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Removal of Cataracts Through Small Corneal
Incision After Division with Automated Loop
System in Rabbit Eyes

Tavsan Gozlerinde Kataraktlarin Otomatize Kement Sistemi ile
Bolundiikten Sonra Kiiciik Korneal Kesiden Cikarilmas:

Bahri AYDIN', Mesut ERDURMUS?, Fatma YULEK?, Erdem DINCY, Zeynel ARSLANYILMAZ?,
Hiiseyin SERT®, Gékhan GURELIK, Ibrahim Fevzi HEPSEN®, Berati HASANREISOGLU”

ABSTRACT

Purpose: To evaluate the effectiveness of the automated loop system for fragmentation of the lens nucleus in an experimental rabbit model.

Materials and Methods: Sixteen albino New Zealand rabbits were grouped into three: In group 1 (n=6) soft rabbit lenses were divided into
multiple pieces with automated loop system and removed through 5mm corneal incision. In group 2 (n=4), rabbit lenses were extracted by
the same method as group 1. Thereafter, hard human lens was inserted into the anterior chamber; divided and removed by the loop system.
Group 3 was composed of 6 rabbits that had ECCE surgery. The corneal edema, conjunctival hyperemia, intraocular pressures were evalu-
ated on postoperative 2nd and 7th days with biomicroscopy and Schiotz tonometry.

Results: In group 1 and 2, soft rabbit nuclei and hard mature human nuclei could be divided into many small pieces by the automated loop
system. No significant intraoperative and postoperative complications were developed in any of the treated rabbit eyes. The rate of the corneal
edema in group 1 was similar to those of group 3. The corneal edema and conjunctival hyperemia rates were higher in the group 2 compared
to both group 1 and group 3. However, the differences between groups for any of the parameters were not statistically significant (p>0.05).

Conclusion: The automated loop system divided both the soft rabbit and hard human nucleus successfully into multiple pieces and the
nucleus pieces can easily be removed from 5 mm corneal incision.
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Amag: Lens niikleusunun fragmantasyonu i¢in kullanmilan otomatize kement sisteminin etkinligini deneysel tavsan modelinde degerlendirmek.

Gerec ve Yontem: On alt1 adet albino Yeni Zelanda tavsani ti¢ gruba ayrildi: Grup 1’de (n=6) yumusak tavsan lensleri otomatize kement
sistemi ile bir¢ok parcaya boliindii ve 5 mm’lik korneal kesiden ¢ikarildi. Grup 2’de tavsan lensleri grup 1 ile ayni yontem kullanilarak ci-
kartildi. Daha sonra sert insan lensi 6n kamaraya yerlestirildi ve kement sistemi ile boliiniip ¢ikarildi. Grup 3’de yer alan 6 tavsana EKKE
cerrahisi yapildi. Postoperatif 2. ve 7. giinde biomikroskop ve Schiotz tonometrisi ile korneal 6dem, konjonktival hiperemi, intraokiiler
basing degerlendirildi.

Bulgular: Grup 1 ve 2’de yumusak tavsan niikleusu ve matiir insan niikleusu otomatize kement sistemi ile birgok kii¢iik parcaya bolii-
nebildi. Tedavi edilen hig bir tavsan goziinde intraoperatif ve postoperatif anlamli komplikasyon gelismedi. Korneal 6dem orani grup 1 ve
grup 3 arasinda benzerdi. Korneal 6dem ve konjonktival hiperemi orani grup 2’de grup 1 ve grup 3 ile karsilagtirildiginda daha yiiksekti.
Bununla birlikte gruplar arasindaki hic bir parametrede istatistiksel olarak anlamh fark yoktu (p>0.05).

Tartisma: Otomatize kement sistemi ile hem yumusak tavsan niikleusu ve hem de sert insan niikleusu basarili bir gsekilde bir¢ok pargaya
boliindi ve niikleus parcalar: 5 mm’lik korneal kesiden kolay bir sekilde ¢ikarilda.

Anahtar Kelimeler: Otomatize kement sistemi, sert kataraktlar, fakofragmantasyon, katarakt cerrahisi.
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INTRODUCTION

One of the main problems in current cataract surgery
is the surgical manipulation of the mature and hard
cataracts. Surgical removal of hard and mature cata-
racts by phacoemulsification method may increase
rates of complications such as endothelial cell loss
and posterior capsular rupture.?

On the other hand performing extracapsular cataract
extraction surgery (ECCE) in these eyes may cause
problems like wound healing and induced astigma-
tism.? These obstacles in the management of mature
hard cataracts have led to development of alternative
surgical techniques in recent years. Initially divi-
sion of the nucleus by the help of a loop made of steel
wire was described by Keener and later on various
manual phacofragmentation techniques have been
developed.* These techniques have aimed mainly to
fragment the cataractous lens without ultrasound en-
ergy and to express it from a corneal or corneoscleral
incision that is as small as possible.

With this study we aim to evaluate the effectiveness
and possible complications of the automated loop
(means lasso in Turkish) system developed by our
team for fragmentation of the lens nucleus in an ex-
perimental rabbit model.

MATERIALS AND METHODS
Animals

Sixteen albino New Zealand rabbits were involved in
the study. They were divided into three groups: The
group 1 was composed of 6 rabbits whose soft lens
was divided into multiple pieces with automated loop
system and removed through 5 mm corneal incision.
The group 2 was composed of 4 rabbits whose lens
was divided and removed with automated loop sys-

Figure 1: Parts of the loop system were given: loop mecha-
nism (1), handpiece (2), motion and power transfer cable (3),
power and control panel (4), and foot pedal (5).

tem. Thereafter hard human lens was inserted into
the anterior chamber and this second lens was also
removed by the same system.

In this second group, we aimed to evaluate if the loop
system can effectively divide hard human nucleus.
The control group (group 3) was composed of 6 rab-
bits that had ECCE surgery.

The Animal Ethics Committee approval was provided
from Fatih University Medical Faculty. All the ani-
mals were treated in accordance with the declaration
of Helsinki.

Automotized Loop System

This system consists of power and control panel, mo-
tion and power transfer cable, handpiece, loop mecha-
nism and foot pedal (Figure 1).

The loop mechanism is the changeable piece that is
placed around the nucleus inside the eye. The nucleus
is divided by closure of the loop.

The loop mechanism is placed inside the handpiece
and connected to the anterior end of the motion and
power transfer cable that transfers the motion and
the power generated in the power and control panel
to the loop mechanism in the handpiece.

The posterior end of the motion and power transfer
cable is connected to the motor mechanism in the
power and control panel.

The opening and closure of the automated loop sys-
tem is controlled by the foot pedal that is connected
to power and control panel.

The main aims of automated loop system are the mul-
tiple opening and closure of the loop system that en-
able the division of the cataractous nucleus into many
small pieces; and to let the surgeon to use the second
hand for other surgical manipulations inside the eye.
The wire of the automated loop is made of stainless
steel wire rope covered with nylon with total thick-
ness of 250 micron.

Figure 2: Loop mechanism was opened in anterior chamber
parallel to the rabbit nucleus surface.
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Figure 3: Loop mechanism was dividing the soft rabbit nu-
cleus in anterior chamber.

Figure 4: Loop mechanism was placed around the hard hu-
man nucleus.

Figure 5: Loop mechanism was dividing the hard human
nucleus in anterior chamber.

This wire is capable of multiple opening and closure
without deformation at nucleus division. By the help
of the foot pedal control of the loop system, freed sec-
onds hand of surgeon provides better surgical control
as the second hand can also be used in placing the
loop around the nucleus and in other procedures in-
side the eye.

Surgical Procedure

In all groups dilatation of the pupil was achieved by
applying one drop of phenylephrine (Mydfrin 2.5%,
Alcon, Fort Worth, ABD) and one drop of tropicamide
(Tropamid 0.5%, Bilim, Istanbul, Turkey) three times
with 5 minute intervals to the rabbit eyes.

General anesthesia was accomplished with intramus-
cular injection of 50 mg/kg ketamine hydrochloride
(Ketalar, Eczacibasi, Turkey) and 5 mg/kg xylazine
hydrochloride (Rompun, Bayer, Germany) while pro-
paracaine (Alcaine 0.5%, Alcon, Fort Worth, ABD)
drops was used for the topical anesthesia.

Eyelids and the surrounding area were cleaned with
10% povidone iodine and the eye was covered with a
sterile drape and the lids were opened with an eyelid
speculum.

Figure 6: Hard human nucleus pieces were removed with
the use of serrated forceps.

The povidone iodine 10% was left on the corneal and
conjunctival surface for three minute and then re-
moved from the area by NaCl 0.09%. All the opera-
tions were performed under the surgical microscope.

In group 1, (n=6), 3 mm clear corneal incision was
made on the right eyes of rabbits and the anterior
chamber was filled with viscoelastic solution. Follow-
ing capsulorhexis the rabbit nucleus was taken into
the anterior chamber by hydrodissection.

The loop system in its closed form is inserted into the
anterior chamber. Loop is opened parallel to the lens
surface (Figure 2) by pressing “the open switch” of the
foot pedal and placed around the nucleus.

By pressing on “the close switch” of the foot pedal, the
loop was closed and the nucleus is divided (Figure 3).

The nucleus is divided into 4 to 6 pieces by multiple
opening and closure of the loop system. Corneal in-
cision was widened to 5 mm and small lens pieces
were removed out of the eye with the help of ser-
rated forceps.

Afterwards the corneal incision was closed with three
10/0 nylon sutures and the operation was finished
with subconjunctival gentamycine and dexametha-
sone injection.
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Table: Distribution of corneal edema, conjunctival hyperemia and intraocular pressures in groups on postoperative

second and seventh days (p>0.05).

Group 1 (n=6)

Group 2 (n=4) Group 3 (n=6)

2n day 7™ day 20 day 7" day 20 day 7" day
Corneal Edema 2 - 3 1 2 -
Conjunctival Hyperemia 2 - 3 1 3 1
Intraocular pressure (mmHg) 18.8 17.6 18.3 19.2 18.0 17.3
In the rabbits of group 2, (n=4), the procedures de- Biostatistics

scribed above in group I are performed without any
difference as an initial step. Thereafter, corneal in-
cision was widened to 10 mm. Mature human lens
niiclei (all of which were black or brunecent grade 5
niiclei according to lens opacification classification
system and provided by previous ECCE surgery on
human) was inserted into the anterior chamber of the
rabbit eye.

Corneal incision was closed with 10/0 nylon sutures
on nasal side so that the corneal opening was reduced
to 5 mm in size on the temporal side. The loop mech-
anism is introduced into the eye. It is opened and
placed around the hard human nucleus and nucleus
was divided into 4 to 6 pieces as described above (Fig-
ure 4 and 5). The pieces are removed out of the rabbit
eye by the help of a serrated forceps (Figure 6). The
incision is closed by 10/0 nylon sutures and the opera-
tion is finished by subconjuntival gentamycine and
dexamethasone injection.

In the rabbits of the group 3 (control group), stan-
dard ECCE surgery was performed. The nucleus is
taken into the anterior chamber and expressed out of
the eye by irrigation after a 10 mm corneal incision
and capsulorhexis were performed. Corneal incision
is closed with 10/0 nylon sutures and the operation
is finished by subconjuntival gentamycine and dexa-
methasone injection.

In the post operative period, topical antibiotic and
steroid drops four times a day were applied. The cor-
neal edema, conjunctival hyperemia (whether pres-
ent or not), intraocular pressures were evaluated on
postoperative 2" and 7% days with biomicroscopy
and Schiotz tonometry after the rabbits were anes-
thesized as described before. The weight used on the
tonometer was 5.50 g. Corneal edema was graded ac-
cording to the Efron scale.’

Absence of corneal edema was graded as 0, the cor-
neal edema only detectable by biomicroscope as 1, the
corneal edema that is detectable by eye but not ob-
scuring the details of iris and anterior chamber as 2,
the edema that is obscuring the details of iris as 3 and
the edema completely hiding the iris details as grade
4 corneal edema.

The ratio of corneal edema and conjunctival hyper-
emia between groups was compared by the chi-square
test.

RESULTS

In group 1 and group 2, soft rabbit nuclei and hard ma-
ture human nuclei could be divided into 4 to 6 small
pieces by the automated loop system without touch-
ing corneal endothelium and posterior capsular tear.
Two eyes in group 1 had grade 2 corneal edema on the
27 postoperative day whereas none of these eyes had
corneal edema on 7' postoperative day (Table). Two
rabbit had conjunctival hyperemia. Increased intra-
ocular pressure was observed in none of the rabbits.
In group 2, 2 eyes had grade 2 and one eye had grade
3 corneal edema and 3 eyes had conjunctival hyper-
emia on the 2nd postoperative day (Table).

On the 7™ post operative day the eye with grade 3
corneal edema was again edematous (Grade 3). The
postoperative edema disappeared in all eyes after
two weeks of follow up. In group 3, one eye had grade
1 and one eye had grade 2 corneal edema on the 2
postoperative day and none of the eyes had corneal
edema on the 7% postoperative day. Three eyes had
conjunctival hyperemia (Table).

The ratio of cornel edema, anterior chamber reaction
and conjunctival hyperemia between groups was not
statistically significant by the chi square test (p>0.05).
In any of the rabbit eyes, no significant intraopera-
tive and postoperative complications like posterior
capsular tear, endophthalmitis or retinal detachment
were developed.

DISCUSSION

Phacoemulsification in hard cataracts may cause
several problems. High energy needed in phacoemul-
sification of hard cataracts may damage endothelial
cells.® Loss of the endothelial cells that have regen-
erative ability may cause permanent corneal edema
and bullous keratopathy.
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On the other hand, using phacoemulsification tech-
nique in these kinds of hard cataracts increases the
rates of complications such as posterior capsular rup-
ture, corneal burns, iris trauma and retinal detach-
ment.*” For these reasons extracapsular cataract ex-
traction (ECCE) is preferred in the surgical treatment
of hard mature cataracts in many clinics despite it is
an older technique. The cataractous lens is removed
as a whole from a 9-12 mm corneal incision and in-
traocular lens is placed in the eye and the incision is
closed with many sutures in the ECCE surgery. The
wound healing usually takes about six months with
this method and problems like irritation and foreign
body sensation and pain occur frequently during post-
operative period.”® Surgically induced astigmatism
due to large incision and the sutures may worsen the
visual quality.®!°® The visual rehabilitation is much
slower than phacoemulsification and irregular astig-
matism that can not be corrected with eye glasses can
be observed in some patients.’!!

The risks that phacoemulsification of hard cataracts
can bring and the postoperative wound healing prob-
lems in ECCE surgery has led to development of the
alternative surgical methods in the treatment of ma-
ture hard cataracts.'?!* The nucleus that is taken into
the anterior chamber is divided and these pieces are
removed from the eye from incisions of various sizes
in these manual phacofragmentation methods.*13-14
Manuel phacofragmentation techniques with small
incision include: phacosection (bisection, trisection),
snare technique, nylon loop technique, mini-nuc,
manual multiphacofragmentation, quarters extrac-
tion technique, prechop manual phacofrafragmenta-
tion, SLIMCE-K and phacosandwich technique.!*?2

Kongsap has performed cataract surgery in 105 pa-
tients with the nylon loop technique by bisecting the
nucleus by a nylon loop and removing the pieces from
5 mm corneal incision and has not reported any im-
portant complication.?? Bhattacharya has reported
that hard cataracts can be removed from from 5-6
mm incision by using stainless steel loop without any
significant complication.!® Similarly Kosakarn has
trisected the nucleus in 120 patients by using double
nylon loop and removed the lens from a 4-4.5 mm cor-
neal incision.!” In our study we have shown that we
can remove both the soft nucleus of the rabbit and
the hard human lens placed in the rabbit eyes by the
automated loop system through 5 mm corneal inci-
sion. Major limitation to a decreased corneal incision
size was difficulty in removal of the nucleus pieces
by forceps which can be solved by specially designed
lens removal forceps with thinner tips and more suit-
able shapes. The authors mentioned above have sec-
tioned cataractous lens by the help of a nylon loop or
a stainless steel wire loop. Opening or closure of the
loop during division of the lens requires use of both

hands.*!7 In our automated loop system, the move-
ment of the wire loop is provided by a motorized sys-
tem which is controlled by a foot pedal. By the help of
the foot pedal control of the loop system, freed second
hand can also be used in placing the loop around the
nucleus and in other procedures inside the eye.

When we compare the groups in our study, the corne-
al edema in the rabbit eyes with soft nucleus treated
with the automated loop system (Group 1) were simi-
lar to those of control group (Group 3), the rabbit eyes
with soft nucleus treated with ECCE surgery. How-
ever the rate of conjunctival hyperemia was higher
in the control group when compared to group 1, al-
though the difference was not statistically significant
(p>0.05). The corneal edema and conjunctival hyper-
emia rates were higher in the group 2 compared to
both group 1 and group 3 (p>0.05). Increased corneal
edema means that more endothelial cell was injured
during the procedure.

Group 2 was formed to test if this system was effec-
tive in the division of hard human lens. Differences in
corneal edema and conjunctival hyperemia rates are
thought to be due to the accumulated trauma of con-
secutive surgeries in group 2 rabbits: removal of soft
nucleus from rabbit eye with the help of loop system,
placement of human hard nucleus into the rabbit eye
and removal of the hard nucleus from the same rabbit
eye by the loop system. In total, these results show
that the automated loop system for hard mature cata-
racts may offer the safety of ECCE surgery together
with decreased incision size and increased patient
comfort.

In previous human studies, steel wire and nylon
loop systems could not be opened after closure which
means that only one division is possible.!1723 The
wire of the automated loop is made of stainless steel
wire rope covered with nylon with a total thickness
of 250 micron. This wire is capable of multiple open-
ing and closure without deformation during nucleus
division. The multiple opening and closure of the loop
system have enabled the division of the lens nucle-
us into many small pieces in our study. In addition,
we were able to section both the soft rabbit nucleus
and the hard human nucleus into several pieces by
the loop system. The thinnest wire with the ability
to close and open several times without deformity in
shape that we could find had a 250 micron thickness.
The sectioning process would be easier and safer by
the use of a thinner wire with the same properties.

Current modern cataract surgery techniques have
been greatly enhanced after introduction of microin-
cisional cataract surgery, torsional phacoemulsifica-
tion and femtosecond laser. However, there are still
important problems in the management of advanced
hard cataracts.
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Torsional phacoemulsification has decreased the ef-
fective ultrasound time and cumulative dissipated
energy in moderate cataracts but not in the hard cata-
ract.?* Endothelial cell loss was still high in microinci-
sional coaxial phacoemulsification similar to conven-
tional phacoemulsification in hard cataracts.?® Fem-
tosecond laser seems to be unable to divide opaque
hard cataracts despite it will be helpful for capsu-
lorexis in these cases. Therefore, there was a need for
lens division and removal system for advanced hard
cataracts. All of these new technologies and current
phacoemulsification systems are very expensive and
could not be afforded in poor undeveloped countries.
Therefore, easy-to-produce and cheap automated loop
system could be a good alternative for cataract re-
moval especially for undeveloped countries.

One of the major drawback of this study was the lack
of endothelial cell count before and after the opera-
tions to compare endothelial damage between groups.
As we did not get specular microscopy or confocal mi-
croscopy during the study, we could not perform en-
dothelial cell count. The relatively low number of the
rabbits in groups also limits the power of the current
study.

In conclusion, this rabbit study has shown that the
automated loop system divided both the soft rabbit
and hard human nucleus successfully and the nucle-
us pieces can easily be removed from 5 mm corneal in-
cision. The automated loop system may offer the safe-
ty of ECCE surgery together with decreased incision
size and increased patient comfort for hard mature
cataracts. The automated loop system can be more ef-
fective and reliable with a thinner wire that can open
and close several times without deformation.
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