10

15

20

25

30

TORI C LENSES ALI GNVENT USI NG PRE- OPERATI VE | MAGES
CROSS- REFERENCE TO RELATED APPLI CATI ONS 5 Th«|' s
application clains priority under 35 U S.C. 119 to
U.S. Provisional Patent Application No. 60/955, 528,
filed August 13, 2007, the entire contents of which
are incorporated herein by reference. 10TECHNI CAL
FI ELD OF JILL | NVENTI ON ~ The present : nvelntl on
rel ates o, ;t.he i ' Q ar | enses
(10L), and, %?@gggrﬁlmﬁ%%%%@%ﬁ%ws
for determ ning placenent and orient ?}\ll\/grlllT?fO\lan
i mpl anted | ND OF THE '

he %;'RP#Er

The human e FESTORELATER APPLEGATIQNS

provide vision by transmtting light through a clear
outer pqrtion called the cornea, and focusing the_ _
i mage by HSApPimateheaxy peagtyswde 35 RES Lof 11940 Uh8rovisional Patent

qu ajlkb%h}éatﬁfn N 6oH9E e Hieckt R Gt qg,%@ g,stheoéﬁti{l&%}ﬁteﬁtg S ohich are
'n Cingoql)g]rgied herein by reference.

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to the fieid of intraocular lenses (I0L),
and, more particularly, to methods and systems for determining placement and orentation

‘of an implanted IOL.
BACKGROUND OF THE INVENTION

The human eye in its simplest terms functions to provide vision by transmitting
hght through a clear outer pbrﬁon calied the cornes, and focusmg the image by way of the
lens onto the retina. The quality of the focused image depends on many factors including
the size and shape of the eye, and the transparency of the cornea and lens,

When age or disease causes the lens 1o become less transparent, vision
deteriorates because of the diminished light which can be fransmitted to the retina, Thas
deficiency in the lens of the eye is medically known as a cataract. An accepted treatment
for this condition is surgical removal of the lens and replacement of the lens function by’

an artificial intraocular lens (IOL).

In the United States, the majority of cataractous ienses are removed by a surgical
techmique calied phacoemulsification. During this procedure, a thin phacoemulsification
cutiing tip is inserted into the discased lens and vibrated ultrasonically. The vibrating



the size and shape of the eye, and the transparency
of the cornea and | ens. When age or di sease
causes the lens to becone |ess transparent, vision
deteri orates because of the dimnished |ight which
can be transnmitted to the retina. This 25 deficiency
inthe lens of the eye is nedically known as a
cataract. An accepted treatnent for this condition is
surgi.cal. remgpval of the |lens and repl acenent of the
erfE™Pg AR fifksiienyr apulsies the khaso thaithedemuhayrbel sepitated out of the eye,
( 10ttp) diseased I i fates. .the majority
of catarag%%ﬁ%0?%ﬁ§%éa§?%m#%§%y§Em€§§§“@ i ca

30t echni que cal | ed phacoenul sification_ During this

procedu [ hacoenul sification cutting tipis
“insert egﬁf %it%%ﬁgog?%gg@ d" e HEPORFY Wioﬁéﬁ‘éénme the best possible
ul tvrseegofer palidny's viitte catisBetat I0TEntiGe thERGs thoP a! Jo88LdaBisi Process
or nqiééflqg t he qug Q that the lens may be
aspl T at et oub BT Wat B VL rReraihsrissst aod wimted g the cye,
renoved, is replaced by an artificial |ens.
The placenment of an 1OL is very inmportant in order to
ensure the best possible 5vision for patient's with
cataracts. Otentines there is not a good feedback
process during surgery to ensure that the 1OL is
properly placed and oriented within the eye.



SUMVARY OF THE | NVENTI ON Enbodi nents of the
present disclosure provide a system and net hod
operable to provide for the proper selection and
centering of an intraocular lens (TOL) that
substantially addresses the above identified needs.

An i mage of an eye, i C E § uring
pre-operative testssﬁﬁ@wgﬁgaéﬁ gEﬁnggbﬁ ram
operable to cal culate the power and axis orientation
of the IO, is used to deternmne a location and

or i ent atEmpodyperihel thepresent giclesaiegrrvidis eieomsng msthed ogerable to
for el fr Rlii/é;BFJﬂey sa@a{ogﬁ %ﬂ?c&% rére ifiQo@farl fhs (IOL) that

within the e | a first dspect, there is

pr osibdeohially mddrtisds the mbejeridentifiechgeeds. plraiorage of agygyed evhich may be
useful tp.facilitate pla fan | ocul .

(+ cipbpalBE e bR LAE S Houfiba B BRBLROGHIRC b ¥UiBulate the
ass poewvataad axis diengatior pethie HOWNE oted amddt@ininesa lbeatibe and orientation of

I mpl,ang.ed; capturing, i.ncision_location information . .
et PP AR PSR S o i HOasE ShERG A priontng an
t hel@Y eithih Biegd an 1 OL is to be inplanted; providing

the information to an I OL cal cul ati ng software

program operable to cal culate a | ocati on and )

ori ent at ITon Bt gsmect dierquis Biovided e wgihod fRE sgRarating # mipcement

th i ' '
ik R kG A

pl acengiding chsteriag infoinsaRnansdcimgiew ol ab bee mywehich an IOL is to be
gener gt ed based.on .t he preoperatiyve informatjqgn. ) :
in 31113@&6% caplping ,m‘leﬂé'Peﬁ%“gﬁ‘B’r ERHIOR 78S hlaﬁmfe&r astigmatism
9e NG R8n 3sBLARRNRRN tHEWyEen URRhUh 100, £36 bl ihafated; providing
pl acenent of an intraocul ar | ens 004 the nethod
contheiisfompatigupt anilfg calddatimat sabiwans porgran egperablchtoagnlculate a

eye, in.which an IO is.t e i.nplanted; capturin _

o1 sliiie 1 o SO R 6 and BBt e plpoement
t heg @& opdtaMBitE Bssidt ol fegdoB ih Pledhg tiBTONtH#kin the eye, wherein the
capturing-induced astigmati sminformation associ at ed

wi t plagdneengamidencoipbasesaan imagd of thy bee igppiralad dysed on the pre-
provkgaﬂgiﬁg%naﬂ&prnation to an I CL cal cul ating

sof thar e program operable to calculate a | ocation and

orientation of the IOL within the eye; calcul ating

‘the location and orientation of the | M thin the

ye: | andngorspat aser At ioRofidsd Mo B ePaflehEg placement
assyfillc AsGMI @& Fcilitatd phekmentt B ah Chtr¥ichihir NeAN EICEYE the method
wherein the placenent guide conprises an jnmage of )

t hecasynaisiiun capividee bde@intion astvsiagndevighat gyq ipgvhich an IOL is to be
i nf ] . [ - thir e LS. .
B2 e e SRR ARy b e with e
f acinl whigh @niCAC&NMNbe Ghplaftcd Nédpaniigadudednstifklism information
conprising: at |east one_jnput Bort operable to .

r ecPYBateq AYiEr Hag YR Bs¥BKhatedOh ShicaRe efwlantedinpreriding the
an ; [ be. irppl - pl.ap LGS i
nrbrbliof G0 0 10F, 2LaMinP BRRES, bIYEHE) MhoHRF K| Hleutate o
i s lbcathe andpdraantaicn aithei I0duw@tlinagiei qyaptalswhating the location and

i nformation _as iated with the eye in which an

| o GO il B B3 £ 8P G BU RGNS Hcrmeht 2hide oporable
as s9GkaliedufROR LY phetBRlRIIO0 wilkéh BE Y& aderQR e flient guide
port, the processing nodul e operable to execute an

| OL cal cul ati ng software program operable to:

calculate a |l ocation and orientation of the ICL

wthin the eye from the information associated with

an eye in which an IOL is to be inplanted; the

pl anned i ncision | ocation informati on associated with

the eye in which an I1OL is to be inplanted; and the

i nduced astigmatisminformation; and generate a

pl acenent gui de operable to assist a surgeon in

placing the 1CL within the eye, wherein the placenent
gui de conprises an inmage of the eye generated based




5acconpanying drawi ngs in which |like reference

nuneral s indicate |ike features and wherein: FIG 1
depicts selected tissues of the eye; 10FIG 2 depicts
various inputs which nmay be used by an I CL

cal cul ating conputer programto cal cul ate the power

of .a "tone lens," and the |ocation and axis

orientation of that 10L | ens used to replace |ens ]

t i sewepnisics A imzapefithe exccasneratrd dagadtan thabdeneeiive igfprmation.
the present invention; 15FIGs. 3, 4 and 5 present
different ways in which information may be used to

gener at elnph dbiedrespecty thefesis imoddebp d@ne eemprdh console operable to

F T NI AT L ——
an pék opdRatiié EVFRBNE SinvdrintiSiThadLiaRA tthodn &ean prigaest IOL is to
| nvlsenth;lglgﬁteg;nglérzlged incision location information associated with the eye in
Which an [OL is to be implanted; and induced astigmétisni information associated
with the eve in which an IOL is to be implanted; a processing module and
associated memory coupled to the at least one input port, the processing module
operable to execute an IOL calculating software program operable to: calculate a
location and orientation of the IOL With_in the eye from: the information associated
with an eye in which an IOL is to be implanted; the planned incision location -
information associated with the eye in which an IOL is to be implanted; and the
induced astigmatism information; and generate a placement guide operable to

assist a surgeon in placing the IOL within the eye, wherein the placement guidé

comprises an image of the eye generated based on the pre-operative information.
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FIG 7 provides a logic flow diagramin accordance
W th enbodi nents to the present invention of a
process operable to place an IOL within an eye.
DESCRI PTI ON OF THE | NVENTI ON Preferred

enbodi nents of the present invention are illustrated
in‘the FIGs., like nunerals being used to refer to
i ke and corresponding parts of the various draw ngs
5. Enbodi nents of the present invention

~ substantial| y JRHISBESGRUADEM OFJEHE DRASHIMESds as

wel | as others. Intraocular Lenses (I0L) have opened
new possibilities for treating cataractous |enses
vvhl ch aF@T ¥ BBVl endstsagiiing|of tiecheegUsveriifiand the advantages

nce r.eno repl aced py an
art ? I Ci a% Iﬂee,nlggl ‘%F%%%F“ Q{/‘f’ g‘f’n(? %)‘f FWP?PQWEW conjunction with the
pr ecwethpreyik) depandSn griaet e Qbfeich® RIReRMS iR Gie fo s and
orl%ntatlon of the IQL. FIG 1 depicts selecte
ti SSuss of eye 10. These include the iris, pupil,
cornea and | ens whi ch, when cataractous, may be
rem)ved]élad repl aced with an 10L. The pI acenent of an

IOl is e JeRIGR s tisuss pffbe st possi bl e vi si on

for the patient. 15 FIG 2 depicts various

|nputs whi ch may be used by a conputer program |0L :
cal cul a¥'5ng dpriery vemad Zputsovigel may B wsed beapINesal@fiatag computer

t (Y) c l [s) ! d tal f
B 5 25 TR, 2 BB 10 i o

10ﬂlafl'K§s &ni npdtis riphet e tpue +aper ki Bccb@BahR with éiﬁ%‘aunents of

toth%%treesén mvenéorﬂe center of the eye, video or digital

Fl3s. 3, 4 and 5 present different ways in which mformation may be used to

generate placement guides in accordance with embodiments of the present mvention;

FIG. 6 depicts a system operable to facilitate placement of an IOL m accordance

with embodiments of the present invention; and

FIG. 7 provides a logic flow diagram in accordaﬁce with embodiments to the

present mvention of a process operable to place an IOL within an eye.
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20 caneras 24 used to produce eye inmages with sclera
vessel s, and cornea topographer 26. Incision |ocation
i nformati on and surgically induced astignatism
information 28, and white-to-white dinension 30 are
al so provided. The neasured data along with these
representations of the eye along with incision

| ocation informati on may be used by program 32 In one
enbodi nent, [ COL cal cul ation program 32 may be Al con's
"toric 25 cal cul atRESCRIPAIONORE TSR INENTIGN deskt op
conputer or cataract renoval console such as Alcon's
"Infiniti Vision System" The i mage of the eye

capt ur e@refergédggnum;ﬁm@?eafahé pﬁsdnemw&;ﬁaﬁwrdaﬁlus@t@agqﬁe FIGs., like
into rovi.de 0 of tware_ program 32. Know ng the.
cen?@e%a?b%usa E)rf%fie PRA ORSHCRdIRE Par of the aangus degwings.
centering and alignnment of an IOL. FIGs. 3, 4 and 5

di scuss different ways in which this information may

be used Erptpdinens of thgpresmt yyprsiopsalepianiinlbraddeeps teabpteidentified
an QUEPHL ws a gi It | e 0 it

39 THADU waNe ot FATRaSeblaL O Bl el LSSt fo
sur geange cappctous| nsoswiicls e gemved by k efrgicginesbnighe Thodgeased lens,
and ri St sels.therein.to | ocat he
inc?%%g%gga %r.%%?¥$ﬁ€% n?%1%$bgg§§r§%¥m?%@TﬁfggmFm”“MR

des dapelalrraatipbhée ppossind btd drenfatisn dtawe H0acat i on and
orientation information may be applied. Again
sof tware program 32 produces or outputs orientation

and | ocalIGON dépidtOsdiRtdGRsucd Bf yBh 8. BhABOLLWAE 1BMALLAN comea and
and_l ocation information may be Erlnted on a

t r alfSpYPERITR CERRAPSAHIE Ao FrEpYedrer denizced wEhemERL.| Breplacement
N B £08BSs Sy EhbSndhRAE: 8 gL LABIRA G TR o1 1 &l

may be overlai'd by the surge y on
patients eye to match 15the characteristics of the
e |CL.may then b

g:tnlt gPte Igg dr,é%{cgltvg%agr 8}%}%%? W Oc;]}ar;%el?esusgﬁ b%r%/?ecomputsr %rogram, ioL

t r angpaaten torordng B.atb .calculate the power of a toric lens, and the location and axis
orientation of that IOL lens used to replace lens tissue within eye 10. These inputs
include pre-operative tests 22 used to determine the center of the eye, video or digital
cameras 24 nsed to prpdﬁce eye images with sclera vessels, and cornez {opographer 26.
Incision location information and surgically induced astigmatism information 28, and
white-te-white dimension 30 are also provided. The measured data along with these
representations of the eye along with incision location information may be used by
program 32. In one embodiment, IOL calculation program 32 may be Alcon's "toric
caiculator” that is executed on a deskiop computer or cataract removal console such as
Alcon's “Infiniti Vision System.” The image of the sye captured during pre-operative
tests may be uploaded into (provided to) software program 32.

These inputs are used by IOL calculating program 32 to produce an image or like

representation of the eye with the location and orientation axis of the IOL identified.
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A third process is depicted in FIG 5. Here software
program 32 provides an el ectroni c output which may be
upl oaded on a | ens renoval console 42. The consol e
may 20 receive video froman optical mcroscope

whi ch recogni zes vessel s and overlays live optica
vi'deo images in process 44 to previously upl oaded
pre-operative inmages. The video information nay then

be,used to advi t he. surgeon in how to rotate _and_

ol SR BTt oSG o s Yo ooy 15t Biopsemsecnd glgnment
f asfiahidlat e pl acement of an 10L. System 60 incl udes '
Cor neal topographer 62 equipped with a digital canera
64 to produce a surface profile and i mage of eye 10

that i pedudes wessediss &ﬁer%ﬂewagg !iiﬁfllﬁclktﬁlist' oﬁégdo%{%aé bg ]psed. In

sggarate camera 66 can be used to take the pic
paltiPehBokwiy proppam By forondet dreouttp) curhagsheesimbR rednted gicture in

W L NG .81 3t s ' ced. astjamtism.are
e 25 B0 RT3 s s
t orferentecths irpapd apé ehagacicsisiar veendsathérain fo Toste fHeAHHAA G@lbrient the

e%ﬁgg oqﬁggg web, on-an office PC, or on the

;
cataratt rendval console such as the Infiniti Vision
System (Al con). The imge of the eye captured during

pr eope ive test 68 at the sane tinme when topography
was pe%ﬁ% r‘dﬁgﬁme‘ﬁ’f angthgr é’&ﬁbﬂﬂtﬁ PTHOvSIgpAkop 4pq eyygntation information
OrhGieabpi, Aginkihadesbert 82 bREnGRIPo LRI andiNfad Tocation
output I's the imge of the eyeewith the ‘axis

oVErptgn. |ip tins mgfanee priswttibh endiwaticabeforhiten ety inted on a

Ofrdhlifireiy Gl PR AT L TROE oIONGYET, deberdl ned.

duri ng t%eappeope?a | gmﬁ@%?g@n %gﬂ%é%?%?ﬁ%gét s dgjge on the

| srarspeont matridionaydreapedaid gy the simagorofirebiGl on the patient's eye to match

The i;mage .of t? e 0O with the vessel s, overlaid

ot B g R sp of e TGt it M TR e it 60 ey i be cemtred

eyd idatedis Rt ma%erd PR ARERn! MBeriAr F ow can then be

used in three ways

A third process is depicied in FIG. 5. Here sofiware program 32 provides an

electronic output which may be uploaded on a lens removal console 42. The console may
receive video from an optical microscope which recogmizes vessels and overlays five
optical video images in process 44 to previously uploaded pre-operative images. The
video information may then be used to advise the surgeon in how to rotate and place the
10L.

FIG. & depicts a system operable to facilitate placement of an IOL. System 60
inclides Corneal topographer 62 equipped with 2 digital carnera 64 to produce a surface
profile and image of eye 10 that includes vessels in the sclera. Alternatively a separate
camera 66 can be used to take the picture of patient’s eye 10. Data from the topographer 62
along with incision location and induced astigmatism are input into program 32 to calculate

power of the toric lens and the axis orientation. The program can reside on the web, on an
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10t o generate reference diagrans as described in FIG&&

3-5. : Enbodi nents of the present invention may

t ake advantage of conputer |Inage anal ysis of digital

i mages of the eye taken during a pmsurgery session

and again during the surgical procedure to register

the eye, and a mcroscope adapted with a heads-up

di splay 15(HUD) to provide the surgeon with visual
feeg%;ack to help orient visually the 1O during the

i nOEKATAE PO (BF 6eeraeiremoval consolpisyibtaathe Infigje Vasiad §ysiem (Alcon).
al rgusnae t Sl Aken gsgr e _pre-surogery .
session E’Jle;gg&%g%e%? t opogr ph%?gpe%%wf gbsl?lﬁlgt%t same fime when
s efwpegrply Wi @oi@usd.opta Badt icharsant eriestdiesatiohni uplded inio the

select f—l QL cylinder power is .pade on the basis

of S%ger%e 'tT(}lﬁ %P&%ﬁ)’heﬁﬁjﬁgg?ﬁ%ﬁ%“@wlq ovgdaid g plso possible
an&t Givelcthaeasiinre e ks onf of Mie: 63t irSdde NhA%veY &tdrBROS Ririne the
and anteri or anber gﬁgt h. As part of the topography =

me SS U EHE R 5o NG CTET 05 s Seais trmortaptyie pEvper eeatiringeor JOL.
captured with a canera incorporated into the

t opogr aﬁrhe_r and situated at a known position and

or i ent aticdmess ¥fith expdority Be vhwels puerimdisttappoiprod iiteric lens and
MegUER {1; t_precise - i ng" '
o e e B PEAL Akl S, S ship orl iRk 3 BTG aERgoree ware
e lesEsRe A Mferenns dirgrammde described in FIGhe-5canera, canera

optics, canera electronics and eye illum nation

system can be chosen to all ow vi deo snapshots of the

eye to Kmbddahans sf thsl gressotstation kdy ke 3R5L0R0IBRIAIGer Image
rre?qs#r%nﬁglt. gjt 0o pr e%/tgnt eye notion artifacts) and to
pef P8 (Jeagst o the eye taken during a pre-surgery session and again during the

surgical procedure to register the eye, and a microscope adapted with 2 heads-up display

(HUD)} to provide the surgeon with visual feedback to help orient visually the IOL during

the implantation procedue.

Digital image analysis allows measurements taken during the pre-surgery session
by a comeal topographer to facilitate selecting the IOL's optical characteristics. The
selection of IOL cylinder power i1s made on the basis of comneal topography
measurements as well as other anatomic measurements of the eye, such as cye length and
anterior chamber depth. As part of the topography measuremnent, 2 video snapshot of the
eye can be captured with a camera incorporated into the topographer and situated at a
known position and orientation with respect to the eye and topographic measurement

apparatus such that precise "mapping” of the snapshot of the eye to the corneal topography

measurement can be made.

The camera, camera optics, camera electromics and eye illumination system can be
chosen to aliow video snapshots of the eye to be taken simultancously with the

topographic measwement (to prevent eye motion artifacts) and to permit an mage of
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sufficient contrast, resolution and field of viewto
allow clear visibility of scleral blood vessels and
ot her eye features such as the Enbus. First, the

i mage can be sinply printed out and posted in front
of the surgeon 5 during the surgery. The surgeon can:
then reference characteristic vessels to position an
i ncision appropriately and to orient the 1OL relative
to the.sclera' blood vessels. This may obviate the
neetfEQ™ (oGl TeaywioRamk ifisl ofi Yo & elidvaplpienisibility of scleral blood
LY Pv&adid dhd@eRLeyeTedulEs REL A th@fifpnPUt W T 1ikely
provide rather Timted accuracy. Pre-operative

bi ometry information along with the eye's inmage is

I nput 1 ng. the: i | gul ates _optinmumto

ons. and pRE SRS LRE R MLSD PRl b WS OB AR 37 e surgeon
t he dimmegtbe efrgtrheTiwyargens lcudibey réthenst @g@a‘rﬂﬁﬂdﬁﬁ vadéls fo position an
| ocatjon of the.incisiaon . ca e printed out on a

tr aRebRR ey Pl 8 e SRl el S i el wresss. This may
conbbdite kensed foNmandesyetirissakeh b N@ iR aeyPeARRIhYin the prior art,
the "white-to-white" dinension input into the program

15 PY OJEF PR deqAben Tgpeed 2GCUTRAY| B toBRraR YRt oTagtey ation along
and wathitig dyed izﬁ%@ri ' l i - ; i
printed pg?the eﬁ%bﬂﬁ%gﬁ%?ﬁglca?%%ﬁﬁ?%g%%%%%&%?1?ﬁ%kmsMM1E
axi SuengiongyBifpre, 3 dots in the peripheral part of

the optic may be used to indicate the axis. After the

lens is placed and approximately oriented, the

t r anspar 8wond ltizsiriage pSthe vwrindiding thetsheep eyie amiideation of the incision
ori%géggirne naéch vessel%. Then the Hens is centered

and “8F TEREES 60T hEFTSPRET RIEFLC, g R Euptn RAsHESCin &F ppnaict lens. Tn
superdepOseid i itdagd ROp@Xi fre Phvhild- RO0wWRIR" [ihR-nBbASpliCinto the program
wth the |l ens superinposed with the "center" printed

on thasehy Thertpre lens 1s myphefeddptortae Rrdendsriented pserdmetly. There is a

i miq:%ttﬁfx pﬁﬂ:@d &Y %eV\Iieﬂsjl"v‘rﬁi@ﬁ m\éfc%h%g!&i%mﬁgé 53 t}%;}%ir%pfﬁteg?{gﬂmple, 3 dots in

onto the | ens renoval consol e. I mage

sur gheepriphérelrmas g e dptic traxrbsfueed wondicate the axis. Afier the lens is placed

and approximately oriented, the transparent plastic 1s overlaid on the eye and oriented to
match vessels. Then the lens is centered and oriented so that the axis marked on the lens
is supertmposed with the axis printed on the plastic with the lens superimposed with the.
“center" printed on the plastic.

Another method is to upload the image of the eye with the vessels, axis and center
onto the lens removal console. An image from the surgical microscops is transferred to
the console as well and compared with the uploaded image. Sclera vessels serve as
landmarks to overlay the two images. Lens orientation is determined by locating the
distingnishing features on the lens. The surgeon is presented with the captured image of the
eye on the screen of the console and advised visually and/or through voice confirmation
where to move and/or rotate the lcns; There are other advantages in having the eye image

and biometry information input into the console. At the beginning of the procedure there
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-as well as t

25 the console as well and conpared with the upl oaded

i mge. Sclera vessels serve as |andmarks to overl ay

the two images. Lens orientation is deternm ned by

| ocating the distinguishing features on the |ens. The
surgeon is presented with the captured i mage of the

eye on the screen of the console and advi sed visually
and/or throwill voice confirmtion where to nove

and/or rotate the | ens There are other advantages in
havemge taheepeye temageold GandoREHAE B YerdeEQ! TR AR BRHE surocon
into“gnhe console. At the beginning of the procedure ®

t hdY' &8 ' FRemsde ks FymeHor M iplmaeion on grcispamoviddi ¥ighe location or
S U AR 8 e ah s I i - af | t

Whg"ra e to rrak% lgﬁ]ngl?r?gag?g% %éf?fd in %#Hﬁa%sggﬁﬁg)h%aﬁg?%? glﬁ console
wi dt Realyze pelsatisl ghifferernes by repdmitnbnded ek eelkgtion sihdior Bh€ orientation.
al trer.ed ; j t.] n_be.i.nput back. i.nto

e s ale s AeoPpIbE L O FA el Bhnags i o onded on the
r ecomriended chmnk sel Aot boauinped oith |aciscods reaérabl Ofler squipment

5 ' e i acco ished .if the 10O

c al-gjg‘bl'ﬁ?nﬁ o%ﬁpaﬁlgég%\irﬁ%?%ﬁ%ogt?ﬁdg@&@ B STEHE Gitebe spapmed so that
cotisgbmsolbam albie dieckabiibREadwitii 1 wall Rahe RdesdLeader

or other equi pnment tacking system and the IO and

tools (e.g., knife) used in surgery can be scanned so

that thEGeonseliges anodoubl Ciishark LN S N 16,

h%g I gns-%’el ection. 13%%%%&739%%5?%5;%%&“5 to the
| o§FE IFFRRHITaRYr B BioCess apeelrid mplacanint ¥ Lewhibidi amenyt. s Operations 70
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wef YL ciplapre nThia Ipkcaleulgionmediep 76 araeelculaterthy poyeer of the IOL as
upbereetle (REMH SADHAQ AL LR 6 LS b Qe oical emide
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| CPT Blacepsy swde miap b gomtdinintodhd it pastmtit f tief IOLheithin the eye.
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pl swwgave npayofeldréree | Chicwtd IdncHabetepiyters drbis tpliRGRMBE tncision and

guj y, be si npl hot ogr aph avail able to the

Su!r)rg%(t) F]rflaeslgnst. h%{tm?ﬁ ver? sﬁlﬁ.cg gﬁxﬁ%; et ke e domn of a transparent
pi mibsrigl, ant a€ BabaGtieiiicsd bes thd18fChRerkia hRCALE ﬁhﬁg information is
incision and orient the lens. Alternatively this

pl BREBTHT g Hrnreasaynaigied Thranspanmd plagemenhisdragae fus be overlaid

iedctifbn 1 e ) €0 li - c he e
MB&RYciPbn th8 Pefr@§ ofe HOAE 8ELeoRLAGRL QYL W eatcg%le\}gﬁsv{sﬁtéere. The

wherein placenent guide information I's prin
t r RS Y dbp pravantired andTated & spah entrkgd as el Binsgathd Gnateral,

ca e-qverlaid directl n the tient's eye by |
nareHS e of IR iRt ARetoat Bl o Gsa B Yo Bhe vide
t hiefematidne TES vidosinfomtatidienapee caphRi e AR6kolclt Ai€8cope and
to rra%ugtF marqu(s on the transparent material . '

A TEFREER 8| § eshimsralcennetle Wiirde DRespssing wP@des wifhio the lens
an@movadoadotk WebnizLald bl | ' el e
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ni B18Ec o edemea shvsoleadn resognireths lene mowial and @] e surgeon
wher ei n processing nodules within the | ens renoval

consol e recogni ze and match structures humthe
pl acenment guide to the live o
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30i mages. The |l ens renoval consol e can recogni ze the

| ens marks and advi se the surgeon on howto rotate

and place the lens. In Step 80 the 1OL is placed with

the aid of the surgical or placenent guide wherein

the placenent of the 10OL may al so be verified.

In summary, enbodi nents of the present invention

provi de for the proper selection and centering of an

intr cular | ens C%% An i mage of an eye, which nmay

be °8 YVJP éataf&mnﬂrpéaﬂpu e bﬁer@t&itmeii@ é@t@hmqb]q@&@mﬁl@f& aid of the

< I
or SR Ay BACERE R Byl B2 R oldlt KRR e

| ocation and or| entation of the 10L. This produces an

out put Qr h t can be used to
pr oper I{[} %@}ﬁ ‘ é ﬁﬁmg?]t% © SRy Reion H‘é’mé% Jor] ¢he proper
As S@ﬂ:eomﬁncemteagg oSk irﬂh'adcﬂial- bds BOL). Wah kmARRKEGE le?et Shick may be
%atmr substanti al | oxi mately", as” may
s e%‘[nﬁ‘érF‘&PﬁWB‘?f ec}é& ﬂélﬁ Hr%%éttw paweptoeetable to calculate the

t 0 besm AfEatiOoridnatieN b B RN 1G4 qu{efgrmxﬁy 3 18%tion and onentatmn of
%zﬁf‘y accept ed tol erance ranges fromless Phan

§ FEEher rardmes isnigls peh s Eteoxsedjmtpmp&ﬂy center
nOt{nddﬂaﬁ:&qOL%th&PﬂQQ ent val ues, 15 integrated
circuit process variations, tenperature variations,
rise and fall tlrres and/or t hermal noi se. As one of

aver age t 1, further preciate, the

term"” o%i?%ébky co k%[ é\% %VH{)@PH’E%” HB% &, “substantially” or

| ntApuesnattily e et muﬁl ﬂSﬁgh@ﬁﬂ, brBeiEsCa! mGAUPIabRBteY kerance 1o its
nponent, element, circuit, or nbdule where ‘

anot her
f of "1 Pg%gtte%uélup%ﬁ‘n PETY-FcERtHk Fﬂ}@glcé Gﬁmmexm less fhan one -
el paret 1o @Jeh@%e&oen@ﬁnd%@ép%g@soﬁsbxﬂ% 5‘1812:?&&1[ {o, c DROggt values,

information of a 20 signal but ma
| elpisETatad iy @rqcessetariagang/ r@mpg@mer Vdrmtmis nﬁsmnﬁn @fmes, and/or

aveERge skt | | oo ;al reciate,
inferr eéi]%%oupjlské ont ?.a%% er e 51?186 g‘@ﬁe’ﬁfm?r SPPBGEicede term

to O@PF@blmpuréerdé’r@nmm viself ke i) Gxﬁz)udbﬂ@ﬂ'ddﬂ@&p o B8 ind@BM coupling

[ nghraﬁ%erc%%gomr% etween two el eqents in the same

manner as “operabl ¥ CotpfEd®, ThBogHe TorTn e WgEecs kpupling, the -

i nmtmlmg tonpdrlent, aletlBfY citRA! @GhAuR dobifot hiRfd e information of a
%g%es favorabl y", as may be used hereln,

ESmEh AUy 1&90?115@?9 i, ptage davel werd/or paver éevel As one of

el £RRBY Sl il 88%: Wi
rel at| onshi p. For ('131%25% re&gtgen %QX{’J%%% @c‘f el he cloment is

r YoRPIED ﬁ%ﬁﬂoﬁmif glepisat b)gm@em@ce)]mﬁaéas alirgrieat eﬁauﬁ&giauﬁim@%etwecn

t haR Snan or ab| e co aris be achi eved
when t he magnl t&é}e ? “%rl Gy Eouaﬁga{%}‘/ ORhfrAveTseg skill in the
ofars Ingheﬂlrﬁ:&; cnppmbxeT& t]teetefmgrabﬁptd@s efosb@Maks Zial el 8SE nerein,
t

I'B&C&tf_gs%af% cor%i}g’l?sgn between two or more elements, items, signals, etc., provides 2

desired relationship. For example, when the desired relationship is that signal 1 has a
greater magnitude than signal 2, a favorable comparison may be achieved when the

magnitude of signal 1 is greater than that of signal 2 or when the magnitude of signal 2 is
less than that of signal 1.
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Al t hough the present invention is described in
detail, it should be understood that various changes,
substitutions and alterations can be nmade hereto

wi t hout departing fromthe spirit and scope of the
invention as described. CLAIMS '"Wat is clained is:
A nmethod for generating a placenent guide useful to
facilitate placement of an intraocular Iens (10N the
met hod risjng: . capturing information

associ atafugR i IE?F%V&"#“HOWAM deprriipd In@stalsit shpulsebe understood that
| MRlaARls@Finge2 B I G| I

and i nduce ggs:\s tﬂléﬁﬂrxrlg%ssﬁg |aﬁéflrg§br#t§? ?@?}é Igéhsec%% egc{ ‘g‘gﬂou? ? ?mg from
t héhespitt ppd WWWV@W@S descrfbedi npl ant ed;

providing the information to an 1 OL cal cul ati ng

sof tware program operable to calculate a |-ocation and
orientation of the IOL within the eye; and

generating the placenent guide operable to assist a
surgeon in placing the ICL within the eye, wherein

t he placenent gui de conprises an i mage of the eye
gener ated based on the pre-operative infornmation.

2. The method of claim1, further conprisi ng usi ng

t he pI acenent guide to verify

il



pl acement of the 1OL within the eye. 3. The
method of Cdaiml or 2, if wherein the infoimation
associated with the eye conprises a surface profile
and/ or i mage of the eye, wherein the image includes
vessels within the sclera. - 4. The nethod of

Claim3, wherein a corneal topagr er coupled to a

digital camera captures the su&gﬁigﬂbrofile and/ or
What jsridganed is: 5. The method of any one of the

precedi ng cl ains, wherein the placenent guide

cenpri ' :
O | APl KIBAE AL o LR OP A L PLEN: bhccnentof o
nmaithoch afle@nJObhehometlodicomptising: 4, wherei n the

pl acement _gui de co

ri ses.an i mage on trapsparent .
ERRETg I fomption SPGRiSH Wity ah SR And oS ¢ PofmplARed:
| B ifNn&8%n t&tibnformation and indd&d FRihRE sAfin fok@hidn
6, ‘wherein the image is located on a contact |ens
associetpd mathlthe ¢xe ineviptlaee O totbe implrnted;
providing the information to an IOL calculating software program operable to
calculate a location and orientation of the IOL within the eye; and
generating the placement guide operable to assist a surgeon in placing the IOL within
the eye, wherein the placement guide comprises an image of the eye geénerated based on the

pre-operative information.

2. The method of claim 1, further comprising using the placement guide to verify
placement of the TOL within the eye. "

3. The mettiod of Claim 1 or 2, if wherein the information associated with the eye
comprises a surface profile and/or image of the eye, wherein the image includes vessels

within the sclera.

4. The method of Claim 3, wherein a comeal topographer coupled to a digital

camera captuies the surface profile and/or image.

5. The method of any one of the preceding claims; wherein the placement guide

comprises an image that a surgeon may reference to position the incision and the IOL.

6. The method of any one of claims 1 to 4, wherein the placement guide
comprises an image on transparent material that a surgeon may reference to position the

incision and the TOL.

7. The method of Claim 6, wherein the image is located on a contact lens

operable to be placed on the eye.
12



8. The nethod of any one of the preceding clains,
wherein the placenent guide conprises a placenent
gui de i nage conbined with an image froma surgi cal
m croscope, within a |lens renoval console. 9.
The nethod of Claim8, wherein the |ens renoval '
console is operahle to advise the surgeon placing the
1 oL.8  10theamgod g Wrortj’e%ﬂ’ﬁtﬁ’rﬁ@dé{lgpﬂé’é%@ﬁﬁ% ithfo placement
; Q..fachd. lhac t -an AL r n :
o p s e R BUEARARE coRlbI R W AR TpRog sureical
massoepaatitiing tehs amaypecomolshi ch an |CL is to be
i npl ant ed; capturing planned incision |ocation
i nformati on associated with the eye in which an IOL
i's to be THPhaRbebr Claim 8, wheRld HeNead RHHEOconsole is operable to
astigmatisminformati on associated with the eye in
adwist e sangdo@pldcing the AL npl ant ed; provi ding the
information to an I QL cal cul ati ng software program
operable to calculate a | ocation and orientation of
the 1OL within the eye; calculating the |ocation and
orientation of the IOL within the eye; and generating
- the placenent guide operable to assist a surgeon in
placing the I CL : ' '
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within the eye, wherein the placenent guide conprises
an i mage of the eye generated based on the )
pre-operative information. 11. The nethod of C aim

10, further conprising: .provi di ng the surgeon

f eedback associated with the |ocation and orientation -
ofil01 he Al fakthwil fidr genthading y @lacamentysiidegustfub tpfasditate ptacement of an

gui de to verify p|ace t of the IOL within the eye.
Eltfa?ﬁ‘é‘aliﬂ@%(’}@)f&fll thad 9T ISPE:  wherein the

' @érlﬁﬁﬁﬁ?é fn@&n%ﬁ&ﬁ’ QLR AWt ar a% 18 Yhi HORPIOLSE %o Be implanted;
face profile and/or image of the eye, wherein trf)]
i nggeriiglbutdsneios éd@tion itimatios aswicmted with the eye iBwhich

The tho of. G aim 12, wherein a corneal topographer

an I0L 3191 bgd eddl gi tal caner al captures the surface
pﬁﬁftﬁﬁl?%—ﬁlﬂqééﬂr asliBRE8sm 1nf0rmat1031‘hfsso-51'h@edmﬁifﬂhﬂ1@ e9F ir®Wich an
one of the prece ing claims, wherein the placenent

IOLngﬁQllwem@&ﬂmmdl,ses an |mage that a surgeon may reference

nBreRBRG P8 )R Emelh Sordh 707 HiFuhly sfhus; piolgl Sherable 1o
calcnleadesrtioh agd bﬁent@@csrpdsmewamtmge 98 transparent
material that a surgeon may referenceto p05|t|onthe

i PP tadocatien prgl orientation of theslOLyithindbags: 8pd O ai m
o B ShE O b BRIc ot BRAB SN BB hATAChE R Tor

era
within the eye, wherem the placement guide comprises an image of the eye generated

based on the pre-operative information.

11. The method of Claim 10, further comprising:

providing the surgeon feedback associé,ted with the location and orientation of the
IOL within the eye; and

uéing the placement guide to verify placement of the IOL within the eye.

12. The method of Claim 10 or 11, wherein the information associated with the
eye comprises a surface profile and/or image of the eye, wherein the image includes vessels

- within the sclera.

13. The method of Claim 12, wherein a corneal topographer coupled to a

digital cameral captures the surface profile and/or image.

14. The method of any one of the preceding claims, wherein the placement guide

comprises an image that a surgeon may reference to position the incision and the IOL.

15. The method of any one of Claims 11 to 13, wherein the placément guide
comprises an image on transparent material that a surgeon may reference to position the

incision and the IOL.
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17. The method of any one of Clains 11 to 16, wherein
t he placenent gui de conprises a placenent guide inmage
conmbined with an inmage froma surgical - mcroscope,
within a |l ens renoval console. 18. The net hod
of Caim1l7, wherein the |lens renoval console is
operable to advise the surgeon pl acing the 10O

19. Ko-Len$he awied olclian|le. Bperesbite iAer d Jocrigd o a contact lens
oRAAREIAN pRleath dpbf@ocul ar Tons (1QL), conpri sing:
a

east ‘one input port operable to receive:
infounat|on associated with an eye in which an IOL is

to b t d
o be el e LIS OB e
odrﬁ'pﬁs@s Q?ldc%leﬁ"ﬁtﬁ@e tn?%,‘é{ combmed wiROMERchRHdnY g@fﬁﬂgﬁﬂl Imcroscope

i nformati on assocl a the eye in which an
withintad efpreremophlagvnede. a processi ng nodul e and

associ ated nmenory coupled to the at | east one input

port, the processing nodul e operable to execute an

I OL pal culigd mBthoIUFIMRRE 1 P Wikraim tRe Bind ReBotad console is operable to

calculate a location and orientation of the |COL
adyisebqsurgronegfecing theilOL.  t he i nformation associ at ed

with an eye in -which an I1OL is to be inplanted; the

pl anned i ncision |location information associated with

the eye in which an IOL is to be inplanted; and
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t he i nduced astigmati sminformation; and generate a

pl acenment gui de operable to assist a surgeon in

placing the 1OL within the eye, wherein the placenent

gui de conprises an inmage of the eye generated based

on the preoperative information. 20. The Lens
renoval - console of O aim19, wherein a Corneal :

t opographer coupled to di gi.tal -caneral captures the

| niSr math Sfnsasiaheerols epTEhie t%%@ﬁ@ Riffeshof A Mtraocular

lmmg?ﬁg%ﬁghkggngonprises vessels within the sclera.

ens” renoval console of Caim19 or 20,
whet keast ohhénppl pet opeareblgtie deenenpri ses: an i nage t hat

a surgeon. may.reference tao positi.on the ingcisio nd R
the | OL dnlormation SROSHER i@ eyl ‘B BICk aif il 1§ Bnge mplanted;
that a $unAePhdiBh (RhBSEREBERiRORLIHAB Wi thBek8ii®hich an

and the | O_; and/or o a pl acenent gui de i mage
cofLneth bwiintplanted; ande from a surgical m croscope,

within the |ens. rempval .console. 22. The ns. renoy.al N
consol o ReabitighBUEH ThionRAReh Gspf ] VBl &yd SR an 0L is
| ensbé BAR¥@kd;consol e is operable to advise the

surgeon placing the 0L, .
a processing module and associated memory coupled to the at least one input port,

the processing module operable to execute an IOL calculating software program operable

to:

calculate a location and orientation of the IOL within the eve from:

the information associated with an eye in ‘which an IOL is to be implanted;

the planned incision location information associated with the eye in which
an 10L is to be implanted; and

the induced astigmatism information; and generate a placement guidé
operable to assist a surgeon in placing the IOL within the eye, wherein the
placement guide comprises an image of the eye generated based on the pre-

operative information.

20. ° The Lens removal console of Claim 19, wherein a Comeal topographer

coupled to a digital cameral captures the information associated with the eye and wherein

the information comprises vessels within the sclera.

21. The Lens removal console of Claim 19 or 20, wherein the placement guide

comprises:

an image that a surgeon may reference to position the incision and the 10L;

an image located on a contact lens that a surgeon may reference to position the

incision and the IOL; and/or
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a placement guide image combined with an image from a surgical microscope,

within the lens removal console.

22.  The Lens removal console of any one of claims 19 to 21, wherein the lens

removal console is operable to advise the surgéon placing the IOL.
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