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lens exchange with a foldable multifocal HOL in order not
to wear spectacles for distance or near vision. Although |
was criticized at the ime, history has proved that not
only is this technology effective and viable, but that to
date we have nathing as predictable as refractive mulufo-
cal 1OLs to achieve presbyopia correction.

Chang: | am predominantly a cataract and |OL sur-
geon. Like Eric, | use the AcrySof Restor 10L (Alcon
Laborataries, Inc.), the Crystalens (Eyeonics, Inc. Alisa
Viejo, California), and the ReZoom IOL regularly,
mostly with marching but occasionally with mixing.

Rau: | have been implanting the Akkommaodative
1CU (HumanOptics AG, Eriangen, Germany) since
2003, For presbyopia correction, | implant this lens in
the dominant eye of patients who complain about
glare. | use it in combination with a diffractive IOL in
the nondominant eye.

DEVELOPMENTS IN 2007
Crystalens Five-O

Chang: Several new modifications to presbyopia-cor-
recting 10Ls were introduced in 2007. Jay, how does the
Crystalens Fve-Q differ from the earlier 4.5 model?

Pepose: There were a number of changes, the most
obvious of which is that the aptic is now 5 mm instead
of 4.5 mm (Table 1), There is more adherence between
the haptics and the capsule with the new model as well
The Five-O design was based on some of the initial pro-
totypes by |. Stuart Cumming, MD, that showed the
greatest movement of the plate by the creation of a uni-
form, rectangular pocket in the capsutar bag. which
promaotes sliding during accommadation. The newly
fashioned haptic plates and loops provide addinanal
capsular-bag support and excellent optic centration.
The haptics of the Crystalens Five-O are designed to
fold inward toward the optic, thus facilitating their fold-
ing in an insertion device.

| think the new design achieves superior refractive
autcomes in terms of distance correction, | also find that
the amount of vaulting is more consistent. The im-
proved predictability is due, in part, to greater surface-
area contact between the plates and the capsule. This
greater consistency m the estimared lens position 15 also
a reflection of the lens’ coming in an 11.5-mm diameter
for 10Ls greater than 19.00 D and a 12-mm overall diam-
eter for dioptric powers of up to 19.00 D, because more
myopic patients tend to have larger eyes and capsular
bags. There is a difference in the A-constant in this lens
in companson to the Crystalens 4.5 that reflects a differ-

ent degree of posterior-opiic vaulting. In my experience,
patients have somewhat better near vision with the Five-
O than the Crystalens 45.

Donnenfeld: For me, the biggest advantage of the
Five-O aver the 4.5 is that | have fewer complications
after the perfect insertion of the lens. My biggest com-
plaints with the 4.5 were 2 syndromes, decentrations, and
alou of refractive instability. My enhancemnent rate with
the Crystalens was exorbitantly higher than with muirifo-
cal 10Ls. My enhancement rate continues to be higher
with the Crystalens due to refractive uncertainty, because
the lens moves in the capsular bag, but it is now maybe
50% versus three times higher than with the other 1OLs.

I am not certain if my patients are better able 1o read
with the Crystalens Five-0. | think that their distance
visual acuity is better with the larger optic. | have had no
cases in which the 10L migrated.

Hardten: My biggest frustration with the Crystalens
4.5 was the z syndrome, which | have not observed with
the Five-O. The new lens also seems to sit more evenly
in the capsular bag, | think the sizing of the anteriar
capsulorrhexis and the capsular bag is more forgiving
with the Five-O, and glare and halos at nighttime seem
to be less of an issue. Although the Crystalens 45 sat
fairly far posteriorly, my patients generally had a similar
level of glare and halos as with the multifocal 10Ls
Unwanted visual phenomena do not seem to be as
much of an issue with the Five-O.

Chang: With the Crystalens 4.5, | think many of us
were surpnsed at our inability to achieve emmetropsa as
predictably as we could with other 10Ls. The likely rea-
sons for this make sense: The axial position of a hinged
optic 1s going to vary depending upon the size of the
bag and capsulorrheas. Personalizing your A-constant
improves your average but does not reduce the standard
deviation, The larger optic, the broader haptics, and the
greater overall length of the Crystalens Five-O for lower
powers have improved this platform’s refractive pre-
dictability in terms of a tighter standard deviation
around the refractive target.

Knorz: In Europe. studies are showing there is virtual-
ly e mavement of the so-called accommodating lens-
es.! The perception is that, if an accemmodating lens
daes not move, it dees not work. | am not using the
Crystalens,

Chang: Do we understand the mechanism of the accom-
modative or pseudoaccommendative effect any better?

561 CATARALT & AL RAC TIVE SURCERY TODAY [UROM | JANUARY /FEBRUARY 2004

Claoué: The short answer has 1o be, not at all. We
still have problems trying to understand how accom-
modative I10Ls work—if at all—as conflicting data is
vociferously presented, often by parties with vested
interests. Until this physiology is better documented
and understood, the proven optical solution of multifo-
cal 10Ls remains the gold standard.

Pepase: We do not fully understand the mechanisms
that may underlie patients’ improved near and interme-
diate vision with this lens design, and they are likely to
be multfactorial. If the sole mechanism were anterior
movemnent of the optic, then you would expect a higher
dioptric lens power to produce a greater accommoda-
tive effect. | do not think any studies support this rela-
tionship between |IOL power and near vision with the
Crystalens. | therefore think it is probably a combina-
tion of pseudoaccommedation due to the posteriorly
vaulted optic's being closer to the nodal point of the
eye along with changes in the optic’s shape and axial
movement. The change in the aptic’s shape may pro-
duce a central power gradient in the lens, and this phe-

COVER STORY

nomenon (observed during accommodation of the
crystaliine lens) has been referred to a5 accommodative
arching.

Donnenfeld: Surgeons’ adoption rate of refractive
10Ls has not been high, perhaps because the refractive
outcomes must be extraordinarily precise to satisfy
patients. The advantage of aspheric optics is a wider
sweet spor. Patients who receive the AcrySof Restor
Aspheric 10L or the Tecnis Multifocal lens do not re-
quire a plano or 0.25 D result to be very happy.

Pietrini: The development of aspheric IOLs is one of
the most important progressions i multifocal optics
because of the resulting improvement in quality of vision.
It is the reason why all companies have added an aspher-
it component orito the optic of multifocal 10Ls, which is
crucial for the quality of vision in low-light conditions
Contrast sensitivity is much better with an asphenc 101,
because the 10L not only corrects sphere and presby-
opia, but also spherical aberration. Moreover, there is no
variation of the refraction with pupil dilation, and this

FUNCTIONAL VISION IN PATIENTS WITH MULTIFOCAL 1O1s

reading acuity, reading speed. and funcoonal vision:

Imonths postoperatively.

Ciriane, L&

I the past, conventional means 1o evaluate patients’ near visual acuty corsisted of letters or numbers on 2 near card A
person’s ability to distinguish thie rear card’s figures may have o bearing. haweved on his capacity 1o reac functionally.

A stydy presented at the 2007 American Academy of Ophthalmology’s Annual Meeting in New Orleans evalisated func-
tional near vision it patients with mitkfocal 1I0Ls using the NPReading Test.! The test, developed with the coftaboration of
Tire Past and Courier of Crarleston, South Carafing, 5 a practical examyination system desgned o simultansously determine

In the study. 56 patients were eniofed and divided into four groups. Group one (n=15) had recenved the AcrySof Restor
lers {Akeon Laborataries, Inc, Fort Worth, Texas) in one eye and the ReZoom lens {Advanced Medical Optics, Inc, Santa
Ana, Californi) in thes feffow eve. Group two (n=14} recsived the AcrySof Restor 101 bilacerally, grolp theee (n=15) had
Blended AcrySof Restor (postoperative target refraction i dominant eye was plana; nondominant ey 100 O and group
four (eontrol n#12} underwent the implantation of monofocal IOLs with external near correction,

The investigators compared all of the patients’ reading speeds in words per rinute with differeric fonz soes at

Those who had recerved muitifocal IOLs and were measured with or withour therr beet distance correction were capable
of reading faster than patients in the control group weing their best near correction, Patients in groups one, twe and thiee
were able t0 read faster (193.5, 2016, and 1849 words per minuute, respectively) than those in group four (1188 words per
minue). The number of subjeces able to read in all groups decreased as the font size decreased.

The irvestigatars concluded thar the shower reading speed of the monoiocal group compared with the multifocal IOL
groups indicared thar the multifscal lenses provide good funcricnal vison

1. Solomos M0, Fetrdndes & Castr LE Weomien DT, Famcsional vision i pafierss wily mmuliiocal 100s. Posies paieiss 3t The AT Al Mestiery: Fiewersber 11, Z007: New
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phenomenon contnibutes to better
vision and a reduction of halos. Since
we use aspheric IOLs, only a few of
our patients have significant halos.

Knorz: My experience is mostly
with the Tecnis Multifocal lens, Both
spherical and multifocal 10Ls are
associated with halos at night. An
aspheric optic does eliminate some
of the halos, which are the most sig-
mificant side effect of multfocal 10Ls.
Asphericity is therefore an advantage
in a multfocal 1OL.

Donnenfeld: | think | agree. Halos
and glare are reduced. Their biggest
cause 15 not asphericity, however, but
refractive defocus. If you can elimi-
rate the higher-order aberration, you
have a little more wiggle room in
terms of defocus:

Pietrini: Another advantage of
asphericity is a berter tolerance of the
0L to small refractive errors because
of the defocus curve and to small
amounts of cylinder.

Chang: Seme surgeons mention
their impression that the aspheric
optic improves near performance,
but the asphenic surface really affects
the penpbery of the 10Ls optic and
not its center,

Donnenfeld: That would be unex-
pected. Less spherical aberration
means less depth of field with sharper
vision at the desired focal distance. |
have been happy with my patients’
near vision after receiving the AcrySof
Restor Asphenic |OL; they have a crnisp
view at the 400 D reading add.

Rau: Some patients mplanted with
the Restar complain about reading
difficulties on the computer, as they
find it necessary to hold text very
near to their eyes. | do prefer ro
implant the Restor in patients with
discrete changes in the macula, how-

BILATERAL IMPLANTATION VERSUS MIXING THE CRYSTALENS, RiZoom,

AND AcavSor Restor 10Ls

Recent ressarch found that tilateral Crysialens (Eyeonics, Inc, Aliso Vi,
California) hﬁphrit‘s.e!icn:ed fower m@tm ghresymproms compared with
bilateral ReZoom (Advanced Medical Optics, ines Santa Ana. California) or

AciySof Restor (Alcon Laboratories, Inc, Fort Warth, Texas) (OLs, Combining an

accommodatrg and a mulofocal lers produce fewer phiote disturbances than’

(ethet multifocal IOL implanted bilaterally, but more disturbances than patients

with 2 Crystalens in both eyes. Whether implanted bilatesally orcombined with
anather 10U the Crystalens provided patenss viich the best intermediate vison
The ActyEof Restor lens in oneor both eyes provded the bestnear vision: The
Crystalers and AcrySof Restor grouping acheeved better overall uncormected ds-
rance; intermediate, ahd near visicn than the orher four comberianons, Jay
Pepose, MDD, presented the stedy's resuls ac the 2007 AAD Annual Meetng in
New Orfeans:!

The prospéctive; nonfandomized study compared the vistai performance of
patients who either Uniderwent the implantarion of 4 presbyopia- carrecting 101
blateralty orwho received a combination of the Crystalens and ReZoom [OLs of
the Cryssalens and AcrySof Restor lenses. The 45 panencs envolied i the five-arm
study receved ether the Crystalens 0L biarerally {n = 74), the AcrySof Restor IOL
bitacerafly (n = 12} the ReZoom IOL bilszeraly (n = 14} a combiration of the
Crstaténs and AcrySof Restor I0Ls {n = 6) or 2 combination of the Crystalens
and ReZoom I0Ls {n'= 3 Diggnostic festing 22 4 106 months postoperative
inchuded UCVA and BSOWA 22 distanice, mtermediate, and neas; Contrast-sension-
ty function: and quality-of-ife guestioninares {6 months postaperatively).

Eyes with the Crystalens had statistically etrer BSCVA, uncorrected and dis-
tance-coreced intermedate, and best comected near visen compared with

eyves in the other study groups. Crystalens syesako bad berter contrasy sensmni-
ty with and without giare unider mesopic conditons: According 10 patients’
respsonses 1o subjecrive quatty-of-vision and quality-of Iife questionnaires, the
bilateral Crystalens group recetved the highest scores: Eyes with the AcrySof
Restor 0L achieved better uncomected near vision, needad the lowest reading
add, and had the lowest uncorrected and dutance-corrected muermediate
VRSO,

1. Pupase 15, (az ML Davies J. et 2. Evebifion of e lsiess) versus combination Crysons, Raloom and Ressce
Fipe presscies 2 The AMD Airual Mestr Nowember 12 2007; Yew Driear, LA
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ever, due to the I0Ls blue filter. These patients often
wish to become spectacle independent. The distance
vision is good with the Restor Aspheric, and the near
vision 15 excellent.

Donnenfeld; What about midrange vision, however,
where depth of field is really the issue? The Crystalens
has paositive spherical aberration, which slightly decreas-
es quality of vision at distance but gives greater depth of
field for more midrange vision, Eliminating spherical
aberration may compromise midrange visual acuity.

Knorz: We need more clinical data to prove that
asphericity increases depth of field. It is countenintuitive.

| conducted a prospective. randomized, masked com-
parison of the Acrysof Restor and the Tecnis 10Ls.? Both
lenses were implanted bilaterally, and my colleagues and
1 initially found that they were similzr in terms of con-
trast sensitwvity and distance vision. The differences we
observed related to visual acuity at near and in dim
light, as one would expect due to the smaller optical

‘zone of the AcrySof Restor lens. Additionally, we found

that patients’ reading speed was significantly higher
even in bright light with the Tecnis Multifocal lens than
with the AcrySof Restor 1OL.

Chang: To what do you attribute the difference in
the two groups' ability to read in bright light?

Knorz: | do not know. My colleagues and | did not
observe a ugnificant difference in contrast sensitivity
between the groups, even in low light, which was another
unexpected finding. We anticipated that the Tecnis
Multifocal IOL would perform better because of its
asphencity. On the other hand, the AcrySof Restor lens has
no near add in the penphery, which allows it to perform
better in dim light. Perhaps these qualities balanced each
other. The results of our study demonstrate that surgeons
should not base their choice of IOLs on their theoretical
performance. They need clinical data.

Claoué: Given that one of the theoretical problems
with multifecal 10Ls is the loss of contrast sensitivity that
can be measured in an optical lab, the abolition of spher-
cal aberration is a logical step to maximize the use of light
for visable images. | use these terms exphicitly, as we must
remember that in addition to splitting fight into visable
images (for distant and near objects), the physical optics of
diffractive lenses means that up to 20% of the incident
light & diffracted into higher-order images that can never
be visualized (ie, wasted). To me, this makes no sense- All
available kight should be used for visable images to mini-

COVER STORY

mize loss of contrast sensitivity. We tend to forger that the
aged macula has 2 Joss of contrast sensitivity related 1o the
aging process, which we cannot influence. It is therefore
important to concentrate on optimizing the optics, which
we can influence.

Hardten: The point of focus is slightly farther out
with the Tecnis Multifocal IOL versus the AcrySof
Restor lens. The greater reading speed with the former
may be due to the wider field of view. In a sense, pa-
tients can look ahead at more words and therefore read
even faster, Most people do not read at 12 to 14 inches
but at approximately 16 inches when they are trying to
read typically sized print quickly as opposed to reading
very small print.

Knorz: The patients who received the Tecnis Multfocal
lens preferred that thew reading matenal be 2 to 3 em far-
ther away than did those with the AcrySof Restor lens
despite the same near add (the average distance for read-
ing was 35 cm with the Tecnis Muhifocal IOL and 32 em
with the AcrySof Restor lens?),

Donnenfeld: Your findings reaffirm my impression of
the Tecnis Multifocal lens. The take-home message from
your study was thas both 10Ls produce great outcomes.
Patients achieved slightly better reading vision with the
Tecnis Multifocal lens, and | have found that chinically as
well. The only issue that | think remains to be resolved is
which lens provides better distance vision, especially at
night.

Knorz: Our study did not show any difference be-
tween the Tecnis Multifocal IOL and the AcrySof Restor
lens regarding distance vision. When comparing the
refractive ReZoom lens with the Tecnis Multifocal 1OL or
the AcrySof Restor lens, however, patients had one more
line of best corrected distance vision with the ReZoam
lens, which is distance dorminant, than with the Tecnis
Multifocal and AcrySof Restor 10Ls based an my clinical
experience. Most patients tolerate the loss of one line,
but some do not, especially in their deminant eye.

Chang: Unlike with the Teenis Multifocal 108, the
periphery of the AcrySof Restor's optic is purely dis-
tance. With large pupils, the Tecnis Multifocal 10L
therefore presents many more diffractive rings than the
AcrySof Restor lens. Was there a difference in the num-
ber of subjective complaints about halos or rings be-
tween the two subject groups?

Knorz: Interestingly, there was not. As | said, we
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ARGON LASER IRIDOPLASTY FOR RECENTERING THE PUPIL OVER AN IOL

By Eric D. Donnenfeld, MD

shift of 0.55 mm,

for improving qualicy of vision.

Meslirg: Novesnber- 12, 20080 New Dvisans, LA

The detentration of d multifocal 0L can.cause sgnificant optical aberrations. When the rings of a multfocal 0L are
ot properly axiatly agned with the patient’s pupil their refractive ar diffracrive partern becormies asymmetric, and
patients therefore may complainof regiuced quality of vision in the dayime and asyrmmetne halos around lights at night.

I a study iy colleagues and | preserted at the 2007 American Academyy of Ophthalmology Annual Meeting in
New Orlearss, we described the result of argon laser indoplasty to center the pupill over the multfacal IOL in 14 eyes of
11 pavenzs,! By 1 month postoperatively, - patients’ mean BCVA improved Fiom 20432 to 20124 (P<05), and their mean
UCVA improved from 20/40 1c 20/31 {P<05). Patients ako achieved an improvement in subjective visual quality from
3t 75 on ascale from 10610 (where 10 s excellens). They experenced a statsticaily significant (P<.05) improvement
in photopic and scotopic contrast sensitivity after drgon laser wdopiasty. Digial photcgraphy showed 2 mgan pupHlary

We found thardecreased qualizy of vision may occur in some patients folowing inplantatdgnef & multifocal 101,
These pacients should be carefully examyned for the cause of then visual complaines, The most common reasoris for
decreased visual quabty are vesidual refractive erfor, postenor capsular opacity, cystoid macular edernia, and ocular surface
chsense. Whien these potential problems have been eliminated or teated and the probem rémains, pupilary centration
aer e 0L should be evatuared, When there'is decentration, an argon bser indoplasty s a safe and effective technique

1, Sebamion &, Dotrwsiuld £ Serry 4D, of 2l Ao baser rdnplasty §0 improve viseal Hrwilon foliowng maitilecal 104 enplsdation. Pster ptesenied 2 Tha AAD Anuial

found no difference between subject groups in terms
of contrast sensitivity, distance vision, glare, and halos
in dim light. Maybe the Stiles-Crawford effect is
responsible.

Rau: | have been implanting the Tecnis since 2004, and
my patients are satisfied with this lens. The Tecnis pro-
vides a good distance vision and excellent niear vision
with fast reading speed. The prolate anterior surface
compensates for spherical aberration of the cornea and
improves vision in low-hight mesopic conditions.
Compared with the ReZoom, the near vision of the
Tecris multifocal is even better. The patient need not to
hold the text so near. The patient complains less about
halos and glare than they do with the Restor or ReZoom,

Claoué We have had the Tecnis in Europe for some
time, and there is no doubrt that it works. However, for
PRELEX. it is mandatory to have a 360° square edge to

minimize posterior capsular opacihcation (PCO). A
PRELEX patient who develops PCO has been given an
ratrogenic media opacity, and this 15 not acceptable.
Unfortunately, the Restor has an achilles’ heel with the
square edge missing at the haptic-opric interface, and
this makes it unacceptable to me as an IOL for PRELEX.
In contrast, other 1OLs such as the ReZoom, Tecnis
Multifecal, and the M-Flex {Rayner Intraocular Lenses
Ltd, East Sussex, UK} do have a 360° square edge, and
with respect ta PCQ, they are preferable IOLs for PRELEX
patients.

Waxy Vision and Higher-Order Aberrations

Chang: The quality of vision with diffractive 10Ls 5
highly subjective, but it is 2 matter of concern for a lot
of surgeons. What has your experience been with so-
called waxy vision?

Pepose: Some of my patients wha have received the
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TE ON THREE TECHNOLOGIES

Nulens

Whatitls

The Mulens (Nulens, Lid, Herzlya Pituah, lsvael) s composed of two pisces. The first is a HEMA
olate that & nfaced on top of the collapsed capsular bag after catarace removal The speond s 2 rigid
haptic system containing a soft silicone ge! center that s placed atop the HEMA plate and & heid in
phace by patented sulcuss faaion haptics. The ngichty of thie haptics creates an effective reference
'p!aﬂe thar perrmits the deformation of the slicone gel as the HEMA plate is pressed anteriorly by the:
mavermen: of the capsular diaphragm (consstng of the ailfary processes, zonules, and collapsed
capsular bag). The anteror and posterioe pressures displace the soft sificone forward. Power ik generated m accofdance with the
forces developed by the aliary muscles in response 1o the naturally pocurming blur stimulus far accommicdation.

Status

The Nulens is in development. Nulens, Lrd plans 1o iritate clinical tals this year with the goal of European regulatary
approval m 2009 and LS Food and Drug Adminstration approval by 2002 The company & currently evzhuating te pessbili-
oy of placing the haptic system in pseudophakic eyes in order To restoTe accommodation 20 patents whao have recewed tra-
ditional I0Ls;

SYNCHRONY DUAL OPTIC

ACCOMMODATING 10L

Whatitis

The one-piece Synchiony Dual Opuc accommadating lens (Viiogen, Inc, Irvine, Califormia) fea-
tres a high-pawered anterior opnc connected toa mmus-pcw»ec{opac by haptics that have a
spring-iike action. ,-_\cmgdmgm thie company the lens' machanism of acton & based on the clas-

_ sic Helmhaoitz theary of accommaodation For distance visiony the two optas rest clase together,
‘When the patient foclisss ona near arger, the ciliary Dody releases tension on the capsular bag and zonudes, which transhtes
into forward maverment of the front ootic causing an increase in effertve 0L pawer As the ciflary body relgees. tension on the
canudar bag brings the front optic back 1o the festing state, thus feturning emmermopic diszance focus.

Status

The Smchrony receved the Conformig-Earopéenne {CE) Mark in Jurie 2006 Postmarketing research sudes 1o furthes evaluate
the lens are currently under way in Eirope, Canada. 2nd Latin Amenca. In Noverber 2007, Visiogen, Inc. arnounced that the
enreiment for a phase 3FDA chmcal triaf was closed: Investigatons will evatiate the Synchrony's safery and =fficacy as well as
patients’ poréntial for funcional near mtermediate, and distance vision vath the ens. The study includes mare than 300 patents
& 20 investigational sites in the United States The company s curtently focusing on follow-up iind the finurs submission ofa
premariet anproval apphcation,

 TETRAFLEX
What It Is
The Tecraflex JOU (Lenstec. Inc, St Petersburg, Florida) hasa vatlted anterior aptic surface and
soft, pliable haprics. The idea behind the design s 1o provide patients with gaod near vision and
sxcellen intermediare and distarice vison. The (OLs propased mechanism of action is the com-
bined effect of the lens’ movement and the bending of the optic as vitreous i displaced duning

The Tetraflex recerved the CE Mark in 2004 The JOL has been approved in Atistrala since 2005 and it was aoproved & Chira
and Tawan i 2007 At press time, Lenstec, Inc, had nearly completed enroliment fora phase 3 US FDA cinical tial

JANUARY [FIBRUARY 7008 | CATARACT & RITARACTIVE SURCERY TODAY [UROP

16



COVER STORY

nc ). Donnandsis, M)

(Cenisy of

Figure 2. The surgeon places argon laser iridoplasty spots in
the midperipheral irls according to the foll

5,000 mW of energy, 500-um diameter, and 500-millisecond
duration.

AcrySof Restor lens have complained of waxy vision. If
you look at the way the AcrySof Restor lens splits light m
an eye with a small pupil, there is an energy continuum
focusing abourt 40% of the light at a near focus and about
40% at distance, and you are fosing about 20% to higher
diffractive orders,

This wasted 20% of fight energy 1s 2 consequence of
the overall interaction of light with the diffractive steps
of the AcrySof Restor IOL. With this lens design, it is not
possible to direct 50% of the light to each of the two
primiary foci. There are ako a lot of unknowns in terms
of the position of the lens in relation to the visual axs.
As you start to get more higher-order aberrations, you
start to become really sensitive to residual second-order
aberrations like defocus and astigmatism, thus in-
creasing the likelihood that laser vision enhancement
will be needed.

In our comparative study, my colleagues and | found
that the Crystalens was superior to the AerySof Restor
10L in terms of best corrected distance wision when test-
ed monocularly or binocularly, Regarding uncorrected
vision at distance, there was no statistical difference
berween the Crystalens, ReZoom, and AcrySof Restor
lenses® (see Bilateral Implantation Versus Mixing the
Crystalens, ReZoom, and AcrySof Restor 1015 on page 58).

Hardten: Because waxy vision does not happen fre-
quently, it is not the first problem that you consider
when a patient complains. Instead, you go through a
lang list of possibilities such as ocular dryness, cystoid
macular edema (CME), capsular opacity, and residual
sphere or cylinder.

Chang: Waxy vision associated with a multifocal 10L
is a diagnosis of exclusion, in other words,

Raw Some of my patients have complained about
waxy visian, even when their distance and near vision
are 20/20 and the lens is centered. Sometimes, this phe-
nomenon disappears within 1 year.

Fietrint In my experience, the phenomenon of waxy
vision is extremely rare with the AcriLISA, because the lens
has oprical properties contmbuting to a good quality of
vision. ks asphernicity and correction of aberration lead to a
sphencal aberration close to zero; there s an asymmetric
distrbution of light (65% for far, 35% for near); and the very
smooth diffractive steps on the optic reduce halos. The
AcriLBA & the first diffractive 101 implantable through a
15 10 18-mm incision. This very small incision also reduces
cameal induced aberrations.

Donnenfeld: Waxy vision definitely exists. It is mostly
asseciated with the AcrySof Restor lens, but | have also
encountered it with the ReZoom lens. My colleagues
and | have been looking at the effect of the I0Ls centra-
tion relative to the pupil. The capsular bag does not sit
directly behind the pupil, and the difference in location
is known as angle kappa. If an 1OL is decentered relative
to the pupil but is right in the middle of the capsular
bag. the resultant higher-order aberrations are going to
create waxy vision. Jack Holladay, MDD, and | have actual-
ly developed some models to study this phenomenan,
and we think this scenario explains a lot of the prob-
lems with quality of vision that are not correctable
through normal means after the implantation of refrac-
tive 10Ls. By simply performing argon laser iridoplasties
to center the iris over the IOL (Figures 1 and 2}, we have
been able 1o improve the quality of vision significantly
m almost all of these patients and eliminate waxy
vision* (see Argon Laser Indaplasty for Recentering the
Pupil Over an 10L on page 60). One such patient experi-
enced an improvement from 20/40 BCVA to 20/25
UCVA, after the procedure

Chang: Paolo Vinciguerra, MD, used the Nidek OPD
Scan (Midek Co, Gamagor, Japan) to measure the total
ocular wavefront in a few patients who were complain-
ing about their quahty of vision and in wham the
AcrySof Restor lens was decentered relative to the pupil.
After he surgically recentered the AcrySof Restor lenses,
the measured aberrations and the patients’ symproms
improved (see Restor [OL Centration and Optical
Wavefront on page 72). Apparently, diffractive optics
that are decentered relative to the pupil can induce
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coma and other higher-order aberrations.

Donnenfeld: More aberration is induced by diffrac-
tive than refractive mulufocal 10Ls. Diffractive lenses
split light in a different way than refractive 10Ls,

Chang: Based upon Dr. Vinciguerra's recommenda-
tions, for the past 2 years, | have positioned the AcrySof
Restor lens with its haptics at the 6- and 12-o'dlock
positions, and | take advantage of the tacky hydropho-
bic matenal to shghtly nudge the lens a little nasally
(Figure 3). This technique has been surpnsingly effective
for aligning the diffractive optic with the pupil, which is
always a bit nasally decentered refative to the capsular
bag.

Hardten: |also use wavefront diagnostic testing to
capture that limbus-to-pupil relationship. The wave-
front provides a really good picture of this relationship,

Donnenfeld: | have a large refractive corneal prac-
tice, and | see many patients who have had PRK or
LASIK, have developed cataracts, and want to undergo
10L surgery, Early on. | frequently implanted refractive
10Ls. | am now mare canservative, | will rarely choose a
diffractive multifacal 101 for a post-LASIK eye but feel
comfortable implanting a refractive multifocal IOL
such as the ReZoom. Refractive |OLs perform better in
these patients because they induce fewer higher-order
aberrations, Alternatively, | implanta Crystalens in
these cases when the previous treatment was for high
myopia, the cornea is extremely oblate, or the ablation
was decentered.

Knorz: Because refractive surgery induces a large
number of higher-order aberrations, it does not make
sense to implant a multifocal 10L in these eyes.

Chang: Many surgeons perform laser vision en-
hancement to address the residual refractive error after
the implantation of a multifocal IOL in an eye that has
undergone myopic LASIK. The point is that a patient
might see 20/25 and J2 after an enhancement proce-
dure for his spherical refractive error, but the surgeon
really has no idea what the aberrations and the qualicy
of visign are.

Hardten: Another advantage of the refractive I0OL in
thar post-LASIK patient 15 that you can manipulate the
pupil’s size postoperatively to reduce visual symproms
or higher-order aberrations, because the center of a
refractive IOL is emmetropic.
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Chang: To summarize everyone’s camments, the
term waxy vision describes a variety of conditions that
diminish visual quality. Is the problem any less with the
Tecnis Multifocal I0L?

Knorz: Substantiating data are needed, but my col-
leagues and | did not find any difference between the
Tecnis Multifocal and the AcrySof Restor lenses in
terms of BCVA and UCVA. Both 10Ls provide excellent
distance and near vision. It is important to remember,
however, that all multifocal lenses, especially those with
an equal distribution between distance and near wvision,
require a certain sacnifice, which means that there is a
small loss of BCVA compared with a monofocal IOL

Pepose: Aberrations of the anterior corneal surface
are a major component in the degradation of the reti-
nal image, but we do not routinely measure them
preoperatively.

Chang: That is a great point, because we all ulp-
mately would like to predict what patients will have
problems with their quality of vision with a mulifocal
1oL

PROMISING TECHNOLOGIES
Chang: Which refractive 10L technologies hold the
most promise for the future?

Donnenfeld: The Nulens in development by Nulens
Ltd {Herzliya Pituah, lsrael} is an accommodating 10L
with deformable optics (see Update on Three

Figure 3. The AcrySof Restor IOL is orlented with its haptics

along the 6-to 12-0'clock axls. The surgeon nudges the lens
slightly nasally during the ophthalmic viscesurgical device's
removal.
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Technologies, on page 61). It is an exciting new technol-
ogy. | have used the lens in eye-bank eyes. | think the
entire panel will agree that the future is accommodat-
ing lenses. The real question is, which will be the best
accommaodating HOL? | am looking forward to improve-
ments to the Crystalens, but | believe that the Nulens
with deformable optics represents the best hape for
providing patients with an excellent quality of vision.

Chang: An IOL that provided £.00 to 800 D of accom-
modation would trump ali of the other presbyopia-
correcting ¥0Ls that we have, but no such lens is dlose to
starting a US clinical trial

Claoué: One advance that is coming through just now is
the phenomenally low incidence of halos with the Rayner
M-Flex. This is almost certainly due to the relatively low
refractive index of the material. All experienced multifocal
10L surgeons who have implanted a series of Rayner M-Flex
10Ls have commented on the low inadence of halos that
seems to be approximately 1% to 2%

What we all want in the future is a fully customized
aberration and a presbyopia-correcting 1OL that is
extremely safe, effective, and predictable; it wouldn't hurt
IFit could be adjustable after implantation as well.

What | most hope, however, is to see a major change
in ophthalmaologists' perception of presbyopia.
Presbyopia is not a refractive error, it is a form of physio-
logical/functional failure, whereas refractive errors are
due to anatomical (size) anomalies. | see presbyopia as a
form of organ failure of the crystalline lens, analogous to
the menopause, type 2 diabetes; osteoarthritis, and other
farms of age-related organs failure. We see conventional
cataract or wavefront cataract as forms of crystaline lens
failure; why we do not see presbyopia in the same way?

Chang; Does anyone want to talk about the next ver-
sion of the Crystalens, the HD-100 lens {Eyeonics, Inc.),
which ts in development?

Pepose: Based on the data | have seen, patients with
the HD-100 lens appear to be gaining almost one line of
near vision over the standard Crystalens in the prefimi-
nary trials. Data from 60 patients showed 55% reading
11 or better, 80% reading )2 or better, and 100% with |3
or better uncorrected monocular near visual acuity
(data on file with Eyeonics, Inc.).

Chang: How scon might variable add powers be
available for multifocat 10Ls?

Knorz: Perhaps we will see them in the next few

years. | believe that true accommodating lenses will be
the final solution to presbyopia, but they will not be
available for another 10 to 15 years. In the meantime,
new multifocal designs that distribute light differently
and have varnious add powers will become available. In
addition, | anticipate the development of corneal
implants such as the AcuFocus Inlay (AcuFocus, Inc,
Irvine, California) that we can place in presbyopic eyes
or in pseudophakic eyes with a moneofocal IOL.

Hardten: An issue has been the relationship of new-
style accommodating 10Ls with the capsular bag. It will
take 4 1o 5 years to sort that out as well as to see what
happens as these patients age, capsular contraction
occurs, or posterior capsular opacity (PCO) becomes
manifest.

more fragile than we
typically acknowledge.”

|
“A surgeon’s confidence is a lot i
—David F. Chang, MD }

Knorz: | have been implanting the Tecnis Multifocal
lens for a couple of years. Several patients have com-
plained about their vision at intermediate distance, and
they had to sit closer to their computer screens. At their
1-year follow-up visits, all have reported moving their
computer monitors back to their original position. When
you look at the defocus curve of the Tecnis Muhtifocal
lens; you understand why, The 10L provides 20/20 vision
atdistance and at near. The lowest pomt is 20/40, and
patients perceive the difference. Initially, they think they
only see well at 20/20, but 20/40 1s sufficient for reading
the computer screen. Over time, many get used to their
viston,

Chang: In the nearer term, the Tetraflex accommo-
dating I0L (Lenstec, Inc, St. Petersburg, Flonida) is in
phase 3 clinical trials. Visiogen, Inc. (Irvine, California),
has now completed enroliment for the US phase 3 clini-
cal trial of its Synchrony lens, Certainly, everyone would
welcome having new accommedating |OL options such
as these.

Pietrini: We all believe in the future of accommodat-
ing 10Ls, but nobody can say when we will have one that
truly works. Multifocality has already made a big step
with regard to refinement of the oprics. Through a multi-
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center study, | began o implant the new Toric AcriLISA,
which 15 the first toric diffractive and aberration-commect-
ing microincision 1OL in the world Combined with
microsncision cataract surgery, the lens corrects sphere,
cylinder, and presbyopia and also reduces the spherical
aberration close to zero m only one step. This lens may
be used in astigmatic patients for mulofocal implanta-
tion and will avoid the use of limbal refaxing incsions or
the need to perform a second refractve adjustment.

PRESBYOPIA-CORRECTING IOLs IN
PRACTICE
Getting Started

Chang: Let's address another topic. Presbyepia-cor-
recting IOLs still account for fewer than 5% of all of the
lenses currently implanted in the United States. There
are many surgeons who have yet to begin offering these
10Ls, but their interest is growing. What advice would
you give them?

Pietrini: In 2006 when we performed our latest

French survey of surgical practices, 21% of respondents

used multfocal IOLs. The latest generation of diffractive
10Ls is probably responsible for this interest in both
refractive and cataract indications. Moving to multifo-
cality requires a very impertant change in our approach
toward the patient and surgery. First, we have to spend
maore time with the patient to explain the advantages of
multifocality, but we also must discuss the negative
aspects. such as halos and glare. Ther, we have to focus
on corneal astigmatism and make sure we aveid corneal
induced astigmatism (using the smallest incision possi-
ble} and correct preexisting astigmatism when neces-
sary.

Donnenfeld: Beginning surgeons must be very care-
ful in their selection of patients, Once ophthalmelegists
learn to set reasonable expectations for their patients,
perform expert refractive and cataract surgery, and
understand how to deal with unhappy patients and
resolve their issues, they can offer the technology 1o a
wider range of people

Pietrini: Multifocal 10Ls should be taken into consid-
eration for any patient with a good potential visual acu-
ity. The role of the surgeon is crucial for selection and
for success. He must miake sure that (1) the pauent
accepts the funcrional symptoms, especially halos at
night; (2) emmetropia will be obtained; {3) no astigma-
tism will be induced; and (4) preexisting astigmatism
will be corrected (at the time of surgery or later).
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Pepase: A staff trained to perform expert biometry is
also important.

Chang: A surgeon's confidence is a lot more fragile
than we typically acknowledge. You may be enjoying
initial success with multifocal 10Ls when, all of a sud-
den, you have a few patients whose surgery was flawless
but who are angry about and dissatisfied with their
intermediate vision, seeing halos at night, or waxy vi-
sion. This is very traumnatic for the surgeon, who may
feel that implanting these I10Ls is not warth the risk and
aggravation. | think you should start with cataract sur-
gery patients who have minimal astigmatism and are
highly motivated to see without glasses. These indnadu-
als will be fairly easy to please, and your confidence will
grow as you accumulare successful experiences over
nime,

"Patients who present with minimal
cataracts but complain bitterly about
halos and glare are really tough to
please with multifocal IOLs."

—David R. Hardten, MD

As cataract surgeons, we are used 1o routinely
exceeding our patients’ expectations, They are continu-
ally surprised at the speed of the surgery and visual
recovery, their lack of discomfort, the unexpected clari-
ty and color of their vision, and the correction of their
preoperative myopia ar hyperopia. When a refractive
IOL patient instead expresses disappointment, we sud-
denly feel as though we have failed.

Hardten: Part of the problem is that we are used to
waiting for the patient to ask us for the correction of a
problem or to request a certain technology. The people
who spontaneousty ask for presbyopia-correcting 10Ls
have very high expectations, and some have even had
LASHK. These are not the individuals with whom you
want to start. It is hard, however, for surgeons just
beginning to offer these I0Ls to, in a sense, push them
on people who do not express an active interest in
them, These patients with lesser expectations are the
ideal ones to grow comfortable and succeed with, and
they represent the best training for your staff. Then,
you can move on to more demanding individuals,

Chang: What is the most common reason that sur-
geons hesitate to implant presbyopia-correcting 10Ls?
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