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Purpose: To describe an innovative technique of using a chopper as a shield for preventing
mechanical corneal endothelial trauma that can occur during the phacoemulsification of
brunescent cataracts.

Methods: This prospective study included patients with hard cataracts (grade nuclear
opalescence 4 and above on LOCS III) who underwent phacoemulsification surgery. The
chopper shield technique was performed in 48 eyes of 44 patients. The technique entailed
placing the chopper horizontally as a shield anterior to the emulsifying nuclear fragment
between the phaco tip and corneal endothelium to prevent nucleus fragments from coming
into contact with the corneal endothelium. Outcome measures included cumulative dissipated
energy (CDE), corneal edema (day one), CCT (assessed at one day, one week, and one
month), and endothelial cell density assessed at three months.

Results: Of the 48 eyes included in the study, 23 were males and 25 were females (mean
age: 70.02+5.98years). Preoperatively, mean central corneal thickness (CCT) was 529.62
+21.70 microns, and endothelial cell counts were 2258.76+182.22 cells per mmZ.
Postoperatively on day one, CCT increased to 563.93+24.53 microns, a 6.47% increase
from preoperative central corneal thickness. CCT became 534.83+22.64 microns on
postoperative day seven, a 0.98% increase from preoperative CCT. Endothelial cell loss
was 6.77% at three months from the day of surgery.

Conclusion: The chopper shield technique offers continuous protection to the corneal
endothelium by minimizing endothelial cell loss during phacoemulsification of dense nuclear
cataracts.
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Introduction
Phacoemulsification in rock hard cataracts where the nucleus has achieved max-
imum density is extremely challenging. The bulk of the nucleus requires the use of
more ultrasound energy for emulsification compared to that in early nuclear catar-
acts. High ultrasound energy and prolonged phacoemulsification time are often
associated with predisposition to posterior capsule rupture and increased corneal
endothelial trauma.' Corneal endothelial cell loss can also occur due to mechanical
trauma caused by the rebounding of nuclear fragments, air bubbles, irrigating
solution turbulence, instrumentation, and IOL contact.>>

Various modalities used to minimize ultrasound energy and reduce damage to
surrounding ocular structures during phacoemulsification include direct phaco chop,
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crater and chop, power modulations in the form of tor-
sional, variable pulse and burst modes, and phaco tips with
decreased amplitude near the incision.*'* In order to
minimize endothelial cell loss associated with mechanical
trauma, maneuvers such as endocapsular or deeper plane
phacoemulsification of totally separated small nuclear
fragments, hypothermic perfusion, employment of fluidics
to provide a stable anterior chamber, anterior chamber
maintainer, replenishing anterior chamber with ophthalmic
viscosurgical device (OVD), and use of femtosecond laser
or manual prechopping techniques have been
described. >* %17 However, these modalities do not
ensure the prevention of hard nuclear fragments from
coming into physical contact with the corneal endothelium
during surgery, thereby causing focal endothelial cell loss
and precipitating corneal edema in the early postoperative
period.'#2°

We describe a new technique that employs the use of
a chopper to shield corneal endothelial cells from damage
that can occur due to direct contact with hard nuclear

fragments.

Materials and Methods

This prospective study included patients with hard catar-
acts (grade nuclear opalescence 4 and above on LOCS III)
who underwent phacoemulsification surgery. An informed
consent was taken from all patients prior to the surgery
and the study followed the principles of the Declaration of
Helsinki. Approval was taken from the Dr Om Parkash
Eye Institute’s ethics committee. All surgeries were per-
formed by three surgeons (ROP, SM, and TOP). Patients
with previous ocular surgery or trauma, corneal dystro-
phies, pseudo exfoliation syndrome, zonulopathy, low
baseline endothelial cell count (ECC), poorly dilating
pupil of size less than 6.5 mm, and inability to come for
follow-up were excluded from the surgery.

The chopper shield technique was performed in 48
eyes of 44 patients between July 2018 and March 2020.
One patient had transient diffuse corneal edema because of
conversion to manual small incision cataract surgery
(MSICS), and the second patient had posterior capsule
rupture. Intraoperative cumulative dissipated energy
(CDE) was recorded. The postoperative outcome measures
were corneal edema on day one, central corneal thickness
(CCT) assessed at one day, one week, and one month, and
ECC assessed at three months.

Surgery was performed under topical anesthesia using
proparacaine eye drops and complete aseptic precautions.

A large capsulorhexis measuring about 5.5 mm was fash-
ioned with a capsulorhexis forceps following trypan blue
staining. A combination of sodium hyaluronate 3% w/v
with chondroitin sulphate 4% w/v (Auro Laboratories
Limited, India) was used as OVD. The Centurion phacoe-
mulsification system (Alcon, Fort Worth, TX, USA) was
used for the surgery with a balanced tip and power at 75%
in the longitudinal mode, vacuum of 650 mmHg and an
aspiration flow rate of 42 cc/min for the chopping maneu-
vers. Vertical chopping was used to achieve nuclear dis-
assembly into smaller fragments with complete separation
between individual fragments. After chopping, individual
fragments were mobilized and brought in the central area
and emulsified at 90% power in torsion mode with 600
mmHg vacuum and aspiration flow rate of 50 cc/min. The
chopper was placed between phaco needle and posterior
surface of cornea, creating a mechanical barrier between
the nuclear fragments and the corneal endothelium.
Surgical technique (Video 1):

The appropriate placement of the chopper between the
phaco tip and the corneal endothelium prevented the chat-
tering nuclear fragments from bouncing upwards and strik-
ing the endothelium (Figure 1). The chopper was
intermittently used to rotate the nucleus and
maneuver the fragments towards the phaco tip while it
maintained the protective scaffolding function above the
phaco needle during actual emulsification. Once emulsifi-
cation was complete, routine irrigation and aspiration of
the residual cortex was completed and a foldable, single
piece, Tecnis 1 monofocal IOL (Model no ZCBO0O,
Johnson and Johnson Vision) was implanted in the bag

and the wounds sealed with stromal hydration.

Figure | Chopper shield: parts of the chopper such as the tip, shaft-tip junction,
and the shaft lie horizontally shielding the endothelium from nuclear fragments
during emulsification.
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Figure 2 Box and whisker plot showing percentage change in endothelial cell
count.

Results

Phacoemulsification surgery using the chopper shield tech-
nique was performed in 48 eyes of 44 patients between
July 2018 and March 2020 having grade 4 or grade 5
nuclear sclerosis. Two patients were excluded from the
study. One patient in the study had transient diffuse cor-
neal edema because conversion to MSICS was done, and
the second patient had posterior capsule rupture. Of the 48
eyes included in the study, 23 were males and 25 were
females with a mean age of 70.02+5.98 years.. CDE was
34.16+3.18% seconds. Preoperatively, mean CCT was
529.62+21.70 microns and ECC was 2258+182.22 cells
per mm?.

Postoperatively on day one, the CCT increased to
563.93+24.53 microns, a 6.47% increase from preopera-
tive central corneal thickness. The CCT became 534.83
+22.64 microns on a postoperative day seven, a 0.98%
increase from preoperative CCT. The endothelial cell loss
was 6.77% evaluated postoperatively at three months from
the day of surgery. The median endothelial cell loss was
6.49%,the range of endothelial loss was 4-16.23%, and the
interquartile range of endothelial cell loss was 1.23%
(Figure 2). The two patients who had endothelial cell
loss in excess of 15% involved conversion to MSICS in
one patient and posterior capsule rupture in the second
patient.

Discussion

Phacoemulsification surgery in rock hard cataracts is asso-
ciated with high propensity to corneal endothelial cell
damage because of prolonged phaco time, high phaco
energy, and mechanical contact by hard nuclear
fragments.'*! Surgeons employ various ultrasound power
delivery modulations, innovative phaco tips, use deeper

plane phacoemulsification of nuclear fragments and coat

corneal endothelium with viscodispersive OVDs to protect
corneal endothelium.®* 141821 However, the rigid and
irregular nuclear fragments do not mold well at the phaco
tip leading to a much greater chatter and poor followabil-
ity. In addition, high fluidic use during phacoemulsifica-
tion predisposes increased chatter. The resultant turbulence
in the anterior chamber along with chatter leads to small or
large fragments with sharp edges being dislodged from the
phaco tip and striking the corneal endothelial surface.
Repeated mechanical trauma to the endothelium along
with the collateral damage caused by the high ultrasound
energy itself increases the risk of endothelial decompensa-
tion and development of bullous keratopathy in these
eyes.”

Our technique where the chopper is used as a protective
shield during nuclear fragment removal offers a highly
potent mechanical barrier and protects the corneal endothe-
lium. In our technique, the large distance between the emul-
sification plane and the corneal endothelium facilitated an
easy atraumatic placement of the chopper away from the
corneal endothelium. During the emulsification the chatter-
ing occurs of the totally separated small nuclear nuclear
fragments and tiny swirling fragments. We repositioned the
chopper continuously, anterior to the nuclear fragments
between the phaco tip and the corneal endothelium. The
anteriorly bouncing nuclear fragments are kept close to the
phaco tip by the closely placed chopper shield. The close
proximity of the chopper shield with the phaco tip, along
with slow nuclear emulsification and deeper plane of emul-
sification, does not allow unrestricted anterior propagation
of the chattering nuclear fragments. The strategic position-
ing of the chopper provides a manual barrier to the chatter-
ing and mobile nuclear fragments by remarkably preventing
the upward movement of sharp-edged fragments, thereby
minimizing mechanical trauma to the endothelium. While
the chopper shield prevents mechanical trauma, it does not
advocate the prevention of damage due to ultrasound energy.
Posterior capsular protection in phacoemulsification of hard
nuclear fragments is not compromised while using the chop-
per as a shield in a high fluidic environment in the post-
occlusion phase. In the initial stages of nuclear
emulsification, the nuclear mass provides posterior capsular
protection. Prior to emulsifying the last nuclear fragment,
the posterior capsule is protected by refilling capsular the
bag with an OVD, slow pacing of emulsification, lowering
of fluid parameters, and the slightly anterior direction of the
phaco tip.
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The prechopping techniques including the miLOOP
(Carl Zeiss Meditec, Dublin, USA) technique fragment
the hard nucleus into smaller fragments, thereby reducing
the phaco time and energy used.”> However, there are
challenges involved in fragmenting the brunescent nucleus
into six or eight smaller fragments. Furthermore, the
movement of large nuclear fragments in the anterior cham-
ber to cause mechanical trauma to the corneal endothelium
still continues.

Amir-Asgari et al have described that tiny swirling
fragments had a significant role in endothelial insult.**
Presently, to prevent corneal endothelium during hard
nuclear cataract emulsification, the tiny swirling fragments
are inhibited from hitting the corneal endothelium by
performing a slow, deeper plane of emulsification, and
repeated coating of corneal endothelium by dispersive
OVD. The use of the chopper as a shield provides addi-
tional protection to the corneal endothelium in hard catar-
acts when we compare it to the previous studies.

The femtosecond laser helps in partial fragmentation
and softening, thereby decreasing phaco time and energy
compared to the manual technique. However, while doing
the nuclear emulsification no barrier exists between the
nuclear fragments and the corneal endothelium. Our initial
experience has yielded pristine clear corneas in the
immediate postoperative period and endothelial cell loss
of approximately 6% at the end of three months which is
comparable to the endothelial cell loss associated with
femtosecond laser-assisted cataract surgery. The change
in CCT on day one in our study was less than the conven-
tional phaco in the hard cataracts but comparable to the
corresponding FLACS studies.”®

In conclusion, we describe a simple technique that is
very easy to adopt and helps protect the corneal endothe-
lium during phacoemulsification in rock hard cataracts. In
our technique, we use a thin chopper that does not obscure
the vision of the surgical field at any point in time. This
simple step that can be easily incorporated by the surgeon
for safe phacoemulsification of rock hard cataracts.

What is known?

Hard cataract is involved with difficult nuclear emulsi-
fication with a predisposition to corneal endothelial
cell damage.

Surgeons use different techniques and technologies to
protect collateral damage to corneal endothelial
cells.

What this paper adds?

A technique of using a chopper to shield the corneal
endothelial cells from the chattering nuclear frag-
ments in hard cataracts.

Chopper shield decreases damage to the corneal
endothelial cells.
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