 nylon suture to the recipient bed. At the
end of the pro c e d u re, gentamicin sulfate and dex-
amethasone sodium phosphate were given subcon-
j u n c t i v a l l y.

Fig. 1 - P e r f o rming the open-sky capsulorrhexis after staining of
anterior capsule.
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The eyes were examined every day during the first
week, weekly during the first month, monthly during
the first year, and then every 3 months. At the follow-
up examinations, particular attention was given to the
c a p s u l e - related complications. The width of the cap-
sulorrhexis was assured according to the IOL optic
implanted intraoperatively, and by the help of slit-lamp
m e a s u rement after dilatation of the pupil on the first
postoperative day.

The results were expressed as mean ± SD. Chi-square
(χ2) test was used in statistical analysis and p < 0.05
was considered as statistically significant (release 11.0,
SPSS Inc., Chicago, IL).

R E S U LT S

The patients’ characteristics and follow-up time of
both groups are shown in Table I. The most fre q u e n t
p reoperative diagnosis was corneal scarring (29
eyes, 58%), followed by herpes simplex keratitis (13
eyes, 26%) and Fuchs’ dystrophy (8 eyes, 16%) (Ta b .
I). In all eyes, visual acuities ranged from hand mo-
tion to light perception. In 19 eyes, cataract forma-
tion was determined during surgery due to corn e a l
o p a c i t y, but IOL calculation had been performed be-
f o re surgery because lens status was invisible. All eyes
underwent triple pro c e d u re and the same technique
was used as mentioned. 

In Group 1, open-sky capsulorrhexis was per-
formed successfully in 28 eyes without any compli-
cations, but it was not completed in three eyes be-
cause of too much posterior pre s s u re. In these eyes,
Vannas scissors were used to complete the capsulo-
tomy with as smooth an edge as possible. At the fol-
low-up examination, the diameter of capsulorrhexis
was found to be smaller than 4.5 mm in one eye and
l a rger than 6.5 mm in two eyes (Tab. II). There was no
residual staining of the capsule and other ocular tis-
sues after surgery and no complications due to ap-
plication of trypan blue. Malposition of IOL, pupil cap-
t u re, or retinal detachment was not observed in any
eye at the follow-up examinations. 

In Group 2, capsulorrhexis was not completed suc-
cessfully in nine eyes and peripheral radial tear de-
veloped. In these eyes, capsulotomy was tried to com-
plete with Vannas scissors. Posterior capsule tears
o c c u r red in four eyes and zonular dialysis was ob-

served in one eye. In these eyes, the IOL was not in-
serted in the capsular bag, and anterior vitre c t o m y
was performed to remove the vitreous from the an-
terior chamber and around the iris and capsule, and
transscleral fixation posterior chamber lens was in-

TABLE I - PATIENT CHARACTERISTICS

C h a r a c t e r i s t i c s G roup 1 G roup 2

Number of patients 2 6 1 7

Number of eyes 3 1 1 9

Mean age ( y e a r s ) 4 1 . 0 ± 1 5 . 0 4 6 . 7 ± 1 5 . 3

S e x

F e m a l e 1 0 8

M a l e 1 6 9

E y e

R i g h t 1 7 1 0

L e f t 1 4 9

D i a g n o s i s

Fuchs’ dystrophy 5 3

C o rneal scarring 1 8 1 1

Herpes simplex keratitis 8 5

Mean follow-up ( m o n t h s ) 1 8 . 2 ± 5 . 4 1 9 . 3 ± 5 . 6

P reoperative IOP (mmHg) 1 6 . 6 ± 2 . 2 1 7 . 0 ± 2 . 3

Postoperative IOP (mmHg) 1 7 . 2 ± 2 . 5 1 7 . 6 ± 2 . 8

Values are mean ± SD
IOP = Intraocular pre s s u re

TABLE II - C O M P L I C ATIONS ENCOUNTERED DURING
PERFORMANCE OF OPEN-SKY CAPSU-
L O R R H E X I S

C o m p l i c a t i o n s G roup 1 G roup 2

Incomplete capsulorrhexis* 3/31 (9.6%) 9/19 (47.3%)

Posterior capsule tear* 0 4/19 (21.0%)

Diameter of capsulorrhexis

>4.5 mm 1/28 (3.5%) 2/10 (20%)

4.5-6.5 mm* 25/28 (89.2%) 5/10 (50%)

<6.5 mm 2/28 (7.1%) 3/10 (30%)

IOL malposition 0 2/19 (10.5%)

Pupil capture 0 1/19 (5.2%)

Zonular dialysis 0 1/19 (5.2%)

Transscleral IOL implantation* 0 5/19 (26.3%)

Retinal detachment 0 1/19 (5.2%)

*Statistically significant
IOL = Intraocular lens
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serted. Retinal detachment occurred in one eye with
transscleral f ixation IOL 16 months after surg e r y. The
patient underwent scleral buckling and the retina was
attached after surgery and the visual acuity impro v e d
to finger counting from 5 m. The rates of smaller and
l a rger capsulorrhexis are shown in Table II. Malposi-
tion of IOL developed in two eyes and pupil capture
was observed in one eye with peripheral radial cap-
sule tear. There were no such complications in eyes
in which capsulorrhexis was successfully performed
in both groups. 

The rates of incomplete capsulorrhexis, posterior
capsule tear, transscleral fixation IOL implantation,
and total complications were significantly higher in
G roup 2 (for each, p < 0.05). Although the rates of
malposition of IOL, zonular dialysis, pupil capture, re t i-
nal detachment, and improper dimensions of capsu-
lorrhexis were higher in Group 2, there were no sig-
nificant diff e rences between the two groups (for each,
p > 0.05).

D I S C U S S I O N

It is a dilemma whether to perform PK alone or in
combination with cataract extraction in the pre s e n c e
of lens opacities. The advantages of triple pro c e d u re
a re allowing faster visual rehabilitation without incre a s i n g
the incidence of complications and adverse eff e c t s
c o m p a red to performing cataract extraction after PK
(8, 9). The success rates of various studies on the
outcome of the triple pro c e d u re have ranged from 73%
to 94% of clear grafts (10-12). There f o re, we favor the
s i m u l t a n e o u s - p ro c e d u re approach and agree with its
major advantages as follows: 1) single surg e r y, 2) less
cost, 3) endothelial preservation of the donor corn e a
(13, 14).

One of the most important steps in triple pro c e d u re
is performing of capsulotomy. When capsulotomy tech-
niques are compared, continuous circular capsulor-
rhexis has a number of advantages over anterior cap-
s u l o t o m y. It contributes significantly to the safety and
e ffectiveness of cataract extraction and IOL implan-
tation and produces a strong capsular rim that re s i s t s
tearing even when stretched during lens material re-
moval or lens implantation. Also, it facil itates such
p ro c e d u res as hydrodissection, endolenticular pha-
coemulsification, complete cleaning of the capsular

bag, and capsule polishing, and allows better cen-
tration and stabil ity of the posterior chamber IOL. It
also reduces the occurrence of a posterior capsular
tear (15, 16). Can opener capsulotomy usually re s u l t s
in radial tears. These radial tears can enlarge and af-
fect IOL placement and stabil ization and may cause
IOL dislocation. The rates of such complications may
be higher in open-sky conditions because of too much
posterior pre s s u re when compared with closed-sys-
tem. In closed-system cataract extraction, Akkin et
al (17) reported higher rates of IOL decentration in
eyes that underwent envelope technique than eyes
with continuous curvilinear capsulorrhexis. In our study,
t h e re was no malposition of IOL in eyes in which cap-
sulorrhexis was successfully completed. The rate of
malposition of IOL in Group 1 was 0%, whereas it was
10.5% in Group 2. These findings were compatible
with other studies (18).

It is very useful to observe the red fundus re f l e x
while performing capsulorrhexis. It allows visualiza-
tion of the outline of the capsulorrhexis. However, fun-
dus reflex is absent in eyes with mature cataracts and
heavily pigmented fundi. In this situation, it may be
very difficult to perform capsulorrhexis and techniques
to visualize the anterior capsule are re q u i red. These
a re the use of side illumination (19), hemocoloration
of the capsule with autologous blood (20), subcap-
sular injection of fluorescein (21), and the use of cap-
sule dyes (6). The first three techniques are time con-
suming to perform, and hemocoloration re q u i res pre-
operative preparation of hemoderivate.

As capsule dyes, trypan blue 0.1%, gentian blue
2%, indocyanine green 0.5%, cresyl blue 1%, and meth-
ylene blue 5% are able to stain the anterior capsule.
It was found that methylene blue 1% and gentian vi-
olet 0.1% increased the incidence of corneal edema,
and bril liant cresyl blue 1% has not been used in the
human eye in vivo ( 7 ) .

Trypan blue 0.1% capsule staining is a safe and ef-
fective technique to facilitate the performance of a
capsulorrhexis in the absence of a red reflex fundus
(7). Although trypan blue capsule staining was re p o r t e d
in closed-system cataract extraction, the use of try-
pan blue has not been reported in triple pro c e d u re .
To our knowledge, this study is the first to report the
beneficial effects of trypan blue in open-sky capsu-
lorrhexis. In the open-sky condition, there is no pre s-
s u re on the anterior capsule as in a closed-system
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cataract extraction. This may cause incomplete cap-
sulorrhexis, unintended extension of the capsule tear
t o w a rd the periphery, and incomplete irrigation and
aspiration of cortex, and the open-sky period may
lead to posterior capsular rupture, vitreous loss, and
p redisposition to choroidal effusion and supra-
c h o roidal hemorrhage. All these factors may enhance
the stress of the surgeon. There f o re, visibility of the
capsule borders is important to finish the capsulor-
rhexis successfully and capsulorrhexis facilitates the
next steps of the surgery and decreases the rate of
late complications. In our study, we obtained quick,
homogeneous staining of the anterior capsule with
trypan blue 0.1% and trypan blue enabled us to vi-
sualize the outline of the capsulorrhexis in all cases.
It was easy enough to distinguish the anterior cap-
sule from the lenticular mass. In some eyes with ma-
t u re cataract, the lens may become swollen. During
performance of central linear cut with a cystotome,
sudden rupture of anterior capsule may develop. If
the anterior capsule is not stained with trypan blue,
it will be very difficult to distinguish the edge of the
capsule tear. If the surgeon insists on performing cap-
sulorrhexis, it will be inevitable to develop peripher-
al extension of capsule tear and formation of poste-
rior capsule tear. There f o re, we recommend staining

of anterior capsule in all eyes with mature cataract
and invisible anterior capsule. In only three eyes in
G roup 1, we did not complete capsulorrhexis because
of too much posterior pre s s u re or sudden rupture of
anterior capsule. In Group 1, the diameter of capsu-
lorrhexis was between 4.5 and 6.5 mm in 25 eyes and
it was statistically higher when compared with Gro u p
2. The rates of incomplete capsulorrhexis, posterior
capsule tear, and transscleral fixation IOL implanta-
tion were statistically higher in Group 2 because of
the invisibility of the capsule borders. 

In conclusion, trypan blue staining of the anterior
capsule during triple pro c e d u re enables the surg e o n
to complete the open-sky capsulorrhexis successfully
and in proper dimensions, prevents the formation of
posterior capsule tear, provides positive effects on
the next steps of the surg e r y, and decreases capsule-
related complications.
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