TORIC LENSES ALIGNMENT USING PRE-OPERATIVE IMAGES
CROSS-REFERENCE TO RELATED APPLICATIONS 5 This application
claims 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. 10 TECHNICAL FIELD OF THE
INVENTION The present invention relates generally to the field of
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for determining placement and orientation of an implanted IO!_. 15
BACKGROUND OF THE INVENTION The human eye in its simplest
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outer portion called the cornea, and focusing the image by way of the 20

lens onto the retina. The quality of the focused image depends on many
factors inclikieprifretsinelams shapty ohdbe3éyié Sahd the tranSpprendymaf Patent
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is medically known as a cataract. An accepted treatment for this condition

s surical removal of g e SRESSBFRLS) IE ORREIon

The present imvention relates generally to the field of intraccuiar lenses (101},

and, more particularly, to methods and systems for determining placement and orientation

of an implanted IOL.

BACKGROUND OF THE INVENTION

The human eye in its simplest terms functions to provide vision by transmitting
light through a clear outer portion called the cornea, and focusing 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 dissase causes the lens to become less transparent, vision
deteriorates because of the diminished light which can be transmitted to the retina. This
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 lenses are removed by a surgicai
technique called phacoemulsification. During this procedure, 2 thin phacoemulsification

cutting tip is inserted into the diseased lens and vibrated ultrasonically. The vibrating



an artificial intraocular lens (IOL). In the United States, the majority of
cataractous lenses are removed by a surgical 30 technique called
phacoemulsification. During this procedure, a thin phacoemulsification
cutting tip is inserted into the diseased lens and vibrated ultrasonically.
The vibrating 1 cutting tip liquefies or emulsifies the lens so that the lens
may be aspirated out of the eye. The diseased lens, once removed, is

replaesh b anwiiiciaklansidthe.plagement A ARIOk S ven importantin

ord to ensure the best possible 5 vision for patient's “With CAtaracte.
Oft?i]tlmesafﬁ%e}glfs ASEAJYTadsde tpHeRMB Ge gt fRiriignsurgery to ensure
that the I0OL is properly placed and oriented within the eye. 2 SUMMARY

OF THE | VE TION dll ents of the present invention provide a

system an n%ﬁworé‘ opera rova TR TRY SR aperrskIsasgR dadest possible
centésig iof aﬁtlmteeowﬂhrcmmc(tko Lpfleatidies uhatansialy Q%@S%}}k& process
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the power and axis orientation of the IOL, is used to determine a location
and orientation of the IOL. A placement guide is produced for use in
properly centering and orienting an |OL within the eye. 10
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3 BRIEF DESCRIPTION OF THE DRAWINGS For a more complete
understanding of the present invention and the advantages thereof,
reference is now made to the following description taken. in conjunction
with the 5 accompanying drawings in which like reference numerals
indicate like features and wherein: FIG. 1 depicts selected tissues of the
eye; 10 FIG. 2 depicts various inputs which may be used by an IOL
calculating computer pr@m“gg@@ﬂ%@mﬁﬁ "toric lens," and
the location and axis orientation of that IOL lens used to replace lens
tissue within eye in accordance with embodiments of the present

invention; Eibobd@snd; 4f andhepsasenbaiferaptnaysiBnhich informalifap. 1

may he.used to. generate placement guides in accordance with
Bibents v

embodi 0

Ments of the present rvantiBh: ERETBHEDIAR dr&Feriatofsarabiol) that
to faehteneapiaeddrmmisohanti®k idatfeddaste withembediments ehihemay be
presgatinyeRtion b%@z‘l@ﬁe&s%‘?&’ ides.atodic flow diagram,in

t

accordance withh embodiments to the ‘present yention-of B progegscalculate the
opetaBfe s casn it daleye 1EORICRIBTAN QEGE R orientation of

INVENDIONA placement guide is produced for use in properly centering and orienting an
IOL within the eye.
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Preferred embodiments of the present invention are illustrated in the
FIGs., like numerals being used to refer to like and corresponding parts of
the various drawings. 5 Embodiments of the present invention
substantially address the above identified needs as well as others.
Intraocular Lenses (IOL) have opened new possibilities for treating
cataractous lenses which are removed by a surgical technique. The
diseased lens, Onceﬂﬁm\/ﬁﬂ:s'éﬁgpﬁﬁﬁg L Eﬁﬁ % i Proper
vision following the procedure 10 depends greatly onthe p acement and
orientation of the IOL. FIG. | depicts selected tissues of eye 10. These

include the drlﬁi BuRilcgaprea @{a@rslﬁﬂ&ﬂgm%héﬂﬁ}@&rﬁaiﬁﬁf&%%%ﬂ% a(%antages

rem ved replaced with an IOL. The placement of an IOL is a k

compgﬁ%h o't Ceb%&%’o?ﬁﬁﬁé%?o@%?’%%%%ﬂ@ﬁ@ QCGEMIQH with the

varietsimpossng hictwingy thewisied biarearepedenmearamdalQle jike features and
calcgiating. program 32, to 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

determinestiee cRRiREdba AYE-YIdep QL digital 20 cameras 24 used to

produce eye images with sclera vessels, @nd cornea topographer 26.
Incision location information and surgically induced astigmatism

informatioRIg8? assicwhitadie-wpite d«m@ﬂﬁm@%@&%'ﬁﬁfﬁﬁ‘?&ﬂaﬁ %omputer

measured ata Ial(?f,‘ ith these representatlons of the eye along wit

inci glo ﬁrfn% acflon L t%CHNFﬁ f)e ?f%‘“e&?‘ify and the location and axis orientation of

that IOL lens used to replace lens tissue within eye mn accordance with embodiments of

the present invention;

FIGs. 3, 4 and 5 present different ways in which information may be used to

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

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

with embodiments of the present invention; and

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

present invention of a process operable fo place an I0L. within an eve.
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program 32. In one embodiment, IOL calculation program 32 may be
Alcon's "toric 25 calculator" that is executed on a desktop computer or
cataract removal console such as Alcon's "Infiniti Vision System." The
image of the eye 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 30 representation of

the eye with the locationgdcHieRRINLP4SE! 1R iisgtfied. 5
Knowing the center of the eye is keenly important for the proper centering
and alignment of an IOL. FIGs. 3, 4 and 5 discuss different ways in which

this informatierraay:Hs Bisaskd @f%Elﬁes%zﬁqﬂwaﬁ%;p@a[ﬁﬁ@u%%in%yme FiGs., fike
provide an output such as a simple printed picture in process 34 that .
becoBe bR éﬁ%ﬁéOgﬁi%é%'ﬁ%&ﬁ?ﬂ&m@ﬂ#W%rmeé(@m%ﬁwws-

reference the image and characteristic vessels therein to locate the

inCiSi.on.an%rgﬁgﬁ}?t&?s L@hléﬂﬁgge%?%vgn 10%10 ‘Elggazg%gﬁfsg !:gesss %tg]eo%g%e tdentified
possibility for how location arnid orientation information “may be applied.

AgaiResbitafarebrefgpairrs2 prodends dreotrtpiglorientatipmehddocativivilities for
infOf%@&iﬁ@-%&Q&Hﬁ@ﬁ%&ﬂ@%@@é& W@E Tavelinste\y .nfﬂgcggeased- lens,

printed on a transparent material which may include a contact lens in
procQ8EeFEMPHIS: A dGR\5RC Y BeftiS Pl iEhateiarh YAy PeleNeiai by procedure
the suegeas giranti-ancRpatientis eyedadmatshilidhe characteristics of

the patient's eye within process 40. The IOL may then be centered
FIG. 1 depicts selected tissues of eye 10. These include the iris, pupil, comea and
lens which, when cataractous, may be removed and replaced with an IOL. The placement

of an IOL is a key component to the best possible vision for the patient.

- FIG. 2 depicts various inputs which may be used by a computer program, 10L
calculating program 32, to 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 used to produce eye images with sclera vessels, and cornea topographer 26.
Inciston location information and surgically induced astigmatism information 28, -and
white-to-white dimension 30 are also provided. The measured data along with these
representations of the eyve along with incision location information may be used by
program 32. In one embodiment, IOL calculation program 32 may be Alcon's "toric
calculator” that is executed on a desktop computer or cataract removal console such ag
Alcon's “Infiniti Vision System.” The image of the eye captured during pre-operative
tests may be uploaded into (provided to) software program 32.

These mputs 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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and rotated to match markers on the transparent material. A third process
is depicted in FIG. 5. Here software program 32 provides an electronic
output which may be uploaded on a lens removal console 42. The console
may 20 receive video from an optical microscope which recognizes
vessels and overlays live optical video images in process 44 to previously
uploaded pre-operative images. The video information may then be used

to dtwisenhthsuegeonfithhew toletate-anstptacerfie plofer nflagnd alignment
depigts xystem operable to facilitate placement of an IOL. System 60

includes Corneal topographer 62 equipped with a digital camera 64 to
produce a surface profile and image of eye 10 that includes vessels in the

sclera. Aligmatvaly SeRarLe;: FaNF 06,63 PE Hyed ig take the picture,

of patient's eye 10. Data from the topographer 62 along with incisio . '
loc&tion a it QBN G BSTTarEd B RS e e Sl c attudteicture in

30 pawes of e lesiciepsanahibeaxisHaNRHRR. SRR P OBIRMIGAR o surgeon 1o
resid% on the web, on gn 6 office PC, or.on the cataract removal console
ru

such a5 the TAIEEY G S EStEHaTESiT)s HHEMRGSAT the Bvs enpdreimt the
durifd preopesafife test 68 at the same time when topography was
performed, or at least in the same patient orientation, is uploagled into _the
same program. The output is the image of the eye with the axis overlaid. It
is also poEKiblé drseribgsednbtberqmssinlinf fhrebeyelonthe sameiémage, information
NN R ARIAILRI eGSR e, RIEAR SPGB D DIBSE BIRLRLEICSY Socation
IS important forﬁroper. centering of IOU o _ .
information, this instance orientation and location information may be printed on 2
transparent material which may include a contact lens in process 38, This image on the
transparent material may be overlaid by the surgeon directly on the patient's eye to match
the characteristics of the patient's eye within process 40. The IOL may then be centered

and rotated to match markers on the transparent material.

A third process is depicted in FIG. 5. Here software 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 recognizes vessels and overlays live
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. 6 depicts a system operable to facilitate placement of an IOL. System 60
includes Corneal topographer 62 equipped with a digital camera 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 fo 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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The image of the eye 10 with the vessels, overlaid steep axis of the toric
lens and the center of the eye 10, as well as approximate "up" arrow can
then be used in three ways 10 to generate reference diagrams as
described in FIGs. 3-5. Embodiments of the present invention may take

-advantage of computer Image analysis of digital images of the eye taken

during a pre-surgery session and again during the surgical procedure to

reg isl[ﬂfetlﬂe,ﬁif&m&ﬁéi @tﬁi&éf‘?@@@_l@ﬁ E_SK%BI@ dunithsareagsqy! Q’ﬂﬁﬁ) l@é (Alcon).
(H t%ﬁr%w eﬂghe surgeon with visual feedback to help orient visually

the (R theSindp a‘?ﬁ%ﬂ%“ﬁ SPERE BreORSTRRE iR o aljsismiiotiise when
measmmbmse;mfo_ _ mﬂdnlgrtﬁéﬂaﬁﬁiﬁlﬂﬁ@%yhs%éﬁiiﬁﬂﬁﬁéh&m \ _@%bloﬁdedzigto the
topegra 1o facilite electing the 1QL's optical characteristics. The _
selectio%?(%f oL cyé n%tgﬁﬁ plgstvﬁéerlllgaﬁ?a%%e%dn Yie'BASS BrEgRTEa. It is also possibie
top&yraphythnesstirementbasyweth aboteranagmiomeas demsintd efring the
the give,suich asievedenath andl AR GHATRET ADIN. Ao part ol the
topography measurement, a vide%%nafgléhot of t (—E,\’ éjy% ng%eﬁé 8%p Il;‘red
with a camera incorporated into the topographer and situated at a known

position aliieanagéasianawih respectiovhe-ey 8RS ARRIIABNIG the toric Tens and
measure 5 atus such that precise "mapping™ of the snapshot

en appar
of the g@%e{oofheefégnglaﬁfo gb%mowa%%@m%&%eﬁ%@ﬁheﬂm ways
canteeangameraropticsppamera dleelsehiaF ek Bye illumination system
can be chosen to allow video snapshots of the eye to be taken
simultaneously with the 30 topographic measurement (to prevent eye
motion arffabesirasdstohewritammsyentin may take advantage of computer Image

analysis of digital images of the eve taken during a pre-surgery session and again during the
surgical procedure to register the eye, and a microscope adapted with z heads-up display

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

the mmplantation procedure.

Digital image analysis allows measurements taken during the pre-surgery session
by a corneal topographer to facilitate selecting the TOL's optical characteristics. The
selection of IOL cylinder power is made on the basis of corneal topography
measurements as well as other anatomic measurements of the eye, such as eye length and
anterior chamber depth. As part of the topography measurement, 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 eve to the corneal topography

measursment can be made.

The camera, camera optics, camera electronics and eye illumination system can be
chosen to allow video smapshois of the eye 0 be taken simultaneousty with the

topographic measurement {to prevent eye motion artifactsy and to permit an mage of
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7 sufficient contrast, resolution and field of view to allow clear visibility of
scleral blood vessels and other eye features such as the limbus. First, the
image can be simply printed out and posted in front of the surgeon 5

during the surgery. The surgeon can then reference characteristic vessels

to position an incision appropriately and to orient the IOL relative to the
scleral blood vessels. This may obviate the need for manual eye marking
wittnefistrarpiettas typibalty: dendidtheyweonaniiobutied Yliprovisgeral blood

rat%gslémigggl_ gksuracy. gﬁgs-glpc%rgst%% Enoomgtry |nformat|on along Wlth the
eye's Image is Input into the program w ich calculates optimum toric lens

and its 10 orientation in the eye. Second, the image of the eye including

the steep@@ﬁ&di%“% %fett.l&mg?iﬁ&‘?ﬁeﬁ%tb&ﬁ%‘ﬁgd%tﬁ%‘n? of the surgeon

transparent piastic, for example transparencies or a‘contact lens. In order
o SRRk B prolseTy S Ehe cRents{hrimee ahatarisitstidrsereinto tivsition an

progragd eoisrssatelf beuterigiensisimpianied alha-Ly9 06 Qg s may
approxim %%piere is a pattern printed on the lens which indicates
XI

diredtioHa TR SR B B S A e Pl B tdbe eior art
maybeviisikelp pnclichteathe Axiscdftenthe. IBﬂ:So. _ﬁs@ﬁml daoﬁi&&yh informatic()jn along
ap [ oriented, the transparent plastic.is qverlaid on the eye an .
ori%%iegﬁ%@rggt%%& e San ‘H?‘én frie fer %En i‘s%clzig%tceéri%@aéensc? B e e%iy%?ﬁ?aﬁnd s
the @gat#Rerkethorthe lens 20 is superimposed with the axis printed on

the plastic with the lens superimposed with the "center" printed on the

lastic.
P Second, the image of the eye including the steep axis and location of the incision

can be printed out on a transparent plastic, for example fransparencies or a contact lens, In
order to scale the image properly, the "white-to-white” dimension input into the program
is used. The toric lens is implanted into the eye and oriented approximately. There is a
pattern printed on the lens which indicates direction of the axis. For example, 3 dots in
the peripheral part of the optic may be used to indicate the axis. Afier the lens is placed
and approximately oriented, the transparent plastic is 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 microscope is transferrad to
the console as well and compared with the uploaded image. Sclera vessels serve as
landmarks to overlay the two images. Lens orientation is determinsd by locating the
distinguishing 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 lens. There are other advantages in having the eve image

and biometry information input into the console. At the beginning of the procedure there
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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 surglcgl
microscope is transferred to 25 the console as well and compared with
the uploaded image. Sclera vessels serve as landmarks to _over_lay_ the two
images. Lens orientation is determined by locating the dlstlngwshlng
features on the lens. The surgeon is presented with the captured image ﬁf
the on the screen of the console and advised visually and/or throug
voiccg}c{:?))ﬁfi%rﬁqaeﬁ on W ee?%nffg ?n%\l}emé?ﬁ 758 rSHBRISHE TR é?&ﬁ@f@%(é"o@?f‘e purgeon
advaiittine vin ravitgitie eyainagendlisbehhityn et ynnianmation It ocation or
into {he;consal s inning of the. procedure there. 8 can be a step
on the console(i?‘locéAé E)(E%vi %%gé}seﬁlbgl%r%egnfaﬁl%%%?zrhcaat?%etgqfﬁte_§ d]étBﬁhe console
reIafih@P@%@@%%éﬂf@fﬁwmd@immemmﬁmﬁ@nlem’ui@nmsMﬁr)Aﬂﬁhmriéntation.
the Imsatian os wieth ALHS AR B RCELIE AR A, oy 1
ack into the console to analyze potential differénces in

be input . . -
rfcg’]ﬁ%? Tt 1ERR W51 SBR oA SRHPRE o Fdktatise ST rademrehetieasitysipment

accombplighestdftheiOhe Q@Euiﬂtiteﬂlp[@g.@gﬁi%%é&&%%%&? é%%a&@ébﬁﬂ!e%- so that
The,console can alsa be equipped with a barcode reader, or other .
equ%erﬁgﬁs’to frac %gg%%%é?% %%@Tﬁ@qgﬁd% e yeRsRssifged in

surgery can be scanned so that the console can double c_heck the .

incision wj ens.selection. 10 FIG. 7 provides a Jogic flow
diagram ir}?‘ial gﬁ%ﬁ%&%ﬁ%ﬁ?ﬂfrﬁ?ﬁf@ol 3°°6’F§%%r_?tm§éﬁ ﬁ%brf‘ﬁn?s to the
pro®EEETH FRYAHIE O pRapEceatsl Onewlithite avizey en Ok ratibitsan Geybe gipandtions 70

Stepeth WSS MARSCLOHNLE INAMALCE ARG A0.eY& I which the, 1of i

IOL is " L . .
to be implented is captuwred. Additionally planned incision. location information and

induced astigmatism information as well as white-to-white measurements may be
captured as well. In Step 74 the captured information may be uploaded (provided) to an
IOL calculator. This IOL calculator in Step 76 may calculate the power of the IOL as
well as the Jocation and orientation of the YOL within the eye. In Step 78 a surgical guide
or placement guide may be generated to facilitate placement of the IOL within the eye.
This placement guide may be a simple photograph available to the surgeon so that the
surgeon may reference 2 picture and characteristics therein to locate the mcision and
orient the lens. Alternatively this placement guide may take the form of 2 transparent
material, such as a contact placed over the eye, wherein placement guide information is
printed on the transparent material. The iransparent placement guide can thus be overlaid
directly on the .patient’s eye by the surgeon in order to match the actual vessels there. The
lens may then be centered and rotated to match markers on the transparent material.
Alternatively, the placement guide may be electronic and overlaid with real time video
information. The video information may be captured by a surgical microscope and
trapsmitted to a lens removal console wherein processing modules within the lens
removal console recognize and match structures from the placement guide to the live

images. The lens removal console can recognize the lens marks and advise the surgeon
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to be implanted is captured. Additionally planned incision Iocatiqn _
information and induced astigmatism information as well as white-to-white
measurements may be 15 captured as well. In Step 74 the captured
information may be uploaded (provided) to an 10OL calculator. This IOL
calculator in Step 76 may calculate the power of the IOL as well as the
location and orientation of the I0OL within the eye. In Step 78 a surgical

guide MRplacemenhguidemay1be generales e, faglitate PA&“EE&}%”&%%%% the
IOL within the eye. This placement guide may be a S|mSIe photograph

availhBie 18T RESRYE SHH TREEth S oplassram o e Phfarendeodpienified.

and characteristics therein to locate the incision and orient the lens.

Alternatively this placem nt.guide take the form of a transparent
material, gljc as %%oﬁ?éc%ab P& %%é?etﬁéeé%t, WS giEedsefit glifieprope:

g
aced
infoiffatiohdad printeidonitheittanspardatsrigieyiak 7 hesfaosparent B,hicﬁ may be

la i 1 : rlaj irectly. on the patient's eye e
e e B PR SIS e o

be EEKFEARE ARBFOrAIEIPTPATBEdR Mt keststo deioartimmibp dveritom ate Gaikntation of

Alterativelyitbelacemanhauids: Mmaxhe.elasopis @é}l{’b%‘ﬁ%é@lg WDLRA er
time video infqrmation. The video information may be captured fa .
suraﬁlgﬁﬁrﬁ%%gggp@%tq?gﬁgmitted to a lens removal conS(_)Ie wherein
processing modules within the lens removal console recognize and match

structures,from the glacemsghg.uide to the. lve 30 images. The lens

Ole Can recor BRSNS e suRpeBRIgLY” or

removal console can recognize the fefis i : :
on s esinestiaty and plackethestensein Siep®e thantiiris plased With4he o it

aid%ﬁon.ding term. Such an industry-accepted tolerance ranges from less than one
pereent to twenty percent and corresponds to, but is not limited to, component values,
integrated circuit process variations, temperature variations, rise and fall times, and/or
thermal noise. As ome of average skill in the art will further appreciate, the term
“operably coupled”, as may be used herein, includes direct coupling and indirect coupling
viz another component, element, cirouit, or module where, for indirect coupling, the
intervening component, element, circuit, or module does not modify the information of a
signal but may adjust its current level, voliage level, and/or power level. As one of
average skill in the art will also appreciate, inferred coupiing (i.e., where one element is
coupled to another element by inference) includes direct and indirect coupling between
two elements in the same marmer as “operably coupled”. As one of average skill in the
art will further appreciate, the term “compares favorably”, as may be used herein,
indicates that a comparison between two or more elements, items, signals, etc., provides a
desired refationship. 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

magnttude of signal 1 is greater than that of signal 2 or when the magnitude of signal 2 is
less than that of signal 1.

10



surgical or placement guide wherein the placement of the IOL may also be
verified. In summary, embodiments of the present invention provide for the
proper 5 selection and centering of an intraocular lens (IOL). An image of
an eye, which may be captured during pre-operative tests and provided to
a program operable to calculate the power and axis orientation of the 1OL,
is used to determine the location and orientation of the IOL. This

produces AR rp@@&ﬁ meotgrideshatganb §Hxf & ts%&.lrﬁ% %Flstood that

center . and orient an IOL within the eye. 10 As one of average s irth

art wWirSphPaass, %‘f@ﬁﬁ?n%ﬁﬁ%ﬁé?ﬁi?&ws 610 RegprRingERGlYritheshdayabiang from
usechbepeinapresdfesfane itfusiirasaepigdolerance to its corresponding
~term. Such an industry-accepted tolerance ranges from less than one
percent to twenty percent and corresponds to, but is not limited to,
component values, 15 integrated circuit process variations, temperature
variations, rise and fall times, and/or thermal noise. As one of average
skill in the art will further appreciate, the term "operably coupled”, as may
be used herein, includes direct coupling and indirect coupling via another
component, element, circuit, or module where, for indirect coupling, the
intervening component, element, circuit, or module does not modify the
information of a 20 signal but may adjust its current level, voltage level,
and/or power level. As one of average skill in the art will also appreciate,
inferred coupling (i.e., where one element is coupled to another element
by inference) includes direct and indirect coupling between

1



two elements in the same manner as "operably coupled”. As one of

average skill in the art will further appreciate, the term "compares

favorably”, as may be used herein, 25 indicates that a comparison

between two or more elements, items, signals, etc., provides a desired

relationship. For example, when the desired relationship is that signal 1

has a greater magnitude than signal 2, ad&vdrdBle comparison may be
Waehlevbdmethén 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. 30 10

Although the present invention is described in detail, it should be .

undefstood th&Wafiolds RAthges ISt ofs aHd altefatigneash gamprising:

madedperst withouticeparing:fromh the:spiritanchseape of the:invehtien,
as dec% 1')?161 %'i&cl ICLA(‘)IC':VI tisoﬁvi\lll art istlcolr?' Iamng g‘liCﬁl:C%d éétrgl%ta l%g’lt(r)l 0!%?%(%’1
intraocﬁﬁarf ns ﬁ(%lll_ﬁ the method. comprising:” capturing information
asgegathteth e anieydih which anteOE imrtredmplanted; capturing

incisignJasationdnfarmalien andnduged AsHGMmAatisonifRMpAeN, operable to
ssociated with the eye in which an 10OL is to be implanted; providing the
C%fgﬁtﬁ 5&'8?‘??8“6\?'}“?@E%&%ﬁﬁ‘a‘ﬁﬁﬂ%‘&%@lﬁr%}@Fé{'ﬁ'a Berable to

generating a placement guide operable to assist a surgeon in placing the IOL

within the eve.

2. The method of claim 1, further comprising using the placement guide to

verify placement of the [OL within the eye.

-

3. The method of Claim 1 or 2, if wherein the information associated with the eve
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 corneal topographer coupled to a digital

camera captures the surface profile and/or image.

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

comprises an image that a surgeon may reference ic position the incision and the IOL,

6. The method of any one of claims 1 {0 4, wherein the placement guide

comprises an image on transparent material that a surgeon may reference to position the

incision and the I0L.

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

operabie to be placed on the eve.

12



calculate a location and orientation of the IOL within the eye; and

generating a placement guide operable to assist a surgeon in placing the
IOL within the eye. 2. The method of claim 1, further comprising using the
placement guide to verify placement of the IOL within the eye. 3. The
method f Cla%ell’%?ﬁ@diﬁ}gﬁéi‘é?ﬁetﬁé thfoPrRGRTtIRE cdgEtiavdtwithith elagrment
compisemprselfacsrafile andiorimageahtheeyenwhepindheiRageurgical
inlc%%gggov%s\shlﬁlgl Wiithin the sclera. 4. The method of Claim 3, wherein a
cornea té)p'ograp Eér'eé%ﬁeﬁlé)ﬁ o & digital camera captures the surface

profile and/or image. 5. The method of any one of the preceding claims,

Wherein?’:.he pl%@%@fﬂ%@Wpela%ngp%%?eﬁllntﬂy?eglg ;Qg!)@aﬁgcggfﬁenlg] erable to

reference to position the incision and the IOL. 6. The met any one of
clafiE e stregrR kiR e IHdement guide comprises an image on
transparent material that a surgeon may reference to position the incision
and the IOL. 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 method of any
one of the preceding claims, wherein the placement guide comprises a
placement guide image combined with an image from a surgical



microscope, within a lens removal console. 9. The method of Claim S.
wherein the lens removal console is operable to advise the surgeon
placing the IOL. 13 10. A method to place an intraocular lens (IOL), the
method comprising: capturing information associated with an eye in which

an IQL is tg be | nted;, capturing planned incisjon location information.
assoqc%{ate_d%wi?ﬁéﬁge&%&)e Pr}la\(f\fhic é{h f‘gcf_u?dértf _ e iﬁj&gﬁ’n%& Ufedmg C(')mpnsmz‘
captanfeird Gedras iy rratsmchioithatiory assoviate dwlthlthe teyeefmplanted;

whichagiilQLlisted8dinianiesh Praviding.iha ipformalion 4R an iknick

c??lculating software program operable to calculate a location and
fntaof SPRERIL within the eye; calculating the location and

orientationngfitteded laadthini the :dyenand generating:a flacemenrtiguide
%ﬁi{ a surgeon in placing the 10L within the eye. 11. The

IAPEBRIEIR
0(imétrllod éf_g?%.ﬁlm 10, further comprising: providing the surgeon feedback
assoeiateihgithahefpetion andcebriétitatoadfitne SO kthirraieeyeeahly o

calising the Rlasemneotiguigefe ety plasement ofthe IOL within the e)ée-
12. Th h f Claim 10 or 11, wherein the information associate
with fﬁ@lma%%gc’dt}?e c{ocation and or}lgntaﬁon 0? the IOL within the eye; and
- generating a placement guide operable to assist a surgeon in placing the [OL

within the eve.

11 The method of Claim 10, further comprising:

providing the surgeon feedback associated with the location and orientation of the

IOL within the eve; and

using the placement guide to verify placement of the IOL within the eve.

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 I0OL.

i5. The method of any one of Claims 11 to 13, wherein the placement guide
comprises an image on transparent material that a surgeon may reference to position the

ineision and the TOL.

14



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 camera] captures the
surface profile.and/or. image. 14. The e_thocgof. any ane of the precedin
claims. herei oG Gulde ETHBrides AT e RACE Srgabn o
napprbiete e tmgositiondire incision and the 10L. 15. The method of any
one of Claims | 1 to 13, wherein the placement guide comprises an image
on transparent material that a surgeon may reference to position the '
incision nd thEfOtct1of 16 “ThematHodiBe Claifh s Whtsheimambasiage fide
locatee en-acepiast leng. aparabietenbe placediendhe@ye. skifkiddneicroscope,
meitiﬁ%ga Ll%r}%lggv%l%foglgligns | I to 16, wherein the placement guide
cc‘)Nrinprlses ap acemen}sguide image combined with an image from a

surgical microscope, within a lens removal console. 18. The method of
Claim 17¢ wheygin fhe lens remauval cansale«ds ongrahieda adviseiterable
sal%rigeon placing the IOL. 15 19. A Lens removal console operable to

f

htstterpiesie Al gt mttiocular lens (I0L), comprising:



at least one input port operable to receive: information associated with an
eye in which an IOL, is to be implanted; planned incision location
information associated with the eye in which an IOL is to be implanted.;
and induced astigmatism information associated with the eye in which an

IOL igto be jmplanied;.a piocsssipgMadule.and,asspciated: mEmOn aocular

coupled to the at least one input port, the processing module operable to
lensyEelitecaNingalculating software program operable to: calculate a

locatiop.ang origntatienpfthe Lwithin the eye from: the information
associated with an eye in which an IOL is to be implanted; the planned.
sion lodBHNIG TEA e BN Sgoh hich i ROTGIE
be implantgldpesdithieiimducec astigmatismeaformetieit; tradgenerbite an
placgment gyide opgrable o assist a surgeon in placing the I0OL within

the eye. 20. The Lens removal console of Claim 19, wherein a Corneal

topographdtEsdprete bR ditarBarae rapeapiet ad b a6 rin o an 0L is to
assogiatedawith the eye and wherein the information comprises vessels
within the sclera. 21. The Lens removal console of Clailm 19 or 20

whefePso eéq1r1)1|% daod glﬁtag:agi g&sociated memory coupled fo 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 eye from:
the information associated with an eve in which an IOL is to be
implanted;
the planned incision iocation information associated with the eve in
which an IOL is to be implanted; and
the induced astigiatism information; and generate a placement guide operable

to assist a surgeon in placing the JOL within the eve.

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 fo position the

incision and the IOL; and/or

16



comprises: an image that a surgeon may reference to position the incision
and the IOL; an image located on a contact lens that a surgeon may
reference to position the incision and the IOL; and/or 16 a placement

guide image combined with an image from a surgical microscope, within

the lens rBRGTAPESHEGIA™8° T s Fen By 4T 8 IBIR 6 wihg GhasFoscope.
claimhs 119: ter2 Iswhereimibie. lens removal console is operable to advise

the surgeon placing the IOL. 17 : :

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

removal console is operable to advise the surgeon placing the 10L.
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