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-OPHTHALM Gy §0X8ELek! ON  This application claims priority t : -
‘Provi sional application Serial No. 60/368,643 filed on ﬂg%c Q§¥4§ooz and

to U S Provigj I i ' erial No. 60/340,292 filed on Decenber
14, 2001, boSY AR MEHA 5O PREDICRIYE OPRERMMIC CORREGTIOBCo
herein. BACKGROUND OF THE I NVENTION Field of the Invention The present
invention relates generally to technol ogy and busi ness solutions directed
to the correction of ophthalmc defects. In particular, the invention
descri bes syst erfiis aipngtatlaeplaunspﬁmi’o}dtoriéﬁhhdgisﬂina@pﬁohtbn SerisiNadi ng a

predi ctive outcone for therapeutic ophthal mc correction of vision

di sorders. TAB6R 643 filedoim Msrch 38,002 cnd o U.Sr Providional dpbliteeion Segl @, of pati ent
vision quality réesulting fromvision correction procedures. Description of
Rel ated Art 66/3481292 fipsdr cneDécagberolid, RO0R, P&IRWE FhichAisd Ry irsifaly idedB6hid t hat
are commonly referred to as myopi a (near-si ghtedness) and hyperopi a
(far-sight edpesRlencSkFEIRI "ES= Wi th an acconpanyi ng defect know as
astigmati sm Myopia and hyperopia are the result of a |lower-order optical
aberration called defocus. Sinple astigmatismis also a | ower- order
aberration. Briefly, a perfectly nyopic eye brings all inconing parallel

light to a focal point in §r I@ﬁ*b : 'qﬁh, ectly hyperopic eye
brings all incom ng paraIIePA&??aﬁ§ 0 aﬁﬁg%% .d%?ﬁ?ﬁiehind the retina; and

a sinply astigggth % .focuses sonme of the II1TILITEIETETIETITETETETTTTT
*166166% Fi & n\ye_:%t 1 .. _

‘The present invention relates generally to technology and business solut_ions' -
directed to the correction of ophfhalmic defects. In particular, the invent.i-onv dc.scril.)'és'
systems, instruétions, and methods directed to providing a predictivé outcomé for 
thérapeutic ophthalmic correction of vision disorders. The invention is ir'ltendeci to
provide a higher degree of patient vision quality résu_lting from vision correction

procedures.
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| v A iarge'percghtagé Qf thg Ilaop.ulat_ig_‘m have._vié_i"on éefepts,ﬂjat_ are .qommoniy .'
: ‘re_ferrled' t6 ';dS rny(_)pia -(.névar-s'li_g._hte'cjingss.)‘-a.r_ld hfperdpié (far-sx 'ghi.edrlxess)_, _sometifnes; B
-w.ith an acc':o'mi)-lzinyihé defect'ki_*no_w as a;ﬁérﬁatism. My'épié aﬁd hyperopia a.r-e-ﬂ-le result
ofa llov:ver-.ofdef Qp:tical. aberrﬁtion called defocus. Simple astigmatism is also a. lowe';-
order ébéfr’atio;i. Bnefly, az.pe-rfgctl'y myopic eye brings élllincor'ning'parallel light toa
focal point in front of the retina; a pérfectiy hypefopié eye brings all incoming parallél
light to al focal pbint behind thé retina; and a simply astigrfxatic eye focuses some of the
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PCT/ US03/ 08645 light in a horizontal |ine and sone of the Iingr';g #’;’UWG
vertical line at sone separation distances fromthe retina.“ F ong
tinme, pracMQP@P8H6L have attenpted to accurately neasure PEBHY803W8¢4SCt S- and
correct themvvith spect acl es, contact |enses, and other devices and/or

procedures. [ipRRHkBbridddR AREAH erRIPARAWKEH MNRERal ittt SGRE dddBbR D,
devel oped tha use a suitable |aser beam (typically, an exciner |aser

having a Wavﬁlsﬁﬂgés%omthé%i g) to photoablate volunetric portions of an
exposed corneal surface us modi fyi ng the shape of the cornea to refocus

the i nCQm ng i ghggl a&?f?gt rgc%ho}{&s ﬁ%ve%IEtOt O{Tﬁ to( A?:Rtlﬁ)ate y feashre tEfﬁ%lé%éctér e

keratom | eusis (L aser era eu5| (

exanpl es of otoabl ative refr ctl ) to corre -the optical

def ect's rrent %‘éodreﬁtgth% W pﬁcé ‘??owng"t“igm% ‘H‘ﬁgfl}?f deviges or l%ﬂ%‘?ldgﬁse known
as hi gher-order i cal abe ations wi.th advanced dj agnostic technol ogy
such as, e.g " ‘ﬁa‘&é éHeI“Bﬁng Srvere, 'FHQ§%“"’ﬁ‘i“§H’g?"’ g‘f GE’Pe%@éF‘I‘S&talsﬁﬁ%bl%one

fromdefects within the overall optical systemof the eye (not just a

m sshapen coldigdeamppicaly aﬂﬁlﬂc%h}@?‘?f@ﬂ‘t’lég waps@@rgth/p%li%nmthotqa

reduci ng acuity and/or contrast sensitivity, causing glare, poor I ow | i ght
vision, and velumgtrismortioay of amgxposedrogrmiesli surfese, thyevioddying thefshagenféies and
practi ti oners have responded wth techniques, instrunentation and devi ces,
and t her apeutemepiogedustbsincdraingdighe Potdrefractvs kezatotowiy{PRK) tlaset inesitu
theoretical limt of 20/8 (known as supervision) or, practically, to

opti m ze vi skemtotpikelisis (L ABIK | andriasart apitheliairk eratoimdlemsds (LQ\ISFJKE)ME)GI'@Jaﬂﬁlds ese
aberrations, or otherwise directing their attention to the higher-order
def ects. For pRotéatlitBie YefRictiknaigerian tb Qbextecundb;aﬁmm& hé@fsaesaboléle | nt ended

resul t's of
We can now also accurately measure what are known as higher-order optical

aberrations with advanced diagnostic technology such as, e.g., a waveﬁ‘ont.sensor..
These higher-order abcrrations come from defects within the overall optical system of
the eye (not just a migshapen corneal sﬁrface) and contribute to poor vision quality b'y
reducing acuify. and/or cbntrast sensitivity, causing glﬁre, poor low-light visioi_’x,l and in
other ways. Not surprisingly, device manufacturers and practitioners have responded
\yith techniques, instrumentation and devices, and therapeutic procedures thaf attempt to
correct vision to the theoretical limit of 20/8 (known as supervision) or, practic'ally,.to
optim_ize visiop quality by eliminating, minimizing, or balancihg these aberrations, or
otherwise direcﬁng their attention to the higher-order defects.
‘ For a va.riety. of known and ygt undiscovered reasons, the intended results of
customized photoaﬁlaﬁve rf:fractive surgery and custornized lens applications including

. contacts, inlays, onlays, and IOL", for example, have been elusive. Investigators have

- focused on the structure and physiology, and sophisticated modeling, of the eye to better

2



custom zed photoabl ative refractive surgery and custom zed |l ens.’
~applications including contacts, inlays, onlays, and |1 0.8 §pp m&arrpl e,
have been el usive. Investigators have focused on the structure and
physi ol ogyWO&38824&phi sti cat ed nodel i ng, of the eye to betREFUSR/08458 SEP
2006 WD 03/082162. PCT/ US03/ 08645 understand the dynam cs of correcting

~vision def eGirderstdg ﬂléﬁyﬂﬁxﬁﬁfﬁ 8flcorReGe vikidn dbfelS! EHe ﬁl%res?e@reﬁlrei; is‘&hr@ct@&' to
" Cynthia Roberts, Ph. The cornea is not a piece of plastic, Jour. Ref.

Surg., 16, %ﬁ%ﬁ%ﬂ r\,ﬁ&lw m&u%u J$5tD 209D orn & is nﬁio@@%e oggw&é Hegi ggd that if

. t he cornea were Sl ar to a ormgeneous prece , a procedure

known as ra t ke capse

bi onmechani ca #ésﬁ &%%ggtﬂle}(&@“u Og B?tl%(lriﬁ%}{s h)\'ﬁaﬂlgflg?d%ﬁgt laglulcamﬁ%t have
occurred. (RK IS rocedure esi gned to correct si ght edness
by flatten ngefsﬁamé%ﬁ’%% ST g SR SR R R
spokes of a ) reis i ncreasi ng .confi dence anong per sons skilled
in the. art ‘%!’Il‘il ) aV%“’W@?B?‘F"E%”r"ﬁEB‘P RNICRLIESPORRS t)) i u%laé {T1Rg he

‘bi odynam c response of the eye to an invasive stinulus) of the eye,

speci f i cal | yngisiophwopldmebbaveorgmedi (ks §sugicelpraseduie dessgned imeasrest | aser
vision correction.. Roberts, id., reports changes in anterior corneal
geonetry duenqmﬁltfgdnm WH@“R@F&@@@PWWetfllaésrlmf)ncpﬁr@mthaﬁ teskmblertheabl at i on.
The bi onechani cal corneal response to an invasive stinulus such as a

ker at ect oy §pokeroftapvheeDSTherens an insreaeing confidente aumgepatsonsaskilledae theyart dfe

| aser in a PRK procedure can be explained, according to Roberts, by

concei vi ng tiefactdengsomalreasorahititicieiomkchanis (the biobyramit stpunke oftha cgenoi es of
stacked rubber bands (lanellae) with sponges between each | ayer

(interl anel | &f invapacstianulus) betle vy, SpecificaBy of the kerhed Biphifiantly Hifects ukber bands
are hypothesized to be in tension, since there is intraocul ar pressure

pushi ng on tdmerﬁésqmasu:nﬂﬁw@@{dano@mba&e i®YaorRcRartyel f antedidt bomby the

| i tbus. The water content of each
geometry due merely to the keratectomy (flap cut) prior to laser ablatlon. The

biomechanical comeal response to an invasive stimﬁlus such as a keratectomy prior to
LASIK or the severing of corneal lamellae by the laser in a PRK procedufe can be
explained, according to Roberts, by conceiving the comea nét as a piece of plastic, but
rather as a series of stacked rubber bands (lamellae) with sponges between each léy_er
By (’int.erlamelliar_ spaces filled with extracellular matrix). ‘The rubber bands are
fhypo(hesi_zed to be in tension, since there is intraocular pressure pushing on them from
. imderheath, and the ends are held tightly by the limbus. The water content of each
sponge depends upon- how each rubber band is stretched. Greater tensioﬁ squeézes more
water out of the sponges so the interlamellar spacing decreases; i.e., the cornea gets
flatter. Thus the act of laser surgery itself to reéhape the cornea may alter the corneal
bio-structure with the effect that what you see is not what you get. U.S. Patent
Application Publication 2002/0103479A1 to Sarver discusses.optimizing the

3



sponge depends upon how each rubber band is stretched. Geater tension
squeezes nore water out of the sponges so the interlanell ai ﬁ}cgﬂg
decreases; i.e., the cornea gets flatter. Thus the act of & gery
itself to W&RAPHS2 he cornea may alter the corneal bio-specTuUsosresssi t h t he
effect that what 'you see is not what you get. U S. Patent Application

Publ i cat i on RREi(BARRHTSioh CorRREi¥E inelicd GYHS S5reRAl 6 SEP -
2006 WO 03/%132182 l?’)gCT/ USO§/ 0?36451 prgdloct abl§ | tgy oémﬁ/elg%l %ﬂ?eé%l‘%ectl on

met hod  usi NQarmlsflit6 RleaRbh GRSl 'ﬂe&ﬂlegtt e/ $ubft .owﬁﬁg?‘ig\%@fn

optim zed treat'nent outcone. Publishe appl [ c

e A M AT

the wound heal1ng response o

factors ("fugggnd}?aﬁt or s"c)nse%the%é;% %8“‘8'6?“35 OOX%H%%{% erted in the

sum of Zeni ke coe E¥or the

eye's healin [es, Pub atent _application US

2002/ 0007176R°H Eu,@%&sgsolf ﬁlag’f Wsé’édgsr?&éﬁ‘utn%ﬁﬁ%P%@WﬁF%ﬁfﬁﬁwsmthe
formof a nogr&%a g olynom al based on the optical path difference between
a plane wav PRLYRRIIAlS R CeRRDEioF Hiseys P Sealinesesppesst Publisped UiSapatanty

i nstances, surgeons will nodify the manufactures' treatnment profiles by
their persondPIRBIHJIRAR02/QNNT 16A ldjssneses p yadigdlyydependentdblatiopeffierensyhinfthe
correction. This type of personal nodification, however, is generally
based upon aform|ofeimaslifyingmelinowzaipased of tlpatmeaitmth&ffermdameduees planthus
general applicability and optim zation nmay not be achieved. U. S. Patent
5,891, 131 ewavetdndch fiddstied ovasefcbnAfipmraatatisnt! sogye Alit Mt i@starieRsh@bbinviand
Design of Corneal Refractive Procedures” describes a conmputerized finite

el ement et haddifptheshamufaaturasyreqvatit@rifilePChtir peresianfsthogd&hO WiBIH ON i n
response to corneal incisions and/or corneal ablation procedures. The
patent provi gpraRy §@NPFAhde d pRRAEHIR cbRéctioh! ThisYAR dPheRBHA RRGHication,
| -ho.wlever, is generally based upon a relatively small sample of patients and procedures,
thus general applicability and optimization may not be achieved. U.S. Patent 5,891,131
entitled "Method and Apparatus for Automated Simulation and Design of Comeul
. Refracti:»re Procedures" describes a computerized finite element method for simulating
patient-specific corneal deformation in response to corneal incisions and/or corneal
ablatiort procedures. The patent provides ;1 general framework for this type of approach
i but does not appear to have so]ved the problem of optlmlzed predrctrve analysis. A
.comprehenswe review of ﬁmte element methods for snnulatlng refractlve surglcal
procedures on the human comea is set forth in a 1994 dissertation by Datye which
concludes that further uvork needs to refine the a.natlysis and include other effects and
- phenomena which may be important in corneal modeling. All of these efforts highlight
the attempts by manufaeturers and practitioners to modify and customize ablation

algorithms or nomograms to more accurately predict and achieve desired refractive
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but does not appear to have solved the problem of optimzed predictive
anal ysis. A conprehensive review of finite el enent nethods for sinulating
refractive surgical procedures on the human cornea is set f&8tStPi 2008 1994
di ssertati WO 3P8Datye which concludes that further work Reewsostssssef i ne
the anal ysis and include other effects and phenonena which may be

. e | et fepakp ;
i mportant i No&esREal APk Ghowdhvtr, & tﬁ]@giﬁ%@%ﬁgéxﬁ gg&@écltg{@{?fl,a the attenpts

by manufacturers and practitioners to no custom ze ablation
al gorithnms og DO AN daBnii05S : ' achi desi r ed
refractive 4 lﬂﬁg}@%{f’ %%6 P\ OCP? %{é‘gﬁ%&l@é@?@%\sﬁ%@%&%ou ecg}rirg%a.s R 5
apparent, ho r, Qaﬁ | e representin rtect visiogn, . -
super vi si on, 19%%/rt%iétFro}(;)pl a,pﬁgﬁl@gﬁsﬁﬁ%’%ﬁg%ﬁg%%’ﬁqQ@e,rfhlﬁ?]e A gfre%é'frat??é’ﬁﬁfe still
~has m ssing ,pieces.. For ex i.nduced spherical. aberration and ot her
hi gher - or der kgcbvg} ?oé‘tvf’rgf?élalaWéla'thMf%cg%@%trﬁ‘\‘%ﬁﬁsl'é‘ﬁg%‘t“-oﬂﬂg{efés 8R4 Wt s "t hat
cause residual  vision def Fct i_B)and sub -opti mum vij sual ciual ity. However, the
cause and el PRYTAYD;VENalAualife SoWeY Era thfeAtse jaRd GlimmrrationRf these trepmerignducadie t o
chal | enge manuf acturers and Er actitioners alike. In view of the
af or enent i on@RETAEORS copHRY te challeags memHeursrsipad pracutiangrsialike. a need for
hardware, software, and nmethods that will facilitate opti mum outcones of
t her apeut i ¢ opht hll Vitw opthe@aéatemension¢dhdgyalopinguts ahe inyérsom hbverecogrizedar act i ve
vision correction and, alternatively, custom zed ophthal mc optics, that

result in opheesdfor irdwamn, soffwats, and mettodprtbattvall fgdlitae optimaii cmfcames ofi. SUMVARY
OF THE I NVENTION The instant invention is directed to apparatus and net hods

that enabl e pieegiuatid ophthabrtic posedurtgiin partaoaeshodzdla8pettiacti @Al m c
corrections including photoablative refractive surgical procedures and
custom zed opétidttibihgd, @Rérhatiuely@ Biktorhiz€ophthRficloplcs, that result in optimum vision

quality and greater patient satisfaction.

SUMMARY OF THE INVENTION
The instant invention is directed to apparatus and methods that enable predictive

outcomes for proposed therapeutic ophthalmic corrections including photoablative
refractive surgical procedures and customized ophthnlmic optics, and which support a
transactional model for providing the predictive outcomes. Reviews of numerous

. clinical studies to date indicate that no single or simplé combination of factors appear to
explain the differences betwnen calculated or desired photoablative refracti?e outcomes
and actual outcomes, nor are they outcome predictive. In other words, there is no
assurance that the surgical procedure/technique or the ablation algorithm &mt is used to
treat today’s myopic patient will produce the same outcome if used on tomorrow’s
similarly myopic patient. An interesting observation that has been made, however, is

+ that consistency and standardization in all aspects of photoablative refractive nmgery
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transactional nodel for providing the predictive outcones. Reviews of
numerous - clinical studies to date indicate that no single opgssgmbe
conblnatlon of factors appear to explain the differences between

cal cul at edVOr03¥4¢x ed phot oabl ative refractive outcones RERIU N84T
out cones, nor are they outcone predictive. In.other words, there is no

assurance t gabddceﬁbewf Glefutiy (06:26tN &)/ duohHa. ANEcoMingl! ethét&h@&duﬁ&ht@bﬂﬁé' thm
that is use treat today's myopic patient wll produce t he sane outcone

if used on txﬁ@ﬁl’bﬁ%v%lvesthé%e%rf'o}ftu?%@cpth%orgﬁéélQﬁﬁhlstéﬂc %%tdeymmﬁ%vat' on
st an lza

t hat has been made, however, is that con5|stency an ron in

all aspects :
03/ 082162 P&Qiﬁ%%%gtgf%teprpgd{m s on g gé{ el Z?%F%%‘%Q‘?“ it cones.
Accor di ngly, enb d| ks of. th i NV Lon use of optim zed
theoretical an ﬁ%}og It Solving ad qhe&@%ﬁﬁaﬁ%’t?t?/g}lorgée‘tpda%ngwﬁeéﬁéﬂsﬁfe a best
predictive instru : 0 t| si ze, .ker cto dept h an
Corati on' ol GHFITE 8}1&&?1?3??1&0 o Qs oo i Gy sorpge ha
practitioner's use-to timze the outcome of a proposed vision defect
correction. T fheicquiss gt H00dnyRpisscOmerinn ProReayres i surgenireiiersall pansmeter; opi ¢
correction procedures a surgeon enters all paraneters thought to influence
the out come Beughtto isfluense thecoutooms of therpapqedutedaip agkipycal Znabssgregmamof a
conputer. These paraneters might include, for exanple, patient. profile

i nf or mati on cofeputer, Theseparametans mﬁﬂlxbglcalphifgaetX,amLeL patieat proftegnfprmasioact i t i oner
t echni que (nonograms, historical outcone data, etc.), equipnent

speci fi cat i ofeg.,(refraption) hegrapmesl cultnml] efc.) sprdctitiopertedhniype famaogednes; s, sof t war e
version, principle of diagnostic exam nation, etc.), the diagnostic
procedur e ( ehigtoriclbatcobmpdhtayetc.§lequiphmettispbfietioh ey naphyakd) bdéisadnd, OTC,
etc.), the anbient environnent conditions (e.g., tenperature, humdity,

time, etc. ),o@?ﬂmg%&ﬂfet&a@b@w&eweﬁsmhlIﬁtr%lmrd@@oéucrexmﬂ)ana;hethoﬂmaut er
program can anal yze this

diagnostic procedure (e.g., aberrometry, elevation based topography, ultrasound, OTC,

etc.), the ambient environment conditions (e.g., temperature, humidity, time, etc.), and .
other factors not listed nor so himited. The computer program can analyze this
historical input data to determine, for example, the stat.istically significant parameters
and their relationships to past therapeutlc outcome success. For today’s patlent #1001

- witha known myopic defect, the surgeon can enter into the computer, by manual or -
‘automatic means, new, p_rospectively relevant parameters. The computer, in turn, can
analyze this information in light of the optimized theoretical and historical information
that it has access to, and generate an oufcome-predictive instruction, sﬁch asa
customized laser ablation shot profile algorithm, for example, for driVing a therapeutic
laser system, that is predictive of an optimized outcome for correction of the measured

defect.



historical input data to determine, for exanple, the statistically
significant parameters and their relationships to past thez'sarg@pt .Dﬁﬁ out conme
success. For today's patient #1001 wth a known nyopi c defect, the surgeon
can enter VRt/8A& conputer, by manual or. automatic meanRCT/VS93/08645
prospectively rel evant paraneters. The conputer, in turn, can analyze this
information in |ijghtcopdantéeithmhis Musedivellearptiorat thamdedtiont &1 dngiddiment
information that it has access to, and generate an outcone-predictive

i nstruction, ofSHE hvafion is Gitkttednh 2 @pkurR BRE prPldal A PRARAAS outédid fofa gic%_eyd_t hm
for exanple, for driving a therapeutic Faser system that is predictive of

an optim zed ; : ! ) R A SEP
2006 0 03/ BTas BT OiS TEE R alinchils LRASHIE dna HRElumg Bafion for)C
description ' Al eyl - M) ' tion i.s directed
to a system %tg(ﬁ%grf%rr\}}é%&hégBlrugzglltgg?p\?gépgg1cec}krlrge}grf%ggghggérﬁg%és ST “"Pher apeuti ¢
ophthal m c correct.ion that includes a cqll.ectin d.transmtti station
Cor ol at f or TOTEoT BEePoraly Seiit Pasriop mifig p5e pEREi R Ve rgery)

t her apeuti c- out.cone-i nfl uenci ng. i nf Qrmati on S re-operative data in the
non-1 i miti ngtah8g ageash skt BALEDE g&rapp ‘Feéﬁ'é‘ﬁgrrﬁ‘ﬂ%ﬁmﬁ%ﬁst‘@"ﬁﬁ her a
patient and/or _a practitioner and/or a diagnostic nmeasurenent and/or a

t her apeut i c auYTiathesapeutin epnsition, andieriap SRWECRTENtaE eendlitioneand fap@arsaitting
transmtting the plurality of information to a conputing station. The
conmput i ng st tieipbmalgnaf mégmiagen toragomputingsthtiqn. diheicomputingtstasion cart wwreive
plurality of historical, therapeutic-outcone information that has been
derived fr ontharplaptitymfmfoimaion sidry siphurality of bistodtalcthérapeutic-onicemer i cal ,
prospective therapeutic-outcone-influencing information refating at |east
to either ainfainagord thaniths beeradguivad fromi anrrimdzaddmanatysikiofigheosdtical an@asur enent ,
and/or a therapeutic condition, theoretical treatnent plan, actual

out conmes dat Bistofib4l/ rospattive therapeutic-outcome-influencing information relating at least to

either a patient and/or a pracﬁtione; and/or a diagnostic measurement, and/or a
'ther_apeutic conditio_n; theoretical treatment plan, actual outcomes data, and/or an
environmental condition, and then provide an analyzed output that is a best predictive
instruction for obtaining an improved therapeutid ophthalmic correction. In an aspect of
this embodiiner;t, the collecting and transmitting station could be a éomputer station that
1s interfaced by hardware and/or software means to any of a variety of diagnostic devices
(e.g., wavefront sensor, topographer, pachymeter, tonometer, etc.), to a therapeutic
system (e.g., excimer laser, customn ophthalmic lens platform, etc.), to an operating room
“weather station,” and/or that provides means for practitioner input of other
prospectively relevant new data. In this and other embodiments according to the
invention, some or all of _the new outcome-influencing information could be collected

automatically by the various instrumentation and transmitted to the computing device, or



envi ronnent al” condition, and then provide an anal yzed output that is a best
predictive instruction for obtaining an inproved therapeutltb gﬁbhﬂb§1c
correction. In an aspect of this enbodinent, the collecting an
transmt'ti W§ 080816%n could be a conputer station that isPCHURBNE@Ed by

har dwar e and/ or software neans to any of a variety of diagnostic devices
(e.g., wavefinfitmaRAHOby the PRRET Gibh SissistRRS, by MRtfAfient VRNOKEHET or dBiet khown L O & -
therapeutlc system (e.g., excimer |laser, customophthalmc lens platform
etc.), to anpgpgrating room "weather statlon " and/ or that provides neans
- for practitioner input of other prospectively relevant new data. In this

and ot her embodi ngnt8,AG ?Q&Qhélﬂv%@%g th&Y tﬁagataagrgg u?&?g}galéﬁ-cﬁ'fal%&? new -

-out cone-influencing iIn t| on cou e Cco A 't he
7 2-.8
S'E P 2006 %@%ﬁ%ﬁ%ﬁ%&%@?&@%ﬁ%ﬁ%&f@%%p%rf% Fensﬂl‘év‘ré’% 89 ﬁ%cﬁr?dé%{. ti oner

assi stants, th tient vi.a a keypad ot her n various
aspects of t’ﬁ% %5%%? EWDSTHE"OB%WI?H%( %ﬁ’ﬁ‘ @? 8?’?’%‘}5‘“55@ gn B%H%S‘? {%C‘Jﬁateéi Wocal |
inter-office system altern tivel g could be _a. renpote server on a
network, and Wa"eﬁ?lg‘? -hased grwEglessRedns Ar by ipaHeble pedia quahyas i Giher diskpAi i ng
station could be facilitated by any wavegui de-based or w rel ess neans, or
by portabl e #fYantageousFpubiag medmnyvoyd SR seonre ingreh MNSENESSIPR- 1 out i ng nedi um
woul d be secure internet transm ssion. The software and data structure for
perforning the opthefoftwarecand dataisirugturedpr penforming dher aptinuzdtion auhlysis ofdhe

hi stori cal therapeutic-outconmes and the anal yses of the new information

f or gener at i thgorahchl pmdactuwhl higtorikal therspeupc-edicemnesvanditimsdnalyses aftheamw t ake
various. approaches. Preferred, but non-liniting exanples include

stati stical mﬁraJrr;aaorsfo@gematmgmnh prqoiding thadest pfeag;tlesﬁxsmt)nonmﬂthkavamn& onal
vector (matrix) analysis, neural

approaches. Preferred, but non-limiting examples include statistical analy51s (e.g.,

multiple linear regression), multidimensional vector (matrixj analysis, neural
networking, and finite element analysis (FEA). Databases may be .composed of, e.g.,
individual practitioner data, FDA clinical data, pooled third party results with real-time
updating, manufacturers’ clinical data, etc. Computer stations, network servers,
diagnostic devices, thérapeutic devices, and interface hardwafe and software do nbt in
and of themselves constitute parts of the invéntion per se as they aré all independently
available components. |
Alternatively, an embodiment of the invention is directed to an executable
- i'nstrugﬁon, embodied in a de_liyerable means to an end user-controlled device, thaf can -
be used to prévide a predictive oﬁtéofng .fc.)'r a thérapcutic ophthalmié cofrection. |
In another embodiment, the invention is directed to an ophthalmic diagnostic
) .-andj_ﬁ'r-tr'_eauhent system includ.ing (_iiagnbstic and/or treatment cbmponents, and.a
; graphical user interface (GUI) having. a disﬁlay and a selection dévice that facilitates the

8



networking, and finite el enent analysis (FEA). Databases may be conposed
of, e.g., individual practitioner data, FDA clinical data, £OO§E§d @E’II rd
party results with real-tinme wupdating, manufacturers' clini -8 5Efaf Y etc.
Conmput er sW&W3HB62 net wor k servers, diagnostic devices, PORPUSEOBI4EC

devi ces, .and. interface hardware and software do not in and of thenselves
consti tute patdotioRb dolcrbddHiaabh R Endfsidith BitmiEEhiBblich GARAYENT | Y

avai |l abl e conponents. Alternatively, an enbodinent of the invention is
directed to gy I j i ' [ jverable neans to
an end user -%gnftafglﬁﬁrg?gg\? itdcgg,%&t étaﬁdgﬂgﬁulﬁﬁﬂ%gggmto gle%rr %@‘{’d \é?nasg'ﬁ?%’&ir%h ve

out cone for gpdltopggeﬁgﬁ- i&nga%&qé]ggfi&ecorrecti on. I n another enbodi nent, the
I t ha (

invention is ected to an op mc diagnostic and/or treatnent system

i ncl udi ng di agnosj i ¢, and/or. treatnment c onents, and-a aphi cal  user
interface (GU) h%‘tl\l/(lgﬁr’leggr *’%“’89%“ ﬁpg?ccnﬁﬁ’géog@)@éet"lﬂ% dﬁsévge(?é‘ ’?%g?‘ﬂtf]’éﬁliol"}dﬂ% es
the 8 2. 8 SEPﬁngﬁG WO 03/082162 PCT/ US03/ 08645 sel ection of collected

i nfor mat i on $BFYGHYES QUFASHHOL A PEROTSd b apaie PRithalmic someetama Themethodoyi ded i n
‘or by a data _structure, and resulting in_an outcome-predictive instruction
for ~a propoleddes i ¥rpsicpiectinga Pbﬁ‘%&éﬂﬁ@éﬁ”%t%@“@nﬁ@eﬁm@&t“ﬂa‘efﬁor di ng
to the invention describes a method for providing a predictive outcone for
a proposed tH&BaEeR neludingiahigpsiiophtbamiedafpas informationabdndd patiient; Ipnaléding he
~steps of collecting a plurality of therapeutic-outcone-influencing, "new

i nf or mati on thrsgiegdinfegmation te aspmppiimg platiorm thsfcentains afdatanatétone ivdhaliig a
patient; providing this newinformation to a conputing platformthat
contai ns a depitaniged; thebrgtieal iand hanakil higtoriapl, thetapetic-dut@nicahiotmhticaTer @et ual

hi storical, therapeutic-outconme information for the determ ned ophthal mc

defect; and dmeraimddiaphthalniia défee:; aningeératigs, Plaahé esoiputig BR%Hm, a best

predictive instruction for a proposed corrective treatment of the determined ophthalmic
defect based upon an analyses of the new therapeutic-outcome-inﬂuenciqg informatioxll
In conjunction with the historicai outcome information. A preferred aspect of this
embodiment describes a method for providi'ng a predictive outcome on a fee or
transactional basis as a business model.

In all of the embodiments described, the preferable optimization approachés
include either statistical analysis, matrix analysis, neural networking, or FEA in
combination with the parameters of a corneal ultra structural model (CUSM). The
preferable diagnostic station inéludes an aberrometer such as, .for example, the Zy-waveTM
wavefront analyzer and the Orbscan® corneal analyzer (Bausch & Lomb Incorporated,
Rochester, NY); the preferable therapeutic station includes é 193nm, ﬂying. spot, excimer _

laser system such as, for examplé,_ the Technolas 217Z™ exqir_nér laser system utilizing
~.the P_la.nosc.an_® 'or-ZylinkT..M so-ftware-platforms (Bau.sc}i & Lomb Incorporated, |

Rochester, NY); the preferable therapeutic procedure is LASIK; and the preferable best
9



predictive instruction for a proposed corrective treatnent of the

det ermi ned ophthal mi ¢ defect based upon an anal yses of the new
~therapeutic-outcome-influencing information in conjunction w 28 $&f 2006
hi st ori cal WsU@3¢8#62 i nf ormati on. A preferred aspect of thi scTesiadisaent
describes a nethod for providing a predictive outcone on a fee or
transact i onaprebreiSingSuctiol Sd MEGiGedRA&bm ablAtih ngQrflthﬁlrf@rl @rﬁﬂ?ﬁ’é’{hﬁ&é

descr.i bed, the preferable optim zati on approaches include either

statistical AgAwsitfs inV&oh s MR8 KSisSd ixﬂﬁweﬁé% t%&é’ﬁéé&hﬂ&w hePdip FEA 1N

conbination with the paranmeters of a cornea ra structural’ nodel (CUSM .

The preferable di ) i i I n aberrometer such.as, for
exanpl e, the Zyma*\r/g#%%%/\g@eeﬁb nitscbgrtlﬂaelrb%%gﬁgﬁ e ﬁg%@%grggrﬂom re@&’ﬁ’heal

=

anal yzer (Ba L L ncor.par at ed chester, ; e preferable

t her apeuti c g‘fpgt%ng‘fﬁm?'% ﬁ%aé'g?daemﬁ?ﬁ t°f$§?‘?‘.g§‘§r¥8‘f‘if’ 15 Ft‘?&ﬁ “?‘Fi%fé@Pd gkt em
such as, for _examml t he. Technol 217ZTM excimer | aser systemutilizing
.the Pl anoscglﬁ)a gﬂ?&iﬁsﬁ’ﬂﬂthﬂn%‘ﬁﬁ’ﬁé&é FAmPedrhileipdicAting the ArefEsed ncor por at ed,
Rochest er, !\I%,(‘)g (gge Ergf erabl e therapeutic procedure is LASIK, and the
pref erabl e bEBPoBMSNts g hepvspiinn, asg@iven bygveyes 1bstratigamaly; s6asvasiogsi ct i ve
instruction is a nodified, custom ablation algorithmfor driving the |aser;
‘however, t hechangesnd sepdificafions wighin theispisd anscopeskthe myentids vl beesur i bed
herein. These and ot her objects of the present invention will beconme nore
readi |y appaimearent forthesetskidled o the s Hasgd sipon the ideseripgorf apld|dbawingichweale nd i t
shoul d be understood that the detailed description and specific exanples,
whi | e i ndi catheagpdnded prmiser red enbodi nents of the invention, are given by
way of illustration only, since various changes and nodifications within
the spirit and scope of the invention will becone apparent to those
skilled in the art based upon the description and draw ngs herein and

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a system according to a preferred embodiment of

the invention,;

Figure 2 is a block diagram of a system according to another preferred
embodiment of the invention,; -

.F igure 3 is a block diagrain of an exemplary LASIK system in accordance with
the inv;ention; | |

Figure 4 is a block diagram/flow chart illustrating a methéd according to an
embodiment pf thé invention,

Figure 5 is a chart showing the distribution of préoperative higher-order (3", 4™ |
and 5" Zernike order) aberrations for a clinical study group of 92 eyes;

| F i_gure’ _6. is a graph showing the RMS_ magnitude of LASIK-induced higher-ord&

‘aberrations over time;

10



t he appended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a bl ock
di agram of a system according to a preferred enbodi nrent of the_ invention;
- Figure 2 is a block diagramof a system according to anot herz'-ﬁr%ﬁpeizquﬁd
“enbodi ment WE¥03{084162 nvention; Figure 3 is a. bl ock di agranrof/ussogssnpl ary
- LASI K systemin accordance with the invention; Figure 4 is a bl ock

di agranm f 1 ow charFiginlelmshrgﬁbh@@oﬁinﬁﬁle@dsﬁ%gﬁ{nﬂie%@LK@H@l}ndxﬁg@ﬁ héF?d?{lerOf t he
invention; Figure 5 is a chart showi ng the distribution of predperative

hi gher - or der achflons/Bu with Shbrice Mok dokiagber rat i ons for a cl i cal
S

study group of 92 eyes; Figure 6 is a grap OW ng the RMS magnitude of

LASI K-i nduced hi ghglir® 98 branf BES, [ ime;. 10.2. 8 SEP 2006 WO
037082162 PCTI USOATSSeds Efaguree?%?‘s?qg‘%‘b% Ss}s“ﬁ'g‘g‘malﬁég PO g Rredicie M ude of
LASI K -induc j -0 rati.ons; but wthout spherical aberration,
over tine; -F?%S@Sggauhgs cgq)gétélbh ass[’g1 ‘@Eg%rﬁaﬁ%%ffoﬁlﬁ rt8§€ FB‘\“I"‘@W&PSP:{F‘E"

show ng pred}n(%.ltlat%nys observed val ues of post-LASIK spherical aberration
according to an enbodi nent of the invention; Figure 9 is a graph based on

a linear regressign anal ysis g_howi ng predicted vs observed val ues of
post - LASI K spher i B8Megd8? 8xph Brsed on gl Jedression aaaiyneishosring predicied vs

. invention; :
observed values of post-LASIK spherical aberration according to an embodiment of the

invention;

Figure 10 is a diagram illustrating a hardware related embodiment of the
invention;

Figure 11 is a schematic of a simple neural computing model _involving déta
based training;

Figure 12 is a diagram showing imﬁlementation of web based model for
outcomes analysis and ablation pattern determination;

Figure 13 is block diagram of an architecture for business model according to an

embodiment of the invention;
Figure 14 is a schematic illustration of overlaying fibril layers of a comea;'. -
Figure 15 is a schematic illﬁstration of definitional terms used in the description
of the invention; |
Figure 16 is a graphical chart of pressures affecting the eye;

Figure 17 is a computer simulation of a finite element model. of the eye according
to an embodiment of the invention; »
| Figure 18 is a computer simulation of a.ﬁn'ité element mesh a’céording to an |
_ _erﬁbodimeﬁt of the invention; | |

1



"Figure 10 is a diagramillustrating a hardware rel ated enbodi nent of the
invention; Figure 11 is a schematic of a sinple neural conpusgrgEPel6!

i nvolving data based training; Figure 12 is a diagram show ng :

i npl enent aWPIH®BA62veb based nodel for outcones anal ysi s RGTAUSYDEEHT on
pattern déterm nation; Figure 13 is block diagramof an architecture for

busi ness nodel aqGekdil9e 4 @niiter SRR AR layefed SHIRI s1BMENE bO finifel & 14 1S a
schematic illustration of overlaying fibril layers of a cornea; Figure 15

is a schemat j,gqd lhldbsdii@ ol B Enfthdfteht 8t the ARBAdnET B -used in the description
of the invention;, Figure 16 is a graphical chart of pressures affecting the

oyl FLgure 1T 1oy SR AL AP o LSRR LRRAgbe O (1

eye according t enbodi nen nventi on, g%nputer

simulation of .a finite elenent. nesh accor di 0.an .enbodi nent of the

i nventi on; 1%“’%291?@Eﬁogﬁﬁécoré@gng%%@cq@nﬁg% h§0’§‘7€8§‘§h5 Figure 19 is a
conputer simulatign of layered solidq elenments of a finite el enment nodel
according to an 8ttt C%?P"{%é“‘?‘ﬁ?}mq Freéisﬁltlff%le’?@m? ymtlagtofghre i ¢
two-di nensional illustration of |ayered elenents of a finite el enent nodel
accor di ng t oSheWiRgdsoPURISA FeaRentShe | nvention; Figure 21 is a conputer
simulati on of layered solid elenents simlar to Figure 19 show ng

de- coupl ed segnerkigure22isa flow diagram according to a method embodiment of the invention;

Figure 23 is a cut-away view computer simulation of an applanated cornea
according to an embodiment of the invention; and

Figure 24 is a close-up view of the applanated region in Figure 23.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

Figure 1 illustrates a system 100 for providing a predictive outcome instx‘ué_tion
‘for a proposed therapeutic ophthalmic correction. The outcome is._ effected preferably by
a cus’tcfmizéd LASIK treatment to correct lower-order and h_igher-brd_er aberfaﬁdns that
cause visién defects in the patient’s eye 120, or a custom retreatment for édecénte_réd :
..-ablation, for example. However, it is to be appreciated that the capture, feedback, and |
analysis of dafa does not restrict-the invention merely to LASIK; rather, the. strafceéy and
: -rirnplemer.ntati?on of the invention will apply to PRK and LASEK, for exainple, as wel_l:'é-s' '
to the desigﬁ and performance of custom ophthalmic -optics including contact lenses,
IOL’s, inlays, and onlays. A collecting and transmitting station 102 is shown in the form
-.of a wavefront sensor. The wavefront sensor 102 measures the preoperative optical -I
abe_rratioris of the patieﬁt’s eye 120, preferaﬁly up to thé fifth, and in some cases the.

~seventh, Zernike order, or equivalent. An exemplary wavefront sensor, which is not in
12



Figure 22 is a flow diagram according to a nethod enbodi ment of the

I nvention; Figure 23 is a cut-away view conputer sinmulati 0280§Elﬂ'20 5

appl anated cornea according to an enbodi nent of the invention; and Figure
24 is a clWoM$R163 ew of the appl anated region in Figure PEr/usSBEIALLED
DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE | NVENTION Figure 1 illustrates

a_syst em 100usr ke bk Boknd et V8 sOMSEATR i ARIEHSUL 91y o 9l P oposed

t herapeutic ophthalmc correction. "The outcone is e pieferably by a

custor zed LaGhKrtd Gl ThilhsbPwhRhEC iR UL AL IS 10 eré;,lcggg{h;iig Bt

aberrations t’hat” "‘¢ause VIsSio e pa

- . - f d bl at i f _ .. Ho , Tt
o be appr ecrea it L Sbd Blen GRubidetienr Mo b eseiont Bt o does

not restrict _the,invention, nerel 0 LASIK;, rather, the strategy and .

i mpl ement at | BICBYS eXf&2P AlSR RE PRA! pthe, W vefEpnpigrsef datajaa deseribeds forex anpl e,

as well as to the design and performnce of custom ophthal m c optics

i ncl udi ng cofftaEPte. insagRonly pypedpendme 48, prayigiops japglication sepial £6/28464nd
transmtting station 102 is shown in the form of a wavefront sensor.. The
wavef ront seflsdAprih 28,208k uMasifesh eefisetanpdatmanidiighspoideniberation datd fepresernf t he
patient's eye 120, preferably up to the fifth, and in sonme cases the

sevent h, Zer aubset@f geaspective thguapeeticentconfrinBuernpigdnfprmationf 1106 iélateRns @e, - Whi ch
is not in 12 2-.8 SEP 2006 WO 03/082162 PCT/ US03/ 08645 -and of itself
apart of t hepitieweriflicarrope 04 eprdsent deéme piosgattivathWapéitiadhitcdinedhfluddcifg Pat .
No. 5,777,719, the contents of which are herein incorporated .by reference

in their entéaeieating, fot Beanpld, enthe prdeubiibr her ARzhGsAB it afidéridhs, HAYpeARd

rules. Manifest refraction of the patient's eye can also be obtained from
t he wavef r ongongdRidae an@at énvadnsieser doR@#ond. Olllustratively, the doctor may wish to input '

personal nomogram information and past outcome data for similar vision defects as
currently measured, as well as the make; model, and operating principle information
about the wavefront sensor and the laser (therapeutic device) that will be used to correct
the patient’s vision defect, operating room ambient conditions, or any other information
~ that could prospectively influence the results of tﬂe customized photoablative sﬁgcw. '
As a furtﬁer example, the practitioner may want to optimize post-surgiqal spherical (and
others) abenatipn to improve low-light vision quality and, therefore, would include
p'réop'érétive sPherical aberratidn_as_a.speci.ﬁc iﬁﬁu_t‘_parameter. : |
. ;,All of this informétion f05_ (1-04) 1s manually or auto’maticallyl. igput to, or
: collecté’d by., ttlle. cqllécting énd tra.nsmitting platform 102, and transmitted as shown at
103 as “‘new” information to a computing station 110. Transmission 103 can occur By
known means including, but not limited to, directly, via the internet, télephonic-data
transmission;_ﬁireless Cémmunication, via CD, disk, etc. As such, the comput_iné station
110.can be .l'o_cated loc_:ally, in the doctor’s suite, for example, or remotely. In any case,
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~exanple, in comonly owned pending U S. provisional application serial #
.60/ 284,644 filed April 28, 2001. Manifest refraction data and hi-gher-order
aberration data represent a subset of prospective 2.8 SEP 2006

-t her apeut i-¥®@8WGe- i nfl uenci ng i nformati on 105 rel ati ng poriubesnsp@dt i ent .
The arrows 104 represent other prospective therapeutic-outcome-influencing

data rel atinge coRfpuBX SR miybel dAGatE Gfﬁeb%yxggﬁéw of fulgt%g'lczg![u%ﬁlrt] @g{x}lcﬂ%leqr ons

measurenents, therapeutic conditlions, an envi r onmen

[llustrative ' . I i 0. 1nput . personal r ram i nf or mat.i on
and past out (E:%lurrr%és agrﬁﬂc}fa%e?bg{ﬁ?ﬂé’ﬁﬂﬁ{}d& %nrw%é?rgjéﬁén xgre Jé’ﬁ?:‘ﬁgﬁ)l 'y measured, as
wel | as the nake, + n e in inciple informati on about the
wavefront sensor’ Eﬁ%gcﬁﬁéutﬁég}éﬁg‘tm&e%%éﬁx CPELASH 1B dhreg ﬁ‘ﬁft“\hﬂ fap@fdtigfsed to
correct thepglatﬁgﬁnt' s vi.sion defect, operating room anbient conditions, or
any ot her ini-Qr RAFCEH2PERARE RGPt GEPe ArPspsstiyeithrransatic-auteorae-influghding of
the custom ze hot oa %ative_sur ery. As a further exanple, the -
practitioner! ARt @%Wbﬁfifgo‘ﬁo@aﬁﬁogﬂ zpiacisys iHeer dopwhtii@stationot her s)
aberration to inprove lowljight vision quality and, therefore, would -

i ncl ude pr eBl5Bidss ¢ glaragp MU b-gadisk spadeoandzas appropeate flite strupurt (dea¢riveet er .
ALl of this information 105 (104) is manually or autonatically. input to,

or col | ectebelpy), thajcontains ansl/irregn gentrate aprmized thagyetidahiddcial Bidioriagnd
transmtted as shown at 103. as . new' information to a conputing station
©110. Transni teiaprutioGitceme iofrmatiday] 12K ithverhistesdas inférelatieh B, bebti8erRel flobM t ed
to, directly, via the internet, telephonic data transm ssion, wreless
communi cat i ooptintizatidinalyseslof aethal hisksricali§dla, prdiBeti9ERitdpBgticShidddn? 11.0 can
be located locally, in the doctor's suite, for exanple, or renotely. In any

(t:) ngé 1g| 2. 8?@82&&3@ in%n@ﬁdr@&ﬂ&%%o@@a{l-%?%éﬂﬁ%%lﬁﬂ% @?E@éﬁt@-,_ gﬂlct?tticﬁltcison may
papl e or recelving new or I storical 1 nput from ot her ources as
i ndi cated bydifsositd, @iefapd@fis, &nggﬁéﬁil_icgﬁﬂti&ﬂl, S oq.etF%‘} J:xar%% e(,)\z{v'-
| practitioner may have performed 1000 prior LASIK érocedures. Each procedure to-
correct a patient’s measured vision defects involved a particular diagnostic-mcasur,emeﬁt
obtajﬁed wi_th. the aid of a'particular diagnos_tic device, a specific laser systeﬁ with an
ablation profile-driving algorithm possibly modified by thev'surgeo_n’s personal
. nomo.gx";a..m., and a particular keratectomy procedure for flap crcation.(LAS'IK). ‘Each
patient had a profile indicating age, race, gender, etc. Ambient oﬁerﬁting rborﬁ :
| conditions provided an environment in which each procedure waé performed. And éach
tﬁerapcut-ic procedure was characterized by an outcome'(post-operétivé results over
measured follow-up periods) that was knowingly or prospectivelylinﬂuenced by some or
éll of the foregoing variables, and perhaps others. By performing analyses of new input
 data in conjunction with the optimized historical data and prior optimized instructions for
.g proposed therapeutic procedure (theoretical surgical plan), outcome predictive

therapeutic relationships can be determined. When “new” information relating fo the
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The corrputl ng station 110 pref er any operates in thr ee functl onal
capacities. One of these capacities is to receive "new,’ pro(slz%e(‘stE ﬂ][l

t herapeuti c- out come-i nfluencing " information 105 as descri bed ‘above ?n a
second cap&@l"@@sﬂﬁhe conputing station -includes-a stor agECTmsiBmm4se g.,

- disk space, and an appropriate data structure (described bel ow), that

~ contains and/gy1* paste@ep &l mRbadaPo Bhatnsk &QSﬁ}ﬁﬁétioﬁ%th&Héist&%Uxﬂétor'maﬁ0“ cal
t her apeuti c-outcone information 112.” This historical informati on has been o

~derived frorrbute&hémf&%pﬁlﬁzﬂqw%sf% %?Jnonh%ég@eogor@%g{eﬁt pf ospective

t herapeuti c-outcone- influending infor I"on, and I ca g| cal

plans relati atle r |t|o di agnost i rapeutlcs
envi'ronnent a (C:%cr’l ?apam & oug’uggs}] 4§E’>J§?7Ba 1tioger @F focthe {asg Fxtemhy have
"performed 10 i or ASI K roced rocedure to correct a.
“patient's rreggfﬁg é‘éft Bﬁeéli"BYF g WHPElﬁfﬁf%If‘\‘FgﬂatHPg&é‘r"thlE‘Lﬂeﬁrc°‘a?céEQﬂ8§@‘Fc
measurenent obtgined with the aid of a partjcular diagnostic. device, a
specific | asB?tIeQ%?@H#WWCQ‘P‘Pt Eiyp Best BF‘Fd‘ﬁFlbff siEuctien prefRgaly i qustomizedssi bl y -
nmodi fied by the surgeon's personal- nonbgram and a particul ar keratectony
~ procedur e f oplepritap used terdrivis e ptoracplatipeediiprprnt pechprocddate, butpnayfinglede
“-indicating.age, race, gender, etc. Anbient operating room conditions
provi ded an el ¢Rﬁnhm¢tinf0nnmndhl¢emﬂfp the pecdure suetsaspegf drARIK. flapnd each

- therapeutic procedure was characteri zed by an outcone (post-operative
resul ts over thicknasunedr émichlmonapizperi ods) that was know ngly or
prospectively influenced by sonme or all of the foregoing variables, and

perhaps others. ByhqaptaatinforgeadaingIRsbet pragistivdiastiuctiohdl Bs dcBordRigjty! et i on
with the optim zed historical data and prior. optim zed instructions for a

_proposed t hefmpgitnificlpdeOREiOU Freferlee emBbdifdhts S Ul tiktCalbolinfin} utll%§ ﬁlﬁmi‘)le
predi ctive therapeutic relationships can be determ ned. We

i nf or mat | on “fiRdaRtdgRGsibR) fbN&aktple2 & pci'gﬁdgggt@tlstlcw&a@%/s g?l%tlzggtuﬂgr% USOS/ 08645

theoretical historical outcome data 112, 114; that can then b-e used in conjuncf_ion with
the new input data 104, 105. The basis of this embodiment i illustrated as follows with
| refereﬁée to Figures 5-9. Fi:gure 5 shows the distribution of what .ére referred to h_ereiﬂ asr.'
.hi.gher'-drder aberrations (3", 4™ and 5™ order Zefnike) among 92 prebperaﬁve eyes from
a clinical'stﬁdy sample group. Asi'shown,_ 3% order aberrations (Z3.y) represent .t-he .
. majority of pfeoperétiv’e wav.efront aberrations in the normal population, with (ﬁegative)
spheri_cal-aberration. .(Z400) also being significant. One known effect of conventional -
- LASIK treatment is the inducement of higher-order aberrations, particulériy spheﬁdal
.abérration, which may account for reduqed vision quality ﬁnd;:r lo§v light conditions.
Figure 6 shows measured (RMS) higher-order aberrations preoperatively and at three
one-month péstoperaﬁvé intervals for 46 eyes théf had Planoscan® (Bauéch & Lomb
’ Incorporatéd, Rochester, NY, USA) LASIK treatment, and-46 eyes that had Zyoptix®

(Bausch & Lomb Incorporated, Rochester, NY, USA) LASIK treatment. Planoscan |
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100. 1S procedure is provided for analysis in conjunction with the stored,
hi storical = outcone information 112, 114', the conputing st apigo Fllzﬁhscan
operate in its third functional capacity to output (shown at. 1?E4) to
practiti on¥P 03/8%21¢25 the | aser systen) .118 a best predi RGTESOPYGHET uct i on
116 for facilitating an optim zed: correction of the patient's ophthal mc

 defect. .Thi srefeesto. emoedemmna/le{defm,rungmmmrmm(&l?ﬂayndnsal@or@tﬁﬁrt agbmpd -

al gorithmused to:drive the photoabl ati ve equi pment and procedure, but my

‘include ot heferotd éﬂsmdmsﬁ@&emhe@mgoetrﬁﬂmt inf@nful&ioRNABAHYEG®uUCh as,
e.g., LASIK flap - thickness and/or optical zone 'size. The approach for

generating t g&#% o t.he vention

i ncl ude vari us prefmgrfr?)gh théli %&é&& ﬁ?f gjé?‘) %%dgére%&n ltsles%neegq?ml tiple
linear-regre I QVi de tlst cal f the =

‘actual and 't °§To°?€ F%Sa edﬁ)ée%ggrralg{é% ch?uto ahibe é‘t“ﬁ lliﬁ grﬁpﬁé’trx‘iaéﬁ ﬁ‘ﬁ%n be
used in conj tion with ew in data 104, 10 The -basis of this B
enbodi ment éﬁc e?‘&?pegqag\@efﬁfepﬁ%sangttwn t?rgt &“@h@é%‘?%‘ rF'l'“@Yﬁde‘g ogdegto Fj gur e

5 shows the di strl bution of what are refepred o herein as higher-order -

aberrations ¥, thacontepption pnly Ryrtheethotet nitk épd é‘nﬁi‘i’ﬁr Lynike eFperati ve eyes
~from a clinical study sanple group. As shown, 3rd order aberrations (Z3xy) -
represent the naﬁ\étepwgﬁemulfmlege@féﬁgr%eowew&me@mgdtmremramwﬁe nor mal -
~popul ation,” Wt m (negative) spherical aberration (Z400) al so being

si gni fi cant ..andfe’ dederemike eosfficidntsco invmsstigabmtat predissvdqarre af dremelatianshine

~ inducenent of higher-order aberrations, particularly spherical aberration,
~which may ackstwedn riastopmetjmspiiemasmmaqcmandgteopedmwe mewsutes piptcificailyi to ons.

- Figure 6 shows neasured (RMB). hi gher-order aberrations preoperatively and

at three  ongredionthh thresmopthrsahéricel dbeirationaZsef for thé @yeptasant Padnokad treated
Pl anoscan(r) .(Bausch & Lonmb. | ncorporated, Rochester, NY, USA) LASIK

~ treatnent, aé'},d:s 46theseebfférbatpupi® sizety §.0min 6! 0mm (BoHsc IFoIgZchﬁﬁ’Q nleﬁte@taﬁ@raa& ed,
~Rochester; NY, USA) LASIK treatnent. P_I anoscan 15

5 Omm puplls (n~51) the relatlonshlp
3Month Z4oo = PreOpZ4oo*O 387686 +PreOpZzoo*O 034882+0. 023291 o
gavea correlatlon co-efficient of r=0.75. For Zyoptix treated eyes and 6.0mm pup'ils
(n—46) the relatlonshlp .
“3Month Zyo = PreOpZ4oo*O 501336 +PreOpZzoo*0 052621+O 042704
gave a correlatlon co- efﬁc1ent of r—O 80. For Zyoptlx treated eyes and 7 Omm puplls _'
| V(n 23) the relatxonshlp
| - 3Month Zsgo = PreOpZ4oo*O 356462 +PreOpZzoo*0 O70921+0 068812
_gavea correlatlon co-efficient of r=0.72. As Flgure 8 shows for the 6. Omm pup11 there
1s strong agreement between the observed and predrcted values using this equatlon For :

_' Planoscan treated eyes, 5.0mm pupil, n—52 the relattonshrp

3Month Zago = PreOpZaco*0.933579 + PreOpZae*0.023760 + 0.004549
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~2-.8 SEP .2006 WO 03/082162 PCT/ US03/ 08645 refers to. a conventiona
- (defocus, astigmatisn) LASIK treatnent al gorithn ZyoptiXx r&ferg to. a .
_custom LASIK treatnment algorithmthat in conjunction mﬁth-_t_é&§ Eﬁw@b :
(Bausch & WéMi3/0BH6dr por at ed, Rochester, NY, USA) softwar er@l/esd3o8dsi S _
~designed to correct neasured preoperative wavefront aberrations: Figure 7
is a graph spiel.a L hat ecof  Flqu pt _that fhe spherical,
aberration-t%gkf%%Z%%?6 ggdﬁg%%ﬁ#gﬁggégFﬁﬁﬁ%gégﬁu%%B&gﬁ%mﬁpﬂﬁ”%@Htribution
only by the gthey 3rd. 4th and 5th order Zemike terns. A stepwise nultiple
I'inear regression was perPorned'using all preoperative 3'd -and 4 h order
- Zem ke coefficients ta,investigate. the ictive nature . of the -~
relationship bet _\/\/e_enol%%"\tﬁbg@P at |r?%p£?9ﬁg??ﬂ§§ TP 200" 832003 - Q29683 at i ve
measures; specifically, to __predict the three-nonth spheri cal aberration
(Z400) for t ﬁ?é’e_z*‘faﬁﬁkaﬁ°na??d¢fﬁ?1§ﬁtd%fcr§%84-t Fudiamgscap yrsated eyashf-mmapupiler ent
pupi| sizes, 5 0mm 6.0nm 7.0mm For Zyoptix treated eyes and 5.0nmm
pupi I's (n=51F"héerelpéensiiAshi p 3vbnt h' 2400 = PreCpZ400*0. 387686 - -
. +PreQpzZ200*0. 0348820. 023291 gave.a correl ation co-efficient of r=0.75. For
- Zyoptix treated eyes aiMongh BamtFugdnZeoo*(.63878} +HPeOpZahA01065682i10.0698N Nt h
Z400 = PreOpZ400*0. 501336 +PreOpz200*0.052621+0: 042704 . gave a
correl ati on gaveefcbirelatiorn coadfficiett FO=0.8br AZFigptei Kshbwe &iralk €y@m pupd ddtaOmm
pupils (n=23) the relationship . 3Nonth Z400 = Pre(pZ400%*0. 356462

Pr e(0pZ200* 0. Gsifthisequilidfthere igascngagremesibatween tHe@bdrhéddnd Predtied hed2. As-
Figure 8 shows for the 6.0mmpupil, there 1is strong agreenent between the

g bserved an dTM@Qieﬁl”?ﬁk_oMﬂdﬂéﬂ {presperstive @hljﬁeri%ﬂ%wrﬁf&n) w@@aé@km%ﬁﬁﬁctwge at ed
- eyes, 5.0nm pupil, n=52, the relationship 3Month Z400 = PreCpZ400*0. 933579
,. + PreOpZ200* QiR $@aunslatty thallRdd48storical” information (pupil size, postoperative spherical -
| '-'I_aben"a‘ltion, defbcus') to genérate a predicfive instruction for optimizing a pati_ént’s 'threé—
. | mor_lth.postoperative.sphe.ri.call aberration. |
. According to another emquiment, a multi-variable matrix approach could bé o
qse_d fb prov_ide.t'he'best' prediciive in_s.truction.‘. The cui’rént procedufe fo.'r_d.t.at-err.l.lining- an-‘ '
.al?lat-il_on_ ﬁféﬁle -b_ased_upo_ri a_‘thin-l_e.n-s férmuia- 1s limited_ _By vanous shoncénﬁngs;- For
: i.xllstanqe',.-'biodynamic-s and Hg’salifig’_résbbhse_ are ndt-.c':o;l's_ider_e_d, _aﬂd .-sim.pjle u_éé'.'ofi the |
Munnerlyn forh_uula 1eads tg’) 'a t.issue ferﬁéVal_ }Sro_ﬁle Bés;cd' 01_.1.1}-'-. on ref;a_étivé 'plo“:/cr B
o change_s. 'Moréoy_er, the éurfeht li_ne.ar épp'roag:h does hot'adjust for iﬁdiViddai pro:cedﬁre
dif.fbre_.'nc“e.s.almc-).ng sur'gcoris; What res_.ultsfl’cr_c')m- a_l:l of fh_is is refractive pow-e.r’ ;djﬁsm;nt ~
' -..thropgh- persqqalized ﬁofnograms without iri'able rﬁeahs to.effect .a_bel.'ration correction
adjustment. - | | |
Illusfra;ively, _let'z bea yec;tor répresentihg a Zem.ike .véctor- output from an -

- aberrometer related to the comeal surface to be removed.
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.16 2: 8 SEP 2006 WO 03/082162 PCT/ US03/08645 gave a correlation - = -
co-efficient of r=0.84. For Planoscan treated eyes, 6.0mm pudBISEP 20886, the
rel ationship 3Month Z400 = PreQpZ400*0. 745150 + PreQpZ200*0. 037653
-.0.020633Wye082182 correl ation co-efficient of r=0.84. FoecPussagsan
treated eyes, 7.0mm pupil, n=23, the re|ationship 3Month Z400 =

- Pre®Z400*0. 638732 + Pre(z200*0. 0p5682 = 0.069077. gave a correlation
co-efficient of r=0.81. As FL ine D_Qho for the 6.0mm pupil data  using
this equation, there is strongyagrae nt| bet ween t he observed and predicted
- values. Thus, "new' information (pr&bperative spherical aberration) was
anal yzed in conjunction wth stat{stically analyzed "historical" o
informati on (pupil size, postoperatiye spherical aberration, defocus) to
generate a predictive instruction kofroptimzing a patient's three- nonth
post operative, spherical aberration. According to another enbodinent, a

mul ti - var i abP8errde Wavept ¢k pitew dom the abarenmetsr fapbesy mhdifisd dy sindex of

predi ctive instruction: The current procedure for determ ning an ablation
profil e basetfapiny, a, afithacdresss DedinerM’ as a sliticatintatwix havingateintsithat dBspribe ¢iE Ngs.
For instance, biodynam cs and healing response are not- considered, and
si npl e use ointdrépenddnnnef vayious Dermikk eering aglsfdctedabytw S8 HEnt AT RN a PRt | €
based only. on refractive power changes. Moreover, the current |inear

~ approach doemfsietatiliuetitas s, tb?éﬂg?ﬂh?@ﬁbth_@lrﬂ@%tﬁfe pa¥idnt &5‘9%3;‘%@?‘?}%\& o

surgeons. \Wat results from al his is refractive power a

t hr ough persggg&ﬁgg@m F%&Hp wi thout viable nmeans to effect aberration

- correction adjustnent. Illustratively, let Z be a vector representing a
- Zerni ke vector output from an : _

rcl 1 ~N
M = ' Cy
Cs

. . . Cnm
\ | J

_where the matrix elements C;; are terms resulting from a multiple linear regresSion’ of

- preoperative and postoperative spherical aberration-measuremcnfs.as described abov_é.
B As interdependencies between various Zé'rni_ke terms are further rea]ized;-tyﬁically -
: thr@ghplinical—stxidies,'M’- will fill out as a full n x m matrix. Another matrix, M”,_.Can

" be.generated from actual and theoretical historical outcome information. In'-for_ni, | -
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aberroneter related to. the corneal surface to be renoved. 17 2.8 SEP 2006
WO 03/ 082162 PCT/ US03/08645 Z, Z=(n-1) Z2 Z3 Zn where the2 3vBER 00Mt
data output fromthe aberroneter has been nodified by the index of
refracti onWO3/084162 he cornea. Define M as a clinical natPCHUSISOB@EY t er ns
that .describe the interdependence of various Zernike terns as affected by
wavefront and non-wavefront. infgqpatygpn such ag,, & 9., topography or

.ot her preoperative patient data.| For exanple, M copld be a di agonal
matrix C' M = C22 C33 OMM.,.\A_herq{ztheH matri'x elenents Cj are terns
resulting froma nultiple 'l near| regres®i on of preoperative and

post oper.ative spherical aberratijon neasurenents as described above. As

i nt er dependenci es between various ‘Zerni ke terns are further realized,
‘typically through clinical- studires, M will fill opt as a full n x m
matrix. Another matrix, M, can \ _be generated'fré%wamtual and t heoretical

hi storical outcone information. I1n form 18 28 SEP 2006 WD 03/082162
" PCT/ US03/ 086Rmsferably, M would be developed with the same analysis software used for M, to

| develop a feedback lobp to regularly update M"- to reflect the surgical procedure. A
resultaht matrix Z' =M"'x NII’X-Z-F(constant) represents informatioh for generating an
. obthnized, predictive instruction fof correéting the patient’s vision defect. Ina |
broadened 'zllspect of this er_nbodifnent, M" may.contain information from a piurality of
sources and thu'; act as a central dafabase fqr providing };aredictivg instru?:tions toany
surgeon Wishing'to utilize a service providing such information. In this case, M" cbuld
“be upﬁated as new outcome informatién becomes available. Update information could be
6btained- from multiple sources thropgh a-Va.ﬁe‘& of acqui.sition s&xernes inéluding
. pu;chase or lease of the relevant infor-matioﬁ. | |
o S :
Ina different émquimer_xt according to the invention described With re.fer,encé to
Flgure 11, .a..neural heﬁvorkiﬁg environment 2000 ié an approach that ;:oﬁld provide the
. 'beét -prjedictive in.structio-n to the surgeon. Neural netwo_rkiﬁg, sometimes referred tb as
) neu_ro-c'omputing, 1s a fundamentally. new approach to information processing, and is the
- ﬁré.t {'iéble alternative to sequentiél prograrrimed cqmﬁuting. Neural neﬁwvorks offer
" distinct advantagés for applicaition’s where there is litt1_§ or no exisﬁn'g hibwledge of how
‘to cievglop' an algorithm. Neural networks can operate where there is Iimprecise or
R ambiguOus data, and can be trained to produce reliable predictions from historical
.inforrpation. A neural network can .ad.apt to external input by modifying r_némorized data

according to specific learning laws. These in turn may re-size the shape of the network
' ' 19



~ HI11 H12°. HIn - "M'' = H21 H22 Hen H M Preferably, M would be devel oped

w t-h the sanme anal ysis software used for M, to develop a f&gdgﬁggpdﬁoop. to
~regularly update M to reflect the surgical procedure.. A féesutt mat ri x
Z' = M'x MO BMBYehst ant) represents information for generPel/usug/086as
-optim zed, predictive instruction for correcting the patient's vision

defect. In ahhMedGnehEHaThs #aphine Wﬁ.‘?ﬁtther%reaéeﬁ&%e% B¢

information froma plurality of Sources an us act a central database
~for providin edictive | ' Ir nwishing to.utilize a
service pr ov%’é%g‘géf%ﬁ%’?%@%ﬁ%?@% hmtna%?ﬂfg*c%%g‘ ; %pé’tﬁ?ac‘fh C%Eesufb%f}?d as
new out come | nf of nl'resttiont ecames avz’%i | abl & Updat e, i r-I1f ormati on could be
obt ai ned fr oPf oI PATRE SQPFOSUCE ther RS T SOT0UQR QT resulis Ingoshidandsivth &chenes
i ncludi ng purchase or..lease .of the relevant information. In a different '
enbodi ment. a%g?‘@‘i"ﬂﬁ of hedpvenfing, dhf 'ia‘ﬂhogd’é‘gfﬂ”l“@é Huv syrgrcaliifomes gan i gure
11, a neural networking. environment 2000 is an_ approach that coul d provide
the best pr¥@led e anadysis i lenge pod Yaed sefof eafient. Méagnesticaad isiorica glata
sonmetimes referred to as neuro-conputing, is a fundanmentally new approach
t o i nfor mat | & the Bedisiemef ablatignjalorithms that igive the ddsired outtama Rinceentoh of
sequential programred conputing. Neural networks offer distinct advantages
- for appli cat thedstapridedifpregeteringning ahidteonaigomithresdas pravgn knioediffidgk tof how to
devel op' - an al gorithm Neural networks can operate where there. is
i mpr eci se or anadyrb iagydiduierriee @rrefation coeffitients byiradidoriad statiGidalaReticis) Rt
predictions fromhistorical information. A neural network can adapt to.
external i npcdmiwyingudiyfpyovego be apidezladoldét zalyaing @bedaddbabco ra@abdtc @ata€ar Ni Ng

| aws. These in turn may re-size the shape of the network 19 2 Etsl SEP 2006
and providing optimized, predictable outcomes. The neural network may function in a
- back-propagation mode as follows in Figure 11, v;/hich illustrates a simple neural
computing model 2000 involving data based training. .All relevant pre-op data that may |
be applicable to the oﬁtcome of the procedure (prospective outcome-influencing
informétion)_ is input to the buffer layer 2001. The hidden layer 2003 may éoﬁsist of fhc
historical ipforrnation (rules and relationships) that would be proprietary to a third party,
- which éllo».vs"the system to test and learn from existing .data and _outcomes._ Knowing
_ ».historical_outcomesfr.om-pa_st»procgdﬁres, thel hiddén-(ana_ly_sis)_ -layer' 2003 is frain'ed td
| p'érfo_rrﬁ-appx_'opriate calculations to achieve desired outcomes By pré-aSsigning known
._ Weighﬁng factors to generate intermediate outcofnés. As new patient.data, theoreﬁcal
: bqtcbme data, and aétua_l ouféome data become évailable, the ﬁiddgn layer 2003 |
éontinucs to -bé trained to output a best predictive instfuction at the output buffer 2005.
' -The unique propcrty of neural networks is that they can be trained from an
existing set of daté and iknown s_olutions»to update.the hidden layer weighting fur’x?:tions
* and rules to improve outcomes from fﬁture infomﬁ'atioﬁ. The iarger the database of
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- WD 03/082162 PCT/ US03/ 08645 (nunber of connections) as it maps the problem - -
Often there are :large nunbers of solutions to any problembut the.

advant age of a neural network approach conmes fromthe networRl8 PERrdBhg to -
produce t H¥O&}P82482m sol ution or result. In accordance w tRCTABO3/tDdi ment

of the invention, the task of inproving refractive surgical outconmes can be
vi ened as-t Neoanauydhtes tie ndork affgrtivakit netwdrk Becoiies @f prodidirgdptini &giesisi ¢ and
hi storical data and the prediction of ablation algorithnms that give the -

desired out cpigheural e@rﬂpmghnc%l whihi@ pei#érablp be Y piesehiod ol @ERbiEedi Ng abl ati on
al-gorithns has proven to

coef fici ent S;gy?}{gééi%ﬂ%cidee%bo,%% hSdnbGalin ngg;%% and ?}[rr@#)ec fRFPYLI N9 May
prove to be I deal tool for analyzing a broad base o Jlagnostlc dat a
d ovi din i m . i " The . t !
PR S e e e
illustrates a e neura QUL olvin a ase
U?d ComrPtl&C({ andc%gcfé 4 Vgtbfﬂg{lsq}élﬁgon %lgplgplgpé/ rCL\gileedq? g‘let .18nt

t-raining. A% % evant  pre- _ I'ca out come
- of the procegyre. (prospective outconme:influencing. .informatjon) is input to
_ the buffer |§ﬁ8r‘h§£8'61‘? -ﬂ‘ﬁ%“‘M°8@Ja{¢§§g?b%ﬁ’§gﬁrﬁﬁéé’ﬁ§ﬁdﬂplb@“?rh_ 2t hi storical -

itnformation (rules and rel ationshjps) that would_be proprietary to a third
©party, whi clﬁteaalarmﬂh hEPTERIING Pﬁcg%gws f‘@]ﬂlwaﬁl Rigureol e SHIesRPXA04 and
~outconmes. Knowi ng---historical outconmes from past procedures, the hidden
‘(anal ysi s) | wfess tothpnecessapy Gmmpaisr sQftwase ag Yajspechpianestte cempletgithe i ons to
achi eve desired outcones by pre-assigning known weighting factors:to _
~generat e i ntpopessli AheSORET HGRISCMnts ajsatcpeldtbe dafized. Omeothesystenh wasput cone -
- data, and actual outcome data becone available, the hidden |ayer 2003
conti nues t oddfmed rtaioniddetegpandeersila tdmpporpa eldént base@f amystizeu dhisorprasentstee
out put buffer 2005. The. unique property of neural networks is that they
can. be tr ai nashdardsvahbie agchitsétimedorsedb-bdsediblisineased. known sol uti ons to update
t he hidden | ayer weighting functions and rules to inprove outcones from

- future informati oA:fouriPappafagieEmbdtiedil AD @BRnn relies on a probabilistic finite

elc'ment':analysis.(FEA). using accurate corneal ultra structural model (CUSM.). iﬁput and
Ca éoﬁect 'ﬁﬁité element in c_onjﬁnction with_ new inplit data as described above to o't;.tai.._n
.Youné‘s Modulus data aﬁd Poisson’s Rat’i6 information about fhe'éyé.'. I_f has beenl
. p.rolposed that a proper biodyharﬂic mddgl of the eye must include both a-sﬁ'u'c_tu.t_'a-xl.
| méd'eling of thé éomeé.proﬁded by an u-ltra sfr_uctural fiber model':aln_c.i a ﬂuid dyné.mic .
| '__én'alysis 5ésed upon a hydrated matrix fnbde_l_ gprr_ipénent;_ These two asp_e'cfs'_."c_)f the o
._ corneal syéteﬁm; feferrgd to herein as the Corne:.:ll Ulffa Stl;uctural Model .(CIT.JSM.), .ar_e
‘ouitlined as follows.
‘Biologic tissues; whén examined on a macroscopic scale, appear non-isqtropi.c
_ and highly non]inea_x.. H_dv_vever, tensile te;ts that measure this behavior do not reprdduce
5 vali"d.physio}ogic _enviromﬁeht. For example, elohgating strips of corneal material at -
first producés no measurable tension, but instéad, a releaée of water. Eventuélly, often at
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202 8 SEP 2006 WD 03/ 082162 -PCTI US03/ 08645 known out conmes the nore
ef fective the network becones at producing optimal sol uti ons., . T, ral
conput i ng nodel woul d preferably be inplenented on web- based Zglp%% 2@% on
nodel s 300W0 M3086s shown in Figures 12 and 13,. respectPUEUS03/08d4b _
i nformati on'3002 3004 woul d be collected at a conputing site 3006 where

dat a anal ysi. o l#}sfbl%c ESHARI OB GehsPRTidRL S:ga'ogédu\é 9@&%1&?]%‘:1 H% %Ut put

3008 returne ient  3010. | nput out put. wou erabl 'y be

t hrough a we 0

archi tectur ep%%g%?g%o&n%ﬁt%gﬁ &rjhroyé?ér b e?‘?SE é}Bgtf‘%“ng‘f g\ﬂggﬁot he
‘necessary cogpute ft e an al u s to | ete-the
process. The: g%artol &G Ptecr?{anr?g%xlp)h’ﬁlé%wé?eéioig 65% 4 ?PE%&WE%‘@ fhe
system was eflne it could be.expanded eas to su rt a client base of
any i ze.  ThiGEeF BiSPHABiCeans §F PR e it ssoam%?ﬁsvﬁﬁfmmfmmb based -
busi nesses. A fourth approach embodied by the invention relies on a
~probabi | i st i {deplbhthignondingaritn s ypdameatally sioanis. and ispegaHied batthe eommiexdty ofil t r a

- structural nodel (CUSM input and a correct finite elenent in conjunction
wi th new i npthe oueral, @%Stldé@é?fl weehagisey df thisgs tisrcasenan acguratsls pktidtiveaddat a and
Poi sson's Ratio infornmation about the eye. It has been proposed that a
proper bi odywidelyappbichble mpde Mell eply benealizedafienthe ebssntialnofsall wos-stradturainodel i ng -
of the cornea provided by an ultra structural fiber nodel and a fluid
dynam ¢ anaingshanishasedfullp owomohagett at ed matri x nodel conponent. These two,
aspects. of the corneal system referred to. herein as the Cornea Utra

Structural Mdel UldSHuctusally, thewbinbnizd camplelchb@pssite matérial OHsitihg s5UES; when
exam ned on a macroscopi c scal e, appear non-isotropic and highly " :

nonl i near. . HoMent@ fiber£(irhdiRe) KHV3, 4IRS wiBiagrinthabi LIS @Efg%yé o, pﬁlﬁm@@t
“reproduce
' arranggd in layers, spaced by a hydrophlhc matrix of glycosaminoglycans (G_AGs), and
filled with water, some bouﬁd and some free. An accurate modeling tool, thefeféfe, must
include or explain the 'folléwing facts:- |
1. Meﬁ;bers.under stress are not shells, but layers of .ﬁbrils. Intraocular pressUre.(IOP_)
i)uts fibrils under tension. ‘This tension is distributed uniformly throughout__th'.e
comeal thickness (i.e., anterior ﬁbrils and poéterior fibrils are for the host pan :
. equallyis_tressed). _
L2, .. Overlaymg ﬁbnl layers are crOSs_edr(n,ea.r perpendicular). Human co.mcas-}_l;c.l.ve:j o
_._._speciﬁc directions of fibril predomina'nce'tbqth honizontal and'.verti'cal).. ' Thi_s_ |
| directivity, and other géo_metric factors like the rate of peripﬁeral increase of
: pachyrﬁetry, varies with species. Thickness abnormalities (e.g., nasal thin spots)'

 arise from fibril layer nonuniformities and are developmental in nature.
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a val i d-physi ol ogic environnent. For exanple, elongating strips of corneal
material at first produces no neasurabl e tension, but instead SaEPr% gase
of water. Eventually, often at 21 2 .8 SEP 2006 WO 03/ 08216228 0
PCT/ US03/ 08a8u®&/M83a62r - physi ol ogi.c conditions, tension risescexpansasi ally
over a limted range. These corrpl ex nonlinearities may, however, be. the

result of i g@Ol’Réwl E%evert o SltiaPltfesledtn thyﬁ%bgponpos (Wtéér'SESQnWb“t

COI’Tp| ex| y intertwn €ss, as a I near near

h t t t b
ol near i 1y. . TA0S %"*ﬁ“’ttﬁ’?%a‘%%n A o R S b e g | ¢

magni fi ed by the %ﬁ&i exity of the overal |, m)st ly linear, mechanism. |f
thi's is the case® dccurately predictive and wi del y appl i.cabl e nodel
will only be,r %aﬁﬁ zlsﬁ%ﬁafter th essentials of all ultra-structural

‘mechani sis -af [ 10P @6t PB4 é"&‘erﬁlaf’rbﬁ‘"gtof&ﬂétzﬁﬁ’ Hite gxtensiys perstlplefibrils a -
conpl ex -conposite material consisting of oriented fibers (lanellae) 10002,
as shown di agr dmff&t |¥H!“P‘§rmlsﬁle¥ail Hhigkaess pccysy PtrtﬁquIP%lOf (withaespeet to theloatieal ot
spaced by a hydrophilic matrix of glycosam noglycans (GAGs), and filled
wth water, sorfémBWMc}x'éﬁﬁﬁ@@NE) free. An accurate nodeling-tool, therefore,
must i ncl ude or explain the following facts: 1. Menbers. under stress are
not shells, ButSurfageshepois defebminedby fibrllengthd aud sabdzsdibelaférGercombctiods. bril s
~under tension. This tension is distributed uniformy throughout the coneal

t hi ckness (i . e.Noraat @ei, bealthy land het pastekupgjsdl)euhawlshhhrdctea b@l‘s%nfﬂ@;[mtt he nost
part equally stressed).-2. Overlaying fibril layers are crossed- (near

per pendi cul ar)-.chiyeRin iaPEGRRS plesstes. . Under HRECbadt SicsRS ! AtRisddHot Eitbhd |
predom nance (both horizontal and vertical). This directivity, and ot her

geonetric fact appretiaklg. t he rate of peri pher al increase of

-6. Surface shape che.nges occur when fibrils are cut, redistributi_ng the stresses non-
uniformly.and allowihg_ unloaded fiber layers to expand. The expansien-is |
"determined by avcemp'licated thteraction of ﬁbrﬁ and cross-link stresses 'With'the.
inter-fibril matrix pressures. See .R'oberts, id.

" 7. Fibril s;racing necessary for transpérehcy is precisely maintained. This necessitetes
the observed stromal structure as numerous layers of tiled ﬁbers (a fiber bemg a- |
compact group of parallel fibrils). |

8. Increasing peripheral opacity:of\the’cornea, especially near the limbu's,--.is.ind.icative , |
"~ of less fibril crga.nizétieri (e.g.,j an increase irl-ﬁbri] crossipgs) near the lirnbtls._
9. 'F ibril spacing is maihtejriect by e complex balance between springy spacing materials |
(the interfibril GAGs) and fluid pressure (which at homeostasis is rélatively negative,
- about 60 mmHg). The negative pressure er suction (irnbibi-tien)' is maintained by

- the endothelium.
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| i - i Qe J ) -
ayer inter Conggﬁ\r&f W;}I%? .comm H{ dalifte, a.snﬁs?zlrﬁnlragpo@nﬁg r@\g%l}lgg éltl??sz]%ler

. e .
~changes occur en firbrilTs are cut, re

“spaci ng neceSs&%g
fibers (a fibePresereRfesponsibleiarctenefrngths fibpuiengione | Hence intprfipri

pachynetry, varies with speci es. Thickness abnormalities (e.g., _nasal thin

spots) arise fromfibril layer nonunifornmities and are devel opnental. in
nature. 22 2.8- SEP 2006 WO 03/082162 PCT/ US03/ 08645 3. Rel &8i % Yi06ar ger

~circunf er WPi0¥P824¢Y esses at the linbal junction (where anPGI/B8/03si us

surface joins a 12 mmradius surface) are supported by a circunferenti al

fiber ring D04 thé physidiediatankt, REfealthRkskE:S H526pordaLH HybBARoR eERGsed
organi zed into extensive parallel-fibril layers. Mninmum Scleral thickness

occurs at its e@etal ff safil¥ dxpakhBRIPAS 150 Perbdif it0 Bhyskbei mémgﬁ, i of the
eye). .5.. Surface s-hsgpe ix? detaieBrm' negerby flti Er}lllslﬁﬁél)géﬁg%lrllsyan étx%agﬁﬁszed by

i cal ) shape
i s unaffected significant changes in ocu fdsr t hese-

nodest stresseg | Dris d . reciably...6. Surface shape
ob oo Tirab iRl R SORERS A R RSB
uni formy and al %‘ﬁwﬁfﬁ% unl oaded fiber .l ayers to expand. The expansion-is

determ ned by o PP EE ST PeY®8n. of fibril and cross-1ink stresses

wth the in er-f'lbri I ma}ﬁéjx. ressures. - See Roberts, id. 7. Fibril
hngyand jmbieitiop RTESSHFeS @feslaefr anaghuidsdbrn tp ingraocular
necessitates - the observed stromal structure as nunerous | a}/er s of tiled
BatrKkncr easi ng
peripheral opacity-of the cornea, especially near the linbus, is indicative .
of less fibril Posgaes caanPYsA beegngred. an i ncrease in fibril crossings) near
the linmbus. 9. Fibril spacing is maintained by a conplex bal ance between
springy spacihdntamfikmlicadss-links, the matrix composition, the fibril layer structure, and fibril
orientation are all spatially dependent within the comea. Local fiber layer oriénfétion
is at least partially responsible for observed non-uniform meridional strains induced
by excess intraocular pressure'. :
' 13. The cornea is flaccid in youth, becoming more rigid with age. This is prcsuxhably
~due to increased cross-linking and/or stiffening (through accumulation of various
_molecular species) of the inter-fibril matrix with age.
. g-:oméal Fiber Model
. For the purpose of explainin‘g the invention, fibers are theoretically; defined as
compact groups of fibrils. Thus the fiber is a modeling construct rather than physiologic
» éntity.' I_t?is a way of subdividing a phyéiologic_layer. The corneal fiber model follbws
- from three postulates:
1. Fibers follow geodesics. Corneal fibers can not withstand bending moments, and
therefore; they.are for the most part under pure tension. A fiber under pure tension
follows a stfai'ght lihe, which when confined to some sﬁrface, is a geodesic of the |

- surface (¢.g., a great circle of a sphere).
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(the interfibril GAGs) and fluid pressure (which at honmeostasis. is
relatively negative, about -60 nmHg). The negative pressure 8r3€#\/\g&iﬁon
(inmbibition) is maintained by the endothelium 23 2 8 SEP 26 6" -

03/ 082162 WOMB(U8&IS 08645 10. Over the physiol ogi ¢ range, BOFH8WI08¢4HI ckness
is proportional to hydration. Excised stroma in saline expands up to 150

percent its phyBibetsagé tevatfare. BRerg liyelts HGAdiGided liRQYF AberY\GapsCRRARIHH Ned
in-saline, a substantial positive swelling pressure can be nmeasured.” Wen

~suction is appl irBsovés GoURIRh& Gk sfgﬁﬁcﬁﬂﬁpltil:ﬂgcd?treﬁﬁ%&ﬁ%% e9ibee
- inmbibition pressure can be neasured. 11. Swelling and inbibirtion matrix

- pressures arg | AlgRkyeh s AR Ao hiBer di%idcRhd ARAULAY o BRAMGES

responsi bl e for generating the fiber tension. Intertik

pressures can n i eqd. | jRrid .crass:|.jnk the matrix
conposi ti on, thgo\ﬁg %rg?(_il??rtiegé}g{e’ %tarftil}% ﬁrdeg?gédn@ t?? et %gf'}séL‘Eo Fa?‘bgnggqréreél |
spatially depenggatbe\@oﬁgg' qt he cornea. Local fiber layer orientation is at
- L east partially responsibl’e for observed non-uniform meridional strains

i nduced- by excess..intraocul ar. pressure. .13. The carneg is flaccid in
yout h, beconi ng ng?igg?l[oﬁf'%ﬁ W?‘Hgléfé%.w'ﬁk}ﬁeger?”é’e H’rh%§ulnsaﬁ’r' adfhereaderiifcr eased
cross-linkin nd/ or. stiffeni (through accumul ati on of various nolecular
speci es) - of g’ﬁ CTSARIPE flﬁelﬁPF‘Fal[ﬁ’FF medsliaEprdipg to-the pyeutionriThe Limpplqdaneror t he
purpose of explaining the invention, fibers are theoretically defined as
conpact gr oudgo%ﬁ isfajhane|that bagt fiss theyimpyg, cFhejcomgaliapere 0023 istha sentat anterzr her ‘
than physiologic entity. It is a way of subdividing a physiologic |ayer.
The corneal fshideqe peirt darthiegs| fragmehe limbal plane. The corneal axis 10004 is the normal to the

limbal plane th;at intersects the corneal apex. Meridional planes 10006, contain the
comeal axis. The central fiber in any layer is the one that intersects the co.meal axis.
. Layer fibers farthest from the central fiber are iateral fibers. For any layer, the media_l |
f)lane is the meridional plane that perpendicularly intersecfé the central fiber.
The foilowing consequerices.can .be immediately deduced from the mddel
. _postulates: | |
1. Fiber aspect ratio ché.ngés gradually from r.nec'li_a.l.t'o peripheral locations. -If the area
.of a.-ﬁb'er _is,qoﬁserved aﬁd if ﬁbér.s".always follo_iy geodesics, t'hen'akﬁger laid o'ver a
convex'sufféc;a must be thinhést medially, i'ncreas.ing. peripheraily. Thié eipla;hls' in bart
why strdmai thickness increases .p_ei'iphcra_lly.'. Hdwever; the inventdi's postulafe that the
N observed increase in thickness is not fully explained by individual ﬁber aspect changes..
-To reproduée the normal hurﬁan thickness distribution, -different -.ﬁbers mn thé; same layer

must have different areas, the area increasing from the central to lateral fibers.



- fromthree postulates: 1. Fibers foll ow geodesics. Corneal fi'b'ers can not
Wi thstand bending nonents, and therefore, they are for the S@'avaq 6under
pure tension.- A fiber under pure tension follows a straight I I'né ?
“when confi WOP3PBI&nme surface, is a geodesic of the surfREEUS894S a great
circle of a sphere). 24 2.8 SEP 2006. WD 03/082162 PCT/ US03/ 08645 2.
Fibers tile theLsemfftees bleeiayurhldy @ito he ligibal ditumifeieralal fibdriring. Geoddsier s.
Gaps created by crossovers would generate significant optical scatter and

- therefore ar erign@iicieshuses Jaterki #t0rs RMRAA towabRNBSpRHery TMBe HOTOBErPEbdL SCT et e
fibrils and fibril spacing is conserved. Therefore, as a fiber is defined

by the disti Qggreﬁ,feq[d\,& §asil%' lrﬁ@ﬁ{eq;nﬂ,sdl ﬁi_f,érl?ﬁlé area nust be conserved. The.
- foll owi ng.term nol ogy, reference to Fig. 15, wll aid the reader in

Tt B S 5l R 6 S AR B T
ol ane.  The ool AOER leemfoi%'zr%odess%{sftﬁ?ﬁseﬁ%as s SpHE S Biitnls Frvaer
intersects.the corneal . es 10006 contain the " corneal
i o The- certi SpPRTRERTricH POl daRs vhh SRl Bremrls A S6P SRR ine Cor neal
axis. Layer fi bers f%rthest fromthe central fiber are lateral fibers. For
any |ayer, tHBUHRRRRYOf opriaxime;l %Vefsrféosﬁ@rglaﬂi‘lb%lesp‘l’%r?%?nﬁéﬁh%?@ul arly
intersects the central fiber. The foll ovvrgjg consequences can be immedi ately
deduced fromese 2hibeequaigsdae ificus efthe qrosgm pmeiEipd printsat Toapolomsalgetbisgr adual |y -

fromnmedial to peripheral locations. If the area of a fiber is conserved
and if fi ber gnegngthatthe gnifeam '@}ERSCFE@T s comparecgsshiilydeads ¢ thmlep figril

crossing in the annular limbal region.
How is corneal shape-deterxuined? If fibers are formed under tension, then'a'ﬁat
surface might be expeCted; However, 1t has long been observed that the develop.i_rtg
© cornea must be pressurized to form properly | Its final shap.e may be determined py the
1r11t1a1 arrangement of the ectodermal cells responsible for generatmg the’ stromal ﬂbnls. _
- ,Pressure bulges thrs cell layer mto a dome As ﬁbers are 1a1d down they follow the cell _
- 'layer Eventually the fiber layer is sufﬁmently thick and sealed (vza hnklng GAGs) s0
.'I-that the layer can w1thstand pressure on its own. Thrs puts the fibers under tensron and
| forms- a su_r_face w1th a shape mamtal_ned by the already fixed fibril lengths. Repeated
' | la_}rers_ are added to the surface with the fibrils f_ollowirtg the surface geedesics_.
Frbers do not follow geodesics outside the conea. Limbal ring ftbers, for
-example, do not follow geodesics. Also, there is no scleral thickening at its po.sterior
:pole, which weuld be a consequence of minimum equatorial thickness if geed_esics uvere
_follo’we"d.. So what is the difference between the cornea and scl_eral lay-up? The parallel
- lay of corneal fibers does rlot permit lateral ﬁber-bending forces. Hence corneal fibers
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convex surface must be thinnest nmedially, increasing peripherally. This
explains in part ~why stronmal .thickness increases peripheral] 9%&‘0 er,
:the inventors postulate that the observed increase in thi ck%g al 3_ ot
fully expl WPHa@882¢2 i ndi vi dual fiber aspect changes. To rRGH/GR030%645 he

normal human thickness distribution, different fibers in the sane |ayer

“nust have di tfuer RNbwake@sicst Blerarl fsrd, BeinL aRtrABvéd, O &8 1a67Af foles bR ohat er al
fibers. 25 2.8 SEP 2006 WD. 03/082162 PCT/US03/ 08645 2. Lateral fibers .

bl end nat ur abhMhd e SR8y hd bed Egwiixf erential fiber ring. Ceodesic
orientation causes lateral. Tibers to bend towards the periphery. The nost

| ateral fibers -t '&%f‘rﬁ%ﬁikﬁlé} érng?%géjgﬁ.yThiQE%e%gﬁfedh&h&%m Itxiel?gt{éa{e!ig s'er\?’zition'

- Corneal organization 10 scC I'sorgani zation (crossing).

T 1 Der Shat il B e BYRE pliAphAMASRNAR B R NS CSRISESs o ¢

cause all the O Cross a 0 ng

this spherical e le a step further, the nultiplicity of. overlaying
‘layers cr oss%ﬁbong?nglfﬁngﬁﬁsgge ’f‘%&%’teﬂtec?’ IEBRAsS WSPWBFP'F@“E frayithfrother fiBets 5

t he equator, the | 1s of the craossing.dianetrical points. Topologically
this. .rreanstl%°ﬁ(é’t’°“?‘ﬁ§°‘(ﬁ¥¥filfgﬁ‘lli-‘ioldi°ﬁ8~ VI CPpREn@gPm By Reidedigardusly coEEds t o
- extensive fibril crossing in the annular |inbal region. How is corneal

" shape det er nighddifficultitp gpdsign Boy ampunending Sbrit eaudd bprconstrusieda 1 at  surface
m ght be expected. However, it has |ong been observed that the devel oping

cornea nust [BydmtedMatrixMddelo form properly. Its final shape may be
determned by the initial arrangenent of the ectodermal cells responsible

for generating th€ogteabfitrs 4re bentlby an irfereglquessuro gragieent sehns bg elintrdoaylar i nt o

a done. As fibers are laid down they follow the cell layer. Eventually the

fiber |ayer ipsessuttf For exainple, ifitheclkyennatfive aletsdspherical, Ithenkthdygreésiéepradient . t hat

. the layer can withstand pressure on its own. This puts the fibers under
tensi on and normal to the surface would be given by ' ' ' o

where p is the intraocular pressure; 6 is the m.embrane stress, and R is.the membrane
, 'rad.ius. .It_ is .wgal.l-kno.wn that the fibers are nearly equally streésed an.d the layér radius is
nearly uhiforrn tlirough t_he corﬁeal .d.cﬁt.h. .T.hus the.pressure gradient will be nearly :,

. constant_ through t_hc cornea. However, this mechanically-ixjduce(i_ pfessu;e Qadiént is
only part of fhe picture. Hydraulic pressure (actually suctién) within the corﬁea is‘

- responsible fér governing the inter-fibril spacix;g. Any accurate prediction of corneal
shape fnust iﬁcl_ucie both mechanisms, i.e., ﬁbril‘Bending due. to pressure gradients and
inter-fibril spacing due to hydration balance.

- "The glycosaxpinoglycan matrix, which maintains the inter-ﬁbril 'spacing, is very
hydrophilic. Imbibed water céuses the matrix té expand, and thus.ﬁbril spécing is

governed by controlling corneal hydration. The physiologically normal state is.relatively
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forms a surface with a shape maintained by the already fixed fibril
| engt hs. Repeated |ayers. are added to the surface with the fZidD'S'EPSZU%ﬁ'
followi ng the surface geodesics. Fibers do not foll ow geodesics outside the
cornea. LiWM&M3083MY fibers, for exanple, do not foll ow gROTESI3®WSGS Al so,
there is no scleral thickening at its posterior pole, which would be a :
consequence: ohriL Ui HIRRE  Hogde HBR R buRHURTISater hsfil | Oved. S0
e :

what is the difference between thée cornea and scleral lay-up he parall el

| ay of corneghgsdi; : oy i.-her-bhendi ng forces. . Hence
corneal fi be?éec%%lh?%%gggg%%mn\?\%%%o %%5%5;@%* Hﬁ%ggy 0864 rnpﬁés?loflgﬁuﬁ _
geodesi cs. Sg i i i nterwoven, ~can exert | atergl forces on
one anot her %IgﬁgtadfyorHaﬁ‘\?véi%erég g%%&%%w UFVes. T%orsﬁlé’éﬁ Constapt™of ﬁ'é?rIEatEiSﬁ%”er ved.
This can be %egdéﬁed fromthe rege’a d .%g. ervation . that fibrils do not seem
to end but appeXfuss TOPLRSFNETERS QLRI As Y= Hipe Presmts (mbibitiotyond) .
If fibril ends are.infrequent or termpate in _sone confluence wth another
fiber, they ﬁ?g&t%%hxﬁé@@c HTGF?W%WFt[““ttBe gatsct Swellipg'| s thedipsibivg seaceen may not
be rigorously correct as it is difficult to envision how any unendi ng
fibril coul d REessesesthesemprsssefynptat. e Bhavmeaspsed Kpraeef tmopasitivie siebiog pressuze,bent
by an internal pressure gradient set up by the intraocular ‘pressure. For
exanpl e, if theahbyenpreseadfaace were spherical, then the pressure gradient.
normal to the surface would be given by dp.2Q dz R where p is the
intraocular pressuyrey @ is Lbe-eghrape stress, and Ris -the menbrane
radius. It is well known that thé fib’erg are nearly equally stressed and

the layer r adAl‘fl?ou'gl? this is expressed mechanically, one should remember that the matrix spring

force is driven by imbibition, that is, the bonding of water molecules _With the
hydrophiiic GAGs. Therefore, it is also temperatui'e dependent, X dedfeasing with
' increasing temperature. . Hydration, H, is. defined as the water mass divided by the dry
- mass of the cofnea (both fibrils ahd_ matrix). The swelling pressure relation above is |
valid over H ranging from 1 to 10. It has been observed that corneal thickﬁess, T, is
-l_ineg_lrly rélated _té hydrz-ition, dT/dH equaling 0.14 mm/H for human cormneas.
T=T(H) = TD{I + P j
Po
._ The dry mass density of the cornea, pp, is substantjally th¢ séme for all mammalian

species.
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nearly unlforn1through t he corneal
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mechanics; are sufficient to construct a static model of the cornea.

- The schematic in FIG. 16 shows the normal static hydraulic pressure proﬁle in

the human eye from exterior to interior. Starting with atmospheric pressure in the air

10030, there is a negative jump of about 60 Torr to the imbibitioripressufe 10032. This

rapid drop is impressed across the cpithe'lium-.. Over the corneal stroma 10034 there isa

depth. Thus the. pressure gradlent wi ||

28, o 8

ts and
C.
state

d,

The
t he
lic
sure

h this

s with

E

. grg&u.al}pre_s_sﬁr.e incrca_s@-. equaling the IOPm total: _Ac_l'ééé_ the'éndothélium .10036 _theré_

isa positi'vé jump'to the IOP, which is uniform in the anterior qhamber'-iOOBS'. This

- homeostatic picture, however, will be altered by surgery and other interventions. For

* example, a study [Odenthal, 1-999] examining the effects of _a:two-hour’ hypoxic stress

noted -an overshoot in corneal thickness followed by an exponential relaxation indicative

of a'damped oscillation. Thus, the required dissipative and capacitive elements do not

appear in the static equations presented so far. The missing piece thus must account for

~ the diffusive movement of water within the cornea.’ A series of diffusion models could

be combined with the existing hydration equations to obtain a transport equation, H(x, y,
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- valid over Hranging fromlIto 10. It has been observed that corneal
~thickness, T, is linearly related to hydration, dT/dH equal "rag PP #ﬂbﬁ mi H .
for human corneas. T=T(H)=To 1+Pw H PD The dry nmnass densit?- o?_ t

cornea, PDVO0ORGSst antially the same for all mammal i an BEEUHBH86428 2. 8
SEP 2006 WD 03/082162 PCT/ US03/ 08645 Description Paraneter val ue Measured

Reference NI fBor AyQ iinc @Brmeh. =E bl NRIF R o dBRSHCIRME b RUi LSt SHe E0 =
905.3 Torr inbibition pressure Hara (1972) cl = 0.8469 c2=0.0295 Dry nass

density PD = chdotalli ARG &GE (cHBRR AR RSISY, Hedbys (1966) \Water mass density
pW= 1.0 These two hydrated matri x equations, E(H and T(H), coupled with

(he compl ox 11 ber r AN pRRAHILY Sdlhoh O SRASHAAEL Al g el ©f

the cornea. The schematic In F c cC .. . =

_pressure profile.in - the human eye.from.exterior to.interior. MI ng with
‘at mospheri ¢ ;5?%_“?‘5"&*’ thl%enf"rﬁgy & mX'i'ff%'ﬁ@’f‘ ‘I?'H%raé’r?%eré'fnﬁ%éﬁ?lf’\‘}énﬂqﬁ ) about”
60 Ton to the .inbibition, pressur 0032.. . This rapid drop is inpressed :

across the epf 41 HRAOTRALe &Jgtrls P‘HEer@éf }’ﬁlé?ﬂe‘i by B?frfﬁveﬂég%@ t{eﬁgg%ss?rg‘a’a

gradual - pressure increase, equaling the 1OPin total. Across the

endot hel i um F6BRBNIRIAken from eé?U%\%smnﬁ%nq ffp) fibyilopgntategm; (Rihamasllar sizeini f or m

in the anterior chanber 10038. This honeostatic dpi cture, however, wll be
al tered by s@#PgemicuiRdchlameHan mecdanie propssiesdh hydration transport mechanisms;

(e) SUOﬁlal structure; (f) epithéliurﬁ; (g) hydrophilic GAG's str_ucfure;- (h) crosslinking

" between lamellar layers; and (i) fibril structure af the limbus (circumferential ri_hg). The
individual dafa considered' hecessary for constructing the cbrféct ﬁmte eier;eﬁ;[ con51sts '.
of (a) topographic elevation data; (b) wavefroﬁt daté_a; and (é) IOP data. Once thé correct
values of Young's Modulus and Poisson's Ratjo are determined, a correct finite element
can be constructed. Preferébly, the finite element will be a three-dimensional,
aﬁisotropic, layered, solid element having 20 npdes. Once the ﬁn_ite element is
constructed, an invasive procedure can be simulated and'_the _mbdeli'ng results compared
| wi.th efnpiri;:al data from actual surgical_.outco.r\'ﬁes. The finite élement can the;i bé '
-iterz_ifively modiﬁed_untills'in.ml.ated p.rocedure;s match obse_rved r’espo-r.lses. The output of
the optimized model then provides a best predictive instructiori fora propo;sed Sﬁrgiéal

- 'ophthalmi'c correction.

_ 'qunga Finite Element M_odei
Accord.i_ng tb-an illu;ﬁative _erﬁbodimeﬂt of the iﬁvention, a cbmea simulaﬁon _
model 500 shown in Fig. 17 includes the sclera.502, limbus 504, and comea 506, where
~ corneal anterior/posterior surfaces in the optic zone were determined from diagnostic
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exanpl e, a study [CQdenthal, 1999] examining the effects of a two-hour -
hypoxic stress noted an overshoot in corneal thickness fol prb? §n
exponential relaxation indicative of a danped oscillation. \us, qq
requi red dVOdBf8216/e and capacitive el enents do not . appPREF/USMw/0Ble St atic
. equations presented so far. The m ssing piece thus nust account for "the

- di ffusive moyemBRitionf mied @ith wh DbsRard Bfn&PEABRIs AsSRIBESR Tk E'Ax%tﬁ fgl on nodel's

- could ‘be conbined with the existing hydration équations to obtali a

transport equatieaBr Ndwyok). Bk Richa, |li§§’%%’%9g ?F?ﬁﬁ@raq)%g?o%g é? fhe Dothk 223/ 08645

.z, t), for HHO I n the cornea. Exanp usi on o s’inc (it (4 si npl e

0 oo, AT Y ) L sl SRR

generally ang individually. Thus, roper finite el enment | _(FEM

ST 2 oor i B8 bt Shecient « it 1 SRR R DLt B e FHROLED DS o |t he
essential co 'on?ntﬁ taken fromthe CUSM consisting of (a) fibril
‘orientation; g%)rﬁﬁa "l ar size and structure; (c) lanellar mechani cal
properties; (d) hydration transport mechani sns; (e) stromal structure; (f)
‘epithelium (g) héﬂfle‘ﬁFﬁ‘tF‘?E‘F@dg’sOﬂqtmtcd?)@,fed(‘m*@k@?@tsiﬂQiﬂf@glse(b@t ween

| ael | ar |l ayers; and (i) fibril structure at the linbus (circunferential
ring). The Tapeisent@llaegionstad theorysi Wegre themeaestad propertios arslonasenial otiemtatidns e
correct finite el enent consists of (a) topographic elevation data; (b)
wavefront dafaeacndysré)2d @Fvedadefinethe grosdwopoticsadfteachvragioe sindhe Mderaghs
Modul us and Poi sson's Ratio.are determned, a correct finite elenment can
be const ruct kger fPopxraesaod ymifdrineand ighietrise el etraBvervdly IsobepiardspinsewliigrRsi onal |
ani sotropic, |ayered, solid elenent having 20 nodes. Once the-finite

el enent is - lmfedih inite dihbus Ravenvdvmiitat PirQeeEieheal GABntARrSInA Mgt Ry and t he

model i ng results conpared w th enpirical data from actual surgical.

out comes. Theiffriedd.  Ehedof¥R MmélRB hiveaBnd¥eh orientations near the posterior surface, and
transition to more predominantly orthogon'al.- orientations near the ﬁnterior surface.
These orientations are illﬁs&ated' by the five layered elements 5121-5125 shown by thel
element representation 550 in Ei g. 20.

' The material properties for each finite eiément layer (rﬁaximum of 100 layers per
el_erlrl.xent,' with.‘S-l.O elements through. the cornea thickness) must be specified as eith:’r'a)
elpithe_,liu.m, b)'Bovx;man’; layer, c) lamella, d) grbund_ substance, é) Decemet’s
Membfane, or f) endpthelium with a préScribed orientation and structure. ’I_‘runcéted
normal 'distrib;'xfions af_e usea to sémple the layer thicknesses as Qeil as fhe laméilé widfh -
and o_rienfa_tions; a bilinear weighting function is used to modify the.lamella.e‘ éﬁent;tions

e ) .'a',s a.func_t.ion_ éf'depth ‘_bel_c.)vx’/'the ~anf_cri§r_ é.urféce. Iﬁ reg_iéns whefe a'siihuléted la_mélla. :
would coincicié'With f)reviously deﬁqed_lmﬁeilé, that poft_ioﬁ of the layered .element is
.assumed_to consist of ground substance. Furfher, the lamellae are assurﬁed to extend
from -lirﬁbué to limbus along meridiaﬁs, with thickness vaﬁatioﬁé éor;sistegf w1th |
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iteratively nodified until sinulated procedures match observed responses.
The output of  the optim zed nodel then provides a best prediZgiSEP 2006
instruction for a proposed surgical ophthalmc correction.. Cornea Finite
El enent . MoW& 0388262 ding to an illustrative enbodi ment of péEUS®B0esEsi on, a
cornea simulation nodel 500 shown in Fig. 17 includes the sclera 502,

i mbus 504, aBR&RERARSscehal WRE fne SRARAEL omte%g@;x@&g&@@i%@%%ces in

the optic zone. were determ ned from di agnosti.c

©03/082162 P 1NAL).9RS.. i th bscan: corneal. anal ysi
oystom (Baus CROBNTOIE ohovs s orOR A 87 esRfon ot edihe RS BRonilly s Y

‘peri pher al 'refgjé(r)erﬁ%%];ltlt.h cornea are assuned.to forman elliptical shape.

whi ch transiti’ons 'S a2 ed cornea surfaces at the edge of the optic

zone. Fig. 18 shows a cut-away finite el enent sh 508 of the corneal
nodel . As ill ust r'ﬁf“&gaﬁlﬁsw .f}ii@,d B th EATRBIF @eﬁﬁﬁédhlsfqnékt%%%s 510
are used to represent all regions of the eye, where the naterial .
properties aficiadl dibemsfors thesiement Sprmulation incapieratensctressispiffeniag efeat ¢ def i ne
the gross properties of each region. In the sclera, the |layer properties
are uni f or m &pePugt fps interad pressyge-t Nemlengar gromegtricsbaffegtsiare alesipolnde invhe | e t he
‘lanella in the linbus have a dominant circunferential orientation-and high
hoop st i ff neyguatimeoftles frntg clearest tesponsavEnrthen dwisians betweat fioitselaaents tdne '
posterior surface, ‘an d transition to nore predom nantly orthogonal

ori ent at i ons basanultteé bprd@sing thesunfcdeity beivesesl afidntthatdrOnfacehifo iah | USt 1 at ed
by the five |layered el enents 5121-5125 shown by the elenent representation

550 in Fig. 2ekisidhsurfiaé.eThigls-apcongeishécetsy definingaiaplidatdviddes AbSSHointiapy er
(maxi mum of 100 | ayers per . -
- Incision surfaces, and mathematically #ying them together. The actual incision is then

. simulated by releasing the ties .scquentially.' An example of decoupling the elements is . -

~ illustrated in Fig. 21.

According to a preferred embodiment of the invention, the finite eiement .a'naI}IIsis '
_- ui)p;ouch :i.nvolv.es thg inclusion of all céf the sf_ructura'l properties and obsefved behaviors

. ..o_f the"l human lcz:or_ne;a combined v'v.ith. zi'd'di'ti:ur'lél» data on the structure of thehuman eye.
Combining this infonuation with sbéciﬁc informatiou froru a _pa’_tiént, the sltructurai _
observations are-then'inéorpurated into a 3D r_nodei 'uf a.p'Jatient’s eye.. The probl.ém then

- .reduces to solving e’quations-uf the form F=Ma +Cv +kx, where M is thé mass of t.he _ |

- object, a is th_e acceleration of the object, C is the damping constant for-inter-nal .

. 'oécillapions, vis vglouity, k is the stiffness matrix 'fdr the elastic défofmatibn of the
material-anu X is the_ magnitud'; o.f the disp.lace.ment. Th.c;, equa_tion contains all of the
informatiou necessary | |
to predict the m.echanical. behavior of the human cornea. The.-equation may become non-

linear, in which case the mathematics become more complicated. The actual solution of
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el ement, with 5-10 el ements through the cornea thickness) nust be specified
as eit her a) epi thelium b) Bowran's layer, c) lanella, d) ghgusgr 9 zdus
substance, e) Decenet's Menbrane, or f) endotheliumwith a prescrib

ori ent at i OWOAHEB2EY uct ure.. Truncated normal distributi ofEI/6s08/08@ed t o
sanmpl e the.layer thicknesses as well as the lamella width and

ori ent at i ons thede jubdidHR a¥ill WejutB the \@ItoRA OF b Sfatens otiiRdiikddr ﬁﬁéaldefférQrﬁlal arel | ae
orientations as a function of depth below the -anterior surface.

regi ons wher gqish{BDE 99 Tha BitidhdhrialRhbe Wi 6L Utveld dafievd ‘rtﬁioxn?ﬁt‘ | ned

| amel | a, that portion of the layered elenment is ass F Consts

ground subst m@forméptatgfsmthqhtﬁg&' algﬁ&gteﬁ FRREE that e lERG el LM ad TOUS

to |inmbus al ong meri variatirons consiste

' SEP 2006 S / I Th
par'gﬁet ers oyg)?qg‘zeltg%%r? %g H% gr?bu ﬁ%o @nSt ma@#@%ﬂﬁ'ﬁ 8}‘;? &8&8?2&6 aa ©
broad range

ol |51 nt oPSETTRERe %ﬁbiﬁ? e e o A | e | CP,

and this tend to inflate the eyeball. Therefore, the el enent formul ation
i ncor por at es rgatianshirgwhich F‘feéﬁp?fﬁle’étf"lp% theicgnstifutivs prapertiss thahate created prsidss ur e.
Nonl i near geonetrical effects are also included in the evaluation of the
finite el emert clemspdandbetyeanaignents. Hoinskoows the coseiftive properties ofitbnt s can  be
simul ated by releasing the connectivity between elenents that are adjacent
to an inci sielsmestard sdwionThn be found &y dimptonshbusimpsesisieni. Thisduspint cat e nodes

al ong potential incision surfaces, and mathematically tying them together.
The actual i embsediowentis designed tcsbacklcaltcuidtetcymleelloeastitmg/etﬂn@ettiee&ramwelotf fally.
An exanpl e of decoupling the elenents is illustrated in Fig. 21. According
to a preferr edtiamdiprmide meditihe ahwaabfmacommstfdcﬁﬂraleesobmaé toadﬁgtl,-,ysi S

action asserted upon the cornea. An exemplary method of obtammg these constltutlve '
properties is 111ustrated in the flow diagram 600 of Fig. 22. In step 602, sclera elliptical
shape parameters are speciﬁed. These parameters can be obtained from axial length
. measurements of the eye, or generatized values from the normal population may be used.
At step 604, patlent cornea geometry is determmed Preferably, thlS is antenor chamber
_ geometry and most preferably, this isin- the form of non-uniform rat10na1 basis’ sphnes
(NURBS)"obtmnedwﬁh an Orbscan pre-treatrrtent_examlnatlon. In altematiye aspects,
- "apﬁropﬁate data could be obtained by OCT .or C-scan tultrasounti) measurements. At
- Stgp 606, a _3D_solid geometry of the eritire g_lobe including comea,-limbus-z‘md'sclera is
. formulated (as illustrated in Figs. 17, 18. In step 608, the incision/ablation surf;.ac'e.s_‘are
1dentified based_upon a best estimate of a'prospective surgical plan. Applarlation of the
cornea is simulated with applanation plate 514 of Fig. 17, and a 1mm deformed comnea is
.i]lustrated in cut-away and enlarged in Figs. 23 and 24, respectively. ‘At-step 610, tiefa_ult
finite element size is selected and a finite element mesh is generated as illustrated ir1 Fig. |
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approach involves the inclusion of all of the structural pr opert| es and

observed behaviors of the human cornea conbi ned with addi tl,z%‘n?h: jata on
the structure of the human eye. Conbining this information ocific
i nf ormat i oONOPPBFHE patient, the structural observations BFRUS0BESE4S '
incorporated into a 3D rmdel of a patient's eye. The problemthen reduces
to sol ving eqiahispharicaf elementfoosntinkeMastdrfNs dded, andhies @errit Sddeb BoiRBIAS wah the
object, a is the acceleration of the object, Cis the danping constant for

internal  0Sgielih@tibRUBlatioh dusfa¥] BCéskehce hé Slekilfs Std tulNESSndTRE fﬂtéhdte@r the.
el astic deformation of the material and x is the magni t ude of the

di spl acement jn.idgis SAMALE 251163 E@ﬁ[{bsa{xﬂlede - Qhiple e eibhdld Mds@ gbcu ac?‘gs a8 rs%gt 0

. predi ct the nechanical behavior o hunan cor nea.

" becone non- k A & conpl i cat ed.
The actual ute?%ﬁleg% w@% ga%%%@g%g’&gg%g%g‘%&%%gﬁg%@8@708645 t hese

~ equations V\A|| g{) t st em of no |ne artial
differential equ asué e%lﬁ%%%@ & %h 8}Vé1n isa?yeé’ci “{?éf@srﬁgcesol ved -

by finding a_.sol uti formof t he. PDE' s. Itvv|II be

appr eci.at ed, DﬁB%‘?}ec‘g\quﬁr e’t%&%ehg'ﬂatl ¢s required . to solve the cor neal

probl.em are identi 0 ematics to solve any material deformation

probl'em The errbogﬁn%??f §ayf“‘h§gﬂﬁ‘?|‘?§%ntl on, then, is. the constitutive

rel ationships which are dependent upon the constitutive properties that are

created inside ofC) ePRegENianela dpcpiansans odensstions &or this layaebknows t he

constitutive properties of the elenents, a solution can be found for the

corneal response systemsel‘%’ﬁmg&Sﬁ%‘tlmomtemmuméﬁmnwwwéﬂgngdeso,o back

cal cul ate corneal constitutive properties for classes of patients and

provi de predictive anah)/s:ﬂcshugatalnelleommalcmt(rﬁmb@odhgreessﬁmm afldepthyy any, .

~action asserted upon the cornea. An exenplary nethod of obtaining these
constitutive, iii) selecting lamella width (1 to 4 mm),

V) projec_t\ing each lamella from limbus-to-limbus;-
v) if clear.or partially blocked by aﬁother lamella in this layer, reduce
W1dth and complete pI'O_] ection; otherwise, define as ground substance
v1) have maximum number of lamellae been processed?
If No — go to (c); |
If Yes — define all bnspeciﬂed layers as ground substance
and continue to next layer. |
* vii) after ground subsfence and lamella properties have been defined for
' ali l_ayers,. apply to individual elemebts based cn locatiob of element
. centroids.
At step 612, the boundary conditions are defined. These preferably include a
displacement constraint.at the.scler.a', and individualized IOP values.” At step 61-6,. the
basic material pararhet_e'rs of the system are speciﬁed. These include Young’s rboduli :
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properties is illustrated in the flow di agram 600 of Fig. 22. I n step 602,
sclera elliptical shape paraneters are specified. These paragﬁ %,sz@ﬁn be _
- obtained fromaxial length neasurenents of the eye, or generdliZzed | ues
from t he. nWOPR086hul ati on may be used. At step 604, patPenUsGosasa
geometry is determned. Preferably, this is anterior chanber . georretry and

nost pref eraky E, EY; Poissont SRAIV |, 00, MQf); HaRhétR bdoQhH G Gon@I b &Rl i nes
(NURBS) obt ai ned wth an O bscan yprygn tJr)eat ment eoxalrr;( nation. a ter natl ve

aspect s, ap%&H&kr@h@bl@@&rﬁsu‘fﬁé@s%@%léﬁ?&ﬂnﬁ‘%H iffenfdifi? ho&ﬁgﬁ@oltﬁ{,& [;asound)

measur enents. step 606, a 3D solid geonetry o e entlre

I ncluding cor Qﬁ@lgbég ﬁhﬁﬁy 3;{[‘9(3 8&@;tﬁ%lllrl8?el£cpc§o%a?§h% el(s%gmp!lre ?‘{%ee g‘ﬁl Fi gs.

- 17) 18. In s e’ i ncl |oﬁ I on sur BE are ased
upon a best I é_g 0S ectl ve. sur lf’ natJ on o t he
cornea i s si %ﬁ% ateq 9"r%ga§% ea% Sh° lﬁlag%m'ghthg? %ﬁfﬂﬁgf meRhig ma"df eﬁm
def ormed cornea. |ﬂs %tb strated i n cut - a and e}éh%wg%g in Fi (tg and
. 24, respecti VTS ad ?é'b’p%i%fee‘a%‘} éiﬂ“tt sa f% thy fl gfurng %%?Fé@ll‘sed and
“a fi nite el ement nesh is generated as il Iustrat ed in Fig. 33 2 8. SEP 2006
WO 03/ 082162 I‘&éﬁ%%@ﬁ‘ﬁme@%ﬂ%ﬂs N%B%ﬁ?(bend siape fbh62@ awsreitstated system i s
used, and the el enent edges coincide with the incisi on/ abl ation surfaces.
In essence, the ellbpentrssidtef thampdelingdsianiacchatefinitesttarent inndél $oramash wi t h t he
ability to couple and de-couple the el enents at those |ocations. At step
612, the ele s” lohpaicatsahas caethembelused Bh predictveméormetioewbén & agvepaticat ias
f ol I ows: (a) Specify material as epithelium Bowran's |ayer, |anella,
ground ‘subst apasijculaDpgenetlas irbrateddor surgeey) dedolndihg tonthe (dvkntmeci fy | ayer
t hi ckness, (c). Specify lanella |ocations and orientations for this |ayer,
by i) selecting aFsguss2 ilhgtrpes antoverallGlystem nbefigifion 200 fér ﬁﬁ&smﬁb@e%)e,
that mcorporates the invention as descrlbed in the foregomg embodlments A dlagnostxc
station 210 preferably mcorporates an aberrometer for wavefront measurement a.nd may |
- also include any suitable dlagnostlc instrumentation 212 as shown for example a N
topography device for measurmg comeal geometry, an autorefractor or other dev1ce for.
objective or subj ectwe refractlon data, a tonometer for IOP and others known m the art.
The dragnosnc output 215, represennng- ‘new” information about a patient is sent-to-a
computer 220 that ineludes structural and functional architectures 222 such as an
- optirnized actual and theoretical historical outcomes database, captu'_re/analysis software,
graphical user interfaces (GUIs) for surglcal and custom lens apphcatlons and others
_(not shown) Analysns of the dlagnostlc 1nformat10n 215 in conjunction w1th the
: htstoncal information is prov1ded in the form of a best predictive outcome instruction
217 which is integrated at 219.' with procedure planning software 230. A non-exhaustive
nor limiting list of corrective procedures 232 includes myopia, myopic astigmatism,

hyperopia, hyperopic astigmatisrn, re-do (e.g., prior decentered ablation), mixed
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~

ii) selecting a lamella orientation (-90 to 90 degrees; function df dept h),
iii) selecting lanella wwdth (1 to 4 mm, iv) projecting eac?--sl gﬁili{] from
| i mbus-to-linbus; v) if clear or partially blocked by anothef "l | in
this | ayerWO8@8%de2 wi dt h and conpl ete projection; otherweppsdmesdisse as
ground substance vi) have maxi num nunber of |amellae been processed? If No
= g0 to (c); astigm¥esn PRICIILASER) dic. UNePREria86h is@y&lriﬁteéﬁteqra@mﬁﬁjpﬁkﬂﬂpe
and continue to next layer. vii) after ground substance and | anella: ,
properties haupvignbiRebinad 260that A td@YR6 Secofithdols@4b Belivi dual el ement
based on | o-cati.ogqgf. el enent centro%’ds. At ?sctoep 613{5(%#?18%0%%6%%}’%& :
condi tions azgedeti ibaliton BER&IR. &l ' a_. displ acenment . constrai nt
o o AN S8 TR Bt Mo e BRI ERES 0TS T

at th_e sclera, and ind_i vi dual 1 zed | val ues. g o (
AR 50 SRR B R TR G

Poi sson' s' Rati o (vxy) .vyz. VvxZ):.and shear duli, (&Xy,. &Z G ~). At step

618, the 1 ntd Sebstrdbellfe o Ehe ite e Satha e A 250, s Blremion

- non-1|inear- sol ubi on is rforned. Finally, at step 620, the nodel ed
corneal shap&Sh f‘b"gl%ﬁ’ioggieeﬁ/iaf MYRETSOBR{1ZeP swrgeqn romazeam 26(it All of thist he shapes

are in agreenent, then the finite.el ement is nodeled correctly. If

t he- shape ag@brehinipanation isghen usedat 2990 seneeaie & theoreticd surgicat plama7( o st ep

616 where the material paraneters are nodified and steps 618, 620 are

reiterated. Yhiehdngnt %@GB to e laspredrivetiedfiwage 280 fandmgug thattieerdrentid lasee280rent

nodel for each : '

Such a system is embodied, for example, in the Bausch & Lomb Incorporated Zyoptix®

. system inc_:orpor_ating the Zylink® veréioh 2.40 algorithm package. As shown, the
.épthnized theoretical surgical plan 270 and the actual historical ou'tcéme date_i 292 ;fe
.' used to co;ltinuélly -update the data StFlJ:(;mre 220 to prévide the best predictive outcome
‘ insirﬁctibn for the corrective procedure. |
Another embodiment of the invention representing a system 300 for providing a
predictive outcome for an opﬂthalmic therapeutic l'correctiox.L such as a photoablative
\. gomeal reshaping, is illustrated by the block diagfam of Figure 3. A diagnostic station
3021s provided to obtain new measurements about the ophth'alnﬁc’ coﬂditibn ofa’
~ patient’s .eye-320.. The diagnostic ;tation 302 preferably will consist of one or ﬁore
ciiagnostic devices including, for example, a wavefront sensor, top'égra_phy
. instrﬁmentation,-an optical coherence tomography (OCT) system, an ultrasound device, a
: s_cahning lgser_ophthalinoscope '(SLQ), and/or éthers_us_ed alone or in corﬁbination as Wiil
| be appreciated by a person sl_ciiled in .the art. The diagﬁostic': station will have the
. ,gai_pabiiity to export_ anew inform_étibn metrig 305 acquired. by its pérticular 'di_agnostic;
o céﬁabiliti'eé.' A dété collection and trz;nsfef sia’tién_'_308 is appropﬁatély conne;:ted t(:)' the
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"class" of patients that can then be used as predictive information when a
new patient in a particular patient class is evaluated for SR %UUEG'

- according to the invention. Figure 2 illustrates an overall ‘System -
confi gur at WOW30806% or a LASI K procedure that incorporat eRCT/US$I8/08@sent i on
as described in the foregoing enbodi nents. A diagnostic station 210

preferably | AERhREl:Ron 362 APRIEARIRL nbliatEL (B0 303503 iR, aNd MY

~also include any suitable diagnostic instru for
eonet r

exanple, a tq . } - 3 i rneal ; an
autorefracto?gg%£§€a%%9§%§¥gga_o%ﬁﬁggﬁééz%v%qgPpgﬁﬁﬁﬁg?FWEX#E??%éFPbn dat a,
a tononeter for | and ot hers kno in the art. he dj agnosti ¢ out put -
215, represef! ?sﬁac%zl)% RFPERY SR %W\fx@%ﬂﬂg ‘&soﬁ'&??mogitga“stb?‘h%f%deg bydBmput er
220 that includes struct | and functional architectures 222 such as an
opti mized acHAOURAAABIVEES SAVTHGREPECLY. Dt ehgeHen mgiarsiude patient
~capture/anal ysis software, raphi cal user interfaces (GUJs) for surgical
and cust om | SFfledpRratitions dagnenvaphmenial dafio endsspcianind cauld Beshputed t he

di aghostic information 215 in conjunction with the - historical information’
i s provided istatipha0§ margally vig keypad q5(dYifer gxampley oantamaticsliy bycappoopria@l7 whi ch
is integrated at 219 with procedure. planning software 230. A C
non- exhaust i wensorsdhatiré¢aeid thp dediied infofmationr &bt date cqlleot@tandemnBDstition| 308 s
nyopi a, myopi-c astigmatism hyperopia, hyperopic astigmatism re-do (e.g.,
pri or decent és futhedroanécted)to a wbmeuatirgStRiol 3SEMa2RRMmildD fH3hA82 hfirtion to

PCT/ US03/ 08645 astigmati sm PRK, LASEK, etc. This information is then
integrated atcoRptting stdtiophys desztibed a0y il copntivh @ith FidMel eAQagciat may take
into account factors 242 such as, e.g., optical = zone size, transition zone

si ze, cust omsegiBh 358, predabld esﬂnﬁﬂsipgﬁ lqyin'gflasot! HeherskOf steft anfi lé?étl%i&er i%b' Chat

integrated at 249 with other clinical and biodynam c rodifications

~can be accesfgdomBfudlchiivedy caitielted f3Ghd B EENREior B (3N EIY: fion 388 BIQUL, At

252. The information

- output 314 or, aI_temativel_y, to computing'station 310 to receive output 322. Regardless
of whether station 308 of station 310 is the source of the ultimate 6utput-3l6; that output |
will'be a be§t predictive inétrubtion, preférably in the form of a custom photoablative
glgorithm er_ driving the therapeutic laser system, for faci_litating cofrection of the |

~ patient’s visiop defects. As before, vadoué staﬁdns 'cém be located locally or rer'not‘ély as
apprbpriate for gathering information and carfying out procedures contemplated by the
invention. Aé will be appreciated, thé best predictive instruction, which is the u1timate

' résult of thé invé;itidn discloéed herein, may be used to drive custom contact leﬁs, IOL,
inlay',.. or onlay fabrication.
In an alternative embodiment, the invention is directed to an exe.cutable
instfuétion, embddied in a deliverable means to an end uger to provide a predictive
:outcome for a_therape’utic ophthalmic correction or ophthalmic optic as described ;bove. .
T hé instruction could be de_livered és a surgical p.aramet.er, fof example, a LASIK
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is still. further nodified at 259 by personalized surgeon nonogram 260. All
of this analyzed information is then used at 269 to generat @@ SEpegyet i cal
surgical plan 270 which is sent at 279 to the laser driver software 280
for drivi nyORE8%eer apeutic | aser 290. Such a system i s RGHIGIBOIHAS f or
exanmpl e, in the Bausch & Lonb Incorporated Zyoptix(r) systemincorporating

the Zylink(r kerdREdhgniedthd6r Bl @ptitdltzbip @M@cﬁﬁmﬁﬁﬁ&hmhmmﬁaﬁv@%ﬂgwed

‘theoretical surgical plan 270 and the actual historical outcome data 292

are used t0a6PHlebitd@by YraeRcbalra phddfiiofkRleR a8 b LHGEH 6124 Qerk @r RHOVI de the best

‘predictive outcone .instruction for the corrective procedure. Another

enbodi ment  of, & tiio]['].v &l }e@ﬂec{fsﬁéﬁ%stﬁ@itng 1idn YAk %Endé%refd%a P Eo%\{iu irr(])g a

predictive olUtco or an op m c therapeutic correction, such as a -
phot oabl ative, .corneal I pi.ng. is dllustrated t he, bl.ack di agram of
Figure 3. A F%%"n’c?é 2}%(1:‘3 ’é‘? (31 R ToeaEugh asy tvrlmgilﬂmte‘gyooﬂpg}(néﬁe\ﬁ‘ﬁ%rasur ement s
about the ophtl ic condition of a atient's eye 320. The djagnostic
station 302 B?tgﬁg%ﬁ?‘§gw Pifeally A &R c'ﬁﬁcg‘_lw ﬁ?ﬁ%‘?“gdf’ef@‘n%@?{?’ #evi ces

i ncluding, for exanple ef.ront sensor, topoqr aphy - instrunmentation,

., .a wa
an optical cB8Ha bt P’Bﬁ@eg‘?"é%mm( veonytheyfor atherageig lasebgsiemd devi ce, a

scanni ng | aser ophthal noscope (SLO), and/or others. used alone or in
conbi nati on as. wi I anogher smpedimpnitilbistpied yithaeisenmce o Higure 19.the imgention is The
di agnostic station will have the ~capability to export a new information
metric 305 adyedtedsig apypphthglnpe diagrastiaandiordrpatmednt systeom pIOiihdludiesdiagnadtt a
collection and transfer station 308 is appropriately connected to the 36
2.8 SEP 2006 10033 r0g2hedt FOP/ coBpeidss #sludirggroshical steaintafac80@1f or
receiving the new diagnostic input 305 at 304. The data collection and
transfer stahavng 388plag 1805amdackefettch device100Hthat fayilitesahe/lediibd 67 ent, new
prospective therapeutic-outcone-influencing information 306 than that
provi ded by téigected information for analysis with a data structure of optimized historical

information resulting in an outcome-predictive instruction for effecting a vision

correction procedure. In the system 1000 acéording to the invention, a method of

providing and selecting from a menu 1007 on the display 1002 comprises the following

steps: a) retrieving a set of menu entries from the menu 107, each of the menu entries

representing a prospective, ophthalmic, fherépeutic outcome-influencing characteristic;

b) receiving a menu entry selection signal indicative of the selection device pointing at a

selected menu entry from the set of menu entries; and c)-in response to the sigha.l,

engaging an analysis of a selected menu entry in conjuhction with a data structure of

optimized actual and theoretical historical information, wherein the analysis generates a

best predictive instruction relating to an outcome for an ophthalmic therapeutic
correction or lens desi'gn.
Figure 4 describes in flow chart manner the process 400 generally performed by

the systems 100, 200, 300, 1000 shown in Figures 1, 2, 3, and 10, respectively. At block

38



~invention. As wl

di'agnostic station 302, as shown by arrows 307. This information mnight
i'nclude patient profile data, practitioner data, envi ronrremtsalsggagm and
so on, and could be input to station 308 manually via keypad or for
exanpl e, oVO20¥Aek ically by appropriate - sensors that rE@fUUSMmrﬂsdem red
information. The. data collection and transfer station 308 is further

connect ed -t 0420 coplratifyd pedspéctios amilithdwiiatheraeusit-Bulcame Jimffe@tify W function
to conputing station 110 described above in connection with Figure 1. A

therapeutic jgbahdtdn isddilectbd #bRNARbYs AR kel A6y, &0§| Yhid Bew Rorm %G BT
laser system and eyetracker is also commni catively connect egnto the data

col l'ecti on angtiidedRRffafiets@ph@NmIO8e LG ihBREINE and H%%%?igélg%nfomatlon

alternatively, to computing station 310 to recelve out egar dl ess

of whet her Straﬁﬁﬂ}o%lft)%pabrentstthgyagﬂtlghjepth dl‘é fostid rdc‘tﬁ rf.poel;]l ic S}SE’P xga f& output

316, that out put redlc I NsTruc in the

formof a cu blatlve orith rivin e the apeutlclaser
system for ?’Iécm H{;Iagl nvéroglgF?téctrl SHRIRIF ‘f‘E?%l qb%%r lm‘g ‘quaitlfﬂf %Pbcts '
before, vari OH_}S sI% ons. (iatﬁ be |located l.ocally or renotely as appr oprl ate
for gatheri n@"I*hYS¥ n’h‘ﬁoﬁ'ﬁa EfaB%?’FWWQmGd‘PfOBF%@@M‘&d glone é’r‘ﬁblﬂéﬂo&ilcb‘y t he

L z%ppr eci ated, the best predictive instruction, which
is the ulti mivica papintongrtend0s nihseraRt g3t EAnIE te the, comrastiopef thsed t o -
drive custom cont act lens, 10, inlay, or onlay fabrication. In an
al ternative ®FbSYisin defassisianghuzadiip GORunction adthdke higorealmpsioutedbl e
instruction, enbodied in a deliverable neans to an end user to provide a
predictive duaransHc-pueome infirmatipe uAt blodpttdhabest predistiventinamionr1®sht hal ni c
optic as described above. The instruction could be delivered as a -surgical
paranet er, f @enetadpiddelizeed® the BierapedticSiERic20pErato\E) Frofe2ib6? the best
PCT/ US03/ 08645 keratectony depth, or an optical zone size reconmendation
for phot oabl qm'ctd\v:mvs isgr@ctjon is an optimized, custom photoablative algorithm (but not '
necessarily so lmuted) that 1s 1rnplemented to drive the laser system and provide the
desired patient vision correction. The instruction may be optimized by statiétical L
ana)y;es_, multi-variable matrix calculations, neural network processing, and/or other
methods known to those skilled in the art.
Inan aspgct of the method embodiment, a best predictive instruction is provided
toa practitioner by'a third party on a fee based or transaction basis as shown-at 440.
Typically, individual sirgeons fhroughout-the world are limited to a historical outcome
base proprietary to their own practice. ‘While this, arguably, may be sufficient for a very
- high-volume practice, it would be advantageous for a surgeon to have access to a vastly
larger database of optimized, historical outcome information as a resource for providing
Vision correction treatmenfs. Sucha 'database_may be owned, for example, by a third
party, who may make the database information available to practitioners (and others) for

a fee or other consideration. Historical database entries may be obtained by the database
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and executed by practice of a practitioner, or as a custom contact | ens or
|OL prescription. In a related aspect, the instruction coul d2BeSERe2ipger ed
via a conputer or device-readabl e nmediumor neans such as, but not limted
to, a di skVO®¥082lend or satellite-based data stream et cPCT/H$0d/084&Ccut ed
~upon conmand as, for exanple, an ablation -shot profile or:ablation

al gor i t hm f olowaed st aMieLthirg padies Fora)fed 6 Bthdr BordiRkdiRh. TRRGMIVRRL, éoh]l:]h!ﬁt rated
with reference to Figure 10, the invention is dlrected to an ophthalmc

di agnosti c a@%é?xﬁmtgraﬁ@héﬁﬂhg a&%&a&&@@&c&ﬁ%ma user r}ﬁtﬁg'dgtabélsg%gra%nd/ or

treat nent 1005 conponents, T-ncluding a graphlca ace

having a di SQL@lﬁlp?oQ'Qc% t@ggr 6P Gh | b& an/ s ll%ox%ggf}edtn{ﬂ %ms Cétidn'i(?%ﬁitbrg of

sel ecti-on of cted or mat i on

~optimzed hi f on_r r edi

i nstruction % Eﬁ{le'f géorfth?\lgfg%é@%l% oﬂhoqga%barnvg?"Sgﬁyﬁf?}g@aﬁ‘rj muRgrativg a§§lé‘f em
1000 according._t E &glnv pt on, n&tho OVI&P and sel ecting from
a menu 1007 6?’1’9‘}?8 i BPAER4AS3 e Erach hisRstoD RRH ondeapicni) |
retrieving a S%@ nu qgtrles fromthe nenu 107, each of the nenu
entries reprBRbAMiGdeiert gne etherselayent °B$ﬁ¥‘ﬁéﬂﬂﬂeﬁcmg HEPTEIEQR Provided to the
out cone-i nfluenci ng characteristic; b) receiving a nenu entry sel ection
si gnal i ndi cmq/@rwfowmﬁ@bbs@rf@acrlweaevateéumpﬁby patctifiones speld be dequinad
entry fromthe set of menu entries; and c) in response to the signal,
engagi ng an areanglbyi andiof agomen@@hy@ad Fremamited toy thind pastyj wircwowld andlyde tie dat a
structure of optim zed actual and theoretical historical information,
wherein the amfainysios igempurgties with tiedsitrgp vewdomntd dasabasespraferabiomangl ati ng to
an outcone for an ophthal mi c therapeutic correction or |ens design. Figure
4 describes itmousimisottnes). Thethird pahg opheroasusd theR r@eet & dptimPekf &Itm by
. the’ systens 100; 200,. 300, 1000 shown in Figures 1, 2, 3, and 10;

. respect i vel y prédictivk akuctdB 18 1 p‘ﬁﬁﬂngﬁ)&@hat should provide an optimized visual outcome

for the patient; Depending on the practitioner’s equipment, he/she may use the
optimized instruction provided by the third party to simulate the prospecﬁv_e tréatfnent SO
| that the patient would knpw. in advance of sufgery what the p_atient’; postdperative vision
' | should.l.')e like, or in other ways, including,perf-orming ophthalmic su;gery;‘ This
simulation could be presented i.n various textual; gfabhical, or other visual forms
providéd by the GUI .1 001 or printer 11 1 1, féf example, or by a phoropter device 1113
with a deformable mirror or other phase compensation means known in the art, as’ shown
in Figure 10.
| While various advantageou's. embodiments have been chosen to illustrate the N
invcntion,'it will be understood by those skilled in the art that changes and modifications
- can Be made therein without departing from the séope of the inverition.as defined in the

) appended claims.
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WO 03/ 082/ 62 PCTI US03/ 08645 410, a plurality of prospective and known

t her apeuti c-out cone-i nfluencing new information is collected from various
sources 401, 402, 403. This new information includes the patient's
ophthal mi ¢ defect information and a variety of other informatd®rSEPr 2t i ng
to the patient, the practitioner, the diagnostic and therapeutic
instrunmentation, and the |ocal environnent, for exanple. At block 420,
optim zedClagmati stically- or otherwi se), historical, therapeutic-outcome
information is stored along with theoretical surgical plan information
405. The new information pertaining to the correction of the patient's

vi sion defect is analyzed in conjunction with the historical, optimzed

t her apeut | C- OUAGYSEBm! tRAQPrHWHEL predictiPé 86K orhs Por @E@ed@ﬁ&%&hbve
instruction 416 is generated and delivered to the therapeutic

devi ce/ op f the best predictive instruction is an
%ﬁﬁQ@ém&ﬁh echibf, c%gﬁ)b

optim zed,” cus ot oabl at'i ve~al gorithm (but not necessarily so linited)

that is inple ntedto drive th Iaser steman rovi de the. desgired
patient visi og%cor r%&?rp%tmgﬁ%nqnﬁ?tv% tWng"agﬁ??tﬁ’iniéH OBYmZEdt i sti cal

anal yses, multi-variable matrix calcul ations, neural network processing,
and/ or other heeRsRlshaARRRticraytqamssiafpiatipr metric derived fiom amopiimisatinsct  of
t he net hod enbodi nent, a best predictive instruction is provided to a
practitioner b@nalaVSismfraoplpraiityyofcmoaaetté‘ee therapelitigroutccams aftueneingdestericed
shown-at 440. Typically, individual surgeons throughout the world ,are
limted to a hinfdraratioamentidscome base proprietary to their own practice.
Wil e this, arguably, may be sufficient for a very high-volune practice,

it would be adyant a@ﬁ@x‘éﬁm&@%oﬁpﬁﬁﬁ@ﬁ@t’ibﬁ@ab@i@dt%%@e‘i%£glu?al}f9%f|y | ar ger
dat abase of optim zed, historical outcome information as a resource for

providing vis h qun for
exanple, by a }lt)rﬁ H{Ié ﬁ‘%k@%vé]é%n%‘gg%@“e“?“ g réFqY ﬂ@é@ga 1|orl%fln Pg 8h e%%al | abl e
to practltlone%@“%ﬂ @ litl) for fee or ot her consideration. Historical
dat abase entri PGee B‘Ht' OHBEF“BV‘ He2 BteRbase

c) wherein said computing station is further adapted to provide in a suitable

form an outcome-predictive best instruction based upon an analysis of the new

information in conjunction with the historical outcome information.

2. The system of claim 1, further comprising a collecting and transmiﬁing station
for collectiﬂg the prospective, therapeutic-outcome-influencing, new information metric
relating to at least one of a patient, a practitioner, a diagnostic measurement, a
therapeutic condition, and an environmental condition, and for transmitting said plurality

of new information to the computing station.

3. The system of claim 1 or 2, wherein said computing station includes means for

a) receiving said new information metric,
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39 2.8 SEP 2006 WD 03/082162 PCT/ US03/ 08645 owner fromother third parties
for a fee or other consideration. -This is advant ageous fgg éggpandi ng and
updating the historical outcone database. A third party § s@0wner
could provide to a practitioner an optim zed, outcone-predictive
instruction (e.g., ablation algorithmfor driving a photoablative |aser
systen), on a renunerative basis, in response to the practitioner's
request for susérizga phusality of pptimizad bistasival therapeuticeotcame ftvinagioni ¢ def ect
and ot her rel evant outcone-influencing information provided to the third
party owner byddrived fifoachn dptanatioaiatystsLgfiprospdctne thér@partcditédnrer coul d be
acquired nmanually and/or automatically and transmtted to a third party

who woul d anal WHQeddify, histdrRalBifb@ihtion r&lRfihddGH 148t MetdT alfaGLft, har ge out cones
dat abase (preferably many thousands of cases). The third party owner woul d

then transmt ctﬁwemaﬁﬁ%grnogﬁ@ feRGireRdft t‘ﬁEf-(?}Sgut-icnc%tnEiHﬁ) | Qfy 4 the

practitioner that shodl ovi de an opti'm zed vi sual outtonme for the
patient. Depending on the practitioner's equipnent, he/she may use the
optim zed i nst?ﬂé@f‘%’ﬁnﬁ&rﬁ‘?fﬁ&é"d"by the third party to sinulate the.
prospective treatnent so that the patient would know. in advance of
surgery what the patient's postoperative vision should be like, or in

ot her ways, including perform ng ophthal mc surgery. This sinulation could
be presented i bhesystepusf ¢laim Ual or Ywhpteincthe computet katiow t@uprises areass fopr ovi ded
by the GJ 1001 or printer 1111, for exanple, or by a phoropter device 1113
with a deprovididy n citputaonrisivighegredbasebasoinpeiGnithat ifBanhedifiamani n t he
art, as showmn in Figure 10. Wil e various advantageous enbodi nents have

been chosgpiyses dflthaidw MBrrhdtfon ih RURNhERIN with thél dpkinlifedISEFSH (?Iﬁgrrﬁéﬁotnhose
skilled in the art that changes and] nodi fications can be nade therein

wi t hout d&)%éiii{a'?egarr frr?ﬂn){/&fathﬁﬁBQ&icOJphEﬂ?micnc\é%&iié)rp as defined in the

5. The system of claim 4, wherein the predictive best instruction comprises an
~ outcome-predictive, ophthalmic information metric suited for use by a practitioner for

providing the therapeutic ophthalmic correction.

6. The system of any of the preceding claims, wherein the computing station
“comprises a data structure employing a neural network for generating the predicted best

instruction.

7. The system of any of the preceding claims, wherein the computing station is in

physical proximity to the collecting and transmitting station.

8. The system of any of the preceding claims, wherein the computing station is

located remotely from the collecting and transmitting station.
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appended clains. 40 2.8 SEP 2006 Clains 1. A systemthat provides a
predi ctive outcone for a proposed therapeutic ophthalmc correction,
conprising a) a conputing station having a data structure t2#t SEB§ ns an
optim zed historical therapeutic-outconme information netric derived from
an optim zation analysis of a plurality of prospective
t her apeuti c-out cone-i nfluencing, historical information netrics, b)
~wherein the conputing station is adapted to receive a plurality of
prospective therapeutic-outcone-influencing, new information including at
| east op@t hal Thesydeneof claim 0f Metheodonglidiig: 2 patient, c) wherein said
conputing station is further adapted to provide in a suitable form an
out core- pr edi 4 MenseR lsratidA thd ehi AYuRte 35wl BARhAMiREb M DnHettib FroREYY
information in conjunction wth the historical outconme information. 2. The
system of claim.l, further kSiing. a col | ' n ransmgtting station
fgr col l ecti ngg%te?gt’ Béﬁgsdg%lf) ?t\‘i/’cg%% gtfcﬁle&glbn%at ‘foa@ a4 @&Hc{é?%-%?%ft ligeulgenc%nr%%maﬁlg\r}v
information netric relating to at |least one of a patient, a practitioner,
a diagnostic n@5¥frement, a therapeutic condition, and an environnmental
condition, and for transmtting said plurality of new information to the
conputing station. 3. The systemof claim1 or 2, wherein said conputing
station includes nmeans for a) receiving said new information netric, 41
28SEP200610.  The system of claim 9 comprising a data collection and transfer station

cooperatively engaged with the diagnostic station, having a capability to receive and

further export the new information metric.

11.  The system of claim 10, wherein the computing station communicatively engaged
with the data collection and transfer station, said computing station including a data
structure containing optimized historical therapeutic-outcome information, and having a
capability to receive and transmit information and to analyze each respective new
informétion metric in conjunction with the optimized historical therapeutic-outcome |

information and, further, to generate a predictive best instruction.

12. The system of claim 11 comprising a therapeutic station cooperatively engaged

with the computing station, having a capability to execute the predictive best instruction.

13.  The system of any of the preceding claims, wherein the data structure comprises

a neural network.
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b) storing a plurality of optimzed historical therapeutic-outcone
information derived froman optim zation anal ysis of prospective

t herapeuti c-out come- influencing, historical information relxgisgg jgg at

| east one of a patient, a practitioner, a diagnostic neasurenent, a

t herapeutic condition, and an environnental condition. 4. The system of
claiml1, 2 or 3 wherein the conputer station conprises neans for providing
an out put 1€onpThes systenaopamdofcthe precedisg claims, mhetdin thetdvatomesprgdictivetiest r om an
anal ysis of the new information in conjunction with the optim zed

hi st or i calnstraétiniebn algoritton Hag dédctibésea Rberiablation shbtipiaempatpatermogabi hal mi c
correction. 5. The system of claim4, wherein the predictive best

instructi giinPRR{d Ses an outcome-predictive, ophthalmc information netric
suited for use by a practitioner for providing the therapeutic ophthalmc
correction. 6. The systemof any of the preceding clains, wherein the
conputing station conprises a data structure enploying a neural network

for generafing.fhe predicted. best nstructiqgn. .7.. The syste f any of the
b cdi g 181 af FhE SRR BF % MRS BHRSEAIRR G ot the e bieRve PO 1 ¢y
to the collecting and transmtting station. 8. The system of any of the

pr ecedi nginsitastan 1s gpepteperativesphsripal ebergationatalusn Ziogros| fo 4 EWEN PEPHHBIEE-y f r om
the collecting and transmtting station. 42 2 .8 SEP 2006 9. The system of
claim1l1, further conprising: a diagnostic station that can acquire a new,
ophthalmc information netric froma patient, said diagnhostic station

havi ng a g¢gpabiThé kysté o€ ¥pP6L tht PeccBing ichiias, wtieréin theistdperative spherical

aberration value, Zaoopost, is €xclusively dependent upon a preoperative spherical

aberration value, Z4opre, @ preoperative defocus value, Zygopre, and a constant factor, +C.

17. The system of claim 16, wherein Zsggposi = A*Zagopre + B*Z2gopre + C, where A, B

are (+) constants for the given pupil size.

18. The system of any of the preceding claims, wherein the optimization analysis is a

- statistical analysis.

19.  The 'sys_tem of claim 18, wherein the optimization analysis is a matrix analysis
comprising a vector, Z, representing new diagnostic information, a clinical matrix, M’,
representing an interdependence relationship of a plurality of Zernike terms or their
equivalents, another matrix, M", representing historical outcome information, and a

resultant matrix, Z', representing the predictive best instruction.
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10. The systemof claim9 conprising a data collection and transfer station
cooperatively engaged with the diagnostic station, havi ng a capabi lity to
receive and further export the new information netric. § pyﬁq m of
claim 10, wherein the conputing station comunicatively engage

data collection and transfer station, said conputing station |nclud|ng a
data structure containing optimzed historical therapeutic-outcone

i nformati2h, ahbe $ystemof elaint dpdbithértopmpoising adeedbagntboprpamddéd by mf or mat i on
and to anal yze each respective new information nmetric in conjunction with

the opti mqi(ﬁdn@[rﬂ‘b@ﬂiatm|méth@l’saﬂﬂiéﬂlt@t}@uﬁﬁﬂW”I nfornmation and, further, to
generate a predictive best instruction. 12. The systemof claim1l

conprising a therapeutic station cooperatively engaged wth the conputing
station, having a capability to execute the predictive best instruction.

13. Thes tem.o n the recedi cl ai ns ein the data structure
conpri sesgfa ?&’aﬁ%ﬂs eﬁb?é\ﬂ 3”}?r§ng%:902'6?5’6‘emﬁ’ ﬁ’i’h@P?ﬁg‘%téﬂé’Hf‘a%ﬂW of the

preceding clains, wherein the out cone-predi ctive best instruction is an
al gorit hnfremaa plueatity ofisesrcgs! aser abl ation shot pl acement pattern on a
patient's eye. 15. The system of any of the preceding clains, wherein the
out cone-predictive best instruction is a postoperative spheri cal
aberration val ue, Z400Post, for a given pupil size. 16. The system of any

of the pregedige @saannsfcmﬁewwhéraﬁ tROSIARAEAL oY € 30 eI ectRPSI thaik i on
val ue, Z400Post, is exclusively dependent upon a preoperative spherical

aberratio Y\?‘ajléfﬁs o%ﬂ@tqif@-ﬁ a_lﬁavré?r%ﬂf Bg&ld\ée gef ocus val ue, Z200Pre, and a

const ant ctor he syst em of a| m 16, wherei n Z4ooPost =
A*Z400Pre + B*ZZOOPre + C, where A B are () constants for the given pupil
si ze. _

23.  The system of anyone of claims 1 to 22, wherein the optimization analysis is a
finite element analysis (FEA) utilizing a finite element model (FEM), further wherein the

FEM is a three-dimensional, anisotropic, nonlinear, viscoelastic layered element.

24. A method for providing a predictive outcome for a therapeutic ophthalmic
correction, comprising: |
a) obtaining a new information metric, said new information metric relating
to an ophthalmic defect condition of a patient;
b) maintaining a database of optimized, historical ophthalmic outcome
information, said ophthalmic' outcome information being related to the
ophthalmic defect condition; and
c) providing a predictive best instruction for the therapeutic ophthalmic
correction, wherein the predictive best instrucﬁon is provided on a transactienal

basis.
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18. The system of any of the preceding clains, wherein the optim zation
analysis is a statistical analysis. 19. The system of claim 18, wherein
the optim zation analysis is a matrix analysis conprising 28 \6€€t 208 Z,
Frepresenting new di agnostic information, "'a clinical matrix, M,
representing an interdependence relationship of a plurality of Zernike
ternms or their equivalents, another matrix, M, representing historical
out cone i Af.or mhhé methodred ckim2ds compnisingviurthexstefyof calleptimgs@therapgutidie

predi ctive best instruction. 44 28 SEP 2006 20. The system of claim 19,
further compémeiinfiueacihgemtvainfornanion picidc thethding Aneasti@siahdlinge deféar mat i on
nmetric supplied to the matrix M. 21. The system of claim 19, wherein the
conponent {f§nalon GBRIt@SRAENd Nformation froma plurality of sources. 22.
The system of claim 19, wherein the conponents of Z are Zerni ke vectors or
their equivalents output froma wavefront sensor device. 23. The system of
anyone of clains 1 to 22, wherein the optim zation analysis is a finite
el enent apal ysi F tilizing a fi.nite el enen del (F , further
wherein 106 FaRs Mt ol claimasnéordornt ks SERPLuRD het fk:

viscoel astic | ayered elenent. 24. A nethod for providing a predictive

out come f Byformating iy pruvuRctiop prithapkyrality ebentiseized histerineb Hiesipsytic aytcne ai ni ng
a new information netric, said new information netric relating to an

opht hal m mfctefation fergheldeteonined ophtpalimiedefecth) nmmi nt ai ni ng a dat abase of
optim zed, historical ophthalmc outcome information, said ophthalmc
outcone information being related to the ophthal mc defect condition; and.

27. The method of claim 26, comprising further step of generating, via the computing
device, a predictive best instruction for facilitating an optimized outcome of the

ophthalmic therapeutic correction.

28. The method of claim 27, further comprising utilizing the generated predictive

best instruction to drive a therapeutic system for providing the ophthalmic correction.

29.  The method of claim 27, wherein the collecting step comprises automatically

collecting the new information metric.

"~ 30.  The method of claim 27, wherein the generating step comprises a statistical

analysis.

31. The method of claim 27, wherein the generating step comprises calculating a
resultant matrix, Z’, representing the predictive best instruction,. from a vector, Z,

representing the new diagnostic information, a clinical matrix, M’, representing an
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c) providing a predictive best instruction for the therapeutic ophthal mc
correction, wherein the predictive best instruction is provided on a
transactional basis. 45 2.8 SEP 2006 25. The nethod of c%g%g*Zé-
conprising further step of collecting a therapeutic- outcofe-Tnf %@ncing,
new i nformation netric including at |east ophthal mc defect information
about a patient. 26. The nmethod of claim25, conprising further step of
anal yzi nginteadependsnce relpaonship ofre plarabingfudesnike termos on theipdquivaldntsy and

optim zed, historical therapeutic outcome information for the determ ned
opht hal m gnotiedr &edtrix, M, rEpesémingabe Biktogicali ditcde @eFatishng further step of
generating, via the conputing device, a predictive best instruction for
facilitating an optim zed outconme of the ophthalmc therapeutic
correction. 28. The nethod of claim 27, further conprising utilizing the

gener at ed,predi£t | I NSter uct | tQ, drive t her t.ic system for
providing3£he E%%%%ﬁP%?@gﬁ%?Fégfﬁ@%?Qgﬂbghfﬂgﬂﬂgﬁﬁa%q%? @#ﬁpﬁgffF“hherein
the col |l ecting .step conprises tomatical | col | ecting the new i nformation
metric. 3BUOE Oﬁef%%%meﬁeaf&?%%m%@ﬁ apﬁ‘éatﬁ’é‘rfgl‘aag}“ﬁga ‘é{?‘@goébrrpri ses a
statistical analysis. 31. The nethod of claim 27, wherein the generating
step conpfanseglerigecul ating a resultant matrix, Z', representing the

predi ctive best instruction, froma vector, Z, representing the new
di agnostic information, a clinical matrix, M, representing an 46 r

33.  The method of anyone of claims 24 to 32, wherein the step of maintaining a
database of optimized, historical ophthalmic outcome information comprises updating
the database with available ophthalmic correction outcome information and optimizing

the historical outcome information.

34.  The method of anyone of claims 24 to 33, wherein optimizing the historical
outcome information comprises a statistical analysis of the historical outcome

information.

35.  The method of claim 34, wherein optimizing the historical outcome information
comprises engaging a neural network to analyze the historical outcome information and
the available historical outcome information.

36. The method of anyone of claims 24 to 35, wherein the step of maintaining a
database of optimized, historical ophthalmic outcome information comprises acquiring

new historical outcome information from a third party for a fee.
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2.8 SEP 2006 interdependence relationship of a plurality of Zernike terns
or their equivalents, and another matrix, M, representing the historical
outcone information. 32. The nethod of anyone of clainms 24 28 SEP 208er ei n
the step of obtaining a new information netric conprises collecting
wavefront aberration data forma wavefront sensor device. 33. The nethod
of anyone of clains 24 to 32, wherein the step of maintaining a database
of optim 32d, hhemsthodalf anpérenc]cldims @dtie doevhanéiothmstemol promeingas updat i ng
t he database with avail abl e ophthal m c correction outcone information and
opti m zi ngredickiee bess istiuctibn onuh Cran@ctioiad basid ¢amprisd4 recEivingefde@d oter anyone of
clains 24 to 33, wherein optim zing the-historical outconme information
conpri ses;gnseddiiont 1 cal anal ysis of the historical outcone information.
35. The nethod of claim 34, wherein optimzing the historical outcone
information conprises engaging a neural network to analyze the historical
out cone i nf or mation and the avail able historical outcone information. 36.
The net ho one, 0 lainms 24 to , he st of maintaining a
ot abase oF optitiaehod af aBisn eht et 1 SEiSL Ao OR HE GHIROD | See
acquiring new historical outcone |nformat| on froma third party for a fee.
47 2.8 SEPerdguEng sfinityglemest aadysit (FEA) owdiziag acﬁraierﬁéewtwdsgi FEMbrein the
step of providing a predictive best instruction on a transactional basis
conpri ses furtheeivheri the ffédM oy a tiréeedimensipnal earasdtmpic, 88nlinBag visepélesticof anyone
of claims 24 to 37, wherein the generating step conprises

layered element.

39. A computer-readable or device-readable medium having stored thereon an
executable instruction that is intended to provide a predictive outcome for a therapeutic
ophthalmic correction, wherein said instruction is a predicted best instruction that is
derived from an analysis of a new information metric relating to an ophthalmic condition
of a patient, in conjunction with an optimized, historical, therapeutic-outcome

information metric.

40.  The medium of claim 39, wherein the executable instruction is an algorithm that

describes a laser ablation shot placement pattern on a patient’s eye.
41.  The medium of claim 39, wherein the predictive best instruction comprises an

outcome-predictive, ophthalmic information metric suited for use by a practitioner for

providing the therapeutic ophthalmic correction.
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performng a finite elenent analysis (FEA) utilizing a finite el ement nodel
(FEM, -further wherein the FEMis a three-dinensional, anisotropic,

nonl i near, viscoelastic |ayered elenent. 39. A conput er-re?ﬁlagpea@ﬁ
devi ce-readabl e nedi um having stored thereon an executabl e Tnstr ion

that is intended to provide a predictive outcone for a therapeutic

ophthal m c correction, wherein said instruction is a predicted best

i nstructi®h t hAtdafasstrugture essdciptedrwitina eompytisigglevice shat gendrateoa pradiativemet ri ¢
relating to an ophthalmc condition of a patient, in conjunction with an
opt i m zedbpeshirstro¢ticnafor a theespepeelbplathgiic cortectibnf safddita srudtirt hedorndidg aThe
medi um of claim 39, wherein the executable instruction is an algorithmthat

descri beSm@t}JOa%@éoraifﬁg%h@ybréfwuaﬁ}h@.gﬁmaj‘g. pattern on a patient's eye. 41.
The nedi um of claim 39, wherein the predictive best instruction conprises

an outcome-predictive, ophthalmc information netric suited for use by a
practitioner for providing the therapeutic ophthalmc correction. 48

28SEP2006, ., 42. ta structure associ.ated with a conpufing, device that
generat esty pr EQ‘? g%i’ Jructyre Gt ciaﬁ’gtaz‘?ue‘frf‘?fﬂmﬁ%&r%‘efﬁ'&r"é%&f{ ?t‘&l%ﬁt hal m ¢
correction, said data structure performng a  nethod according to anyone of
clains 24 to 38, 43recsiyigpney nformatiopancdnc,spidinewynforpatipp metngrelatingher t he
met hod steps of: a) receiving a new information netric, said new '
i nf or mat i on metorangophiiadmicrdgfect corditiopdfihpdtient def ect condition of a
patient; b) maintaining a database of optim zed historical ophthal'mc
out come i nf ortyat i omaimsahihgapdtdbabetsd Cophiniigaitstorit 4 ophthabific Raicager el ated to
the ophthal mc defect condition; and

information, said ophthalmic outcome information being related to the

ophthalmic defect condition; and

c) ‘generating a predictive best instruction for the therapeutic ophthalmic

correction.

44,  The data structure of claim 42 or 43, wherein the predictive best instruction is

provided on a transactional basis.

45.  The data structure of claim 44, wherein the step of providing a predictive best

instruction on a transactional basis comprises receiving a fee or other remuneration.
46. The data structure of claim 42 or 43, wherein the step of obtaining a new

information metric comprises collecting wavefront aberration data from a wavefront

sensor device.
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C) generating a predictive best instruction for the therapeutic ophthalmc
correction. 44. . The data structure of claim42 or 43, wherein the
predictive best instruction is provided on a transactional D8sSEP. 2806. The
data structure of claim44, wherein the step of providing a predictive best
instruction on a transactional basis conprises receiving a fee or other
remuneration. 46. The data structure of claim42 or 43, wherein the step
of obtai fhg alhedata stricheneetficimmidiaridd, wherpini the step of auttainipgwedatdbasmt
aberration data froma wavefront sensor device. 49 2.8 SEP 2006 47. The
dat a st r uefiapteniedd, bissirivali@plohalthd; owmb@ne inforntution compeibesnpdatiag theng a

dat abase of optim zed, historical ophthal nmc outcone information conprises

updat i ng §fisbasélMiRIaRabN SPhtBMRi¢ bR BR Bl ST oARATRCINdVPiIEiRL IR
information and optim zing the historical outcone information. 48. The

data strugtire Qs iMFSfatidher ei noptim zing the historical outcone
information conprises a statistical analysis of the historical outcone

information. 49. The data structure of claim47, wherein optim zing the
hi storical outconme information conprises engaging a neural network to
anal yze the historical outconme, information and the avail able historical

out come i Mt or mhbg éaa stoectureipd clpim A 7s whegein eréinyzing|thg histepicgoutepmeyher ei n t he

step of maintaining a database of optim zed, historical ophthalmc outcone
i nf or nat i wforowtipn cemprisasquitatistigalmealysinios therhistedicab antcome infofroativat i on from a
third party for a fee. 50

49.  The data structure of claim 47, wheréin optimizing the historical outcome

information comprises engaging a neural network to analyze the historical outcome

information and the available historical outcome information.
50.  The data structure of claim 42 or 43, wherein the step of maintaining a database

of optimized, historical ophthalmic outcome information comprises acquiring new

historical outcome information from a third party for a fee.
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