innovator’s lecture, 1994

Limitation, logic, and language

. Howeard Fine, MDD,

In thinking aboul the process of mnovation, 1 rec-
ognized that limitation. legic, and language have all
plaved important roles in the development of my
worle, [would ke to review the three arcas ol special
imlerest for me: endolenticular phacoemuolsilication
technigues, cortical cleanup, and e cataract incision.

What we all really seek is the perlect cataract pro-
cedure, for each case o end perfectly, Thal ideal may
not be achievable, but in the 20-year history of the
American Society of Cataract and Refractive Surgery,
through incremental improvements, we have come a
long way toward achieving that goal.

The man o Figure | was Iving on my surgery tible
1) minutes before this picture was taken, He had
endolenticular phacoemulsification and Toldable in-
traocular lens (MOL) tmplantation throwgh a clear cor-
neal incision under topical anesthesia, 1L is impossible
1o tell which eve was operated on, and the patienl went
e work upon leaving the surgery center.

This patient knows little of incremental improye-
ment, but he Knows aboul giant steps. Twenty vears
earlier, his mother had had intracapsular cataract ex-
traction. She staved in the hospital for o oweek alter

each eye surgery and then endured two o months of

visual  disability  until spectacles
prescribed.

I believe it is limitation that stimulates innovation.
In some Torm we confront a difficulty. obstacle, or
estriction in what we are rying 1o achieve, and this
makes us seek an allernative path, That alternative
patth is vsually logical.

In his earliest publication on the techmigue, Charles
Kelman' called phacoemulsification an alternative
technmigue lor cataract surgery. He spoke specifically
about the limitations large incision cataracl surgery
placed on visual and physical rehabilitation and how
phacoemulsification could provide an alternative. Al
the same time. he save the world small incision
surgery.

The need o make a new incision in the globe
limited our enthusiasm aboul opening opacified pos-
terior lens capsules alter catarast extraction and 100

aphakic Were

iFine) Immedintely aller surgery, this patient (lelt)
is ready 10 zo o wark,

implantation, Danizle Aron-Rosa® provided a wonder-
ful alternative: the neodyminm:Y AG Jaser,

Many of us were frustrated by the imability to
achieve routine in-the-bag 10L implantation and by
the  extension  of  anterior capsular  lears  over
the cquator and ento the posterior capsule, Thomas
Neuhann™ and Howard Gimbel! independently de-
veloped o solution: the continuous curvilinear capsu-
lorhexis (OO0, which addressed the limitations of the
can-opener capsulotomy, However, that advance, as is
Frequently the case with any advance, presented new
limitations related to the loss of aceess (o the nuclear
ELjUALOr.

ENDOLENTICULAR
PHACOEMULSIFICATION TECHNIQUES

Limited i onr access, we could no longer perform
phacogmulsification from outside of the nucleus in-
ward: an alternative technique had o be developed.
Many endolenticular phacoemulsilication lechniques
were developed in which phacoemulsification was
performed lrom inside out. For me that initially meant
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sculpting with one hand, giving up the second hand |
found so helpful, and reducing the nucleus 1o a pos-
terior plate that was extremely difficull 1o mobilize
prediciably and remove from the cve,

By chance, at the Welsh Cataract Conlerence 1m
1988, Thomas Neuhann sat down beside me at break-
Fast. This man, whom | had admired but never met,
told me of hiy method of hvdrodissection in which
[uid was injected not quite peripherally in the nucleus
but a little more centrally, resulting in a thick layer of
what he called cortex. The central portion of the nu-
cleus was then emulsilied and the thick cortical layer
removed by mashing the cortex into the irigation/
aspiration {I/A) handpicce with a second handpiece,

[ immediaely saw the possibility of going not only
alinle centrally bue as far centrally as 1 could 1o reduce
the size ol the nuclear mass, which would enable me
use o two-handed technique, 15 T could make the cen-
tral portion of the nucleus small enough so that 1 had
access to the equator of the reduced nuclear mass, |
could perform phacocmulsification more like 1 used
to, This cireumferential division of the nucleus into i
Lompact central mass  surrounded |'.|;.,' a soft outer
epinuclear shell is now, in retrospect, recognizable as
Aziz Amist brilliant hydrodelineation and dry in-
rracapsular cataract extraction technique (AJY. Anis,
M.D., “Dry ECCE Techmigue Reported to Reduce
Endothelial Cell Loss,” Ophthalmology Times, Febru-
ary |, 1986, pages 1, 57).

Another advantage of circumferential division of
the nucleus was that the epinuclear shell acted as a
protective structure within which we could contain all
of the phacoemulsification and  mechanical forces.
Alsa, the epinuclear shell kept the capsule stretched
andl, therefore, the posterior capsule was unlikely o
profapse during the phacoemulsilication procedure,
occlude the phaco tp, and rpture.

But again, a new limitation arose: how o deal with
the thick epinuclear shell once we got rid of the
endonucleus, We were, in a sense, in the same situa-
tion we used o deseribe as “phacoing onesell ino a
corner.” How could we get rid of that epinucleus? For
me, the thought of turning it upside down to mobilize
it was very appealing because it 1 could tum it upside
dowwn, it would not be as close o the posterior capsule
and [ could more salely remove it from the eye. There
wis, however, another limitation: space. How does
one turn this shell upside down within the confines of
an intraccular environment?

To overcome this limitation, | returned 1o the Tun-
damental, basic principles | learned during my training
in enginecring. 11 we exert a single force on a struc-
twre, such as pulling on the distal nm ol the
epinucleus, the proximal edoe of which is being re-
stricted at o pivol point like the.capsular formix T80
degrees away, and pull on it with the phaco handpiece
in foot position 2 (Figure 2), we can only tuen it upside
dowen 1F we also move s position i space so that A iy
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1 FORCE
Rotation and Translation

Fig. 2.

iFiney A single force produces rotation and trans-
laticon,

as Fare as i was rom B but on the other side. We would
need an eve that was twice as wide,

Engineering has o mechanical concept called the
couple. A couple results when equal antiparallel Torces
ave applied, resulting in rotation without translation.
Thus, one need not change position In space. By
applying equal antiparallel forces, we could tuem the
shell upside down so thal A now ended up where B
was and Bowhere A was without the need Tor addi-
tional space (Figure 31 In practice. this worked ex-
tremely  well, and  we were able o inverl the
epinucleus, remove it from the proximity of the cap-
sule, and consume it either with low powers ol phaco-
emulsification or aspiration,

Figure 4 illustrates the pull of the phace tip toward
the incision on the distal rim ol the epinuclear shell in
oot position 2. As the sceond handpicce pushes on the
center of the bowl toward the distal periphery, it
creates antiparallel forces and inverts the epinucleus.

THE COUPLE
EQUAL ANTI-PARALLEL FORCES
Rotation without Translation

Fia. 3. iFine) A couple creates rolation withoul transli-
Lo, -
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(Fine) Purchase of the distal rim and the beginning
of a Mipping maneover by antiparallel Torces.

So, T now had a systemized approach o endolen-
licular phacoemulsification that involved hydrodelin-
cation, sculpting of the endonucleus 1o a plate,
glevation of the equator of the plate by the second
handpiece and removal with phacoemulsification, and
inverting and removing the epinuclens. This was a
logical two-handed endolenticular
phacoemulsification within the confines of a small
circular capsulorhexis.

I started to think about how 1 would communicate
this to my colleagues, [ realized it would be difficult,
that | needed to he very precise in naming the proce-
dure. 1 wanted the name (o be deseriptive enough so
people could recognize what the technigue entailed.
And. to be perfectly honest, 1 wanted the name to
rhyme, be alliterative. or to include some other lin-
guistic catch, So, I called the plate “the chip” and
reverling the epinucleus “tlipping the epinucleus™,
hence, the “chip and fhip” technique.” T have always
tried to invent clear, descriptive names (e.g., cortical
cleaving hydrodissection,” self-sealing corneal tunnel
incision,” chip and flip, erack and flip,* infinity su-
tre, ™ millimeter marker'™), which [ think have
helped communicate these concepts and methods.

Endolenticular phacoemulsification had a rapid pro-
aression. We are all familiar with eracking as Kelman
demonstrated and with the spectrum of nucleofractis
procedures that Howard Gimbel systemized with
his divide and conguer techniques'' and that John
Shepherd modified, 2

William Maloney and David Dillman found a way
to combine the advantages of working within an
epinucleus, as in chip and flip, with the enormous
efficiency of cracking procedures, such as John Shep-
herd’s in situ phaco-fracture.'” This was a logical,
brilliznt idea, They called their procedure “lractional
2:4 phaco,”"l a name that 15 a bit of a lyrical cripple.
{Today. few people can tell yvou what that meant.)

technigque  for

This was one of the most productive periods of my
life because | had an opportunity to work on a con-
tinuing bhasis for three vears with Maloney and
Dillman. Together, we made enormous technigue re-
finements, Looking back, these reflinements may seem
small, but they were important incremental improve-
ments.

We taught courses throughout the United States and
the world, At night, after the courses ended, we would
meet and ask such questions as, “Are we getting the
point across and communicating well? “Why aren’t
we communicating well?” “The questions at the end of
the course indicate that we didn't make the pomt.
Why?" We held how-lo sessions and asked, “How
should we describe these technigues?” “How should
we teach these lechnigues? What we came Lo learn
was that language was the limitation.

These how-to sessions started us thinking abou
how to describe what we were doing, We took a more
analytical look and as a result, we each altered our
techniques. We altered them, yet we all ended up in
the same place, independently almost, based on a
desire to communicate,

The result was crack and flip phacoemulsification,”
Although the technigque drew heavily from the ¢ontri-
butions of many others. we outlined specific steps and
aids o the performance of each step. We recogmized
that withdrawing the cannula haltway out of the tract
and injecting o an empty tract during hydrodelinea.
tion allowed the fluid to find the path of least resis-
tance and produce a golden ring. We taught prooving
as a shaving technigue under low flow: we emphasized
restricting grooving to central to the golden ring, with
no need to violate the protective epinucleus. We
looked at all of the physical forces and combinations
of forces that were used in cracking, and we taught
how o use eross action and parallel forees, We taught
depth testing, which was a new concept that helped
phacocmulsification surgeons become more comfort-
able with performing the cracking procedure.

Depth testing was based on the following concept:
I1 one 15 afraid to sculpt more deeply, one should try to
cruck the groove. If it doesn’t crack, the eyve is stating
that it is safe to go back and groove deeper. We looked
al the fine details of quadrant removal, of elevating the
guadrant apex, of occluding the phaco tp with the
gquadrant apex while the console is set at high vacuum
with pulsed phaco mode, of using the second hand-
picce 1o contain the quadrant within the epinuclear
shell and not allowing il to threaten cither the caomeal
endothelium or the posterior capsule;, Finally, we out-
lingd all of the details of epinuclear management.

Figure 5 shows an emply epinuclear shell. The rood
of the shell protects the peripheral endotheliun, the
fornices of the epinuclens protect the fornices of the
capsule, and the posterior segment of the epinuclear
shell protects the posterior capsule.
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iFine} Tntact epinuclear shell afler all guadrants
have been remaoved,

I think we helped many surgeons move toward
endolenticular phacoemulsification that was less (rau-
matic for their patients. 1 also think we helped them
become more confortable performing the procedure.

CORTICAL CLEANUP

I there was ever a lmilation in my life. it was
cortical cleanup. T hated to accomplish a good phaco-
emulsification and then rupture the capsule and occa-
siomally even lose vitrcous doing cortical cleanup, 1
became inordinately motivated to do away with 1/A.
Each time 1 performed a CCC and elevated the central
tlap to tear i, 1 looked at the flap and asked myself,
“Why is that flap so clean? There is no cortex on il
Why can’t we have o bag that looks like that lap after
we are done with phacocmulsification?”

[ decided T would elevate the anterior capsule rim
hefore hydrodissection and inject against the capsule,
between the capsule and the cortex. The first four or
live times 1 did this, 1 blew the nucleus oul of the bag.

It finally occurred to me what was happening: The
genlle, continuous irrigation allowed the fluid o Now
posteriorly, peripheral to the cortex, around the lens,
The fluid hecame trapped in the capsular Fornices,
where the cortical capsular connections are the most
adherent. This resulted in pressure from behind the
nucleus, which brought the nucleus Torward. Contin-
ued irrigation of the trapped fluid expressed the lens
out of the bag.

By watching the capsulorhesis enlarge, 1 recog-
nized that fluid was being trapped posteriorly. By
depressing the lens with the cannula. 1 could loree the
posteriorly loculated [luid 1o come circumferentially
arcund the cquator of the lens, rupture capsular corti-
cal connections at the equator, and exil the capsule
through the capsulorhexis,

Once | understood this phenomenon. 1 was able to
reproduce and refine it. 1 named it cortical cleaving

hydrodissection,” This technigue enabled me lo do
away with IFAL In 70% of the cases, the cortex came
out with the epinuclens. When some or all of the
cortex was left behind, [ was able to viscodissect 1t
draping the anterior extension of the cortex on top of
the capsule and then forcing the posterior cortex into
the capsular fornices (Figure 6). 1 would then implant
the lens and mobilize the residual cortex along with
residual wiscoelastic. The logic was wonderful: 1t is
pretty hard to rupture the posterior capsule with the
optic in the way,

THE CATARACT INCISION

Self-sealing corneal tunnel incisions remain some-
what controversial. We heard several opinions on
thess incisions at this meeting (see Appendix), To me,
the incision is less invasive than others, In additon,
these incisions overcame what | viewed to be definite
limitations of seleral munnel incisions: the need to do a
conjunctival incision and a scleral dissection, resulling
in bleeding and the need for cautery: a long scleral
tunnel resulting in oarlocking of the phaco handpiece
in the incision and a compromised view of intraocolar
structures, and finally, an occasional hyphema from
vessels in scleral tunnel incisions.

My own involvement with corneal incisions poes
back to 1979, when | was performing secondary an-
terior chamber TOL implantations in eyes thal years
before were operated on by surgeons who viewed
incisions only as a means of access to the cataract.
These incisions were so unpredictable, I had difficulty
working around them. So. | moved 1o the corneal
periphery temporally, | closed the incisions with three
10-0 nylon sutures. To my amazement, afler suture
removal three months later, these eves had inordi-
nately stable relractions, They did net drift against the

(Fine) Viscoelastic heing injected through the side
port, The anterior cortex, seen o the left and infe-
riorly, has already been draped over the capsulo-
thexis and the posterior cortex is now being Torced
inter the capsilar formices.
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rile, as did my superiorly incised eyes that had cata-
ract extraclion.

In 1986 1 began investigating silicone lenscs and
foldable lenses for several manufacturers. Al that time,
[ began to use clear corneal incisions in all patienls
who had functioning filtering blebs hefore cataract
surgery, The incisions were 3 mm long for phacoemul-
sification and /A, The incisions were enlarged with a
keratome to 4 mm for lens implantation, and twa 10-0
nylon radial sutures were used to close, These patients
had rapid visual rehabilitation. The promise that small
incision calaract surgery would decrease surgically
induced astizmatism wis immediately realized.

In 1990, 1 implanted in a rabbit eye the prototype of
what is now the AMO SI30. When linished. T told the
project manager that when that lens became available,
I wis going o move to the clear cornea for my incision
=1,

[ndeed, in 1992, 1 began clear cormeal cataracl sur-
gery from the temporal periphery using a Shepherd
single stitch, Within a month. [uhandunbd the stiteh in
[wvor of seli~sealing ncisions.’

Figure 7 shows a clear comeal tunnel incision
closed by a Shepherd single stitch; Figure 8 shows
photokeratoscopy of the same eyve immediately after
surgery. There is some Tlattening of the sutured inci-
siom site, but the central mirey are clear and regular,
indicating that this patient would enjoy excellent vi-
sual acuily soon alter surgery.

Figure 9 shows one of my first self-sealing corneal
winnel incisions on the first postoperative day. There is
a bit of edema over the tunnel temporally and the
immediate photoker Aoscopy iFigure 10} shows minor
disturbanee at the incision itsell. However, the central
mires are regular and extend to the edge of the cornea,
documenting that this patient. too. should have excel-
lent visual acuity immediately,

(Finey Aosellsealing corneal tunmel incision closed
by Shepherd’s single stitch in the absence ol a
filtration hleh.

Fig. 7.

216 TOATARACT REFRACT SURG

(Fine} Photokeratoscopy of the exe in Figuree 7
immediately after surgery,

Fig. 4.

" L
lig, W

iFined A sell-sealing cormneal tinnel incision imme
dindely after surgery.

| went temporally because | was bucking the flow
of convention, We had a |5-yvear history' of moving
peripherally for our incision lecations, and [ was going
back ceatrally, Certainly, the distance belween the
visual axis and the lemporal corneal periphery was the
larsest distance in the cornea between the visual axis
and corneal periphery. Flattening at the corneal inei-
sion temporally was less likely o be ransmitted to the
corneal apes from that location. This phumrmnun Wils
later (Lﬂl_ummted with elegant studies by Cravy™ and
by Masket."”

These experiences led me to understand why my
carlier patients who had anterior chamber secondary
implantations in the temporal periphery didn’t have
against-the-rule drift. | believe that lid blink and grav-
ity are the culprits that ereate most of the change in the
cornea, not only in patiénts who have had surgery, bul
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Fig., 10, (Fine) Photokeratoscopy of the eyve in Figure 9

mmmediately altler surgdey.

(Fing) The Howsard Fine clear corneal diamond
knife (Huco Co., Hauterville, Switzerland),

Fig. 11,

even in older patents who have not vel had surpery,
They all tend 1o develop against-the-rule astigmatism
over time, A temporal cataract incision neuatralizes lid
blink and gravily because the veclor forees are parvallel
rather than perpendicular to the incision. I believe this
results in less against-the rule shift postoperatively.

I discovered other advantages as well, The lateral
canthal angle ts under the incision; therefore, we had
natural drainage and never had to work under waler,
Ergonomically, lemporal ¢lear corneal cataract sur-
gery s easier. By operating Trom the temporal periph-
ery, our view is unohstrucled by the brow; thus, it is
not necessary 1o toen the eyve down or place a bridle
suture. There is such an enhancement of the red reflex
that visualization of infraocular siructures is markedly
enhanced. Access o the incision for implantation is
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erhanced, making the surgery o lot easier. Finally, the
surgery is less costly, quicker. and lends itself 1o
topical anesthesia.

I developed or participated in the development ol
several instruments W systemalize the lemporal clear
corneal approach and make it workable and reproduc-
ihle. | designed an atraumatic fixation device, modi-
Fying Spencer Thornton™s ring by taking % mm of
chord lenath out of the are of the ring to give access (o
the globe for an incision. 1 participated in the design of
specific diamond blades, which 1 still prefer (Fig-
ure 11y [ dewnsized some other msroments o allow
implantation of three-piece lenses, and 1 beveled the
cartridge of the plate haptic injector so it could be
inserted into the corneal incision without the surgeon
holding the superior lip of the incision with Torceps.

Frequently, we are impressed with what has gone
on previously when we find oo about il As Harry
Trouman said, “The only thing that is new under the sun
15 the history yvou never read.”

Ala 1993 sympoesium in Bonn, Germany, my good
friend Eric Arnott from London aave me a couple of
slides documenting that 20 years ago he was doing a
clear corneal technique, Thal reminded me that [ must
recognize other innovators who had interest in cornea
as the site for the cataract incision. Harms and Mack-
ensen.'® Kelman.! Troutman and coauthors,'” Ar-
not. ' Galand, ™ Stegmann (personal communication,
December 3, [992) and Shimizu (K. Shimien, M.,
“Pure Corneal Incision,” Phacos and Foldables, vol. 5,
1992, pages 06-8) have all worked with clear corneal
incisions since cataracl surgery became microsurgery
with the 1967 publication of Cewlar Surgery Under
the Microscope.'” They have all been innovators in
and advocates of corneal calaracl surgery, However,
they Taced a major hmitadion that [ did not because |
had access 1o foldable lenses. 10 is for this reason that
clear corneal cataract surgery seemed, to me, to be the
logical next step. All it really needed was language:
somebaody to talk about it

¢

APPENINX

Sente presentations o clear corneal Rcisions pre-
serted ol the Svmpasiom on Cataract, 108 and Re-
fractive Surgery, Bosten, April 19

& “Minimiving Incision Siee in Clear Corneal Surgersy,” Jay 1
Lipprmnan, ML,

@ A0 nun Clear Corneal Incision with Topical Ancsthesia
Proposal for a Safe Incision,” Mateo Piowvelly, M1

® “Temporally Oriented Cornenl Incision Calaract Surgery:
Frgonmmics and Astigmatics]” Samoel Maskel, M.

& “Hrability of Temporal Corpeal Incisions: Six-Month Fol-
lowe-upr ol the Three-Step Versus the Une-Step,” Alexander
Lebuisson, M.

& “Conmparison ol Induced  Astigmatism Atter Temporal
Clear Corneal Tonnel locisions of DilTerent Siees,”™ Tho-
s Kohnen, M0
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& “Stability of Clear Corneal Ineisions in o Cadaver Eye
Wladel.,” Faul H. Ernest, ML,

& “Comparison of Scleral and Clear Corneal Temporad Inci-
sions in Cataract Surgery,” Howard %, Gimbel, M.
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