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Retractive lens exchange with a multdocal intrapcular lans 15
becoming & more popular method of refractive surgery in the
presbyopic patient, The limitations of keratorefractive surgery
have led {0 o resurgence of lens exchange surgery for patiems
wilh proscriptions oulside the imits of comeal refractive
procedures. in addition 1o patients with routine refractive arrors
reguesting a surgical procedurs lo achieve emmetropa and
alst address prasbyopia. Side effecta of mullilocal 1echnology
including unwanted photic phenomena and detonomtion n
confrast sonaitivity are baing further defined and evaluated 1o
beter assass the affects of these intrascular lenses on
unctional vision and patient satistaction, Attention 1o detall in
regarcs 1o proper patient selection, preopemativi
maasuremants, intraoperative technigue, and pestoparative
management will ullimatoly result n excollent oulcomes

and improved pationt acceptance of this elfective tech
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\s the ourcomes of cataracr surgery congnue w improve,
the use of lens surgery as o refrucove modalicy in pacients
without caturaces has increased in popularity, The re-
moval of the crvswalline lens and replacement with 2
pecudophakic lens for the purposes of reducing or eling-
pating refractve errors has been labeled with muany
titles, These tides include clear lensectomy [1,2], clear
lens phacoemulsification 3], clear lens replicement,
clear lens extraction [4-12], clear lens exchange, presby-
opic lens exchange, and refractive lens exchunge, The
term sefractice dens exchange appeirs to best describe the
rechmigque of removing the coystulhne lens und replacing
it with a pseudophokic lens inany aged patient for the
puarpose of reducing or eliminaring refractive errors
andhfor addressing presbyopia,

Multifocal lenses

Perhaps the greatest catalyse for the resurpence of refrac-
vve lens exchange has been the development of malo-
focal lens rechnology. Flistoncally, muloifocal ineeaoculae
lenses (HOLs) have been developed and investipaeed Lo
decades. One of the firse mulcifocal [0 desigas o be
investigared i the United Stires was the center-
surround JOL now wnder the nome NuVoe (Bansch &
Lasmb Surzicall, This lens had 2 cencral near acid sor-
rounded by o distince-powered  perphery, Other 10
designs include the 38! diffractive muleitoeal 101, (3%
Corporation; St Paul, AMN) which has been acouired,
redesigned, and formatced for the Foldable AcrySof
acrvhe TOL (Alcon Laboratories; Dallas, 'TX) (Fig |3
Pharmacia has also designed a diffractive mulrifoeal 100,
the Cecon S1LE (Monrovia, CA) thar has heen im-
planted extensively oueside of the United States. Aleon,
Pharmacie, and Storz have alse investizared chree-zone
refracerve mulafocal [OLs that have o central distane
companent surrounded ar vanous distances by @ near
annulus [13].

The only multfoeal [OL approved for general use in the
United States is che Arrav (AMO; Advanced Medical
Opeics, Santa Ang, CALThe Artuy 15 o vonul prosressive
intraocular lens wich fve concentric zoneson the antenor
surface (Fig. 20, Zones 1, 3, and 5 are distance dominant
zones, whereas wones 2 and 4 are nedr dominune, The
lens has an asphencal component and thus each zone
repeats the entire refractive sequence correspanding to
distance, intermedinte, and near foci, This results in vi-
sion over a range of distances. The lens uses | (% of the
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Figure 1. The Alcon MAGDD3 diffractive multifecal intraocular
lens {invesﬂgatinnal device}
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wcoming available lighe and s weighred for opomuam
light diserbution, Wich tepical pupl sizes, approsimatels
half ol the hight is disenboted Tor distanee, one third for
near viston, and the remmimder for intermediace vision.
'he lens pses contnmous suifuce constroction and con-
seecpuently there is no loss of lighe chrough defracoon and
po deprndation of image gquality os o oresult of surfice
discontinuities | 14]. The lens has o foldable silicone op-
tie that s G mm i dismerer, with hapoes made of
polvmethylmethacrylate and a hapoe diameter of 13
mm. T he lens can be mserted through a clear corneal or
seleral tunnel incision cthar 1s 2.5-mm wide, uulizing the
Unfolder injector system manofactured by AMO

Clinical results

The efficacy of zonal progressive multifocal rechnology
has een documented in many clinical studies. Early
studies of the one-prece Array documented a larger per-
centage of patients who were able o read |2 prnnt after
undergning muldifocal leos implantation compared with
patients with monofocal implants [15.16,17]. Similar re-
sults have been decumented for the foldable Armay [18]
Clinieal trials companng mulafocal lens implantation
compared with meonofocal lens implantation in the same
patient also revealed improved intermediate and near
vision 1n the mulafocal eve compared with the monofo-
cal eve [19.20]

Contrast sensitivity

Many stodies have cvaluared both the objective and sub-
jecrive qualities of contrast sensitiviey, stereoacuiry, glare
disabilivy, and phutic phenomena following implantation
of multifocal 10 s Refracove multfocal TOLs, such as
che Array, have been found w be superior o diffractive

multifocal 10 s by demonstruting better contrast sensi-
tivity und less elare disabiliny [21]. However, mare recent
reports comparing refmaetive and diffractve [0OLs have
revealed similar gualices for distance vision evaluated by
modulanon rransfer tunctions but superior near vision for
the diffractive lens [22].

In reward to conerast sensiciviey tescing, the Aty has
been shown to proaduce o small amount of contrast sen-
sitiviey loss equivalent o the loss of one line of visoal
acuity at the | 1% concrast level nsing Regan contrist
senstoviey charts [16] This loss of contrast sensitiviey at
o levels of contrast was only present when the Armay
was placed monocularly and was nor demonstorared wich
bilateral plaicement and binocular tesong [23] Regan
testing 15 perhaps not as reliabile as sine wave pratng
teses thae evalwate a broader ranpe of spatal frequencies.
Lltilizing sine wive grating testing, reduced conerase sen-
sitaviey was found in eves implanred with the Array inche
lower spatial frequencies compared with monofoeal
lenses when o halogen glore souree was alsent, When o

modenite ghire source way incroduced, no significang daf-

Figure 2, The AMO Array faldable silicone multifocal
intraccuiss lens

{Comarbegy of Advanoed Medcal Opiios)
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ference in contrast sensidvity heoween the multfocal or
monofocial lenses was observed [24] However, recent
reports have demonstrated a reduction in tritan color
contrase sensicvity funenon in refractive mulofocal 10 Ls
compared with monofocal lenses under conditions of
plare; 'These differences were sionificant for distance vi-
ston in the lower sputial frequencies, and for near in the
lows und middle spatal frequencies [23]0 A new asphernic
multifocal 100, the Progress 3 (Domilens Laboratorics;
Lyan, Frincel, also demonscrared significantly lower
mean eantrast sensitivicy with the Pelli-Robson chart
campared with monofocal 10O [26],

I Meimnee |y, these controst sensitivity tests reveul that to
deliver multple foci an the reting, there 1s alwavs some
loss of efficiency with mulufocal 10s when compared
with monetoeal 1.5 However, contrast sensitiviny loss,
randenmi=dor stereopsis and amsetkoni can be improved
when mualitoeal 1O are placed Dilaterally compared
with uniluteral implants |27 A recent publication evalu-
aving o threessane refracove mulotocal 101 demaon-
strted vnproved stercopsis, less anseikonia, and grester
likelibond For spectacle independence wirtly bilareral im-
(hancaton compured with amiloera] anplantaton [ 25],

Photic phenomenon

One of the potential drawbacks of the Armay mulnfocal
lens has been the potential for an appreciation of halos
arovnd poing sources of light at mght in the early weeks
and months after surgery [29-30]. Most patents will
learn o disrepard these halos with ome and bilureral
implantation appears o improve these subjective symp-
wms. Concerns abour the visual funcoon of patents ag
night have been allayed by a driving simulation study in
which bilateral Array muldfoeal patienre performed only

slightly wnrse than patients with hilateral monofocal
[0 s The resules indicared no consistent difference i
driving performance and safery herween the two groups
[31]. In o study by Javier ec-al [32]; 41% percent of
bulareral Arrav subjects were found to never require spec-
tacles compared wicth 11.7% of monofocal controls, Over-
all, subjeces with bilateral Areav 10Ls réported beteer
overdll vision, Tess Timirarion in visual funceion, and less
ise of spectacles than monofocal controls [13e].

Refractive lens exchange

Aorecent study reviewed the chinical results of bilaterally
implanted Array muolofocal lens impling in o refrienyve
lens exchange patients |34 A total of 68 eves were
evaluated, comprising 32 hilireral and 4 unilateral Array
implantations. One hundred percent ol pacienes unders
going bilateral refracove lens exchange achieved hinocn-
Lar wisual acuiey of 20040 and |5 or beer, measured | o
iomonths postoperanvely, Owver 909% achieved unvor-
rected binocular visual acuiey of 20030 and [ or bercer,
and nearky 00% achieved uncorrecred binoeolar visuoul
acuity of 20025 and )3 or becter (Fig, 30, "This soudy in-
cluded patienes with preoperacive sphevical equivalenrs
hetween 7 dioprers of myopia and 7 diopters of hyper-
apie with most parienes having preoperarive spherical
equuvalents between plane and «2.50, Exeellent lens
power determinations wnd refractive resols were
achieved (Fig, 4)

Patient selection

Specific guidehines with respece to the selection of can-
didates and surgwal seratepies that enhance outcomdes
with this [0L. have been devéloped. AMOY recommencds
using the Armay muleifocal 1OL for bilatera] cacariet pa-
tients whose surgerv is uncomplicared and whose per-

Figure 3. Clinical results of bilateral Array implantation following refractive lens exchange
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Figure 4. Scattergram demonstrati ng reduction of spherical equivalent in refractive lens exchange eyes

Preoperative Spherical Equivalent vs.
Postoperative Change in Spherical Bquivalent

sonalivy s such thae they are not likely o fixate on the
presence of nunor visual abermtions such as halos around
lHghes, Theee i alwiously o broad rnge of paticnts who
would be aceeptable candidares, Relanve or absolute
conteindications invlhade the presence of ocular pathiolo-
pies, other than cataracts, that may degrade image for-
mabion or miy be associated with less than adeguartce
visudl function postoperatively despite visual improve-
mene after surgery. Preexisting oculur patholomies thar
are frequently looked uponoas contmindicanons mclude
pge-relared macular degeneraton, uncontrolled diaberes
ar diabetic retnopathy, uncontrolled glaveoma, recurrent
inflammatory eve disease, retnal detachmenr risk, and
cornedl disease, or previous keratorefractive surgeny.
However, a recent study hus revealed comparable dis-
tande acuity ourcomes in Aray and monofocal patients
with concurrent eve disease such as macular degenera-
tion, glancoma, and diabete retnoparhy [35),

Lltalization of these lenses in patients who complain ex-
cessively, are highly introspecrive, or obséss over body
image and svmproms should be avoided. In addition.
conservative use of this lens is recommended when
evaluating patients with occupatons that include fre-
guent night driving and cccupations that pur high de-
mands on vision and near work such as engineers and
architeers, Such patients need to demonstrate a strong
desire for relative specracle independence 1o be consid-
cred for @ refractive lens exchange with Array implanta-
tion. Recent publications have found mulofocal lens im-
plantation o be a cost-effective option for low-meome

patients and patients in developing countries where the
alded expense of near vision spectacles would be pro-
hibitive [36,37¢). Additonally, multifocal FOL implanta-
tion was found w be o vinhle aption for pediatric catanier
patients, thos eliminating spectacle dependence in chis
suscepuble group of patiencs [38]

Finallv, the pariene’s axial lengeh and risk For rerinal de-
tachment or other retinal complications should be con-
sidered. Although many publications have documented o
low rite of complications in highly mvopic clear lens
extractions | L3,8910], athers huve warned of significant
long-term risks of retinal complications despite prophy-
lactic reatment [39,40]. With chis in mind, other phakic
refractive modalities should be considered in extremely
high mvopes. If retractive lens exchange is performed in
these patients, extensive informed consent regarding the
long-term nisks for retinal complications should naturally
occur preoperatively,

Preoperative measurements

The most important assessment for successful mulifocal
tens use, other then patient seléction, involves precise
preoperanve measurements of axial length in addition w
accurate lens power caleoladons, Some pracritioners
think rhat immersion biometry is necessary for accurace
axtal lengeh derermination. However, applanation rech-
niques in combimacion with the Holladay 2 formula vield
aceurare and consistent resules with greacer patient con-
vemence and less rechnician time, A newer device now
avatlable, the Zess 1OLMaseer, 15 a combined biometry
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instroment for non-contaet opical measurements of axial
lengeh, corneal curvature, and anterior chamber depth
thut wields extremely accurate and efficient measure-
ments with mimmal parienr ineconvenience. he axal
lengeh measurement is based on an interference-optical
method eérmed partial coherence interferomenry and
measurements are clairmed o be compatible wich acous-
tic immersion measurements and accurate to within 30
pim Regardless of the sechmgue being used o measure
axial lenpth, v is important that the surgeon use the
Bicnetry thin he or she feels yields the most consistent
angd acvurire resule,

When determining lens power calculations, the Holladay
2 formula tikes into account dispanities in antenor seg-
rment and axitl lengths e adding the white-to-white cor-
neal duwmerer il lens chickness into the forpula. Ad-
dien of these varables helps predicr the exact posinon
ol che 100, the eveand has improved refractive pre-
dictabilivy, The SRK T formuola can be used as a final
checl an the lens power assessanent; and, for eves with
<22 oom of axinl lengeh, the Hotfer 3 formula should be
el for compuriive parposes,

Surgical technique

Pl mlifoeu] Aruy works best when the final postop-
erative refraction has less than one dioprer of astigm-
cisnm, Tn ik, ths, very impartne that incision conseruction
e appropriace with respect to stee and locaton, A clear
corneal incision ar the temporal peniphery thar 15 3 mm
or less in width and 2 mm long 15 highly recommend-
il [41), The surgeon must also be able o vse one of
the muny modalicies tor addressing preoperative astg-
matisn. Although both T and arcuate Kenitotomies at
the T-mm optical zone can be used, there 15 an inereas-
ing trend favaring G600-pm deep limbal relaxing incisions
for the reduction or elimination of preexisting astigma-
s [42,43),

In preparation for phacoemulsification, hvdrodelinearion
and cortical cleaving hydrodissection are importane be-
cause thev faciliture lens disassembly and complete cor-
tical eleanup [44). Complete and fastidions corrical
cleanup will hopefully reduce the imcidence of posterior
capsule opacification whose presence, even in very small
amounts, will inordinately degrade the visual acwmey 1n
Arrav putients, Tt 1s becavse of this phenomena thar pa-
tients implanted with Armav lenses will require YAG laser
posterior capsulotomies earlier than patents implanted
with monofocal 10Ls,

Complications management

When intraoperative complications develop they must
be handled precisely and appropriately. In sicuations in
which the first eye has already had an Armav implanted,
complications management must be dircered toward
finding any possible means of implantng an Array o the

second eve. Under most circumsminees, capsule ruprure
will sall allow for implantation of an Areay as long as
there 15 an intace capsulorrhexis. Under these citeum-
stances, the lens haprcs are implanted in che suleus and
the optc 15 profapsed posteriorly through the anterwor
capsulorrhexis. This s facilicated by a capsulorrhexis tha
is slightly smaller than the diameter-of the opeic to cap-
ture the opc in essentially an "m-the-hag” location.

It is important to avoid iris crooma since the pupil sise
andd shape may impace the visual Funceion of a multifocal
1O postoperatively. IF the pupil is less chan 2.3 mm,
there may be an impairment of near visual acoiey dug o
the location of the rings serving near visual acuiry, For
panients with small postoperative pupil diametrers affece-
ing near viston, 4 mydriate pupilloplasty can be sugcess-
fully performed with che Argon laser [45]0 Enlargement
of the pupil will expose the near dominane nngs of the
mudtifocal 1O, and restore near vision in most paricnis.

Postoperative course

If parients are unduly bothered by phone phenomena
stch as halos amd glare, these semproms can be wlleviaied
by variows technigques, Weak pilocarpine ar o concentra-
tion of 1A% or weaker will conscrice the pupil oo -
armeter that will usually lessen the severiey of halos wich-
out significantly effecting near visual acuiry, Simikacly,
brimonicine wreerare ophthalmic solugon 0L.2% (Alpha-
wan) has been shown to reduce pupil size under scotopic
conditions [46¢| and can also be administered inoan ar-
tempt o reduce halo and glare symproms, Another ap-
proach involves the use of over-minused spectackes to
push the sceondury focal point behind the reting and
thus lessen the effect of image blur from mulople imoges
in frome of the recina [47]. Polanzed lenses have also heen
found to be helpful in reducing phote phenomend. Per-
haps the most imporent technigue is che implaneation of
hilarernl Arrov lenses as close in time as possible oo allow
patients the ability o use the lenses rogether, which
appears o allow for improved binocolar dissance and
near vision compared with monocular acuity, Finally,
maost patients report that halos improve or disappear wich
the passage of several weeks to monchs.

Conclusions

Thanks o the soccesses of the excimer laser. refracnve
surgery is increasing in populaticy throughour the warld.
Comeal refractive surgery, however, has its limitadions
Patents with severe degrees of myvopw and hvperopia
are poor candidares For exeimier laser surgery, and pres-
byvopes must contend with reading glasses of monovision
1o address their near visual needs. The rapid recovery
and astgmatically neweral incisions currencly being used
for modern cataraet surgery have allowed this procedure
to be used wirh greater predictahility for refractive lens
exchanges in patients who are otherwise noc suffering
from visually stzmificant cataraces.
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Sucecessful integration of refracoive lens exchanges into
rhe general ophthalmolomst's practice 1s faicly straight-
torward because most surgeons are currentdy performing
small incision cataract surgery for their cataraer panents.
Alchowph anv stvle of foldable irrocular lens can be
used Tor lens exchanges, mulifocal intraocular lenses
currently offer the best oprion for addressing hoth the
climination of refractive errars and preshyapa. Refrae-
tive lens exclunee with mulcifocal lens technology is not
for every patent considering refractive surgery bur does
offer substancial benelits especially in high hyperopes,
preshyopes, and patients with borderline or soon o be
chnieally significant vataracts who are requesting refric-
T surpraery,
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