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Introduction

his edition of Operative Techniques in Cataract and Refrac-

tive Surgery focuses on phacoemulsification techniques.
There has heen a rapid evolution in phaco techniques over the
past 5 years, due in large part to the enormous advances in
phacaemulsification technology that have become available to
calaract Surgeons.

Charles Kelman was the [irst surgeon to actually do endolen-
ticular phacoemulsiflication by grooving the nucleus in the
posterior chamber in the meridian of the incision, cracking it
with a Ringberg ENT forceps, and then bringing each of the
hemi-nuclei up into the anterior chamber for consumption. Dr
Kelman believed that this technique was too difficult for most
of the surgeons he was training in transition to phacoemulsifi-
cation because they were also untrained in the use of the
operating microscope. He therefore emphasized anterior cham-
ber techniques, which were reaily the most commonly used
techniques during the first decade of phacoemulsiftcation.
These nuclei were essentially consumed by ultrasound energy
by removing nuclear material from outside-in.

In the second decade of phacoemulsification, the initial
emphasis was on posterior chamber phaco as introduced by
Bob Sinskey and Dick Kratz. Later, Kratzs technique of
twa-hand pupillary plane phacoemulsification became the
predominant technique, having been popularized by Bill Male-
ney in his “Three Steps to Phaco” courses.

In the beginning of the third decade of phaccemulsification,
because of the enormous advantages ol continuous curvilinear
capsulothexis for early and late centration of intraocular
lenses, surgeons Lurned to endocapsular phacoemulsification.
Initially surgeons tried sculpting through the small circular
capsulorhexis, within the substance of the nucleus, down to a
posterior plate, which then was difficult to mobilize and
remove. Howard Gimbel was the first 1o systematize endolen-
ticular phacoemulsification techniques using the nucleofractis
techniques of crater and irench divide and conquer, which
essentially were cracking iechniques. These were refined by
John Shepherd in his phacoemulsificasion in situ technigue
with cruciate grooving and cracking into quadratic segments,
which were initially removed by tumbling. Subsequently, 1
introduced chip and flip phacoemulsification, a method of
circumferential division of the nucleus into a central endo-
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nucleus and a soft outer epinuclear shell. Bill Maloney, David
Dillman, and 1 then introduced crack and flip phacoemulsifica-
tion, which combined the safety of working within an epi-
nuclear shell with the efficiency of cracking techniques.

A new innovative technique for disassembling the nucleus
and removing it from inside-out, as all of the endolenticular
techniques were designed to do, was introduced in 1993 at the
ASCRS meeting in Seattle by Kinthiro Nagahara, who showed
us chopping. However, in his initial demonstration and video,
the large segments of nuclear material were brought up into the-
anterior chamber after chopping. This seemed to be enough of
a disadvantage that few surgeons adopted this technique.
Independently, Paul Koch and Roger Steinert developed meth-
ods of combining some sculpting with chopping in a technique
now known as stop and chop. This was essentiatly a combina-
tion of cracking and chopping.

All of the endolenticular techniques benefited from some of
the new and improved technology introduced in the early
1990s, which included better cutting systems, higher vacuum
capabililies, and much more stable fluidics. The introduction
of microprocessor control of these different functions added
additional capabilities for control and safety.

In the mid-1990s, we have seen most systems develop along
the lines of higher-vacuum casseites, downsized phaco tips,
new tip configurations, and most importantly power modula-
tions. These have led to a major interest in chopping tech-
niques and, for some, a retun to pupillary plane techniques. in
this issue, we will see several ways of hydroexpressing the
nucleus into the plane of the pupil for consumption, again
[rom ouwtside-in, as in the articles by David Brown and Dick
Lindstrom. Most of the other articles represent variations ol
chopping techniques using some aspect of the newer technol-
ogy available in the mid-1990s.

1 think that readers will enjoy seeing the variety of possibili-
ties for nuclear removal as described by authers who are all
excellent technicians as well as experienced teachers. 1t is hard
to imagine anyone reading this issue and not finding seme way
to modify and improve his or her rechnigue.

1. Howard Fine, MD
Guest Editor
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Robert H. Osher, MD

Slow-motion phacoemulsification is the name of the technique
that | developed in 1984 for safe emulsification of the nucleus. By
reducing the aspiration rate, the vacuum, the infusicn, and the
ultrasonic power to unprecedented low levels, the most precise
controt of the nucleus is possible. Although this technigue is highly
effective in routine cataract surgery, it has its greatest benefit in
challenging cases such as loose lenses, small pupils, positive
pressure, mature cataracts, and when coexisting endothelial
dystrophy is present. Although not the fastest technique, the lack
of trauma to the cornea and lack of movement of the posterior
capsule and iris make slow-motion phacoemulsification among
the safest of all current techniques.

Copyright © 1998 by W.B. Saunders Company

Slow-motion phacoemulsification is the name of the tech-
nique that | developed in 1984 for safe emulsification of the
nucleus. By rteducing the aspiration rate, the vacuum, the
infusion, and the ultrasonic power to unprecedented low
levels, the most precise control of the nucleus is possible.
Although this technique is highly effective in routine cataract
surgery, it has its greatest benefit in challenging cases such as
loose lenses, smali pupils, positive pressure, mature cataracts,
and when coexisting endothelial dystrophy is present. Al-
though not the fastest technique, the lack of trauma to the
cornea and lack of movement of the posterior capsule and iris
make slow-motion phacoemulsification among the safest of all
current techniques.

Anesthesia

[ have worked with one nurse anesthetist for more than a
decade, and she gives a wonderful retrobulbar block. Because 1
have not encountered any problems with her technique or
complications related to her injection, there has been litde
motivation to change to a different method of anesthesia. In
cases with a high risk of bleeding, topical anesthesia is my
preference.

Incision

The incision that 1 prefer is a mid-limbal approach in most
cases. This incision is usually placed in the superotemporal
quadrant, where the access to the globe is optimal and
independent of the anatomy of the bony orbit. Of secondary
importance is the axis of the steepest meridian of curvature,
although 1 routinely perform astigmatic keratotomy for more
than 2 diopters of preexisting cylinder. Yet 1 am comfortable
with the clear corneal incision if the patient has a preexisting
fittering bleb, scleromalacia with rtheumatoid arthritis, ocular

From the Cincinnati Eye Institute, Cincinnati, OH.

Address reprint requests to Robert H. Osher, MD, Cincinnati Eye
Institute, 10494 Montgomery Rd, Cincinnati, OH 45242,
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Slow-Motion Phacoemulsification

Figure 1. The central trough.

cicatricial pemphigoid, or is on anticoagulant therapy. The
incision is constructed with an initial vertical groove using a
guarded diamond knife (Duckworth & Kent 5-600; Duck-
worth & Kent USA Ltd, St Louis, MO) followed by anterior
dissection into clear cornea with a trifaceted diamond knife
(Storz E0108; Storz Ophthalmics, St Louis, MO). The incision
length varies between 3.5 and 6.0 mm, depending on whether
an acrylic, silicone hydrogel, or polymethylmethacrylate
(PMMA) lens insertion is planned.

Capsulotomy

After the anterior chamber has been entered, Healon GV
(Pharmacia & Upjohn Ine, Kalamazoo, MI) is injected into the
eye. This viscoelastic agent is my first choice because of its
excellent chamber-deepening characteristics and its bubble-
free visibility. The capsulorhexis is performed with a 22-gauge
needle and is between 5.5 and 6.5 mm in diameter. Although
more difficult to perform, 1 believe that a larger rhexis is safer
and facilitates the surgical procedure while minimizing the
likelihood of postoperative problems. The diameter of the

Figure 2. The nuclear split into hemispheres.

998: pp 42-46
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Figure 3. The chop into two quadrants.

thexis is deliberately reduced in the pediatric eye, however,
because the elasticity of the capsule encourages the edge to run
toward the periphery. A smaller rhexis is also helpful in cases
with preexisting zonular dialysis. The rhexis is initiated
approximately 120 degrees opposite the incision entry, more
centrally to ensure finishing outside of the starting point. The
continuous tear is only modified in a white cataract, where the
initial puncture is even more central. If the lens is white and
firm, T try to complete the rhexis with minimal disengagement
of the capsule but may need to switch to either a forceps or a
mini can opener, which will be enlarged and converted ta a
continuous tear at a later point in the procedure. If the lens is
white and intumescent, 1 aspirate the soft cortex through the
initial puncture to lower the intralenticular pressure, reducing
the tendency for the rhexis to run. If the lens is white and
Morgagnian, the liquefied cortex is aspirated, and the lens bag
is refilled with Healon GV. Occasionally a scissors is necessary
to complete the capsulotomy in this type of cataract, but the
initial puncture should be placed near the incision because
introducing the scissors allows cutting away from (not toward)
the incision site. The same rules apply to the leathery fibrotic
capsule.

Hydrodissection

The hydrodissection is accomplished with a 27-gauge cannula
(safer than a 30-gauge) on a 3-cc plastic syringe placed under
the edge of the capsule in several locations. The injected stream
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Figure 5. Rotating the remaining hemispheres.

of BSS is gentle while applying intermittent downward pres-
sure on the lens to facilitate the posterior fluid wave while
preventing the endocapsular pressure from rising too high.
Very limited hydrodissection is recommended in cases with
zonular dialysis or posterior polar cataract when there is a risk
ol either posterior misdirection of balanced salt solution (BSS)
or capsular rupture.

Phacoemulsification Technique

In 1984, I introduced the phacoemulsification technique,
known as “slow-motion phaco,” which takes advantage of the
reduction of all parameters, Initially the machine manufac-
tured by United Surgical Corporation was the only one that
offered this versatility. Although most of the manufacturers
have since modified their machines to permit reduced param-
eters, I prefer the Alcon Legacy Series 20,000 (Alcon Surgical
Inc, Ft Worth, TX}. This machine has been in each of our four
operating rooms for the past 3 years, with a stellar track record
for performance and reliability. The tip selection depends on
the type of cataract, 30-degree round (30R+ Alcon) in routine
cases and a 30-degree Kelman tip (30KT) for the yellow or
brunescent nucleus. The aspiration rate is set between 20 and
25 ce/min, the vacuum is reduced to 10 mim Hg, and the phaco
power is surgeon-controlled with a maximum of 60%. The
infusion is continuous, and the bottle height, which is adjusted
with an automated foot switch, is set so that a single stream
projects from the limbus to the mid pupil as the handpiece is
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Figure 7. Last quadrant emulsified.

held parallel to the iris just above the incision. The reduced
infusion minimizes the turbulence inside the eye, which allows
the Healon GV to remain in the anterior chamber throughout
most il not all of the emulsification. The surgeon must
remember to check the phaco functions before entering the eye
and then to remove a small quantity of viscoelastic material
just above the surlace of the lens to ensure good fluid exchange
at the tip to avoid the possibility of a thermal burn. The main
benefit of slow motion phaco is maximum safety because
neither the iris nor the posterior capsule moves toward the tip.
Moreover, the corneas appear crystal clear in most eyes on the
first postoperative day.

The specific technique depends on the hardness of the
nucleus. I relatively soft, a one-handed rotational technique is
easily performed whereby the peripheral nucleus is removed
360 degrees and the remaining posterior plate is tilted and
emulsified. If the nucleus is hard enough to crack, a layer of
anterior cortex is cleared to both mark the anterior capsular
edge and to get the phaco tip below the level of the capsu-
lorhexis. Then a long deep central groove is sculpted (Fig 1),
and the nucleus is divided into hemispheres {Fig 2) with the
Osher nucleus chopper (Storz E612). After rotating the nucleus
00 degrees, the preset vacuum is increased to 25 mm Hg.
(Memory 2) and the hemisphere is either chopped or divided
into quadrants {Fig 3). The apex of each quadrant is tipped
anteriorly and emulsified (Fig 4). The remaining nuclear
hemisphere is rotated 180° (Fig 5). chopped (Fig 6), and

Figure 8. Folding forceps lift acrylic IOL off post.

SLOW-MOTION PHACOEMULSIFICATION

Figure 9. IOL is irrigated with warm BSS.

removed in the same fashion (Fig 7). 1f the nucleus is hard, the
more efficient cutting Kelman tip is used, and quadrant
removal is accomplished by raising the vacuum level to 50 mm
Hg (Memory 3) with a concomitant slight elevation in the
bottle height. If an epinucleus remains, it is aspirated with the
phaco tip. There are many variations in the overall theme, but
this technique allows sale and efficient emulsification regard-
less of the pupil size, zonular integrity, or cataract type.

Cortical Aspiration

The cortex is removed with a 0.3-mm irrigation and aspiration
{1&A) tip with an aspiration rate of 16 cc and a vacuum ceiling
of 400 mm Hg. The rise time is surgeon-controlled by the
footswitch accelerator. The fundamental principles include
grasping only the most proximal portion of the anterior cortex,
stripping as the vacuum builds, and rotating the port away
from the posterior capsule as the cortex is aspirated. I strongly
recommend that the cortex be initially removed closest to the
incision. By doing so, the cortical bowl serves to keep the
capsular bag open during the removal of the most difficult
cortex. By contrast, if the subincisional cortex is left until last,
the capsular bag will have its greatest tendency to close, further
adding to the difficulty of this task. If the subincisional cortex
cannot be safely removed, a J-shaped 27-gauge cannula (Storz
E-4420) is used to remove the cortex after the capsular bag has
been filled with Healon GV in preparation for the lens

s AT RIS Moeain:
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Figure 10. TOL is folded over two mushrooms,
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Figure 11. 1OL is transferred to insertion forceps.

implantation. A dry cortical removal with the chamber filled
with Healon GV is occasionally necessary if there is a capsular
tear, zonular dialysis, or extensive positive pressure. The
optimal size of the cannula varies, depending on which
viscoelastic agent is used. Residual wispy ribbons of cortex are
best removed with a smaller-gauge cannula, which allows
better occlusion of the tip.

Cleaning of the Posterior Capsule

Once the cortex has been completely removed, 1 prefer to
vacuumn the posterior capsule unless the capsule is extremely
thin (posterior polar cataract) or inordinately loose. The
aspiration rate is set at 5 cc/min, and the vacuum is set at 11
mm Hg, increasing to 13 or 15 mm Hg if a capsular plaque is
present. The central capsule is always vacuumed first to
prevent an uncontrolled capsular tear were it to oceur, as in the
rare instance of a burred tip. Occasionally 1 fill the anterior
segment with Healon GV and use a 27- or 30- gauge cannula to
vacuum off a dense plaque. Another trick called the minimal
aspiration technique is useful when the posterior capsule is
especially fragile or spidery. 1 will vacuum during a staccato
depression and release of the foot peddle, preventing the
vacuum from building up too high as the tip is moved back and
forth quickly across the posterior capsule.

Figure 13. Trailing haptic is placed into capsular bag with
Y-hook.

Implantation of the IOL

After filling the capsular bag with Healon GV, the wound is
enlarged to 3.5 mm with a diamond keratome if a 6.0-mm
hydrogel or acrylic optic is to be implanted. I prefer a {oldable
intraocular lens (10L) with PMMA haptics in most of my cases.
The acrylic lens is grasped with the Seibel-Osher folding
forceps {Storz E2976) from the 6- to the 12-o’clock positions
(Fig 8), irrigated with warm BSS (approximately 100°F) (Fig 9)
and folded over the titanium mushrooms on the Osher
Platform (Duckworth & Kent) (Fig 10). The lens is transferred
to the titanium Osher lens forceps (Duckworth & Kent) (Fig
11) and inserted in a supinating motion (Fig 12). Once the
leading haptic and the optic are within the capsular bag, an
Osher Y-hook {(Storz E0577) is placed into the crotch of the
trailing haptic/optic junction and rotated into the bag (Fig 13).
1f a larger 6.0-mm PMMA optic has been selected for any
number of reasons, the wound is enlarged with the trifaceted
diamond knife, and the incision size is confirmed with the
Osher internal caliper (Storz #E2419). The single-piece PMMA
iens is implanted by contrelling the trailing haptic with an
Osher biangle hook (Storz EO573MNI) that is placed into the
eyelet and released in the bag. Regardless of the 1OL type, the
oplic is rotated until the lens appears to be best-centered
(Fig 14).

Figure 12. Leading haptic placed into bag as 101 unfolded by
supination.

Figure 14. 10L well-centered.
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Viscoelastic Removal and Closure

Complete removal of the viscoelastic is especially easy with
Healon GV. | place a 27-gauge cannula on a 3-ce plastic syringe
filled with 1 cc BSS solution behind the optic and aspirate the
Healon GV, which readily follows itsell inte the cannula until
all is gone. | reinject a portion of the viscoelastic in front of the
optic to deepen the anterior chamber before withdrawing the
cannula. Miochol (CibaVision, Atlanta, GA} is instilled to
constricl the pupil and confirm optimal centration of the 10L.,
The water tightness of the 3.5-mm wound is conflirmed, and
the incision is left sutureless. If a 6-mm incision has been made
for a rigicd PMMA [OL, a single horizontal 10-0 nylon suture is

SLOW-MOTION PHACOEMULSIFICATION

passed to assure a watertight closure. A miniature 1&aA Lip
{Storz E4973) is ptaced into the anterior chamber, and the
remaining Healon GV is completely removed and exchanged
for BSS solution. The conjunctiva is reapproximated with the
coaptation cautery completely covering the incision, and any
elevated tissue is trimmed flush to prevent a loreign body
sensation on the first postoperative day.

In conclusion, my practice is limited to cataract surgery by
referral, and 1 have a high percentage of one-eyed and
challenging patients. 1 believe that the procedure described
offers the patient an extremely safe, modern, yet time-tested
operation.



“Phaco-Chop” or “Divide and Conquer”

Samuel Masket, MD

New phacoemulsification methods and equipment offer the
opportunity to abtain uniformly good results in most case types.
Certain principles should guide the su:rgeon to avoid
complications when adapting to new methods, Safe nuclear
chopping is besl accomplisned with high-vacuum systems
designed 1o pull the nucleus away from the capsule for chopping
under direct visualization, | have developad a “Hali-Stop and
Chop” method that can be used in most cases. This technique
allows reduced sculpting time, easy lens division, and the ability to
chop in direct view. However, for a minority of cases, in particular
those with small pupils or very dense nuclear cataracts, | continue
the use of a traditional divide and conquer method, because this
appears safer for eyes in these categories. Very soft cataracts
may be simply aspirated. Surgical flaxibility is greatly aided by new
phacoemulsificaiion devices, such as the AMO Diplomax
(allergan, Inc, lrvine, GA), which | routinely employ. It offers
software and hardware innovations that allow the surgeon to
harness the positive aspects of vacuum achieved by tip occlusion,
presents a menu with a variety of cutting modes, and is equipped
with side switches in the foot pedal that allow the surgeon to shift
memory modes as desired. Given the tremendous advantage and
flexibility of new hardware and software technology, i can adapt to
the demands of each case while retaining the principle of safety
first and achieve refiable and repraducible resulls for virually all
patients.

Copyright® 1898 by W.B. Saunders Cormpany

volving techniques in cataract surgery have, as a rule
Eimproved on previpus methods with respect to reduced
rates of complications and acceleration of visual reccvery.
Recently, there has been an interest in nuclear chopping after
the introduction of the method in 1992 by Nagahara.! The
purported advaniages of nuclear chopping include reduced
phacoemulsification time, reduced surgical time, and lessened
stress on the zonules. Other methods for nuclear disassembly
require significant sculpting to create a series of grooves in the
nucleus before fracturing, whereas chop techniques use natu-
ral “fault lines” in the nucleus for mechanical, rather than
ulwasonic, disassembly. As a result, the corneal endothelium is
exposed to less turbulence because ultrasound sculpting time
is reduced. Nuclear chop also relies on higher vacuum levels
than previous sculpting methods.

Nevertheless, it must be recognized that the nuclear chop-
ping methods may not be ideal for all cases. As an example,
eyes with small pupils make it impossible to view the end of
the chopping device after it is placed under the irts and capsule
to reach the nuclear equator. This violates a basic cataract
surgical procedure that dictates that sharp instruments should
never be used out of the surgeon’s line of sight. Indeed, in

From the Jutes Stein Eye Institute, University of Califomia, Los Angeles,
CA, ‘
Address reprint requests to Samuel Maskat, MD, Advanced Vision Care,
7320 Woodlake Ave, Suite 380, West Hills, CA91307.
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viewing many surgeons’ videos of phaco chop, one can note
that the sharp end of the chopper is passed cut of view in many
routine cases, Although no data have been presented or
published, 1 am suspicigus that both anterior and posterior
peripheral capsule rupture are more common with phaco chep
than with divide and conquer. Given that new surgical
methods should not increase the risks for significant complica-
tions, divide and conquer phacoemulsification may be safer in
small pupil cases and other conditions because it is a very
reproducible and safe form ol nuclear removal.

Technological Advances Allow Flexibility

My current approach is a conticuum of styles, afforded by the
unique hardware and software of the AMO Diplomax phaco-
emulsification system (Allergan, Inc, Irvine, CA). As noted
elsewhere,* the Diplomax offers innovative software that
senses tip occlusion and allows the unit to vary both fluidic
and cutting (phaco energy) behaviors according to customized
and preprogrammed parameters. Once the tip is occluded with
lens tissue and a preset vacuum threshold level is achieved for
each of the three multimodulation memery positions {Memory
1, 2, or 3), the unit automatically changes the aspiration flow
rate, hence vacuum rise time, and cutting mode to the desired
format. Furthermore, the hardware incorporates side switches
in the footpedal that allow the surgeon to shift up or down
through memory positions, without the need for assistance.

Approximately 80% of cases in my practice are applicable to
chopping methods; the remaining have either small pupils, solt
cataracts, or advanced brunescent cataracts.

Half-Stop and Chop

My preferred surgical method may be referred o as “half-stap
and chop phacoemulsification.” What has become the tradi-
tional nuclear chopping method avoids sculpting because the
phaco tip is buried into the nucleus and the chopper employed
to score the lens untl cracks are created in the naturally
oecurring lens fault lines, the nucleus is disassembled, and the
pieces removed. However, some surgeons noie that it is
difficult o break the nucleus apart, because there is litile raom
to maneuver the lens.

Paul Koch,? in recognition of this dilemma, originated the
concept of stop and chop, wherein a central 180-degree
ructear trovugh is sculpted and the nucleus is cracked only into
hemisections, “stopping” the sculpting process. Each hemi-
nucleus is then chopped, rather than sculpted, into any
number of pieces according to the dictates of the lens and the
style of the surgeon. Emulsification times are reduced when
compared with traditional four-quadrant divide and conquer
nuclear removal,

My preference is to further reduce sculpting time but 1o
maintain the concept of cracking the lens into two pieces. This
may be accomplished with a “half-stop” maneuver. The tech-
nique depends on the use of high vacuum and is well suited i0
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the preprogrammable custom fluidics of the AMO Diplomax.
Alter wraditional capsulorhexis, adequate hydrodissection for
lens rotation and cortex loosening, and hydrodelineation to
define an epinucteus, a half groove is sculpted from the middle
of the lens toward the periphery (Fig 1A) employing Memory 1
occlusion mode parameters for sculpting (Fig 1B, Table 1).
The nucleus is rotated 180 degrees, the unit shifted to the
Memory 2 position with the side switch in the footpedal, and
the phaco tip is embedded into the center of the endonucleus
(Fig 24), employing single 120-microsecond bursts of phaco
energy in burst mode (Fig 2B, Table 2}. 1t may be necessary to
use several bursts or as few as one to achieve tip occlusion,
varying with the density of the lens; 1 prefer to control the
number of bursts with action on the footpedal rather than use
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Figure 1. (A) A half groove is sculpted from the middle of the
lens toward the periphery using Memory Mode 1. (B) Slow
vacuum rise using Memory Mode 1 “Occlusion Mode” for
sculpting (see Table 1 for parameters).
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TABLE 1. Memory Mode 1 Slow Vacuum Rise Parameters
for Scuipting

Unoccluded Occluded
Continuous Continuous
Pulse 40 ms Pulse 40 ms
Pulse 60 ms Pulse 60 ms
Putse 80 ms Pulse 82 ms
Power pulse Power pulse
Single burst Single burst
Multi burst Multi burst

Burst continuous Burst continuous
Power off Power off
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Figure 2. (A) The nucleus is rotated 180 degrees and the
phaco tip embedded into the center of the endonucleus using
Memory Mode 2. (B) Fast vacuum rise using Memory Mode 2
“Burst Mede” for tip occlusion {see Table 2 for parameters).
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TABLE 2. Memory Mode 2 Fast Vacuum Rise Parameters
for Tip Occlusion and Chopping

Unoccluded Occluded
Continuous Continuous -
Pulse 40 ms Puise 40 ms
Pulse 60 ms Pulse 60 ms
Pulse 80 ms Pulse 80 ms
Power pulse Power pulse
Singte burst Single burst
Mutti burst Multi burst

Burst continuous Bursi continuous
Power off Power off

automated multiple bursts. {Once occlusion is reached, the
power is preprogrammed 1o shift to pulse mode and will not
return to burst mode unless the footpedal is first raised to
irrigation-aspiration before it can reactivate phaco energy by
depressing the pedal. This safety {eature prevents the machine
from activating an undesired energy burst after an occlusion
break.)

With occlusion reached, I pause slightly to allow vacuum to
build (the preprogrammed fluidics increase the pump speed to
shorten vacuum rise time) and [ draw the endonucleus away
from the epinuclear shell. The edge of the endonucleus is
pulied centrally, and a chopping instrument, held in the
nondominant hand, can be used o score the nucleus under
direct visualization, avoiding damage to the zonules, the
anterior capsulorhexis, or the peripheral capsule (Fig 3A).
Because half of a groove has already been sculpted, the nuclear
scoring generally will result in a hemisection of the lens. The
heminuclei are further subdivided with similar burst-occlusion-
vacuum-chop sequences. Each chopped piece is removed by
shifting the unit to Memory 3 {with the footpedal side switch;
Fig 3B, Table 3), where less vacuum is beneficial {Lo prevent
small nuclear pieces from breaking free), and pulsed energy
mode assures egress of the nuclear segments with little
expended phaco power. 1 generally chop and remove each
fragment and then return the unit to Memory 2, chop another
segment and again return to Memory 3 with the foot switch
until the endonucieus has been removed. The epinucleus is
removed in Memory 3; however, little to no phaco energy Is
required, because high flow brings the epinucleus into the tp,
and | use a blunted second instrument, different from the
chopper, to help feed in the material.

Should the initial half-chop method fail o subdivide the
nucleus, or if the nucleus is either too firm (4+/4+} or o0
soft. 1 return the module to Memory 1 with the footswitch and
sculpt a traditional full-length nuclear groove after 180-degree
nuclear rotation. Nuclear cracking into hemisections is com-
pleted before returning to either a chopping sequence in
Memory 2, further groove dissection for very firm lenses in
Memory 1, or soft nuclear aspiration in Memary 3. For cases
with small (3- to 4.5-mm) pupils, I generally hemidivide the
nucleus, further sculpt and divide the first heminucleus into
quadrants that are emulsified, and then chop the remaining
heminuclear portion, because room is then sufficient to bring
the nuclear half centrally and chop under direct visualization.
Therefore, my surgical philosophy is to employ the safest and
most efficacious means of nuclear removal in each case type.
On occasion, the presurgical examination belies the nature of
the nucleus; flexibility in the surgical plan is useful, as is the
aclaptability of the hardware and software of the AMO Diplo-
max unit. '

B HIGH VACUUM TUBING
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Figure 3. {A) The end of the endonuclueus is pulled cen-
trally, and the chopping instrument is used to score the
nucleus under direct visualization using Memory Mode 3. (B)
Controlled vacuum rise using Memory Mode 3 (see Table 3
for parameters).

TABLE 3. Memory Mode 3 Parameters for Removing
Quadrants and Epinucleus

Unoccluded Occluded
Continuous Continuous
Pulse 40 ms Pulse 40 ms
Pulse 60 ms Pulse 60 ms
Pulse 80 ms Putse 80 ms
Power pulse Power pulse
Single burst Single burst
Multi burst Mutti burst

Burst continuous Burst continuous
Power off Power off
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Given that salety is paramount in my agenda, [ do not chop
nuclei that are wo firm w allow {or hydredelineation of the
nucleus, because the absence of an epinuclear shell makes
capsule rupture more likely during manipulations, and be-
cause space is greatly compromised with a large, rock-hard
lens. Furthermore, sharp, long chopping insiruments are
required to cut through dense cataracts; as such they also pose
a grealer risk for capsule rupture. For cases of this nature [ use
a traditional divide and conquer method, sculpt with a
45-degree tip for cutting efficiency, crack the nucleus into four
or more pieces, and then chep the individual segments only
alter elevating them away from the posterior capsule.

Cortex removal is accomplished with a curved I/A handpiece
tip. Although T perform copious hydrodissection and also use
subincisional hydrodissection thorough the sideport, 1 do not
routinely use Fine’s cortical cleaving hydrodissection* because
it may cause the cortex to exit the capsular bag during nuclear
removal, hindering my view while eliminating a capsular
protective cushion; the latter may be important during epi-
nuclear rernoval, Earlier, T had used a bimanual /A system as
described by Brauweiler el al,® but found it generally unneces-
sary with adequate hydrodissection. Furthermore, the enlarged
sideport incisions necessary to admirt the instruments may tend
to leak at the close of surgery.

In addition to the current study, | performed a retrospective
study® to determine the safety of intracameral anesthetic. Using
comeal edema on the first postoperative day as the test
parameter, [ sought to determine whether the use ol intraocu-
lar nonpreserved lidocaine induced a greater degree of corneal
edema than topical lidocaine alone. Two patient groups were
compared. The earlier group had only topical anesthesia, and
the latter patients received both topical and intracameral
agents. The results of the investigation showed a decreased
likelihood for corneal edema in the latter group (Table 4). One
might conclude from the data that nonpreserved lidocaine
reduces corneal swelling, but a much more likely explanation
is that, concurrent with the addition of intracameral anesthesia
to my surgical regimen, 1 introduced high-vacuum phaco
methods and converted gradually to nuclear chopping frem

SARNMUEL MIAORE |

TABLE 4. Safety of Intracameral 1% Lidocaine
Hydrochloride One Day Postoperatively for
Corneal Edema

Topical Plus
Topical Alone Intracameral Difference
Edema (N = 352) {N = 2749) P
0 76.7 88.2 <,001
0.5+ 14.6 6.2 <.005
1.0+ 4.7 4.1 <.59
>1+ 3.7 1.3 <.08

traditional divide and conquer for most patients. Although the
purpose of that investigation was to evaluate anesthetics, the
data strongly suggest that the cornea is better protected with
nuclear chopping combined with high-vacuum fragment re-
moval.

And so, the answer to the title question of phaco chop or
divide and conquer remains “both” for me. 1 use half-stop and
chop for approximately 80% of cases, depending on the
condition of the eye. Given the tremendous advantage and
flexibility of new hardware and software technology, 1 can
adapt to the demands of each case while retaining the principle
of safety first and achieve reliable and reproducible results for
virtually all patients.
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““The Snap and Split” and “Phaco Burst” Technique

Hideharu Fukasaku, MD

Numerous nucleus dividing techniques exist. | have developed the
snap and split technique as a safe and effective alternative to
other, more risk-prone, techniques. The keys to success with
snap and spiit are use of the specially designed shapper hook,
deep sculpting and fixation of the phace tip to create a fulcrurn for
snapping and visualization of the meridional stress lines of the
lens. | have recently added phaco burst to the snap and split
technique for even more effective nucleus division.

Copyright® 1938 by W.B. Saunders Company

umerous nucleus-dividing techniques exist. I believe my
Noriginal snap and split technique is one of the best for
dividing the nucleus with mechanical force using the phaco tip
and Fukasaku snapper hook.

The divide and conquer and phaco chop techniques are
useful. However, they must be performed under the continu-
ous curvilinear capsulorhexis (CCC) edge or in the peripheral
lens. Serious complications, such as rupture of the posterior
capsule with the hook and rents in the CCC edge with the
phaco Up, can cccur (Fig 1).

1 developed the “snap and split technique” to overcome these
potential complications and make a faster and more eflective
procedure. This technique uses the energy released by snap-
ping to easily and safely crack the nucleus. There is a release of
concentrated potential energy similar to the snapping action of
the fingers, hence the name “snap and split.” T use the snapper
hook for the snap and split technique because it is much
shorter and safer than the long phaco chop hook (Fig 2). The
snapper hook is available through Katena Products, Inc {Den-
ville, NJ).

Snap and Split Technique

The key to the snap and split is concentrated energy along the
meridional stress lines created by the lens fibers. The lens
fibers are formed by the differentiation and elongation of the
lens epithelium at the equator. These lens fibers run meridi-
onally around the equator of the lens from the posterior to the
anterior lens surface (Fig 3). The junctures of these fibers form
the Y-sutures. It is important to mentally visualize these
meridional fibers because these are the stress lines along which
the vector forces created by snapping will travel and along
which the subsequent splitting will occur (Fig 4).

The epinucleus is first removed by aspiration. This allows
visualization of the nucieus (Fig 5). Mext, the nucleus is
sculpted deeply adjacent o the center of the nucleus (Fig 6).
The snapper hook is placed adjacent to the phaco tip at the
siress lines created by the lens fibers. The phaco tip is then
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buried into the nucleus with slight phacoemulsification and
the nucleus fixated using high-vacuum aspiration at 125, 175,
or 300 mm Hg, depending on the hardness of the nucleus (Fig
7). The key is concentrating energy along the meridional stress
lines of the lens.

The snapper hook and phaco tip are then moved in opposite,
arclike motions, with the snapper hook pulling and the phaco
tip pushing (Fig 8). The snapper hook and the phaco tip create
concentrated energy at the meridional stress lines of the lens,
and the opposite, arclike motions of the snapper hook and the
phaco tip snap the nucleus in half (Fig 9.

I routinely use a high-vacuum phaco technique. The surgecn
needs to grasp the center of the nucleus firmly with high
vacuum to concentrate phaco energy efficiently. 1 use the
Nidek CV 12000 phaco unit (Nidek Inc, Fremont, CA) and,
depending on the hardness of the nucleus, set the vacuum at
125, 175, or 300 mm Hg, with ultrasound power at 70%, 80%,
or 90% and flow rate at 27, 28, or 28 co/min. High vacuum
enables one to concentrate phaco energy in a discrete zone
where it is most effective. With the snap and split technique,
the phaco tip and the snapper hook are rotated tangentially
past each other. The phaco tip moves forward with an arclike
tangential force, pushing the cracked portion away. The
snapper hook is then moved around the phaco tip, hooking the
half-portion away.

Next, the nucleus is rotated for quartering. The phaco tip is
buried into the nucleus at the center with slight phacoemulsifi-
cation, and the snapper hook is placed adjacent to the phaco
tip at the stress lines of the lens. Phaco power is magnified
between the phaco tip and the snapper hook (Fig 10). The
snapper hook is then pressed into the nucleus. The snapper
hook and the phaco tip are tangentially rotated past each other
and the nucleus half snapped into quarters (Fig 11). Phacoemul-
sification and aspiration of the quartered fragments Lhen
proceeds with ease within the central safe zone. All manipula-
tion occurs within the central 5-mm safe zone.

Phaco Burst

Although my original snap and split technique is very good for
dividing the nucleus of most lenses using mechanical force
alone, [ have refined this technique to use concentrated phaco
energy to literally burst the hard nucleus. This refinement is
called phaco burst,

This phaco burst technique uses the concentrated phaco
energy magnified between the snapper hook and the phaco tip
to augment the mechanical energy applied with the snap and
split technique in a contra-coup fashion (Fig 12). The energy
release is magnified within the confined nucleus tunnel,
literally creating & burst of energy that easily splits the hard
nucleus. This phaco burst is an addition to the original snap
and split technique, and 1 call this refinement phaco burst and

snap.
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Figure 1

Figure

Figure 4
Figure :

Figure 6
Figure i

Figure 1. Divide and conquer and phaco chop techniques.

Figure 4. Meridional lens fibers. The stress lines for vector Figure 3. Meridional lens fibers.

forces. Figure 5. Sculpting the epinucleus.

Figure 6. Deep sculpting and fixation of the nucleus. Figure 7. Nucleus fixation using high-vacuum aspiration.
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Figure 9

Figure 11

Figure 12

Figure 13

Figure 8. Snapping the nucleus with opposite arc-like mo-  Figure 9. Splitting the nucleus with the snapper hook and
tions. phaco tip.

Figure 10. Deep sculpting and fixation of the halfl nucleus. Figure 11, Quartering the nucleus.

Figure 12. The contra-coup forces of phaco burst. Figure 13. Visco-dissection of retained epinucleus.
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Figure 2. Short snapper hook and long phace chop hoole.

Yisco-dissection

After extraction of the medium hard nucleus, the epinucleus
often remains. If there is residual epinucleus, visco-dissection
of the epinucleus is very important. Rupture of the posterior
capsule can easily oceur, especially when removing the epi-
nucleus at the incision site. However, viscoelastic material can
be used to 1ift the epinucleus with ease and safety.

Afer [ilting the epinucleus with viscoelastic at the incision
site, the epinucleus can be phacoemulsified safely (Fig 13). All
manipulation occurs within the iris plane and central safe
zone. This visco-dissection technique is both effective and very
safe.

Snap and Split for the Small Pupil

The snap and split technique is ideal for the small pupil.
Becausc all manipulation is performed in the 5-mm central safe
zone, the surgeon can always see the instruments, and blind
maneuvering beneath the iris is not necessary. Some surgeons
use the iris retractor to enlarge the pupil. However, this can

Figure 14. Small-pupil snapper hook.

HIDEHARLU FUKASAKU

traumatize the iris and lead 1o inflammation. Removal of 1he
nucleus using snap and split does not require an iris retractor
even with small pupils, because one always works in the
central zone. It is minimally traumatic with less posioperative
inflammation and is very fast.

1 have developed a new, small-pupil snapper hook (Katena
Products Inc.). This hook has two important features (Fig 14):
The outside of the hook can be used to push the iris aside
nontraumalticaily while the inside surface of the hook is used to
snap the nucleus. This new [eature is especially useful during
cortical aspiration, in which the surgeon can push the iris away
with one hand while aspirating with the handpiece using the
other hand. Also, implantation of the intraocular lens in the
bag can be ensured by pushing aside the iris with two snapper
hocks.

Many glaucomatous eyes have small pupils because of age
and the chronic use of miotic agents. For such small pupil
cataracl SUIgery, soIme surgeons use an iris reiractor to enlarge
the pupil. However, this can traumatize the iris, leading to
inflammation and damage to the filtering site. Because this
snap and split small pupil phaco technique is minimally
traumatic with less postoperative inflammation, there is less
chance of filter failure. This is especially true when it is
combined with a filtering procedure.

Three Keys to Success

I helieve the three keys to success with the snap and split
technique are:

1. Using the specially designed snapper hook. This hook is
designed to be both safe and effective, with a short hook
arm that will not damage the posterior capsule or the edge
of the CCC.

2. Deeply sculpting the nucleus and burying the phaco tip into
the nucleus and fixating it with high vacuum. This effec-
tively creates a fulcrum around which the tangential vector
forces created by snapping are magnified.

3. Pressing the snapper hook into the nucleus next to the
phaco tip and cracking the nucleus with opposite arclike
forces. Visualizing the meridional stress lines of the lens
helps ensure the correct arclike, tangential motion.

Conclusion

1 believe the snap and split technique has distinct advantages
over other methods of nucleus extraction. It is fast, effective,
and most importantly, it is safe,

1 have refined my original snap and split technique ro
include phaco burst technique as a further improvement. [ calt
this the phaco burst and snap technique. The phaco burst and
snap technique is safe and effective even with the hardest
nucleus and small pupil. The key to the phace burst and snap
technique is the phaco energy created deep in the nuclear
teninel between the snapper hook and phaco tip that results in
a-burst of released energy and nuclear cracking in a contra-
coup [ashien,

Snap and split and phaco burst techniques significantly
shorten operating time. Qur cases average 5 to 6 minutes.
There is a significant learning curve associated with the phaco
burst and snap lechnique. This should not, however, he
difficult to overcome for surgeons already experienced with the
divide and conquer or phaco chop techniques.



Phaco Quick Chop

David M. Dillman, MD

Traditional phaco chop can be challenging bhecause of the
maneuver of placing the chopper under the anterior capsule and
then peripherally out to the equator of the lens. Phaco quick chop
circumyents all that by placing the chopper either direcily on top
of, or directly to the side of, the buried phaco tip. As a result, |
believe phaco quick chop has the efficiency of traditional phace
chop but adds safety, and thus is both safer and more efficient
than traditionai divide and conquer technigues.

Copyright © 1998 by W.B. Saunders Company

ike so many of you who attended the 1993 American
LSociety ol Cataract and Refractive Surgery (ASCRS) meet-
ing in Seattle, [ saw [or the first time Dr Kunihiro Nagahara's
videotape on the phacoemuslification technique he called
“phaco chop.” “Wow!" I thought to myself, “that looks wonder-
ful, and sc easy too! I'm going straight home 1o Danville and
try that immediately.” And 1did . . . and I wasn't worth a hoot at
i. And so, like January’s diet, I quickly abandoned it. 1 resigned
mysell 1o the belief that 1 simply did not have the necessary
skills to phaco chop and decided to stick with ol’ faithful, a
divide and conquer, four-quadrant—type technique.

Fast forward to the 1996 ASCRS Seatlle meeting. By now 1
have seen at least a gazillion phaco chop videos and they all
look pretty much the same to me. That is, until | see Dr
Vladimir Pleifers from Slovenia. He calls his chopping tech-
nique “phaco crack.” “Wow!” | thought to myself, “that looks
wonderful, and se easy tool I'm going straight home to
Danvilte and try that immediately.” And [ did . . . and  could do
it! It was (pretry) easy! And it was safel And it was efficient!

MNow, some years later, I enjoy it more and more with each
surgical day. 1 have taken the liberty ol changing the name
“phaco crack” 1o “phaco quick chop,” because | think it better
describes what actually transpires.

Phaco Chop Versus Phaco Quick Chop

The main difference between phaco chop and phaco quick
chop is subtle, yet it makes all the difference in the world. 1t
simply deals with the placement of the chopper itself. With
traditional phaco chop, once the phaco tip is buried into the
center of the lens, the chopper is placed under the inferior
anterior capsule and then advanced peripherally untl it
reaches the equator of the lens {(Figs | and 2). The chopper is
then pulled toward the buried phaco tip in a nearly horizontal
movement (Fig 3). At least, that is the theory. Unlortunately,
for me, it is too much like my golf game. [ understand the
theory just fine; it is the execution part that has stilled me. On
at least two occasions that | recall, T thought 1had the chopper
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under the anterior capsule when, in [act, it was on top of the
anterior capsule. When [ artempted the actual chop, 1 sue-
ceeded only in creating a huge rent in the anterior capsule,
which quickly wrapped around 1o include the posterior
capsule early in the case.

You can imagine how happy 1 was wo see Dr Pleifer ignore the
anterior capsule aliogeiher. He simply placed the chopper
basically on top of the buried phaco tip, pretty much at the
center of the lens {well away from the anterior capsule) and
iniliated the chop with a nearly vertical movement (Fig 4). His
technique had the efficiency of phaco chep but with what |
perceived to be considerably greater safery.

Technique

Phaco quick chop should be preceded by a good capsulorhexis
and excellent hydrodissection. By excellent hydrodissection 1
am referring Lo the zbsolute, unquestionable ability to easily
rotate the lens within the confines of the capsular bag with
your hydredissection cannula.

Alter capsulorhexis and hydrodissection, the phaco needle is
introduced into the eye through the phaco incision, and then
the chopper is introduced into the eye through the side port
incision. It is important 1o get the chopper into the eve belore
burying the phaco tip. There is a strong natural tendency (o
rerract the phaco tip if it is buried with the chopper exiernal 10
the eye and then the chopper introduced secondarily. The
phaco needle is placed on the surface of the lens just in front of
the edge of the capsulorhexis nearest you (Fig 5). The phaco
needle is then buried, aiming it toward the cenrer of the lens
(Fig 6). Because this means you will be very quickly working
with a rotally occluded phaco needle, and because a totally
occluded phaco needle is a prime setup for a corneal/scleral
burn, 1 strongly suggest that this burying process be dene with
three to four shart (foot-pulsed} bursts of phace (foot position
3) as epposed to a single continuous, uninterrupted one, Once
buried, remain in loot pesition 2 (aspiration).

The chopper is now lightly placed on the surface of the lens
either directly above the end ol the buried phaco needle or as
much as a millimeter or 2 in {ront of it (Fig 7). You are now
ready 10 make the first chop. Simuhaneously, the chopper is
moved downward while the buried phaco needle is moved
upward (Fig 8). For a long time, 1 thought this was an “equal
opportunity” type of a maneuver, with 50% of the effort
devoted to the downward movement of the chopper and 50%
ol the elfort devoted to the upward movement of the buried
phaco needle. More recemtly, 1 have convinced myself that the
chopper is doing most of the work; probably a more accurale
ratio would be 0% chopper/10% buried phaco tip. This
“vertical” maneuver initiates the division of the lens centrally.
However, the peripheral propagation ol the division is accom-
plished by yet a third maneuver that virtually follows on the
heels of (he first two. Once the chopper and buried phaco
needle have come into very near contact {or they can even
come into contact), they are laterally separated (Fig 9). This
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Traditional
phaco chop

Phaco
quick chop

Phaco crack
chopper placement

Traditional phaco
chop placement

Figures 1 and 2. Figure 1 shows the top view and Figure 2
shows the side view of the contrasting locations for the
placement of the chopping instrument for phaco quick chop
versus traditional phaco chop.

triad of maneuvers—{(1) chopper down, {2} buried phaco
needle up, and (3) lateral separation—when properly done,

smoothly flow into what might well be perceived as a single -

movement by a first-time ohserver.

Because excellent hydrodissection precedes this initial chap
{and, therefore, good mobility of the lens within the capsular
bag is an unquestionabte given), the lateral separation maneu-
ver might well be accompanied by a spinning of the lens within
the bag, The next intended maneuver is 1o spin it, anyway.
Rotate the lens {clockwise or counterclockwise) so that the
split in the lens is in the horizontal position from your

Traditional phaco
chop placement

Figure 3. [n traditional phaco chop, the chopper is pulled
toward the buried phaco needle in a near horizontal fashion.

DAVID M. DILLMAN

Figure 4. In phaco quick chop, the chopper is moved straight
downward and the buried phaco tip is moved straight
upward, resulting in a “vertical” chopping maneuver. Con-
trast this to the “horizontal” chopping maneuver of tradi-
tional phaco chop (Fig 3).

perspective (Fig 10). (Another way of couching that would be
so that the split in the lens is parallel 1o the phaco incision.)

It is prudent al this point o take a moment to ensure that
this first chop is truly complete; that is, both posterier and
peripherat nuclear plates are completely severed. This is easily
accomplished by placing both the phaco needle (you are now
in foot position 1, irrigation only) and chopper within the split
and then pushing the inferior half ol the lens away from you
with the phaco needle while simultaneously pulling the
superior one half toward you with the chopper (Fig 11).

Now that you have two completely separated halves, there
are a variely of ways in which to proceed but, lor sake of
simplicity, T am going to follow the quartering approach in this
description. The phaco needle is now buried into the center of
the inferior one half {foot position 3). Once again, | would
recommend doing this in two or three short bursts of ultra-
sound as opposed ta one continuous burst, The chopping of
this hall into quarters is accomplished in exactly the same
fashion as the initial chop. The chopper is lightly placed on the
surface of the lens, essentially on top of the end of the buried
phaco needle (which is now in foot position 2) and in front of

/—- Midline
r

Edge of -Rhexis

Ny

Figure 5. The angle with which the phaco needle contacts
the surface of the lens is determined by the size of the
capsulorhexis. A smaller capsulorhexis will demand a steeper
angle, and a larger capsulorhexis will allow for a flatter angle.
in general, aim for approximately a 45-degree angle.
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Figure 6. Using short, interrupted bursts of ultrasound, the
phaco needle is buried into the center of the lens. Please note
that the buried tip does not come anywhere close to the
posterior capsule.

the edge of the capsulorhexis. The aforementioned triad of
maneuvers is then performed: (1) chopper down (90% of the
effart), (2) buried phaco tip up (10% of the effort), and (3>
lateral separation (Fig 12,

Before advancing, 1 strongly recommend ensuring that this
second chop is also complete both posteriorly and peripherally.
Although there are a variety of ways o do this, my persenal
approach is to support the left, inferior quadrant with the
phaco needle {foot position 1 or 2} and to push the right
inlerior quadrant away from it by bringing the chopper over
the phaco needie and using it to push the right inferior
quadrant away in a cross-action fashion (Fig 13).

With the first half nicely quartered, a whole myriad of
options now present themselves. The density of the lens, plus
your surgical personality, will likely dictate how you decide to
proceed. But, by way of example, here would be a few roads
you might choose to travel: (1} remove both quarters; (2) chop
one quarter into eighths, remove each eighth, chop the second
quarter into eighths, and remove them; (3) leaving both
quarters alone, spin the lens 180 degrees so as 1o bring the
other half into the inferior capsular bag, and chop it into
quarters. As you read this, I'm sure you are already thinking ol
other options as well.

Chopper
f

Figure 7. The chopper is placed anywhere from right on top
of the end of the buried phaco needle to a millimeter in front
ofit.
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Figure 8. The first chop is initiated by vigorously moving the
chopper in a downward fashion while gently moving the
buried phaco tip in an upward fashion.

Pearls

It would be unfair and inappropriate to deny that there is
definitely a learning curve to phace quick chop. That is the bad
news. The good news is that it should be a fairly painless one.

n an effort to smooth out some potential bumps along the way,

let me now share with you a few observations regarding phaco
quick chop that are not readily obvious at first.

The first two deal with the initial chop. The strong tendency
is to be too tentative both with burying the tip and using the
chopper. The phaco needle has 1o be well buried into the
substance ol the lens. To facilitate this, I retract the silicone
sleeve approximately double the amount 1 would normally do
for a divide and conquer lechnique (Fig 14). 1 am mnot
concerned about breaking the posterior capsule with this extra
exposure. The center thickness of the human lens is 3.5 10 4.0
nun. We have exposed 2 mm of the titanium tip. The silicone
sleeve will act as a physical barrier to further advancement of
the tip. If we approached the center of the lens at a 90-degree
angle and went straight down, we would enly reach the middle
of the lens, well away from the ceniral posterior capsule. But,
in real phaco quick chop lile, we are not going to approach the
lens at a 90-degree angle; we are going to be much more at a
45-degree angle (Fig 5). As such, the actual penetration of the
centrally buried tip will actnally be less than 50%.

Once the phaco needle is well buried, keep in mind that it is

Figure 9. The central chop is propagated out to the periphery
by laterally separating the buried chopper and buried phace
needle,
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Figure'10. Because excellent hydredissection is a quick chop
prerequisite, it will be easy Lo rotate the lens into a position
that puts the two halves in a “horizontal” position.

the action of the chopper that most determines the success or
failure of the initial chop. Therefore, use the chopper with
controlled aggression. Sink it into the substance of the lens and
push down with authority.

Now, ready for some really good news? Say that, for
whatever teason, that initial chop just does not happen

_successfully with the {irst effort. Fine, no harm done. You can
either immediately abort phaco quick chop and covert to your
divide and conquer technique, or you can spin the lens 90
degrees or so and Lry it again. Just be sure to pick a new place 10
bury the phaco needle, this time a little more peripherally than
the first attempt. What if it dees not work the second 1ime?
Fine, again, no harm done. At that point you could choose 1o
convert to your fast ball technique, or you could spin it another
90 degrees or so and try it again (third time's a charm, they
say!).

Also, please do not be frightened or concerned if your initial
chop does not result in a lens split perfectly right down the
middle. 1t might well be that you will not have two absolutely
equal-sized halves. You might end up with a one-third-two-
thirds type split. Fine, no harm done. The bigger piece will
simply need more further chopping than the smaller piece.

This next little variation was taught to me by Bruce Wallace,

Figure 11. As with any chopping or cracking technique, it is
crucial 1o ensure complete separation of individual pieces.
Therefore, before proceeding beyond the initial chop, use the
phaco needle and chopper to “work the split” until you are
convinced of a through-and-through chop.

DAVID M. DILLMAN

A P Chopper

Figure 12. Further chops are made in a near identical fashion
1o the initial chop. (A} The phaco needle is buried into the
lens, the chopper placed on top, and a vertical chopping
maneuver is perlormed, followed by (B) lateral separation,

MD, from Alexandria, Louisiana, and it is well worth sticking
in your bag of quick chop ricks. After the inirial chop, if, for
some reason (eg, the size of the pupil or capsulorhexis is
smallish) there is little to ne room in front of the buried phaco
needle to place the chopper, simply place the chopper to the
side (left side if you control the phace handpiece with your

Figure 13. Use both instruments (phaco needle and chop-
per) to constantly “work the chops™ to ensure they are
through and through, both posteriorly and peripherally.
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Double the amount of
exposed phaco needle

> O

~ 2.0 mm ~ 1.0 mm

Figure 14. If you are like me, you will be too tentative
burying the phaco tip at first. Exposing more of the titanium
needle facilitates burying. Just be careful not to overdo it and
have the itrigating sleeve out of the eye . . . bad form!

right hand) of the buried phaco needle and carry on exactly as
if it were right on top of it. Remember, one of the aims of phaco
quick chop is to avoid unintentional contact with the anterior
capsule. This “side chopping” is great for that endeavor.

Here is a truly tmportant pearl. 1 have actually already
discussed it once, but it is worth re-emphasizing. Just because
you see a chop, do not assume thatit is a threugh-and-through
chop. Be very active with both the chopper and the phaco
needle. Use them 1o poke and pry, push and pull, rock and roll
(Figs 11, 13). Incomplete chops in phaco quick chop are every
bit as bothersome {and dangerous) as incomplete cracks in a
divide and conquer technique.

Lastly, and it is a bit of a stretch to call this a pearl, here is a
little something 1 do belore the initial burying of the phaco
needle. In foot position number 2 (aspiration), T use the phaco
needle to vacuum away much of the central cortex and
epinucleus, To my way of thinking, this “cleans things up a hit”
and facilitates better visualization for thé initial chop.

Instruments

Hopefully, as more and more of ws get involved with phaco
quick chop, or some variation thereof, some folks who are a lot
more clever than 1 am will devise chopping instruments and
phaco needles that are better suited 10 phaco quick chop than
traditional choppers and needles. (1 admit to you that [ have
tried Lo design a couple of different choppers and needles and,
the truth s, the prototypes worked no better than those already
on the market. [ am going to keep trying, though. Just think
what would have happened if Charlie Kelman stopped after
only a couple of attempts!).

Although Dr Pleifer uses a Sinskey hook as a chopping
device, 1 would advise against it if at all possible. A little more
meat on the chopper’s bones helps. As such, 1 would recom-
mend at least starting out with 2 modified Singkey hook-lype
device such as the Koch chopper (Storz # E0713) or the
Nagahara chopper (STORZ # E0578) (Fig L5).

In addition, be awaré that several of the choppers on the
market have a rounded or bulbous ending. For traditional
phaco chap, this facilitates getting under the anterior capsule.
[n addition, for traditional phaco chap, it is less likely to split
the anterior capsule f, indeed, you are on top of it when you
thoughi you were underneath it. However, a rounded or
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bulbous ending is counterprecductive 1w phaco quick chop, and
[ would advise against it {Fig 13).

At the time of this writing, 1 simply do not know which
phaco needle is “besi” for phace quick chop. 1 have worked
with several bevel angles: 0, 15, 30, and 45 degrees. | found no
major advantage 1¢ any one of them, which truthfully caught
me off guard. Going into it, | really thought the 0-degree tip
would have the edge (or would that be lack of edge?}, but not
so. 1 have worked with several tip designs: round, oval,
elliptical, square, and “Sleeping D.” {“Sleeping D" was one of
my failed ideas. Tt has a flat surface on the top with a rounded
hottom surface . . . like the leuter D lying down). Again, there
was no significant advamtage (o any one of them.

With the traditional phaco needles (15-, 30-, 45-degree
hevels), | have worked both bevel up and bevel down, and 1
cannot truthfully endorse one over the other.

And so, at least at [irst, it probably makes sense for you to
work with the phaco needle with which you are most comfort-
able. That is, unless your favorite phaco needle is a Kelman
style. That downward bend micely facilitates cutting and
grooving, but phaco quick chop has no cutting or grooving.
And, in fact, the Kelman downward bend is actually counterpro-
ductive to the vertical chopping maneuvers that are the
backbone of phaco quick chop.

What about those downsized systems? The diameter of the
internal lumen of a traditional phaco needle is 0.9 to 1.0 mm.
Some of the systems on the market today have decreased this
opening down to diameters that range from 0.8 to 0.6 mm
depending on the manufacturer/designer. This definitely al-
lows for safely employing smaller and smaller phaco incisions
and has some theoretical cutting advantages as their thicker
side walls improves cavitation. Bul, it significantly decreases
the amount of cross-sectional areas available for occlusion and
aspiration. Phaco quick chop is all about occlusion and
aspiration and, thus, although it can be done with a downsized
systemn, it is nol quite as efficient as with traditional internal
lumens.

I am about o start work with some prototype “upsized”
phace needles. | am going to see if increasing the internal
lumen 10 1.2 or 1.4 mm {and the corresponding increase in
cross-sectional area) will better facilitate the phace quick chop
requirements.

Machine Settings

Today's phaco machines are absolulely wonderful, but not
perfect. Andl, because there are several outstanding models

~ 1.5 mm

Chopping Instruments

Figure 15. Although phaco quick chop can be done with a
Sinskey hook (Dr Pfeifer does so), I believe it is much easier
1o do with an instrument designed [or chopping. 1 personally
believe it should be at least 1.5 mm long and have a
nonbulbous ending.
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available, it is still imperative that you fully understand hoth
the basics and nuances of your particular machine{s).

is there a “bes1” phaco machine for phaco quick chop? No,
but there are some important “phaco phacts” you need to keep
in mind when converting o this technique. Phaco quick chop
places emphasis on occlusion, aspiration, holdability, and
followability. Tt ignores cutting, grooving, and sculpting. With
that in mind, let us look at todays phaco machines by
considering their pump mechanisms. In general, | believe it is
acceptable (o place pump mechanisms into one of two catego-
ries: {1) peristaltic and (2) on-demand systems. The “on-
demand” nomenclature is a hit of a catch-al! that includes three
pump mechanisms: (1) rotary vane, (2} Venturi, and (3)
diaphram. And, although these three all work very differently
from one another, clinically they behave with enough similar-
ity 10 group them into a single entity for purposes of this
discussion, (The new scroll pump should have the ability to
swing back and forth, at the discretion of the surgeon, between
the peristaltic and on-demand categories).

The on-demand systems are often referred 10 as “constant
vacuum” systems. They create vacuum very quickly, have fast
rise rimes, and tend Lo work at very high aspiration {low rates
(30 w 50 cc/min). Because holdability and aspiration are
functions of vacuum, and because [ollowability is a function of
aspiration flow rate, phaco quick chop and the on-demand
systems marry very well. With the on-demand systems, [
suggest setting the vacuum at 100 = 25 mm Hg. {(Keep in mind
that the aspiration flow rate is inseparably tied with these
systems and with this vacuum range will be approximately
40 £ 10 cc/min).

The peristaltic systems are known as “constant flow” sys-
tems. They tend to create vacuum more slowly, have slower rise
times, and olten function better at lower flow rates (15 to 25
ce/min.). Therefore, in general, their relationship with phaco
quick chop is a bit more rocky, But take heart! The newer
generations of peristaltic units have much improved electron-
ics, collection systems, and venting abilities. Thus, they can
better handle the demands of phaco quick chop. Because there
is such a huge variety of peristaltic units active in the
marketplace today, it is very difficult to be specific about
peristaltic machine settings. 1 think the safest advice 1 can give
is to work closely with your peristaltic machine representative.
Tell him or her that you wish ta work pretty much at the
highest vacuum and highest aspiration flow rate your particu-
lar peristaltic machine can safely and prediciably handle.

Clinical Settings

Can you employ phaco quick chop with all types of cataracts
and any size pupil? Well, of course not, but it might come
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closer than you might think. If we simply categorize cataracts
into a spectrum of densities, phaco quick chop, in its purest
form, can handle most of them except [or the Lwo extremes, the
very soft and the very hard. On the soft end, there has 1o be an
identifiable endonucleus that has enough density to allow
manipulation. On the hard end, and here I am talking about the
grade 4-+++ +, “[-can't-believe-I'm-even-thinking-about-doing-
phaco” kind of hard, phaco quick chop can still be employed
with a simple variation, Because there is such a sheer mass of
hard endonuclear material to deal with, [ prefler 1o debulk the
lens a significant amount using a phaco needle that is designed
for ellicient cutting, such as a 60-degree bevel, traditional
needle, or a Kelman needle. This is obviously lacilitated by the
largest capsulorhexis 1 can safely make. Ounce debulked, 1 will
then stop and change the needle to a 45-degree or 30-degree
bevel and proceed with phaco quick chop. However, because 1
have done a substantial amount of central debulking, it is now
conceivable that burying a phaco needle that has had the
silicone sleeve significantly retracted could penetrate the lens
and break the posterior capsule. As such, 1 am extra cautious in
that setting and will retract the silicone sleeve only enough 1o
expose no more than 1 mm of the titanium phaco needle.
Please do not get me wrong, | am not saying that phaco
quick chop makes doing “the rocks” easy, Tt makes most of
themn doable with extra patience and caution. And, how about
the small pupit? Phaco quick chop is by far the best small pupil
technique | have ever come across. More than any ather phaco
technique with which 1 am personally familiar, phaco quick
chop works in the center of the pupil, making pupil size less of
an issue. There are several safe and effective ways of enlarging
pupils (the Bechler pupil dilator being, by far, my personal
favorite), and every effort should be made to work within a
“reasonably sized” opening. Suffice it to say, however, that the
reality is that some pupils are smaller than others, and the
smaller the pupil, the more | appreciate phaco quick chop.

Parting Thoughts

Safety and efficacy are my top two priorities when 1 perform
cataract surgery in Danville, lllinois. Phaco quick chop, at least
in my hands, is truly both the safest and most efficacious phaco
technique 1 am aware of at the time of this writing.

1 quite honestly do not know if it is an original concept from
Dr Pleifer or if he learned it from someone else. In addition, |
strongly suspect that other cataract surgeons around the world
have “originated” identical or very similar techniques, which
they have either kept to themselves or shared via various
modalities of communication, Phaco crack, phaco quick chop,
or by any other name is, indeed, the real deal and I hope you'll
“give it your best chop.”



The Choo-Choo Chop and Flip Phacoemulsification

Technique

1. Howard Fine, MD

The choo-choo chop and ilip phaceemulsification is a chopping
technique that uses power medulations and high vacuum along
with specific maneuvers to minimize the amount of ultrasound
energy in the eye and maximize safety and control.

Copyright © 1998 by W.B. Saunders Company

his technique is designed to take maximam advantage of

various new lechnologies available through the Alcon
20,000 Legacy' {Alcon Surgical Inc, Ft Worth, TX) and the
AMO Diplomax? (Allergan Medical Optics, Irvine, CA) Phaco-
emulsification Systems. These technologies include high-
vacuum casseltes and tubing, muktiple programmable leaiures
on both systems, as well as the Mackool Microtip (Alcon
Surgical Inc) with the Legacy and burst mode and occlusion
mode capabilities with the Diplomax {Table 1). The result is
enhanced efficiency, control, and safety. The procedure is done
as lollows:

A side-port incision is made to the left with a l-mm
wrifaceted diamond knife, after which the anterior chamber is
irrigated with 0.5 ml preservative-[ree xylocaine. Using the
soft-shell technique described by Steve Arshinoff, Viscoat
{Alcon Surgical Inc) is placed into the anterior chamber angle
distal 1o the side port, through the side-port incision. It fills the
anterior chamber but allows the eye to remain relatively soft.
Provisc (Alcon Surgical Inc) is instilled on top of the center of
the lens capsule under the Viscoat. Provisc forces the Viscoat
up against the cornea, creating a sofl shell, which helps
stabilize the anterior chamber and protect the endothelium.
Additionally, Provisc, which is a cohesive viscoelastic, de-
creases any tendency for iris prolapse during the hydro steps,
After clear corneal incision, cortical cleaving hydrodissecticn
is performed in the two distal quadrants followed by hydrode-
lineation. After the two hydro steps, the nucleus should rotate
easily within the capsular bag. The Mackool/Kelman microtip
on the Legacy is introduced bevel down to aspiraie the
epinucleus uncovered by the capsulorhexis, and is then turned
bevel up. With a Diplomax system, a 30° standard bevel-down
tp is used throughout endonuclear removal. The Fine/
Nagahara chopper {Rhein Medical, Tampa, FL) is placed in the
golden ring and is used (o stabilize the nucleus by lifting and
pulling toward the incision slightly (Fig 1}, after which the
phace tip lollipops the nucleus in either pulse mode at 2
pulses/second (Legacy) or 80-msee burst mode (Diplomax).
With the energy set in this way, we mininiize ultrascund energy
into the eye and maximize our hold on the nucleus as the
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vacuum builds between pulses or bursis. Because of the
decrease in cavitational energy around the tip at this low pulse
rale or in burst mode, the tunnel in the nucleus in which the
tip is embedded fits the needle very tightly and gives us an
excellent hold on the nucleus, (thus maximizing control of the
nucleus as we score and chop it {Fig 2) in {oot position 2,

The Fine/Nagahara chop instrument is grooved on the
horizontal arm close to the vertical “chop” element with the
grocve parallel to the direction of the sharp edge of the vertical
element. In scoring the nucleus, the instrument is always
moved in the direction the sharp edge of the wedge-shaped
vertical element is facing {as indicated by the groove on the
instrument), thus facilitating scaring. The nucleus is scored by
bringing the chop instrument to the side ol the phaco needle. It
is chopped in hall by pulling the chopper to the leftand slightly
down while moving the phaco needle, still in foot position 2, to
the right and slightly up. Then the nuclear complex is rotated.
The chop instrument is again brought into the golden ring (Fig
3), and the mucleus is agaio lollipopped, scored, and chopped,
with the resulting pie-shaped segment now lollipopped on the
phaco tip (Fig 4). The segment is then evacuated, using high
vacuum and short bursts or pulse mode phace at 2 pulses/
second (Fig 5). The nucleus is continually rotated so that
pie-shaped segments can be scored, chopped, and removed
essentially by the high vacuum assisted by short bursts or
pulses of phaco. The short bursts or pulses ol ultrasound
energy continuously reshape the pie-shaped segments that are
kept al the tip, allowing for occlusion and exwaction by the
vacuum. The size of the pie-shaped segments is customized to
the density of the nucleus, with smaller segments for denser
nuclei. Phaco in burst mode or al this low pulse rate sounds
like “chioo-choo-choo-choo”; ergo the name of his technique.
With burst mode or the low pulse rate, the nuclear material
tends to stay at the tip rather than chatter as vacuum holds
between pulses. The chop instrument is used to stuff the
segment into the tip or keep it down in the nuclear shell.

Alter evacuation of the [irst hemi-nucteus, the second
hemi-nucleus is rotated to the disial portion of the bag, and the
chop instrument stabilizes it while it is lolipopped. ltis then
scored (Fig 6) and chopped. The pic-shaped segments can be
chopped a second time 1o reduce their size (Fig 7) if they
appear oo large to easily evacuate,

There is little 1endency for nuclear material to come up into
the anterior chamber with this technique. Usually it slays
down within the epinuclear shell, but the position of the
endonuclear material can be controlled by the chop instru-
ment. Alter evacuartion of all endonuclear material (the Diplo-
max rip is turned bevel up) (Fig 8), the epinuclear rim is
trimmed in each of the three quadrants, mobilizing cortex as
well in the following way. As each quadrant of the epinuclear
rim is trimmed, the cortex in the adjacent capsular fornix flows
over the floor of the epinucleus and into the phaco tip. Then
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TABLE 1. Fine Phacoemulsification

Alcon Legacy

MacKool System Hi-Vac "Choo-choo Chop and Flip" 1&A

Chop Trim Flip

Mem 1 Mem 2 Mem 3 Cortical Viscoat
Memory Mode Fulse Pulse Pulp Mem 1-3 Mem 4
Power (%) 50 35 35 Surg vac Surg as
Asp (mL/min) 28/33 20/18 22 38 B0
Vac {mm Hg) 350 180 180 500+ 500+
Mode Puise 2/sec Pulse 7/sec Pulse 7/sec Cont irrig Cont Irrig
Bottle height {cm) 78 72 72 70 70
Fine AMO Diplomax
Hi-Vac/Chop and Flip | & A Control
“Choo-choo Chop and Flip” Surg Vac Control

Chop Trim Flip Cortical Viscoat

Phaco 1 Phaco 2 Phaco 3 Ctean-up Removal
Power (%} 60% 60 60
Aspiration cont flow (mL/min) 26130 32/26 32116 14 30
Vacuum (mmHg) 50/250 40/90 70150 500 500
Mode Cont burst Cont burst Cont burst Contirrig Cont irrig
Bottle height {in.} 32 32 32 28 28

the Noor is pushed back 1o keep the bag on stretch until three
of the four quadrants of epinuclear 1im and forniceal cortex
have been evacuated. It is important not to allow the epi-
nuclens to flip too early, thus avoiding a large amount of
residual cortex remaining after evacuation of the epinucleus.
The epinuclear rim of the lfourth quadrant is then used as a
handle to flip the epinucleus (Fig 9). As the remaining portion
ol the epinuclear floor and rim is evacuated from the eye, 80%
te 90% of the time all of the cortex is evacuated with it (Fig 107,
Continuing with the soft-shell technique, the capsular bag is
fillecd with Provisc, and Viscoat is injected into the center of the
capsular bag to help stabilize the anterior chamber and to blunt
the movement of the [oldable 1OL as it is implanted into the
eye. Il the cortex was incompletely mobilized during epi-

Figure 1. Stabilization of the nucleus during lollipopping for
the inital chop.

muclear removal, Viscoat (rather than Provisc} is instilled first
to viscodissect the cortex into the capsular [ornix and drape
some ol it on top of the capsulorhexis (Figs 11 and 12). Provisc
is then injected irto the botwont of the bag, fercing the Viscoat
anteriorly. The foldable intraocular lense (IOL) is then im-
planted.

Residual cortex is evacuated with residual viscoelastic, the
posterior capsule being protected by the optic of the 10L.
Mobilization of Viscoat is greatly facilitated because it is
encased within the much more highly cohesive Provisc and
less time is necessary to evacuale residual viscoelastic,

The choo-choo chop and flip technigue uses the same hydro

Figure 2. Completion of the initial chop.
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Figure 3. Stabilization of the nucleus before commencing the
second chop. ‘ Figure 5. Mobilization of the first pie-shaped segment.

Figure 4. Pie-shaped segment adherent to the phaco tip after
completion of the second chop. . Figure 6. Scoring of the second hemi-nucleus.
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Figure 9. Flipping of the epinucleus.

Figure 7. Mobilizing the final quadrant.

Figure 10. Empty capsular bag after [lipping of the epi-
Figure 8. The cpinuclear shell being rotated for trimming. nucleus.
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Figure 11. Viscodissection of residual cortex before TOL

implantation.

forces to disassemble the nucleus but substities mechanical
forces (chopping) [or ultrasound energy (grooving) to [urther
disassernble the nucleus. High vactuum is used as an extractive
technique 1o remove nuclear material rather than using ultra-
sound energy 1o convert the nucleus to an emulsate that is
evacuated by aspiration. This technique maximizes safety and
control as well as efficiency in all cases, and allows for phaco of
harder nuclei in the presence of a compramised endothelium.
This technique facilitates the achievement of two goals: mini-

Figure 12. Viscodissection ol residual cortex before [OL
implantation.

mally invasive cataract surgery and maximally rapid visual
rehabilitation,
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Nuclear Chopping

Gavin G. Bahadur, MD and Jack M. Dodick, MD

We describe a technique of nuclear subdivisicn initially introduced
by Dr Jochen Kammenn of Dorimund, Germany. Unlike other
methods of nuclear fragmentation during phacoemulsification,
such as cracking or conventional chopping technigues, this
bimanual chopping maneuver divides the nucleus mechanically
using no ultrascund energy nor aspiration to stabilize the
fragments. We have noted a considerable decrease in the total
ultrasound time and power needed for nuclear evacuation with
this technique over four-quadrant divide and congquer using
grooving and cracking.

Copyright® 1898 by W.B. Saunders Company

e present a technique of chopping originally described

by Jochen Kammenn of Dortmund, Germany, which
offers significant advantages over many other commenly used
methods of nucleofractis, In this technique, all of the nuclear
fragmemation is perlormed mechanically, reducing the 1otal
ultraseund energy required for nucleus evacuation,

Total ultrasound energy during phacoemulsificaiion has
been shown to affect the extent of endothelial damage.!
Because il minimizes ultrasound energy, this procedure is well
suiied for use in elderly patients with compromised endothelial
function, patients with Fuch’s endothelial dystrophy, or pa-
tients with corneal grafts. Furthermore, the direction of vector
forces invoked during this technique places minimal stress on
the lens capsule and zonules, making this procedure ideal for
cases of pseudoex(oliation.

Two identical phaco choppers are used. Each instrument is
2.0 mm at its distal 90-degree bend, as shown (Fig 1, inset A" ).
The tips of the instruments are spherical and finely polished so
as 10 be atrawnaltic o the lens capsule.

The technique may be performed equally well through a
clear cornea (authors' prelerence) or scleral tunnel incision.

Hydrodissection is performed using balanced salt solution
(BSS) through a 30-gauge blunt-tipped cannula, Itis important
10 position the tip of the cannula at teast 1 mm peripheral wo
the edge ol the capsulorhexis to prevent the BSS from flowing
centrally along the fengih of the cannula. The hydrodissection
cannula should be used 1o tent the anterior capsule anteriorly
10 access the potential plane berween the cortex and the lens
capsule. Posterior pressure is gently applied with the cannula
1o decompress the capsular bag and to promote a complete
fluid wave agross the surface of the posterior capsule. Adequate
hydrodissection is critical to the success of this procedure.

Hydrodelineation, the separation of central nucleus from
peripheral epinucleus, is then performed by impaling the B35S
cannula into the mid-periphery of the lens substance. Separat-
ing the concentric lamellae of ihe lens fibers permils clear
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distinction beiween the soft epinuclear shell and the more
dense central nucleus.

The capsulorhexis should be at least 5.0 mm in diameter 10
facilitate access to the anterior cortex. The next step is to use
the phacoemulsification handpiece of the Legacy 20000 (Alcon
Laboratories, Inc, Fi Worth, TX) Lo aspirate anterior lens
cortex with a vacuum of 300 mm Hg and an aspiration rate of
25 c¢/min in foot position 2 {using no phaco power). The
phaca tip is kept bevel down and is swept in a circular motion
within the capsular opening so as 10 remove as much antertor
cortex as possible. Once this cortical material is removed, there
is better visualization of the lens anatomy, and less cortical
debris is loosened during the chopping maneuvers.

Next, the two choppers are inserted at 90-degree angles: one
through the principal incision al the 11-o'clock position and
the second through a clear cornesl paracentesis at the 2-o'clock
position. The instruments are inserted nearly parallel o the
iris, between the anterior capsule and the lens. Each chopper is
gently rotated and carelully positioned so that the blunt end
{aces the posterior capsule at the equatorial region of the lens
(Fig 1A).

In a smooth, controlled motion with attention 10 the
lens/capsule anatomy, the two choppers are drawn together
toward the visual axis, exerting slight posterior pressure,
thereby mechanically chopping the lens in half (Fig. 1B). Next,
the choppers are positioned on either side of the inferier
heminucleus (at the 5-o'clock position and centrally) (Fig 1C)
and are carefully drawn 1ogether, creating two distinet quad-
rants {Fig 1D). The choppers are then placed at ihe 11-0'clock
position and centrally, and the superior heminucleus is frac-
tured into two quadrants, as shown (Fig 1E, 1F).

Once quartered, the nuclear fragmenis are removed using
vacuum settings of 300 to 400 mm Hg, aspiration flow rates of
35 to 45 co/min, and maximum phaco power of 25% to 45%,
depending on the density of the nucleus. A boule height ol 78
cm may be necessary to maintain anterior chamber depth.
During phacoemulsification of the nuclear quadrants, a Sins-
key hook may be used to feed nuclear fragments into the phaco
tip.

With Lhis technique, we require an average of 13% ulira-
sound power aver an average of 2.11 minutes. These power
and time parameters are a significant reduction frem those
routinely required in our cases in which we use phacoemulsifi-
cation Lo groove the nucleus before cracking {(24% phaco
power over an average ol 2.87 minutes).? Furthermore, accord-
ing te Dr Kammenn in Germany, a 2+ brunescent nucleus can
be evacuated using 600 mm Hg of vacuum, with no ultrasound
power, -

" In our experience thus far, the procedure appears safe, and
we have had no capsular ruptures during chopping, Nonethe-
less, the procedure requires fine motor control, mastery of the
spatial relationships in the anlerior segment, and substantial
practice. The most significant potemial risk of this procedure is
to inadvertently place the choppers in the sulcus owside the
lens capsule, thereby rupturing zonules and disinserting the
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Figure 1. Proper placement and movement of choppers for effective nuclear division.
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capsular bhag during chopping. The 2-mm length ol the
choppers distal end helps o ensure that the central posterior
capsule will be untouched. Furthermore, we have consistently
noted that the epinuclear shell is smooth and intact alter
nuclear chopping, underscoring avoidance of the posterior
capsule during this procedure.

Using this technigque of chopping and minimal phaco power,
we have documented a high degree of corneal clarity and
excellent visual results on the first postoperative day.

BAHADUR AND DODICK
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Phaco Prechop:

Manual Nucleofracture Prior to Phacoemulsification

Takayuki Akahoshi, MD

Phaco prechop ie a new surgical technique 10 make single-hand
phacoemuilsification easy and rapid. With this procedure, the
nucleus is divided into pieces before the phacoemulsification and
without grooving. The risk of posterior capsule rupture during
grooving was diminished. Using a Phaco Prechopper, a special
forceps designed for this technique, nuclei of any hardness can be
divided easily. Harder nuclei or nuclei with weak ciliary zonules,
however, should be prechopped especially carefully, supported
with a nucleus sustainer to reduce the stress on the ciliary
zonules. Phaco prechop also can be performed using two phaco-
choppers or nucleus sustainers. High-low and high-vacuum
settings of the phaco machine are recommended for
phacoemulsification of the prechopped nucleus, to control the
nuclear fragments and protect the corneal endothelium. With the
phaco prechop technique, ultrasound time was reduced to less
than 50% of that required for the conventional grocving method.
Because the nucleus was divided beforehand, the movement of
the phaco tip was minimized. Mechanical and thermal damage to
the wound was consequently reduced, and self-sealing of the
clear corneal wound was easily atiained withcut any stromal
nhydration. Thus, the phaco prechop technique is anticipated to
provide novel advantages over the single-hand phaco technique.
Copyright ® 1998 by W.B. Saunders Cormpany

Phaco prechop is a new technique allowing division of the
nucleus manually before phacoemulsification.!? With this
technique, the nucleus can be divided without grooving. With
the conventional one-hand technique, grooving, is indispens-
able [or nuclear division. Making a groove ol appropriate depth
and length is the most imporiant point in accomplishing
single-hand phacoemulsification. However, this step is prob-
ably the most stressful for surgeons, because with shallow
grooving, the nucleus is not divided completely, and a saucer-
like nuclear plate remains, whereas excessively deep grooving
resulis in rupture of the posterior capsule.

The efficacy of phacoemulsilication is markedly improved
by prechop of the nucleus. Even with a single-handed phaco
procedure, the prechopped nuclear fragments can be emulsi-
fied quite easily and rapidly. The high-low and high-vacuum
setting of the phaco machine is recommended for phacoemul-
sification of the prechopped nucleus ro control the nuclear
fragments in the capsular bag and o protect the corneal
endothelinm,

With the phaco prechop echnique, the ultrasound time is
less than 50% of that required for the conventional grooving
method. Division of the nueleus beforehand minimizes the
mavement of the phaco tip. Mechanical and thermal damage to
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the wound is consequenily recluced, facilitating self-sealing of

the clear corneal wound without stromal hydration. The risk of
rupturing the posterior capsule during the grooving process is
diminished, and other complications are also reduced.

Furthermore, this technique is also applicable to the educa-
tion of residents attempling to master phaccemulsilication.
Onee the nueleus has been divided by the rainer, the following
phacocmulsification is quite simple and can be salely per-
formed by the trainee.

Since 1993, the author has performed this technique in
nearly 9,000 cataract cases, thereby proving its safety and
effectiveness. The phaco prechop technique is anticipated 10
provide novel advaniages over the single-hand phaco rech-
nigue.

Indications and Contraindications

All types of nuclei are suitable for the phaco prechop tech-
nique, the only exceptions being the cases with severe zonular
complications. In eyes suspected of having weakened ciliary
zonules, this technique should not be done or should enly be
done with great care by a surgeon highly experienced in the
technique. Such cases include subluxated lens in Marfai
syndrome, eyes with a history of ocular trauma, eyes that have
undergone intraocular surgery such as vitrectomy, eyes with
pseudoexfoliation syndrome or advanced retinitis pigmeniosa,
and eyes with a history of acute glancoma attack in patients
with angle closure glaucoma and so on. In cases in which
continuous curvilinear capsulorhexis (CCC) has not been
completed, phaco prechop is possible, but it should be
performed carefully s0 as o avoid enlarging the capsular tear.
For nuclei harder than grade 4 or 5, the “counter prechop”
technique or “double chopper prechop” technique should be
chosen. Furthermore, these procedures should be attempted
only after the surgeon has completely mastered the technique
in relatively seft nucled,

Phaco Prechop Instruments

In soft nuclei, such as grade 1 or 2, phaco prechop can be
performed with a capsulorhexis forceps. In harder nuclei,
however, use ol a capsulorhexis forceps is not recommended,
The force necessary 1o drive the forceps into the nucleus may
result in excessive stress on the ciliary zonules. To perform the
phaco prechep technique easily and effectively, use of special
instruments { Table 1) is recommended.

The phaco prechopper is a new cross-action lorceps specially
designed [or the phaco prechop technique (Fig 52). The
straight type (Fig 53) is suitable [or clear comeal incisions, the
angled type (Fig 54) for scleral tunnel incisions. The original
phaco prechoppers produced by Duckwerth & Kent (Baldock,
Herts, England) are made of titanium (Fig 52), and those
produced by American Surgical Instruments Corporation

Operative Techniquas in Calaract and Refractive Surgery, Vol 1, No 2 {June}, 1988: pp 62-91 69



70

TABLE 1. Phaco Prechop Instruments

Duckworth & Kent
Akahoshi prechop forceps

Straight type 2-815-1
Angled type 2-816-1
Akahoshi nucleus sustainer
American Surgical Instruments Corporation (ASICO)
Akahoshi prechoppet
Scleral model, angled AE-4280
Clear corneal modet, straight AE-4281
Universal madel AE-4282
Akahoshi nucleus sustainer AE-2525
Kammann prechopper
Superior angled AE-2521
Temporal straight AE-2522
Katena
Akahoshi phaco prechopper, angled K5-7230
Brierley nucleus splitter K3-2380
Rhein Medical
Gillum nucleus splitters 8-14510

{(ASICO) [Westmont, TL] ate made of stainless sieel {Figs 33,
54), These phaco prechoppers have a very {ine, sharp tip that
allows smoath insertion into the nucleus. The phaco prechop-
pers procuced hy Katena (Denville, NJ) (Fig 55) and ASICO
(Fig 56) have a flai, sharp tip suitable lor prechopping
relatively sofl nuclei.

The nucleus sustainer {Fig 57) is used to support the
nucleus during insertion of the phaco prechopper into the core
of the nuclens. To protect the posterior capsule, a microball is
placed at the tip ol the sustainer (Fig 38). Two nucleus
sustainers can be used for the “double chopper prechop”
techniqué. For this prechopping technique, special hooks with
a blade were also designed by Dr Kammann and Dr Gillum.

Surgical Procedure

After the application of topical anesthesia, that is, two drops of
0.4% oxybuprocaine hydrochloride (Benoxil Minims, Osaka,
Japan), a 3.5-mm temporal clear corneal incision is made in
two steps using a 3.5-mm diamond keratome. This size is
adequate for insertion of an acrylic intraocular lens, AcrySof
MA30BA (Alcon Laboratories, Fort Waorth, TX), without
enlarging the wound size. After [illing the anterior chamber
with viscoelastic material, continuous cuarvilinear capsu-
lothexis is performed using a capsulorhexis forceps. To per-
form phaco prechop safely, a complete CCC with no tears or
notches should be made. Sufficient cortical cleavage hydrodis-
seetion is made until the nucleus can be easily rotated in the
capsular bag. The hydrodissection is critically important, such
that insufficient hydrodissection results in the bisected nuclear
fragments not being rotated for further dissection. The anterior
chamber is again filled with a sullicient amount ol viscoelastic
material, and phaco prechep is then performed.

TABLE 2. Choice of Phaco Prechop Technique

Prechopper Prachop
Emery grade 2 to 3 nuclei
Cunter Prechop/Double Chopper Prechop
Nuclei harder than grade 3 or 4
Weak ciliary zonules
Traumatic eye
Post-intraocular surgery such as vitractomy
Pseudoexfoliation syndrome, etc.
Incampleie CCC

TAKAYUKI AKAHOSHI

Plhiaco prechop can be perlorimed most casily and elfectively
with speciad dividing forceps, the phaco prechopper. Twe
phacochoppers or specially designed nucteus sustainers can be
used for the bimanual dividing procedure termed the “double
chopper prechop” technigue. According to the hardness of the
nucleus and the conditions of the capsulorhexis and ciliary
zonules, three different phace prechop methods may be
selected (Table 2):

The prechopper prechop technique is performed with a phaco
prechapper alone. Most of our cataraci cases are suitable {or
this technique. However, if the nucleus is too hard for
insertton of the prechopper iniwo its core, the procedure
should be converted to the “counter prechop” technique.

A

PN

~
Flin

Figure 1. Prechopper prechop technique. Perform a com-
plete CCC and permit a sufficient hydrodisscction, allowing
the nucleus to rotate [reely in the capsular bag. Refill the
_anterior chamber with a sufficient amount of a viscoelastic
material. Expose the nuclear surface for better visualization
of the tip of the prechopper during insertion. If nuclear
vistbility is hindered by excess cortex, remove it during
injection of the viscoelastic material or aspirate it with an
irrigation and aspiration (I & A) tip. Once the surgeon has
mastered the “phaco prechop” technique, the cortex removal
step belore prechop may be omitred.
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Figure 2. Insert the phaco prechopper slowly and straight
into the core of the nucleus. Keep the prechopper closed
during insertion. [nsertion should be toward the central core
of the nucleus. If the direction of the insertion is inappropri-
ate, the nucleus will rotate and there will not be sufficient
force 1o drive the prechopper into the nucleus. An insertion
too shallow will scramble the epinucleus and decrease the
visibility of the nucleus. If the nucleus is 100 hard 1o insert
the prechopper, stop the insertion and convert to the “counter
prechop” technique.
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Figure 3. Open the prechopper slowly to bisect the nucleus.
If the nucleus is not divided by this single action, place the
prechopper in the deepest portion of the nuclear valley
formed by the two incompletely divided nuclear fragments.
Repeat the apening procedurcs to complete the division over
the entire depth and length of the nucleus uatil the posterior
capsule is reached. When complete nuclear division has been
attained, the inner surface of the posterior capsule will be
visible between the prechopped nuclear fragments. Complete
nuclear division is critical to achieving cffective phacoemwulsi-
fication. Il the lens is too soft and the tip of the prechopper
might sink into the nucleus, switch 1o a prechopper with flat
tips.
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Figure 4. Rotate the bisected nuclear fragments 90° by
pushing on the nuclear surface with the prechopper. The
nucleus can be rotated easily if each bisected nuclear frag-
ment is temporarily restored to its original position. An
adequate amount of viscoclastic material in the anterior
chamber and application of slight downward force also
facilitate rotation. If an adequate hydrodissection is not
achieved, rotating the nucleus will be difficult. Try repeating
hydrodissection until the nucleus can be rotated freely in the
capsular bag. Then refill the anterior chamber with the
viscoelastic material again and proceed to the further pre-
chop step. The degree of nuclear rotation should be exactly
90°. If the rotation angle is less than 90°, the bisected nuclear
fragments may slide during the second inscrtion of the
prechopper. Also, the direction of the insertion may not be
along the lens fiber structure and the nucleus will not crack.
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Figure 5. Insert the prechopper deep into the core of the
bisected nuclear fragment on this side. The direction of
prechopper insertion should be toward the core of the
nucleus and perpendicular to the initial crack line. if the
nuclear rotation is insufficient and the angle of the prechop-
per insertion is not perpendicular o the initial crack line, the
nuclear fragments may rotate or not provide sufficient
resistance to prechopper insertion. The prechopper should

“ibe inserted deep enough to achieve complete nuclear divi-
sion.
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Figure 6. Open the prechopper and divide the bisected
nucleus in the same way. If the nucleus is not divided by a
single action, place the prechopper at the deepest point and
open it again, Repeat the opening actions to complete the
division until the inner surface of the posterior capsule is
visible between the prechopped nuclear fragments.

Figure 7. Then insert the prechopper into the hardest
remaining portion of the bisecied nucleus on the other side.
If insertion is difficult because of the nuclear core’s hardness,
insert the prechopper from toward the top of the nuclear core
downwards. If prechopper insertion on this side is still
difficult, rotate the nucleus 180° and insert the instrument on
the equator side (Figures 30-34}.
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Figure 8, Open the prechopper repeatedly until the nucleus
has been divided completely to its bottom. If the viscoelastic
material has leaked from the wound during the prechopping
procedure and the visibility of the nucleus is hindered by the
cortex, add more viscoelastic material to the anterior cham-

ber.
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Figure 9. Completion of quadriscction of the nucleus. 1t is
extremely important to achieve complete nuclear division.
Merely making a crack in the nucleus as a result of an
incomplete prechop procedure offers little advantage in the
following phacoemulsification. The nucleus most be chopped
from the nuclear surface to the botiom of the posterior
capsule. Insert the phaco prechopper or inject viscoelastic
material to ascertain that the nucleus has been completely
divided inte four pieces.
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Figure 10. Counter prechop technique. Like the “prechopper
prechop” technique, complete CCC and sufficient hydrodis-
scction are the most important prerequisites. After refilling
the anterior chamber with viscoclastic material, insert a
nucleus sustainer or a phacochopper via the side port and
pass it just beneath the anterior capsulorhexis edge to the
equatorial portion of the nucleus. [t is important not to
damage the capsule or the ciliary zonules with the nucleus
sustainer hy supporting the nucleus over the anterior cap-
sule. While sustaining the nucleus with the nucleus sus-
tainer, insert the prechopper directly into the core of the
nucleus. The direction and the depth of prechopper insertion
is the same as in the “prechopper prechop” technique. The tip
ol the prechopper, the core of the nucleus, and the tip of the
nucleus sustainer should be positioned on the same axis to
avoid rotational movement of the hard nucleus,
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Figure 11. Open the prechopper to bisect the nucleus. 1f the
nucleus cannot be prechopped completely in a single action,
repeal the opening action at the deepest point until complete
nuclear division can be attained all the way to the bottom of
the nucleus. When nuclear division is complete, the inner
surface of the posterior capsule will be directly visible
between the bisected nuclear fragments. Complete division is
very important to subluxate and phacoemulsify the nuclear
fragment with the aspirating power of the phaco Lip, espe-
cially when the nucleus is sclerotic and hard.
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Figure 12. Rotate the nucleus 90° to set the nucleus in the
next prechopping position. Use both of the instruments to
push and pull the nucleus. Nuclear rotation is easier if the
bisected nuclear fragments are Lemporarily returned o their
original positions. The degree of nuclear rotation should be
exactly 90°, If the rotation angle is less than 90°, the bisected
nuclear fragments may slide during the second insertion of
the prechopper or else the direction of the insertion may not
be along the lens {iber construction.
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Figure 13. While holding the nucleus in the same position
with a nucleus sustainer, insert the prechopper into the core
of the hisected nuclear fragment on this side. The direction of
the prechopper insertion should be toward the core of the
nucleus and perpendicular to the initial erack line. Prechop-
per insertion should be deep enough to achieve complete
nuclear division.
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Figure 14. Open the prechopper and divide the bisected
nucleus in the same way. If the nucleus is not divided by a
single action, place the prechopper in the deepest portion of
the nuclear valley formed by the two incompletely divided
nuclear fragments, Repeat the opening actions to complete
the division, aver the entire depth and length of the nucleus,
until the inner surface of the posterior capsule becomes
visible between the prechopped nuclear fragments.
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Figure 15. Then insert the prechopper into the remaining
portion of the bisected nucleus on the other side. The
prechopper should be inserted into the hardest portion of the
nucleus. The nucleus sustainer on the left hand is used to
provide sufficient supporting force to the nucleus during
insertion of the prechopper.
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Figure 16. Open the prechopper repeatedly until complete
nuclear division o the bottom of the nucleus has been
achieved. Always he careful not 10 place any stress on the
cornea or the ciliary zonules. 1 the viscoelastic material has
leaked from the wound, during the prechopping procedure
supply more viscoelastic material to protect the corneal
endothelinm.

TAKAYUKI AKAHOSHI

Figure 17. Completion of the nuclear quadrisection. It is
extremely important 1o make a complete nuclear division,
especially when the nucleus is hard. Merely cracking the
nucleus part way because of an incomplete prechop tech-
nigue is of little advantage in the following phacoemulsifica-
tion. The nucleus must be chopped from the nuclear surlace
to the bottom until reaching the posterior capsule. [nsert the
phaco prechopper or inject the viscoelastic material to
ascertain that the nucleus has been completely divided into
four fragments.
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Figurc 18. Double chopper prechop technique. After com-
plete CCC and sullicient hydrodissection, fill the anterior
chamber with viscoelastic material. Insert the first nuclens
sustainer via the side port at the left, passing just beneath the
anterior capsulorhexis edge to the equatorial portion of the
nucleus. It is important to avoid damaging the anterior
capsule edge or the ciliary zonules by incorrectly inserting
the sustainer over the anterior capsule, Position the second
nuclens sustainer via the wound into the eguator of the
nucleus opposite the sustainer on the left. Both sustainer tips
and the center of the nucleus should be aligned along the
same axis to prevent rotation of the nucleus.
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Figure 19. Simultaneously bring both nucleus sustainers
closer to the center of the nucleus. Always concentrate the
forces at the tips of the sustainers so as to grasp the center of
the nucleus firmly, otherwise the nucleus may rotate. As the
tips of the sustainers come closer, the anterior portion of the
nucleus will be cut half way o the bottom but not completely.
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Figure 20. At the center of the nucleus, change the direction

of force on the two nucleus sustainers 90° to separate the
: . ° . i
nucleus into two fragments. Complete the nuclear division Figure 21. Rotate the nucleus 90° to set the nucleus in the

all the way to the bottom of the nucleus. Repeat the — nexl prechopping position. The degree of nuclear rotation is
separating procedure until the inner surface of the posterior discretionary, and depends on the number of degrees at

capsule is visible along the entire length of the nuclear crack.  which the following prechopping procedure can be carried
out most easily, Use the two sustainers to push and pull the

nucleus,



PHACO PRECHOP

Figure 22. Insert the nucleus sustainer on the left to the
equatorial portion of the nucleus, passing just beneath the
anterior capsulorhexis edge. Place the other nucleus sus-
tainer at the center of the nuclear crack. Then bring the two
nucleus sustainers closer simultaneously. Always maintain
the force at the tips of the sustainers 1o hold the nucleus
firmly, otherwise it may rotate. As he tips of the sustainers
come closer together, the anterior portion of the nucleus will
be cut in half.
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Figure 23. At the center of the bisected nucleus change the
divection of the forces on the two nucleus sustainers 90° to
separate the nuclear fragment completely into two pieces. It
is important 1o complete the division to the bottom of the
nucleus so that the inner surface of the posterior capsule
bécomes visible. The nucleus may then be rotated by the
number of degrees that will make the next prechopping
procedure easy to perform.
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Figure 24. Insert the nucleus sustainer on the right into the
cquatorial portion of the nucleus, passing it just beneath the
anterior capsulorhexis. It is imporiant not to damage the
anterior capsule or the ciliary zonules by placing the sus-
tainer blindly over the unterior capsule. Place the other
nucleus sustainer in the center of the nuclear crack.
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Figure 25. Simultancously bring the two nucleus sustainers
closer to each other. Always concentrate the forces on the tips
of the sustainers, holding the nucleus firmly and not rotating
it. As the two tips of the sustainer come closer, the anterior
portion of the nucleus will be cut in half. At the center of the
bisected nucleus, change the direction of the force on the two
nucleus sustainers 90° to separate the nuclear fragment into
two picces. Repeat the separating procedure until complete
nuclear division is achieved.
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Figure 26. Completion of quadriscction of the nucleus. It is
very important to make a complete division, especially when
the nucleus is hard. Merely making a crack in the nucleus
part way offers litle advantage in the tollowing phacoemulsi-
fication. The nucleus must be chopped thoroughly [rom the
anterior surface o the bottom until reaching the posterior
capsule. 1f the inner surface of the posterior capsule is
visible, this is a sign of complete nuclear division.

The counter prechop technique is used for harder nuclei and
cases with weak ciliary zonules. By susiaining the nucleus
with a second instrument from the side port, stress on the
ciliary zanules is reduced during insertion of the prechop-
per. With this technique, nuclei of any hardness can be
prechopped.

The double chopper prechop technique is a bimanual phaco
prechop technique, which can be performed with two
phacochoppers or nucleus susiainers but not with a phaco
prechopper. Hard nuclei are an indication for this technique,
though it is relatively difficult, and greater rechnical skiil is
needed than with the other prechop methods.

Prechopper Prechop

Nuclei of Cmery grade 2 or 3 can be prechepped with this
technique, Complete CCC and sufficient hydrodissection,

(¢ 2o ]

Figure 27. Prechopper prechop technique. Notice the angle
and depth ol prechopper insertion. The tip of the prechopper
should be inserted sufficiently deep into the hardest core of
the nucleus. An insertion too shallow will not provide a
sufficient separaiing [orce to the nucleus when the tips of the
prechopper are opened. Preliminary removal of the cortex
may improve observation of the depth of prechopper inser-
tion even if the surgeon is not familiar with this technique.

allowing the nucleus to rotate freely in the capsular bag, is the
most imporiant prerequisite (Fig 1). In the course of mastering
the phaco prechop technique, aspiration of the cortex within
the area of the capsulorhexis opening will facilitate visnaliza-
rion of the nucleus. A sufficient amount of viscoelastic material
in the anterior chamber also enhances visualization of the
nucleus. Once the surgeon has mastered the technique, phace
prechop can be performed even under conditions of poor
visibility of the nucleus because of excessive corlex or a small
pupil. Insert the closed prechopper straight into the core of the
nueleus (Fig 2). The direction and the depth of the insertion
are very imporiant (Fig 27). Insertion should be straight along
the lens fiber construction and deep enough to provide a
sufficient separaling force on the nucleus during opening of
the prechopper. Then, open the prechopper slowly Lo bisect the
nueleus (Fig 3). 1f the nucleus has not been divided by this
single action, place the prechopper at the deepest portion of
the nuclear valley formed by the two incompletely divided
nuclear fragments. Repeat the opening procedure to complete

Figure 28. Counter prechop technigue, A hard nucleus is
sustained by the nucleus sustainer inserted via the side port.
The tip of the sustainer is inserted just beneath the anterior
capsule at the equaterial portion of the nucleus. The stress on
the capsular bag and ciliary zonules during insertion of the
phaco prechopper is markedly reduced by this technique,
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Figure 29. Double chopper prechop technique. Two nucleus
sustainers or phacochoppers are inserted through the wound
and the side port to hold the nucleus in the capsular bag. Pay
attention to the depth ol the insertion of the instruments.
During the prechopping procedure, always imagine the
three-dimensional position of the nucleus held by the instru-
ments so as not to expose the cornea and the ciliary zonules
to unnecessary force.

Figure 30. If the core of the bisected nuclear [ragment is too
hard to insert the prechopper on the wound side, do not exert
excessive stress on the ciliary zonules by forcibly inserting
the prechopper..

Figure 31. Rotate the nucleus 180°. Nuclear ratation will be
casier if the divided nuclear [ragments are temporarily
returned to their original position and the larger fragment is
manipulated with the prechopper.
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Figure 32. Insert the prechopper in the equatorial portion of
the nucleus. The prechopper can be inserted more easily
from this side. The direction of prechopper insertion should
be toward the core of the nucleus and deep enough (o attain
complete division.

the division, for the entire depth, reaching the posterior
capsule. Complete nuclear division is critical to achieving the
following phacoemulsification. In the event of a relatively hard
nucleus, if the direction of the insertion is appropriate, the
aueleus will crack on its own, even if the insertion of the
prechopper is not particularly deep. Only with the proper
direction and force of the insertion and with the separating
force toward the nuclear fibers can phaco prechop be actained.
Then, rotate the bisected nuclear [ragments 90 degrees, push-
ing on the nuclear surface with the prechopper (Fig 4).
Nuclear rotation is simplified if each bisected nuclear fragment
is transiently restored (o its original position. An adequate
amount of viscoelastic material in the anterior chamber and a
slight downward pushing force also facilitate rotation. The
degree of rotation should be exactly 90 degrees. If the rotation
angle is less than 90 degrees, the direction of the following
prechopper insertion will be not along that of the lens fiber

Figure 33. Open the prechopper and divide the bisected
nucleus in the same way. If the nucleus has not been divided
by a single action, place the prechopper at the deepest point
and repeat the procedure until the iuner surface of the
posterior capsule becomes visible between the prechopped
nuclear fragments,
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Figure 34. Completion of quadrisection of the nucleus. The
nucleus must be chopped from the nuciear surface to the
bottom until reaching the posterior capsule.

construction, and the nucleus will not crack, Insert the
prechopper deep into the core of the bisected nuclear fragment
on this side (Fig 5) and divide itin the same way (Fig 6). Then
insert the prechopper into the remainder of the bisected
nucleus on the other side (Fig 7) and complete quadrisection
of the nucleus (Fig 8). If the core of the nucleus is too hard to
insert the prechopper from this side, rotate the nucleus 180
degrees and insert the instrument {rom the equator side of the
nucleus (Figs 30 to 34). Finally, ascertain that the nucleus has
been divided thoroughly to its bottom (Fig 9). Injection of
viscoelastic material between the divided nuclear fragments or
manual inspection using the nucleus sustainer is helptul.

Counter Prechop

For nuclei harder than Emery grade 3 and cases with any signs
or history of ciliary zonule weakness, phaco prechop should
not be performed using the phaco prechopper alone. To protect
the ciliary zanules from excessive force during insertion of the
prechapper, the nucleus should be sustained by the second
instrument. This phaco prechop lechnique, performed with

Figure 36. A hard nucleus can be divided into eight pieces in
the same way. During the prechopping procedure, the vis-
coelastic material may leak from the wound. 1 that happens,
do not hesitate to supply adequate viscoelastic marerial for
easicr visualization and safer manipulatien.

the assistance of the second instrument, is called the “counter
prechop” technique. The second instrument used in this
technigue can he a phacochopper or a Sinskey hook. However,
to protect the posterior capsule and to secure nuclear support,
the auther recommends using a special nucleus sustainer, the
tip of which has an attached microball and is longer than a
Sinskey hook.

Like the “prechopper prechap” technique, complete CCC
and sufficient hydrodissection are the most important prerequi-
sites for this technique (Fig' 1}. The nucleus should be
adequately hydrodissected such that it rotates freely in the
capsular bag, [acilitating the following rotation of the pre-
chopped nuclear fragments. Fill the anterior chamber with a
sulficient amount of viscoelastic material. Insert the nucleus
sustainer from the side port, passing just beneath the anterior
capsulorhexis edge to the equatorial portion of the nucleus
(Fig 28). It is important not to damage the antericr capsule or
the ciliary zonules with the nucleus sustainer. This is achieved

Figure 35. Multiple prechop technique with a phaco prechop-
per. Il the nucleus is hard, eg, grade four or five, further
prechopping into smaller fragments greatly facilitates the
lollowing phacoermulsification. The quadrisected nuclear
[ragments can be prechopped in half by the “counter pre-
chop® technique.

Figure 37. Completion of the division of a hard nucleus into
cight segments. It is extremely important that each pre-
chopped nuclear fragment be divided completely from the
surface to the bottom, reaching the posterior capsule. If
nuclear division is incomplete, it will be impossible to
subluxate the nuclear segments with the aspiration power
during phacoemulsification.
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Figure 38. Multiple prechop technique with nucleus sustain-
ers. When the nucleus is even harder, eg, grade four or five,
further prechopping into smaller fragments greatly facilitates
the foliowing phacocmulsification, The quadrisected nuclear
fragments can be prechopped into eight pieces by the “double
chopper prechop” technigue in the same way.

Figure 41. If the viscoelastic material has leaked from the
wound during the procedure, add an adequate amount to the
anterior chamber and complete the nuclear division. Finally,
conlirm that every nuclear fragment is completely divided to
the botiom. Remember that complete nuclear division is
especially important when the nucleus is hard.

Figure 39. The quadrisected nuclear fragment is held with
the tips of the nuclear sustainers. Always be careful not to
incite a rotatory movement to the nuclear fragment during
the prechopping procedure. As the tips of the two nucleus
sustainers come closer the quadrisected nuclear fragments
can be divided in half.

Figure 42. Flip and re-prechop technique. If the nucleus has
not been prechopped completely to the bottom, the prechop-
ping procedure can he performed again from the posterior
pole of the nucleus. Refill the anterior chamber with a
sufficient amount of viscoelastic material. When pushing the
peripheral portion of the nucleus downwards, {lip the nucleus
in the capsular bag. The phaco flip can be usually performed
with a dull 27-gauge needle. If the phaco prechopper is used,
be careful not to damage the posterior capsule with the sharp
tip of the instrument.

Figure 40. When the nucleus is sclerotic hard, it is especially
im-portam Lo make complete divisions from the surface to the
bottom of the nucleus. Repeat the separating procedure until
the inner surface of the posterior capsule becomes visible.

Figure 43. If the flipped nucleus is placed ‘outside the
capsular bag, the supracapsular technique is applied. To
sustain the nucleus during the prechopping procedure it may
be hetter to replace the nucleus into the capsular bag.
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Figure 44. Once the nucleus has been turned over it is easy
-0 identify any cracks in it that have not reached the posterior
:nd, Rotate the nucleus w0 where the prechopper can be
nserted atong the incomplete nuclear crack.

oy supporling the nucleus over the capsule. Sustaining the
wcleus with the nucleus sustainer, insert the prechopper
lirectly into the core of the nucleus (Fig 10). In the case of a
rard nucleus, the tip of the prechopper, the core of the nucleus,
md the tip of the nucleus sustainer should be pasitioned on
he same axis 1o avoid rorational movement of the nucleus.
Jpen the prechopper to bisect the nucleus {Fig 11). If rhe
wicleus cannot be prechopped completely in a single action,
‘epeat the opening action at the deepest point until complere
livision is atrained. When the nuclear division has heen
ompleted, the posterior capsule will be directly observed
etween the bisected nuclear fragments. Unlike Dr Nagahara's
shacochep technique, in which the nucleus is sustained
instably by a phaco tip irrigated with balanced salt selution
BSS), phaco prechop can be performed allowing suflicient
ime for complete nuclear division to be accomplished under
table anterior chamber conditions maintained by viscoelastic
naterial. Rotate the nucleus 90 degrees to set the nucleus to
he next prechopping position (Fig 12). Nuclear rotation is
asier if the bisected nuclear fragments are temporarily re-
urned to their original positions. Sustaining the nucleus in the
ame way, insert the prechopper into the core of the nucleus

igure 45. Insert the prechopper along the incomplete crack
» complete the nuclear division. If the nucleus is hard, the
counter prechop” technigue or the “double chopper pre-
hop” technique can be applied to complete the nuclear
ivision. 1f it is a relatively hard nucleus, the nucleus can be
ipped soon after the hydrodissection and the “prechopper
rechop” technique can be performed easily by inserting the
rechopper into the relatively harder posterior portion of the
ucleus,
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Figure 46. Flip and phaco technique. After [lipping the
incompletely prechopped nucleus, disassemble the nuclear
fragments by phacoemulsifying the posterior pole of the
nucleus, Phacoemulsification along an incomplete nuclear
crack also facilitates separation of the nuclear {ragments.
Once the surgeon has become accustomed to management of
the incompletely prechopped nucleus the nuclear plate can
be {lipped using the aspiration power of the phaco tip during
the phacoemulsification. :

and complete the division (Figs 13-17). In cases with harder
nuclei, completion of the nuclear division is especially impor-
tant. If the nucleus has been only partally divided, the first
nuclear fragment will not be drawn out by the phaco Up.
Complerion of the nuclear division can be ascertained safely by
the injection of the viscoelastic material or the nucleus
suslainer.

Quadrisection of the nucleus is usually adequate to facilitate
the [ollowing phaccemulsification. In the case of hard nuclei
such as grade 4 or 3, further prechop into smaller fragments
greatly facilitates phacoemulsification {muliple prechop tech-
nique). The quadrisected nuclear fragments can be prechopped
inwo eight pieces in the same way (Figs 35-37).

Double Chopper Prechop

Nuclei of any hardness can be prechopped with the “prechop-
per prechop” or “counter prechop” technique. The “double
chopper prechop” technique is based on the same concept as
the above two prechop techniques, that is, division of the
nucleus before phacoemulsification. 1t differs from other
technigues only in that the phace prechopper is not used. The
instruments used for this technique are two nucleus sustainers
or phacochoppers. For protection of the posterior capsule, the
use of the nucleus susiainer is preferable. This technique is

TABLE 3. Alcon Legacy Setting

Vacuum -Flow Rate (mL/min} Max Power
{mmHg) Position 2/Paosition 3 (%)
Memory 1 100 20/20 70
Memory 2* 200 2520 80
Memory 3 300 30/25 g0
Memory 41 400 35/30 : 90

Bottle height max: 78 cm
Pulse mede: 15 Hz
30-Degree regular US tip
Regular sleeve

Max Vac casette

"Routinely used for phace of epinucleus.
tRaoulinely used for phaco of nucleus.
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Figure 47. Once the incompletely prechopped nucleus has
been disassembled into pieces the following phacoemulsifica-
tion can be performed like the ordinarily prechopped nucleus
is phacoemulsified.

suitable for relatively hard nuclei of Emery grades 3 to 5.
Compared with the phaco prechop techniques using a phaco
prechopper, the “double chopper prechop” technique requires
greater technical skill, especially in cases with very hard nuclei.

After complete CCC and sufficient hydrodissection, fill the

Figure 48. The phaco tip is driven into the nuclear [ragment
with a short burst of ultrasound power at foot pedal positian
three. The bevel of the phaco tip is always placed down-
wards. Keep the foot pedal aL position two until the vacunm
pressure is increased high enough to subluxate the nuclear
fragment out of its original position. The increase in vacuum
pressure can be recognized by the increasing tone level of the
phaco machine. Then phacoemulsifying the nuclear fragment
in situ ar foor pedal position three before the nuclear
[ragment is totally luxated into the anterior chamber. For
casier removal of the first nuclear {ragment the nucleus may
be rotated 45° more than in the above illustration before-
hand.
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Figure 49. Once the first nuclear fragment has been removed the
second [ragment can be easily removed from its original position.
The fragment is aspirated, subluxated, and phacoemulsified in
the same way. Always keep the bevel of the phaco tip downwards
1o facilitate aspiration and to avoid the adverse effect of the
ultrasound energy on the corneal endothelium.

3

Y
!
4

Figure 50. Slide the third nuclear fragment out of its origina.
position and phacoemulsify it in the same way. In a single
handed phaco procedure it is most important to control the
nuclear fragments in the anterior chamber so as not L
damage the corneal endothelium.
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Figure 51. The final nuclear fragment is phacoemulsified in
the same way, When the anterior chamber is unstable
because of high vitreous pressute or excessive leakage of BSS
from the wound, the vacuum pressure may be reduced from
400 mmHg to 300 or 200 mmHg. The epinucleus is usually
phacoemulsified at the lower vacuum level of 200 mmHg to
prevent damage 10 the posterior capsule.

anterior chamber with viscoelastic material (Fig 1). Insert the
first nucleus sustainer from the side port on the left hand,
passing just beneath the anterior capsulorhexis edge to the
equatorial portien of the nucleus. It is imporiant to avoid
damaging the anterior capsule or the ciliary zonules by
incorrectly inserting the sustainer over the anterior capsule,
rather than beneath as it should be, Place the second nucleus
sustainer from the wound to the equator of the nucleus
opposile the sustainer on the left hand {Fig 18). To prevent
rotation of the nucleus, both of the sustainers tips and the

Figure 52. Phaco prechopper (Duckworth & Kent: 2-815-1).

Original prechopper made of titanium. Sharp tip is suitable

for prechopping hard nucleus.

Figure 53. Phaco prechopper straight type (ASICO: AE-
4281) made of statnless steel. Straight type is suitable for
clear corneal incisions.

center of the nucleus should be aligned along the same axis
{Fig 29). Then bring the two susutainers closer (o the center of
the nucleus at the same time (Fig 19). Always concentrate the
forces on the two tips of the sustainers so as (o hold the center
of the nucleus firmly; otherwise the nucleus will rotate. At the
center, change the direction of the force on the sustainers 90
degrees Lo separate the nucleus into two fragments (Fig 20).
Complete the nuclear division, all the way to the bottom of the
nucleus, such that the posterior capsule can be observed. Then
rotate the nucleus 90 degrees (Fig 21) and prechop the other
nuclear fragments into four pieces in the same way (Figs
22-263. Always take care to avoid exerting stress on the cornea
and ciliary zonules.

Although quadrisection of the nucleus is sufficient 1o
facilitate the following phacoemulsification, further division of
the nucleus offers {urther advantages in cases with very hard
nuclei. The nuclear fragments can be prechopped into eight
pieces in the same way, using two nuclens sustainers (Figs
38-41).

Difficult Cases—Excessively Soft
or Hard Nuclei

Very soft nuclei, such as Emery grade 1, may be difficult o
prechop with the conventional prechop methods described.
The tips of the phaco prechopper may sink into the nucleus
and cannat provide sufficient separaling force when opened.

Figure 54. Phaco prechopper angled type {ASICO: AE-4280)
made of stainless steel. Angled type is suitable for scleral
tunnel incisions.



Figure 55. Phaco prechopper angled type (Katena: K5-7230)
made of stainless steel. Flat tip is suitable for prechopping
relatively soft nucleus.

Although prechopping might seem unnecessary in such soft
nuclei, there are actually some advantages in phacoemulsifica-
tion if a nucleus has already been prechopped.

For prechopping soft nuclei, the phaco prechoppers pro-
duced by Katena (K5-7230) and ASICO (AE-9282), which
have dull, {lat blades compared with other prechoppers, may
be helpful. The flat tips will exert sulficient separating force on
the soft nucleus on opening. The soft nucleus can be cut rather
than prechopped with the “double chopper prechop” tech-
nique. Even with a single-handed method, moving the tip of
the nucleus sustainer to and fro along the expected line ol
nuclear division, a very soft nucleus can be cutinto four pieces.

In cases with sclerotic hard nuclei, it may be difficult 10
atiain complete nuclear division, that is, all the way to the
bottom. In such a situation, it is not possible to aspirate and
subluxate the first nuclear fragment with the phaco tip during
phacoemulsilication. The phaco flip technique is helplul for
completing & thorough nuclear division in such a sclerotic hard
nucleus. 1f the nueleus cannot be fully prechopped, or incam-
plete nuclear division is noticed during phacoemulsification,
fill the anterior chamber with viscoelastic material again. Using
the 27-gauge dull needle that was used to inject the viscoelastic
material, turn the nucleus over in the capsular bag. 1 a phaco
prechopper is used to flip the nucleus, always be careful to
avoid damaging the posterior capsule (Figs 42-44). Once the
nuclens has been wurned over, it is easy to identify any cracksin
the nucleus which have not reached the posterior end. Insert

Figure 56. Phaco prechopper universal type (ASICO: AE-
8282) made of stainless steel. Universal type is suitable for
prechopping both solt and hard nucleus.

TAKAYUKI AKAHQOSHI

Figure 57. Nucleus sustainer (ASICO: AE-2525) is uscd for
sustaining hard nucleus in the “counter prechop” technique
and “double chopper prechop” technique.

the prechopper along an incomplete nuclear crack to complete
the phaco prechop {Fig 45).

It is also possible 10 disassemble the incompletely pre-
chopped nuclear [ragments by phacoemulsifying the posterior
pole of the nucleus (Fig 46). Phacoemulsification along an
incomplete nuclear crack also facilitates separation of the
nuclear fragments.

Phaco of the Prechopped Nuclens

For phacoemulsification of the prechopped nucleus, the high-
vacuum and high-flow setting of the phaco machine is recom-
mended (Table 3). To satisfy these conditions, the author
prefers using Legacy (Alcon Laboratories Forth Worth, TX}
with a 30-degree regular phaco tip and Max Vac cassette.
Although the micro tip may be superior to the regular tip from
the viewpoint of anterior chamber stability, the regular tip is
more effeciive for performing rapid phacoemulsification in the
phaco prechop technique.

For phacoemulsification of the nucleus, the author usually
sets the vacuum at 400 mm Hg at flow rates of 35 mL/min (foot
pedal position 2) and 30 mL/min (foot pedal position 3). With
this setting, the prechopped nuclear fragment will be aspirated
and subluxated at foot pedal position 2 (Fig 48). Before the
nuclear fragment is totally luxated into the anterior chamber,
phacoemulsily the nucleus in situ at foot pedal position 3. Each
nuclear fragment is aspirated individually for subluxation and
phacoemulsification (Figs 49-51). For'a single-handed proce-
dure, it is very important to control the nuclear fragments in
the anterior chamber so as to avoid damaging the corneal
endothetium.

For phacoemulsification of the epinucleus, the setting of the
phaco machine is reduced to a 200 mm Hg vacuum and flow

Figure 58. Nucleus sustainer (ASICO: AE-2515). A micro
ball is placed to protect the posierior capsule.
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@ V-cut W Prechop

Figure 59. Ultrasound time. Compared with the conven-
tional V-cut grooving method, the ultrasound time is mark-
edly reduced for each nuclear group.

rates o 25 mL/min (foot pedal position 2) and 20 mL/min (foot
pedal position 3) flow rate.

Because there is no need to groove the nucleus, the
reciprocating movement of the phaco tip is amitted. Because of
the markedly shortened ultrasound time and cumulative
dissipated energy (Figs 59, 60), the thermal and mechanical
damage associated with the corneal wound is diminished,
Thus, the corneal wound readily self-seals simply by increasing

1\Y
W V-cut ¥ Prechop

Figure 60. Cumulative dissipated energy. Using 15-Hz pulse
mode, the cumulative dissipated energy is aiso reduced
remarkably.

91

TABLE 4. Corneal Endothelial Loss

Grade 2 2.3%
Grade 3 3.6%
Grade 4 £.53%

NOTE. 3 months after surgery; n = 150.

the intraocular pressure by injecting BSS from the wound or
side port. There is no need Jor siromal hydration to attain
self-sealing.

Clinical Results

Compared with the conventional V-cut grooving method,? the
ultrasound time was markedly reduced for each nuclear grade
(Fig 59. Using a 15-Hz pulse mode also allowed the cumula-
live dissipated energy 10 be reduced (Fig 60). Corneal endothe-
lial cell loss was within 10%, 3 months after surgery (Table 4).
However, the residents who are not well accustomed with the
phaco prechop and one-hand phaco technique, resulted in
higher endothelial cell lass. The cell loss seems to be caused by
the turbulence of the prechopped nuclear fragments in the
anterior chamber. tt is thereby most important to control the
nuclear fragments during phacoemulsification especially in
case of a shallow anterior chamber or an extremely hard
nucleus if one-hand phaco technique is used.

In the authors personal experience with approximately
9,000 phaco prechop cases, no significant complications have
been encountered in association with this technique. The most
commen complication has been incomplete nuclear division.
In such cases, the nucleus is turned over and phacoemulsified
ar the posterior pole or prechopped again. Use of the second
instrument from the side port has also been found to be helpful
for incompletely divided sclerotic hard nuclei. In some cases in
which the “counter prechop” technique was performed, a small
notch was made in the anterior capsule when a phacochopper
was introduced over Lhe anterior capsule rather than beneath
i1, hecause of poor visibility of the nucleus.

Two cases of zonular rupture have been reported in Japan.
Both had a hard nucleus with pseudoexloliation syndrome,
and the phaco prechop was performed by a resident with a
capsulothexis forceps alone. Prechopping by the “counter
prechop” technique, using a phaco prechopper and nucleus
sustainer, should have been employed in these cases.
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Phaco Flip

David C. Brown 111, MD

The phaco flip procedure is described with emphasis on the
cataract for rotation and flipping. The phaco flip procedure
maximizes the efficiencies of the newer generation of
phacoemulsifier devices.

Copyright & 1998 by W.B. Saunders Company

hacoemulsilication continues to evolve as a highly effective
and clinically successful method for removal of cataractous
fenses.

Phaco instrumeniation has been improved by exlensive
computerization, fluidics, and even ultrasonic needies, Still,
the most elficient use of the new generation of devices remains
total oeclusion of the phaco tip. The phaca flip technique is
ideally suited for presenting the nucleus to the phacoemulsi-
fier, resulting in 100% occlusion with each engagement of the
cataract,

The phaco [lip procedure is typically performed through the
clear carneal approach. Viscoelastic is instilled in the anterior
chamber, and a capsulorhexis is completed. The capsulorhexis
can be performed with capsular forceps, a beni-tip needle, or
cystotome. The capsulorhexis should he made as large as the
zonules or the pupil permit. However, the flip procedure can be
performed in eyes with a small or nondilated pupil.

On completion ol the capsulorhexis, a Storz E4414WS
olive-lipped cannula [Bausch and Lomb Surgical (Storz}, St
Louis, M| is placed underneath the anterior capsular flap,
and balanced salt solution (BSS) is injected to hydrodissect the
nucleus and epinucleus. The olive-tipped cannula is redirected
and pressed on the nucleus, depressing it posterior at the 6-
and 12-o’clock positions (Fig 1) to help shear any cortical
connections 10 the remaining anterior capsule. The nucleus is
dialed (Fig 2) toward superior or inferior, with the olive-tipped
cannula, depending on the preference of the surgeon.

The initial dialing movements should be restricted to
approximately one clock hour. As the nuclens is gradually
loosered from ils capsular attachments, the dial sweeps
become larger, reaching three to four clock hours, while
rotating the nucleus in the plane of the iris. After the nucleus is
wotally lreed of its capsular attachments, the nucleus is inverted
by continuing the rotary metion (Fig 3) with the olive-tipped
cannula and guiding the nucleus over and upward by posterior
pressure along its equalor.

As posterior pressure is applied, the dialing motion is
continued, and the nucleus [follows the curvature ol the
capsular bag and is inverted. 1t is important to continue the
inversion process until the nucleus is prolapsed and leaning
Loward the surgeon at approximately a 45-clegree angle (Fig 4).
IL is not necessary, nor desirable, to prolapse the entire nucleus
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into the anterior chamber. The tipping of the nucleus toward
the surgeon allows an excellent opportunity to engage the
nucleus with the phacoemulsifier tip along its equator. In fact,
the 30-degree tip is able to nestle up against the inferior
portion of the nucleus (Fig 5) and permit total occlusion.

Phacoemulsification is usually performed in small segments
around the periphery of the cataract nucleus. The nucleus is
manipulated with a Bechert nucleus rotater (Fig 6), which is
inserted through the side port incision. The purpose of the
Bechert nucleus rotator is not only to rotate the nucleus but
alsa Lo support it, so that the nucleus does not fall back into the
capsular bag. The rotary repositioning of the nucleus provides
the phaccemulsifier with solid material for total occlusion with
each reposition. The cataract is whitiled away from peripheral
Lo central with the phacoemulsifier. Eventually only a small
portion of nuclear material is left, which is casily removed with
ultrasound.

With phaco flip, bimanual movements of the Bechert nucleus
rotator and the phacoemulsifier tip are normally performed in
the pupillary aperture and in the plane of the iris. ldeally, there
is very little movement of the phacoemulsifier tip, because the
cataract is delivered with the nucleus rotator. Leaving the
phaco tip in the plane of the iris gives vital clearance from both
the posterior capsule and the corneal endothelium. The “safe
zane” enjoyed by working in the deepest part of the chamber
guarantees an intact posterior capsule and a clear cornea quiet
eye with each procedure.

With phaco flip, the epinucleus is usually adherent to the
nucleus. and consequently there is seldom a need for other
than cortical cleanup. Coreical cleanup is accomplished with a
0.4-mm irrigation and aspiration (1&A) tip.

The capsular bag is normally very clean after phaco flip and
hydrodissection. Consequentiy, polishing the capsule is no
Jonger routinely done.

After the cataract has been removed, Occucoat (Storz) or
other viscoelastic is instilled into the anterior chamber, and the
foldable lens of choice is implanted in the capsular bag,

Small pupils de not present excessive difficulty with the
phaco flip maneuver. The capsulorhexis may be limited in size,
because ol the inability to perform a large opening because of
the size of the pupil. However, the continuous curvilinear
capsulorhexis is quife strong, and consequently the nucleus
can be flipped so that it is exposed in the pupil. The nuclear flip
in the small pupil is accomplished ina sintilar manner to that
with a normal or large pupil. The hvdrodissection is done with
the olive-tipped cannula, Cften it is not possible to see the fluid
wave passing beneath the nuclens and epinucleus in these
chses because of poor light reflex. However, a fluid wave is
inuroduced al the 6 o'clock position, and commonly ihe
olive-tipped cannula is moved to the 12 o'elock end of the
capsulothexis, and the hydrodissection maneuver is repeated
to ensure cleavage ol the lens material. After superior and
inferior hydrodissection, the nucleus is pushed posterior, al it
superior and inferior poles, with the olive-tipped cannula. The
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Figure 1. Depressing the nucleus posterior at the 6-0'clock
and 12-o'clock positions,

Figure 2. The nucleus is dialed 1oward superior or inferior,
with the olive-tipped cannula.
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Figure 4. The nucleus is prolapsed and leaning toward the
surgeon at approximately a 45-degree angle.

Figure 5. The 30-degree tip nestled against the inferior
portion of the nucleus provides a total ecclusion.

Figure 3. Continuing the rotary motion with the olive-tipped
cannula.

Figure 6. The nucleus is manipulared with a Bechert nucleus
rotator.
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rotary motions are initiated as with the larger pupil. [Lis more
difficult to ger the nucleus 10 rotate in a small pupil case
because of greater interface between epinucleus and capsule.
However, with perseverance and gentle and persistent manipu-
lation, the nucleus will free itself, spin, and then it can be
rotated and flipped as with the normal case.

Phacoemulsification is accomplished by artacking the por-
tion of the nucleus that is exposed through the pupil and
through the anierior capsulotomy. The nucleus should not be
prolapsed through the small capsulorhexis incision, because
this will cause the anterior capsule to tear and threaten the
integrity of the posterior capsule.

The current phacoemulsifier of choice at the Eye Centers of
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Florida is the Storz Millennium. The machine settings are
usually 150 mm Hg vacuum and linear ultrasound of 80%
power. The MicroFlow needle (Storz) permits the surgery
through a small corneal incision, providing a deep, stable
chamber and reduced heat contact to the wound.

The Venturi pump gives a quick and firm purchase during
phacoemulsification or aspiration. The Litanium ultrasonic
handpiece offers a smoother, more powerful delivery of ultra-
sound. This system has contributed 1o a substantial reduction
in my procedural time, with increased safety.

Thus, the combination of the new system with the rcfine-
ments of the phaco flip technique have resulted in improved
efficiency and outcomes for our cataract patients.



| Tilt and Tumble Phacoemulsification

Richard L. Lindstrom, MD

Tilt and tumble phacoemulsification is a modern version of the iris
plane technigue originally taught by Richard Kratz, MD in the late
1970s. After creating a larger 5.5 to 6.5-mm capsulorhexis, one
pole of the nucleus is hydrodissected until it tilts above the
capsular bag. The tilted nucleus is rotated to face the incision and
half of the nucleus is emulsified outside in at the iris plane. The
remaining half nucleus is then tumbled and emulsification
continues from the opposite equator cutside in until complete, The
technique is proving to be a fast, iechnically simple approach to
phacoemulsification that has reduced the author's incidence of
posterior capsular tear.

Copyright © 1398 by W.B. Saunders Company

was fortunate to be introduced Lo phacoemulsification in

1977 during a fellowship with William S. Harris, MD, in
Dallas, Texas. At that time, phacoemulsification techniques
were generally divided into anterior chamber phaco as.champi-
oned by Charles Kelman, MD, iris plane phaco as championed
by Richard Kratz, MD, and posterior chamber phaco as
championed by John Sheets, MD, and Robert Sinskey, MD.
Under the tutelage of Dr Harris, | had the opportunity to try all
of these techniques, and over time | selected the iris plane
phacoemulsification technique of Richard Kratz, MD, as my
procedure of choice. In this era befere capsulorhexis and
hydrodissection, 1 would perform a relatively large can opener
anterior capsulectomy just inside the zonules. After this, a
portion ol the central core nucleus was emulsified, leaving an
inferior shelf of tissne. Then, using a bimanual technique, the
superior pole of the nucleus was tilied above the capsule and
engaged by a beveled phacoemulsification tip. The nucleus was
then supported in the iris plane with a nucleus rotator and
emulsified (Fig 1). T still found occasions o subluxate the
nucleus into the anterior chamber, particularly when [ was in
trouble or concerned about a capsular tear. 1 also had indica-
tions for pasterior chamber phacoemulsification, particularly
in very seft nuclei in younger patients. Yet, Richard Kraiz’s iris
plane phacoemulsification remained my procedure of choice
for many vears, and 1 taught this technique successfully to
hundreds of residents, fellows, and fellow ophthalmologists.

Like others in the 1980s, | experimented with and eventually
adopted the technique of continuous tear anterior capsulec-
tomy (capsulorhexis). initally | used a relatively small-
diameter capsulorhexis, in the range of 4.0 to 5.0 mm,
especially when using 3.5-mm round optic poiymethylmethac-
rylate intraocular lenses. This small continuous tear anterior
capstlectomy made it impossible to subluxate the nucleus
safely into the iris plane or anterior chamber, and 1 therefore
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converted to posterior chamber, endocapsular phaco tech-
niques. In most nuclei, 1 would use a nuclear cracking
technique but still found a technique in which 1 wouid
emulsify the core nucleus and then infracture the peripheral
bowl of retained nuclear material and nuclear plate in a
so-called one-handed technique useful for soft nuclei in
younger patients. Hydrodissection and hydrodelineation be-
came a standard part of my technique 1o loosen the nucleus
and allow it to be rotated easier, and with a small continucus-
tear anterior capsulectamy, the nucleus always remained local-
ized in the posterior chamber. Although rhere are many
positive features 1o the endocapsular cracking techniques, 1 did
find they were more difficult to teach, with a longer learning
curve, In addition, 1 found my procedure times to be somewhat
longer than they had been with the iris plane technique. 1 also
noted a mild increase in my capsular tear rate, from approxi-
mately [% to 1.8%. On the positive side, visual recovery was
very rapid, especially when 1 adopted {oldable intraccular
lenses, and most patients had a crystal clear cornea on the first
postoperative day. Tn time, | was able to reduce my capsular
tear rate 10 1.3%, but I continued to have an operative
procedure that required 10 to 15 minutes to complete. In
addition, in some instarces when my capsulorhexis was
somewhat smaller, in the 4-mm range, particularly in patienis
with loose zonules such as patients with pseudeexfoliarion, 1
noted other undesirable side effects, such as the capsular-
contraction syndrome.

After being influenced by several Japanese investigalors who
suggested that retained subcapsular epithelinm might play a
role in postoperative inflammation and capsular opacity, 1
began to investigate using larger-diameter anterior capsulecto-
mies, Using a continucus tear anterior capsulectomy of 5.5 to
6.3 mm, | returned to the size of anterior capsuieclomy that 1
had used in my early phacoemulsification years when using iris
plane and anterier chamber phacoemulsification. During hydre-
dissection, 1 would in many cases partially or totally subluxate
the nucleus anterior to the capsular rim inadvertently. In those
cases, I would simiply push the nucleus back into the eapsular
bag and complete the procedure using a nuclear fracture
technique. Over time | learned to take advantage of this
capability 1o subluxate the nucleus inte the anterior chamber
in high-risk cases. When there was a large anterior segment, as
in a myopic patient, a heatthy cornea, and a relatively soft
nuclens, 1 often would subluxate the nucleus 10 a position
anterior to the capsular bag and complete a deep anterior
chamber phacocemulsification, supperting the nucleus with a
nucleus rotator. [ found that the larger anterior capsulectomy
allowed an easier phacoemulsification, and I did not appear 1o
be sacrificing anything with regard to intraocular lens centra-
tion. Fundus visibility was good, and my occasional case of
capsular contraction syndrome disappeared. Capsular opacity
rates appeared low, and a small randomized study suggested
that ihey were somewhat lower than with the smaller anterior
capsulectomy that | had used in the past. The impact of
cupsulorhexis size on capsular opacity rate and postoperative
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Subluxation of Nucleus

Subluxaling Superior
Pele of Nucleus

Figure 1. Kratz iris plane method of phacoemulsification
(From Lindquist, Lindstrom: Ophthalmic Surgery, Vol 19. 5t
Louis, MO, Mosby-Yearbook, 1995 by permission).

inflammation remains controversial, with studies supporting
both sides of the equation. [ remain impressed that my
incidence of capsular opacity and inflammation is somewhat
lower with a larger anterior capsulectomy.

I was next influenced by David Brown, MD, and Bill
Maloney, MD, with regard 10 the concept ol supracapsular
phacoemulsification, in which the nucleus is hydrodissected
and tumbled and then pushed back into the posterior chamber
anterior to the capsule. After evaluating this technique for a
time, | found it technically somewhat difficull 10 tumble the
nucleus safely in all cyes. 1 also found that my first day
postoperative corneas were 1ot as clear as L had been accus-
tomed to seeing them when using an endocapsular approach. 1
did, however, become quite adept at hydrodissecting until the
nuclens tilted, which was the first step before tumbling the
nucleus in a supracapsular approach. One day while working
on my supracapsular and tumbling technique, 1 realized that
the first step of this procedure tilied the nucleus o a position
very similar to that which 1 had used [or years in the Kratz iris
plane phacoemulsification approach. Rather than completing
the wmbling of the entire nucleus, 1 simply supported the
nucleus in the plane of the iris and anterior capsular leafler and
then emulsified half of it. At that time, with a much smaller
nuclear remnant, 1 tumbled the remaining half upside down
and completed the emulsification as | would have in the
classical supracapsular approach. To my delight, the surgical
technique was fast, simple, and safe. The following day, the
corneas of the patients on whom 1 used this technique were
similarly clear 10 those with my endocapsular nuclear fracture
approdch,  chose 1o call the technique “titt and tumble” and
began Lo refine it so that [ could teach it effectively Lo residents,
fellows, and other ophthalmologisis with confidence. It is
hasically “back to Kratz" in the capsulorhexis, hydrodissection,
viscoclastic, and modern phaco machine era, In the following
paragraphs, 1 atlempt 1o describe this technigue in enough
detail to allow an ophthalmologist 1o evaluate it for his or her
oW patients.

Indications

The indications for the tilt and wmble phacoemulsification
technique are quite broad. [t can be used in either a large or a
small pupil situation. 1 am aware of surgeons who [avor it in
small pupil settings in which the nucleus can be tifted up such
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that the equator is vesting in the center of a small pupil and is
then carefully emulsified away. 1t does require a large continu-
ous-tear anlerior capsulectomy of at least 5.5 mm. [ a small
anterior capsulectomy is achieved, 1 belicve that the hydrodis-
section step, in which the nucleus is tilted can be dangerous,
and it would be possible to rupture the posterior capsule
during the hydrodissection step. 1f an inadvertently small
anterior capsulectomy is created, 1 favor converting (o an
endocapsular phacoemulsification technique. I also convert to
an endocapsular approach if 1 am unable to tilt the nucleus
with either hydrodissection or manual technigue. Occasionally
the entire nucleus will subluxate into the anterior chamber. In
this setting, if the cornea is healthy, the anterior chamber
roomy, and the nucleus soft, 1 often will complete the phaco-
emulsification in the anterior chamber, supporting the nucleus
away [rom the corneal endothelium. The nucleus also can be
pushed back inferiorly into the capsular bag to allow the iris
plane tilt and wumble technique to be completed. In patients
with severely compromised endothelium, such as Fuchs'
dystrophy or previous keratoplasty patients with a low endothe-
lial cell count, 1 often reveri to endocapsular phacoemulsifica-
tion to reduce endothelial trauma to the minimum possible. In
a normal eye, 1 am unable to differentiate my first day
postoperative corneal clarity in my endocapsular eyes from my
nuclear “tilt and tumble” eves, but the tilting and tumbling
maneuvers do increase the chance of endothelial cell contact of
lens material versus an endocapsular phacoemulsification, and
I therefore favor the latter in eyes with borderline corneas. The
technique is a very good transition technique for teaching
residents, fellows, and surgeons who are transitioning to
phacoemulsification, because it is easy 1o convert to a planned
extracapsular cataract extraction with the nucleus partially
subluxated above the anterior capsular flap at the iris plane.

Preoperative Preparation

The patient enlers the anesthesia induction or preoperative
area, and letracaine drops are placed in both eyes. The
placement of these drops increases the patient comfort during
the placement of the multiple dilating and precperative medi-
cations, decreases blepharospasm, and also increases the cor-
neal penetration of the drops 1o follow.

1 dilate the patient with 2.5% Neosynephrine (Winthrop
Consumer Products, New York, NY) and 1% cyclopentolate
every 5 minutes for three doses. 1 also treat the patient
preoperatively with topical antibiotic and antiinflammatory
drops at the same time as dilation. 1 favor both a preoperative
topical antibiotic, topical steroid, and topical nonsieroidal. The
rationale for this is to preload the eye with aniibiotic and
nonsteroidal before surgery. The pharmacology of these drugs
and the pathophysiology of postoperative infection and inflam-
mation support this approach. An eye that is preloaded with
antiinflammatories before the surgical insult is likely to show a
much reduced postoperative inflammalory response. Both
topical steroids and nonsteroidal drugs have been confirmed o
be synergistic in reduction ol posioperative in[lammation. In
addition, the use of perioperative antibiolics appears to be
supported by the literature as helpful in reducing ihe likeli-
hood of postoperative endophthalmitis. Because the patient
will be sent home on the same drops used preoperatively, there
is no additional cosl. '

My usual anesthesia is topical tetracaine reinforced with
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intraoperative intracameral 1% nonpreserved Omethylparaben-
[ree) xytocaine. For patients with blepharospasm, a “mintblock”
Obrien facial nerve anesthesia, using 2% xylocaine with 150
units Hyalyuranidase per 5 mL xylocaine, can be quite helpful
in reducing squeezing. This block lasts 30 to 45 minules and
makes surgery casier for the patient and the surgeon. Patients
are sedated before the block to eliminate any memory of
discomfort. One way 1o screen for patients in whom this facial
nerve block might be useful is o ask the technicians to make a
note in the chart when they have difficully performing
applanation pressures or A-scan because of blepharospasm. In
these patients, a mini facial nerve block can be quite helpful.

In younger anxious patienis and in those in whom 1 am quite
concerned about cooperation, 1 continue to perform a peribul-
bar block. This is basically a clinical-impression—type decision.
Naturally, general anesthesia is used for very uncooperative
patients and children. Although this is controversial, in some
patients when general anesthesia is chosen and a significant
bilateral cataract is present, 1 perform consecutive bilateral
surgery, completely re-preparing and starting with [resh instru-
ments for the second eye.

In summary, in the induction area, the patient is dilated
maximally and the eye is preloaded with antibiotic, steroid,
and nonsteroidal antiinflammatory drops. Appropriate anesthe-
sia is obtained. Oculopression can be used at the surgeon’s
discretion, and [ still favor this in mosl patients, even when
using topical anesthesia. The patient is visited by the anesthe-
list, if used, as well as the circulating nurse and the surgeon,
Any questions are answered. The patient is then brought into
the surgical suite.

O entering the surgical suite, the patient table is centered
on preplaced marks so that it is appropriately placed for
microscope, surgeon, scrub nurse, and anesthetist access. |
favor a wrist rest, and the patient’s head is adjusted such that a
ruler placed on the forehead and cheek will be parallel to the
lloor. The patient’s head is stabilized with tape to the wrist rest
1w reduce unexpected movements, particularly when the
patient may fall asleep during the procedure and suddenly
awaken, A second drop of tetracaine is placed in each eye. I
find that if the tetracaine is placed in each eye, blepharospasm
is reduced. A periocular preparation with 3% povidone-iodine
solution is completed, Personally, [ do not irrigate the ocular
surface and fornices with povidone-iodine, because 1 lind that
the patients under topical anesthesia note a significant burn-
ing. 1{ a few drops leak into the eye, this is certainly acceptable.

1 have found an apertare drape helplul or 10pical anesthesia
to increase comfort, because 1 have found that when T 1uck the
drape under the lids this often irrilales the patients eye and

also reduces the malleahility of the lids, reducing exposure.

Because it is important o isolate the meibomian glands and
lashes, if an aperture drape is used 1 recommend a solid-bladed
speculum, Using temporal and nasal approaches 1o the eye, the
solidl blades of the speculum are not in the way. Tn those cases
in which a superior approach is planned, 1 use a drape tucked
under the lids, and, in those cases, 1 favor a Kratz modified
Barraquer wire, because this enhances access 10 the globe. 1 do,
however, find that | am using a superior approach incision less
and less.

1 currently use balanced salt solution (BSS) in all cases. 1
have not found for the short duration of a phacoemulsification
case that Bss plus provides any clinically meaningful benefit. 1

place 0.5 mlL of the intracardiac nonpreserved (soclium bisul-
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fate—free) epinephrine in the bottle for assistance in dilation
and perhaps hemostasis. | also place 1 ml {1,000 units} of
heparin sulfate to reduce the possibility of postoperative fibrin.
This is also a good antiinflammatory and coating agent. At this
dose, there is no risk ol enhancing bleeding or reducing
hemostasis. | personally also favor 10 mg vancomycin in the
500 mL BSS, although this remains controversial. 1 personally
consider an intraocular lens a high-risk prosthetic case in that
the risk of significant loss of vision is clearly high, even though
the incidence of infection is relatively low. Although there are
no studies 1o fully document the risk-benefit ratio to the
individual patient and to saciety in general using this ap-
proach, my own personal incidence of endophthalmitis has
been reduced from approximately 1/1,000 1o none in approxi-
mately 6,000 consecutive cases since using vancomycin in the
bottle intraoperatively.

The lids are separated with a solid-blade speculum. A
solid-blade Barraquer speculum is satisfactory, but my asseci-
ate, Y. Ralph Chu, MD, and [ have recently designed an
aspirating speculum, called the Lindstrom/Chu speculum,
available from Rhein Medical (Tampa, FL), which can be
placed temporally or nasally, isolates the lashes, and also can be
hooked up 10 aspiration to remove any poeling of fluid. A {inal
drop of tetracaine is placed in the operative eye, and 1 am now
ready 1o begin the surgical procedure. I do not like to use more
than three drops of tetracaine ot other topical anesthetic,
because excess softening of the epithelium can oceur, resulting
in punctate epithelial keratitis, corneal erosion, and delayed
postoperative rehabilitation.

Operative Procedure

The patient is asked to look down. The globe is supported with
a dry Murocel sponge [Bausch and Lomb Surgical (Storz), St
Louis, MO], and a counter puncture is performed superiorly at
the 12-o’clock pesition with a diamond stab knife. 1 favor
approximately 2 1-mm stab incision (Fig 2). Approximately
0.25 mL 1% nonpreserved methylparaben-free xylocaine is
injected into the eye (Fig 3). T advise the patient that they wili
feel a “tingling” or *burning” for a second, and then the eye will
go numb. This provides a psychelogical support for the patient
that they will now have a totally anesthetized eye and should
not anticipate any discomfort. [ iell them that although they
will feel some touch and Muid on the eye, they will not feel
anything sharp, and if they do, they should advise me, and 1
will supplement the anesthesia. This injection also firms up the
eye [or the clear corneal incision. [ do not find it necessary to
inject viscoelastic.

[ prefer a temporal or nasal anterior limbal or posterior clear
corneal incision. [ deline my incision as a modified Langerman
incision. A groove is made 400 to 500 pm deep into the
perilimbal capillary plexus just anterior to the insertion of the
conjunctivae (Fig 4). Care is taken not 1o incise the conjuncti-
vae because this can result in ballooning during phacoemulsifi-
cation and irrigation aspiration. Some surgeons define this as
being a posterior clear corneal incision and others as an
anterior limbat incision. The anatomic landmark for me is the
perilimbal capillary plexus and the insertion of the conjuncti-
vae. When the groove is inade, there will be a small amount of
capillary bleeding. Because the incision is into a vascular area,
long-term wound healing can be expected 1o be stronger than
it is with a true clear corneal incision, True clear corneal
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Figures. 2-9.
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incisions, such as performed in radial keratotemy, clearly do
not have the wound healing capabilities that a limbal incision
demonstrates where there are active blood vessels present.

The anterior chamber is then entered parallel to the iris aL a
depth of approximately 300 wm or above the deepest portion of
the groove. This creates the hinge-type or Langerman-type of
incision (Fig 3). 1 like the width ol the incision to be 1.75 to
2.00 mm and have designed a keratome with Storz with two
small black lines that can serve as a guide to the surgeon in
creating an appropriate width incision.

In right eyes, my favorite incision is temporal, and in lefi
cyes, nasal. 1 have found a nasal clear corneal incision {or lefl
eyes (0 be excellent, allowing the surgeon to sit in the same
position for right and left eyes. 1 simply need to move over
approximately 2 to 3 inches in my sitting position, and [ can
continue with my phacoemulsifier, scrub nuzse, and instru-
memts w my right, siiing comfortably oblique al approxi-
mately a 45° angle at the patient’s head. The nasal cornea is
thicker, has a higher endothelial cell count, and allows very
good access for phacoemulsification. The nasal limbus is
approximately 0.3 mm closer to the center of the cornea than
the temporal imbus, and this can, in some cases in which there
is excess edema, reduce first-day postoperative vision mare
than one might anticipate with a temporal incision. There also
can, in some patients, be pooling. For this reason, I do favor an
aspirating speculum. Lt is also helpful to tip the head slightly to
the left side. Nonetheless, 1 have [ound in my left eyes a nasal
clear corneal approach to be excellent, and | offer this zs an
alternative for surgeons who find the temporal position uncom-
fortable.

Although 1 personally create my groove by simply taking the
keratome and tipping it up and using the tip of the keratome,
many surgeons use a guarded knile to create a consistently
deep incision. 1 find rhat an astigmatic keratotomy blade can be
guite useful in this regard. This blade also can be helpful when
patients present with high astigmatism and an intraoperative
astigmatic keratotomy is thought to be appropriate.

In some patients, 1 select a corneal scleral incision, for
example, in those who have had a previous radial keratotomy
or have findings of peripheral corneal ulceralive keratitis, in
some patients with very fow endothelial cell counts, and in any
case in which there was any significant peripheral pathological
condition or thinning. | do find that my type of anterior limbal
or posterior corneal incision can be made temporally, nasally,
in the oblique meridian, or even superiorly without induction
ol significant corneal edema or endothelial cell loss,

When [ select a corneal scleral incision, 1 raise a small
conjunctival flap with a Westcott scissors. Before this, | hold a
Murocel sponge in the area of the limbus where the conjuncti-
val flap will be raised, soaked in tetracaine or nonpreserved

Figure 2. A clear corneal counter puncture is made at 12:00
oclock with a 1-mm diamond blade.

Figure 3. One-fourth milliliter of nonpreserved (methylpara-
hen-[ree) xylocaine is injected into the anterior chamber.
Figures +5. A “modified Langerman”-anterior limbal inci-
sion is created with a 2.5- 1o 3.2-mm diamond keratome.
Figures 6-7. A large (5.5-6.5 mm) continuous tear anterior
capsuletomy is performed.

Figures & - Nvdrodissection is continued until the nucleus
lilts oul . 1o capsular bag. 1f necessary, the nucleus is

rotated to i v incision.
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xylocaine, for 30 to 60 seconds 1o enhance anesthesia. Mild
cautery can be applied, or one car use a Murocel soaked in
thrombin 1/1,000 of BSS o effect hemosiasis. Il there is
minimal capillary oozing, the mild bleeding also can simply be
ignored. Thrombin sclution is also very uscful in anterior
segment reconstruction cases in which excess bleeding is
noted.

I personally close all clear corneal incisions larger than 4 mm
with a horizontal mattress, X, or single radial suture. 1 have
found that the icast early astigmatism is induced with the
horizontal mattress suture, and [ personally faver this. A
corneal scleral incision greater than 5.5 mm is also closed with
ene horizontal mattress suture. 1 find that my incision, if 3 mm
in length, tends to cause an induction of 0.25 = 0.23 diopters
of astigmatism. I it is placed on the steeper meridian, it
thercfore can be expected to reduce the astigmatism some-
where between 0 and 0.30 diopters. If the incision is 4 mm in
length, [ find a reduction in astigmatism of 0.50 = 0.50 or 0 to
1.00 diopter if the incision is placed on the steeper meridian. In
routine cataract surgery, [ do not use incisions larger than 4
mm, and 1 do faver an incision in the 3-mm range, because 1
am very secure that these will be sell-sealing. 1 find that with
modern injector systems, most foldable intraocular lenses can
be implanted through a 3-mm anterior limbal incision.

In select patients, I perform an intraoperative astigmatic
keratotomy at the 7- to 8-mm optical zone. I personally do this
al the beginning of the operation. The patient’s astigmatism
axis is marked carefully using an intraoperative surgical
keratometer, which allows one to delineate the steeper and
flacter meridian and not be concerned about globe rotation. |
find that one 2-mm incision at a 7- 1o 8-mm optical zone will
correct 1 diopter of astigmatism, and two 2-mm incisions will
correct 2 diopters of astigimatism in a caaract-age patient. One
3-mm incision will correct 2 diepters; and ewo 3-mm incisions,
4 diopters. One can combine a 3-mm and a 2-mm, correcting 3
diopters. Larger amounts of astigmatism also can be corrected
using the Arc-T nomogram. Depending on the age of the
patient, one can correct up to 8 diopters of astigmatism with
two 90° arcs. Many surgeons have moved w0 a peripheral
corneal limbal arcuate incision, but 1 continue te favor the 7- to
8-mm optical zone because of my years of experience with this
appreach. There centainly is a variation in response, but [ have
not found any significant induced complications with this
approach. My outcome goal is 1 diopter or less of astigmatism
in the preoperative axis. I would prefer 10 undercorrect rather
than overcorrecl. The key in astigmatism surgery is “axis, axis,
axis.” If one is not careful in preoperative planning and the
incision are placed more than 13° olf axis, one is better
avoiding this approach.

The anterior chamber is constituied with a viscoelastic. My
studies have not found any significant difference between one
viscoelastic or another with regard 10 postoperative endothelial
cell counts. 1 have found Occucoat (Storz) to be an excellent
viscoelastic that can also be used o coal the epithelial surface
during surgery. This eliminates the need lor continuous
irrigation with BSS. It gives a very clear view. It is also
economically a good choice in most settings. 1 have also been
very happy with the Amvisc Plus |Bausch and Lomb Surgical
{Chiron). Claremoni, CA}, as we can obtain 0.8 cc of it at a
very fair price,

I thea fashion a relatively large-diameter continuous tear
anterior capsulectomy (Figs 6, 7). This can be made with a
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cysiatome or forceps. 1 personally prefer a cystatome. 1 would
like it to be 5.5 to 6.5 mm in diameter and inside the insertion
of the zonules. In my opinion, the larger the better, hecause
there is less subcapsular epithelium and an easier cataract
operalion. | still believe that less subcapsular epithelium leaves
one wich a lower infllammation postoperatively and less
capsular opacity. [ have not seen any chdnge in intraccular lens
decentration. With some iniraocular lenses, the capsule seals
down 10 the posterior capsule around the loops rather than
being symmetrically placed over the anterior surface of the
intraccular lens, These eyes, in my opinion, do extremely well,
and T am beginning to wonder if this is not preferred to having
the capsule anterior 10 the optic. This is also certainly a
controversial position.

1 then perform hydrodissection using a Pearce hydrodissec-
tion cannula (Visiter, Sarasota, F1.) on a 3-cc syringe filled with
BSS. Slow continuous hydrodissection is performed gently,
lifting the anterior capsular rim until a Muid wave is seen. At
this point, irrigation is continued until the nucleus tilts on one
side, up and out of the capsular bag (Fig 8). If one retracts the
capsule at approximately the 7:30-0'clock position with the
hydrodissection cannula, usually the aucleus will ilt superi-
orly. If it tilts in another position, it is simply rotated until it is
facing the incision (Fig 92.

Once the nucleus is tilted, some additional viscoelastic can
be injected under the nucleus, pushing the iris and capsule
back. Also, additional viscoelastic can be placed over the
nuclear edge to protect the endothelium. The nucleus is
eraulsified outside-in while supporting the nucleus and the iris
plane with a second instrument, in my case, 2 Rhein Medical or
Storz Lindstrom Star or Lindstrom Trident nucleus rotator (Fig
10). Once half of a nucleus is removed, the remaining half is
tumbled upside-down and attacked [rom the opposite pole
(Fig 11). Apgain it is supported in the iris plane until the
emulsification is completed (Figs 12, 13) Alternatively, the
nucleus can be rotated and emulsified from the outside edge in,
in a carousel or cartwhee! type of technique. Finally, in some
cases, the nucleus can be continuously emulsified in the iris
plane if there is good followability until the entire nucleus is
gone.

| have found this to be a very fast and very safe technique,
and, as mentioned before, it is a modification of the iris plane
technique taught by Richard Kratz, MD, in the late 1970s and
1980s. Tt is hasically “back to Kratz” in the modern phacoemul-
sification, capsulorhexis, hydrodissection, and viscoelastic era.
My surgery times now range between 5 and 10 minutes ratkier
than 10 to 15 minutes with this approach. In addition, my
capsular tear rate has now gone under 1%. | have therelore
found it o be a technique that is easier, faster, and safer. It is
irue that in this technique the phacoemulsilication tip is closer
Lo the iris margin and also somewhat closer 10 the corneal
endothelium. There is, however, a significanily greater margin
af error with regard to the posterior capsule. Care needs to be
taken to position the nucleus away from the corneal endothe-
lium and away from the iris margin when using this approach.

If the nucleus does not tile with simple hydrodissection, it
can be tilted with a second instrument such as a nuclear rotator
(Storz), Graether collar button, or hydrodissection cannula.

When using this approach of phacoemulsification with the
Storz Premier instrument, | use a vacuum of 60 mm Hg and an
anterior chamber maintainer pressure of 60 mm Hg. 1 person-
ally favor the Storz Microflow Plus needle with a 30° bevel.
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When using a peristaltic machine, 1 use a slightly higher
vacuum in the range of 80 to 100 mm Hg. 1 favor a relatively
high bottle with some overflow of fluid.

Again, 1 find that for me a 30-degree bevel needle is
appropriate for this approach. When using tilt and tamble,
very high vacuum settings are not necessary and may be
inappropriate. The iris margin is in the vicinity of the phaco-
emulsification tip, and it is possible to core through the
nucleus and aspirate the iris margin if very high vacuums are
used.

More recently, 1 have had an opportunity to work with the
dual-function Storz Millennium, and I find this machine to be
excellent for all cataract techniques including “tilt and tumble.”
1 set my vacuum with a range of 60 to 100 mm Hg and my
ultrasound power from 10% to 60% with the Storz Millennium.
[ arrange the foot pedal such that | have surgeon control over
ulirasound on the vertical or pitch motion of the foot pedal,
and then on the yaw ot right motion foot pedal, I have vacuum
control. I therefore can engage the tissue, emulsify it, and, as
needed, apply additional ultrasound with a downward move-
ment and additional vacuum with a right movement of the foot
pedal. This allows very efficient emulsification, and the Milten-
nium is my current preferred machine.

After completion of nuclear removal, the cortex is removed
with the irrigation aspiration hand piece. 1 favor a 0.3-mm tip
and use the universal hand piece with interchangeable tips. |
use a curvilinear tip for most cortex removal and then remove
the cortex under the incision with a Lindstrom right angle
sand-blasted tip currently manufactured by Rhein and Storz
(Fig 14). If there is significant debris or plaque on the posterior
capsule, 1 atiempt some polishing and vacuum cleaning, but 1
do not favor extensive polishing or vacuum cleaning because
most of my capsular tears with this technique occur during
capsular polishing and vacuuming. Many times there is an
unexpected small burr or sharp defect on the irrigation and
aspiration (I&A) tip, which results in a capsular tear after a
case that was otherwise well done.

The anterior chamber is reconstituted with viscoelastic, and
| insert an intraocular lens, using an injector system (Figs 15,
16). My current lenses of choice include the plate haptic
silicone intraocular lens and the three-piece silicone lenses that
are injectable through a 3-mm incision. In select cases, 1 use an
acrylic implant, although with a cross-action folder this
requires entargement of the incision. L have found that one can
inject the acrylic lens with care through a Bartelt tmjector, but
proper technique is necessary ot the loops can be damaged.

Figure 10. The first half of the nucleus is emulsified in the
iris plane using an “owtside in” phacoemulsification ap-
proach. 1 prefer a 30° bevel microflow plus needle and Storz
Millennium machine.

Figure 11. The remaining half of the nucleus is tumbled
upside down with a nucleus rotator.

Eigures 12-13. The remaining half of the nucleus is supported
in the iris plane with a nucleus rotator and emulsified outside in.
Figure 14. The cortex under the incision is removed with a
Lindstrom sand-blasted right-angle tip.

Figures 15-16. A foldable 10L is implanied with the capsular bag
using an injector system.

Figure 17, The eyc at completion of the procedure: Note the left
nasal clear cormeal incisiorL.



TIHT AND TUMBLE PHACOEMULSIFICATION

Figures. 10-17.
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[Eaeeds v iseochiste s rnoved with irngation aspracon. |
stmpiv push haek on the intrascular fens and slowly turn the
irrigaion dapiration o the right and Tl sy or three tmes.
Aowimg o fairly complete removal ol viscoelasue under the
intriocular fens,

Efavor injection of 4 mictic and personally prefer Carbostal
(Ciba Vision. Atlanta, G4 over Miochol ¢Ciba Visiond au this
time, becavse it is more ellective in reducing postoperative
intravcular ension spikes and has a longer duration ofaction. |
lind it is necessary o dilute the carbachol 3w 1. or one can
ohtain an escessively small pupil. which vesuls in dark vision
for the patient at night for 1 to 2 davs. irm up the eve through
the counterpuncture and evaluate the incision. 1 the chamber
remains well constituted and there is no spentancous leak from
the indision. |do not think that wound bydration is necessary.
I there is some shallowing in the anterior chamber and a
spontancous leak. 1 will then perform wound hydration,
injecting BSs peripherally inte the incision and hydrating it to
push the edges together. | believe that within a {ew minutes
these clear corneal or posterior limbal incisions seal. much asa
LASIK Tlap will stick down, through the negativet swelling
pressure of the cornea and capillary atraction. 1t is important
1o leave the eye slightly firm at 20 mm Hg or so Lo reduce the
side cffects of hypatony and also help the internal valve
incision o appropriately seal (Fig 171

At compietion of the procedure, [ place another drop of
antibiotic, steroid and nonsteroidal, on the eye. I also use one
drop of an anti-hypertensive such as Betagan {Allergan Phara-

ceutics, Irvine, CA) or Alphagan {Allergan Pharmaceutics) to

reduce postoperative intraocular tension spikes.

Postoperative Care

No patch is routinely used lor the topical and intracameral
approach. 1[ mini-black of the lids has been performed, this
will wear off in 30 16 45 minules, and there is usvally adecquate
lid function for a normal blink at the completion of the
procedure, Patlents are advised that they will have some
crythropsia, meaning they will see a pink afterimage for the
vest ol the day, but usually this will veselve by the nexi
morning. They are also toid that their vision may be a litde
dark at night [rom the miotic, and ot to be concerned if they
walke up ai night and their vision seems dark.

The patient is seen on the lirsi postoperative day and then at
approximaiely 2 1 3 weeks postoperatively. A this time, a
refraction and compleie examination with the slit lamp and
fundus evaluation is performed. 1l there is no inflammalien.
patients are seen again 1 vear postaperatively. If there is still

persistent inflammation, additional postoperative antiinflam--

matory medications are recommended, and the patient is asked
to retusn again at 2 to 3 months postoperatively:

Topical antibiotic, steroidal and nonsteroidal, are used nwice
a dav, ustally requiring a 3-mlL boude and 3 1o + weeks ol
therapy, Occasionally a second botle of steroid and nonseroi-
dal is necessary i flare and cell persistat the 3-weelk examina-
lion, There are minimal westrictions. including a reguest tha
(here he no swimming and ne very heavy Tifiing for 2 weeks.
Many paticats are given hall-glasses the first postaperative dav.
Alowing lunctional vision at distance and near. | personadly
consider the wleal postoperative relractive spherical equivalen
(or 2 menofocal lens to he —0.02 diopters with less than 0.30
dioprers astivmatism in the same axis as preoperadivels Moest
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Tetracaine pre—dilation QU
Antibiotic / steroid / nonsteroidal preop
intracorneal non—preserved Xylocaine
Facial nerve mini—block for
blepharospasm
Aperture drape for topical cases
Heparin, Vancomycin, Epinephrine in
BSS bottle
« Solid blade aspirating speculum
Modified Langerman clear corneal
incision
Left eye done
Right eye done
On-axis vs. intraoperative AK for
astigmatism
> Large continuous tear anterior
capsulectomy
Nuclear Tilt and Supracapsular phaco.

Storz Premiere/Millenium with Barrett
microflow 30° phaco needle.

Right angle Lindstrom I&A control.
Carbacho! for miosis & pressure control.
Postop drops b.i.d. only.

2 postop visits routine, 3 optional.

Kaizan concept of incremental
improvement

Figure 18, Summary of key points.

patients can sce 20/30+ and J3+ with this type of correction. 1
will use monavision in the appropriate setings. More recently
I am finding good results with the Allergan ARRAY multifocal
intraccular lens. In this scuting. 1 target plano o —0.25 diopter
with minimal astgmatism.

The second eye is done at 1 month or more pustoperatively
except in rare situations, | prefer to defer any ytirium alumi-
num garnet (YAG) lasers for 90 days to allow the blood
aqueous barrier to become intact and capsular fixation io he
firm, especially in plate haptic inwaccular lenses. In my
experience, the fowest YAG laser capsulotonsy rates lave been
with the plate haptic silicone inwraccular lens and the acrysolt
intraocular fens (Alcon, FtWorth, TXND.

Conclusion

I summary: the key poings are listed in Figure 18. 1 hope other
surgeons will find this approach 10 canract surgery uselul.
These'technigues must e personalized, and every surgeon will
finet that slight variations in technique are required to achieve
optimum resules for their own individual patients in their own
individual environment. Continuous cfforts at incremental
improvement result in meaninglul advances in our ahility o
help the cataract patient obtain raptel, safe visual recoveryafier

surgery,



